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Welcome

Dear ECSS Paris 2023 Participants,

ECSS returns to its country of birth for its 28th annual congress — 27 years after its first edition in Nice. On behalf of the Paris
team, we are honoured to have the opportunity to help you discover or rediscover the City of Light while attending this
fantastic event!

We hope you will spare some time before and after the congress to feel the ‘Parisii spirit' — a Gallic tribe that dwelt on the
banks of the River Seine during the Iron Age and the Roman era. Step into these past times by walking, biking or running
along the River Seine to discover the most beautiful monuments of Paris from the cathedral Notre Dame (under
reconstruction) to Alexandre Ill Bridge, the Invalides or even the Eiffel Tower, which you will see during the Bengt Saltin Run.
After an enjoyable run, you may want to do your active recovery walking around the quartier latin between the Pantheon and
La Sorbonne under the students’ eyes. Perhaps you will have your shower or hammam on the rue Geoffroy-Saint-Hilaire.

After visiting the capital’s top attractions, why not take a look at some of the favourite spots of Parisians: districts they stroll
through on the weekend, parks where they picnic, their famous café terraces for breakfast or an aperitif. Take a green
interlude in 24 hectares of the Jardin des Plantes and then cross the river to discover the arrondissement Popincourt,
between Bastille and République — one of the most densely populated urban districts of any European city. You may have
lunch in the Marais where the United Excellence of Sport Science reception will take place, full of fashionable cafés,
restaurants, nightlife, and a range of boutiques and galleries. If you head north-west along the Boulevard Richard-Lenoir,
you will reach the romantic Canal St-Martin which was a former route for wood supplies. If you prefer to take the high
roads, you can choose one of the hills in the North of Paris (Charonne, Belleville, Bergére, Ménilmontant or of course
Montmarire and the Sacré Coeur) where you can admire fantastic viewpoints. In these neighborhoods, you will encounter
art at every turn, whether it's street art, buildings with amazing architecture, outdoor works of art and high-profile movie
locations — art is everywhere in the French capital.

Together with these unique gifts Paris has to offer, we are looking forward to opening a pre-Olympic and Paralympic
forum at INSEP and the Palais des Congrés, both connected by the historical axis and the métro Line 1. You may want to
aftend the Elite Sport Performance satellite at INSEP on the afternoon of Monday 3 July, which will end with a public lecture
from the well-known French athlete and explorer Stéphanie Gicquel, who was designated as the best French athlete in
2022. Please do not miss the ECSS-10C joint symposium, where high profile researchers will share their work developed in
the 10C Research Centres for the Prevention of Injury and lliness. The Masterclasses aimed at students this year will
include for the first time a Data Visualisation session led by young scientists and data analysts. In addition, starting from
Wednesday, we will have the chance to discover an outstanding scientific programme covering the most exciting areas of
sport science. Last but not least, and as a result of our close work with partners and local authorities, we will have a
number of exciting social events that will take the congress to unique sites around the city and offer an unforgettable
experience for ECSS Participants!

You are warmly invited to enter the doors of the City of Light and be a part of the Olympic and Paralympic journey.
Paris vous aftend! / Paris is waiting for you!

Yours in Sport Science,

The ECSS Paris 2023 Organising Team

Gaél Guilhem (Local Congress President)
French Institute of Sport (INSEP)

Laboratory Sport, Expertise and Performance
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IS-AP01 Recovery and sleep in elite sport

MONITORING SLEEP IN ELITE ATHLETES AND INTERVENTIONS TO ENHANCE SLEEP
HALSON, S.
AUSTRALIAN CATHOLIC UNIVERSITY

Sleep is considered the best recovery strategy available to athletes and has important roles in physical and mental per-
formance, illness and injury prevention, mood, metabolism and cognitive function. Research has established that athletes
face numerous sleep challenges and have reduced sleep quality and quantity when compared to the general population.
Alongside the rapid increase in research in sleep and athletes is the proliferation of wearable devices to assess sleep. The
latest scientific knowledge regarding sleep measurement tools will be provided, including validation research, specific
metrics provided by wearables which have sufficient validity and relevance to athletes, and availability, security and ac-
cess to data. Important caveats for consideration when using these devices with athletes will be presented. Further, is
important to understand how to appropriately use metrics derived from wearables and activity monitors to improve sleep.
Feedback and behaviour change strategies form essential components of athlete monitoring and education, with scien-
tific evidence developing in this area. Other strategies to increase sleep in athletes, including nutritional and psychological
strategies will be outlined.

INFLUENCE OF CHRONOTYPE, TRAINING/COMPETITION SCHEDULES, AND DAYTIME NAPPING ON ELITE ATHLETES SLEEP
VITALE, J.
IRCCS ISTITUTO ORTOPEDICO GALEAZZI

Sleep disturbances in athletes may be explained by their constant exposure to many stressors that impair sleep. Among
these variables, also training and competition schedules may influence the sleep response to exercise. Late evening or
night competitions, that are very common in team sport disciplines (eg: soccer, basketball or volleyball), can have a nega-
tive impact on athletes' sleep onset latency and sleep efficiency. On the contrary, early morning training sessions can
reduce total sleep time leading to a sleep debt, especially in athletes of individual sport disciplines (eg. runners, race
walkers, triathlon athletes). In addition, athletes have different chronotypes with morning-type athletes displaying early
sleep-wake cycles and evening-types athletes showing a strong predisposition toward eveningness. In this context, day-
time naps are important tools to offset the adverse impacts of inadequate sleep. Napping during the day can increase the
amount of sleep obtained in a 24-hour period and many athletes report including daytime napping in their training pro-
gram. With the present talk, napping characteristics and the impact of naps on various measures of athletic performance
in athletes will be discussed.

EFFECT OF SOCCER CONGESTED SCHEDULE ON PERFORMANCE AND INJURY RISK: THE RELEVANCE OF RECOVERY

DUPONT, G.
CELTICFC

During periods where the schedule is particularly congested (i.e. two matches per week over several weeks), the recovery
time allowed between two successive soccer matches lasts 3-4 days, which may be insufficient to restore homeostasis.
Alternating between domestic, continental and international matches during these periods may additionally lead to ex-
hausting travel stress and sleep restriction. As a result, players may experience acute and chronic fatigue potentially
leading fo injury. There is a lack of scientific data to date examining the specific role of sleep restriction on the risk of acute
injury. Available evidence suggests that post-match sleep restriction may result in fatigue, reduction in muscular strength,
change in mood and altered cognitive functioning the following days, which may affect attention and decision-making
skills during ensuing training sessions and matches, potentially resulting in injury risk increase. With the present lecture,
we will discuss the interest of implementing, during a congested schedule, a recovery monitoring protocol including ques-
tionnaires, sleep records and physical tests in order to help practitioners preventing injuries.

PARIS/FRANCE, 4-7 JuLy 2023 20



Wednesday, July 5, 2023 08:30 - 09:45

Oral presentations

OP-BMO1 Biomechanics and Motor Control

COMPARING COUNTERMOVEMENT JUMP FORCE PRODUCTION AFTER ANTERIOR CRUCIATE LIGAMENT RECONSTRUC-
TION TO PRE-INJURY PERFORMANCE USING STATISTICAL PARAMETRIC MAPPING

DE FRANCA, C., BAYNE, H., JORDAN, M., BOTHA, T.
UNIVERSITY OF PRETORIA, SOUTH AFRICA

INTRODUCTION: Force-time analysis of a bilateral countermovement jump (CMJ) is used to detect neuromuscular deficits
after anterior cruciate ligament reconstruction (ACLR). The uninvolved contralateral limb is often used to benchmark recov-
ery along with discrete force and impulse mefrics. Both practices may be incomplete indicators of recovery as injury af-
fects strength in the contralateral limb, and discrete variable analysis may exclude force production over the full range of
motion in jumping. This study addresses these gaps by investigating changes in CMJ force production after ACLR com-
pared to a pre-injury baseline and inclusion of statistical parametric mapping (SPM) as well as discrete variable analysis.

METHODS: Ground reaction forces were recorded for 12 (male n = 6, female n = 6, age = 21.6 + 3.7 years) elite multisport
athletes on dual force plates (1500Hz) during routine CMJ testing pre-injury (TO), and at 24 + 3 weeks (T1) after ACLR. Raw
force-time data  were processed and analysed in  the Shiny Vertical Jump Analysis app
(https://github.com/mattsams89/shiny-vertical-jump) in Rstudio for the unweighting, braking and propulsive phases of
the CMJ. Paired t-tests, asymmetry index and SPM were used to compare the involved limb and uninvolved limb after
ACLR, and compared to T0.

RESULTS: At T, peak force was reduced on the involved limb (T1: 6.4 + 1.6 N/kg; TO: 7.7 + 1.4 N/kg, p = 0.002), with greater
inter-limb asymmetry for peak force (T1: 7.3 + 11.1%; TO: -1.1 £ 6.1%, p = 0.039) and propulsive impulse (T1: 12.3 + 13.3%; TO:
-0.2 + 4.8%, p = 0.011). Propulsive impulse of the uninvolved limb increased from TO (1.33 + 0.11 N.s/kg) to T1(1.58 + 0.55
N.s/kg, p = 0.037). Propulsive impulse was significantly lower for the involved versus the uninvolved limb at T1 (p = 0.021).
SPM showed lower vertical force production for the involved limb when comparing T0 to T1 (p<0.001) from 92% to 99% of
the entire CMJ movement; and for the involved versus uninvolved limb (p = 0.009) from 72% to 76% of the entire CMJ
movement af T1.

CONCLUSION: Both the discrete variable analysis and SPM revealed a reduction in the involved limb force and impulse
production, resulting in elevated inter-limb asymmetry six months after ACLR compared to pre-injury. However, SPM anal-
ysis identified additional temporal force-time deficits compared to discrete time point analysis. This highlights the need to
consider post-surgery knee function across all phases of centre of mass acceleration and lower limb joint position. Great-
er propulsive force production of the uninvolved limb post-surgery versus pre-injury may indicate a training effect of the
uninvolved limb, or an adjustment in movement strategy. Utilising pre-injury baseline and assessing the shape of the
force-time waveform and timing of peak force rather than relying only on discrete or phase-specific metrics may be more
useful to assess force production after ACLR to better inform rehabilitative programs and guide return to play.

INFLUENCE OF FATIGUE AND COGNITIVE LOAD ON LANDING BIOMECHANICS IN HEALTHY AND CHRONIC ANKLE INSTABIL-
ITY PATIENTS

DURY, J., MICHEL, F., RAVIER, G.
UNIVERSITY OF FRANCHE COMTE

INTRODUCTION: Sports performance implies cognitive and physical load. These constraints impair human movement as
jump landing and could increase risk of injury particularly in individuals with injury history. Among sport injuries, ankle
sprains are one of the most frequent and imply long term consequences as chronic ankle instability (CAl). The understand-
ing of factors that could predispose to ankle sprain is essential to the development of relevant prevention programs. Nev-
ertheless, there are few studies investigating the impact of both cognitive load and fatigue on a jump landing, particularly
in CAl patients. Therefore, the main objective of the study was to determine the influence of fatigue and cognitive load on
the landing biomechanics in both CAl and healthy subjects.

METHODS: Twenty-three voluntary males, 13 healthy and 10 presented a CAl participated in this study. They performed
single leg landing before and after a fatiguing protocol; with and without adding a cognitive task. The fatiguing protocol
consisted of 4 exercises involving jumps and changes of direction performed until a 20% decrease in isometric plantar-
flexion strength. The cognitive task consisted of tracking a ball on a screen that moved in 2 dimensions among 9 distractor
balls. The landing was performed on a force plate that allowed to measure ground reaction force (GRF) and time to stabi-
lization (TTS) in vertical, anteroposterior (ap) and mediolateral (ml) axes. Furthermore, three dimensional movements of the
hip, knee and ankle were recorded using infrared cameras system.

RESULTS: CAI group presented a greater GRF (p=0.044) and TTS (p=0.003) in vertical axis and greater GRF in ap axis
(p=0.028) than healthy subijects. Fatigue induced a decrease in plantarflexion (p<0.001), ankle supination (p=0.044), hip
abduction (p=0.038) and GRF in vertical axis (p=0.004). Furthermore, fatigue conducted to an increase in knee flexion
(p=0.001), knee abduction (p=0.047), hip internal rotation (p=0.49), GRF in ml (p=0.016) and TTS in ap (p=0.010). Finally,
dual task implied decrease in ankle internal rotation (p=0.006) and increase in knee flexion (p=0.028), knee abduction
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(p=0.042), hip flexion (p=0.020), GRF in ml (p=0.019) and TTS in the three axes (p<0.001). There was no interaction between
group, fatigue or cognitive factors.

CONCLUSION: The higher GRF and TTS observed in CAl group confirms the existing biomechanical differences between
both groups that could predispose CAl subijects to recurrence. Surprisingly, there is no interaction between group, fafigue
and cognitive factors. Nevertheless, the increase in the range of motion of knee and hip reveal a more proximal control of
jump under constraints conditions as fatigue and cognitive load. In addition, the longer time fo stabilization observed in
fatigue and dual-task conditions indicates impairments of dynamic postural control. Thus, cognitive and fatigue do not
appear to increase specifically the risk of ankle sprains but involve alterations on whole lower limb.

HUMAN FOOT MUSCLES STRENGTH AND ITS ASSOCIATION WITH ACCELERATION SPRINTING, CUTTING AND JUMPING
PERFORMANCE KINETICS IN HIGH-LEVEL ATHLETES

TOURILLON, R., MICHEL, A., EDOUARD, P., FOURCHET, F., MORIN, J.B.
UNIVERSITY OF SAINT-ETIENNE, FRANCE

INTRODUCTION: The human foot is composed of infrinsic and extrinsic foot muscles that dissipate and generate net cen-
ter of mass energy during rapid tasks such as running, jumping or hopping. In addition, it acts also as an efficacious lever
during propulsion allowing rapid transfer of ankle plantar flexors forces into the ground. If this energetic and biomechani-
cal role is indisputable, the literature pertaining to the relation between human foot muscles strength and sport perfor-
mance is not well established. Therefore, the main aim of this study was to understand the relationship between metatar-
sophalangeal joint (MTPj) flexion strength and sprint acceleration, cutting and jumping performance and kinetics.

METHODS: In fifty-two high-level athletes (n=5 females, 20.1£2.1yrs, body mass index (BMI) 23.2+3.1) we assessed Foot
Posture Index, foot passive stiffness using the Arch Height Index Measurement System and MTPj maximal isometric flex-
ion torque using a custom-built dynamometer with a 6-components force sensor. Ankle plantarflexion and knee exten-
sion isometric torque were assessed using an isokinetic dynamometer whereas kinetic variables were assessed during
sprinting, 90° cutting, foot-ankle hopping and vertical and horizontal jumping using a ~5.4-m force platforms system.
Stepwise backward multiple linear regressions were used to understand the relationships between all the aforemen-
tioned variables.

RESULTS: During maximal speed phase we found a significant contribution of MTPj flexion strength and foot passive stiff-
ness fo explain effective vertical impulse (adjusted r2=0.28, p=0.008) and a contribution of MTPj flexion strength and foot-
ankle reactive strength to explain contact time (r2=0.35, p=0.003). Interestingly, the association of ankle plantarflexion
isometric torque and foot passive stiffness was significantly associated with propulsive impulse during early acceleration
(r2=0.31, p=0.005) whereas ankle plantarflexion isometric torque and foot-ankle reactive strength were associated with
cutting performance (r2=0.35, p<0.001). No other significant relationships were found between MTP;j flexion strength and
performance or kinetics in cutting and jumping task.

CONCLUSION: These findings show the contribution of MTPj flexion strength and foot passive stiffness (28% and 35% of
the variance explained, respectively) to effective vertical impulse and contact time when running speed reach its maximal
value. Accordingly, the foot might be a factor to consider for sprinting performance due to the importance of a large
ground reaction force production over a short contact time at high maximal speed. Finally, ankle plantar flexors strength
and foot-ankle reactive strength seem to explain ~33% of the variance in cutting performance and propulsion during
early acceleration. This study highlights that the foot-ankle strength capability has a greater influence on horizontally-
oriented explosive movements than overall vertically-oriented ones.

CAUSAL ROLE OF PREFRONTAL CORTEX IN MOTOR LEARNING AND COGNITIVE PROCESSING: A RANDOMIZED, DOUBLE-
BLINDED AND SHAM-CONTROLLED BRAIN STIMULATION STUDY

PRABHU, N.1,3, LEHMANN, N.1,3, TAUBERT, M.1,2,3

1 OTTO VON GUERICKE UNIVERSITY MAGDEBURG; 2 CENTRE FOR BEHAVIOURAL AND BRAIN SCIENCE MAGDEBURG; 3 COL-
LABORATIVE RESEARCH CENTRE 1436-CO1 MAGDEBURG

INTRODUCTION: It is commonly assumed that the positive impact of motor behaviour on cognition is mediated by brain
plasticity, but causal evidence for this claim is still missing [1]. Using neuroimaging, we were previously able fo observe
structural plasticity in the prefrontal cortex (PFC) when participants learned a complex whole-body balance task over six
consecutive weeks [2]. However, the exact role of the PFC for balance learning and cognitive performance remains un-
clear. Here, we tested the hypothesis that non-invasive brain stimulation of the PFC network modulates motor learning [3],
performance variability [4] and associated cognitive transfer [5].

METHODS: In a randomized, double-blinded and sham-controlled study, participants (n = 44, 21.8 + 3.25yrs, 27 females)
received cathodal transcranial direct current stimulation (c-tDCS) over the right PFC (20 min of stimulation, intensity: TmA,
current density: 0.028mA/cm?2) during training of a complex dynamic balance task (DBT) [2] over three weeks (two ses-
sions/week). Motor learning and performance variability were measured using time in balance (3 degrees to horizontal)
[2] and coefficient of variation, respectively. Before and after the 3-week learning phase, cognition was assessed with
PFC-related tests: the trail making test (TMT), a measure of planning, cognitive flexibility and attention [6] and the Eriksen
flanker task, a measure of interference resolution [7].

RESULTS: In line with previous findings [2], both groups showed significant DBT performance improvements across the six
practice sessions. C-{DCS had no effect on learning (group x time inferaction effects: F(5, 18.66) = 1.29, p = .31, d = 0.4;
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mixed ANOVA based on trimmed means), but resulted in significantly higher performance variability during learing
compared to sham tDCS (group x time interaction effect: F(5, 19.4) = 2.9, p = .04, d = 0.5, medium effect). C-tDCS also
tended to induce a larger improvement in TMT-part B performance (t(41.49) = 1.89, p = .07 (Brunner-Munzel test), Cliffs d =
0.3, small effect], and reduced improvement in the accuracy of the Eriksen flanker task compared to sham (t(41.83) = 1.93,
p = .06, Cliffsd = 0.3).

CONCLUSION: Our results provide causal evidence for PFC network involvement in long-term DBT practice. We interpret
the observed tDCS-effects on motor and cognitive performance as evidence for a potential overlap between the neural
substrates for complex motor learning and cognitive processing within the PFC-SMA network.

[ Tomporowski & Pesce, Psychological Bulletin, 2019

[2] Taubert et al., Journal of Neuroscience, 2010

[3] Kaminski et al., Neuroscience Lefters, 2013

[4] Herrojo Ruiz et al., Scientific Reports, 2021

[51 Rogge et al., Scientific Reports, 2017

[6] Karimpoor et al., Frontiers in Human Neuroscience, 2017

[7] Isherwood et al., Neuroscience and Biobehavioural Reviews, 2021

A NOVEL FRAMEWORK FOR THE ANALYSIS OF LINEAR ACCELERATION MECHANICS FOCUSSING ON ‘SHIN ROLL’: HOW TO
ROCK N ROLL’?

OEPPERT, T.J., ZEDLER, M., GOLDMANN, J.P., BRAUNSTEIN, B., WILLWACHER, S., ALT, T.
GERMAN SPORTS UNIVERSITY COLOGNE

INTRODUCTION: The generation of horizontal force is essential for sprint acceleration. It requires a precise sequence of
joint kinematics and kinetics, which is elicited during swing-stance transition [1]. Thirty years ago, the effectiveness of a
‘rotation-extension strategy’ has been emphasized: a rotation of the centre of mass (CoM) around the foot in the early
stance, followed by a delayed extension of the hip (HJ), knee (KJ) and ankle joint (AJ) [2]. As the rotational component is
vital for horizontal acceleration, a deeper understanding is necessary. Therefore, this ‘Method and Theoretical Perspective’
article aimed to infroduce a novel framework which identifies key positions and a temporal sequence of movement strat-
egies contributing to efficient acceleration.

METHODS: A 3D analysis using 16 infrared high-speed cameras (250 Hz, Vicon, Oxford, United Kingdom) was used to
study the first three steps of nine female elite sprinters (23+5 years, 172+5 cm, 61.5£5.0 kg, 100 m-PR: 11.4+0.2 s). Com-
bined with a review of existing evidence, this dataset led to the identification of a framework based on the shins’ orienta-
fion in space [3].

RESULTS: A continuous forward rotation of the shin fowards the supporting ground (SG) (‘'shin roll') was observed from late
swing fo late stance. Three movement strategies drive the shin’s downward filt and connect four key positions. The “shin
block’ defines the instance during late swing at which the shins’ rotation direction changes. The athletes then reach the
“touchdown’ (initial ground contact], by way of the ‘shin alignment’ strategy. This is followed by the ‘heel lock’ when the AJ
reaches its lowest position through the ‘ankle rocker’ strategy. Finally, the ‘propulsion pose’, defined as the minimum shin
angle in relation fo the SG, is achieved via the ‘shin drop’ strategy.

CONCLUSION: The ‘shin roll’ facilitates rotation of the CoM prior to proximal-to-distal energy transfer. The ‘shin alignment’
strategy, achieved through a HJ extension with a ‘locked’ KJ, enables an efficient interaction with the SG after touchdown.
Following rapid heel stabilization, the shin continues to rotate forward through a pronounced AJ dorsiflexion (‘ankle rock-
er’). These strategies, as supported by previous research [4] associating foot placement posterior to the vertical projection
of the CoM and greater AJ dorsiflexion range of motion during early stance with improved acceleration performance,
assist in quickly overcoming the braking impulse. The “shin drop’ ensures a considerable amount of maintained flexion in
the AJ and KJ, decreasing excessive vertical acceleration. By combining the ankle rocker and shin roll, the cue ‘Rock n Roll’
offers a catchy association for practitioners. The framework helps improving the technical understanding of sprint acceler-
atfion and can be used as a template for future research.

1) Charalambous et al. (2011) JSportsSci

2) Jacobs & van Ingen Schenau (1992) JBiomech
3) Alt et al. (2022) SportsBiomech

4) King et al. (2023) JSportSci
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EFFECTS OF INSPIRATORY MUSCLE TRAINING AND NORDIC WALKING ON STRENGTH AND BALANCE: A PILOT STUDY

ROLDAN, A.1, FERRARO, F.V.2, MARCO-BARRIGUETE, I.1, MONFERRER-MARIN, J.1, MONTEAGUDO, P.1,3, CORDELLAT, A.1,
DIAZ-MARTINEZ, A.S.1, GONZALEZ, R.4, BLASCO-LAFARGA, N.M.1,4, MIR, C.4, NAVARRO-PEREZ, J.5

IUIRFIDE, UNI OF VALENCIA, ZCOLLEGE OF SCIENCE AND ENGINEERING, UNI OF DERBY SJAUME | UNI: 4CAP AREA CLINICO-
MALVARROSA&DR. PESSET, VALENCIA; 4HOSP CLINICO VALENCIA; INCLIVA RESEARCH INST

Blasco-Lafarga, C.1

INTRODUCTION: Coordination of the diaphragm with abdominal muscles increases intra-abdominal pressure, favoring
trunk stabilization, which helps to maintain postural stability in situations of destabilization by external forces or during
reactive or dynamic tasks (). Impaired diaphragm functionality is associated with impaired balance (2), which may in-
crease risk of falls in elderly population, who also tend to have reduced inspiratory muscle strength (IMS) (3). Inspiratory
muscle training (IMT) is low cost and has proven to be effective in healthy elderly improving IMS and balance (4) but train-
ing proposals focused on this population do not contemplate it. Nordic walking (NW) is a good strategy, not only because
of the conditional improvements, but also because it could cause greater adherence since it is done outdoors and can
even be combined with other training programs (5). Since both programs improve balance and have never been used
together, this study aims to analyse changes in IMS and balance, after 8-weeks of NW+IMT program.

METHODS: Forty-nine elderly were recruited from May to December 2022. Eighteen complete final sample and were di-
vided into two groups:sham (69.24+4.59yr;72.32+11.65Kg,n=9) and experimental (68.43+4.33yr;71.03+9.93Kg,n=9). IMT
(unsupervised), specifically inspiratory pressure threshold loading, involved 30 inspirations, twice daily, 7 days/week at
50% (experimental) or 15% (sham) of IMS, while NW (supervised) was 1 hr, 3 days/week. S-Index, mini-BEST test, blood
pressure and body composition were assessed before and after intervention. To find out differences between groups after
intervention, two-way ANOVA repeated measures or Wilkoxon test were used according to the sample normality.

RESULTS: IMS and balance improved in two groups (p<0.001 & p=0.015) but analysis considering groups only showed
significant differences in experimental (IMS:F=15.957;p=0.001;n12=0.499; OP=0.943 & balance:p=0.020,;ES=0.081).

CONCLUSION: This is the first study combining NW+IMT. Regardless of inspiratory training load, 8-weeks of NW+IMT
program are enough to improve IMS and balance, however, considering groups only experimental group improve signifi-
cantly. NW is known for improving balance and mobility in elderly, so this was expected in both groups. IMS improvement,
although not significant in the control group, could be due to a better recruitment of motor units and better coordination of
the inspiratory muscles (6). However, in experimental group they are larger and significant, probably because structural
adaptations related to the training load also occur. This confirms that improvement in inspiratory strength enhance the
effects of NW on balance. Therefore, this combination should be considered as a strategy in prevention of falls, one of the
main causes that lead older adults to hospitalization.

1. Oliveira et al. (2023) 2. Kocjan et al. (2018) 3. Lowery et al. (2013) 4. Ferraro et al. (2019) 5. Bullo et al. (2018) 6. Aren &
Maestu (2016)

HIGH-VELOCITY RESISTANCE TRAINING IMPROVES THE FORCE-VELOCITY PROFILE OF MIDDLE-AGED AND OLDER ADULTS
WITH AND WITHOUT MOBILITY LIMITATION

SCHAUN, G.Z., CSAPO, R., ANDRADE, L.S., DAVID, G.B., HAFELE, M.S., MENDES, G.F., ALBERTON, C.L.
UNIVERSITY OF VIENNA

INTRODUCTION: The ability to produce muscle power is reflected by the force-velocity (F-V) relationship. Aging is associat-
ed with neuromuscular remodeling processes that result in reduced maximum shortening velocity and impaired muscle
force. Regular physical exercise can mitigate these effects, but the impact of high-velocity resistance training (HVRT) on the
F-V relationship of older individuals remains poorly understood (1). The goal of the present investigation was to assess
whether HVRT can improve the F-V profile of different samples of older adults and evaluate the influence of different base-
line F-V profiles on training responses and functional capacity.

METHODS: Middle-aged (n=14, 48+5 yrs) and older adults with (n=15, 69+7 yrs) and without (n=7, 76x8 yrs) mobility limita-
tions were included in this study. The participants F-V profiles were determined both before and after a 12-wk HVRT pro-
gram (3x/wk, 40-60% 1RM) in the leg press exercise using incremental loads ranging between 30-90% 1RM and a linear
position transducer. The resultant F-V data points were fitted using linear regressions to estimate the maximal isometric
force (FO), maximal unloaded velocity (VO), maximum power (Pmax), as well as the force (Fopt) and velocity (Vopt) at Pmax.
Functional capacity was measured using the maximal gait speed (MGS) test. Timepoint x group repeated measures ANO-
VAs, t-tests, and linear regression models were used for statistical analyses.

RESULTS: All three groups improved Pmax, FO, and Fopt (p<0.05), whereas VO and Vopt remained unchanged. Notwith-
standing this, an inspection of the individual F-V curves revealed two major patterns in response to fraining: an increase in
both VO and FO or an increase in FO without changes in V0. A moderate negative correlation (r=-0.63, p<0.001) was ob-
served between VO at pre-training and change in VO, suggesting that the slower participants at baseline achieved greater
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gains as compared to the faster individuals. This was also supported by comparisons between groups created based on
VO tertiles, which confirmed greater gains in VO (11+9% vs. -1+10%; p=0.001) in the lowest VO tertile. In this group, greater
gains in VO also correlated with changes in MGS (r=0.69, p=0.01).

CONCLUSION: Our results show that HVRT improves maximal force and power output in middle-aged and older adults.
On average, the power gains were achieved through an increase in force without a concomitant increase in velocity.
However, follow-up analyses of individual F-V profiles showed that the training-induced changes in VO were contingent
upon baseline VO levels, with originally velocity-deficient subjects showing the largest gains (2). Hence, it can be conclud-
ed that HVRT improved power output through improvements in FO in all subjects and gains in VO in originally velocity-
deficient subjects only. In the latter, improving VO also seemed to influence the transfer of these improvements to func-
tional capacity.

REFERENCES:
1. Raj et al, Exp Gerontol 2010
2. Alcazar et al, Exp Gerontol 2018

EFFECTS OF SPATIALLY EXPLORATIVE COGNITIVE-MOTOR TRAINING INTERVENTIONS IN NURSING HOME RESIDENTS ON
LIFE SPACE MOBILITY AND SPATIAL ORIENTATION

FRICKE, M.1, MUEHLBAUER, T.2, JANSEN, C.P.3,4, SCHWENK, M.3,5, GRAMANN, K.1, WOLLESEN, B.1,6

<I> TECHNICAL UNIVERSITY OF BERLIN; <2> UNIVERSITY OF DUISBURG-ESSEN; <3> HEIDELBERG UNIVERSITY; <4> ROBERT-
BOSCH-KRANKENHAUS STUTTGART; <5> UNIVERSITY OF KONSTANZ; <6> UNIVERSITY OF HAMBURG

INTRODUCTION: Due to multimorbidity, some older persons need to be hospitalized in nursing homes and consequently
encounter an unfamiliar environment. Spatial abilities, including orientation in and navigation through the environment,
are known to deteriorate with age, especially for unknown locations. This leads to difficulties in exploring the facilities and
their surroundings, which often reduces the experienced radius to ones own room and the way to the dining hall, thus
also limiting the physical and social interaction possibilities (Schrempft et al., 2019). Since cognitive-motor training counter-
acting the decline of spatial orientation abilities has been rarely implemented for nursing home residents a three-armed
RCT was conducted in 18 German nursing homes.

METHODS: In each nursing home, one of three different intervention approaches were delivered to participating residents
for 12 weeks, twice a week for 45 min each: the PROfit basic group performed functional strength, balance, flexibility, and
walking exercises always at the same location, whereas the PROfit plus group changed the location three times while
performing similar exercises as the PROfit basic group. The PROfit orientation group received environment-related spatial
orientation tasks in addition to the relocation. Physical and cognitive functioning (especially spatial orientation) as well as
psychological measures were assessed in all study groups at baseline, post-test (after 12 weeks) and follow-up (after 24
weeks). To capture spatial orientation abilities the sequence of landmarks from the residents room fo a relevant everyday
life location in the immediate vicinity of the facility (radius 300m) was assessed using photos (landmark sequence task). In
addition, the caregivers rated the frequency, radius and independence with which the environment was visited in every-
day life by applying the Nursing Home Life Space-Diameter (NHLSD).

RESULTS: N=438 nursing home residents (85.5 + 8.9 years, 74,7 % female) were included in the PROfit project. Since data
collection is expected to be completed by May 2023, preliminary data of a subgroup of the sample is currently available.
n=115 participants (living in 4 different nursing homes) received either the PROfit basic or the PROfit plus intervention. Anal-
yses of the NHLSD showed a significantly enlarged life space after the PROfit basic intervention (p=.017), but not for PROfit
plus. Comparing pre-and post-training data, a positive trend was also discerned for the landmark sequence task in both
groups, but no significant increase.

CONCLUSION: The preliminary data partly indicate positive effects with regard to life space and spatial orientation. If the
current trend is confirmed for the overall sample, the most effective training should be implemented widely in nursing
homes.

Schremptft, S., Jackowska, M., Hamer, M., & Steptoe, A. (2019). Associations between social isolation, loneliness, and
objective physical activity in older men and women. BMC public health, 19(1), 1-10.

CAN WE PREDICT MAXIMAL HEART RATE IN OLDER ADULTS?

BOULAY, P.1, GHACHEM, A.1, POIRIER, P.2, SIGAL, R.J.3,4, KENNY, G.P.4
TUNIVERSITY OF SHERBROOKE, SHERBROOKE, CANADA. 2LAVAL UNIVERSITY, QUEBEC, CANADA. 3UNIVERSITY OF CALGARY,
CALGARY, CANADA. 4UNIVERSITY OF OTTAWA, OTTAWA, CANADA.

INTRODUCTION: Maximal heart rate (HRmax) is commonly used in exercise physiology to define exercise intensity and as
a criterion for achieving maximal exertion. Since direct measurement of HRmax is not always practical, prediction equa-
tions were developed. However, validation of equations employing a large sample size of older adults is lacking. To the
best of our knowledge, no study to date has used Superlearner (SL) modeling combining base machine-learning algo-
rithms to predict HRmax (pHRmax) using simple physical and physiological inputs. Our study aimed to validate and com-
pare the accuracy of commonly used equations and a SL model to pHRmax in older men and women.

METHODS: Data from 1390 consecutive cardiorespiratory fitness test in older adults using a metabolic cart (MCD Med-
graphics, MGC Diagnostics) were analyzed. All tests were done on cycle ergometer (Corival, Lode). To be considered
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maximal, all tests had to be fatigue limited and verified with objective measures of conventional maximal exercise criteria
(e.g. a plateau in rate of 02 uptake, plateau in HRmax, respiratory exchange ratio >1.1) [11. A total of 1208 men (62.7%) and
women with an average age 61.6+7.3 years meeting these criteria and were included in the analyses. Measured HRmax
was compared to pHRmax using the following equations: Fox, Astrand, Tanaka, Gelish and Gulati [1] and a SL model.
Pearson correlation and performance indicators such as R2, root mean squared error (RMSE) and Lin's Concordance
Correlation Coefficient (CCC) were performed to assess correlation and compare accuracy between measured and
pHRmax, while Bland and Altman analyses were used to assess agreement between measured and pHRmax.

RESULTS: Aerobic capacity was higher (33.7+9 vs 27.3+8.2 mlO2.min-1.kg-1; p<0.01) but no difference was observed for
HRmax (156.1£14.7 vs 157+13.7 beats per minute (bpm)) in men and women, respectively. All pHRmax-derived equations
were positively associated with measured HRmax (0.41 CONCLUSION: Our findings suggest that currently available equa-
tions and even a SL model show insufficient accuracy to pHRmax in older adults. Consequently, the use of predictive
equations to estimate the level of physical exertion or intensity of exercise in older adults may be inaccurate and requires
further investigation.

1. ACSM’s guidelines for exercise testing and prescriptions. 11th edition. 2022.

FIFTEEN YEARS OF NOCTURNAL HEART RATE VARIABILITY, A CASE STUDY OF A FOUR-TIME OLYMPIAN

HYNYNEN, E., VESTERINEN, V., NUMMELA, A.
FINNISH INSTITUTE OF HIGH PERFORMANCE SPORT KIHU

INTRODUCTION: Heart rate (HR) and heart rate variability (HRV) measurements are used in monitoring athlete’s recovery
status [1]. Aging is known to decrease, and good aerobic fitness to increase HRV [2], but what happens to HRV of an en-
durance athlete during a career of four Olympic Games?

METHODS: Subject of this case study was an elite-level race walker (main event 50 km), who recorded his nocturnal RR-
intervals (RRI) regularly during his career to monitor his recovery status. RRI recordings were started when going to bed to
sleep and stopped after waking up in the morning. RRI recordings were analyzed by using Firstbeat Sports software (ver.
4.7.3.1) and retfrospectively studied on yearly basis. Recordings that had less than four hours of clean data were omitted,
and 4 242 recordings were included in this study. Lactate thresholds and maximal oxygen uptake (VO2max) were ana-
lyzed 2-4 times per year on an indoor track in 7x1000 m test at gradually increasing speed. Annual average HR and HRV
indices as well as annual average lactate thresholds and VO2max were further studied in relation to age of the athlete
(23-37 yrs). A repeated measures ANOVA with Tukey post-hoc tests were used to detect changes between the years and
Pearson’s correlation coefficients were used to detect relationships between variables.

RESULTS: Annual average nocturnal HR was found to stay relatively stable, increasing from 51 + 3 bpm at the age of 23 yrs
to 53 = 2 bpm (p<0.001) at the age of 37 yrs. Much greater changes were seen in HRV indices over the years, as RMSSD
declined from 97 + 10 ms at the age of 23 yrs to 55 + 6 ms (p<0.001) af the age of 37 yrs. Age was found to correlate
negatively with annual average RMSSD (r=-0.962, p<0.001) and positively with HR (r=0.592, p=0.020). No correlation was
found between age and VO2max (r=-0.029, p=0.920), but age was found to correlate positively with the speed af first
lactate threshold (r=0.661, p=0.007). Speed at first lactate threshold correlated also negatively with RMSSD (r=-0.609,
p=0.016).

CONCLUSION:  As shown previously in cross-sectional studies [1], gradual decline in nocturnal HRV was also found in
present elite athlete between the age of 23 and 37 suggesting reduced vagal activity. Physical fitness has been found to
positively correlate with HRV, but in the studied elite athlete, improvement in the speed at the first lactate threshold sug-
gests improvement in physical fitness over the 15 years of follow-up. It seems that for monitoring athlete’s recovery status
[2] the reference values of individual HRV indices should be updated on yearly basis.

REFERENCES:
[11 Buchheit M. {2014) Monitoring training status with HR measures: do all roads lead to Rome? Front Physiol 5, 73.
[2] De Meersman R. & Stein P. (2006) Vagal modulation and aging. Biol Psych 74:165-173.
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USING VIRTUAL REALITY TO MEASURE PERCEPTION-ACTION DEFICITS POST-CONCUSSION
CRAIG, C.
QUEENS UNIVERSITY BELFAST

To successfully intercept a moving object, a tight link has to exist between what a person sees (perception) and what a
person does in response (action). Previous research has shown how concussion, or mild fraumatic brain injury, can dis-
rupt perception-action coupling leading to improper motor execution and increased risk of future injury. This talk will show
how Virtual Redlity can significantly improve on current concussion tests and protocols by providing dynamic decision-
making tasks that can detect significant deficits in sensorimotor control 3 to 5 days post-concussion in players who have
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passed standard concussion protocols. In short, this talk will demonstrate how Virtual Reality presents a robust, low-cost,
portable solution for capturing deficits in sports performance.

VR FOR VISUO-MOTOR SKILL LEARNING: REVOLUTION OR NEVERLUTION?

VINE, S.
UNIVERSITY OF EXETER

irtual Reality technology and techniques are increasingly being adopted for motor skill learning in sports environments. VR
is proposed to provide a way of learning and practising motor skills that overcomes some of the limitations of traditional
methods of learning and practise. For example, VR has been proposed to provide practical benefits, such as flexibility and
manoeuvrability; pedagogical benefits such as measurement and variety; perceptual motor benefits such as re-
enactment of complex sensori-motor couplings, and generation of perceptually complex environments; and psychologi-
cal benefits such as exposure to distracting and complex environments that often surround the performance of the motor
skills. Research is beginning to emerge in support of some of these features...but this research is in its infancy and limited
in several ways. First the breadth and depth of the evidence base provided in this space is growing, but is sfill limited in its
ability to enable firm conclusions about the efficacy of VR to be drawn. Second, the research in this space is still relatively
rudimentary in terms of research design, data analysis, and theoretical basis. This means that there is very little consen-
sus among researchers about how VR technology and techniques should be assessed; and as such uncertainty among
the sporting community about whether VR is a revolution that they want to join, or a short term trend that will not stand the
test of time.

This presentation will briefly describe the existing literature relating to applications of VR for visuomotor skill learning, and
explore weaknesses or gaps in the literature that need resolving. Suggestions will be made for ways in which the re-
search area should grow, in order to develop a sound evidence base for the assessment of sports VR. An evidence base
that will enable clear recommendations to be made to coaches, teams, and governing bodies of sport.

The findings will be discussed in the context of sports skill learning, but also in terms of other features of sports skill train-
ing, such as coaching, tactics, or post-match analysis.

VR FOR TRAINING PERCEPTUAL-MOTOR SKILLS OF BOXERS AND RELAY RUNNERS FOR PARIS 2024 OLYMPIC GAMES
KULPA, R.
UNIVERSITY RENNES 2

The revolution in digital technologies, and in particular Virtual Reality, in the field of sport has opened up new perspectives
for the creation of new modalities for analysing and training the skills underlying performance. Virtual Redality allows for
the standardisation, control and variation (even beyond real conditions) of stimuli while simultaneously quantifying per-
formance. This provides the opportunity to offer specific training sessions, complementary to traditional training ones. In
addition, in order to continuously improve, athletes need to train more and more but they reach their physical limits. Virtu-
al Reality can create new training modalities that allow them to continue training while minimising the risk of injury (for
example, due to the repetition of high-intensity work in races for a 4x100m relay or due to the impacts of defensive train-
ing in boxing). It may also be relevant for injured athletes who cannot physically practise their discipline but need to con-
tinue to train perceptually and cognitively by confronting field situations.

In this talk, we will describe how Virtual Reality is effectively implemented in the French Boxing and Athletics federations to
train athletes anticipation skills in their preparation for the Paris 2024 Olympic Games. In the 4x100m relay, the teams
performance depends in part on the athletes ability to synchronise their movements and therefore initiate their race at the
right moment, before the partner arrives in the relay fransmission zone, despite the pressure exerted by the opponents.
The Virtual Reality training protocols are therefore designed to train each athlete to initiate his or her race at the right mo-
ment, with a tireless and always available avatar, based on the motion capture of real sprinters, whose race characteris-
tics can be configured in terms of speed, lane, curvature, gender, etc. In boxing, the federation wants to improve boxers
anticipation skills in defensive situations without making them undergo repetitive blows that could injure them, which is
impossible in real training. Virtual Reality training protocols allow boxers to focus on the appropriate information on the
opponent, which should enable them to anticipate aftacks and adopt the relevant parry. In this talk we will therefore show
how these different challenges can be addressed in the REVEA project through the deployment of an interdisciplinary
research programme.
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HISTAMINE ORCHESTRATES AN EXERCISE-INDUCED INFLAMMATORY RESPONSE IN THE HUMAN SKELETAL MUSCLE M-
CROENVIRONMENT DRIVING GLYCOGEN RESYNTHESIS

VAN DER STEDE, T.1,2, VAN DE LOOCK, A.1, HANSEN, C.2, TAMARIZ-ELLEMANN, A.2, TURIEL, G.3, DE BOCK, K.3,
VANDESOMPELE, J.4, RICHTER, E.2, GLIEMANN, L.2, HELLSTEN, Y.2, DERAVE, W.1

<I> GHENT UNIVERSITY, <2> COPENHAGEN UNIVERSITY, <3> ETH ZURICH, <4> GHENT UNIVERSITY

INTRODUCTION: Histamine, a signalling molecule working via specific histamine receptors, promotes the sustained ele-
vation of muscle blood flow after exercise (1). This hyperperfusion could relate to facilitating training adaptations, since we
showed that administration of histamine receptor antagonists blunts exercise-induced adaptations in aerobic capacity,
insulin sensitivity and microvascular function (1). To further understand the role of histamine during exercise, we deter-
mined which cell types within skeletal muscle express histamine receptors. Next, we performed exercise interventions fo
measure the secretion of histamine from working muscle, and to assess how this contributes to the acute exercise re-
sponse, with a focus on muscle glycogen metabolism.

METHODS: A single cell RNA-seq dataset was explored to assess expression of histamine receptors in the cell types pre-
sent in human skeletal muscle. In two independent cohorts each, we measured histamine secretion during one-leg knee
extensor exercise into the inferstitial space (vastus lateralis microdialysis, n=12M and n=7M) and circulation (femoral arte-
rial-venous difference, n=20F and n=7M). To study the histamine receptor-mediated exercise response, healthy, young
volunteers (12M, 2F) performed a high-intensity interval cycling session on 3 different days: placebo, histamine H1-receptor
antagonist (540mg fexofenadine) or histamine H2-receptor antagonist (40mg famotidine). Muscle biopsies of the vastus
lateralis were collected before exercise, and after 0 and 3 hours of recovery. Muscle glycogen was determined, combined
with whole muscle transcriptomics (Gene Set Enrichment Analysis) and phospho-regulation analysis of the insulin signal-
ling pathway by Western blot. Differences over time or between conditions were analysed using a linear mixed model
approach.

RESULTS: Histamine Hi-receptors were expressed on macrophages and endothelial cells, whereas H2-receptors were
expressed on macrophages, neutrophils and smooth muscle cells. In both cohorts, histamine levels into the muscle inter-
stitial space increased during exercise (3.4 and 9.6-fold), but not in the circulation. During the 3h recovery period, glyco-
gen was significantly resynthesized in placebo (+125 mmol/kg, p<0.001) and H2-receptor antagonist (+67 mmol/kg,
p=0.041), but not with Hl-receptor antagonist (+25 mmol/kg, p=0.625; different from placebo, p=0.019). Western blot and
transcripfome results indicate that not muscle insulin signalling, but inflammatory signals were blunted, mainly in H1-
receptor blockade.

CONCLUSION: We uncover a cell type-specific expression of histamine receptors in human skeletal muscle. The selective
release of histamine into the muscle interstitial space indicates an exercise-induced histamine signalling. Collectively,
these data suggest a histamine-mediated intercellular crosstalk in the skeletal muscle microenvironment, contributing to
the metabolic recovery, such as glycogen resynthesis, after acute exercise.

(1) Van der Stede et al., Sci Adv, 2021

AMINO ACID TRANSPORTERS IN HUMAN SKELETAL MUSCLE ARE CHANGED WITH REGULAR STRENGTH TRAINING IN
YOUNG AND OLD ADULTS

LANDER, E.
NORWEGIAN SCHOOL OF SPORT SCIENCE

INTRODUCTION: Increased intracellular amino acid availability in skeletal muscle facilitates muscle protein synthesis
(MPS). Postprandial availability is dependent on transmembrane bound amino acid transporters (AAT) fransporting amino
acids from the blood into the cell and dysfunctional AATs may cause attenuated anabolic muscle response to feeding,
termed anabolic resistance, in elderly and in sedentary adults. This study aimed to investigate possible differences in
AATs in young and older adults and whether regular strength training changes AAT levels and their regulators.

METHODS: Healthy young (n=24, 20-40 yrs) and old (n=24, 70-80 yrs) adults completed a 12-week whole-body strength
training intervention (3/week). Before and after the intervention, an acute study with strength exercise and protein intake
was performed, lean leg mass (LLM) was measured by dual-energy X-ray absorptiometry, and strength was tested in leg
press as one repetition maximum (IRM). Muscle biopsies were obtained from m. vastus lateralis and fractionated and
analyzed with western blots in the cytosolic (C), membrane (M) and nuclear (N) fractions for the AATs: LATI(C), CD98(C,M,N),
SLC38A9(M), LAT3(C); and the regulators elF2a (C,M,N) and ATF4(C,N). Data was analyzed using a two-way ANOVA, and a
Pearson R for correlations.

RESULTS: Training increased LLM by ~1kg in both groups (p<0.001). IRM leg press increased more in the young than old
(78+32 kg vs 50+20 kg, p<0.001). Before training, the old had higher SLC38A9-M levels (p<0.05) and lower LATI-C levels
(p<0.05) than young. Training increased CD98-N by 59+97% in the young (p<0.01), ATF4-N by 191+362% in the old
(p<0.05) and elF2a-N levels in both groups lyoung: 41£67%, old:65+£101%, p<0.05) which led to higher elF2a-N levels in
the old than young (p<0.05). In untrained state, exercise decreased elF2a-N (p<0.01) and LATI-C (p<0.01) in the young
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group. In frained state, exercise increased elF2a-N (p<0.01) and decreased ATF4-N (p<0.05) in the old and both groups
decreased ATF4-C (p<0.05). The protein levels of LAT3-C did not change, and no differences were found between the
groups in relative changes for any protein. After training and in relative changes, SLC38A9-M correlated with elF2a-M
(r=0.57, p<0.05) in the young and with LAT3-C (r=0.64, p<0.05) in the old. In relative changes, LATI-C further correlated
with ATF4-C in the old (r=-0.61, p<0.05) after training, and ATF4-N correlated with elF2a-C (r=0.76, p<0.001) in the young
and with elF2a-N in both groups [young: r=0.73, old: r=0.77, p<0.001).

CONCLUSION: Strength training increased muscle mass and strength which were accompanied by increased elF2a-N for
both groups, ATF4-N in old and CD98-N in young. The differences between young and old adults in SLC38A9-M and LATI-
C was abolished after the training, but a difference between the groups in elF2a-N levels emerged after the training. The
observed changes in AATs and regulators may influence training adaptations, and regulation of amino acid uptake

INGESTION OF AN ANTI-LIPOLYTIC DRUG ALTERS WHOLE-BODY SUBSTRATE UTILISATION DURING BRISK WALKING EXER-
CISE IN OBESE INDIVIDUALS, BUT DOES NOT ALTER MUSCLE DIACYLGLYCEROL AND CERAMIDE CONCENTRATIONS

BARRETT, J.S.1, BENNETT, S.2, FORTIS, H.O0.1, CUTHBERTSON, D.J.3, OWENS, D.J.1, STRAUSS, J.A.1, WAGENMAKERS,
A.J.M.1, SHEPHERD, S.0.1

LIVERPOOL JOHN MOORES UNIVERSITY <>, TEXAS A&M UNIVERSITY <2>, UNIVERSITY OF LIVERPOOL <3>

INTRODUCTION: Exercise increases turnover of the skeletal muscle lipid pool and enhances storage of fatty acids as in-
tramuscular triglycerides (IMTG) in healthy individuals. In contrast, obese individuals have lower rates of IMTG turnover,
even during exercise, leading to the accumulation of diacylglycerols (DAGs) and ceramides (Cer) and the development of
insulin resistance. Ingestion of an anti-lipolyfic drug prior to exercise reduces plasma free fatty acid (FFA) concentrations
and increases IMTG utilisation during exercise. The aim of the current study was to investigate whether suppression of
plasma FFA concentrations during and in the hours following exercise leads to alterations in muscle Cer and DAG species
in obese individuals.

METHODS: Ten obese (BMI >30 kg.m-2) sedentary individuals performed two separate 45-minute treadmill walking trials
at 45% VO2max followed by 3 hours recovery. For one frial, participants ingested the anti-lipolytic drug, Acipimox (250
mg), 1-hour before and again immediately post-exercise. During the other trial nothing was ingested. Muscle samples
were obtained at baseline, immediately post-exercise, and after 3-hours of recovery. Serial blood samples were taken
throughout. Muscle samples were analysed by liquid chromatography tandem mass spectrometry for lipids.

RESULTS: Plasma FFA concentrations were lower in the Acipimox trial compared to control (P<0.05). Mean carbohydrate
oxidation rates during exercise were greater in the Acipimox trial (1.21 + 0.46 g.min-1) compared to the control trial (1.01 +
0.38 g.min-1; P=0.002) and mean fat oxidation rates were significantly greater in the control trial (0.38 = 0.10 g.min-1)
compared to the Acipimox frial (0.28 + 0.07 g.min-1; P=0.009). Total DAG or ceramide concentrations did not change
during exercise or during recovery (P=0.34). No changes in Cer species were observed in either condition. The concentra-
tion of glucosylceramides 24:0 and 24:1 were both increased immediately following exercise in both conditions. Total
lactosylceramide (LacCer) concentrations were significantly increased by exercise, as were the species LacCer 20:0, Lac-
Cer 22:0, and LacCer 24:0. However, no differences between conditions were apparent. Notably, exercise-induced in-
creases in concentration of LacCer species appeared to be sustained following 3 hours of recovery.

CONCLUSION: Here, ingestion of an anti-lipolytic drug suppressed plasma FFA concentrations and altered whole-body
substrate utilisation during 45 min of brisk walking in obese individuals. Although no changes in Cer were seen during
exercise and recovery in either condition, we speculate that both the rate of synthesis and degradation of Cer and GluCer
is being increased by exercise, resulting in greater formation of LacCer. Ongoing transmission electron microscopy analy-
sis to measure subcellular lipid droplet content and morphology will reveal further insight on the effect of Acipimox on
turnover of the IMTG pool during exercise.

DICLOFENAC DIFFERENTIALLY REGULATES MUSCLE MRNA EXPRESSION LINKED TO LIPID METABOLISM DURING RE-
SISTANCE EXERCISE TRAINING IN HEALTHY VOLUNTEERS, BUT HAS NO IMPACT ON IMCL CONTENT

CHIVAKA, P.K., MALLINSON, J.E., TAYLOR, T., CONSTANTIN, D., CONSTANTIN-TEODOSIU, D., SIMPSON, E.J., GREENHAFF, P.L.
THE UNIVERSITY OF NOTTINGHAM

INTRODUCTION: Diclofenac is a non-steroidal anti-inflammatory drug reported to be used off-label to enhance athletic
training adapfation (1. In vitro evidence shows that diclofenac binds to, and acfivates, peroxisome proliferator-activated
receptor ggmma (PPAR-gammal). This, alongside the activation of PPAR-gamma Coactivator 1a (encoded by PPARGCIA),
upregulates the expression of mRNAs associated with lipid metabolism [2]. The impact of diclofenac administration on in
vivo lipid metabolism remains largely unexplored. This study investigated the impact of diclofenac administration on in-
tramyocellular lipid (IMCL) content and the expression levels of muscle mRNAs in healthy volunteers over the course of a
12-week resistance exercise training intervention.

METHODS: Following informed consent and screening, 17 young, healthy, exercise-trained males were allocated to Diclo-
fenac (75mg diclofenac sodium daily; n=9; 25 + 4 years; 24.8 + 2.7 kg/m? or Placebo (n=8; 24 + 5 years; 23.5 = 2.5
kg/m? groups. Groups were matched for isometric leg strength, age, and BMI at baseline. All participants performed
5x30 sets of maximal isokinetic (90 degrees/s) knee extensions, with the non-dominant leg, 3x weekly over 12 weeks.
Fasted state Vastus Lateralis muscle biopsies were obtained before and after 1, 7, 28, and 84 days’ fraining, and were
analysed for IMCL content (histochemical determination) and the expression levels of 93 targeted muscle mRNAs using
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RT-PCR and microfluidic gene cards [3]. Two-way repeated measures ANOVA was used tfo identify differences in IMCL
content between the groups across time points, and Ingenuity Pathway Analysis (IPA) was used to identify gene networks
and metabolic predictions related to lipid metabolism.

RESULTS: IMCL content was no different between the groups at baseline (7.4 + 3.8% Placebo vs. 6.9 + 2.6% Diclofenac,
mean = SD), and no time/treatment interactions with resistance exercise training were observed (eta2p=0.07). IPA predict-
ed robust activation of cellular events regulating lipid metabolism in both groups over the initial 28 days of training. How-
ever, by day 84, this previously predicted activation was no longer evident in the Placebo group. In keeping with this,
PPARGCIA mRNA expression at day 84 in the Placebo group was less compared to baseline (p<0.001), but conversely
greater than baseline in the Diclofenac group (p<0.001).

CONCLUSION:  Diclofenac administration differentially altered the mRNA expression of genes regulating muscle lipid
metabolism following 84 days of resistance exercise training in humans. Furthermore, the increased expression of
PPARGCIA mRNA in the Diclofenac group implicates a mechanism by which diclofenac binds to PPAR-gamma in vivo and
activates lipid metabolism cellular events. These responses were not associated with changes in IMCL content.

REFERENCES:

1. Warden, Phys Sportsmed. 38(1), pp. 132-138, 2010

2. Adamson et al., Pharmacol. 61(7), pp. 7-12, 2002

3. Mallinson et al., Scand J Med Sci Sports 30(11), pp. 2101-2115, 2020

PHYSICAL CONDITION AND ACTN3 RS1815739 AND TFAM RS1937 POLYMORPHISMS IN SPANISH CHILDREN. THE
UP&DOWN STUDY

LIM, T., RUBIO-ZARAPUZ, A., SILVA, A.J., GARCIA-GARCIA, L., MARCOS, A., GOMEZ-GALLEGO, F., VEIGA, O., CASTRO-PINERO,
J., SANTIAGO, C,, YVERT, T.
UNIVERSIDAD FUROPEA DE MADRID

INTRODUCTION: Physical condition (muscular strength and power, cardiorespiratory fitness) plays an important role in the
health status of individuals and may be genetically determined from childhood. Some genes have been associated with
these traits. These include the gene coding for sarcomeric protein alpha actinin 3, ACTN3 gene, and the gene coding for
the mitochondrial transcription factor, TFAM gene. Genetic polymorphisms associated with strength and power (ACTN3
rs1815739) and endurance (TFAM rs1937) have been described in both genes in the adult population. The information
available regarding the relation between physical condition and genetics in paediatric population is still scarce and poorly
understood.

For this reason, the aim of this study was to determine the potential interactions between the ACTN3 rs1815739 and TFAM
rs1937 polymorphisms, and the physical condition in Spanish children from the UP&DOWN study (1).

METHODS: 539 children (271 girls) aged between 5 and 12 years (mean=8.25+1.68 years) from the UP&DOWN study were
analysed. The following variables were measured in order to collect data of upper- and lower-limb strength, aerobic
capacity and motor ability: handgrip strength dynamometry, standing long jump test, 20m track shuttle run, 4x10m shuttle
run test. ACTN3 rs1815739 and TFAM rs1937 polymorphisms genotypes were analyzed using Applied Biosystems™ Tag-
man probe (ID: C_590093_1_ and C_8975662_10 ID, respectively). Physical condition variables were compared to the
ACTN3 and TFAM polymorphisms by ANOVA and T test for parametric and Kruskal-Wallis for non-parametric variables.

RESULTS: For ACTN3 rs1815739 analyses, children with TT genotype presented significantly higher results at the standing
long jump test than the children with CC and TC genotypes (110.19+19.87 cm vs. 105.22+18.69 cm, p=0.037, Cohen’s d=
0.254). We also found significant differences for the TFAM rs1937 genotypes: children with GG genotype showed lower
results for 20m track shuttle run compared with children with CG and CC genotypes (2.51+1.46 vs. 3.55+1.42, respectively;
p=0.017; Cohen’s d= 0.71).

CONCLUSION:  Although calculated effect size was low, the results obtained for ACTN3 rs1815739 polymorphism are
contrary to literature, the C allele being generally related to muscular strength and power in adult population. ACTN3 is a
protein specific to type Il fibers, thus, the differences in muscle fibers proportions and maturation state in children com-
pared fo adults, could explain our results. In the case of TFAM rs1937 polymorphism, our results (presenting moderate-
high effect size) are consistent with previous knowledge in adult population: C allele is associated with long distance
exercise performance and better aerobic capacity. Therefore, it seems genetic factor could play an important role in car-
diorespiratory fitness from childhood through the regulation of mitochondrial transcription.

(1) Castro-Pifiero J et al. BMC Public Health. 2014;14:400.
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EFFECTS OF A 7-DAY HIIT SHOCK MICROCYCLE WITH OR WITHOUT ADDITIONAL LOW-INTENSITY TRAINING ON MAXIMAL
OXYGEN UPTAKE AND TIME TRIAL PERFORMANCE — RANDOMIZED CONTROLLED TRIAL

STREPP, T.1, BLUMKAITIS, J.1, HALLER, N.1,2, STOGGL, T.1,3
LUNIVERSITY OF SALZBURG, 2. UNIVERSITY OF MAINZ, 3. RED BULL ATHLETE PERFORMANCE CENTER SALZBURG

INTRODUCTION: High-intensity interval training (HIIT) shock microcycle (SM, i.e., multiple HIIT sessions in a short period of
time) appears effective for improving endurance parameters. However, whether HIT-SM leads fo improvements in maxi-
mal oxygen uptake (VO2max) [1, 2], or not [3, 4], is controversial. Further, the effect of additional low-intensity training (LIT)
during HIIT-SM on VO2max and the transfer of lab-based effects on time trial (TT) performance has not yet been investi-
gated. Therefore, the aim of this study was to assess the effect of HIT-SM with or without additional LIT on VO2max and TT
performance.

METHODS: Thirty trained endurance athletes (7 women, 23 men) performed a sub-maximal incremental and maximal
ramp test running on a treadmill to determine VO2max and maximal heart rate (HRmax| (T1). Participants were then ran-
domly assigned to one of three groups: 1) HIT-SM=10 running-based HIIT sessions, i.e., 5x4 min at 90-95% HRmax, over 7
days 2) HIT-SM+LIT=equal to HSM with additional 30-min of LIT after each HIIT 3) CON=regular training. Physiological
exercise testing was repeated on 3 days (T2), 7 days (T3), and 14 days (T4) after the intervention. A 5-km TT (5kmTT) was
performed 3-4 days before T1 and 10-11 days after the intervention. Between-group differences were analyzed using a
linear model (ANCOVA) with pre-test values as the covariate, group as the fixed factor, and each post-test as the depend-
ent variable. Independence of the covariate was tested with ANOVA. Effect sizes (ES) are expressed as partial eta-
squared. Within-group comparisons between pre-test and each post-test were done using paired sample T-test. Level of
significance was set at P<0.05.

RESULTS: VO2max at T1 was 60.3+6.9, 60.3+5.2 and 59.5+2.6 mL/min/kg for HIT-SM, HIT-SM+LIT and CON, respectively,
with no differences between groups (P=0.92 ES=0.01). No between-group differences in VO2max at T2 (+0.8%, -0.4%, -
1.1%; P=0.67; ES=0.03), T3 (+1.6%, +2.0%, -4.6%; P=0.053; ES=0.20), and T4 (+1.5%, +1.9%, -2.6%; P=0.30; ES=0.09) could
be observed. There were no within-group changes in VO2max for all three groups. Mean pre-test 5kmTT was 19:31+2:27,
19:14+1:36, and 18:58+1:26 min, respectively, with no difference between groups (P=0.82; ES=0.02). No between-group
differences in 5kmTT at the post-test (-2.5%, -2.1%, +0.0%; P=0.14; ES=0.14) could be observed. Within-group improve-
ments were revealed for HIT-SM (P=0.046) and HIIT-SM+LIT (P=0.03).

CONCLUSION: Both 7-day HIIT-SM with or without additional LIT had no effect on VO2max in endurance trained athletes.
No effects in 5kmTT could be observed, despite within-group improvements in both intervention groups. HIIT-SM with or
without additional LIT may influence other endurance performance-related parameters.

1. Breil (2010) 2. Rgnnestad (2019) 3. McGawley (2017) 4. Clark (2014)

LACTATE THRESHOLD IN ELITE RACE WALKERS — DESCRIPTIVE STUDY OF DEVELOPMENT RATES AND ASSOCIATED TRAIN-
ING

WALTER, N., FLECKENSTEIN, D.
INSTITUTE OF APPLIED TRAINING SCIENCE LEIPZIG

INTRODUCTION: The lactate threshold (LT) is one of the most important physiological factors in race walking. However,
research concerning the development of this factor and the associated training in elite race walkers is limited [11. There-
fore, the aim of this descriptive study was to determine the development of LT for different training phases of elite race
walkers and to describe the realised training.

METHODS: The study is based on retrospective data from 1992 to 2018, collected at the Institute of Applied Training Sci-
ence in Leipzig. The athletes included in the study were members of the German national team and competed at interna-
tional level. To determine the LT, athletes completed a step test on the treadmill (4-6x 3000 m, increments: 0.2 m/s, rest
duration: 60 s). LT was defined as the velocity where the lactate-velocity-curve crossed 3.0 mmol/| lactate. Furthermore,
training data were collected with a standardized diary and processed in an Access database. Male athletes with an age
of at least 22 years and a baseline LT of at least 3.6 m/s were included. The development of LT and the average training
were investigated for three training phases (P1: preparation phase 1 from Nov/Dec to Jan/Feb, P2: preparation phase 2
from Jan/Feb to Mar/Apr, P3: competition phase from Mar/Apr to June/July). All data are given as mean + standard
deviation.

RESULTS: 33 training phases of 14 athletes with a baseline LT of 3.85 + 0.12 m/s, an age of 27.2 + 3.0 years and a duration
of 7.4 £ 1.8 weeks were selected for P1. The development of LT within P1is 0.06 + 0.10 m/s. The average training includes
a training volume of 131.1 + 43.2 km/week (walking and running), 8.6 + 1.6 sessions/week (including strength and general
endurance training) and an active training time of 12.1 + 3.4 h/week. The average proportion of training volume near and
above the LT (including competitions) is 17.3 + 14.4 %. Regarding P2, 23 training phases of 9 athletes with a baseline LT of
3.83 £ 0.11 m/s, an age of 27.0 x 3.0 years and a duration of 9.6 + 1.4 weeks were analysed. LT increases by 0.04 + 0.09
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m/s. Training consists of 159.5 + 36.5 km/week, 9.4 + 1.5 sessions/week, 12.9 + 2.8 h/week and a proportion of intensity
training of 24.8 £ 17.0 %. Finally, 23 training phases of 11 athletes with a baseline LT of 3.92 + 0.10 m/s, an age of 25.3 =
1.7 years and a duration of 16.6 + 2.3 weeks were selected for P3. LT development is 0.04 = 0.12 m/s. Training includes
122.7 + 32.4 km/week, 8.1 + 1.1 sessions/week, 10.5 + 2.8 h/week and intense walking of 18.9 = 15.5 %.

CONCLUSION: The mean changes of LT seems small, but individual ranges of -0.17 to 0.31 m/s have to be considered.
This study offers coaches a reference for the development of the LT and the associated training in elite race walkers. Fur-
ther studies should investigate the statistical relation between changes of LT and different training parameters as well as
the baseline LT.

1. Pupis, M., Spisiak, M. & Toth, M. (2017). Slovak Journal of Sport Science, 2 (1), 1-6.

THE EFFECT OF A SLEEP HYGIENE INTERVENTION ON COGNITIVE PERFORMANCE IN A 24H ULTRA-MARATHON RACE

BENCHETRIT, S.1, CORBETT, J.1, SHEPHERD, A.1, NEUPERT, E.1, MUDGE, H.2, DAWES, C.1, MACKINTOSH, K.3, MCNARRY,
A.3, COSTELLO, J.1

1. UNIVERSITY OF PORTSMOUTH, 2. UNIVERSITY OF SOUTHAMPTON, 3. SWANSEA UNIVERSITY

INTRODUCTION: Ultra-marathons, endurance running events exceeding the 42.2 km distance of a traditional marathon,
are increasing in popularity. Of concern, they offen involve at least one night of sleep deprivation, which has been
demonstrated to impair cognitive performance, particularly reaction time and executive functionl. This study aimed to
determine if a sleep intervention, implemented in the week prior fo a 24h ultra-marathon, would reduce the impairment in
cognitive performance after the race.

METHODS: Using a randomised controlled parallel-group design, 16 athletes (14 males, 2 females; mean+SD: age 45+7
years; height 1.77+0.05 m; mass 76.7+11.2 kg) undertook the ContiThunderRun, a continuous 24h race around a 10km
loop. Sleep duration and efficiency was recorded at baseline (3-4 weeks prior to the race) and pre-race (7-days prior)
using wrist-worn accelerometers (GENEActiv) with validated raw acceleration thresholds. The sleep intervention (INT) group
received an online sleep hygiene seminar, aimed at improving the quality of sleep by promoting specific pre-bed behav-
iours2. The comparison group (COM) were instructed to sleep as they normally would pre-race. After familiarisation, Two
Choice Reaction Time (2CRT) and response inhibition (Stroop task) were assessed pre- and post-race. Data were analysed
using a repeated measures ANOVA and significance was accepted at P<0.05.

RESULTS: Due to drop-out, 14 participants were included in the final analyses [7 INT, 7 COM group; 2 females, 12 males;
mean distance covered 123+35 kml. There were no significant effects of the sleep hygiene intervention nor any difference
between the baseline and pre-race weeks for sleep duration [mean+SD, 394+22 vs 385+59 min, p=0.59] and efficacy
[mean+SD, 89+4 vs 88+5 %, p=0.35]. Similarly, there was no main effect for intervention or intervention*time inferaction
(all p > 0.05) on any aspect of cognitive performance. However, there was a significant deterioration in cognitive perfor-
mance post-race, with reaction time increasing [462+54 vs 520+108 ms; p=0.02] throughput (number of correct respons-
es per min) reducing in the 2CRT task [124.5+15.4 vs 112.1+20.1; p<0.01] and the interference score in the Stroop task re-
ducing [19.9£11.0 vs 15.1£6.2; p=0.02].

CONCLUSION: This study demonstrated that cognitive performance was impaired post-race; however there was no evi-
dence that these effects were ameliorated by the intervention, which had no impact on either sleep duration or efficacy.
The lack of effect may be, in part, explained by a summer heatwave (~400C in London) coinciding with the week preced-
ing the race (i.e. during the intervention), which could have impacted the effectiveness of the intervention. Further research
investigating the impact of pre-race sleep strategies on cognitive performance during ultra-marathons is therefore re-
quired.

REFERENCES
1. Hurdiel et al. J Sports Sci. (2015)
2. Simpson et al. Scand J Med Sci Sports. (2017)

EFFECTS OF NEUROMUSCULAR ELECTRICAL STIMULATION ON WINGATE TEST AND BLOOD LACTATE ACCUMULATION
TAKEDA, R.1, NOJIMA, H.1, NISHIKAWA, T.1,2, OKUDAIRA, M.1, UEDA, S.3, HIRONO, T.1, WATANABE, K.1

1. CHUKYO UNIVERSITY, TOYOTA, JAPAN. 2. GRADUATE SCHOOL OF HEALTH AND SPORT SCIENCES, CHUKYO UNIVERSITY,
TOYOTA, JAPAN. 3. SUGIYAMA JOGAKUEN UNIVERSITY, NAGOYA, JAPAN.

INTRODUCTION: It is well-known that sprint interval training (SIT) can improve aerobic and anaerobic exercise perfor-
mance [1] and these improvements were associated with changes in lactate kinetics by SIT [2]. Because subtetanic neu-
romuscular electrical stimulation (NMES) with voluntary exercise (VOLES) does not increase fatigue despite promoting
blood lactate accumulation [3], it may be an excellent approach for effective SIT. Elucidating how VOLES affects blood
lactate accumulation after sprint training is essential to identify a purposeful application of NMES to SIT. Thus, we hypothe-
sized that NMES with voluntary exercise could maintain 30-sec “all-out” exercise, i.e., Wingate test performance but aug-
ment blood lactate accumulation.

METHODS: Fifteen healthy young males (mean + standard deviation, age: 23 + 4 yrs, body mass index: 22.0 + 2.1 kg/m2)
volunteered for two trials on a separate day (randomized crossover study). After a 1-min resting baseline, participants
performed a 3-min intervention: VOLES (NMES with free-weight cycling) or voluntary cycling alone, which matched oxygen
uptake with VOLES (VOL, 43.6 + 8.0 W). Then, they performed the Wingate test with 30-min free-weight cycling recovery.
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The blood lactate concentration ([Lalb) was assessed at the end of resting and intervention, and recovery at 1, 3, 5, 10, 20,
and 30 min. The paired t-test was used to assess the performance of the Wingate test as well as effect sizes expressed as
Cohen's d, and two-way analysis of variance was used to evaluate the [Lalb between condition (VOLES vs. VOL) and time
(resting vs. infervention vs. recovery) as well as effect sizes expressed as partial eta-squared. Bonferroni-corrected post-
hoc procedures were used when applicable. A P-value of < 0.05 was considered significant.

RESULTS: [Lalb during intervention was significantly higher in VOLES than in VOL (2.2 + 0.5 vs. 1.6 + 0.3 mmol/L, P=0.011,
effect size = 0.402). The increase in [Lalb after the Wingate test was maintained for longer in VOLES than in VOL at 10- and
20-min recovery (10-min, 14.0 + 2.1vs. 13.0 = 1.5 mmol/L; 20-min, 10.6 = 2.1vs. 9.1 + 1.9 mmol/L. P=0.014 and 0.023,
effect size = 0.380 and 0.339, respectively). Based on the Wingate test, performance was similar between VOLES vs. VOL:
peak power (686 + 127 vs. 691 + 125 W, P=0.184, effect size = 0.040), mean power (529 + 81vs. 534 + 83 W, P=0.201,
effect size = 0.061), and the rate of decline (35.6 £ 13.5 vs. 37.4 £ 11.3%, P=0.989, effect size = 0.145).

CONCLUSION: NMES with voluntary exercise did not impair Wingate test performance but sustained blood lactate accu-
mulation for longer than with voluntary exercise alone during recovery. These results set the stage for future research on
developing a new strategy for sprint interval training programs that promote more potent physiological stimuli without
reducing exercise intensity by employing NMES.
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IS-MHO1 The I0C Consensus Statement of Relative Energy Deficiency in Sports (REDs) - 2023 update

ADVANCES IN THE FIELD OF REDS SCIENCE
KOEHLER, K.
TECHNICAL UNIVERSITY OF MUNICH

The causal role of low energy availability (LEA) in the aetiology and pathophysiology of REDs is well-established. However,
most of the underlying data on the effects of LEA on endocrine and physiological outcomes stem from laboratory experi-
ments involving strict manipulation of dietary energy intake and exercise expenditure. While these seminal studies have
contributed immensely fo our understanding of human energetics in the context of exercise, they focused largely on out-
comes related female reproduction and bone health, were conducted in predominantly sedentary populations, and in-
volved only short-term (<1 week) manipulations of diet and exercise.

However, with the inclusion of additional physiological and psychological outcomes as well as other populations into the
REDs model, there has been growing body of laboratory and field studies investigating the effects of LEA on numerous
other functions and outcomes related to health and performance. These include, but are not limited to, growth and adap-
tation, inflammation, substrate storage and utilisation, gastrointestinal issues and haematological aspects as well as
potential sex- and age-related differences in the response to LEA, including thresholds for tolerable LEA doses. With grow-
ing evidence from observational and infervention studies, a clearer picture has emerged on the time course of physiologi-
cal and psychological maladaptations in response to LEA, which can range from days to weeks (acute) to months to years
(prolonged).

Furthermore, there is also growing evidence that not only LEA but also the pathway to LEA, i.e., whether it is achieved by
dietary restriction, increased exercise, or a combination of both, may module a variety of physiological and psychological
outcomes. The latter is particular relevant in light of the shared pathways between REDs and overreaching and overtrain-
ing syndrome (OTS), which require particular diagnostic attention.

Beyond energy availability, recent studies involving the deliberate manipulation of both energy and macronutrient availa-
bility have also highlighted the potentially amplifying role of low carbohydrate availability on specific physiological out-
comes, such as bone health, inflammation and iron homeostasis.

THE NEW REDS CONCEPTUAL AND PHYSIOLOGICAL MODELS FOR HEALTH AND PERFORMANCE

BURKE, L.
AUSTRALIAN CATHOLIC UNIVERSITY

The current evolution of REDs encompasses the principle that although the accommodation of acute and mild LEA is to
some extent, normal and advantageous, in some scenarios and individuals, it disrupts health and performance. The new
REDs health and performance conceptual models demonstrate the range of body systems for which there is theoretical,
empirical and/or clinical evidence of impairments that manifest in different ways. Undoubtedly, these outcomes occur
over different timeframes, and with different levels of severity and significance to the individual athlete due to myriad
moderating factors. The concept of the LEA threshold (i.e. 30 kcal/kg FFM/d), below which health problems occurred, was
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based on elegant but short-term laboratory studies which investigated step-wise changes in EA and perturbation of hor-
mones involved in the female reproductive system. Although this concept was always intended as a guide rather than a
diagnostic end-point, more recent information gleaned from real-life clinical observations, as well as theorefical con-
structs around the frailty of a single, universal threshold, have identified large differences in the EA level apparently asso-
ciated with health and performance concerns between individuals and between different body systems. Therefore, alt-
hough EA calculations may inform research interventions or observations, there is danger in sefting quantitative definitions
of absolute concerns. While the conceptual models provide a simple education message for athletes, coaches and clini-
cians, the development of a more complex physiological model for the interaction of LEA each body system is encour-
aged. This should be undertaken with a "systems biology mindset" to enable a more nuanced assessment of the individ-
ual athlete and whether their specific exposure to LEA and the presence of secondary moderators (e.g. genetics, training
characteristics, other nutritional issues, medication) is likely to be positive, neutral or negative in regard to functional out-
comes. The evolution of the science and practice of REDs requires an interdisciplinary field of study, that can integrate
complex biological interactions to understand real-life outcomes.

PREVENTION AND TREATMENT OF REDS
MELIN, A.
SPORTS SCIENCE

It is undeniable that severe and/or prolonged low energy availability (LEA) and REDs are common among both female
and male athletes at different performance levels and may result in serious health (e.g. eating disorders and premature
osteoporosis) and performance (e.g. injuries) consequences. Therefore, there is an emerging need to prevent the devel-
opment of LEA and REDs.

This lecture targeting the athletes' entourage such as sport organisations, coaches and sport medicine clinicians will focus
on the I0C recommendations regarding primary and secondary prevention strategies of REDs as well as treatment.

LEA is the underlying etiological factor of REDs, and primary prevention focusing on modifying risk factors for LEA within the
sport environment is the best way to preserve health and improve performance among athletes. Primary prevention strat-
egies should target athletes as well as their support team and focus on education of the importance of adequate energy
and nutrient availability to ensure optimal health and performance. Furthermore, the educational programs should aim to
improve e.g. self-esteem, and acceptance of physical changes related to adolescence, and reduce risk factors, especially
de-emphasising the importance of a low body mass and leanness, particularly in young and sub-elite athletes.

Secondary prevention involves identification of REDs symptoms, using early treatment initiatives, prior to development of
clinical diagnoses. Secondary prevention therefore includes screening and management of asymptomatic or symptomat-
ic symptoms, including the new REDs Clinical Assessment Tool (CAT2) three-step approach. Self-reported screening in-
struments, individual health interviews, and objective assessment of REDs markers may be useful in this prevention
phase.

The obijective of clinical treatment (tertiary prevention) is to promote rehabilitation and to limit long-term, severe health and
performance consequences of REDs. Before commencing a treafment program, accurate diagnosis is essential to tailor
the treatment to the clinical presentation. Intervention at an early stage in the clinical presentation is desirable to minimise
severity of health outcomes of REDs and expedite recovery. The cornerstone of therapy is to treat the underlying cause:
LEA. Reversing the LEA can be achieved by decreasing energy output, increasing energy intake, or both in concert. A multi-
disciplinary treatment team is often required including clinicians specialising in sport medicine, sport dietetics, psychia-
try/psychology, exercise physiology, endocrinology and gynaecology.
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EFFECTS OF HIGH INTENSITY INTERVAL TRAINING AND MODERATE INTENSITY CONTINUOUS TRAINING ON CARDIAC
FUNCTION IN OBESE YOUNG WOMEN

LOPES, W.A., RECK, H.B., LOCATELLI, J.C., SIMOES, C.F., DE OLIVEIRA, G.H., MENDES, V.H.S., COSTA, C.E., OKAWA, R.T. P.
STATE UNIVERSITY OF MARINGA

INTRODUCTION: Obesity is an independent risk factor for cardiovascular diseases [1]. Both high intensity inferval training
(HIIT) and moderate intensity continuous training (MICT) have been shown to be equally effective for reducing whole-body
fat mass in obese individuals [2]. However, the acute and chronic effects of HIIT and MICT on cardiac function have not yet
been properly investigated [3]. Therefore, the aim of this study was to investigate the acute and chronic effects of HIT and
MICT on cardiac function in young obese women.

METHODS: Forty obese women completed this two-phase randomized controlled trial. In the first phase (acute protocol), 15
individuals performed a single bout of HIT (4x4-min at 85-95% of maximal heart rate (HRmax)), MICT (41-min at 65-75% of
HRmax), and control condition (CO). Data were collected at baseline and five (t5) and 35 (t35) minutes after each condition.
In the second phase (chronic protocol), 25 individuals completed an eight-week HIIT or MICT protocol, being assessed at
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baseline and after the exercise program. Anthropometric, body composition, cardiorespiratory fitness and cardiac func-
tion were evaluated.

RESULTS: Acute reductions in global longitudinal strain (GLS) (p=0.010; p=0.002), LV ejection fraction (LVEF) (p=0.017;
p=0.010), LV end-diastolic volume (LVEDV) (p=0.001; p=0.048) were observed after HIIT at t5 in relation with baseline val-
ues and CO, respectively. GLS also reduced in comparison to MICT at t5 (p=0.013). E/A ratio decreased after HIIT in com-
parison to baseline (p= 0.001; p=0.001), CO (p<0.001; p=0.001) and MICT (p=0.027; p=0.008) at t5 and 135, respectively.
Chronically, HIT and MICT increased GLS (p=0.016; p=0.023), LVEDV (p=0.005; p<0.001) and stroke volume (p<0.007;
p<0.001), respectively. Only HIIT increased LVEF (p=0.012) after the 8-week exercise program.

CONCLUSION: HIIT induced an acute reduction in LV function five minutes after exercise that were almost fully restored 35
minutes after HIIT performance. Chronically, both HIT and MICT elicited similar improvements in LV function, but only HIIT
enhanced LVEF, an important marker of LV systolic function in young obese women.
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SERUM METABOLOME ADAPTATIONS ASSOCIATED WITH MUSCULAR STRENGTH FOLLOWING 12 WEEKS OF HIGH-
INTENSITY INTERVAL TRAINING IN OBESE OLDER ADULTS

YOUSSEF, L., BOURGIN, M., DURAND, S., APRAHAMIAN, F., LEFEVRE, D., MAIURI, M.C., MARCANGELLI, V., DULAC, M., HAJJ-
BOUTROS, G., GAUDREAU, P., MORAIS, J.A., GOUSPILLOU, G., KROEMER, G.

UNIVERSITE REIMS CHAMPAGNE ARDENNE
Aubertin-Leheudre, M., Noirez, P.

INTRODUCTION: One of the major adverse health effects of aging is the loss of muscle strength. As a standard clinical
measure, it has been proposed that handgrip strength may be a marker of frailty assessment. The loss of muscle strength
becomes much faster than the loss of muscle mass in older individuals, resulting in a decline of muscle quality. In addition
to that, age and body fat have been shown to be inversely associated with muscle strength and quality. Therefore, pre-
venting fat gain and preserving lean mass in obese individuals becomes an important issue. High-intensity interval train-
ing (HIIT) has been shown as an effective intervention strategy for obese older individuals. Hence, revealing possible
mechanisms underlying the changes of muscular strength parameters would be of interest. The aim of this study was to
evaluate serum metabolome changes related to muscular strength parameters changes after 12 weeks of HIIT in obese
older adults.

METHODS: Twenty-six participants performed HIIT, (67.73 = 3.87 yrs) three times per week for 12 weeks. Serum metabo-
lome profile as well as clinico-biological parameters were assessed before and after the 12-week intervention. Blood
serum samples were subjected to multiple different liquid or gas phase chromatography methods coupled to mass spec-
trometry.

RESULTS: Among the 364 metabolites and ratio of metabolites identified, 21 metabolites changed significantly following
the 12-week HIIT intervention. Out of these metabolites, acyl-alkyl-phosphatidylcholine (PCae) (22:1) delta changes, a me-
tabolite of the fat metabolism, significantly correlated with handgrip strength (r = 0.52, p < 0.01) delta changes, as well as
with handgrip strength relative to arms lean mass delta changes (r = 0.54, p < 0.01) in the HIIT group.

CONCLUSION: Metabolites of the fat metabolism could play an important role in preserving muscular strength. The me-
tabolite PCae (22:1) could be considered as a mefabolite of interest for muscular strength, and hence for a healthy aging.
Future studies are needed to confirm our promising results, thus allowing the development of therapeutic interventions for
preserving muscular strength, and hence contributing to a healthy aging.

LEFT VENTRICULAR AND HEMODYNAMIC ADAPTATIONS FOLLOWING TWO WORKLOAD-MATCHED HIGH-INTENSITY IN-
TERVAL TRAINING PROGRAMS WITH DIFFERENT BOUT DURATION IN OBESE MEN

BOGDANIS, G.C.1, TSIRIGKAKIS, S.1,2, KOUTEDAKIS, Y.2, MOUGIOS, V.3, TSEKOURA, D.1, MASTORAKOS, G.1

L2:NATIONAL & KAPODISTRIAN UNIVERSITY OF ATHENS, 3: UNIVERSITY OF THESSALY, ARISTOTLE UNIVERSITY OF THESSALO-
NIKT

INTRODUCTION: High-intensity interval training (HIIT) is a time-saving training strategy that provides at least similar bene-
fits, in terms of cardiometabolic risk reduction, with moderate-intensity continuous training in the general population [1].
However, studies examining the effectiveness of different HIIT formats on cardiovascular health in obese adults are rather
limited. The present study compared the effects of two workload-matched HIIT programs with different bout duration (10
vs. 60 s) on cardiorespiratory fitness and left ventricular structure and function in obese men.
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METHODS: Sixteen untrained obese men (aged 38.9 + 7.3 y) were randomly assigned fo either a HIIT10 group, i.e., 48
bouts of 10 s at 100% peak power output (PPO) interspersed with 75 s at 15% PPO, or HIIT60 group, i.e., 10 bouts of 60 s at
100% PPO interspersed with 75 s at 15% PPO. Participants performed eight weeks of supervised training (24 sessions) on
an electronically braked cycle ergometer. Before and after the training intervention, peak oxygen uptake (VO2peak) was
assessed by an incremental cycle ergometer test and lactate threshold was estimated from a 5-stage submaximal test.
Plasma volume changes were calculated from hematocrit and hemoglobin values measured in venous blood collected at
rest before the first and last training sessions. Resting left ventricular (LV) function was assessed pre- and post-training
using two-dimensional and Doppler echocardiography.

RESULTS: Analysis of variance showed a main effect of time (p < 0.05) and no effect of group or interaction (p > 0.05) in the
examined parameters. Resting systolic and diastolic blood pressure decreased by 2.8 mmHg (90%Cl: -4.5 to -1.1 mmHg;
p = 0.009) and by 2.1 mmHg (90%Cl: -3.5 to -0.6 mmHg; p = 0.019), respectively. There was an increase in ejection frac-
tion by 3.2% + 1.3% (p < 0.001) from pre- to post-training. This was accompanied by an increase in LV end-diastolic vol-
ume by 7.9% (or 8.3 mL, 90%Cl: 3.9 t0 12.8 mL; p = 0.003), and a decrease of LV end-systolic volume by 4.8% (or -2.1 mL,
90%Cl: -3.4 t0 -0.8 mL; p = 0.007). Resting stroke volume increased by 10.0 + 7.4 mL (from 82.3 £ 14.710 92.2 + 14.0 mL, p
< 0.001). VO2pedak increased by 10.9 + 6.1% on week 4 and by 20.0 = 7.2% on week 8 (p < 0.001). Lactate threshold in-
creased from 55.6 + 7.4% 1o 64.8 + 7.3% VO2peak (p < 0.001). Plasma volume at rest remained unchanged after 8 weeks
of training.

CONCLUSION: Both HIIT protocols were effective in improving cardiorespiratory fitness, blood pressure and left ventricular
morphology and function at rest in untrained obese men. Since metabolic stress and perceptual responses are milder in
HIIT of shorter bout duration [2], HIIT1I0 may be preferable to promote cardiorespiratory health in obese men.

EFFECTS OF TWO ISOENERGETIC HIGH INTENSITY INTERVAL TRAINING PROGRAMS (CYCLING VS RUNNING) ON FAT MASS
LOSS AND GUT MICROBIOTA COMPOSITION IN MEN WITH OVERWEIGHT OR OBESITY.

COUVERT, A., GOUMY, L., MAILLARD, F., ESBRAT, A., LANCHAIS, K., SAUGRAIN, C., VERDIER, C., DORE, E., CHEVARIN, C.,
ADJTOUTAH, D., MOREL, C., MARTIN, V., LANCHA JUNIOR, A.H., BARNICH, N., CHASSAING, B.

UNIVERSITY OF CLERMONT AUVERGNE / CENTER OF RESOURCES, EXPERTISE AND PERFORMANCE IN SPORTS OF BELLERIVE
SUR ALLIER / UNIVERSITY OF PARIS / UNIVERSITY OF SAO PAULO

Rance, M., Boisseau, N.

INTRODUCTION: High-intensity interval training (HIIT) protocols decrease fat mass (FM) deposits, including abdominal and
visceral FM. Recent studies performed by our team in rodent models (1,2) and in humans (3) suggest that HIIT could modu-
late the intestinal microbiota composition and this might contribute to FM loss. To date, FM loss and the possible associa-
tion between FM reduction and intestinal microbiota composition changes have never been compared using different
isoenergetic HIIT modalities, such as cycling and running. Therefore, the aim of this study was to assess these parameters
before and after a 12-week cycling (HIT-BIKE) or running (HIIT-RUN) HIIT program in men with overweight or obesity.

METHODS: Sixteen men (54+10 years; BMI: 30+2 kg/m? were randomly assigned to the HIIT-BIKE (10 x 45s at 85% of the
estimated HRmax, 90s active recovery) or HIT-RUN (9 x 45s at 85% of the estimated HRmax, 90s active recovery) group
(training 3 times per week, for 12 weeks). Dual-energy X-ray absorptiometry was used to measure whole-body, ab-
dominal and visceral FM. Nutritional intake and physical activity level were established with self-report questionnaires. Gut
microbiota composition was determined by 16S rRNA gene sequencing at baseline and after the 12-week HIIT program.

RESULTS: Energy intake and physical activity levels did not vary from the beginning to the end of the intervention in both
groups. Overall, body weight, and total, abdominal and visceral FM decreased over time. When values were expressed
as percentage change, no difference was observed for weight, total and visceral FM between groups. Conversely, ab-
dominal FM loss was greater in the HIT-RUN than HIIT-BIKE group (-16.1% vs -8.3%; p <0.05). The alpha-diversity (Shannon
index) of gut microbiota did not vary over time or between groups, but overall, the alpha-diversity variation was associat-
ed with abdominal FM change [r = 0.74; p <0.05). The two HIIT programs did not induce specific intestinal microbiota
alterations. However, the baseline microbiota profile and gut composition changes were correlated with total, abdominal
and visceral FM losses.

CONCLUSION: Whatever the modality, HIIT is an efficient strategy to promote total, abdominal and visceral FM loss in men
with overweight or obesity. The mechanisms underlying the higher abdominal FM reduction in the HIT-RUN compared
with the HIIT-BIKE group require additional investigations. No specific intestinal microbiota member changes was ob-
served between groups, but the baseline intestinal microbiota composition and its variation during training were correlat-
ed with the FM reduction, reinforcing the possible link between these parameters.
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VERY LOW-VOLUME INTERVAL TRAINING IMPROVES TELOMERE LENGTH IN OBESE METABOLIC SYNDROME PATIENTS

REUJIC, D., EKICI, A., HERRMANN, H.J.,, NEURATH, M.F., ZOPF, Y.
UNIVERSITY HOSPITAL ERLANGEN

INTRODUCTION: The metabolic syndrome (MetS) is a cluster of cardiometabolic disorders including excess abdominal fat
storage, hypertension, hyperglycemia and dyslipidemia, which jointly pose an increased risk for serious sequelae. Recent-
ly, it has been reported that MetS is also linked with an accelerated shortening of telomeres [1]. Telomeres are specific
DNA-protein structures located at the end of chromosomes and play a key role in the protection and stabilization of ge-
nomes. Telomeres typically shorten with age at each cell division and thus, telomere length (TL) is considered a maijor
biomarker of biological age. Apart from the normal aging process, there are several other factors that have been identi-
fied to promote telomere shortening, including diseases associated with chronic low-grade inflammation and oxidative
stress like MetS [1]. On the contrary, life-style factors such as regular aerobic training have shown potential to preserve or
even increase TL [2]. The aim of the present study was to explore whether very small amounts of exercise in form of low-
volume interval training (LOW-HIIT) would have a beneficial impact on TL in in obese MetS patients.

METHODS: Obese individuals with clinical diagnosis of MetS were randomized into a 12 week LOW-HIIT program
(2x/week, 5x1 min vigorous exercise intervals interspersed by 1 min recovery phases on cycle ergometers, 14 min total
session duration including warm-up and cool-down) or a non-exercising control group (CON). Both groups received
standard-care nutritional counseling to support weight loss. Pre- and post-intervention, patients received a comprehen-
sive health examination including blood analysis, body composition measurement and cardiopulmonary exercise testing.
TL was determined according to the quantitative PCR method producing a ratio of telomere amount and amount of a
single gene copy (T/S-ratio) [3].

RESULTS: Ninety-one patients (52£13 yrs, BMI: 37.6+6.0) completed the intervention (LOW-HIIT: n=57; CON: n=34). Both
groups similarly reduced body weight by ~3.3 kg. In the LOW-HIIT group, T/S-ratio increased significantly from 0.78+0.14
to 0.83+0.16 (p=0.002). Additionally, LOW-HIIT group patients experienced improvements in VO2max (+3.5 mL/kg/min,
p<0.001), MetS severity score (-1.7, p<0.001) and self-reported quality of life (+11%, p<0.001). None of these outcomes
improved in CON.

CONCLUSION: The results of this study indicate that even very low volumes of targeted exercise performed as LOW-HIIT
may have a beneficial impact on TL in obese individuals with MetS. Given the similar amount of weight loss in LOW-HIIT
and CON, the observed effects appear to be independent of body weight changes and underpin the well-established
health benefits of exercise. Further research is required to investigate whether these results can also be transferred to
other populations.
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EFFECTS OF TWO PERIODIZATION MODELS (LINEAR VS. NONLINEAR) ON MAXIMAL STRENGTH AND EXPLOSIVE
STRENGTH PARAMETERS IN A GROUP OF YOUNG ADULT MALE VOLLEYBALL PLAYERS

MOUSSI, L., EL HAGE, R.
UNIVERSITY OF BALAMAND, FACULTY OF ARTS AND SCIENCES. DEPARTIMENT OF PHYSICAL EDUCATION.

INTRODUCTION: The purpose of this study was to compare the effects of two models of periodization (linear and nonline-
ar) on maximal strength and explosive strength parameters in a group of young adult male volleyball players.

METHODS: This study included 30 players, between 18 and 23 years old. Stratified sampling was used to divide the ath-
letes into all of the three groups, LIN (n=10), NLIN (n=10), and CON (n=10). All the tests were done using validated protocols.
The intervention was carried for 6 weeks; each week included 2 sessions in the gym and 3 volleyball training sessions for
the LIN and NLIN groups. The CON group did 5 volleyball trainings per week. The LIN group changed the training program
every two weeks, the NLIN group had different intensity every session.

RESULTS: There were no significant differences in all the pre-intervention values among the three groups. As showed by
the two-way repeated-measure ANOVA test, there were significant group x time interactions for most of the studied pa-
rameters. Also, significant pre-post changes were noted for most of the studied parameters in LIN and NLIN groups. In
addition, there were significant differences among the three groups regarding percentage of variation of strength and
explosive strength parameters.

CONCLUSION: In conclusion, a 6-week LIN or NLIN periodization program induces significant improvements in the maxi-
mal strength and explosive strength parameters of young adult male volleyball players. In addition, the NLIN program
presented better results than the LIN in the best vertical jump, block jump, squat jump height and leg curl. In contrast, the
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LIN presented better results compared to the NLIN in the 10m sprint. In conclusion, both periodization models (LIN and
NLIN) are effective in enhancing maximal strength and explosive strength parameters in amateur volleyball players.

CLUSTER ANALYSIS SHOWS NO SIGNIFICANT VARIATION IN TRAINING VOLUME VARIABLES ACROSS HYPERTROPHIC AD-
APTATIONS IN TRAINED INDIVIDUALS

DE SOUZA, E.1, WADHI, T.2, BARSUHN, A.1, SAVLA, R.1, UGRINOWITSCH, C.3
I-THE UNIVERSITY OF TAMPA, 2-AUCKLAND UNIVERSITY OF TECHNOLOGY, 3-UNIVERSITY OF SAO PAULO

INTRODUCTION: Resistance training (RT) volume and its impact on muscle size adaptations in resistance-trained individu-
als are of interest to the scientific community. Previous studies have overlooked important confounding variables, such as
participants previous weekly sets number performed per muscle group (PSN), set differences between previous training
volume and sets performed during the experimental period (Set-Diff), etc. We aimed to examine if RT volume variables
explain muscle growth when individuals are clustered according to hypertrophic adaptations after an RT regimen.

METHODS: Data from 63 resistance-trained individuals (IRM: BM= 2.0170.26;18 to 30 yrs) who volunteered for previous
studies in our lab were analyzed in this project. Affer an 8-week RT program, a K-means cluster was performed to identify
three responder clusters based on the absolute delta change in the sum of medial and distal muscle thickness points
(“SMT) and DEXA region of inferest for fat-free mass change (ROI-FFM). Clusters were labeled as HIGH (N=9), MODERATE
(N=31), and LOW [N=23) responders. PSN, Set-Diff, weekly sets performed during the study (SPS), total volume load (sets x
repetitions times x load) [TVL], and volume load progressions between the first and second training block (“VL) were ana-
lyzed with a one-way ANOVA. A Tukey adjustment was implemented for multiple comparisons in the case of significant F
values. The significance level was set at P<0.05. Results are expressed as mean and 95% confidence intervals.

RESULTS: ~SMT was greater in HIGH when compared to MODERATE and LOW (p<0.05). MODERATE increased more ~SMT
than LOW (p<0.05), (HIGH: 2.14, 95%-Cl: 1.715 to 2.565cm, MODERATE: 0.787, 95%-Cl: 0.577 to 0.997cm, and LOW: 0.217,
95%-Cl: 0.032 to 0.402cm.  ROI-FFM was higher in HIGH than MODERATE and LOW (p<0.05). MODERATE also increased
more ROI-FFM than LOW (p<0.05), (HIGH:2.722, 95%-Cl: 2.178 to 3.267kg, MODERATE: 1.532, 95%-Cl: 1.371t0 1.693kg, and
LOW: 0.147, 95%-Cl: -0.043 to 0.338kg). RT volume variables did not differ between clusters (p>0.05): PSN-HIGH: 14.49,
95%-Cl: 10.37 to 18.61 sets, MODERATE: 13.32, 95%-Cl: 9.86 to 16.77 sets, and LOW: 13.97, 95%-Cl: 10.88 to 17.06 sets; Set-
Diff-HIGH: 3.73, 95%-Cl: -1.311 to 8.778 sets, MODERATE: 5.168, 95%-Cl: 1.97 to 8.365 sets, and LOW:4.026, 95%-Cl: 0.864
to 7.187 sets; SPS-HIGH: 18.22, 95%-Cl: 10.29 to 26.15 sets, MODERATE: 18.48, 95%-Cl: 15.30 o 21.66 sets, and LOW: 18,
95%-Cl: 15.53 10 20.47 sets; TVL- HIGH: 411560, 95%-Cl: 302,757 to 520,3639kg, MODERATE: 544,855, 95%-Cl: 444,610 to
645,099kg, and LOW: 562,230, 95%-Cl: 466,187 to 658,273kg); - VL- HIGH: 30.521, 95%-Cl: -3.882 to 64.932kg, MODER-
ATE: 48.827, 95%-Cl: 32.265 to 65.389kg, and LOW: 47.239, 95%-Cl: 31.730 0 62.749

CONCLUSION: The present study corroborates Scarpelli et al (2020) and our previous findings (Aube et al.2020), as mus-
cle growth was not affected by SPS and TVL. Intrinsic biological factors still determine the magnitude of RT-induced adap-
tations in trained individuals.

LOAD-VELOCITY PROFILE ADAPTATIONS IN THE TRAINED AND UNTRAINED LEG AFTER RESISTANCE EXERCISE PROTOCOLS
DIFFERING IN SET CONFIGURATION- THE CROSS-EDUCATION PHENOMENON.

RIAL-VAZQUEZ, J.1,2, FARINAS, J.1, RUA-ALONSO, M.1,3, NINE, .1, IGLESIAS-SOLER, E.1

1 PERFORMANCE AND HEALTH GROUP, UNIVERSITY OF A CORUNA 2 CENTRE FOR SPORT STUDIES, REY JUAN CARLOS UNI-
VERSITY, FUENLABRADA, 3 CIDESD

INTRODUCTION: Cross-education phenomenon is a neurological response to a unilateral strength training resulting in a
strength gain in the contralateral untrained limb (1). Training parameters are determinant to modulate the strength transfer
(2) and individualized load-velocity profiles (LV) are useful to evaluate that gains (3). The aim of this study was to compare
the load-velocity changes in trained and untrained limb after two unilateral resistance training programs with equated
total volume and work-to-rest ratio but differing in set configuration.

METHODS: 35 active subjects were recruited. After obtaining the individual LV profiles for unilateral knee extension (KE)
exercise, subjects were divided in 3 groups: Traditional Training (TT), Cluster Training (CT) and Control (CON) group. Exper-
imental groups completed 10 training sessions (5 weeks) consisting in unilateral KE exercise. Only dominant limb was
exercised with the 10-repetition maximum (10RM) load. TT performed 4 sets of 8 reps with 3 min of rest between sefs,
whereas CT carried out 32 sets of 1 rep with 17.5 seconds of rest. From the LV profile we obtained: the velocity and load
axis infercept (VO and LO) and the area under de line (Aline=V0.L0/2). Additionally, from a load-power polynomic equation,
we analyzed: changes in the estimated maximum power (Pmax), the percentage of IRM where Pmax (%Pmax) occurs
and the load associated to Pmax (LPmax).

RESULTS: Regarding the trained limb, higher values of LO were recorded after training (p=0.009) without groupxtime inter-
action. No significant changes were observed for VO and Aline. Greater values of Pmax were observed in posttest for TT
(218.13W vs. 256.10W) (p=0.001) but not for CT nor CON. Similar values were recorded for %Pmax in posttest but higher
values of LPmax were observed (p=0.001) without groupxtime interaction.

No changes were observed in LO and ALine in posttest for the untrained limb. No changes in VO were detected for CT and
TT whereas lower values were registered in CON (p=0.010). A tendency towards higher VO values in CT compared to TT in
posttest (p=0.085) was detected. Pmax was increased in posttest (p=0.009) without groupxtime inferaction. Similar values
of %Pmax and LPmax were observed in posttest.
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CONCLUSION: LV profile remained unchanged in the trained limb after intervention but sightly improvements in LO and
LPmax were observed independent of the group. TT intervention promoted an increase in Pmax whereas CT did not. LV
profile remained unchanged in the untrained leg for the experimental groups but a tendency towards flatter slopes in the
CON group reflect a loss of velocity in the posttest. Set configuration did not modulate the LV changes in the trained nor in
the untrained leg. The LV profiles were not sensitive enough to reflect the effect of the cross-education phenomenon.
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IN-SEASON AUTOREGULATION OF ONE WEEKLY STRENGTH TRAINING SESSION MAINTAINS PHYSICAL PERFORMANCE IN
PROFESSIONAL MALE FOOTBALL PLAYERS

BYRKJEDAL, P.T.1, THUNSHELLE, A.2, SPENCER, M.1, LUTEBERGET, L.S.1,3, IVARSSON, A.1,4, VARVIK, F.T.1, LINDBERG, K.1,
BJ@RNSEN, T.1
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INTRODUCTION: While studies have tested different autoregulation methods within the competitive season (1), the use of
typical monitoring tools such as GPS-tracking systems and external load performance data, seem to be unexplored. The
aim of this study was therefore to compare the effects of autoregulating strength training volume based on an objective
(external load match performance) versus a subjective (self-selected) method in professional male football players in-
season.

METHODS: Sixteen players were randomly assigned to an external load regulated (EXL: n=7, 24.1+4.7 yrs, 181.4+5.1 cm,
76.6+7.1 kg) or a self-selected (SELF: n=9, 23.7+3.9 yrs, 185.0+6.9 cm, 77.4+8.4 kg) group and completed a 10-week in-
season strength intervention period. The EXL-group regulated strength training volume based on their high intensity run-
ning (HIR: >19.8 km/h) distance from preceding football matches, and performed 3, 2 or 1 set of each exercise, based on
thresholds of <421m, between and >687m, respectively. SELF-group was instructed to reflect on their subjective feeling
and readiness to train, and select the number of sets based on their subjective rating of readiness. Physical performance
(30-m sprint, countermovement jump, leg-strength) and body composition (DXA) were assessed pre- and post-
intervention period.

RESULTS: No significant differences were observed between the groups at baseline. During the 10-week intervention peri-
od, both groups performed 1.1+0.1 bout of ~6 sets in leg extensor exercises and Man-Whitney U test revealed no group
differences (p>0.05) in training volume (number of strength-training sessions, or number of sets in leg extensor exercises
completed). No group differences were detected in physical performance and body composition measures post-
intervention. Wilcox signed rank test showed that no significant pre- to post differences were evident in the physical per-
formance measures for either group, or when analyzing all players as one group. For body composition, a statistically
higher leg mass and legs lean mass was shown at post- compared to pre-test, for the EXL-group (0.4+0.4kg, p=0.031
and 0.4+0.3, p=0.034) and when analyzing all players as one group (0.3+0.6kg, p=0.039 and 0.2+0.6kg, p=0.024).
CONCLUSION: Our findings demonstrated that an objective autoregulation of strength training volume based on football
match HIR distance did not differ from using a self-regulation based on their subjective readiness to train during a 10-
week intervention period. This is likely explained by a low, and similar volume in the strength training undertaken. This
study demonstrates that one-weekly in-season strength training session with ~6 sets of leg extensor exercises, applied by
either an objective or subjective autoregulation method, can maintain professional football players physical performance
during a competitive period.

1. Zhang et al. (2021). Frontiers in Physiology.
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WHEELCHAIR PARA-ATHLETES MAY BE PROTECTED FROM POOR BONE HEALTH BY THE DEGREE OF IMPACT IN THEIR
SPORT

RISVANG, L.C.1, WEIER, V.2, VAN DIJK, J.W.2, MOBERG, E.3, BOVIM, L.P.V.4, LILJEGREN, A.M.F.4, STR@M, V.1,5, RAASTAD,
T.1, JONVIK, K.L.1

INORWEGIAN SCHOOL OF SPORT SCIENCES, NORWAY, ZHAN UNIVERSITY OF APPLIED SCIENCES, THE NETHERLANDS,
SUNIVERSITY OF OSLO 4WESTERN NORWAY UNIVERSITY OF APPLIED SCIENCES S5SUNNAAS REHABILITATION HOSPITAL

INTRODUCTION: We have previously presented a higher prevalence of low bone mineral density (BMD; osteopenia, Z-
score<-1.0) in the lumbar spine and hip in wheelchair-dependent (WC) para-athletes compared fo their walking counter-
parts. Hence, WC non-athletes are assumed to be at an even higher risk of low BMD due to a lack of mechanical loading
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from exercise. In this international multi-center study, we aimed to compare the BMD of the lumbar spine and hip be-
tween WC para-athletes and WC non-athletes.

METHODS: Lumbar spine, hip, and femoral neck BMD were measured by a dual-energy x-ray densitometry (DXA) scan.
All participants filled in a background questionnaire on personal characteristics and training history. Explosive, rotational,
and collision sports (WC rugby, tennis and basketball, and alpine sit-ski) were classified as high-impact sports (HIS), and
static and one-dimensional sports (cross-country sit-ski, hand cycling, and others) were classified as low-impact sports
(LIS). Data are presented as mean+SD. Where suitable, one-way ANOVA, two-sample t-tests, and Pearson correlation
analyses were employed. Only valid DXA scans are utilized, as such, analysis n are provided where data are missing.

RESULTS: Of 57 WC users (17-56 yrs; 48% female), 31 were classified as HIS, 13 as LIS, and 13 as non-athletes based on the
criteria of sport participation>2 yrs. The overall mean BMD Z-scores were -0.2+1.4 for the lumbar spine (n=45; 31% Z-
score<-1.0), -1.3+1.2 for the hip (n=54; 56% Z-score<-1.0), and -1.2+1.4 for the femoral neck (n=49; 51% Z-score<-1.0).

HIS athletes had significantly higher lumbar spine Z-scores (0.5+1.3; n=21) compared to LIS athletes (-1.5+0.9, adjusted
P<0.001; n=11) and tended to be higher than non-athletes (-0.3+1.3, adjusted P=0.07). Furthermore, HIS athletes showed a
higher hip Z-score (-0.8+1.0; n=28) than LIS athletes (-2.1+1.2, adjusted P<0.01), but not higher than non-athletes (-1.5+0.8,
adjusted P=0.11). No significant differences were found between LIS and non-athletes for both lumbar spine and hip Z-
scores (both adjusted P>0.05). No group effects were found for the femoral neck (P>0.05).

Overall, lean mass was significantly associated with lumbar spine BMD Z-score (r=0.36, P=0.02), tended to correlate with
the femoral neck Z-score (r=0.24, P=0.09), but did not correlate with the hip Z-score (P>0.05). Nor was there any associa-
tion between any of the BMD Z-scores and years at the national team level or habitual weekly training hours (all P>0.05).
Parficipants with congenital diagnosis (n=26; age: 33+12 yrs) had significantly lower lumbar spine Z-scores (-0.6+1.4)
compared to those with acquired diagnosis (h=19; age: 3110 yrs; 0.3 +1.5, P=0.04).

CONCLUSION: This study shows that 31-56% of WC users present low BMD, depending on the site measured. The higher
BMD seen in HIS athletes may indicate a positive effect of high-impact activities. Exercise programs for preventing and
treating low BMD should therefore aim to include such activities achievable for WC users.

THERAPEUTIC BENEFITS OF ANKLE-FOOT PROSTHESES DURING DAILY ACTIVITIES: A SYSTEMATIC REVIEW

LATHOUWERS, E., DIAZ, M.A., MARICOT, A., TASSIGNON, B., CHERELLE, C., CHERELLE, P., MEEUSEN, R., DE PAUW, K.
VRUE UNIVERSITEIT BRUSSEL

INTRODUCTION: Enhancing the quality of life of people with a lower limb amputation is critical in prosthetic development
and rehabilitation. Yet, no overview is available concerning the impact of passive, quasi-passive and active ankle-foot
prostheses on quality of life. Therefore, the aim of this study was to systematically review the therapeutic benefits of per-
forming daily activities with passive, quasi-passive and active ankle-foot prostheses in people with a lower limb amputa-
tion.

METHODS: We searched the Pubmed, Web of Science, Scopus and Pedro databases and backward citations until No-
vember 3, 2021. Only English-written randomised controlled trials, cross-sectional, cross-over and cohort studies were
included when the population comprised individuals with a unilateral transfemoral or transtibial amputation, wearing
passive, quasi-passive or active ankle-foot prostheses. The intervention and outcome measures had to include any as-
pect of quality of life assessed while performing daily activities. We synthesised the participants characteristics, type of
prosthesis, intervention, outcome and main results and conducted a risk of bias assessment using the Cochrane risk of
bias tool. This study is registered on PROSPERO, number CRD42021290189.

RESULTS: We identified 4281 records and included 34 studies in total. Results indicate that quasi-passive and active pros-
theses are favoured over passive prostheses in the short-term. None of the included studies investigated the long-term
effects of the prostheses, and none of the studies compared active with quasi-passive prostheses. Among the included
studies, quality of life has been evaluated in the short term using biomechanical (n = 26), physiological (n = 10), perfor-
mance-related (n = 19) or subjective measures (n = 10). These measures were collected during level walking (n = 34),
slope walking (n = 9), standing (n = 2), circuit walking (n = 1), stair climbing (n = 1), standardized clinical tests (n = 1) and
rock climbing (n = 1). All studies had a moderate or high risk of bias.

CONCLUSION: Compared to passive ankle-foot prostheses, quasi-passive and active prostheses significantly enhance
the quality of life during the performance of daily activities. Although short-term therapeutic benefits have been estab-
lished favouring more advanced prostheses, outcome measures discrepancies prevail, and the long-term benefits re-
main unknown. Investigating these aspects within prosthetic evaluations may improve the quality of life of people with a
lower limb amputation.

PREDICTION OF INJURIES, TRAUMAS AND MUSCULOSKELETAL PAIN IN ELITE PARALYMPIC VOLLEYBALL PLAYERS

GAWEL, E., ZWIERZCHOWSKA, A., GOMEZ-RUANO, M.A., ZEBROWSKA, A.

AKADEMIA WYCHOWANIA FIZYCZNEGO IM. JERZEGO KUKUCZKI W KATOWICACH

INTRODUCTION: Volleyball is believed not to be a particularly dangerous sport. Nevertheless, the previous research con-
ducted by the authors of the present study suggests that the rates of musculoskeletal pain and injuries among elite sitting

volleyball players are high and may be intensified by compensatory mechanisms(Gawet et al., 2021, Zwierzchowska et al.
2022abc). However, there is still lack of research that evaluated this issue in case of initial playing position i.e. sitting vs.
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standing and type of impairment. Thus, the study aimed to identify the prevalence and location of injuries, tfraumas and
musculoskeletal pain in Paralympic and Olympic volleyball players based on an impairment and initial playing position
(sitting/standing) and to identify the predictors of the abovementioned variables using a classification and regression tree
(CRT)

METHODS: 75 male and femalelage=34.1+;11.1;BH=1.83+0.1;BM=82.3+15.2)elite Paralympic and Olympic volleyball play-
ers from 7 countries took part in the study. They were divided into SG1 of lateral amputee Paralympic players, SG2 of able-
bodied Paralympic volleyball players and SG3 of able-bodied Olympic volleyball players. A direct-participatory observa-
tion method was used in the study including a modified injuries and traumas survey questionnaire from Zwierzchowska
et al.(2020) and NMQ-7 questionnaire. The CRT analysis was used fo predict which training-related (sitting/standing play-
ing position) and body-related (lateral amputation/no amputation) variables better classified the risk of the prevalence of
injuries and theirs effect on athlete’s health and sports performance.

RESULTS: Both SG1 and SG3 were characterized by similar prevalence of musculoskeletal pain (60/62) and injuries (55/53),
while the lowest prevalence was identified in SG2. Both humeral and knee joint were the most frequent locations of the
musculoskeletal pain and/or injuries in all studied groups, excepting low back pain that occurred mostly in SG1 and SG3.
In SG1 musculoskeletal pain and injuries located mostly in the upper limbs, what is in the contrary to SG3, in whom they
occurred in lower segments of the body.For SG1 the CRT analysis showed 7 significant influencing factors on a five-stage
tree, while in SG2 and SG3 9 significant factors were identified. Eighteen nodes were mainly established by injury — an-
klellevel 1), break in training for 2 weeksllevel 2), surgical treatment after injury and injury during trainingsllevel 3), overload
injuriesllevel 4), fraction and low back pain(level 5) in both studied groups, while in SG2 and SG3 additional influencing
factors were identified including injury — fingersilevel 2}, injury — elbow joint(level 3).

CONCLUSION: 1.Extrinsic compensatory mechanism (initial playing position - sitting/standing) may be a crucial variable
for prediction of musculoskeletal pain, injuries and traumas in volleyball players.

2.Lower limb amputation seems to impact on the prevalence of musculoskeletal complaints.
3.Training volume may predict LBP.

VALIDATION AND CROSS-SECTIONAL EXPLORATION OF A TEST PROTOCOL TO MEASURE ANAEROBIC AND AEROBIC POW-
ER IN WHEELCHAIR ATHLETES

JANSSEN, R.J.F., VEGTER, R.J.K., HOUDUK, H., VAN DER WOUDE, L.H.V., DE GROOT, S.

T UNIVERSITY OF GRONINGEN, UNIVERSITY MEDICAL CENTER GRONINGEN, CENTER FOR HUMAN MOVEMENT SCENCES, THE
NETHERLANDS

2 Peter Harrison Centre for Disability Sports, School of Sport, Exercise and Health Sciences, Loughborough University. 3
Center for Rehabilitation, University Medical Center Groningen, Groningen, The Netherlands; 4 Department of Human
Movement Sciences, Faculty of Behavioural and Movement Sciences, VU University, Amsterdam, The Netherlands; 5 Am-
sterdam Rehabilitation Research Center Reade, Amsterdam, The Netherlands.

INTRODUCTION: Wheelchair athletes currently lack standardized wheelchair-specific tools for an objective monitoring of
their anaerobic and aerobic power production. Therefore, the aim of this study was to evaluate the validity of an individu-
alized and standardized test protocol to measure the wheelchair-specific anaerobic and aerobic capacity in any individu-
al wheelchair athlete and to provide a cross-sectional exploration of their performance capacities.

METHODS: Wheelchair athletes from basketball, rugby, tennis, triathlon and track & field performed an isometric strength
test, a 10 s sprint test, a 30 s Wingate anaerobic test (WANT) and a 1 min stepwise aerobic graded exercise test (GXT) on an
instrumented roller ergometer. Using previously developed regression equations [1], the measured isometric strength was
used to estimate the WANT result (R2 = 0.75) and set an individual WANT resistance. The measured WANT result was used
to estimate the GXT result (R2 = 0.81) and scaled the individual GXT resistance steps. The WANT was considered valid
when peak rim velocity stayed below 3 m/s. The GXT was considered valid when two out of three criteria were met: res-
piratory exchange ratio 2 1.10, heart rate = 95% of predicted heart rate and rate of perceived exertion = 8.

RESULTS: The test battery was completed by 38 wheelchair athletes of different sport disciplines in their own sports wheel-
chair. The five strongest athletes turned out to be too strong for the isometric strength test on the ergometer. Consequent-
ly, their WANT resistance was underestimated, giving them the highest peak rim velocities (between 2.8 and 3.0 m/s).
Instead, the sprint test was feasible for every athlete and showed the best estimate of the WANT (R2 = 0.85). The resistance
seftings for the GXT were valid for every athlete. Isometric strength ranged from 140 N (tennis player) to 445 N (track and
field athlete). Anaerobic power ranged from 72 W (rugby player) to 251 W (track and field athlete). Aerobic power ranged
from 53 W (rugby player) to 156 W (tennis player).

CONCLUSION: The WANT resistance was accurately estimated from the isometric strength for most athletes but was not
feasible for the stronger athletes. The sprint fest outperformed the isometric test as an estimator for the WANT resistance
and can instead be used as estimator for the WANT resistance. The WANT scaled the protocol for the GXT accurate and
led to valid tests. The wide range in isometric strength, anaerobic power and aerobic power showed that this test protocol
can be used in a diverse group of wheelchair athletes. The wider use of this individualized and standardized test protocol
will lead to a more uniform way of wheelchair-specific exercise capacity testing and improved comparability of different
studies.
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[ Janssen TWJ, van Oers CAJM, Hollander AP, Veeger HEJ, van der Woude LHV. Isomefric strength, sprint power, and
aerobic power in individuals with a spinal cord injury. Med Sci Sports Exerc. 1993;25:863-870.

IMPACT OF USING A RACKET DURING WHEELCHAIR BADMINTON PROPULSION.
ILONA, A.
UNIVERSITE DE TOULON

INTRODUCTION: Wheelchair badminton is a recent sport, and its peculiarity lies in the use of a badminton racket (BR)
during wheelchair propulsion. To our knowledge, this particularity has not been studied in the field of wheelchair badmin-
ton but more widely studied in the context of wheelchair tennis, a discipline close to wheelchair badminton in which we
find the same peculiarity. Prior studies found that using a racket during wheelchair propulsion have a negative impact on
the performance and efficiency of wheelchair propulsion and on the risk of injury to athletes [1-3]. In view of these studies,
it would be interesting to see if the use of a BR induces similar changes. The objective of our study is therefore to compare
wheelchair propulsion with and without a BR to understand its impact on the performance. We hypothesized that the
athletes maximum velocity, mean acceleration and mean deceleration would decrease when using BR.

METHODS: 18 French wheelchair badminfon experimented players (41.4+9.3 years; 64.9+11.1kg; 169.7+13.7cm) were re-
cruited in our study. They performed a consecutive forward (FP) and backward propulsion (BP) test for 1 min on a 3m
straight line on a badminton court with and without BR. The athletes used their own wheelchairs equipped with inertial
measurement units (IMU) on the wheels. These tools allowed us to collect the kinematic data on all forward and back-
ward propulsion passages. We compare the dominant hand with and without BR.

RESULTS: In FP, maximum velocity decreased significantly with the use of a BR (4.57 + 0.69 m/s vs 4.68 = 0.65 m/s). Similar
results were obtained for the mean deceleration which significantly decreased while using a BR (10.19 + 4.26 m/s2 vs
1.12 = 4.49 m/s2). In the same way, similar results were found comparing results with and without a BR in BP: the maxi-
mum velocity was higher without the use of a BR (4.21 = 0.54 m/s vs 4.08 + 0.65 m/s) and it is the same for the mean
deceleration (10.22 + 4.15 m/s2 vs 9.52 + 3.45 m/s2). In contrast, no significant differences were found for mean accel-
eration but it tends to decrease for both propulsion.

CONCLUSION: Our hypothesis was partially verified since the maximum velocity and the mean deceleration decreased
with the use of the BR in FP and BP without a significant decrease in the mean acceleration. But it tends to decrease. Thus,
BR does have an impact on athletes and especially their performance. Future studies should focus on the risk of injury
induced using BR.

References:

1. de Groot, S, et al., Effect of holding a racket on propulsion technique of wheelchair tennis players. Scand J Med Sci
Sports, 2016. 27(9): p. 918-24.

2. Goosey-Tolfrey, V.L, and Moss, A. Wheelchair Velocity of Tennis Players During Propulsion With and Without the Use of
Racquets. APAQ, 2005. 22: p. 291-301.

3. Rietveld, T, et al., Wheelchair mobility performance of elite wheelchair tennis players during four field tests: Inter-trial
reliability and construct validity. PLoS ONE, 2019. 14(6): p. 1-16.
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ASSESSING REAL-WORLD MOVEMENT WITH CONSUMER-GRADE WEARABLE SENSORS: MEASURING SEGMENT ORIENTA-
TIONS AND MOVEMENT QUALITY

SWAIN, T.1, MCNARRY, M.1, MANZANO-CARRASCO, S.2, MACKINTOSH, K.1
[ SWANSEA UNIVERSITY, [2] UNIVERSITY OF CASTILLA-LA MANCHA

INTRODUCTION: In recent years, there has been increasing interest in the quantity as well as the quality of human move-
ment and its impact on health and wellbeing. However, the ability fo assess movement quality in the real-world remains a
maijor limiting factor beyond a controlled laboratory environment. Therefore, the purpose of this study was to investigate
the ability of consumer-grade wearables to assess movement quality and to consider the optimal sensor location for such
assessments.

METHODS: Twenty participants (28.2 + 7.4 years; 14 males) performed three sets of 10 repetitions of squats, good morn-
ings, push-ups, and chair dips in a stratified randomised order whilst wearing seven Polar Verity Sense sensors, posi-
tioned on the chest, wrists, thighs, and ankles. A sensor-fusion algorithm was subsequently applied to the raw data to
obtain three-dimensional orientations (pitch, roll, and yaw). Following synchronisation, sensor performance was validated
against the criterion measure (Vicon) by determining the root-mean-square error (RMSE) for the decoupled Euler parame-
ters.

RESULTS: For the squat, dip, and good morning, the mean global RMSE (i.e. the mean RMSE of the pitch, roll and yaw) for
the chest-worn sensor was 5.0-6.9°. The ankle sensors generated a mean global RMSE of 4.1° and 12.9° for the good
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morning and the squat, respectively, with mean global RMSE > 27.6° for the dip and push-up. The thigh sensors were
most accurate for the good morning (mean global RMSE = 7.5°), with the remaining movements generating a mean glob-
al RMSE > 15.3°. Irrespective of movement, the global RMSE for the wrist sensors was consistently higher than all other
placements (mean global RMSE > 15.3°%; U = 655; p = 0.004).

CONCLUSION: Consumer-grade devices could support real-world movement analysis through the measurement of seg-
ment orientations. Accuracies comparable to previous research were observed under static conditions and when meas-
uring uniplanar motion. The most accurate location for the assessment of movement quality was the chest, with soft tissue
artifact and the proximity to a joint likely reducing movement-specific measurement accuracies. The findings of this study
demonstrate the plausibility of using accessible consumer-grade wearable sensors fo determine segment orientations,
particularly when measuring uniplanar movements. However, this study also emphasises the importance of sensor
placement when assessing movement quality to mitigate measurement errors. Future research should consider the infe-
gration of multiple sensor placements and continue to investigate calibration and post-processing data techniques.

PARAMETERS INFLUENCING THE ACCURACY OF A WRIST-PHOTOPLETHYSMOGRAPHY HEART RATE MONITOR (POLAR
UNITE) DURING EXERCISE

BOSQUET, L., PERUQUE-GAYOU, E., WOLFS, E., BRETONNEAU, Q.
UNIVERSITY OF POITIERS

INTRODUCTION: Heart rate (HR) af rest, during exercise and/or after exercise cessation is a key measure in the monitoring
of athletes, whether it is used to control exercise intensity or to monitor physiological adaptations to training load. Howev-
er, assessing HR with a gold-standard electrocardiographic (ECG) system is not accessible, and wearing a chest strap is
not without problems, notably in terms of user acceptance. To overcome these limitations, manufacturers have extended
the range of their technological solutions by developing devices that measure HR at the wrist using a photoplethysmo-
graphic signal. However, the accuracy of this technique can be influenced by the tightening of the wristband, the move-
ment of arms or the kinetics of the signal (e.g. steady-state exercise vs on- and off-transients). To test these hypotheses,
photoplethysmographic and ECG signals were compared.

METHODS: 30 participants (50% females) randomly performed two 13' sequences (3’ rest, 5" submaximal-intensity exer-
cise, 5’ passive recovery), on a motorized treadmill and a bicycle ergometer. HR was measured concomitantly with a 10-
lead ECG and two wrist-photoplethysmography monitors (Polar Unite) with different tightening (free vs imposed at the
maximum tolerable).

RESULTS: The level of association (r) and the error of measurement (CV) of the Polar Unite vs the 10-lead ECG is affected by
the fightening of the wristband (normal vs high; r=0.83 and 0.96, CV=16.1 and 8.1% for the treadmill, respectively; r=0.71
and 0.97, CV=20.3 and 6.2% for the bicycle, respectively), by the phase of the signal (transition vs steady-state; r=0.90 and
0.97, CV= 9.0 and 7.6% for the treadmill, respectively; r=0.93 and 0.99, CV=7.5 and 3.1% for the bicycle, respectively) and
by the movement of arms (tfreadmill vs bicycle; r=0.90 and 0.93, CV=9.0 and 7.5% during the transition phase, respective-
ly; r=0.97 and 0.99, CV=7.6 and 3.1% during the steady-state phase, respectively). As compared with ECG, the decrease in
HR at the end of the exercise began almost always later with the tightened Unite (97% of cases). For A60 (i.e. the decrease
in HR during the first minute following the end of the exercise), r=0.73 and CV=27.47% for the treadmill, and r=0.93 and
CV=11.71% for the ergocycle. By starting the analysis as soon as the HR begins to decrease, r=0.67 and CV=27.45% for the
treadmill and r=0.94 and CV=9.74% for the ergocycle.

CONCLUSION: The accuracy of HR measured with a wrist-photoplethysmography monitor is affected by the wristbands
tightening and the signals phase. A high tightening is required when high accuracy is expected. If the aim is to assess the
reactivation of the parasympathetic system during the recovery phase, starting the analysis as soon as the HR begins to
decrease may be relevant, especially when the exercise is performed on ergocycle.

VALIDITY OF A WEARABLE SENSOR FOR STROKE DETECTION IN YOUTH TENNIS PLAYERS

CUl, Y., ZHOU, Y., JOZEF, B., SHEN, Y.
1. BEIJING SPORT UNIVERSITY ; 2. CATAPULT SPORTS

INTRODUCTION: The practice of athlete monitoring in tennis used to be done via notational analysis, so that coaches or
analysts manually count the stroke and empirically estimate the load player may experience. The advancement of in
micro-sensors and intelligent algorithms allow for the automatic and more tennis-specific quantification of the load, which
enables the monitoring of multiple players in real-time. The aim of the study was to validate a commercially available
trunk-mounted wearable sensor in detecting the strokes of different techniques in youth tennis player.

METHODS: Fifteen youth tennis male players (International Tennis Number: 3 to 8) were recruited in the study and wore a
GNSS and IMU based wearable device (Catapult Vector S7) between the scapulae using specific harness to collect the
data of each stroke. During the experiment, players were required to perform 30 strokes of the following stroke in se-
quence with an interval of rest: forehand stroke, backhand stroke, volley, smash, serve, and shadow swings. The device
manufacturer has developed a prototype algorithm to classify the recorded stroke into one of the following category:
Forehand, Backhand, Serve and Other stroke. The Kappa statistic was used to measure the consistency between detected
strokes by the device and the actual strokes.

RESULTS: For strokes with presence of the ball, a total of 1391 correct strokes were identified, 187 incorrect stroke numbers
were identified, and 843 incorrect stroke types were identified. While during for shadow swings, a fotal of 1216 correct
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strokes were identified; 58 incorrect stroke numbers were identified, and 1049 incorrect stroke types were identified. High-
er Kappa coefficients were shown for forehand and backhand strokes detection (0.919 & 0.910 for ball strokes; and 0.904
& 0.959 for shadow swings), followed by that of serves (0.533 and 0.361). The device turned out to have poor fo fair
agreement with the actual counts in volley and smash (0.104 & 0.390; and 0.066, 0.316).

CONCLUSION: The wearable device tennis stroke detection algorithm presented good results with excellent consistency in
detecting forehand and backhand strokes. However, younger players may not produce the aspects of stroke strength and
turn amplitude that met the inclusion criteria of the algorithm, so that the smash and serve showed a fair fo moderate
consistency. Moreover, as the turn amplitude of the volley and stroke strength are comparatively slighter, and youth play-
ers showed more variance during stroke execution, it is possible that few strokes could be correctly classified using a
single sensor placed between scapulae. The device should be applied with caution to quantify player’s stroke load and
adding wrist-mounted sensors could potentially improve detection accuracy.

SMART SWIM GOGGLES WITH AR DISPLAY ACCURATELY AND RELIABLY MEASURE SWIM PERFORMANCE METRICS IN
RECREATIONAL SWIMMERS

EISENHARDT, D.1, KITS, A.2, MADELEINE, P.1, SAMANI, A.1, CLARKE, D.2, KRISTIANSEN, M.1
AALBORG UNIVERSITY <>, SIMON FRASER UNIVERSITY, CANADA <2>

INTRODUCTION: Swimmers commonly access performance metrics such as lap splits, distance and pacing information
between work bouts while they rest. Recently, a new category of tracking devices for swimming was introduced with the
FORM Smart Swim Goggles [FORM Goggles). The goggles have a built-in see-through display and are capable of tracking
and displaying distance, time splits, stroke, and pace metrics in real time using machine learning and augmented reality
through a heads-up display. The purpose of this study was to assess the validity and reliability of the FORM Goggles com-
pared fo video analysis for stroke type, length count, length time, stroke rate and stroke count in recreational swimmers
and triathletes.

METHODS: Thirty-six participants performed mixed swimming intervals in a 25-meter pool across two identical 900-meter
swim sessions performed at comparable intensities one week apart. Participants wore FORM Goggles during their swims,
which detected the following five swim metrics: stroke type, length time, length count, stroke count and stroke rate. Four
video cameras were positioned on the pool edges to capture ground-truth video footage, which was then manually la-
beled by three frained individuals. Mean (SD) differences between FORM Goggles and ground truth were calculated for
the selected metrics for both sessions. Absolute Mean Difference and Mean Absolute Percentage Error were used fo
assess the differences of the FORM Goggles relative to ground truth. Test-retest reliability of the goggles were assessed
using both relative and absolute reliability metrics.

RESULTS: Compared to video analysis, the FORM Goggles identified the correct stroke type at a rate of 99.7% (N = 2354
lengths, p < 0.001), length count accuracy of 99.8%, and mean differences (FORM Goggles — ground-truth) for length time:
-0.10s (1.49); stroke count: -0.63 (1.82), and stroke rate: 0.19 strokes/min (3.23). The test-retest ICC values between the two
test days were 0.793 for length time, 0.797 for stroke count, and 0.883 for stroke rate. Overall, for length time the residuals
were within +£1.0s for 65.3% of total lengths, for stroke count within +1 stroke for 62.6% of total lengths, and for stroke rate
within £2 strokes/min for 66.40% of total lengths.

CONCLUSION: The FORM Goggles were found valid and reliable for tracking of length time, length count, stroke count,
stroke rate, and stroke type during freestyle, backstroke, and breaststroke swimming in recreational swimmers and triath-
letes when compared to video analysis. This opens perspectives for receiving real-time information on performance met-
rics during swimming.
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APPROACHING THE COACH’S EYE — AN INTERVIEW STUDY ON EXPERT COACHES’ BELIEFS AND EXPERIENCES REGARDING
‘TALENT’ AND PLAYER SELECTION IN TABLE TENNIS

KOOPMANN, T.1, FABER, I.1,2, LATH, F.1,3, LOFFING, F.4, SCHORER, J.1

1 CARL VON OSSIETZKY UNIVERSITY OLDENBURG, GERMANY 2 WINDESHEIM UNIVERSITY OF APPLIED SCIENCES, ZWOLLE, THE
NETHERLANDS 3 INSTITUTE OF APPLIED SPORT SCIENCE, LEIPZIG 4 GERMAN SPORT UNIVERSITY COLOGNE

Athlete identification and development programs are crucial for the development of young ‘talented’ children into world-
class athletes (e.g., De Bosscher et al., 2008). Particularly in early starting sports and those with highly limited resources,
systems personified by coaches often select athletes into programs already at a young age, aiming to use resources
efficiently on those athletes with the highest potential. For example, the German table tennis system starts selecting play-
ers to national player development programs at age 10. However, the coaches’ decision-making processes in the context
of player selection (often referred to as coach’s eye; Lath et al., 2021) and their specific criteria used are widely unknown.
To address this gap, we conducted in-depth semi-structured interviews with fifteen coaches (five female, ten male; age:
32-78 years, M = 55, SD = 12.96) with high expertise in the identification and development of young talented table tennis
players (10-60 years of experience, M = 28.80, SD = 13.94 years). Analysis reveals that the concept of ‘talent’ and the
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process of player selection in table tennis are highly complex phenomena. In the interviews (duration: 41-79 min, M =
54.67, SD = 9.75 min), three main areas of importance were identified: 1) coaches’ general beliefs regarding ‘talent’, 2)
coaches’ specific selection criteria including individual as well as environmental aspects, and 3) the system’s implementa-
tion of player selection processes. One main finding is that coaches see ‘talent’ as dependent on various surrounding
factors including (relative) age, maturation as well as previous (practice] experience. To their understanding, all these
factors must be incorporated into selection decisions. Furthermore, coaches appreciate the multidimensionality of ‘talent’
and include both individual (e.g., technical skills) and environmental criteria (e.g., parents’ support) in their decision-
making process. Also, our interviews revealed that selection decisions are usually not made by a single but by multiple
coaches during group meetings. This suggests that group processes and dynamics may play an important role. In sum-
mary, our work helps to further unravel the high complexity of ‘talent” and player selection (in table tennis). With that, we
provide new insights and avenues for practitioners and researchers in athlete selection. Future research should further
investigate the coach’s eye including the relevance of both individual and environmental as well as surrounding factors
within athlete selection contexts.
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WHAT DOES IT TAKE TO MAKE THE TEAM ? ANALYZING THE TALENT IDENTIFICATION PROCESS IN COMPETITIVE ICE
HOCKEY

LEMOYNE, J., BRUNELLE, J.F., HUARD PELLETIER, V., GLAUDE-ROY, J., TRUDEAU, F.
UNIVERSITE DU QUEBEC A TROIS-RIVIERES

INTRODUCTION: In ice hockey, off-season evaluation camps are crucial steps in the preparation and training of national
teams. Traditionally, such camps allow for a look at the evolution of different components of athletic talent such as 1) phys-
ical fitness, 2) technical skills, 3) psychological aspects and 4) performance in a game context. However, little is known
about the real contribution of these camps in the team selection process. The objective of this study is to take a look at a
talent identification process by analyzing the contribution of each talent determinant in competitive hockey.

METHODS: A 2-yr prospective design was conducted among two cohorts of highly competitive adolescent players (initial n
=160, 50 % male, 14 years old; 50% female, 16 years old) based in the province of Quebec (Canada). Players were in-
formed about the process and accepted to participate in the project. The selection process was developed over a series of
three evaluation camps (Camp 1: 80 male-100 females; Camp 2: 45 males-45 females; Camp 3: n = 25 males-25 fe-
males). At each camp, measures included off-ice fitness tests, on-ice skating tests, psychological measures and game
performance throughout the full hockey season. All data was used in the team selection process, which was based on
two-phases (Phase 1: from 2 x 80 to 2 x 45 players; Phase 2: from 2 x 45 to 2 x 20 players), which led to two team selec-
tions. Descriptive statistics, and discriminant analyses (selected versus non-selected players at each phase) were per-
formed. The selection process according to each variable was compared according to each team (gender).

RESULTS: In phase 1, descriptive statistics revealed no differences were comparing males in which selected players were
similar to non-selected. Results from discriminant analyses also showed no discriminant function for male players. For
females, selected players displayed higher off-ice fitness, on-ice agility and psychological characteristics. Nine perfor-
mance markers were significantly discriminant, in favour of selected players. By integrating additional variables at Camps
2 and 3, Phase 2 analyses led to a deeper understanding of the selection process for both teams. In fact, some psycho-
logical characteristics and game performance indicators (2022-2023) were identified as discriminant variables to be
retain in the selection process.

CONCLUSION: This study contributed to refine our understanding of talent identification in youth sport. Talent identification
is a long-term process in which coaches and stakeholders need to consider the developmental aspects that contribute to
atftain high performance level in ice hockey. In this regard, evaluation camps should consider to assess the multiple com-
ponents of sport talent. In addition, they should take account of players evolution in regard to these components. Further
research is needed in terms of how the talent at this stage of development can be transposed for the next competition
levels.

A COMPARISON OF SELF-REPORTED AND HEART RATE-BASED TRAINING IN JUNIOR ENDURANCE ATHLETES.

DE MARTIN TOPRANIN, V.1, NOORDHOF, D.A.2, BUCHER SANDBAKK, S.3, SOLLI, G.S.1

1 NORD UNIVERSITY, BOD@G, NORWAY, 2 NORWEGIAN UNIVERSITY OF SCENCE AND TECHNOLOGY, TRONDHEIM, NORWAY,
3 NORWEGIAN UNIVERSITY OF SCIENCE AND TECHNOLOGY, TRONDHEIM, NORWAY

INTRODUCTION: Analysis of training characteristics provides valuable information to understand the relationship between
training stimulus and consequent (malladaptations. A common method for training analysis is the use of training diaries,
where athletes usually self-report their training duration and intensity by manually allocating time to different intensity
zones based on a combination of perceived exertion, heart rate (HR) and goal of the session (1). A nearly perfect correla-
tion between self-reported (SR) and HR-based training duration was observed in senior elite endurance athletes, although
athletes consistently SR a lower total training duration (2). However, the association between these two methods has not
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been assessed among young less experienced endurance athletes. The purpose of the present study was therefore to
compare SR and HR-based training data among junior endurance athletes.

METHODS: SR and HR-based training data of 24 (11 female, 13 male) competitive cross-country skiers and biathletes (17.2 +
0.9yrs) were collected for all endurance sessions for two weeks during the preparation period. Training duration for HR-
based dafa was calculated both as the total training duration recorded by each athlete’s HR-device and the duration
performed >55% of HRmax. HR-based data were allocated to intensity zones based on the intensity scale developed by
the Norwegian Top Sport Centre: low intensity training (LIT), 55%-82% of HRmax, moderate intensity training (MIT), 82%—
87% of HRmax and high intensity training (HIT), >87% of HRmax (3). The SR training duration and infensity distribution were
collected from athletes’ training diaries and categorized in a 3-zone intensity distribution. The association between SR and
HR-based training data was tested using mixed model analysis.

RESULTS: Total training duration was significantly lower using the SR method (-10.74min, P<.001) compared to HR-based,
whereas the opposite (7.62min, P<.001) was observed when training duration >55% of HRmax was analysed. LIT duration
was significantly higher using the SR method (6.20min, P<.001) compared to HR-based and the same was observed for
HIT (3.09min, P<.001), whereas MIT duration was lower using the SR method (-1.61min, P=.02) compared to HR-based.

CONCLUSION: These results confirmed previous findings in senior elite athletes (2) with regards to systematically self-
reporting a lower fotal training duration and a higher training duration >55% HRmax. SR and HR-based methods were
not concordant in terms of intensity distribution, which indicates they cannot be used interchangeably. The HR-based
method likely does not capture the full picture of metabolic and perceptual events during training at different intensities,
which might be better represented by the SR method.
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SPORT-SPECIFIC TASKS AND GAME PERFORMANCE IN RELATION TO RELATIVE AGE AND BIOLOGICAL MATURITY IN TAL-
ENT SELECTION AMONG ADOLESCENT FEMALE HANDBALL PLAYERS

TROZNAI, 75.1, UTCZAS, K.1, PALINKAS, G.1, JUHASZ, 1.2, SZABO, T.2, PETRIDIS, L.1
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INTRODUCTION: It has been proposed that technical and tactical sport-specific tasks are not affected by maturity status
and therefore can be considered for talent selection purposes. In this study, we examined in-game performance and
sport- and position-specific tasks in relation to relative age and biological maturity during a talent selection process in
handball. We tested the hypothesis that relative age and/or maturation have limited impact on talent selection.

METHODS: The participants (N=225) were adolescent female handball field players participating in the national handball
selection (backcourts N=99, wings N=55, pivots N=21, center backcourts N=50). The selection included handball-specific
generic skills, position-specific technical drills and the players performance in game situations. We grouped the players
into eight categories in quarter-year intervals (from QI1-Q8). Biological maturity was estimated with an ultrasound-based
device (Sunlight BoneAge). Differences between bone age (BA) and chronological age (CA) were used fo estimate maturity
status (delayed/average/advanced). Inter-group differences were examined by one-way analysis of variance.

RESULTS: Relative age groups differed in bone age in favour of relative older, but not in body size. Regarding selection
criteria, differences between relative age groups were found only for in-game performance (Q1: 6.0+2.0 vs. Q8: 3.4+3.4
points; p<.002) and total score (Q1: 21.7+6.7 vs. Q8: 13.9+7.0 points; p<.003), but not for the technical tasks. When divided
based on their maturity status, delayed maturing players had significantly lower performance in the slalom dribbling-
shooting task than average maturing players (29.1£1.6 sec vs 27.7+1.7 sec respectively, p<.014) and also in the defensive
footwork task than advanced maturing players (16.3+1.3 sec vs 15.5+0.8 sec respectively, p<.001).

CONCLUSION: The results confirm the disadvantage of the delayed maturing players in selection, primarily in those ge-
neric tasks where the relative contribution of physical abilities (force, speed, agility) is important for success. Maturation did
not affect position-specific tasks and game performance. It seems that relative age has no effects on most tasks, despite
that relative older players were older also in biological age. This may be explained by the similar variability in maturity
status observed in all relative age groups likely resulting in homogenizing their performance. The significant differences in
in-game performance scores between the relative age groups can be explained by the assumption that relatively older
players have more training and competition possibilities developing in this way their game intelligence. In summary, it is
not the relative age itself that affects the selection, but mostly advanced biological maturation of presumably above one-
year differences between the players.
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ILLNESS PREDICTION OF ELITE YOUTH SOCCER PLAYERS BASED ON BLOOD-BASED BIOMARKER DATA AND MACHINE
LEARNING MODELS

KRANZINGER, S.1, KRANZINGER, C.1, HALLER, N.2,3, STOGGL, T.4

1 SALZBURG RESEARCH FORSCHUNGSGESELLSCHAFT MBH, AUSTRIA: 2 UNIVERSITY OF SALZBURG, AUSTRIA; 3 UNIVERSITY
OF MAINZ, GERMANY, 4 RED BULL ATHLETE PERFORMANCE CENTER, AUSTRIA

INTRODUCTION: Minimizing the risk of illness is of great interest in sport, e.g. soccer, as illnesses can lead to long ab-
sences during the season. The risk for developing illness has already been explained in studies by low fitness, high train-
ing load, or subjectively reported factors [1, 21. The aim of our work was to investigate whether an emerging illness in
soccer players can be predicted by a comprehensive panel of blood-based biomarkers collected on the days preceding
the onset of illness using machine learning models.

METHODS: Data were collected from 23 soccer players of an elite European youth soccer team over a three-month period
during the 2021/2022 regular season. In addition to 40 blood parameters (covering aspects of e.g., muscle damage, iron
status, inflammation and immune response), information on the illness status of the players was regularly collected. To
predict illness, five players were randomly selected as the training dataset and the remaining players were used as the
test dataset for validation. The training dataset contained 10 iliness and the test dataset contained two illness data points.
To increase the number of iliness cases in the training dataset, we used ADASYN [3] for oversampling. For prediction, we
compared three machine learning models: random forest, linear support vector machines and a naive Bayes classifier. To
investigate the important variables for classification, we use the Receiving Operating Curve.

RESULTS: Linear supported vector machine achieved the best classification results. With this model one of the two illnesses
present in the test data could be explained, which resulted in an accuracy value of 85%, recall of 50% and a Cohens
Kappa of 0.10. Analysing the most important variables for classification reveals that illness is best predicted by Eosinophil,
Ferritin, Glucose and C-reactive protein.

CONCLUSION: Although it is possible to predict illness of soccer players by using blood-based biomarker data and apply-
ing a linear support vector machine, the number of wrongly predicted illnesses is high. Nevertheless, when having more
illnesses to train a model, machine learning approaches could help to detect iliness signs in advance and thus react early
if needed.

[1 Watson et al., British journal of sports medicine, 2017
[2] Watson et al., Orthopaedic journal of sports medicine, 2017
[3] He et al., IEEE international joint conference on neural networks, 2008

DIFFERENCES IN FUTURE SUCCESS AMONG PROFILES OF YOUTH ELITE SOCCER PLAYERS IN MULTIDIMENSIONAL PER-
FORMANCE ASSESSMENTS: A PERSON-ORIENTED APPROACH BASED ON DEEP LEARNING FACTOR AND CLUSTER ANAL-
YSES

LEYHR, D., KILIAN, P., KELAVA, A., HONER, O.
UNIVERSITY OF TUBINGEN

INTRODUCTION: Over the last decades, the prognostic relevance of performance assessments in talent identification and
development (TID) programs in soccer is crifically discussed in talent research. While a major part of studies deals with
variable-centered approaches investigating the predictive value of single tests and/or their combination, also person-
oriented analyses focusing on the player holistically, e.g., by examining player profiles, seem promising [1;2]. Therefore,
the aims of the present study were (a) to explore different player profiles based on multidimensional performance as-
sessments, and (b) to examine differences among those profiles regarding players’ future success in youth elite soccer.

METHODS: The study sample consisted of N=6523 male U12 players participating in nationwide conducted multidimen-
sional assessments (12 outcome variables) in the German TID program [3]. To address (a), a deep learning factor analysis
identified four underlying latent factors behind the assessments: (1) subjective coach evaluations of players’ tactical, tech-
nical, and psychosocial skills; (2) age-related and anthropometric measurements, (3) technical skills; and (4) speed abili-
ties. Those were used to discover player profiles via a k-means-cluster analysis. Regarding (b), it was assessed, whether
players transitioned info a U15 at a German youth academy three years after the assessment. 570 players (8.7%) met the
criterion. Chi-square tests examined differences between identified profiles and success rates. Odds ratios for being
selected (for each profile) served as effect size.

RESULTS: (a) The cluster analysis revealed six different player profiles: “Anthropometrically advanced high performers”
(n=788), “Subjectively low rated, anthropometrically advantaged” (n=604), “Subjectively high rated and technically skilled”
(n=1189), “Average performers” (n=1344), “Subjectively low rated players with low technical skills” (n=1157), and “Anthro-
pometrically and technically below average” (n=1440). (b) Significantly different proportions of successful players among
profiles were detected (p<.001). “Anthropometrically advanced high performers” obtained the highest chances for future
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success (22.6%, OR=2.6, p<.05), while the lowest chances occurred for the profile “Anthropometrically and technically
below average” (1.7%, OR=0.2, p<.05).

CONCLUSION: The results indicate differences in future success among the identified performance profiles of players.
Similar to former variable-centered approaches, the person-oriented analyses confirmed the predictive value of the muilti-
dimensional performance assessments. Whether and to what extent benefits of the person-oriented approach (e.g., the
potential to discover compensation effects) may provide valuable information for research and applied practice of TID
processes needs to be examined in future studies.
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PREDICTING FOOTBALL MATCH RESULT IN REAL-TIME BASED ON MACHINE LEARNING APPROACH

JIALE, W., YUESEN, L., JINYING, J., YIXIONG, C.
BEUING SPORT UNIVERSITY

INTRODUCTION: Recent advances in sports technology have provided massive data on professional football matches that
facilitates the investigation of competitive performance, which further allows for the generation of research aiming to
predict the outcome of matches. However, it seems more practically useful and challenging if the real-time win probability
of a team is objectively predicted when it comes to the analysis of match behavior and fan engagement. Therefore, the
purpose of the study was to build an interpretable machine learning framework that enables in-game football match
result prediction.

METHODS: The event data from 380 matches of the 2017-2018 English Premier League (EPL) and 64 matches of the 2018
World Cup were used. A tofal of 52 features from 9 categories were extracted every five minutes: offensive behaviors
(shots, attacking passes, etc.), defensive behaviors (tackles, interceptions, etc.), playing styles (tempos, average team
position, etc.), opponent attack behaviors (opponent shots, etc.), game situations (home goals, yellows, etc.), ball posses-
sions, team ratings, historical game outcome, and team strength (ELO ratings, etc.). The current match status (win, lose
and draw) for home team was used as the result label. The Light Gradient Boosting Machine (LGBM) was applied fo mod-
el the match result of different periods, with the training set being 7953 observations from all EPL games and the test set
being 1352 observations from all World Cup games (ratio of the training set to the test set: 8 fo 2).

RESULTS: Within all result labels, home team was winning 44.8%, drawing 24.5% and losing 30.6% of all games. The
statistics of the AUC, F1 and prediction accuracy of the model were 0.73, 0.50 and 0.64 respectively after training and
validating. Specifically, the model successfully classified 471 out of 572 home wins (82.3%), 390 out of 590 home loses
(66.1%) and only 11 out of 190 draws (5.8%) during the 2018 World Cup. Team strength and historical game results demon-
strated higher feature importance. The game situation showed a moderate influence on the model, while the shots,
clearance and ratings had the least contribution to the prediction of the model.

CONCLUSION:  The study introduced an in-game football match result prediction framework that combines domain
knowledge and data-driven model. In general, the proposed model showed decent prediction accuracy expect for the
drawn matches where margin of victory for both teams is relafively low. In line with previous research, the score ad-
vantage in the game mainly depends on its own strength and the goals in previous games and will also be affected by
the home court and penalty cards. The model could be applied into the real-time win probability during match broadcast
or providing coaching teams with reference for decision-making.

EXPLORING THE EFFECT OF ARM SWING ON COUNTERMOVEMENT JUMP PERFORMANCE USING MACHINE LEARNING
AND GROUND REACTION FORCE ANALYSIS

CHALITSIOS, C.1,2, NIKODELIS, T.1, KOLLIAS, 1.2
TARISTOTLE UNIVERSITY OF THESSALONIKY: ZKINVENT

INTRODUCTION: Jump performance is a requirement for many physical activities. The ability to accurately classify different
jumping styles can provide valuable insights into an athletes performance and aid in the development of training pro-
grams. This study aimed to investigate the impact of arm swing on the observed pattern of ground reaction forces during
a countermovement jump (CMJ) and determine if it can be used to improve the classification accuracy of jumping styles.
Our hypothesis was that the presence of arm swing would result in different ground reaction force patterns compared to a
countermovement jump without arm swing.

METHODS: Three hundred and thirty-two male adult high-level athletes from various sports performed a series of CMJ
and CMJ with arm swing (CMJas) on a 1D force platform. A machine learning approach was adopted to analyze the
force-time data recorded for each participant, using a random forest classifier [1]. The data were interpolated to 101 points
and then transposed so that each force-time point represents a feature. SHapley Additive exPlanations (SHAP) analysis [2]
was used to provide explanations about the models’ predictions and insights about the most important features that best
described each class force pattern. Also, to describe, interpret, and further explore the derived classification predictions,
kinetic energy was calculated and statistically compared across the two jumps using the SPM1D paired t-test.
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RESULTS: The classification accuracy was 0.895 (Cl 95%: 0.869 - 0.921). The SHAP-based variable importance ranked all
the features (time points) according to their value for the model, to predict the class (CMJ or CMJas). The model showed
that all features (time points) from 83 — 94% of the total jump duration were the most imporfant in distinguishing between
the CMJ and CMJas. Also, the model pointed out that vGRF is highly informative in separating the two jumps after 65% of
the total jump duration. Further statistical analysis of the data revealed a significant difference in the produced kinetic
energy with the CMJas prevailing from CMJ at ~90-100% (t = 3.249, p < 0.05) of jump duration.

CONCLUSION: These findings confirmed that arm swing discriminates countermovement jumps, especially in the last part
of the task. They also support the efficacy of the machine learning modeling approach for understanding the complexities
of VGRF patterns in a laboratory setting. Overall, the work produced during the late phase of CMJ with arm swing produc-
es a very distinct peak, which the classifier can capture and separate into two classes. Contrary to previous reports, no
informative features were found before 65% of the jump duration, likely linked to the inconsistency due to the high vari-
ance of the force patterns during the unweighing and braking phases of both jumping techniques.

1. Breiman L. Mach Learn 2001

2. Lundberg et al. Adv Neural Inf Process Syst. 2017
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RAPID WEIGHT LOSS BEHAVIOR IN JUDO ATHLETES: PREVALENCE, MAGNITUDE, AND METHODS.
SANTOS, D.F.C.1, FRANCHINI, E.1

IMARTIAL ARTS AND COMBAT SPORTS RESEARCH GROUF, SPORT DEPARTMENT, SCHOOL OF PHYSICAL EDUCATION AND
SPORT, UNIVERSITY OF SAO PAULO, BRAZIL

INTRODUCTION: Rapid weight loss (RWL) is characterized as a reduction of body mass equal to or above 3% in up fo 7
days. The typical magnitude of reduction is about 5% of body mass, although some athletes may reduce up to 10% before
competition [11. There is limited information about the prevalence, magnitude, and methods of RWL since the judo weigh-
in was changed to the day before competition, and it is believed that athletes altered their behaviors due to the extended
recovery time.

METHODS: This study involved 223 judo athletes who were over 18 years of age and actively competing. Participants were
required fo complete a validated RWL Questionnaire (RWLQ)(2] that included questions about personal information, com-
petitive level, weight and diet history, and RWL behaviors. The questionnaire had a scoring system where a higher score
indicated more aggressive weight management behavior. Participants were recruited through online forms and during
official competitions. The Mann-Whitney U-test was used to compare scores between the sexes, and a one-way ANOVA
was used to compare scores between athletes who started cutting weight at different ages and levels of competition.

RESULTS: The prevalence of RWL was 90% when all athletes were included and 93% when heavyweights were excluded.
On average, athletes lost 4.94% (range: 0-24%) of their body mass 3-5 days before competition. A significant number of
athletes (40%) reduced more than 5%. When asked about their greatest weight loss, athletes reported a mean reduction
of 8% (range: 0-24%) of their body mass. Approximately 50% of athletes regained 2-3kg (2-6%) in the week after the com-
petition, and about 37% regained more than 3 kg (3-13%). The most common methods used were increased exercise,
training with plastic or rubberized suits, and decreased fluid intake. The athletes weight management behavior was most
influenced by the judo coach, dietitians, and training colleagues. When separated by age, athletes who started cutting
weight earlier had a higher score on the RWLQ (P=0.002), but no significant differences were found between males and
females (P=0.285) or between competitive levels (P=0.378).

CONCLUSION: The prevalence of RWL in judo athletes is slightly higher than previously reported before the weigh-in rule
changed [1]. However, the magnitude of RWL is similar for most athletes, and a growing number of athletes are reducing
more than 5% of their body mass.

1. Artioli et al. (2010) 2. Artioli et al. (2010)

EFFECTS OF THE FUEL INTERVENTION ON MENSTRUAL FUNCTION IN COMPETITIVE FEMALE ENDURANCE ATHLETES WITH
RISK OF RELATIVE ENERGY DEFICIENCY IN SPORT

FAHRENHOLTZ, I.L., MELIN, A.K., GARTHE, 1., IVARSSON, A., KOEHLER, K., LOGUE, D., MADIGAN, S., WASSERFURTH, P.,
TORSTVEIT, M.K.

UNIVERSITY OF AGDER, KRISTIANSAND

INTRODUCTION: Female endurance athletes are at high risk of menstrual dysfunction (MD) due to problematic (long-
term/severe) low energy availability (LEA). MD has been associated with reduced bone health and performance in female
endurance athletes, emphasizing the need for management of problematic LEA and associated conditions such as MD.

METHODS: Female competitive endurance athletes from Norway (n=60), Sweden (n=84), Ireland (n=17), and Germany
(n=47) were recruited to the Food and nUftrition for Endurance athletes — a Learning (FUEL) program consisting of 16 weekly
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online lectures and individual athlete-centered nutrition counseling every other week. Fifty athletes with symptoms of REDs
[LEA in Females Questionnaire (LEAF-Q) score = 8] and with low risk of eating disorders, with no use of hormonal contra-
ceptives and no chronic diseases, were allocated to either the 16-week FUEL-intervention (n=32) (FUEL) or a 16-week con-
trol period (n=18) (CON). All but one completed the FUEL-intervention, while n=3 dropped out during CON. Athletes com-
pleted the LEAF-Q with menstrual function questions, at pre- and post-intervention/control period, and also at 6- and 12-
months follow-up for the FUEL group. Menstrual function was analyzed in a descriptive manner, while group comparisons
of LEAF-Q menstrual score from pre- fo post, as well as within FUEL group comparisons for the four measurement time
points, were conducted using a Bayesian mixed factor analysis of variance.

RESULTS: Self-reported eumenorrhea increased from 10% (n=9 athletes) at pretest to 67% (20 athletes) at posttest in FUEL
and decreased in CON from 73% (n=11) to 53% (n=8). Five of the 14 (36%) FUEL athletes, who reported MD at pretest, re-
ported eumenorrhea at posttest. Seven (23%) FUEL athletes and three (20%) CON athletes were unaware whether they
had normal menstruation at pretest. All FUEL athletes were able to define whether they had normal menstruation at post-
test, while the number was unchanged for CON athletes. The number of athletes who reported reduced or absence of
menstrual bleedings with increased training load decrease from 70% (n=21) to 47% (n=14) in FUEL while the number 73%
(n=14) was unchanged in CON.

Changes in the LEAF-Q menstrual score from pre- to post did not differ between groups, as indicated by the lack of an
interaction effect (FUEL: 6.6 + 2.5 at pre- and 5.3 + 3.0 at posttest versus CON: 5.1 + 2.7 at pre- and 4.7 + 2.3 at posttest,
BFincl = 0.664). Six- and 12-months follow-up revealed strong evidence (BFincl = 860) for improvement in LEAF-Q menstru-
al score for FUEL athletes comparing all four measuring points (4.6 + 2.6 at 6- and 5.1 + 3.1 at 12-months follow-up).

CONCLUSION: In this group of endurance athletes, participating in the FUEL intervention implies long-term improvement of
menstrual function. The lack of long-term follow-up for the CON condition indicates, however, that the results should be
interpreted with caution.

ANALYSIS OF FOOD INTAKE DURING A 20-DAY EXPEDITION IN THE COLD
CHARLOT, K.
INSTITUT DE RECHERCHES BIOMEDICALES DES ARMEES

INTRODUCTION: To achieve neutral energy balance and avoid body mass loss during a period with high and sustained
physical activities might be hard even in comfortable ecological conditions and/or with easy access to food with an ener-
gy content exceeding the energy demands. The reasons of this under consumption are multiple and mostly contextual but
are rarely studied. The aim of this study was to identify these reasons using a military 20-day ski expedition in Greenland.

METHODS: Twelve French soldiers realized a 20-d ski expedition in Greenland (-5 to -25°C) during which they were fed
with 3750-kcal lyophilized rations (7 different menus composed of easy-to-use, highly palatable and familiar foods) insuf-
ficient to cover their expected energy expenditure (~4500 kcall. Each day, in a paper notebook, they had fo report foods
and beverages intake in order to calculate energy intake. They also had to indicate the time of intake, the palatability of
each consumed items (from 1 1o 10) and the reason(s) they did not consume some items. Appetite was assessed using
visual analog scales before breakfast and dinner. A body mass and composition measurement was done just before and
the day after the expedition. The 20 days were cut in 3 parts (D1-D7; D8-D14 and D15-D20) and the food items were sepa-
rated in breakfast, day sweet, day savory, and dinner items for analyses.

RESULTS: Participants experienced a mean negative energy balance of -975 + 550 kcal during the expedition leading to a
4.2 +1.9kg (p < 0.001) body mass loss. A temporal analysis revealed that energy intake (p = 0.033) and hunger levels (p <
0.001) were higher during the last week compared fo first one during the expedition. The percentage of consumed items
rose from 86 to 90% between the first and third weeks, this increase concerning mostly savory day and dinner foods (87 to
91, and 81 to 91%, respectively). In agreement, palatability increased only in savory day (p < 0.001) and dinner (p = 0.048)
foods. The reasons for not consuming an item were: 1) the food being not sufficiently good and/or practical (33%) and the
lack of appetite (33%), 3) their conservation in case of needs (15%), 4) the lack of time (13%), and 5) the weariness (6%).

CONCLUSION: Despite experiencing large body mass loss, these participants only slightly and very insufficiently adapted
their food intake. Interestingly, the lack of appetite and the lack of palatability came as the main reasons for not consum-
ing foods suggesting that body mass loss does not transpose well into an increase in food flexibility. Moreover, the in-
crease of palatability and frequency of consumption was mostly targeted towards savory foods (during the day and din-
ner) pointing point out means to improve rations compositions and limit body mass loss.

POSITIVE ASSOCIATION BETWEEN T3 AND RESTING ENERGY EXPENDITURE IN FEMALE CROSSFIT PRACTITIONERS: DOES IT
PRECEDE THE FEMALE ATHLETE TRIAD? PRELIMINARY DATA FROM AN EXPLORATORY CROSS-SECTIONAL STUDY.

NAKAMOTO, F., CRISTOFOLINI, V.L., SANTOS, C.S., RODRIGUES, A.S., STAIBANO, A., ROSSI, C.B., ALVARES, L.A.M., FERREIRA,
R.E.S., SANTOS, R.V.T., QUARESMA, M.V.L.S.

CENTRO UNIVERSITARIO SAO CAMILO

INTRODUCTION: CrossFit® (CF) is characterized as a constantly varied, high-intensity, functional movement training pro-
gram, performed with little or no rest between bouts, combining strength and endurance exercises, such as running,
cycling, rowing, Olympic weightlifting, power weightlifting, and gymnastic-type exercises. Due to CF characteristics, female
CF practitioners may be af risk to experience low energy availability (LEA), which is the efiological process underpinning
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the development of the Female Athlete Triad (FAT). The aim of this study is to verify if female CF practitioners are at risk for
the FAT.

METHODS: This is a cross-sectional study with nonprobability sampling. Inclusion criteria: healthy female CF practitioners
aged 18-39 years, minimum of 5 training sessions per week for at least 6 months; minimum CF training experience of 1
year. Exclusion criteria: women taking any substance that interferes with the menstrual cycle. Subjects visited the laborato-
ry once. They initially answered a health and sociodemographic questionnaire. Resting energy expenditure (REE) via indi-
rect calorimetry (K5, COSMED®) and body composition (Bioelectrical impedance analysis; model 450®, Biodynamics)
were assessed in a fasting state, followed by a blood test (levels of IGF-1, T3, and leptin) and the Low Energy Availability in
Females Questionnaire (LEAF-Q). Data were analyzed using Jamovi® 2.3.21 version. A sample size of 42 subjects was
calculated.

RESULTS: Subject characteristics (mean (DP); n = 14): Age: 32.1(5.45) y; IMC: 23.7 (1.57) kg/m2; % body fat: 22.6 (3.45); REE:
1589 (146) kcal; IGF-1: 164 (54.8) ng/mL; Leptin: 12.8 (10.1) ng/mL; T3: 1.05 (0.319) ng/mL; LEAF-Q score: 3.86 (2.80). More
than 70% REE variability is explained by multiple regression model (R2: 0.77; p = 0.040). After controlling for age, IGF-1, and
leptin, the linear regression model showed T3 was positively associated with REE (B = 254.32 kcal; 95% IC: 12.14 - 486.52;
p = 0.042). On the order hand, this model was not associated with the LEAF-Q score.

CONCLUSION: Our preliminary data showed a positive association between T3 levels and REE, even with our small sam-
ple size. It is well known that thyroid hormones are of central importance for energy homeostasis and metabolism. They
directly stimulate energy expenditure, which means that low levels of thyroid hormone decrease REE and high levels in-
crease REE. So far, LEAF-Q results did not show risk of FAT among female CF practitioners. Low T3 levels may be an im-
portant predictor of low REE among CFP and consequent low REE might precede other perceived disturbances associated
with FAT in this population. Our results are preliminary, and more data is required for a better comprehension of this
important topic, especially in CF practitioners.

Oral presentations

OP-SH24 Physical education and health

MODELING SPORTS-RELATED HEALTH COMPETENCE FOR PHYSICAL EDUCATION
HINTERNESCH, S.
TU DORTMUND UNIVERSITY

INTRODUCTION: Health promotion has always been of particular interest in physical education research. Especially in the
course of competence orientation in didactics, there is currently a shift in Germany towards the goal of promoting students
sports-related health competence. Although the tripartite nature of the competence dimensions is largely consensual at a
theoretical level ("knowledge, ability and willingness”), there is however a strong focus on knowledge tests when it comes
to competence assessment (e.g. Topfer & Sygusch, 2022). The following research question is addressed: How can the
dimensions of ability and willingness be captured in addition to knowledge testing to enable a comprehensive investiga-
tion of sports-related health competence?

METHOD:

With the overall aim to develop a holistic survey method for the sports-related health competence of students, a multi-
method validation procedure is used (JenBen et al., 2015). In a first step, a draft of an adapted model of sports-related
health competence for physical education (based on Blémeke et al., 2015) was put up for discussion in qualitative expert
interviews with scientists in the field of sports pedagogy, educational and health science (N=10). Important prerequisites
for holistic competence assessment have been discussed. Qualitative content analysis is used for the evaluation. The
presentation focuses on these interview results, which shall be used in a second step to develop the survey methodology.

RESULTS: Based on the findings of the content analysis, the adapted model was revised. Individual dimensions of the
model of sports-related health competence (e.g. body awareness) and their function for health-related action of students
have been identified. The experts stressed the importance to link the contents of knowledge and ability testing closely
when aiming to test the sports-related health competence in a holistic way. Motivational-volitional dimensions were at-
tributed different importance by the experts. Another finding is that the capability to act, as a potential goal of promoting
sports-related health competence in physical education, has to be distinguished from the actual actions of the students in
everyday life ([performance).

REFERENCES:
Blomeke, S., Gustafsson, J.-E., & Shavelson, R. J. (2015). Beyond Dichotomies. Zeitschrift fUr Psychologie, 223(1), 3-13.

JenBen, L., Dunekacke, S., & Blomeke, S. (2015). Qualitdtssicherung in der Kompetenzforschung: Empfehlungen fur den
Nachweis von Validitat in Testentwicklung und Verdffentlichungspraxis. In S. Blémeke & O. Zlatkin-Troitschanskaia (Eds.),
Kompetenzen von Studierenden (pp. 11-31). Beltz Juventa.

Topfer, C., & Sygusch, R. (2022). Messung von Gesundheitskompetenz im mehrperspektivischen Sportunterricht. In E. Balz

& P. Neumann (Eds.], Mehrperspektivischer Sportunterricht. Evaluation und Innovation (Beitrdge zur Lehre und Forschung
im Sport, Ed. 3, pp. 196-210). Hofmann.
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DIFFERENCES BETWEEN YOUNG CHILDREN’S ACTUAL AND PERCEIVED MOTOR COMPETENCE REGARDING SKILL PERFOR-
MANCES ON LAND VERSUS IN WATER: A CROSS-SECTIONAL STUDY

DHONDT, E.1, MERTENS, L.1,2,3, VAN DROOGENBROECK, L.1, COPPENS, E.2, DE MARTELAER, K.1
1. VRUE UNIVERSITEIT BRUSSEL, 2. UNIVERSITEIT GENT, 3. RESEARCH FOUNDATION - FLANDERS

INTRODUCTION: Both actual motor competence (AMC) and perceived motor competence (PMC) are positively associated
with physical activity in children [1]. Despite the imporfance of accurate estimates of aquatic skills in view of water safety
from an early age onwards, research has mainly focused on children’s self-perceiving ability in relation to their AMC
regarding land-based skill performances. Therefore, the purpose of this cross-sectional study was to simultaneously
document and compare young children’s AMC and PMC in different movement contexts (i.e., on land vs. in water).

METHODS: Data were collected from 92 children (42 girls, 50 boys; aged 6.8 + 0.4 years) attending primary schools for
regular education near Brussels (Belgium). All participants” AMC and PMC in terms of skill performances on land versus in
water were assessed using aligned instruments per movement context. Children’s land-based AMC was evaluated by
means of the third version of the Test of Gross Motor Development (TGMD-3) [2], whereas their land-based PMC was
examined using the updated version of the Pictorial Scale of Perceived Movement Skill Competence for Young Children
(PMSC) [3] matching the 13 TGMD-3 test items. Children’s water-based AMC was evaluated by means of the Actual Aquat-
ic Skills Test (AAST) [4,5], during which they performed exactly the same 17 aquatic skills as presented in the Pictorial Scale
of Perceived Water Competence (PSPWC) [6] used to examine their water-based PMC. All raw total test scores were re-
scaled to achieve a comparable score range of 0-100 across the different assessment tools. A three-way Repeated
Measures ANOVA compared children’s AMC and PMC fi.e., skill assessment type) according to movement context, also
taking their sex into account.

RESULTS: There was a significant interaction between skill assessment type and movement context as within-subjects
factors (p < .001), indicating significantly higher PMC as compared to AMC scores with a greater extent of disagreement
between these outcomes on land (p < .001; land-based AMC = 73.96 + 10.83; land-based PMC = 89.99 + 12.18) versus in
water (p = .044; water-based AMC = 72.95 + 19.93; water-based PMC = 77.53 + 12.14). Children’s land-based PMC was
also significantly higher than their water-based PMC score (p < .001), whilst this equally directed difference according to
movement context was not significant for AMC scores (p = .679). No sex effects were found.

CONCLUSION:  Young children proved to overestimate their actual skill performances in both movement contexts. This
perceptual error or extent of disagreement between AMC and PMC was more pronounced on land than in the aquatic
environment. A promising research avenue is to apply a person-centered approach using cluster analysis fo gain more
insight in divergent/convergent MC-based profiles within and perhaps across contexts.

REFERENCES:

1. Lawson et al. (2022); 2. Ulrich (2013) ; 3. Barnett et al. (2015); 4. D’'Hondt et al. (2021); 5. Mertens et al. (2022); 6. Morgado
et al. (2020).

ASSOCIATIONS OF REGULAR PHYSICAL ACTIVITY WITH PHYSIOLOGICAL AND PSYCHOLOGICAL STRESS REACTIVITY IN
CHILDREN AGED 10-13 YEARS

HANKE, M., BRUGGISSER, F., LEUENBERGER, R., GERBER, M., LUDYGA, S.
UNIVERSITY OF BASEL

INTRODUCTION: High stress reactivity can be detrimental for physiological and psychological health. According to the
cross-stressor-adaptation hypothesis, physical activity has health-beneficial effects on psychosocial stress reactivity. How-
ever, studies investigating such effects in children are scarce. Therefore, our study aimed to investigate the association of
regular physical activity with physiological and psychological stress reactivity in children.

METHODS: One hundred and ten (62 male) right handed children aged 10-13 years were recruited from schools and
through distribution of flyers in public places. On two different laboratory appointments, scheduled in randomized order,
the Trier Social Stress Test for Children (TSST-C) and a non-stressful control task were performed. Heart rate variability
(RMSSD, measured via chest belt] and salivary cortisol (samples taken directly before and 0 min, 15 min and 30 min after
the task) represented physiological stress reactivity. State anxiety was measured before and after the task with an 8-item
questionnaire based on the state scale of the State-Trait Anxiety Inventory. Actigraphs worn over the course of 7 days
were used to quantify moderate-to-vigorous physical activity (MVPA).

RESULTS: A median split was performed on MVPA, and separate analyses of variance were calculated with MVPA group
and sex as between subject factors. For all stress parameters, significant main effects of condition indicated higher stress
reactivity in the TSST-C compared to the control task (p<.001). A significant between subiject effect of MVPA group (F(1, 105)
= 3.98, p = .049, partial eta”2 = 0.037) indicated lower cortisol reactivity in children with higher MVPA. A similar tendency
was observed for heart rate variability (F(1, 99) = 3.42, p = .067, partial eta”~2 = 0.033). All other associations and interac-
tions with MVPA were not significant. Significant sex differences were observed for cortisol and anxiety, with boys reacting
more to the control task and less to the TSST-C compared to girls.

Discussion/CONCLUSION: The results of our study indicate a health-beneficial association of higher levels of MVPA with
children’s physiological response to a psychosocial stressor. Programs targeting stress reduction in children should take
potential sex differences in sfress reactivity info account. Further longitudinal and intervention studies are necessary to
confirm potential causal relationships.
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EXPLORING LINGUISTIC DIMENSIONS THROUGH EXPLORATORY CIRCUS ASSIGNMENTS IN PHYSICAL EDUCATION

LINDBERG, M.
MALMO UNIVERSITY

Introduction

Limited language skills are problematic for learning to occur. Teachers should carry out literacy teaching that enhances
pupils’ language development but consider themselves too busy with teaching subject content (Moje 2008). According to
physical education (PE) teachers, the primary goal is to physically activate the pupils. Research shows that language inte-
grated PE can assist children’s language development (Derri et al. 2010). However, language integrated PE lowers the
time for physical activity (Coral et al. 2020). This is problematic since youth’s physical inactivity is a growing problem. This
study examines how disciplinary literacy in a multilingual PE context can be emphasized and the pupils’ use of verbal
language stimulated to enhancing learning in PE and to understand how it can steer teaching and learning processes in
certain directions.

Methods

Multilingual 10-year-old pupils and their PE teacher participated with a research teacher in 10 PE lessons focusing on
language integrated exploratory circus assignments. Data was collected through participant observation, video observa-
tion, interviews, and field diary. The data analysis was abductive, which meant an oscillating backwards and forwards
between the theory and the data. A thematic analysis was carried out.

Results

The tentative results show that there were both opportunities and challenges when emphasizing disciplinary literacy in PE.
Time focused on language was needed for all pupils to partake and develop knowledge, but it happened on the expense
of physical active time. Such endangering was bridged through additional time for anchoring the language and creating
pre-understanding beforehand the PE lesson.

Discussion

The PE subject's focus on physical activity can be considered a “free zone" from the theorizing ambition to emphasize
language learning. This study question whether there is a paradox embedded in such a thought, namely: only when you
do not try to force PE and language together, language does come into its own. Physical doing is also learning, and the
reflection of the action makes pupils reach new levels in doing things in PE. This study highlights that involvement of lan-
guage is important in PE — not for the language itself, but because it enables learning and enhances knowledge devel-
opment in PE.
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PHYSICAL LITERACY IN GERMAN CHILDREN
KNISEL, E.1, LAUDANSKA-KRZEMINSKA, 1.2, NALECZ, H.3, WAGNER, P.4, BREMER, M.1

10TTO-VON-GUERICKE UNIVERSITY OF MAGDEBURG, 2POZNAN UNIVERSITY OF PHYSICAL EDUCATION, SINSTITUTE OF
MOTHER AND CHILD, WARSAW, 4UNIVERSITY OF LEIPZIG

Introduction

Physical literacy (PL) is a concept attracting worldwide attention in the context of Physical Education (PE), sport and health. It
is described as the motivation, confidence, physical competence, knowledge and understanding to be physically active
for life. The Canadian Assessment of Physical Literacy, second edition (CAPL-2) (Longmuir et al., 2018) is a valid and relia-
ble instrument to assess physical literacy in children. The aim of our study is a gender-and age-stratified analysis of PL in
German primary school children.

Method

332 (172 girls, 160 boys) German primary school children aged 8-12 years old (M=11.05 SD=0.98) participated in the study.
PL was measured using the German version of the Canadian Assessment of Physical Literacy, second edition (CAPL-2-G).
CAPL-2-G consists of a questionnaire to assess the Knowledge and Understanding and Motivation and Confidence do-
mains. The Daily Behavior domain was assessed from one self-report item of weekly physical activity and step counts
during one week. To study the Physical Competence domain three physical tests were applied.

Results

The results for the overall physical literacy score (maximum 100 points) demonstrate significant differences (U=2452; z=-
2.068; p=.039; r=.17) between girls (=82; M=66.32; SD=11.94) and boys ((n=74; M=70.99: SD=14.57). No significant age-
specific differences were found. According to the four domains the results show significant gender-differences in the
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Physical Competence (girls n=150; M=19.15; SD=5.64; boys n=142; M=21.38; SD=6.26; U=8036; z=-3.625; p=.000; r=.2;
maximum score 30 points) and Daily Behaviour domain (girls n=83; M=14.86; SD=6.58; boys n=74; M=17.27; SD=6.82;
U=24888; z=-2.052; p=.040; r=.16; 30 points maximal score). Only in the domain of Knowledge and Understanding
(N=332) the data reveal significant differences within the age groups (F=2.72 p=.045) with the highest mean value in the
1-year-old age group (n=132; M=6.7; SD=1.86; maximum score 10 points).

Discussion

The gender-and age-stratified analysis of PL in German primary school children illustrates gender differences. The boys
overall level of PL was higher than that of the girls and the 11-year old boys reached the highest PL overall score. The re-
sults show that the boys are more physical active than the girls and their level of physical competence is higher. This is
also found in many international studies recently. The holistic concept and the assessment of PL in German primary school
children provide a useful approach for structuring learning processes in PE class to improve a physically active lifestyle.
And, our results can be the background for a discussion about co-or mono-educational teaching in PE class.
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MOLECULAR REGULATION OF MITOCHONDRIAL ADAPTATIONS TO EXERCISE

ZIERATH, J.
KAROLINSKA INSTITUTE SWEDEN, CBMR, UNIVERSITY OF COPENHAGEN, DENMARK

It is well established that endurance exercise training induces mitochondrial biogenesis in skeletal muscle, with a con-
comitant increased skeletal muscle mitochondrial capacity. These adaptations are mediated by a complex interplay be-
tween a myriad of signalling pathways coupled to downstream regulators of gene transcription and translation. On a
regulatory level, a single session of exercise alters the DNA binding activity of a variety of important transcription factors.
Protein stability and subcellular localisation of transcriptional factor complexes within the nucleus and mitochondrion are
also affected. Transient DNA hypomethylation of gene-specific promoter regions also precedes some of the increases in
mMRNA expression in response to acute exercise. In turn, these pulses of elevated mRNA during the recovery from acute
exercise facilitate the synthesis of respective proteins, and provoke gradual structural remodelling and long-term func-
tional adjustments of the mitochondria. This presentation, by one of the leading experts in the world, will provide an up-to-
date review of the molecular mechanisms that underpin the adaptation of skeletal muscle mitochondria to a single ses-
sion of exercise and exercise training. The target audience will be both exercise and sport scientists with an interest in the
mechanisms that underlie adaptations to exercise training.

THE EFFECTS OF DIFFERENT TYPES OF EXERCISE ON MITOCHONDRIAL ADAPTATIONS
DAUSSIN, F.
UNIVERSITY OF LILLE

Mitochondria are living, dynamic, energy-producing and signalling organelles that actively adapt to environmental inputs
such as exercise. Mitochondrial biogenesis is defined as the process leading to the production of new mitochondrial
components, and it is possible to evaluate the effects of exercise training on mitochondrial biogenesis by assessing
changes in mitochondrial content and respiratory function. The effects of exercise training on mitochondria are controver-
sial; some studies have observed changes in mitochondrial respiratory function without changes in mitochondrial content,
other studies have reported the opposite effect, and some studies have observed an increase in both parameters. It has
been suggested that the exercise modality used may partially explain these divergent adaptations to different training
programs. This presentation will summarise how the following exercise modalities influence mitochondrial adaptations: i)
high-intensity interval exercise (HIIE) - defined as efforts performed at an infensity between 80 and 100% of power/velocity
associated with VO2max, il moderate-intensity continuous exercise - characterised by exercise performed in a confinu-
ous manner and at a lower intensity than HIIE, and iii) sprint interval exercise - repeated efforts performed at an intensity
greater than power/velocity associated with VO2max. The current literature suggests that training volume will mainly
improve mitochondrial content, while the training intensity will be the maijor determinant of changes in mitochondrial
respiratory function. In this talk, Dr Daussin will summarise our understanding of the effects of different exercise modalities
on mitochondrial adaptations. In addition, he will highlight some considerations, such as the training organisation, the
role of sex, and fibre-type recruitment during exercise, that may influence mitochondrial adaptations to exercise. The
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target audience will be both exercise and sport scientists with an interest in the prescription of exercise to improve health
and performance.

USING OMICS TO UNDERSTAND MITOCHONDRIAL ADAPTATIONS TO DIFFERENT TYPES OF EXERCISE

BISHOP, D.
VICTORIA UNIVERSITY

Given the importance of mitochondrial biogenesis for skeletal muscle performance, considerable aftention has been
given to understanding the molecular changes that help to determine mitochondrial adaptations to exercise. In this ses-
sion, Prof. Bishop will present published and unpublished 'omics data that provide new and exciting insights into the
many molecular changes that contribute to exercise-induced mitochondrial adaptations. The results of RNA sequencing
(RNA-seq) based transcriptomics highlight how different mitochondria-related gene transcripts respond following different
types of exercise, and how this may help to explain divergent mitochondrial adaptations to different types of exercise
training. These RNAseq results also indicate that there are transcriptional responses that are shared across different exer-
cise prescriptions. Of particular interest is how exercise-induced mitochondrial damage activates transcriptional pathways
associated with mitochondrial stress and how this may help to explain the powerful effects of very high-intensity exercise
to improve mitochondrial respiratory function. The results of training studies incorporating whole-muscle proteomics will
then be used to highlight an intricate and previously undemonstrated network of differentially prioritised mitochondrial
adaptations that occur in response to different types of training. It will be shown that changes in hundreds of transcripts,
proteins, and lipids are not stoichiometrically linked to the overall increase in mitochondrial content. Finally, the results of
single-fibre proteomics show how exercise intensity influences fibre recruitment and ultimately induces fibre-specific
changes in mitochondrial proteins that can help to explain how different types of exercise induce divergent mitochondrial
adaptations. Finally, this presentation will highlight how these exciting new tools can help exercise and sport scientists to
better understand how best to prescribe exercise to achieve specific mitochondrial adaptations. The target audience will
be both exercise and sport scientists with an interest in the mechanisms that underlie adaptations to exercise training.

Oral presentations
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PACING PROFILE BY CLASSIFICATION IN ELITE PARACYCLING
LE TOQUIN, B., SCHIPMAN, J., HAMRI, I., FORSTMANN, N., BACONNAIS, M., WEISSLAND, T., TOUSSAINT, J.F.
INSEP

INTRODUCTION: Pacing profile in cycling and paracycling studies can provide insight into the underlying physiological
processes during specific events. In elite paracycling, it can also give insight into the effect of classification (thus disabilities)
on cycling performance. Furthermore, analysis of the pacing strategies employed by successful athletes can provide in-
formation on optimal pacing strategy for a given event, and suggest opportunities for performance enhancement. This
study aims to 1/ investigated the effect of classification on the pacing profile used in paracycling track events. 2/ analyze
the pacing strategy of world championship medalists.

METHODS: All the results and split times (every 125m) of male (525 performances) and female (261 performances) paracy-
clists in 6 world championships from 2014 to 2022 have been collected on the RSStiming website. Data are based on the
Tkm Time Trial (TT), 500m TT and Individual Pursuit (IP) events. Analysis of variance with repeated measures was used to
examine differences in 250m split times during IP events and differences in 125m split imes during the Tkm TT and 500m
TT. Post-hoc analysis was performed using Student's t test for paired data, with alpha adjusted by the Bonferroni method.
In order to analyse the decay kinetics of the speed over the course of an event, a speed decrease index (SPI) was calculat-
ed for each performance. Finally, to investigate if there were any differences in the pacing strategies between medalists
and non medalist. The performance data from each world championships was split into 3 groups (Top 3; Top 8; Top 20) in
each classification. A pairwise Wilcoxon test with Bonferroni adjustment to identify differences between each performance
group was used.

RESULTS: First lap mean speed (0-250m split) and second lap (375-500m) was significantly different between classification
(p<0.05) in each male and female event. In Ikm TT, each classification reaches mean top speed in 375-500m before
losing speed suggesting an identical pacing strategy. Pacing profile in each event suggest an «all-out» strategy and was
not different between classifications. No significative difference between classification was found in SPI in each event (p >
0.05). However, a significative difference was found between the Top 3 and Top 8 SPI (p<0.05) in male and female indi-
vidual pursuit events in C5 and C4 classification.

CONCLUSION: This study provides insights into the impact of paracycling classification system in para-cycling. In C5 and
C4 classification, this study suggests that the best performers seem to be differentiated by their ability to not lose velocity
during the race. The significant differences between each category during the first 2 laps indicate an impact of the classifi-
cation (and thus of the disability) on the start.
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HOW TO BE A FINALIST IN THE 3-POSITION RIFLE EVENT IN PARA-SHOOTING?

SCHIPMAN, J., BACONNAIS, M., SAUVEPLANE, V., CHAUSSE, M., FORSTMANN, N., TOUSSAINT, J.F.
INSEP

INTRODUCTION: The Paralympic mens 50m 3-position rifle event (R7) is performed in the following order: kneeling, prone
and standing. In the prone position, both elbows are placed on a support, which offers stability. On the contrary, in the
standing position, neither elbow is supported. 120 shots are fired in the qualification round (12 series of 10 shots), i.e. 40
shots per position. The maximum value per shot is 10.9 points, that is a theoretical maximum of 436 points per position for
a total of 1308 points at the end. Following the qualification phase, the 8-best para-shooters advance fo the final. The
objective of this study is to analyze if one position among the three is discriminating between the para-shooters who
reach the final (finalists) and those eliminated in the qualification phase (non-finalists).

METHODS: 29 competitions between 2014 and 2022 were collected on the infernational competition results website (SIUS
Shooting), representing 716 performances by 76 para-shooters. The number of points obtained per position was added
up to create three performance indicators for each position.

To analyze and quantify the difference in profiles between finalists and non-finalists, a Bayesian Inference via Markov
Chain Monte Carlo was used from estimates of the posteriori distribution of 8 (8 = (81, 82, ..., 8n), i.e., all parameters) and
credibility infervals (8 be in the interval [a; b] with probability (1 -al). Differences in mean scores were investigated between
each sample pair for the finalist and not finalist groups (kneeling vs. standing, prone vs. kneeling, prone vs. standing).

RESULTS: Among the finalists, the mean differences in scores between the kneeling vs. standing and prone vs. kneeling
positions are 7,7 and 7,2 respectively. Between the prone vs. standing positions, the difference in means is higher, at 14,8.

Among the non-finalists, the mean differences in scores between the kneeling vs. standing positions is 13,9, between the
prone vs. kneeling positions is 11,5 and between the prone and standing positions is 26.0.

Between finalists and non-finalists, in the kneeling position, the difference in mean scores is 10,7. In the prone position, the
difference in mean scores is 6,3. In standing position, the difference in mean score is 16,7. From the first 4 heats (kneeling),
the finalists start fo stand out. The next 4 heats (prone) maintain the gap between the para without increasing it. Finally,
the last 4 heats (standing) widen the gap between the finalists and the non-finalists.

CONCLUSION: Bayesian analysis showed that there is a significant difference in profiles between para-shooters. The non-
finalists show significant differences between the three positions. Finalist para-shooters shot befter in the prone position
than in the standing position, better in the kneeling position than in the standing position, and better in the prone position
than in the kneeling position. Conversely, although there was a significant difference between the prone and standing
positions,

KATA SELECTION OF INTELLECTUALLY IMPAIRED ATHLETES AT THE TOP-LEVEL PARA-KARATE COMPETITIONS

AUGUSTOVICOVA, D., STYRIAK, R.
COMENIUS UNIVERSITY

INTRODUCTION: Para-karate made its debut at the World Championships in Linz 2012 and since then it has been an
integral part of the WKF Senior World Championships, which take place every two years. The top-level kata performance
analysis is common [1,2], but there is limited knowledge of performance structure in top-level para-karate kata competi-
tions for intellectually impaired (ll) athletes. Repetition of the same kata is allowed for Il athletes [3].

The main goal of the study is to describe the type and frequency of performed katas at the three consecutive World (2016,
2018, 2021) and four European (2018, 2019, 2021, 2022) para-karate championships. Then, investigate if there is a rela-
tionship between the sport class (Il athletes and Il athletes with Down syndrome) and the kata selection.

METHODS: All performed katas during seven top-level events were recorded. Competitors gender, name of the performed
kata, and sport class were recorded. A chi-square test and descriptive statistics were conducted. A total of 245 kata were
performed (153 in the male and 92 in the female category).

RESULTS: The most performed katas were Gojushiho Sho (29%), the same as in able-bodied kata competition, followed by
Jion (9%), Suparinpei (9%), Chatanyara Kushanku (8%), and Sansai (7%). There is a significant relationship between sport
class and choice of katas (p<0.05). The Jion kata is not found in able-bodied competition. Athletes with Down syndrome
select for the competition katas with lower athletic and technical levels, with a lower fast-slow movement ratio [4]. Only 5
athletes perform two different katas during one competition.

CONCLUSION: Top-level Il athletes have a similar kata selection as the no-impaired karate athletes. The WKF Para-karate
rules allow the repetition of the same kata during all rounds of the competition. Therefore, Il athletes and their coaches
prefer to use only the one and the most challenging kata to succeed with a lower rate of fast-slow movement ratio.

This abstract is a part of the VEGA project (number 1/0611/23).
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IMPACT OF CAMBER ON REAR WHEEL KINETICS FOR MWC SPORTS
FRITSCH, C., ALTAMIRANO, A., BASCOU, J., THOREUX, P., SAURET, C.
INSTITUTION NATIONALE DES INVALIDES - ARTS ET METIERS INSTITUTE OF TECHNOLOGY

INTRODUCTION: Manual wheelchair (MWC) sports require athletes to apply strong repetitive forces on the handrims to
accelerate, turn or stop. For many MWC sports, manoeuvrability is critical to performance and, to this extent, the MWC
configuration is usually modified by adding camber to the rear wheels. However, rolling resistance was observed to in-
crease with camber (1). Besides, if the interest of camber on shoulder load was already shown, questions remain on the
resulting power output at the wheel. This study aims to evaluate the maximum power produced by the user during pro-
pulsion for two MWC configurations, with and without camber, using a wheelchair ergometer.

METHODS: Five able-bodied participants were tested on a fully adjustable wheelchair ergometer equipped with 6-axis
sensors on the handrims and velocity-controlled wheels. Seat height and fore-aft position were set as recommended for
each subject (2,3). Camber angle was tested at 0 and 15° while keeping the other configuration parameters - and thus the
joint configuration with the hand at the top dead centre of the handrim - strictly identical between the two configurations.
For each configuration, participants were asked to apply maximum force on the handrims (x5) while wheels were turning
at equivalent linear velocities of the MWC of 0.15, 1.0, 1.5 and 2.75 m/s, performed in a randomized order. The maximal
propulsive moment was identified for each velocity in each configuration, and a linear regression was performed to iden-
tify the moment-velocity profile (4). Finally, the maximal theoretical power was derived from the power-velocity profile for
each participant in each configuration (4). Results were compared between configurations with a Wilcoxon signed rank
fest.

RESULTS: Maximal propulsive moment was higher for all tested velocities in the configuration with camber (from 39.3+11.1
N.m at 0.15 m/s t0 12.2+2.7 N.m at 2.75 m/s) than without (from 38.0+13.3 N.m at 0.15 m/s t0 10.5+2.3 N.m at 2.75 m/s)
but with no significative difference between the two (p>0.1). The maximal theoretical power was different between config-
urations (160.6+8.6 W with camber, 142.8+23.3 W without) with a 10% significance level (p=0.06).

CONCLUSION: Despite a higher rolling resistance with increasing camber, power output seems to be greater with cam-
ber than without. Indeed, the significance level of the difference in maximal power between configurations is above but
close to 5%, which could be due to the small number of participants. Therefore, performance should not be impacted by
adding camber to the wheels, especially linear acceleration. Moreover, these first results have proven the feasibility of
testing and evaluating different configurations in similar velocity conditions, which could lead in the future to further tests
with more modifications on the configuration and more velocity conditions.

REFERENCES:
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SAME-DAY RECOVERY FOLLOWING MODERATE INTENSITY EXERCISE IS NOT IMPACTED BY HOT- OR COLD-WATER IM-
MERSION POST EXERCISE IN TRAINED RUNNERS

MENZIES, C.
COVENTRY UNIVERSITY

INTRODUCTION: Post-exercise body temperature manipulation is a popular recovery strategy [1, 21, with both heating and
cooling suggested to enhance recovery through alterations in tissue temperature and blood flow (3, 4]. However, post-
exercise sauna-bathing has been shown to decrease next day performance [5], with biomarkers associated with fatigue
(e.g. Interleukin-6 (IL-6), cortisol) increasing following passive heating [6, 7]. Therefore, this study aimed to assess same-
day recovery following post-exercise hot (HWI) or cold (CWI) water immersion.

METHODS: Trained runners (n = 14. 11 males, VO2max: 3.4 + 0.6 L/min) performed three frials consisting of two 45-min
moderate intensity treadmill runs (Run 1, Run 2) separated by six hours. Following each Run 1, participants completed HWI
(30 min, 40 °C), CWI (15 min, 14 °C), or control (CON; ambient rest) in a randomised order. Perceived effort and recovery
were measured using Ratings of Perceived Exertion (RPE) and the Acute Recovery and Stress Scale (ARSS). Venous concen-
trations of adrenaline, noradrenaline, cortisol, IL-6, and its soluble receptor were measured. Femoral blood flow and
rectal temperature were measured after the intervention following Run 1. Main effects were determined using linear
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mixed-effects modelling with significance set as p < 0.05, with effect sizes compared to CON calculated as the mean
difference divided by the square root of the sum of the random variance.

RESULTS: There was no difference between conditions in perceptions of recovery, as measured by RPE, during Run 2 (12 +
2 AU, p = 0.68. HWI: d = 0.1, CWI: d = 0.2) or any of the ARSS subscales (p > 0.05), despite a significant effect of time for
overall recovery, mental performance capacity, physical performance capability, and emotional balance (p < 0.05). Simi-
larly, there was no effect of condition on any of the measured circulating biomarkers (p > 0.05). Adrenaline (0.3 + 0.2
ng/mL) and noradrenaline (3.3 + 1.4 ng/mL) peaked immediately post Run 1, whilst IL-6 peaked following the intervention
period (2.1 = 1.1 pg/mL). Femoral blood flow was significantly different between conditions post intervention (p < 0.001),
being highest in the HWI condition (HWI: 661 + 180 miI/min, d = 4.5, CWI: 67 + 23 ml/min, d = 1.1. CON: 181 + 56ml|/min).
Rectal temperature also differed between conditions post intervention (p < 0.001. HWI: 38.3 £ 0.4 °C, d = 2.7. CWI: 36.9 =
0.3°C,d =0.5.CON: 37.1+ 0.2 °C).

CONCLUSION: These data demonstrate limited effects of post-exercise HWI or CWI on perceptions of recovery and asso-
ciated biomarkers, despite large differences in femoral blood flow and rectal temperature. Further work is required to
investigate the effects of repeated post-exercise temperature manipulation on recovery, fatigue, adaptation, and im-
provements in performance.
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STRENGTH TRAINING IMPROVES TIME TO EXHAUSTION SUBSEQUENT TO A PROLONGED RUN IN WELL-TRAINED MALE
ENDURANCE RUNNERS: A RANDOMISED CONTROL TRIAL

ZANINI, M.1, FOLLAND, J.P.1, BLAGROVE, R.C.1
1. LOUGHBOROUGH UNIVERSITY

INTRODUCTION: Strength training has been shown to improve time trial performance and running economy (RE) when
unfatigued in endurance runners (1). However, RE increases as runners fatigue (2) and consequently, the ability to produce
high-intensity efforts, that often determines a race outcome, is reduced. Whether strength fraining improves RE over a
strenuous prolonged run and alters the capacity to produce a high-intensity effort at the end of it, has not been investigat-
ed. This study aimed to examine the effect of strength training on the energy cost of running over 90 min and subsequent
time to exhaustion (TTE) at a high-intensity in endurance runners.

METHODS: Thirty-eight well-trained male endurance runners (maximal oxygen uptake (VO2max) 58.6+7.0 ml/kg/min)
were performance-matched and randomly assigned to a control (CG) and a strength training group (SG). The CG contin-
ued their regular training, while the SG added maximal strength and plyometric training twice weekly for 10 weeks. Before
the training, participants completed an incremental test to determine lactate threshold 1 and 2 (LT1 and LT2) and VO2max,
and on a separate day a 90min run at 10% delta between LT1 and LT2 (13.1£1.5 km/h, 80.7+4.0% VO2max). RE quantified
as energy cost and rate of perceived exertion (RPE) were recorded at 15, 60, 75, and 90 min during the run. Following the
90 min run, participants completed a TTE run at 95% VO2max (16.1+1.6 km/h). A two-way repeated measures ANOVA
with Bonferroni post-hoc correction was used to detect changes between groups, in TTE and pre-post delta in RE and RPE.
Significance was defined as p<0.05 and effect size (ES) was calculated as partial-eta squared.

RESULTS: Twenty-eight subjects completed the study (14 SG, 14 CG). A significant and large group x time effect was detect-
ed for TTE (p<0.01, ES=0.48), with SG improving by 42+35% (251s vs 352s; p<0.01, ES=0.50), and CG worsening by 8+52%
(p>0.05). There was a significant and large effect of trial time x group in RE (p=0.04, ES=0.21). Pre-post RE did not change
between SG and CG at 15min, it was significantly better at 60 min (-0.2% vs 2.5%; p=0.02, ES=0.37), but not at 75 (-1.0% vs
+2.2%; p=0.06, ES=0.26) or 90 min (-1.5% vs +2.1%; p=0.10, ES=0.21). Pre-post RPE was significantly lower in SG at 90min
(p=0.03, ES=0.31), and decreased more (-7.8%, 15.8+2.0 vs 14.5+2.2) than CG (+5.8%, 16.6x1.6 vs 17.4+1.7) at the same
time-point (p=0.04, ES=0.28).

CONCLUSION: Ten weeks of strength training in well-trained male endurance runners significantly improved TTE and
reduced RPE following a prolonged run. RE changes between SG and CG were not different at 15, 75 and 90 min, but SG
improved significantly at 60 min. These findings are in line with previous research on strength training in elite cyclists (3).
Further research is warranted to clarify the adaptations to strength training contributing to TTE improvement and RPE re-
duction in a fatigued state.

1. Blagrove et al. (2018), 2. Brueckner et al. (1991), 3. Ronnestad et al. (2011)

THE EFFECT OF XC-RUNNING RACE LIDINGOLOPPET ON RUNNING ECONOMY AND DETERMINANTS OF PERFORMANCE

RAPP, E.1, SUNDQVIST, C.2, CARDINALE, D.1,2

1.SWEDISH SCHOOL OF SPORT AND HEALTH SCIENCES, STOCKHOLM, SWEDEN 2.ELITE PERFORMANCE CENTRE, BOSON,
SWEDISH SPORTS CONFEDERATION, LIDINGO, SWEDEN

INTRODUCTION: Determinants of running performance on flat terrain are known to be; running economy (RE), maximal
oxygen consumption (VO2max) and fractional utilization (FU) (1). Off-road running performance is seldom studied with
varying results between studies (2). Furthermore there is not an agreement between studies on how RE is influenced by
fatigue induced by off-road running events, some indicating increased cost of running (3) whereas some showing de-
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creased cost of running (4). The aim of this study was therefore to investigate determinants of performance in a 30 km
cross-country (XC) running race with 522 m elevation gain and to investigate how RE is affected by the race.

METHODS: Thirteen runners (age 35+4 yr; VO2max 62.3+5.8 ml/kg/min) performed three testing sessions: 1. Laboratory
testing of oxygen cost of running (CrOx), respiratory exchange ratio (RER), substrate utilization (fat% and carb%) during 5-
min treadmill running at 14km/h as well as measurements of estimated lactate threshold (6LT), respiratory compensation
point (RCP), VO2max (ml/kg/min) and speed at VO2max (vwWO2max) during a graded exercise test (GXT). 2. Measurement
of body composition using dual-energy X-ray absorptiometry. 3. Performing the race followed directly by measurements
measurement of CrOx, Cr, fai%, carb% and RER running at 14km/h for 5 min. Analysis of CrOx, Cr and RER were per-
formed using the last minute in the 5-min submaximal segments. For changes between pre- and post-race students t.test
was performed. Determinants of performance was investigated using Pearsons correlation between race time and pre-
test variables and performing multiple linear regression with race time as dependant variable.

RESULTS: CrOx (201.6+13.8 vs 208.4+9.3 ml/kg/km, p=0.041) and fat% (29+12 vs 48+18 %, p<0.01) increased post-race
whereas carb% (71+12 vs 53+18 %, p<0.01) and RER (0.85+0.05 vs 0.91+0.04, p<0.01) decreased. Variance in race per-
formance was best explained (R2=0.813, adjusted R2=0.743) by RER, CrOx and ml/kg/min at 6LT. Race performance was
significantly correlated to RER (r=0.645, p=0.017), CrOx (r=0.682, p=0.01), wWO2max (r=-0.757, p=0.004), speed OLT (r=-
0.777, p=0.003) , ml/kg/min at BLT (r=-0.593, p=0.042) and speed at RCP (r=-0.722, p=0.012). VO2max (r=-0.575,
p=0.051), ml/kg/min at RCP (r=-0.5, p=0.118), body fat % (r=0.51, p=0.109) did not correlate significantly with performance.

CONCLUSION: RE, CrOx, together with FU, 6LT and RCP, and RER are strong defterminants of 30 km XC-running race per-
formance as shown by their capability to explain variance in performance time and by the relationship between perfor-
mance time and CrOx, Cr, 6LT, RCP and RER. However, weak determinants were VO2max and body composition as nei-
ther did relate to performance. The increase in CrOx with race-induced fatigue showed changes in RE, likely explained by
the increase in fat% and decrease in carb%.

1. Basset & Howley (2000) 2. de Waal et al. (2021) 3. Sabater Pastor et al. (2021) 4. Vernillo et al. (2017)

“WHY | MONITOR”: WORLD-CLASS ENDURANCE COACHES’ PERSPECTIVES OF ATHLETE MONITORING

TIMMERMAN, W., STANLEY, M., ABBISS, C., LAWLER, N., RAYNOR, A.
EDITH COWAN UNIVERSITY

INTRODUCTION: Athlete monitoring literature tends to focus on the tools and techniques of data collection and analysis,
however there is a current lack of understanding as to why coaches implement these tools in their coaching. Therefore,
the purpose of this research project was to elicit insights into why world-class endurance coaches conduct athlete moni-
toring practices.

METHODS: A qualitative descriptive research design was employed, using semi-structured interviews (Sandelowski, 2010).
Twelve male coaches across canoeing, road and track cycling, rowing, triathlon, and swimming from Australia, Canada,
ltaly, South Africa, Spain, the USA, and the UK with 16.8 + 6.4 years of experience were recruited. Eligible participants
coached at least one endurance athlete to a top-3 performance in Major Games, World Championship, or cycling Grand
Tour. The interview transcripts were analysed inductively using the iterative process of reflexive thematic analysis (Braun &
Clarke, 2022). Rigour has been addressed through prolonged engagement with the data, peer examination where co-
authors acted as critical friends, dense descriptions of the participants and research methods, and a documented audit
trail of the research decisions.

RESULTS: The analysis generated five themes “Athlete involvement”, “Tracking progress”, “Learning and understanding”,
“Decision making”, and “Achieving athletic potential”. Tracking athletes’ progress provides information to improve the
coaches’ understanding of their athletes and lead to more informed and contextualised decisions. The coaches perceive
that athlete monitoring improves their decision-making to drive and adijust the training program while reducing negative
training consequences, such as injury or iliness, which is expected to contribute o athletes achieving their potential. Ath-
lete monitoring is also used as a strategy to keep the athletes more closely engaged with their training process.

CONCLUSION: The in-depth insights gained from this study indicate that athlete monitoring has various important roles for
world-class endurance coaches. For sports scientists, understanding the various purposes and nuances of athlete moni-
toring can assist them in providing suitable information at the right time to the coach, thus impacting the decision process
and athlete’s performance. Future research can explore how world-class coaches use athlete monitoring information to
make decisions to refine the training program for the individual athlete and assess the impact coach background, coach-
athlete relationship, and athlete information availability and presentation have on coaches’ decision-making process and
outcomes.

Braun, V., & Clarke, V. (2022). Thematic Analysis — A Practical Guide. SAGE Publications Ltd.

Sandelowski, M. (2010). What's in a name? Qualitative description revisited. Research in Nursing & Health, 33, 77-84.
https://doi.org/10.1002/nur.20362
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SEX INFLUENCE ON MUSCLE INFLAMMATION AND FUNCTIONAL RECOVERY AFTER RUNNING-INDUCED MUSCLE DAMAGE

MACCHI, R.1,2, KUNIMASA, Y.3, CORCELLE, B.4, FAZZARI, C.1, POMPORTES, L.1, CHAVET, P.1, VERCRUYSSEN, F.5, BENDA-
HAN, D.6, NICOL, C.1

1 AIX-MARSEILLE UNIVERSITY; 2 INSEP: 3 NIIGATA UNIVERSITY; 4 UNIVERSITY OF COTE DAZUR: 5 UNIVERSITY OF TOULON: 6
CNRS

INTRODUCTION: The repeated ground impacts and stretches involved during the active braking phase of a prolonged
running task can induce muscle damage [1]. The resulting inflammatory process leads to functional alterations that peak 1
to 2 days after the exercise. Based on the expected protective effects of oestrogen [2], previous studies have suggested
that women would show lower muscle damage and functional decline than men after eccentric exercise. However, re-
sults after running exercise in humans are lacking. The purpose of this study was to quantify muscle oedema (based on
the cross-sectional area (CSA)) resulting from a 20-km graded running race and to assess the potential relationships with
functional and neural changes.

METHODS: Two experimental groups (13 women (28+6 yrs); 14 men (36+9 yrs)) performed the race. The testing protocol
included one session before (PRE) and two after the race, either on days 1 or 2 (D1-2) and days 3 or 4 (D3-4). This study
included a control group (11 healthy participants, 24+4 yrs) who did not take part in the race and who completed two
sessions. CSA and EMG activity were measured in 10 lower-limb muscles. Two functional tests, a squat jump (SJ) and a
drop jump (DJ), were performed on a sledge ergometer. A Bayesian multilevel modelling approach allowed to assess the
probability (pd) that the changes in participant involved in the race were different from those in the control group. Correla-
tions and a self-organizing map (SOM) were used to assess the relationships between structural, functional and neural
changes.

RESULTS: Men ran faster than women (1:44+0:09 h vs. 1:58+0:15 h, p<0.01). Regardless of sex, VL, SM, GL and TA showed
a CSA increase up to D3-4 (pd=0.99). The SM CSA increase was higher in women than in men at D3-4 (+5.7 %). SJ per-
formance decreased up to D3-4 for both sexes (pd=1). DJ performance decreased for women at DI1-2 only (BD1-2 = -
4.6+1.1 %; pd=0.99), but for men until D3-4 (BD1-2 = -6.1x1.1 %; BD3-4 = -6.2+1.4 %, pd=1). At D1-2, the increased gas-
trocnemius CSA was associated with an increased braking force in women whereas men decreased their lower-limb
stiffness. Other structural-functional relationships were not always intuitive, but the SOM analysis revealed the combined
influence of neural adjustments that did not depend on sex.

CONCLUSION: As previously reported [3], functional recovery is both sex- and test-dependent, and lasts longer in men in
the DJ test. However, challenging the protective oestrogen effect, women showed more signs of inflammation in the SM
muscle. The correlations highlight that structural alterations do not induce similar functional changes as function of sex
and even opposite behaviours in DJ. The SOM analysis illustrates the complexity of neural adjustments related to dynamic
multi-joint tests under fatiguing conditions.
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WHICH FEATURES INFLUENCE MENTAL FATIGUE RESISTANCE? A PRELIMINARY ANALYSIS USING PERFORMANCE DETER-
MINING FACTORS

HABAY, J., ARENALES ARAUZ, Y.L., PROOST, M., DE PAUW, K., MEEUSEN, R., PATTYN, N., VAN CUTSEM, J., ROELANDS, B.
VRUE UNIVERSITEIT BRUSSEL , ROYAL MILITARY ACADEMY , RESEARCH FOUNDATION FLANDERS

INTRODUCTION: Mental fatigue (MF) is known to negatively impact physical and cognitive performance. These effects
seem to diminish based on the training level of participants, essentially creating a resistance to MF. However, not only are
results on this resistance inconsistent across studies, it is still unclear which features might be responsible for it. Therefore,
the goal of the present experiment was to assess the influence of different performance defining features on the MF re-
sponse.

METHODS: Forty nine participants (26 men; 23 women; age = 31+ 9 y; BMI = 22.79 + 2.36 kg/m2 ; VO2Max = 46.92 +
8.03 ml/min/kg) were included in this randomized counterbalanced crossover trial. At familiarization, researchers as-
sessed features of participants that determine both physical and cognitive performance: VO2max (maximal incremental
exercise fest), sport expertise (questionnaire), response inhibition (cognitive task) and mental toughness (questionnaire).
During subsequent visits, participants were either subjected to a 45 min Stroop fask or a documentary before performing
a cognitive (i.e. Go-NoGo task) and physical (i.e. time trial) performance test. The subjective level of MF was determined via
M-VAS.
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RESULTS: Stafistical analysis showed a significant increase over time in subjective MF in the intervention condition (F =
89.25; p < 0.0071; effect size (ES) = 0.65) and a significant increase in the intervention compared to the control condition at
relevant time points (after the Stroop task (MF = 65.6 + 20.3; CON = 28.0 + 20.5): t = 10,37; p < 0.001; ES = 1.48). This sub-
jective increase in MF franslated to a significant negative effect on almost all aspects of cognitive performance (Go reac-
fion time (MF = 385.10 + 32.78 ms; CON = 368.80 + 33.90 ms): t = 5.42; p < 0.001; ES = 0.77; Go accuracy (MF = 98 + 2%;
CON =99 +1%):t =-2.20; p = 0.032; ES = -0.32; NoGo accuracy (MF = 89 +1%; CON =91+ 1%): t = -1.27, p = 0.211; ES = -
0.18). There was no significant effect of MF on the distance parameter of the time trial (MF = 12.07 + 1.56 km; CON =12.34
+ 142 km; t = -1.85; p = 0.071; ES = -0.27). A multiple regression analysis incorporating the mentioned variables provided
no significant prediction of the difference in cognitive and physical performance between the intervention and control
group. Adjusted R square values of the predictions ranged between 0 and 8%.

CONCLUSION: The present study confirms a negative effect of mental fatigue on cognitive performance, while a trend to
significance was found for the effect on physical performance. However, the most novel finding of the trial is that different
aspects that determine an individual's performance level did not significantly predict the response to mental fatigue. The
present analysis therefore primarily shows that the interindividual differences in mental fatigue resistance in the general
population are influenced by an abundance of unknown and, most of the times, neglected internal and external factors.

EFFECTS OF INSPIRATORY MUSCLE FATIGUE ON EXERCISE PERFORMANCE IN YOUNG AND MASTER ATHLETES
MONS, V., LAVIGNE, C., MESTE O., MAUROQY, B., BLAIN, G.M.
UNIVERSITE COTE DAZUR

INTRODUCTION: An increase in ventilatory work and associated respiratory muscle fatigue can compromise exercise
performance by reducing blood flow and accelerating the development of fatigue in working muscles. Old individuals
have a greater work of breathing during exercise, mainly because of reduced lung elastic recoil and/or increased airway
resistance, suggesting that aged athletes (i.e. master athletes) may be especially susceptible to locomotor muscle fatigue
with the increase in respiratory muscle fatigue. We tested this hypothesis by modulating the level of inspiratory muscle
fatigue prior to intense exercise in young and master endurance athletes.

METHODS: Eight young (YA; age, 26.3+4.2 years; VO2MAX, 65.8+4.8 mL.min-1.kg-1) and eight master (MA; age, 64.7+5.3
years; VO2MAX, 48.3+5.8 mL.min-1kg-1) endurance athletes performed, on separate visits, on a cycle ergometer, 1 max-
imal and graded test and 2 constant workload tests at 90% of peak power output fo the limit of tolerance following an
inspiratory resistive breathing task at 60% (CWT60%) or at 2% (CWT2%) of maximal inspiratory pressure (PIMAX) deter-
mined at rest. CWT60% and CWT2% were performed until failure and for 10 minutes, respectively. During the last visit,
participants reproduced CWT2% but exercise was stopped when the same amount of work than CWT60% was reached
(CWT2% ISOWORK). Quadriceps fatigue was assessed via pre- to postexercise (15s to 15min recovery) changes in maximal
voluntary isometric contraction (MViC) and potentiated twitch force evoked by single electrical stimulation of the femoral
nerve (QTsingle). Inspiratory muscle fatigue was assessed via pre- to post resistive breathing task changes in PIMAX.

RESULTS: PIMAX significantly decreased after CWT60% (ACWT60% = -19.3+7.4 cmH20, p=0.002) but not after CWT2%
(ACWT2%= -5.1£7.4 cmH20, p>0.05) indicating inspiratory muscles fatigue prior exercise in CWT60%. Time to exhaustion
significantly decreased in CWT60% (YA: 6.4+3.2 min; MA: 4.9+£3.2 min) compared to CWT2% (YA: 7.7+£2.9 min; MA:
7.9+4.5 min). This reduction in performance was 2.5 times greater (p <0.05) in MA (-35.2+20.1%) vs. YA (-14.3+16.7%).
Despite the difference in exercise performance, reduction in MViC and QTsingle were similar following CWT60% (MVC, YA:
-14.8%, MA: -13.3%; QTsingle, YA: -30.1%, MA: -26.8%) and CWT2% (MVC, YA: -15.7%, MA: -12.5%; QTsingle, YA: -28.8%,
MA: -25.9%). In contrast, fatigue was less following CWT2 ISOWORK (MVC, YA: -9.7%; MA: -9.2%; QTsingle, YA: -23.9%;
MA: -22.2%).

CONCLUSION: These findings suggest that inspiratory muscle fatigue accelerates the development rather than accentu-
ates the severity of locomotor muscle fatigue and impairs exercise performance in endurance trained men. Despite simi-
lar levels of locomotor muscle fatigue, exercise performance impairment was more pronounced in master than in young
athletes. With aging, inspiratory muscle fatigue thus increases the rate of locomotor muscle fatigue development during
exercise.

IMPACT OF SINGLE AND INTERMITTENT/PROLONGED HOT-WATER IMMERSIONS ON SKELETAL MUSCLE FORCE AND
FATIGABILITY IN YOUNG MALES

CHAILLOU, T.1, TREIGYTE, V.2, EIMANTAS, N.2, VENCKUNAS, T.2, BRAZAITIS, M.2

1SCHOOL OF HEALTH SCIENCES, OREBRO UNIVERSITY, OREBRO, SWEDEN: 2 LITHUANIAN SPORTS UNIVERSITY, KAUNAS,
LITHUANIA

INTRODUCTION: Passive heating such as hot-water immersion (HWI) increases rectal (Tre) and muscle (Tmu) tempera-
tures, which could affect central and peripheral factors associated with neuromuscular function, respectively. Although
HWI may influence maximal voluntary force and voluntary activation, as well as involuntary force and fatigue resistance, it
is unknown whether the duration of HWI could have an impact on muscle function. Therefore, the aim of this study was to
investigate the effect of single and intermittent/prolonged HWI on muscle torque, voluntary activation, and muscle fa-
tiguability during electrically induced contractions.

METHODS: Twelve active males (27.2 + 6.6 years old) were recruited for this study, including 2 phases: the phase “single
exposure”, (single phase, SP), followed by the phase “intermittent/prolonged exposure” (intermittent/prolonged phase,
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IPP). Each phase consisted of 2 conditions performed randomly: HWI (44.5 °C water bath up to the iliac crest) or control
sitting (CON). HWI was either continuous for 45 min (SP-HWI) or infermittent/prolonged for 300 min (IPP-HWI: initial 45 min
followed by 8 x 15 min). Tmu (3 cm depth), Trec and physiological strain index (PSI) were determined. Neuromuscular
testing was performed at baseline (BL) and 60 min after BL during SP, and at BL, 60, 90, 150 and 300 min after BL during
IPP. Quadriceps muscle was electrically stimulated during these tests to determine torques at low (20 Hz: P20) and high
(100 Hz: P100) frequencies, and P20/P100 ratio. Maximal voluntary isometric torque of the knee extensors (MVIC) and
central activation ratio (CAR) were also determined. A fatiguing protocol (100 x 250-ms test train stimulation at 100 Hz of
the knee extensors) was performed after the last neuromuscular testing (i.e., after 60 min in SP, and after 300 min in IPP)
and torque fatigue index was calculated.

RESULTS: Compared to BL, similar increases after SP-HWI and IPP-HWI were found for Trec, Tmu and PSI (p<0.001). P20
and P100 were not significantly affected by HWI, while P20/P100 was slightly lower after SP-HWI and IPP-HWI compared to
CON conditions (p<0.05). The reduction of MVIC (compared to BL) was larger after IPP-HWI than SP-HWI (-37.4 + 39.4 Nm
vs. -3.0 + 10.9 Nm, p=0.01), and the reduction of CAR (compared to BL) fended to be higher after IPP-HWI than SP-HWI
(p=0.08). Torque fatigue index was higher in HWI than in CON conditions, irrespective of the duration of HWI (condition
effect, p=0.001).

CONCLUSION: HWI does not affect involuntary force but elicits a shift towards a faster contractile profile (i.e., decreased
P20/P100) independent of the duration of heating. A larger reduction of MVIC (compared to BL) is found after IPP-HWI than
SP-HWI, despite similar increases in Trec, Tmu and PSI. This result might be partly explained by the larger reduction of
voluntary activation (although not significant) found after IPP-HWI than SP-HWI. Finally, HWI increases muscle fatigability
regardless of the duration of exposure.

EFFECTS OF REPEATED CRYOSTIMULATION ON SLEEP QUALITY OF ELITE SWIMMERS DURING AN INTENSE TRAINING
PERIOD.

ARC-CHAGNAUD, C., DUGUE, B., PLA, R., BOUZIGON, R., BOSQUET, L., DUPUY, O.
LABORATOIRE MOVE

INTRODUCTION: Elite athletes and swimmers in particular are subject to intense training (IT) loads many times during their
season. IT may lead to fatigue accumulation, and requires proper recovery to optimize physiological adaptations. Among
the large variety of recovery techniques, cryostimulation appears as an effective tool triggering various beneficial physio-
logical effects for athletes’ recovery. This technique consists in a short exposure (3 min) to very cold air (-110°) and is recog-
nized to induce an improvement of physical and psychological wellness, a decreased inflammatory response, an activa-
tion of the parasympathetic cardiac tone, as well as beneficial effects on sleep, one of the key components of recovery.

This study aimed to evaluate the effects of daily partial body cryostimulation (PBC) exposure on sleep and recovery, in elite
swimmers undergoing an intense training (IT) period.

METHODS: Twenty three elite French swimmers (7 females ; 16 males) were involved in this controlled cross-over protocol.
The experiment took place during two weeks of IT load. Each week (5 days and 5 nights) represented one of the two ex-
perimental conditions: CRYO or CONT. A daily PBC exposure of 3 min at -110° was conducted - or not - during 5 consecu-
tive days after the evening training. During the experiment, perceived anxiety, tiredness and depression, sleep quality (via
actimetry and cerebral recording), and nocturnal heart rate variability (HRV), were evaluated. Salivary collection also per-
mitted the measurement of anti-inflammatory markers. Salivary melatonin and CRP were measured in specimen collected
at10 p.m. and 6 a.m., respectively.

RESULTS: Perceived anxiety, tiredness and depression were reduced after the CRYO week, concomitant with an improved
mood profile. Recordings of cerebral activity during the night highlighted an increased slow wave sleep duration of the
first sleep cycle, during the CRYO condition. The other sleep parameters including total sleep time, sleep latency, efficiency
or movements during the night remained unchanged. Whatever the condition was, salivary melatonin concentrations
were higher before the fifth night of the protocol, whereas the mean C-reactive protein concentrations were lower in the
CRYO week compared to the CONT one. Moreover, sleep analysis differed between good and bad sleepers. Nocturnal
LF/HF ratio was higher in bad sleepers compared to good sleepers, whatever the condition was, suggesting a lower
parasympathetic activity in swimmers subjected to lower sleep quality.

CONCLUSION: Repeated cryostimulation exposures during one week of IT improved perceived wellness of elite swim-
mers. It reduced inflammation and modulated sleep architecture by increasing SWS duration. Nocturnal HRV exhibited
distinct patterns among swimmers depending on their sleep quality.

EXPLORING THE NEUROPHYSIOLOGICAL IMPACT OF MENTAL FATIGUE ON STRENGTH ENDURANCE: UNCOVERING THE
ROLE OF MOVEMENT-RELATED CORTICAL POTENTIALS

PROOST, M.1, HABAY, J.1,2,3, DE WACHTER, J.1, DE PAUW, K.1,4, MARUSIC, U.5, MEEUSEN, R.1,4, DE BOCK, S.1,4, ROE-
LANDS, B.1,4, VAN CUTSEM, J.1,2

1 VRUE UNIVERSITEIT BRUSSEL, BELGIUM 2 ROYAL MILITARY ACADEMY, BELGIUM 3 RESEARCH FOUNDATION FLANDERS
(FWO), BELGIUM 4 ALMA MATER EUROPAEA-ECM, SLOVENIA

INTRODUCTION: Mental fatigue has become a significant area of focus within sports science due to its potential to de-
crease cognitive and physical performance. This psychobiological state has been shown to reduce accuracy, increase
response time, and impair several physical performances, primarily endurance performances such as running and cy-
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cling, mostly by increasing the ratings of perceived effort (RPE) without affecting physiological measures. The processing of
neural signals in the brain is affected by mental fatigue, potentially providing further clues to unravel the link between
mental fatigue and RPE. This study aimed to investigate whether performing a submaximal endurance leg extension task
in a mentally fatigued state would lead to higher RPE than in a non-mentally fatigued state, and if so, whether the central
motor command would be increased and reflected as an increased movement-related cortical potential-amplitude
measured with electroencephalography (EEG).

METHODS: Fourteen healthy subjects (age: 23 + 2 y, 5 females, 9 males) came to our lab for one familiarization trial and
two experimental trials in this randomized, blinded, cross-over study. Participants had to complete a submaximal leg
extension task after a mentally fatiguing task (an individualized 60 minutes Stroop task) or control task (documentary). The
leg extension task consisted of performing 100 extensions at 35% of their IRM, during which multiple physiological (heart
rate, EEG, RPE) and psychological measures (MF, cognitive load, motivation) were assessed. These variables were also
assessed throughout the rest of the protocol.

RESULTS: The subijective level of mental fatigue, measured by the M-VAS, was significantly higher in the intervention trials
(71.71 + 17.65 after intervention) compared to the control trial (36.64 + 16.57) (p<0.001). Behaviourally, a decrease in accu-
racy on the Flanker task was detected in the intervention trial (from 0.96 + 0.03 to 0.94 + 0.03) (p<0.05). During the leg
extension task, RPE was slightly higher in the mental fatigue trial than in the control group. Preliminary results of the
movement-related cortical potential show no significant differences in amplitudes between both conditions. However,
there seem to be individual differences between participants.

CONCLUSION: These results imply that mental fatigue was successfully induced. Preliminary results show that, depending
on the individual response to mental fatigue, the amplitude of the movement-related cortical potential might be affected
where the first analyses show an elevated or non-affected amplitude. This would support the hypothesis that mental
fatigue plays a role in the processing of neural signals in the brain and, as such, affects the performance of an athlete.
Further research regarding the individual response to mental fatigue while measuring brain activity is required.
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IPSI- AND CONTRALATERAL EFFECTS OF AN ACUTE BOUT OF LOCAL TENDON VIBRATION ON BILATERAL H-REFLEX EXCIT-
ABILITY

LAUBER, B., TAUBE, W., GOLLHOFER, A.
UNIVERSITY OF FRIBOURG

INTRODUCTION: Vibration via external devices has been frequently used as a training modality for improving athletes’
performance and in rehabilitation. Tools providing local vibration (LV) have seen a recent trend in recreational use and
physiological and clinical research identifying potential applications. The acute effects of a unilaterally LV on spinal excita-
bility assessed by H-reflexes have only been investigated in the ipsilateral limb. However, there is evidence suggesting a
bilateral change in performance after unilateral LV. Thus, it is important o understand the neurophysiology behind bilat-
eral effects of unilateral LV.

METHODS: In 14 subjects (30 + 5y, 7 females), bilateral soleus H-reflex excitability was tested before and after 20min of
unilateral Achilles tendon LV at 45Hz. Initially, an H/M recruitment curve was measured followed by two baseline H-reflex
measurements. Before the first H-reflex test, H-reflex amplitude was adjusted to 20% of Mmax. Then, 20 H-reflexes were
applied. This was followed by 20min unilateral Achilles tendon vibration to either the left or right leg. Immediately after
(Omin), 5min, 10min and 15min, H-reflex recordings were repeated in both legs in a counterbalanced order. For analyses,
peak to peak H-reflex amplitudes were normalized to Mmax and a repeated measures Anova was performed.

RESULTS: The results show that unilateral Achilles tendon vibration causes a significant suppression of the ipsilateral H-
reflexes (p < 0.0001). Post-hoc test showed that H-reflex were significantly suppressed at Omin (p = 0.0004), 5min (p =
0.0006), 10min (p = 0.0007) as well as 15min (p = 0.0009). For the contralateral side, H-reflexes were significantly reduced
(p = 0.0002), too. Post-hoc tests showed that H-reflexes were significantly suppressed at Omin (p = 0.03), 5min (p = 0.03),
10min (p = 0.01) as well as 15min (p = 0.008).

CONCLUSION: The present study shows that 20min of local unilateral Achilles tendon vibration resulted in a significant
reduction of the H-reflex not only in the vibrated ipsilateral, but also the non-vibrated contralateral limb. Even though
speculative, the reduced H-reflexes in both limbs might be caused by an increase in bilateral inhibition either caused at
the spinal or supraspinal level. For the first time, we have shown immediate bilateral neurophysiological adaptations to
LV. These bilateral neural adaptations may be — at least partly — be responsible for the bilateral changes in performance
after unilateral LV.
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IMPAIRED NEUROMUSCULAR JUNCTION TRANSMISSION AND MOTOR UNITS LOSS PRECEDE SARCOPENIA AND CON-
TRIBUTE TO THE LOSS OF MUSCLE FUNCTION IN OLD AGE

SARTO, F., PAGANINI, M., VALLI, G., SIRAGO, G., MORO, T., GOLDIN, E., PAOLI, A., DE VITO, G., STASHUK, D., FRANCHI, M.V.,
NARICI, M.V.

UNIVERSITY OF PADOVA

INTRODUCTION: Mounting evidence suggests that motoneuron and neuromuscular junction (NMJ) degeneration and
motor units (MUs) loss contribute to muscle wasting and weakness in old age. However, these aspects are still poorly
investigated in humans. This study aimed at comparing the neuromuscular system integrity and function across different
stages of sarcopenia, with particular focus on NMJ and MU potential (MUP) characteristics.

METHODS: We recruited 42 healthy young individuals (Yl) (aged 25.8+4.6 yr; 57% females) and 88 older individuals (aged
75.9+4.7 yr; 55% females). The older group underwent a sarcopenia screening according to the revised guidelines of the
European Working Group on Sarcopenia in Older People (EWGSOP?2), including the handgrip test, the Short Physical Per-
formance Battery (SPPB) and a whole-body dual-energy X-ray absorptiometry (DEXA) scan. In all groups, knee extensors
muscle force was evaluated by isometric dynamometry, muscle contractile properties by femoral nerve stimulation, mor-
phology by ultrasound and MUP properties by intramuscular electromyography (EMG). Motor unit number estimate
(IMUNE) was also obtained.

RESULTS: From these evaluations, 39 older individuals were classified as non-sarcopenic, 31 as pre-sarcopenic and 18 as
sarcopenic (SAR). Progressive reductions in whole quadriceps cross-sectional area (p<0.001) and appendicular lean mass
(p<0.001) were observed across the different stages of sarcopenia. The three groups of older adults showed alterations in
muscle architecture when compared to VI, evident as smaller vastus lateralis pennation angle (p<0.001) and increased
ultrasound sarcopenia index (p<0.001). As expected, knee extensors force (p<0.001), handgrip force (p<0.001), chair-to-
stand power (p<0.001) and SPPB score (p=0.01) were also progressively impaired. Muscle twitch peak tension was signifi-
cantly reduced (p<0.001) in the older populations, as well as an increased half relaxation time (+19%, p=0.049) in SAR vs
Yl. Investigating potential neuromuscular mechanisms underpinning these alterations in muscle function and physical
performance, we observed decreased NMJ transmission in older groups compared to Yl, as suggested by elevated near
fibre segment jitter (p<0.001). Interestingly, IEMG analysis revealed also reduced MU firing rates in SAR vs Yl (-15%,
p=0.009). The iIMUNE was significantly lower (p<0.001] in the older groups, highlighting an age-related MUs loss.

CONCLUSION: We posit that impaired NMJ transmission and MUs loss likely contribute to the marked loss of muscle
function in old age and that these alterations precede sarcopenia. The reduced MU firing rates in sarcopenic individuals
may represent an adjustment to match the change in muscle mechanical properties (i.e. increased relaxation time), caus-
ing a left shift of the force-frequency curve, partly mitigating the force loss.

FUNDING: The present work was funded by the PRIN project ‘NeuAge’ (2017CBF8NJ_001).

ON THE MODULATION OF HOFFMANN'’S REFLEX FROM SEATED TO UPRIGHT STANDING ACROSS LIFESPAN

THEODOSIADOU, A.1, FABRE, M.2, PAPAVASILEIOU, A.3, SAHINIS, C.3, LAPOLE, T.2, PATIKAS, D.A.3, AMIRIDIS, I.3, BAUDRY,
s.1

TUNIVERSITE LIBRE DE BRUXELLES, LABNEURO, BRUSSELS, 2.UNIVERSITE SAVOIE MONT-BLANC, LIBM, SAINT-ETIENNE

3 ARISTOTLE UNIVERSITY OF THESSALONIKI, SERRES, GREECE

INTRODUCTION: Upright standing involves specific neural modulation, which may be manifested by a decrease in the
amplitude of the Hoffmann’s reflex (H reflex) in the soleus muscle during upright compared with seated position (1,2). A
greater decrease in H-reflex amplitude in upright standing was observed in old compared with young people, suggesting
an age-related reorganization of postural control with a decrease reliance on proprioceptive inputs in favor of visual in-
puts and greater leg muscle coactivation (3). However, other factors could contribute to such a modulation as maximal
plantar flexion strength and physical activity level. The aim of this work was therefore to investigate the posture-related
modulation of H reflex across lifespan by a multiple regression analysis including physiological and behavioral factors.

METHODS: Fifty-one participants aged from 21-86 yrs stood upright with eyes open (EO) and closed (EC) on a force plat-
form to measure the path length of the center of pressure (CoP). The soleus H-reflex was recorded in seated (H-seat) and
upright (H-stand) posture. The contribution of visual inputs in postural control was assessed by the ratio EC/EO. Local
vibration (Vib, 60 Hz) was also applied on the Achilles tendons with eyes closed to assess the contribution of propriocep-
tive inputs in postural control through the ratio Vib/EC. Multiple regression analysis was conducted with EC/EO ratio,
Vib/EC ratio, EO, age, maximal plantar flexion force, ankle plantar flexors/dorsiflexors electromyographic ratio and the
level of physical activity as independent variables, and H-stand/H-seat ratio as the dependent variable.

RESULTS: The fitted regression model was: H-stand/H-seat = 0.1+(-.143* Vib/EC) + (.712* EC/EO) +(.001*EQ). The overall

regression was statistically significant [R2 = 0.37, F(3, 42) = 9.7, p<0.001. It was found that EC/EO ratio (B = 0.49, p<0.001)
and EO (B = 0.39, p = 0.007) significantly predicted H-stand/H-seat ratio, while Vib/EC did not (B = -0.28, p = 0.06).

CONCLUSION: The results suggest that H-stand/H-seat modulation could reflect the central processing of the propriocep-
tive signal during upright standing by a lower ratio associated with greater processing of proprioceptive signal. Important-
ly, the data highlight that age may not be the primary driver of H-stand/H-seat modulation.
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RETICULOSPINAL TRACT FUNCTION IN TRAINED AND UNTRAINED INDIVIDUALS; A CROSS-SECTIONAL ANALYSIS
ATKINSON, E., GOODALL, S., HOWATSON, G., ANSDELL, P., SKARABOT, J., THOMAS, K.
NORTHUMBRIA UNIVERSITY

INTRODUCTION: Non-human primate research has highlighted the reticulospinal tract (RST) as a likely site of adaptation
following resistance training (Glover & Baker, 2020), however, such observations have yet fo be demonstrated in humans.

METHODS: This study examined differences in human RST function between untrained and resistance trained individuals.

Methods. Fourteen resistance trained (age: 26 + 5 years, training age: 5 = 3 years) and eleven untrained (age: 27 + 5
years) males and females were recruited. RST function was indirectly inferred from responses to cervico-medullary stimu-
lations (CMEPp) and transcranial magnetic stimulations (MEPp), paired with a conditioning startling auditory stimulation of
> 110 dB, either 80 ms (CMEPp) or 50 ms (MEPp) apart (Furubayashi et al., 2000). The conditioned responses were ex-
pressed as a percentage of the unconditioned response. Following a maximal voluntary contraction (MVC) of their biceps
(frained vs untrained: 304 + 40 N vs, 254 + 56 N; p = 0.016) and triceps (251 + 37 N vs. 209 + 40 N; p = 0.012) muscles,
evoked responses were recorded at 20% of MVC with surface electromyography. The StartReact protocol, which assesses
reaction times in response to visual (VRT), auditory (ART), and startling auditory stimuli (SRT), was employed for both muscle
groups (Baker & Perez, 2017). RST gain, an index of RST function, was quantified as the difference in VRT and SRT with
respect fo the difference in VRT and ART.

RESULTS: No differences were found in the degree of the biceps CMEPp facilitation (162 + 27 vs. 147 = 23 %; p = 0.317) or
MEPp inhibition (77 + 14 vs. 75 £ 17 %; p = 0.692). Similar results were also seen in the triceps for both CMEPp (249 + 76 vs.
21 + 24 %; p = 0.291) and TMSp (79 £ 12 vs. 82 = 17 %; p = 0.669) responses. For StartReact, trained participants had a
faster bicep reaction time during the auditory condition (128 + 24 vs. 150 + 21 ms; p = 0.029), but no differences were
observed in the triceps (131 + 26 vs. 149 + 29 ms; p = 0.106). For the startle condition there was a faster reaction time in the
triceps of trained participants (104 = 20 vs. 124 = 22 ms; p = 0.031), but not biceps (104 + 16 vs. 117 £ 18 ms; p = 0.066).
VRT, RST gain, and startle-auditory reaction time were similar between trained and untrained groups for both muscles (p
range from 0.09 to 0.89).

CONCLUSION: Resistance trained individuals displayed faster reaction times to a startling auditory stimulus, but the ab-
sence of difference between the majority of the outcome measures studied suggest RST function is similar in untrained,
and chronically resistance trained individuals.
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ACUTE CONTRALATERAL EFFECTS OF ECCENTRIC AND CONCENTRIC RESISTANCE EXERCISE ON THE NEUROMUSCULAR
FUNCTION OF THE ELBOW FLEXORS IN HEALTHY INDIVIDUALS

VALDES, O., REHBEIN, C., NUNEZ, O., CHALCHAT, E., SIRACUSA, J., GARCIA-VINCENCIO, S., THOMAS-JUNIUS, C., CHENNAQUI,
M., MARTIN, V., PENAILILLO, L.

UNIVERSIDAD ANDRES BELLO

INTRODUCTION:  Contralateral concentric and eccentric resistance training have shown differential limb-to-limb cross-
transference of muscle strength and corticospinal excitability in the non-trained homologous muscle. However, the un-
derpinning mechanisms of the transference of force-related outcomes are unclear. It is possible that acute contralateral
neuromuscular responses following concentric (CONC) and eccentric (ECC) resistance exercise bout could be differently
modulated at corticospinal and muscular levels. We compared the acute effects on the neuromuscular function at cortico-
spinal and muscular levels of the non-exercised contralateral elbow flexor muscles after a CONC and ECC resistance
exercise bout.

METHODS: 30 healthy young men (CONC=24.3 years; ECC=25.5 years) were randomly allocated into CONC (n=15) or ECC
(n=15) groups. Both groups performed a control (CTRL) session condition one week prior to the experimental intervention to
determine the reliability of measurements and to determine the changes in ECC and CONC in relationship to CTRL in all
dependent variables. The resistance exercise consisted of one bout of five sets of 10 repetitions at 80% of the concentric or
eccentric 1-Repetition Maximum. Biceps brachii (BB) muscle surface electromyogram (EMGRMS) was recorded during
training. Maximal voluntary isometric contraction (MVIC) forque and EMGRMS of BB muscle from the non-exercised and
exercised arm were assessed before and after training. Peripheral nerve stimulation (PNS) and single-pulse transcranial
magnetic stimulation (TMS) mechanical (i.e., torque) and electrical responses li.e., EMG) were measured in the non-
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exercised elbow flexor muscles. All measurements were taken before and 30 min after in CTRL, and before and immedi-
ately after CONC and ECC. Furthermore, the NASA-TLX questionnaire was applied after CONC and ECC to assess the
mental-physical demand of the exercise. Two-way repeated measures analysis of variance (RM-ANOVA) was used to
compare groups and times.

RESULTS: The reliability for all dependent variables were good to excellent (ICC=0.75-20.90). All variables remained un-
changed in CTRL, CONC, and ECC conditions (group x time effect; P>0.05). ECC showed a greater total training volume
than CONC (20.7%, P=0.01). CONC and ECC decreased the elbow flexors MVIC torque (-21.7%, P<0.001; -34.29%, P<0.00],
respectively) and BB EMGRMS (-20.1%, P<0.001; -13.8%, P<0.001, respectively) after exercise, similarly (P=0.06 and P=0.84,
respectively). Both groups evoked similar (P=0.17) BB EMGRMS activity in the contralateral no-exercised arm during training
and imposed similar (P=0.81) mental-physical demands affter exercise. No group x time effect (P>0.05) was found be-
tween CONC and ECC for MVIC, BB EMGRMS, PNS, and TMS mechanical and electrical responses after exercise.

CONCLUSION: We suggest that acute corticospinal excitability after a single bout of unilateral resistance exercise is not
related to contralateral adaptions shown following CONC and ECC training.
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IMPACT OF SPRINT MECHANICAL PARAMETERS ON ELITE JUNIOR TENNIS PERFORMANCE
VOLK, N.R., VUONG, J.L., FERRAUTI, A.
RUHR UNIVERSITY BOCHUM

INTRODUCTION: Movement speed is considered essential for success in many team and racket sports. However, only
split times have been used, compromising information about how two players might achieve a given split time during a
linear sprint (LS). Therefore, this study aimed to correlate sprint mechanical parameters (SMP) of a 20m LS test obtained
with a motorized resistance device (MRD) o the current gender-specific tennis ranking position in tennis (RP).

METHODS: 107 male and 86 female elite junior tennis players nationally ranked in the German Tennis Federation between
10 and 18 years participated in the study. The players original rankings on the overall list were revised so that the top-
ranked player was placed first and the lowest-ranked player last. According to their age at peak height velocity (PHV),
players were divided into pre-PHV, circa-PHV, and post-PHV groups. Players performed two maximal 20m sprints on an
indoor tennis hard court. SMP, like maximal theoretical force (FO; N/kg), and maximal theoretical velocity (vO; m/s), maxi-
mal power (Pmax; W/kg), were derived from instantaneous time-velocity data measured with 333Hz. SMP of the LS were
partially correlated with the current RP in the overall national ranking by controlling for biological maturation.

RESULTS: Low to moderate correlations (rs=-0.1 - -0.3) were found between SMP and the RP in all male and female age
groups. However, separated by gender, low significant correlations between SMP and RP were found in females (rsv0 = -
0.33; rsPmax = -0.31; rsRFmax = -0.22), whereas none were found in males. All linear SMP improved over maturation for
both genders. After the PHV, FO values improve to a lesser amount compared to v0. Regarding sprinting performance,
Pmax showed the highest correlation of all SMP to 20m split time in both males (r=-0.77) and females (r=-0.86). Addition-
ally, the correlations of FO are the strongest for short distances, while correlation values for v0 increase for longer sprint
distances.

CONCLUSION: Sprint mechanical parameters have overall a low to moderate relevance for tennis performance which can
be explained by the dimensions and high demands of technical and tactical skills. The importance of LS seems to be more
pronounced in girls compared to males, most likely due to different playing styles. The relevance of physical aftributes
might hence be elevated in female junior tennis. Male and female players develop a more velocity-oriented F-v-Profile
over maturation, which is mainly responsible for the increase in Pmax. Since improvements of FO are diminished com-
pared to v0, especially after PHV, training should be tailored to the development of force production at low velocities. It is
reasonable to assume that such training emphasis could further increase performance given the usually short distances
during match play.

DEVELOPMENT OF UPPER AND LOWER EXTREMITY FUNCTIONAL ASYMMETRIES IN MALE AND FEMALE ELITE YOUTH
TENNIS PLAYERS: A LONGITUDINAL STUDY

CHAPELLE, L.1, D’HONDT, J.1, BISHOP, D.2, ROMMERS, N.1, D’HONDT, E.1, CLARYS, P.1

1 DEPARTMENT OF MOVEMENT AND SPORT SCIENCES, VRUE UNIVERSITEIT BRUSSEL; 2 LONDON SPORT INSTITUTE, MIDDLE-
SEX UNIVERSITY

INTRODUCTION: Functional asymmetries are defined as side-to-side differences in physical performance (e.g., regarding
strength, power and agility) between both upper or lower extremities. Although every individual naturally develops a
certain magnitude of functional asymmetry, systematically performing a predominantly unilateral sport fi.e., such as ten-
nis) may increase the already present inter-limb differences. Previous research has shown that functional asymmetries
have been reported to increase injury risk whilst decreasing sports performance. Nevertheless, longitudinal studies exam-
ining how the magnitude of functional asymmetry and its consistency in directionality develops according to chronological
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age are currently lacking. Therefore, this three-year longitudinal study aimed to examine the development of upper and
lower extremity functional performance values, together with asymmetry magnitudes and directionality.

METHODS: Dominant (i.e., the best overall result of a performance test independent of extremity) and non-dominant phys-
ical performance values (i.e., the best result of the same performance test of the same extremity on the other body side)
were determined yearly (i.e., and up to 3 years) using unilateral strength, power, speed and agility tests in 53 male and 37
female elite youth tennis players aged 8 - 17 years. For each test occasion, functional asymmetry magnitude percentages
were calculated using the percentage difference method. Using R version 4.2.2, linear mixed effect models examined the
development of performance values according to chronological age, performance dominance and sex. Similarly, the
development of functional asymmetry magnitudes was examined according to players’ chronological age and sex. Kap-
pa coefficients (k examined the consistency in directionality (i.e., which extremity performed dominantly across test occa-
sions).

RESULTS: Regardless of sex, the dominant and non-dominant performance values of every test significantly (p < 0.05)
improved according to chronological age. No sex differences were apparent except for strength and power related fests,
with male players performing significantly better compared to female players. Functional asymmetry magnitudes ranged
from 2.5 % 1o 14.6 % and did not significantly change with increasing chronological age fi.e., range = -0.3 % to 0.2 % per
year). The dominant upper extremity (i.e., which holds the racket) consistently displayed the dominant performance value
li.e., k-value = 1.00) across test occasions, which was not the case for the lower extremity (i.e., k-value range = -0.28 to
0.31).

CONCLUSION:  The functional asymmetry magnitudes, showing a high amount of direction-specificity and variation in
individual developmental patterns, did not change significantly according to chronological age over a 3-year period. It is,
therefore, uncertain whether aiming for a reduction in asymmetry magnitude is favourable.

APPLICATION OF VIDEO ANALYSIS TO THE MEASUREMENT OF REACTION TIME IN HIGH-LEVEL TENNIS COMPETITION
ANNINO, G., BONAIUTO, V., CAMPOLI, F., CAPRIOLI, L., EDRISS, S., PADUA, E., PANICHI, E., ROMAGNOLI, C.
TOR VERGATA UNIVERSITY OF ROME

INTRODUCTION: 2D Video analysis is often used in tennis to analyze the technique of players movements or issues relat-
ed to game factics. In modern tennis, many physical and mental abilities are involved in the performance of high-level
athletes, who are called upon to solve complex motor problems in a short time through sprints and explosive actions
often performed in precarious balancelll. Indeed, by the tennis players performance model, it appears as various coordi-
native and perceptive kinetic abilities, such as reaction, anticipation, and transformation, play a fundamental rolel2](3]. In
this paper is applied video analysis to measure and evaluate the reaction time (RT) in tennis matches. The data shows the
RT analysis of some professional players made during the ATP Challenger “Castel del Monte” tournament in November
2022.

METHODS: The analysis was carried out using the soffware BIOMOVIE ERGO on video 240 Hz, filmed by a WOLFGANG
Action Camera placed behind the center court. For the measurement of RT, the time between the impact of the opposing
player and the first movement of the examined player was measured (the first movement coincides with the rotation of the
shoulder line in the direction of movement or of the foot descending from the split-step or with a countermovement of the
contralateral leg). Sixteen subjects were examined (25.88 + 4.77 years old, weight 79.13 + 5.67 kg, height 184.40 + 5.30
cm, BMI 23.26 + 1.19) all with an ATP ranking between the #130 position and the #1066 position updated on the day of the
sampling.

RESULTS: The average reaction time was 0.249 + 0.07 s, with a correlation to the level of play as tennis players with an
ATP ranking between #130 and #400 had a mean RT of 0.246 + 0.07 s, and subjects with a ranking between #400 and
#1066 a mean RT of 0.251 + 0.07 s. The longest reaction times were recorded on the first shot after the serve on average
0.282 + 0.05 s, while the shortest in defensive situations when the opponent was attacking or playing a volley and the
player examined anticipated the movement by starting the run even before the opponents shot sometimes. The average
RT recorded in this case is 0.083 + 0.18 s. In the service response phase, on the other hand, it approaches the general
average value with 0.245 = 0.03 s.

CONCLUSION: The RT of high-level tennis players are very short, sometimes less than 120 ms, especially in defensive
actions when the player often starts before the opponents attacking stroke. This prompts us to consider the importance of
kinetic perceptual skills such as reaction speed and anticipation in tennis training.

1. L.P. Matveev, Fundamentals of sport training, Fis, Moscal977;

2. Fox, Edward L., Richard W. Bowers, and Merle L. Foss. The physiological basis for exercise and sport. No. Ed. 5. Brown &
Benchmark, 1993,

3. Richard Shonborn, Advanced Techniques for Competitive Tennis, Meyer & Meyer, 1998
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COMPARISON OF ANTHROPOMETRIC, PHYSICAL PERFORMANCE AND MOTOR ABILITY AMONG SELECTED AND NON-
SELECTED JUNIOR BADMINTON PLAYER IN MALAYSIA.

TENGKU KAMALDEN, T.F., NORJALI WAZIR, M.R.W., PION, J.
UNVERSITI PUTRA MALAYSIA

INTRODUCTION: The purpose of this study is to determine the level of anthropometric, physical performance and motor
ability among Malaysian junior badminton players. This study is a cross sectional study aiming at benchmarking the 30
best adolescent players in Malaysia.

METHODS: A sample of 135 Male players and 103 Female players between the age of 12 years to 14 years were measured
with two anthropometric tests i.e., standing height and body weight. While the physical performance and motor ability
tests consist of 18 tests (sit & reach, handgrip, shoulder rotation, sit up, knee push up, standing broad jump, counter
movement jump, shuttle run, 30m sprint, beep test, jumping sideway, moving sideways, walking backward, eye hand
coordination, shuttlecock throw and plate tapping). Data were analysed using descriptive analysis and Independent T-
Test to define the differences between selected and non-selected players.

RESULTS: The findings of the study showed that there were significant differences in every age group and gender. Male
players aged 12 years old showed significant differences in standing broad jump (p=0.01,t=-2.69), beep test (p=0.04,t=-
2.06) and moving sideways (p=0.01,t=-3.02) between the selected and non-selected players, while only standing height
show significant differences for 13 years old male players (p=0.03,t=2.13). There were significant differences among the 14
years old male players for sit up (p=0.01,t=-3.69), counter movement jump (p=0.02,t=0.21) and plate tapping (p=0.02,t=-
2.56). Meanwhile, among the female players, the 12 years old show significant differences between the selected and non-
selected in sit & reach (p=0.03,t=-2.16), shuttle run (p=0.01,t=4.24), standing broad jump (p=0.01,t=-4.27), moving side-
ways (p=0.01,t=-2.53), plate tapping (p=0.05,t=-2.03) and standing height (p=0.03,1=-2.16). As for the Female players
aged 13 years old, significant differences were shown in shuttle run (p=0.01,t=2.75), sit up (p=0.01,t=-3.64) and standing
height (p=0.04,t=-2.18). The female player age 14 years old showed significant differences in sit up (0.01,t=-4.91), eye hand
coordination (p=0.04,t=-2.19), shuttle throw (p=0.01,t=3.07) and plate tapping (p=0.01,t=-4.27) between the selected and
non-selected players.

CONCLUSION: This study attempted to explore the importance of anthropometric, physical performance and motor ability

in the selection process for the Malaysian elite sport school. The results displayed the different profiles of young elite bad-
minton players between age group and between gender regarding their performances.

Oral presentations

IS-EXO01 ACSM-ECSS exchange: Contemporary Approaches to Sport Injury Rehabilitation — “Imparting Creativity
and Ingenuity to Push Against the Accepted Norms”

INJURY PREVENTION DOES NOT WORK

VERHAGEN, E.
VU UNIVERSITY MEDICAL CENTER

Although evidence suggests that sport and recreational physical activity has significant health benefits, associated injuries
have substantial adverse short- and long-term side effects. With the current focus on increasing physical activity and
sports, injuries will become an increasingly important contributor to ever-rising societal health care costs. Action, as such,
is needed. The scientific literature contains a wealth of evidence on efficacious interventions to reduce the number and the
direct and indirect burden of injuries. Evidence has been gathered for various injuries, employing different preventive
measures, and across multiple sports. One would expect a reduction in the number of injuries based on this work. The
opposite is true, however. An increase in the annual number of injuries is sfill seen over the last ten or so years. While this
increase is in line with an increase in the number of active sports parficipants, the actual injury incidence rate - as a
measure of injury risk - has also increased. The above highlights that we know less than we actually may believe. In this
lecture | will explore the available preventive evidence and focus on the reach and breadth of what we actually know. | will
link this fo contemporary issues in sports injury prevention, and highlight potential future directions towards making signif-
icant impact by preventive injury in sports.

DE-ICED: WEANING SPORTS HEALTH CARE PROFESSIONALS OFF THEIR DEPENDENCY ON REST-ICE-COMPRESSION 2023
AND BEYOND!

KAMINSKI, T.
UNIVERSITY OF DELAWARE

The use of ICE has been a cornerstone in the treatment of athletic injuries for decades. Unfortunately, there is a lack of
persuasive evidence to support ifs use. As we embark on a new decade and the practice of athletic training & sports
health care continues to evolve, more and more clinicians (especially those in the younger generation) are beginning to
question this long-standing freatment. In light of this, athletic trainers and other sports health care professionals need to
gain a better understanding of the physiological effects of cryotherapy, especially in the acute setting, as well as establish
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a better understanding for the importance of assisting the lymphatic system by enhancing the inflammatory response to
injury. While some may consider such a topic counterintuitive to well-established clinical practice, the importance of be-
ginning such dialogue and allowing for useful and productive dialogue is critical in moving the art and science of athletic
training forward into the future.

Oral presentations

OP-BMO06 Balance and posture

SPORT DEPENDENT EFFECTS ON THE MULTISENSORY BALANCE INTEGRATION DURING UPRIGHT POSTURE: A COMPARI-
SON BETWEEN PROFESSIONAL HORSEBACK RIDERS, JUDOKAS AND NON-ATHLETES.

VISEU, J., YIOU, E., MORIN, P.O., OLIVIER, A.
UNIVERSITE PARIS SACLAY

INTRODUCTION: It is well-known that postural stability is improved with intensive sport practice (1). The contribution of
sensory inputs to balance control also changes, with athletes relying less on vision and more on somesthetic inputs than
non-athletes (NA) (2). It is however noteworthy that, in the literature, balance performance and sensory processing are
investigated in athletes practising a sport in the standing posture (e.g. judo, soccer etc.). The present study hypothesised
that high-level (HL) athletes practicing a sport in the sitting posture (horseback riding) develop specific balance and senso-
ry adaptations.

METHODS: Thirty-four HL judokas (JU), 27 HL horseback riders (HR) and 21 NA participated in the experiment. They stood
upright on a stabilometric platform (static condition) or on a seesaw device with a mediolateral (ML) or anteroposterior (AP)
instability (dynamic conditions). These stability conditions were carried out with eyes opened (EO) or closed (EC). Experi-
mental variables included linear (mean center-of-pressure (CP) velocity (VCP), standard deviation of CP shift along ML (SDX)
and AP (SDY) direction) and non-linear parameters (SampEnX and SampEnY, corresponding to ML and AP sample entropy,
respectively; these variables reflect the attentional cost of balance, (3)).

RESULTS: VCP was significantly lower in both HL groups than in NA under all stability conditions (p<0.05), while SDY was
lower in HR than in JU under static and AP dynamic condition (p<0.01). In EO, VCP was lower in HR than in both JU and NA
under dynamic conditions (p<0.001). In EC, VCP was lower in JU than in HR and NA under dynamic conditions (p<0.05).
Finally, SampEnX was higher in HR than in JU under static condition (p<0.05), while SampEnY was higher in HR than in JU
under both static and ML dynamic condition (p<0.01).

CONCLUSION: As expected, JU and HR had a better stability than NA under all stability conditions. More originally, results
showed that HR relied more on vision to control balance. In addition, entropy variables revealed that JU devoted more
atftention to control balance than HR. These results suggest that the sensory contribution and attentional cost of balance is
sport-dependent, and may depend on the posture adopted by athletes during their practice. These results open up new
knowledge on the specificity of balance control in sports and may be useful to select relevant stabilometric variables for
the follow-up of HL athletes.

1) Paillard T., Front Psychol., 2019
2) Olivier A. et al., Plos One, 2019
3) Isableu B. et al., Front Hum Neurosci., 2017

ASSESSMENT OF VISUAL SENSORY REWEIGHTING IN STANDING BALANCE USING VIRTUAL REALITY

ASSLANDER, L., ALBRECHT, M., MISSEN, K.J., CARPENTER, M.G., STREUBER, S., GRUBER, M.
UNIVERSITAT KONSTANZ

INTRODUCTION: Sensory contributions to the control of human balance is of particular interest in sport-, clinical- and
basic-science. Often, proxy measures, such as visual field dependence using the rod-and-frame test, or spontaneous
sway measures in different stance conditions are used. None of these measures, however, represent a valid measure of
sensory contributions in standing balance. For example, a sense of instability when closing the eyes can lead to co-
contraction, which can reduce spontaneous sway amplitudes. At the same time, vestibular and proprioceptive contribu-
tions increase when closing the eyes, which changes overall sensory noise properties. These and more factors affect
spontaneous sway. Therefore, it is not possible to make inferences on these different factors from spontaneous sway
measures alone.

Reliable assessments of sensory contributions can be achieved by inducing controlled perturbations on one system, e.g.
by moving the visual scene. As the scene is used as a sensory reference, its movement evokes sway. The sway amplitude
depends on the stimulus amplitude and on the extent the visual system contributes to balance. Taking into account the
feedback nature of the balance control mechanism, as well as basic assumptions on neural properties and biomechan-
ics, the contribution of the visual system in a given situation can be validly assessed.

The methods are well described in the literature. However, the implementation is difficult due to the required equipment
(motorized visual scene with high precision) and the required numerical methods.
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METHODS: In this study, we tested, whether sway responses to moving scene perturbations realized using a virtual reality
(VR) head-mounted display (HMD) are comparable o responses using a motorized real-world scene. Furthermore, we
tested the feasibility of standardized implementations of a parameter estimation routine and the reliability of the obtained
measures.

Body sway of fourteen subjects wearing a VR-HMD and VR motion trackers was measured, while moving a virtual screen
which covered the subjects’ field of view. The setup mimicked a published real-world experiment conducted by Peterka
(2002), using 10x60.5-s long screen movement sequences.

RESULTS: We statistically compared our virtual to the published real-world results using statistical non-parametric map-
ping and found no significant differences. Test-retest reliability of single subject parameters was poor when using only 5
cycles of a 20-s pseudo-random sequence, but became excellent, when estimating parameters from 10-15 cycles (Intra-
class correlations 0.7-0.9).

CONCLUSION: In conclusion, we showed that the visual contribution to standing balance can be reliably assessed using a
VR-HMD. As VR systems have become widely available, future work will provide software solutions implementing experi-
ments and analysis techniques for such advanced balance assessment techniques.

INTERACTION OF MOTOR AND COGNITIVE FUNCTIONS RELEVANT TO DUAL TASK COSTS ARE RELATED WITH AUTOMATIC-
ITY OF POSTURAL CONTROL

CESNAITIENE, V.J., PUKENAS, K., KUSLEIKIENE, S., SHEORAN, S., DROZDOVA STATKEVICIENE, M., VINTS, W.A.J., MASIULIS,
N., LEVIN, O.
LITHUANIAN SPORTS UNIVERSITY

INTRODUCTION: It is well known that motor and cognitive functions decline with age (1). Dual tasking can affect perfor-
mance on one or both performance domains, but the opposite is also observed (2). For example, there are cases where
the performance on a dual task balance test is unaffected but even improved (3) which may be explained by higher au-
tomaticity of balance control. Therefore this study aimed to investigate automaticity of balance control relations to dual-
task costs of postural control.

METHODS: Sixty-seven males and females aged 60-80 years old participated in the study. To assess balance perfor-
mance a posturography method with a single piezoelectric force plate was used to measure postural sway activity. Partic-
ipants were tested barefoot in two stance conditions: double-stance with eyes open (STEO) and Tandem Romberg stance
with eyes open (REO).

To estimate the dynamical characteristics of the posturogram, Center of pressure (CoP) velocity vector (Vcop) and wavelet
entropy (WEcop) were calculated in both the anteroposterior (AP) and mediolateral (ML) directions. Dual task cost (DTC) was
expressed as percentage of the differences in the two measures relative to their baseline single task measure. The test of
repeated measures of the General Linear Model (GLM) was used to assess the condition effect (dual-task and baseline-
task) on the balance performance. The correlations between DTC and both baseline entropy and baseline Vcop were
calculated.

RESULTS: We found that higher values of baseline entropy (i.e., befter equilibrium ratio) resulted in lower values of DTC in
both stance conditions, expressed by positive significant correlations between DTC and baseline entropy in all sway direc-
tions: STEOML (p<0.001; PES=0.212; OP=0.980); STEOAP (p<0.007; PES=0.338; OP=1.000); REOML (p<0.001; PES=0.240;
OP=0.988); REOAP (p=0.002; PES=0.152; OP=0.886). In contrast to entropy, baseline levels of Vcop had no significant effect
on DTC (all p > 0.05).

CONCLUSION: Since the regularity of balance behavior is associated with the systems automatic control, it can be argued
that befter automatic control of balance results in less dual-task loss of postural control.

This project has received funding from the Research Council of Lithuania (LMTLT), agreement No S-SEN-20-5.
REFERENCES:

1. Levin, et al. (2017). European Review of Aging and Physical Activity, 14(1), 1-23.

2. McDowd, et al. (2020). Multiple-task performance (pp. 387-414). CRC Press.

3. Liao, et al.(2019). Frontiers in aging neuroscience, 11, 162.

IMPROVED POSTURAL CONTROL IN THE ELDERLY AFTER BALANCE TRAINING IS RELATED TO A REDUCTION IN PREFRON-
TAL HEMODYNAMIC ACTIVITY

LEHMANN, N.1, KUHN, Y.A.2, KELLER, M.3, AYE, N.1, HEROLD, F.4, DRAGANSKI, B.5, TAUBE, W.2, TAUBERT, M.1

1 OTTO VON GUERICKE UNIVERSITY MAGDEBURG, 2 UNIVERSITY OF FRIBOURG, 3 UNIVERSITY OF BASEL, 4 UNIVERSITY OF
POTSDAM, 5 LAUSANNE UNIVERSITY HOSPITAL AND UNIVERSITY OF LAUSANNE

INTRODUCTION: Aging-related deterioration of postural control is widely regarded as an important phenomenon influ-
encing quality of life and longevity. It is thought that as we age more cortical involvement is required to cope with given
task demands [11. For example, it has been shown that the hemodynamic response of the prefrontal cortex (PFC) during
balancing is higher in older compared to younger individuals. Furthermore, the fact that greater reliance on the PFC is
related o poorer balance performance suggests that it is a dysfunctional phenomenon [2]. Therefore we hypothesize that
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in older people, balance training (BT) may cause a shift in cortical hemodynamics towards a youth-like pattern, which in
turn could be a mechanism underlying improved postural control.

METHODS: To test this hypothesis, we conducted a longitudinal, controlled trial with healthy older participants (age range
66-81y) to compare the effects of a 6-month BT intervention (n = 18; 1h of BT twice weekly) against a non-BT group (n = 15)
on balance performance. Cortical hemodynamics during balancing on a wobble board was assessed using functional
near-infrared spectroscopy (fNIRS) at four time points during the study: at baseline, after 2 (postl), 6 (post2) and 12 months
(follow-up). INIRS data were acquired using a stationary confinuous-wave imaging system (NIRx Medical Technologies)
and subsequently preprocessed with Homer [3].

RESULTS: Reproducibility of balancing-induced hemodynamic responses across three PFC subregions was sufficient (ICC's
> 50, p’s < .04). In terms of behavior, the BT group reduced the sway on the unstable device (center of pressure path)
significantly more than controls (group*time interaction p < .05). Nonparametric combination analysis [4] revealed that at
post2, the BT group showed a consistent reduction in cortical activity in three subregions of the PFC compared to the con-
trol group (p < .05). Furthermore, in two PFC subregions (middle and superior frontal gyri, training-related changes in
balance performance at postl and post2 were correlated with concurrent changes in cortical activity while balancing
(repeated measures correlation [5]: r's 2 .30, p's < .01).

CONCLUSION: The present study suggests that the aging-related neural inefficiency of the PFC and associated declines in
balance performance can be ameliorated by targeted balance training. Our results substantiate balance training as a
behavioral countermeasure to aging-related decline in postural control [6] and demonstrate that fNIRS is sensitive to cap-
ture longitudinal changes in the cortical control of balance [7].

[1] Seidler et al., Neurosci. Biobehav. Rev., 2010

[2] Lehmann et al., Front. Aging Neurosci., 2022

[3] Huppert et al., Appl. Opt., 2009

[4] Pesarin & Salmaso, Permutation Tests for Complex Data. Hoboken, NJ: Wiley, 2010
[5] Bakdash & Marusich, Front. Psychol., 2017

[6] Granacher et al., Gerontology, 2011

[71 Eggenberger et al., Front. Aging Neurosci., 2016

MOTOR CORTICAL CONTROL DURING DUAL-TASK PERFORMANCE
TOKUNO, C.1, WALCHLI, M.2, LAUBER, B.2, TAUBE, W.2
1 BROCK UNIVERSITY; 2 UNIVERSITY OF FRIBOURG

INTRODUCTION: Body instability increases when individuals dual-task (i.e., maintain balance while simultaneously per-
forming a secondary task), with larger effects occurring during more challenging dual-task conditions. Although previous
studies have examined the cortical mechanisms involved in balance control, these studies have largely been conducted
with the individual performing only a balance task. Therefore, this study examined how the motor cortex is involved during
dual-tasking and whether this control is dependent on the dual-task type (cognitive or motor secondary task) and the
difficulty of the primary (balance) task.

METHODS: Thirty adults maintained their balance on a platform that rotated around the pitch axis with or without a con-
current secondary task. The balance task was performed at two resistance levels (easy and hard difficulty). The secondary
task consisted of either a cognitive (2-back number recall) or a motor (balancing a ball on a hand-held tray) task. For each
trial, participants received a series of single- (120% of active motor threshold; aMT) and paired-pulse (stimulus at 80% aMT
followed by another at 120% aMT) transcranial magnetic stimuli over the motor cortical area representing the tibialis ante-
rior.

RESULTS: Regardless of balance difficulty, dual-tasking with the motor task resulted in a 34+5% greater sway velocity than
when balancing on its own (p<0.001). In contrast, dual-tasking with the cognitive task had the opposite effect. Compared
to the balance-only condition, addition of the cognitive task improved balance performance by 11+5% when the balance
task was easy (p=0.014), but elicited no change in performance when the balance task was hard. These dual-task effects
were accompanied by neurophysiological changes. Corticospinal excitability (CSE), as measured by the single-pulse mo-
tor-evoked potentials (MEPs), was influenced by main effects of balance difficulty (p<0.001) and task (p<0.001). Not only
were MEPs 34+8% larger when the balance task was made harder, MEPs were also larger when dual-tasking with the
motor task (0.8+0.1 mV) compared to dual-tasking with the cognitive task (0.6+0.1 mV) and single-tasking with balance
only (0.7+0.1 mV). Lastly, short interval intracortical inhibition (SICI), as measured by the paired-pulse MEPs, was influenced
by main effects of balance difficulty (p<0.001) and task (p=0.009). SICI was smaller when the balance task was hard
(28+3% inhibition) compared to easy (40+3%). Less SICI was also observed when the secondary task comprised of the
motor (31+3% inhibition) compared fo the cognitive task (38+3%).

CONCLUSION: The results of this study demonstrate that motor cortical control is affected by dual-tasking but that this
effect depends on the type of the secondary task. Perhaps due to its higher dual-task cost, dual-tasking with a motor task
resulted in an increase in CSE and decrease in SICI. Future work will examine whether dual-task training can further en-
hance this modulation.

71 28" ANNUAL CONGRESS OF THE EUROPEAN COLLEGE OF SPORT SCIENCE



OP-MHO02 Health and Fitness: Ageing

Oral presentations

OP-MHO02 Health and Fitness: Ageing

LONGITUDINAL CHANGES IN LIFE-SPACE MOBILITY AND AUTONOMY IN PARTICIPATION OUTDOORS AMONG FINNISH
COMMUNITY-DWELLING OLDER ADULTS FROM PRE-COVID-19 TO THROUGH THE PANDEMIC

LINDEMAN, K.1, KARAVIRTA, L.1, KOIVUNEN, K.1, KESKINEN, K.E.1, PORTEGLISS, E.2, RANTANEN, T.1
T UNIVERSITY OF JYVASKYLA, 2 UNIVERSITY OF GRONINGEN

INTRODUCTION: We investigated changes in older adults’ life-space mobility (LS) i.e. range and frequency of moving in a
given period, and autonomy in participation outdoors (IPA) i.e. possibilities to go where one wants to from before the
COVID-19 pandemic to through the pandemic. We studied whether pre-pandemic physical performance and driving
status is associated with the prevalence and incidence of restricted LS (< 52.3 points), a threshold predicting an increased
risk of activities of daily living (ADL) disability.

METHODS: Participants were community-dwelling people aged 75, 80, or 85 years at baseline in 2017-2018, of whom 657
took part in the survey during the COVID-19 Emergency Powers Act in 2020 and the second follow-up in 2021-2022. LS
(range 0-120, higher score indicates higher mobility) and IPA (range 0-20, higher score indicates lower autonomy) were
assessed by same validated questionnaires at each time point (1,2). Physical performance was assessed at baseline with
the Short Physical Performance Battery (SPPB; impaired 0-9 p. vs. intact 10-12 p.) (3). Driving status (drivers vs. non-drivers)
was self-reported. Changes in LS and IPA according to SPPB and driving status and their combinations were analyzed
with generalized estimating equations (GEE). The prevalence and incidence of restricted LS were examined with GEE and
binary logistic regression, respectively.

RESULTS: In 2020, LS and autonomy decreased (LS; M 74.2 SD 17.9 vs. M 63.5SD 23.9, IPA; 4.9, 3.7 vs. 11.6, 5.1, p<.001). At
baseline, driving and intact SPPB were associated with higher LS and better autonomy (p<.001). The decrease in LS was
less steep among drivers with intact SPPB compared to three other groups (group*time interaction; p<.05 for all). From
2020 to 2021-2022, LS was restored to 66.6 (20.3) points, with a similar rate in four groups. Autonomy was restored to 6.7
(4.3) points, being more complete among drivers with intact SPPB than for drivers and non-drivers with impaired SPPB
(group*time interaction; p<.05 for both). In 2021-2022, LS and autonomy were still lower than at baseline (p<.001 for all
combinations). Compared to the baseline, the proportion of restricted LS increased to 36.8 % in 2020 and remained high-
er through the pandemic. Compared to the drivers with intact SPPB, all other groups had 3 fo 4.5 times the odds of be-
coming restricted in LS during 2021-2022 (p<.05).

CONCLUSION: Among Finnish older adults, the COVID-19 pandemic accelerated the decline in LS and weakened IPA in
2020, and the losses were not fully reverted in 2021-2022. The decline of LS to below the threshold for increased ADL
disability risk was observed to increase, which may translate to a higher proportion of ADL disability in the future. Drivers
with intact physical performance were at lower risk for restricted LS than non-drivers or those with impaired physical per-
formance.
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LOW RELATIVE SIT-TO-STAND POWER IS ASSOCIATED WITH THE DEVELOPMENT OF FRAILTY, DISABILITY, AND COGNITIVE
IMPAIRMENT IN OLDER PEOPLE: A 6-YEAR LONGITUDINAL STUDY
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INTRODUCTION: Relative sit-fo-stand power (i.e., normalized to body mass) has been demonstrated to be an important
predictor of frailty, limitations in activities of the daily living (ADL) and cognitive impairment in older adults (1-2). However,
these associations have only been tested in cross-sectional studies, so no cause-effect relationship has been established

yet. Thus, the aim of this study was to evaluate the relationship of low relative power with the development of frailty, disa-
bility in ADL, depression and cognitive impairment in older adults.

METHODS: A total of 895 older adults (Age range = 65 - 103 years; 46 % men) from the Toledo Study for Healthy Aging
were included. Relative power was assessed through the 30-s sit-to-stand test and the Alcazars equation (1). Participants
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were classified as having low relative power according to previously published cut-off points (<2.5 W-kg-1in men and <1.9
W-kg-1in women) (2), and moderate and high relative power based on the median value. Frailty was assessed according
to the Fried's frailty phenotype (FP) (23] and frailty trait scale (FTS) (250), disability in basic ADL (Katz index <6), depression
(geriatric depression scale (GDS) >4) and cognitive impairment (Mini-mental state examination (MMSE) <23), before and
after 6 years of follow-up. Independent Student's t-test and logistic regression analyses adjusted for age, sex, education
and comorbidities were used to analyze the data.

RESULTS: Relative power declined significantly in both men and women (-0.09 vs -0.07 W-kg-1 per year; —=2.95 vs. -2.84%
per year; respectively; p<0.05). In addition, low relative power at baseline in was significantly associated to the develop-
ment of frailty FTS (OR [95%Cll = 2.69 [1.60 - 4.55]), frailty FP (OR [95%Cll = 2.81 [1.160 - 6.7971), cognitive impairment (OR
2.215 195%Cll =2.215 [1.190 - 4.124]), and disability in basic ADL (OR 95%Cll = 1.850 [1.163 — 2.9461), but not depression (OR
[95%Cll = 1.355 [0.848 — 2.165]), after the 6-year follow-up compared fo the high relative power group, independently of
sex, age, education and comorbidity.

CONCLUSION:  Lower-limb muscle power declined at a rate of ~3% per year in both men and women. Importantly, low
relative power at baseline was independently associated with the onset of frailty, cognitive impairment, and disability after
6 years of follow-up. Therefore, assessing relative power using the 30-s sit-to-stand muscle power test may help health
professionals to prevent the development of future negative conditions at an early stage and improve the patient’s prog-
nosis.
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A SINGLE BOUT OF BLOOD FLOW RESTRICTION TRAINING AND ACCENTUATED ECCENTRIC-ONLY TRAINING AFFECT DIF-
FERENT COGNITIVE FUNCTION SUBDOMAINS IN OLDER ADULTS: PRELIMINARY RESULTS FROM THE BRAIN-M TRIAL

VINTS, W.AJ,, KIELE, D., KVEDARAS, M., ZIV, G., PAASUKE, M., CESNAITIENE, V., LEVIN, O., MASIULIS, N.
LITHUANIAN SPORTS UNIVERSITY

INTRODUCTION: A single bout of exercise can transiently enhance cognitive performance in older adults. Exercise-
induced increases in lactate (La) levels are suggested to play a role in the mechanism of this effect. Therefore, it has been
proposed that high-intensity exercise may be the most optimal exercise protocol to enhance cognitive performance in
older adults, yet mostly studied in aerobic exercise. We hypothesize that in resistance exercise not the relative intensity (i.e.
% one-repetition maximum, %1RM), but rather the elevation of La would be associated with larger cognitive changes.
Therefore, we aimed to compare the effects on cognitive function in older adults between two different resistance exercise
interventions, with either a high metabolic (high La, low %1RM) or a high mechanic (low La, high %1RM| training stimulus.

METHODS: In this randomized controlled trial, 22 older adults (60-74y old) were allocated to a single bout of blood flow
restriction training (BFRT, n = 10), accentuated eccentric-only resistance training (ECC, n = 6) or 45min seated rest (n = 6).
Both exercise groups performed three lower body exercises at an equal relative volume % of 57.6% (number of exercises
x sets x repetitions x %I1RM). BFRT consisted of 4x12 repetitions at 40% 1RM and 50% lower limb occlusion pressure. ECC
consisted of 4x4 repetitions at 120% 1RM. Two-way repeated measures ANOVA was used to assess pre-to-post Tmin
changes in La and pre-to-post 5min changes in cognitive function between the three groups. Cognitive tests included a 2-
Choice Reaction Time test, Go/No-Go test, Memory Search test and Switching task. The main outcome measures were
response time (RT, in ms) of the correct responses, and changes in performance index (Pl; 100x[accuracy/response time
of all responses]).

RESULTS: A significant interaction was found for La level changes (p = 0.026, partial n2 = 0.350). BFRT (+3.55 +2.67 mmol/L)
significantly elevated La levels compared to the control group (+0.44 +0.77 mmol/L}, while La changes after ECC (+1.18
+1.23 mmol/L) did not significantly differ from the other groups. A significant interaction was found for Pl change on the
Go/No-Go tfest (p = 0.041, partial n2 = 0.286). Especially the BFRT group (+2.58 +1.40), but also the ECC group (+1.90 +2.41)
improved their Pl on the Go/No-Go test from pre to post compared to the control group (-0.20 +2.30). ECC participants
tended to improve more on the 2-Choice Reaction Time and Memory Search test, while BFRT participants tended to im-
prove more on the Go/No-Go and Switching task (partial n2 > 0.06, p > 0.05). After BFRT, higher La changes tended to
correlate with Go/No-Go test Pl and Switching task RT and Pl changes (R > 0.300, p > 0.05).

CONCLUSION: A single bout of BFRT tended to improve performance on executive function tasks more than ECC, and this
effect may be related to the larger increase in La induced by BFRT. Our results suggest that the role of La in enhancing
cognitive performance may be specific to executive functions.

EFFECTS OF ONCE- VERSUS TWICE-WEEKLY MULTI-JOINT ECCENTRIC EXERCISE ON LOWER-LIMB MUSCLE FUNCTION AND
STRUCTURE IN OLDER ADULTS

BAXTER, B.A., BAROSS, A.W., RYAN, D.J., TKADLEC, S., KAY, A.D.

UNIVERSITY OF NORTHAMPTON

INTRODUCTION: Resistance training combats sarcopenia in older adults by improving both muscular size and strength,

although poor adherence rates to the twice-weekly guidelines can limit its effectiveness [1]. However, the high-force low-
metabolic cost nature of eccentric resistance training has demonstrated greater adherence and functional adaptations
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compared with traditional strength training, even by individuals with pre-existing health conditions [2]. Therefore, the
present study examined the dose-response and temporal characteristics of eccentric resistance training by comparing the
effects of once- and twice-weekly 12-week training on lower-limb muscle function and structure of older adults.

METHODS: Participants were randomly assigned to control (CON [n = 14]), once-weekly (G1X [n = 14]), or twice-weekly (G2X
[n = 14]) experimental groups. Eccentric and isometric strength, rate of torque development (RTD), sit-to-stand (STS), vastus
lateralis thickness, fascicle length and angle, and quadriceps femoris volume were measured at baseline (week 0), mid-
training (week 7), and post-training (week 13). Training was performed unilaterally on an isokinetic stepper ergometer at
50% of maximal eccentric strength at 18 step/min for 7 and 9 min in weeks 1 and 2, respectively, then for 12 min at 24
step/min in weeks 3-12. Two-way mixed model ANOVAs were conducted to identify significant (P <0.05) differences with
effect sizes (ES) calculated to determine the magnitude of change.

RESULTS: Within G1X, one parficipant withdrew, whereas in G2X, two participants withdrew and one was not included in
analyses due to low adherence (<80%). Compared to baseline, after six weeks of training significant increases in eccentric
strength (294-338 N [ES = 1.01-1.76]) and muscle thickness (1.1-1.8 mm [0.78-1.35]) were detected in both training groups.
Compared to baseline, after 12 weeks of training significant increases were observed in eccentric strength (415-498 N
[1.38-1.88]), isometric strength (22-35 N-m [1.29-1.301), RTD (69-95 N-m/s, [0.82-1.03]), STS performance (2.92-2.94 s [0.65-
0.85]), muscle thickness (1.7-2.9 mm [1.05-1.56]), fascicle angle (1.5-2.0° [0.92-1.04]), and muscle volume (92-99 ¢cmA3
[1.06-1.521) in both groups. No significant change in fascicle length occurred in any group. No differences were revealed
between G1X and G2X in any measure at any timepoint.

CONCLUSION:  Once-weekly eccentric resistance fraining elicited similar improvements in neuromuscular function and
structure compared to twice-weekly training in older adults. Given the difficulty older adults (and other exercise intolerant
populations) have adhering to twice-weekly strength training programmes, these findings have important implications for
clinical exercise prescription where substantial improvements in lower-limb muscle function and structure can be attained
following once-weekly eccentric training.
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A WEIGHT-BEARING STAIR-CLIMBING EXERCISE PROGRAM IS NOT INFERIOR TO MACHINE-BASED RESISTANCE TRAINING
FOR IMPROVEMENTS IN MUSCLE POWER AND FUNCTIONAL CAPACITY AMONG OLDER ADULTS

VAN ROIE, E., DELECLUSE, C.
KU LEUVEN

INTRODUCTION: Improvement in maximal lower-limb muscle power (Pmax| is a crucial farget for resistance training (RT) in
older adults. Machine-based RT can induce large gains in Pmax. However, many older adults are reluctant to initiate a
training program in a traditional fitness center, stressing the importance of weight-bearing alternatives. Therefore, this
study compared the effects of a machine-based RT and a stair-climbing exercise program (STAIR) on Pmayx, force-velocity
(F-V) profile and functional capacity in older adults.

METHODS: Older adults (30 216; 70.9 + 4.3 years) were randomly assigned to RT (n=23) and STAIR (n=23). RT used a leg
press (Leg Press CC, HUR, Kokkola, Finland) and STAR a step with adjustable height and a flight of stairs (2 x 6 steps) as
training tool. Training sessions were performed in the lab, twice weekly for 12 weeks, and supervised by experts. In the
first 4 weeks, exercises were performed at controlled speed (hypertrophy-oriented; 4 x 12-15 repetitions; 60% of one-
repetition maximum (1-RM) in RT; step-up exercise with height of 30-40 cm in STAIR), in the following 8 weeks as fast as
possible (power-oriented, 4 x 12 repetitions; 40% of 1-RM for RT and 4 x 2 flights of 6 steps for STAIR). Pre and post inter-
vention, the following outcomes were measured: leg-extensor F-V profile (Pmax, maximal force (FO), maximal velocity (VO),
the slope divided by FO (SFV/F0)) and functional capacity.

RESULTS: Two participants dropped out in RT, none in STAIR. The results revealed an increase over time for Pmax, FO, VO
and SFV/FO (all P < 0.01), but no interaction effects (all P > 0.10, n2 0.02-0.05). A greater increase in 6-step stair ascent
power was found in STAR (+13.3 + 13.5%) compared fo RT (+4.9 + 13.9%, Ptime = 0.002, Pint = 0.04, n2 = 0.10). Similar
improvements were found in STAIR and RT on 5-repetition sit-to-stand power (Ptime = 0.002, Pint = 0.17, n2 = 0.05) and
10m fast walk (Ptime < 0.001, Pint = 0.29, n2 = 0.03). No time (P = 0.44) nor interaction effect (P = 0.15, n2 = 0.05) was
found for countermovement jump height.

CONCLUSION: It appears that a weight-bearing stair-climbing exercise program is not inferior to machine-based RT for
improvements in Pmax and its F-V components. Both programs resulted in an improved force production, in particular at
high velocities (as evidenced by a significant change in the slope of the F-V relationship), and simultaneous improvements
were found on functional capacity tests. The stair-climbing exercise program was beneficial over machine-based RT for
gains in stair-climbing performance, which is in line with the principle of training specificity. Future research should inves-
tigate whether similar effects are found when the stair-climbing exercise program is implemented in a home-based set-
ting with limited expert oversight.
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ESSA-ECSS EXCHANGE: FEASIBILITY AND SAFETY OF EARLY-INITIATED CARDIAC REHABILITATION IN STROKE SURVIVORS
TO IMPROVE SURVIVORSHIP (CRISSIS)

MACHADO, N., OLVER, J., WILLIAMS, G., JOHNSON, L.
EPWORTH HEALTHCARE, UNIVERSITY OF MELBOURNE, MONASH UNIVERSITY, AUSTRALIAN CATHOLIC UNIVERSITY

INTRODUCTION: Multiple National Clinical Guidelines for Stroke Management recommend the early commencement of
cardiorespiratory fitness (CRF) fraining after stroke. But it is unclear if it is safe and feasible to do so. The aim of this study is
to investigate the safety and feasibility of early-initiated CRF testing and training within a program of stroke-adapted car-
diac rehabilitation.

METHODS: People with ischaemic stroke admitted to Epworth Rehabilitation were screened for eligibility and invited to
participate in a stroke-adapted cardiac rehabilitation program, consisting of CRF training 3-days per week during inpa-
tient rehabilitation, and 2-days per week CRF training + health education for 6-weeks during outpatient rehabilitation. A
submaximal CRF test, measures of physiological function, fatigue, mood, and quality of life were taken pre- and post-
intervention, and at 3-month follow-up.

RESULTS: Between April 2018 and December 2019, 164 people with stroke were screened, 117 (71.3%) were eligible, with 62
(53%) consenting to participate. 10 participants ceased the study due to: lack of time (n=1), fransferred to acute hospitals
(n=3) or declined further participation (n=6). Five unrelated adverse events were reported. Following consent, 41 (66%)
participants were able to complete the fitness test early post stroke and 49 (79%) completed CRF training during inpatient
rehabilitation. Participants attended 94% of scheduled sessions. The minimum recommended CRF training intensity (40%
heart rate reserve) and duration (20 minutes), as per the exercise guidelines for people with stroke, was achieved by 57%
and 55% of participants, respectively during inpatient rehabilitation.

CONCLUSION: Preliminary data suggests early initiated stroke-adapted cardiac rehabilitation is: 1) safe, and 2) feasible for
some people with stroke. High attendance and retention rates were observed, but not all people with stroke could
achieve the recommended minimum intensity and duration of CRF training early post stroke.

STROKE-HEART SYNDROME: SEX-SPECIFIC INCIDENCE AND RISK FACTORS FOR MAJOR ADVERSE CARDIOVASCULAR
EVENTS IN 682,203 PATIENTS WITH ISCHAEMIC STROKE

BUCKLEY, B.J.R., HARRISON, S.L., LANE, D.A,, HILL, A, LIP, G.Y.H.
LIVERPOOL JOHN MOORES UNIVERSITY

INTRODUCTION: Newly diagnosed cardiovascular complications post-stroke, termed stroke-heart syndrome, are com-
mon and associate with worsened prognosis. We therefore investigated the sex-specific incidence and 5-year major
adverse cardiovascular events following stroke-heart syndrome, by pre-existing risk factors (age, obesity, hypertension,
type 2 diabetes mellitus (T2DM), and high LDL cholesteraol).

METHODS: A multi-centre cohort study was conducted using anonymised electronic medical records from 56 participating
healthcare organizations. Patients with incident ischaemic stroke aged 218 years with 5-years of follow-up were included.
Patients diagnosed with new-onset cardiovascular complications (heart failure, severe ventricular arrhythmia, atrial fibril-
lation (AF), ischaemic heart disease, Takotsubo syndrome) within 4-weeks of incident ischaemic stroke (exposure) were 1:1
propensity score-matched (age, sex, ethnicity, comorbidities, cardiovascular care) with ischaemic stroke patients without
newly diagnosed cardiovascular complications (control).

Cox proportional hazards regression models reported hazard ratios (HR) with 95% confidence intervals (Cls) and Kaplan-
Meier curves for 5-year risk of all-cause mortality, recurrent stroke, and acute myocardial infarction (AMI).

RESULTS: Of 682,203 patients with ischaemic stroke, 20% (n=135,834) presented with stroke-heart syndrome (49%
(n=67,008) female and 50% (n=67,683) male). Following propensity score matching, composite stroke-heart syndrome
associated with significantly higher risk of 5-year mortality (HR 1.47 (95%Cl 1.44, 1.49) P<0.01), recurrent stroke (1.12 (1.11,
1.13) P<0.01), and AMI (2.50 (2.43, 2.58), P<0.01). These outcomes were similar for males and females and all investigated
risk factors associated with worsened prognosis compared to matched controls. Of the modifiable risk factors, T2DM
associated with the highest risk of mortality and AMI. Hypertension, T2DM, and high LDL associated with the highest risks
of recurrent stroke.

CONCLUSION: Incidence and 5-year major adverse cardiovascular events following stroke-heart syndrome were similar
for females and males. All investigated risk factors associated with worsened prognosis. Type 2 diabetes mellitus seemed
particularly important for mortality and AMI, and hypertension, type 2 diabetes mellitus and high LDL cholesterol seemed
particularly important for recurrent stroke.
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INVESTIGATING THE DOSE RESPONSE RELATIONSHIP BETWEEN PHYSICAL ACTIVITY AND STROKE BETWEEN NORM- AND
HYPERTENSIVE (MEDICATED AND NON-MEDICATED) SUBJECTS: A COHORT STUDY AMONG 140,000 ADULTS.

MCLELLAN, H., DAWSON, E.A., THIJSSEN, D.H.J., BAKKER, E.A.
LIVERPOOL JOHN MOORES UNIVERSITY

INTRODUCTION: Regular physical activity (PA) demonstrates a strong dose-dependent relationship with the risk of stroke.
Interestingly, recent studies suggest that the dose-dependent protection of regular PA is attenuated in the presence of
cardiovascular risk and/or disease. Hypertension is the most important risk factor for stroke. However, no previous study
explored whether hypertension (and associated medication) interacts with the benefits of regular PA. Therefore, the aim of
this study was to compare the dose-response relationship between PA and stroke between normo- and hypertensive
subjects.

METHODS: A cohort study was performed in the Netherlands (data from 2006-2018, median follow up of 6.75 years. A
total of 140,000 participants (44+13 years, 41% male) were stratified at baseline as hypertensive (i.e. systolic >130 and/or
diastolic >80 mmHg, or self-reported physician diagnosed hypertension with the use of blood pressure lowering medica-
tion: 61,638) or normotensive (n= 78,311). Individuals were categorised info quartiles of lowest (Q1) to highest (Q4) PA
based on self-reported moderate to vigorous PA (MVPA] volumes. Primary outcome was stroke. Cox regression was used
to estimate hazard ratios (HRs), 95% confidence intervals (Cis) and P values. The main analyses were stratified on baseline
blood pressure (hypertension versus normotension) and adjusted for age, sex, income, education level, alcohol consump-
tion, kidney function, BMI, glucose, SBP, DBP, low density lipoprotein, use of acetylsalicylic acid, anti-platelets and antihy-
pertensive medication.

RESULTS: Compared to the lowest PA quartile (Q1), adjusted HRs for individuals with normotension were 0.79 (95% CI 0.50
to 1.25, P=0.32), 0.75 (95% Cl 0.48 10 1.18, P=0.22), 0.97 (95% CI 0.62 to 1.51, P=0.90) for PA Q2 to Q4, respectively. In hy-
pertensive subjects, HRs for the risk of stroke in Q2 to Q4 compared to physically inactive individuals (l.e., Q1) were 0.89
(95% Cl 0.68 to 1.17, P=0.41), 0.74 (95% Cl 0.56 t0 0.98, P=0.03), 0.92 (95% Cl 0.69 to 1.23, P=0.56). There was no signifi-
cant difference in risk reduction between normo- and hypertensive subjects for G2, Q3 and Q4 (P=0.63, 0.93,0.71 respec-
tively). Comparing medicated (n=13,178) versus non-medicated hypertensive individuals (n=48,460), a trend was observed
for a smaller benefit of PA in medicated hypertensives for all MVPA volumes. Adjusted HRs for Q2 were 0.85 (95% Cl 0.61-
1.18, P=0.32) and 0.96 (95% Cl 0.61-1.52, P= 0.89), for Q3 were 0.67 (95% Cl 0.47-0.94, P=0.02) and 0.88 (95% Cl 0.56-
1.39, P=0.58) and for Q4 were 0.81 (95% Cl 0.57-1.16, P=0.26), 115 (95% Cl 0.70-1.89, P=0.59) for medicated and non-
medicated hypertensives, respectively.

CONCLUSION: Our analysis reinforces the benefits and dose-dependent protective effect of PA on the reduction in stroke
risk, which is not affected by the presence of hypertension. Use of anti-hypertensive medication, however, may interfere
with the protective impact of PA on stroke risk.

CARDIOPROTECTIVE EFFECT OF INTRADIALYTIC EXERCISE ON LEFT ATRIAL MECHANICS.

MAUFRAIS, C.1, JOSSE, M.1, PATRIER, L.2,3, ISNARD, M.4, TURC-BARON, C.2,5, GRANDPERRIN, A.1, NOTTIN, S.1, MAN-
DIGOUT, S.6, CRISTOL, J.P.2,5,7, OBERT, P.1

1LAPEC - AVIGNON UNIVERSITY, 2. AIDER SANTE 3. CHU NIMES, 4. ATIR AVIGNON, 5. CHRU, MONTPELLIER, 6. LABORATORY
HAVAE FA-6310, UNIVERSITY OF LIMOGES, 7. PHYMEDEXP, UNIVERSITY OF MONTPELLIER

INTRODUCTION: The left atrial (LA) function plays an important role in cardiac performance by modulating left ventricular
(LV) function. Alterations in LV function are commonly reported during hemodialysis, but available data describing chang-
es in LA function are limited. There is growing evidence of the cardioprotective effect of intradialytic exercise (IDE) on the LV
function but studies analyzing its effect on LA myocardial function are scarce.

METHODS: This prospective, open-label, two-center randomized crossover trial aimed to evaluate the effect of IDE on LA
strains using speckle-tracking echocardiography. Fifty-six stable individuals receiving hemodialysis for more than 3
months participated in a random order in 2 hemodialysis sessions: standard hemodialysis (HD) and a session incorporat-
ing 30 min of aerobic exercise (HDEX). LA and LV global longitudinal (GLS) strains were obtained at before (TO) and at peak
stress (i.e. 30 min before hemodialysis-ending).

RESULTS: IDE totally abolished the decline in LA reservoir strain observed during HD (HD: -4.7+7.5% vs HDEX: -1.6+6.9%;
3.1%, 95%Cl: 0.3/5.9, p=0.03) whereas it did not affect the other components of LA mechanics. A similar result favoring IDE
intervention was also demonstrated on GLS changes from T0 to Tpeak (p<0.001). Between-session differences of changes
in GLS and LA reservoir strain were correlated (r=-0.32, p=0.03). The cardioprotective effect of IDE disappeared in patients
with LA enlargement (i.e.>34 mL/m?.

CONCLUSION: A single bout of 30 minutes of intradialytic cycling was sufficient to limit the hemodialysis-related reduction
in LA reservoir function. Loading conditions and ultrafiltration volumes were similar between HD and HDEX, suggesting
that the benefits of IDE on LA reservoir function were not related to hemodynamic factors. Furthermore, between-session
differences of changes in GLS and LA reservoir strain were correlated, indicating that the relative preservation of LV systolic
function by IDE partially explains that of LA reservoir function. Other mechanisms must be advanced. The cardioprotection
conferred by IDE on LV systolic function has already been explained via a reduction of hemodialysis-induced perfusion
abnormalities. Since ischemia also impairs LA relaxation and compliance, we can reasonably speculate that IDE might
have also preserved LA myocardial perfusion (and thus its relaxation properties and compliance), thereby limiting the
impairment in LA reservoir function.

PARIS/FRANCE, 4-7 JuLy 2023 76



Wednesday, July 5, 2023 10:00 - 11:15

Interestingly, the cardioprotective effect of IDE was however lost in patients with pathological LA remodeling. The higher
degree of interstitial fibrosis associated with LA enlargement may have weakened the cardioprotective effects of exercise
preconditioning.

Conclusion. IDE represents an interesting non-pharmaceutical therapeutic strategy to attenuate acute hemodialysis-

related cardiac complications. Further studies are needed fo evaluate the clinical impact of the repetitive cardioprotective
effects of IDE on LA function

THE ASSOCIATIONS BETWEEN THE UNHEALTHY BODY WEIGHT AND PHYSICAL FITNESS OF THE ELDERLY IN CHINA: A
CROSS-SECTIONAL STUDY

CHAOQUN, F.
CHINA INSTITUTE OF SPORT SCIENCE, BELING, CHINA

INTRODUCTION: Too high and too low body weight are unhealthy manifestations, prone to a variety of diseases, affecting
the quality of life of the elderly. The paper aimed to to analyze the proportion of unhealthy body weight of the elderly in
China through national data and investigate the association between different levels of health-related physical fithess
measurements and BMI status in Chinese elderly through national data.

METHODS: A cross-sectional study was conducted in 39973 elderly people (49.5% males) aged 60-79 years in 31 provinc-
es of Chinese Mainland. And the data is from the 5th National Physical Fitness Surveillance data in China, and the collec-
tion period is from August to November 2020. The demographic information of the subjects was obtained through the
questionnaire, including age, gender, the home, education level, pre-retirement occupation, marriage, exercise, sleep,
smoking and physical self-evaluation. Body weight status was divided into four groups by BMI: low body weight, normal
body weight, overweight and obesity. Physical fitness indicators including height, weight, Waist and hip circumference,
body fat percentage, 2 minutes step test, sit and reach test, 30 seconds sit-up test, standing with eyes closed and one
foot, reaction time was measured. The quartiles of each physical fitness measurement were used for unconditional lo-
gistic regression analyses.

RESULTS: (1) The total rates of low body weight, overweight and obesity among the elderly in China were 2.4%, 41.7% and
16.7% respectively (P<0.001) , and the detection rate of low body weight increased with the increase of
age (P<0.001) . (2) In general, the physical performance of elderly men and women in the normal weight group were
better than those in the overweight, obese and lean groups respectively; (3) There is a clear negative correlation between
cardiopulmonary endurance and unhealthy body weight. Low level of cardiopulmonary endurance can increase the risk
of low body weight by 51% - 68% and 31% - 40% respectively for elderly men and women, and increase the risk of over-
weight and obesity by 4% - 57% for elderly men and 5% - 66% for elderly women. Poor limb muscle strength performance
will increase the risk of overweight and obesity by 10% to 61% in older women, respectively, but there is no clear relation-
ship in older men. At the same time, the relationship between low-level flexibility, balance and reaction ability and over-
weight and obesity is not clearly reflected.

CONCLUSION: According to the results, two physical fitness measurements clearly

predicted the risk of overweightness and obesity. Specifically, maintaining good cardiopulmonary endurance and muscle
strength level may effectively promote the improvement of the poor weight status of the elderly, so as to obtain more
health benefits. However, further research on the association between flexibility and obesity status is still needed.
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ATTITUDES TOWARDS AND PERCEPTION OF REPRODUCIBILITY AND REPLICABILITY IN SPORTS AND EXERCISE SCIENCE

MURPHY, J., WARNE, J.
TECHNOLOGICAL UNIVERSITY DUBLIN

INTRODUCTION: There are formal calls for increased reproducibility and replicability in sports and exercise science, yet,
there is minimal information on the overall knowledge of these concepts at a field-wide level. A survey was conducted to
explore the attitudes and perceptions of active researchers towards reproducibility and replicability in sports and exercise
science.

METHODS: Sports and exercise science researchers was recruited via the Web of Science mailing list of published authors
to complete the survey, which was adapted from a Nature survey (Baker & Penny, 2016, Nature, 533 (7604), 452-454).
Responses were analysed using descriptive statistics (for multiple choice responses) in R statistical software and thematic
analysis (for open text box responses).

RESULTS: Of the 511 respondents, 42% (n = 217) believe there is a significant crisis of reproducibility or replicability in the
field of sports and exercise science while 36% (n = 182) believe there is a slight crisis. 3% (n = 15) of respondents believe
there is no crisis while 19% (n = 95) did not know. Insufficient mentoring, low statistical power, selective reporting of resuls,
and pressure to publish were identified as the highest contributing factors to poor reproducibility and replicability. Four
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themes were generated in the thematic analysis: the research and publishing culture, educational barriers to research
integrity, research responsibility to ensure reproducibility and replicability, and current practices facilitating reproducibility
and replicability. Researchers believe that engaging in open science can be detrimental to career opportunities due to
lack of incentives. They also feel journals are a barrier to reproducible research due to high publication charges and a
focus on novel research. Journals appear to act as gatekeepers in science and have too much research responsibility.
Statistical expertise was identified as a key factor for improving reproducibility and replicability in the future, particularly, a
better understanding of study design and different statistical techniques.

CONCLUSION:  Statistical education should be prioritised for early career researchers which could also positively affect
peer review. Researchers must accept responsibility for reproducibility and replicability through thorough project design,
appropriate planning of analyses and transparent reporting practices.

DE NOVO ANALYTICAL FRAMEWORK ON COMPUTATIONAL EXERCISE PHYSIOLOGY VIA DYNAMICAL MODELING AND Al
ALGORITHMS

TAO, K., HUANG, Y.
BEUING SPORT UNIVERSITY

INTRODUCTION: In the area of computational sports medicine, clinical and experimental data have been explosively
increased due to the development of medical facilities. Under this circumstance, de novo techniques to analyze data
emerge. Our work rigorously presents two modeling frameworks, dynamic models and artificial intelligent algorithms in
the background of investigating sarcopenia mechanism and the maximal heart rate estimation, respectively.

METHODS: Here, we proposed a minimal regulatory network and developed a dynamic model to rigorously investigate
the mechanism of sarcopenia. Our model was consisted of eight ordinary differential equations and incorporated linear
and Hill-function terms to describe positive and negative feedbacks between protein species, respectively. All recruited
subijects visited the laboratory for screening and signed an informed consent form one week prior to the beginning of the
study. Alcoholic drinks were prohibited on the day of the test, and coffee and tea consumption was ceased at least 1 h
before the test. All participants have provided informed consent at the time of enroliment. Additionally, an artificial neural
network (ANN) was applied to accurately evaluate the maximal heart rate based on experimental data from 121 middle-
aged adults at an average age of 57.2 years with an average body mass index (BMI) of 25.9, after performing on a power
bike with a starting wattage of 0 W that was increased by 25 W every three min until the experiment terminated. The data
were randomly divided into two subsets.

RESULTS: With the technique of dynamical modeling, A total of 720 samples with 10 scaled intensities were included in
simulations, which revealed the expression level of AKT (maximum around 3.9-fold) and mTOR (maximum around 5.5-
fold) at 3, 6, and 24 h at high intensity, and non-monotonic relation (ranging from 1.2-fold to 1.7-fold) between the graded
intensities and skeletal muscle mass. Furthermore, continuous dynamics (within 24 h) of AKT, mTOR, and other proteins
were obtained accordingly. Meanwhile, for the new technique to process data, the input variables for ANN were selected
by correlation for the reduction of dimension. The accuracy of estimation by multivariate regression model and ANN were
9.74% and 9.42%, respectively, which outperformed the traditional age-based model (with an accuracy of 10.31%).

CONCLUSION: The de novo modeling framework sheds light on the interdisciplinary methodology integrating computa-
tional approaches with experimental results, which facilitates the deeper understandings of exercise training and sarco-
penia. At the meantime, artificial intelligent algorithms provide comprehensive approaches to estimate the maximal heart
rate using multiple indicators, revealing that ANN incorporated with age, resting heart rate, and second-order heart rate
are more accurate than univariate models.

ESTIMATING THE INTENSITY WORKOUT USING AN HIDDEN MARKOV MODEL AND THE IMPACT OF MENSTRUAL CYCLES
STORME, F., CHASSARD, T., CARLIN, H., DURMION, G., TOUSSAINT, J.F., ANTERO, J.
INSTITUT NATIONAL DU SPORT, DE LEXPERTISE ET DE LA PERFORMANCE

INTRODUCTION: The impact of womens hormonal cycles of training and performance is central to the customization of
training programs. Several studies have shown potential changes in the stages of menstrual cycles in efforts. In this study,
we focus on high intensity training and its links with time factor and especially menstrual cycles for cyclists.

METHODS: We used as a Hidden Markov Model trained on the heart rate and powermeter captors streaming data to
identify different training regimes. The dataset is collected from 16 elite (international level) and semi-elite women cyclists,
sessions without missing values from the streams are kept (N=6303 sessions) and span from June 2017 and November
2022. The time spent in each state is then aggregated and used for time-dependent analysis of the different sessions
regarding the reported data of the menstrual cycle. We collected menstrual data for 14 of the athletes included in the
sessions dataset over several months (median follow-up time: 178 days) overlapping the session collection time. This
collection is based on declarative data from the athletes (beginning and end of menstruations). The other phases of natu-
ral cycles are inferred using the method developped in [1]. In order to assess the influence of menstrual cycles, we focus
on regular cycles of nature (not using contraceptive pills) athletes (N=9 athletes). Note that we used as a stringent criterion
for regular cycles: a cycle length between 22 and 35 days and a variation over the last three cycles less than 7 days.

RESULTS: We found an important connection between high intensity sessions (Kruskal Wallis test: p-value=0.009), the time
spent in the high intensity state and the menstrual phase for the regular cycles of female athletes (40 selected trainings for
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3 athletes resulting of a sample of 17 cycles) . The time spent in the high intensity state is also closely related to the self-
assessed training intensity of the athletes (session RPE) (pearson correlation = 0.4).

CONCLUSION: As with other studies focusing on elite female athletes, the number of participants limits some of our find-
ings regarding statistical significance. However, our results are aligned with other studies [2] and show an influence of
hormone cycles on the performance of elite female athletes.In addition, the Hidden Markov Model approach can be used
to give coaches insights to assess compliance with training instructions as well as fitness and fatigue in multi-day compe-
titions.

[11 Soumpasis et al., Real-life insights on menstrual cycles and ovulation using big data, Human Reproduction Open 2020

[2]1 Meignie et al., The Effects of Menstrual Cycle Phase on Elite Athlete Performance: A Critical and Systematic Review,
Frontiers in Physiology, 2021

DETERMINANTS OF PERFORMANCE IN ELITE FENCING: A DELPHI STUDY OF FOIL, EPEE, AND SABER INTERNATIONAL LEV-
EL COACHES.

VARESCO, G.1, HAGER, R.2, DORON, J.1, JUBEAU, M.1
NANTES UNIVERSITE

INTRODUCTION: Fencing is an open-skilled combat sport present in the Olympics since 1896. Performance in fencing has
been studied mostly from a physiological and technical perspective, but it also depends on tactical, psychological, and
social factors. Thus, it is challenging to objectively investigate the main determinants of fencing performance at elite level.
Qualitative research involving high-level fencing coaches could help to identify the key factors to perform at elite level. The
aim of this study was to (1) understand the determinants of performance in fencing across the different weapons (foil, épée
and saber) and (2) rank the extracted determinants from the most important to the less important.

METHODS: Thirty-one experts who coached foil (n = 8), epee (n = 8), or saber (n=16) at international level participated in a
three-round online Delphi survey. Round 1 asked coaches to identify the determinants of performance in their respective
weapon. Common or similar determinants were combined. Round 2 asked coaches to rate the importance of each de-
terminant using a Likert scale (range: 0 = not important fo 9= extremely important). Determinants reached a consensus if
the score had an interquartile range <1. Round 3 was similar to Round 2, but presented solely the determinants that did
not reach an agreement, plus an anchor for each determinant, that consisted of the mean value obtained in Round 2.

RESULTS: A total of 25 determinants of fencing performance for the foil, 24 for the epee, and 42 for the saber were report-
ed in Round 1, of which 17, 11 and 39 reached consensus after Round 3 for the foil, epee and saber, respectively. Common
determinants across the three disciplines were information scanning and processing, coordination capacity, the ability to
repeat efforts at high intensity, good tactic and technique, the ability o surpass yourself, determination, motivation, the
atftraction for challenges, prophylaxis, injury prevention, and the quality of the entourage (e.g. family, friends). Specific to
the disciplines, most of the coaches for the epee agreed mostly on physiological, technical and strategical qualities being
determinants for performing well at elite level, while in foil and saber emotion regulation was also considered important.

CONCLUSION: These findings, despite being based on the coaches opinion, offer a base for future studies planning inter-
ventions to improve performance in fencing. Some applications can be talent identification and optimization of training
practices. Moreover, these results might be useful the development of discipline-specific tests to monitor training in fenc-
ers.

ADVANCED MODELING IN SPORTS SCIENCES: THE STUDY CASE OF EXERCISE-INDUCED HYPOXEMIA
BOUDRY, F., MERIC, H., DURAND, F.
UNIVERSITE DE PERPIGNAN VIA DOMITIA

INTRODUCTION:  Exercise-Induced Hypoxaemia (EIH) phenomenon is present in some endurance-trained athletes. Its
consequences on adaptations to exercise during acute and chronic exposure to altitude have been recently published [1],
suggesting that responses to altitude training could be linked to it. Determined at sea level, considering the drop of oxy-
gen saturation during a maximal exercise (12 - 41), EIH is not always detected in athletes before altitude training. Thus, the
aim of this study is to determine EIH without a direct indicator of the phenomenon. As Artificial Intelligence (Al and compu-
tational approaches are powerful and seems promising for sport sciences development [5] we used those approaches in
this work.

METHODS: To investigate this phenomenon, we used 127 endurance trained athletes data measured during previous
stress test including anthropological variables (age, height, weight and sex), physiological variables (heart rate, gas ex-
changes, start and end saturation) and training information (years of training, training volume and sport). Three data sets
were creatfed using those data: the first with raw (measured) values, the second using relatives (to the maximal measured)
values and the last one using data resulting from a principal component analysis. Those data were then analyzed using a
newest version of the Gradient Boosted Machine (GBM): Light Gradient Boosted Machine (LGBM), whose parameters were
tuned using the optuna framework.

RESULTS: Our approach that aimed to classify EIH or non-EIH athletes had a correct prediction in about 79% of the time (35
out of 44 in the test data set, with Kappa = 0.59). Furthermore, we were able to determine the most important factors used
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to discriminate EIH athletes: training years, maximal and minimal ventilation, minimal heart rate and maximal oxygen
consumption .Those results show that Machine Learning (ML) method can be more powerful and allow new approaches.

CONCLUSION: Our study demonstrates that Al and especially ML could be applied o detect EH afterwards. This possibil-
ity could be a supplemental tool for coaches and scientists and could allow to re-investigate data about altitude training in
order to better understand the inter-individual responses and individualize the monitoring.

References:

[ A. Raberin, "Hypoxemie induite a lexercice (HIE) et adaptations a lexercice dathletes entraines en endurance lors de
lacclimatation en altitude moderee : approche globale, systemique et cellulaire”, 2019.

[2] J. A. Dempsey, P. G. Hanson, and K. S. Henderson, "Exercise-induced arterial hypoxaemia in healthy human subjects
at sea level.", 1984

[3] C. Prefaut, F. Durand, P. Mucci, and C. Caillaud, “Exercise-Induced Arterial Hypoxaemia in Athletes”, 2000
[41J. A. Dempsey and P. D. Wagner, "Exercise-induced arterial hypoxemia", 1999

[51 M. Sellami, M. A. Elrayess, L. Puce, and N. L. Bragazzi, "Molecular Big Data in Sports Sciences: State-of-Art and Future
Prospects of OMICS Based Sports Sciences”, 2021
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INFLUENCE OF RESPIRATORY FREQUENCY OF SLOW-PACED BREATHING ON CARDIAC VAGAL ACTIVITY IN ATHLETES
LABORDE, S.1,3, YOU, M.2, DOSSEVILLE, F.3
<I> GERMAN SPORT UNIVERSITY; <2,3> NORMANDIE UNIVERSITE CAEN

Influence of respiratory frequency of slow-paced breathing on cardiac vagal activity in athletes

Sylvain Laborde (1,3); Min You (2); Fabrice Dosseville (3)

(1) German Sport University Cologne (Germany), Institute of Psychology, Department of Performance Psychology
(2) Normandie Université Caen (France), CerreV

(3) Normandie Université Caen (France), UFR STAPS

Abstract

As shown by a recent meta-analysis (Laborde, Zammit et al., 2022), breathing techniques are used by athletes to en-
hance performance. Among them, slow-paced breathing (SPB), the voluntary slowing down of breathing frequency, was
found to increase cardiac vagal activity (CVA; Laborde, Allen, et al., 2022), which is associated to enhanced stress man-
agement and emotion regulation. Most of the times, SPB is performed at the standard frequency of 6 cycles (inhala-
tion/exhalation) per minute (cpm). However, whether the effects of SPB on psychophysiological outcomes change accord-
ing to the respiratory frequency used is still unknown. The aim of this study was fo investigate the effects of a brief SPB
intervention (i.e., 5min) on CVA, as indexed non-invasively via heart rate variability (HRV) measurement. A total of 75 ath-
letes (22 female; Mage =22.32; age range = 19-31) took part in the study. They had to come once fo the lab, and per-
formed 6 breathing conditions: at 5cpm, 5.5¢cpm, 6cpm, 6.5cpm, 7cpm; as well as a control condition with spontaneous
breathing. HRV was measured, and CVA was indexed via the root mean square of the successive differences (RMSSD).
Results showed that the control condition differed from all other SPB conditions (F(2.404, 177.873) = 60.295, p < .001, par-
tial n2 = .45 ; post-hoc tests with 5cpm (Cohen’s d = 1.13), 5.5cpm (Cohen’s d = 1.118), 6cpm (Cohen’s d = 1.125), 6.5cpm
(Cohen’s d = 1.073) = 1.073, 7cpm (Cohen’s d = 0.988)), however the different frequencies did not differ between them-
selves. To conclude, we can say that slowing breathing frequency to a range from 5cpm to 7cpm represent an effective
method to increase CVA, which in turn is suggested to lead to improvements in stress management and emotion regula-
tion. A short SPB exercise may therefore be seen as effective for athletes as a pre-performance routine, as well as during
short breaks during the competition.

Laborde, S., Zammit, N., Iskra, M., Mosley, E., Borges, U., Allen, M. S., & Javelle, F. (2022). The influence of breathing tech-
niques on physical sport performance: a systematic review and meta-analysis. International Review of Sport and Exercise
Psychology, 1-56. doi:10.1080/1750984x.2022.2145573

Laborde, S., Allen, M. S., Borges, U., Dosseville, F., Hosang, T. J., Iskra, M., . . . Javelle, F. (2022). Effects of voluntary slow
breathing on heart rate and heart rate variability: A systematic review and a meta-analysis. Neuroscience & Biobehavorial
Reviews, 138, 104711. doi:10.1016/j.neubiorev.2022.104711

NONVERBAL BEHAVIOR AND EMOTIONS IN THE CONTEXT OF SPORTS

FURLEY, P.
GERMAN SPORT UNIVERSITY COLOGNE

According to evolutionary accounts of nonverbal expressions, humans have evolved to be well-equipped for communi-
cating important internal states like emotions or social intentions nonverbally. Somewhat surprisingly, research on body
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language (nonverbal behavior) in sport is only slowly emerging, although it is considered important and has been fre-
quently studied in other disciplines. In this presentation, | attempt to infroduce a bio-cultural framework and methodologi-
cal guidelines for studying nonverbal behavior and, in particular, emotion expressions in sports. | argue that the ubiquity
of (intense) emotional expressions and the wide-ranging documentation and coverage of sports events provides an ideal
context for studying naturally occurring emotional expressions and their influence on interpersonal outcomes. | will outline
the latest empirical research from our group showing that athletes, coaches, and referees’ display certain nonverbal
behaviors that are correlated with various internal (e.g., emotions) or contextual (e.g., success, playing location) variables
and that observers can decode these nonverbal behaviors. In addition, | will discuss recent studies that show that these
([emotional) nonverbal expressions by athletes and officials have the potential to influence other people and thereby influ-
ence various relevant outcomes in sports. Recommendations for future research will be made on how researchers can
exploit the fact that nonverbal behavior often informs observers about what is going on inside a person and thereby gain
insights on the reciprocal relationships between contextual factors, the athlete, and performance in sports.

EFFECTS OF A PHYSICALLY CHALLENGING ADVENTURE PROGRAMME ON GENERAL SELF-EFFICACY AND RESILIENCE: RAN-
DOMISED CONTROLLED TRIAL

TYNE, W., FLETCHER, D., PAINE, J.N., STEVINSON, C.
LOUGHBOROUGH UNIVERSITY

Effects of a Physically Challenging Adventure Programme on General Self-efficacy and Resilience: Randomised Controlled
Trial

Tyne, W.P., Fletcher, D., Paine N.J., Stevinson, C.
School of Sport, Exercise and Health Sciences, Loughborough University, UK
Introduction

Adventure programmes involving recreational physical challenges (e.g. high ropes courses and rock climbing) are popu-
lar with employers and educators to develop valuable psychosocial skills among their staff and students. These pro-
grammes are designed to take participants outside of their everyday comfort zone through exposure to physically and
psychologically challenging activities in novel environments. Growing evidence supports their value in improving an array
of inferpersonal and intrapersonal skills, however, the quality of evidence has been critiqued and few rigorous controlled
investigations exist. The present research examined the impact of an adventure-based intervention through a random-
ised controlled trial.

Methods

A total of 107 adults (52% male; mean age 25 years) were randomly allocated to an intervention group, which involved a
half-day high ropes challenge course, or a waitlist control group. Self-report measures of general self-efficacy, resilience,
risk-taking propensity and perceived stress were administered four weeks before and four days after the intervention.
Assessments of participants’ affective valence and perceptions of the intervention were also taken immediately after par-
ticipation. Data were analysed through multivariate analysis of variance (MANOVA).

Results

MANOVA results showed an overall medium, statistically significant (Wilks Lambdal(4, 92)=5.263, p=.001, np2=.186) time *
group effect. Further examination of univariate effects for dependent variables revealed a medium (np2=.152) time * group
effect for changes in self-efficacy and a small effect (np2=.040) for risk-taking propensity and no significant differences for
perceived stress (np2=.001) and resilience (np2=.010). Bivariate correlation analyses indicated that baseline self-efficacy
scores negatively correlated with post-intervention self-efficacy change (r=-.556, p<.000), indicating that those with initially
low levels of self-efficacy showed the greatest change. Correlation analyses also revealed that participants who felt a
greater sense of challenge, engagement and affective valence after participation reported larger positive changes in
study outcomes.

Discussion

These findings provide support for the effectiveness of adventure programmes using recreational physical challenges for
increasing general self-efficacy among adult participants. The inclusion of such interventions within workplace and edu-
cational training programmes may enhance positive psychological development. Further research should explore if
changes in intrapersonal outcomes translate into desirable workplace and educational outcomes, such as employee
productivity and academic performance.

SYSTEMATIC REVIEW OF CHOKING UNDER PRESSURE IN MOTOR PERFORMANCE

CHAREYRE, L., CHALABAEV, A., ISOARD-GAUTHEUR, 1.
UNIVERSITY OF GRENOBLE ALPES

Introduction: Anyone can experience choking under pressure and it is especially common in sports where performance is
the focus. The present literature review focuses on “choking under pressure”, which refers to a sub-optimal sporting per-
formance that occurs under stressful conditions. This systematic review aims at examining the conditions (i.e., the mod-
erators like as example the types of pressure) in which choking under pressure influences motor performance and the
mechanisms that may explain it (i.e., mediators as for example the arousal).
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Method: This systematic review was conducted following PRISMA Guidelines. We systematically searched relevant articles
in PubMed, PsycINFO, PsycArticles, SPORTdiscus, Psychology and Behavioral Sciences Collection, Web of Science and Eric
from inception to February 2023. We only included studies focusing on motor tasks (i.e., body movements assessed on
coordination, or conditioning, or both).

Results: 642 articles were identified from the databases. Out of 368 articles (without duplicates) that were screened, 94
studies met the inclusion criteria for the first and 69 studies for the second screening review. Among the studies who
examined the effect of choking under pressure on motor performance, most of them examined at least one modera-
tors/mediators. Specifically, regarding moderators, studies mainly focused on the types of pressure (e.g., financial incen-
tive or video recordings), on task characteristics (e.g., well-learned task or complex/simple task) and on others (e.g., emo-
tional regulation or personality). Regarding mediators, studies mainly focused on distraction-related mechanisms (atten-
tion shifts from task-relevant to irrelevant cues), on arousal (e.g., heart rate or self-reports of arousall, on anxiety, on self-
focus (e.g., self-awareness or self-consciousness).

Conclusion: Overall, our findings identified several conditions under which choking under pressure occurs, and showed
that several mechanisms are involved in choking under pressure effects on motor performance.
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HOW WINNING TEAMS KICK FOR SUCCESS IN RUGBY UNION: A BIG DATA APPROACH
SCOTT, G.A., BEZODIS, N.E., BENNETT, M., CHURCH, S., WALDRON, M., KILDUFF, L.P., BROWN, M.R.
SWANSEA UNIVERSITY

INTRODUCTION: Studies within Rugby Union have repeatedly identified kicking as a key indicator of success (1,2), yet no
further analysis has been completed to quantify why. While it has been demonstrated that out-kicking your opposition is
strategically important, a greater contextual understanding is required to allow deployment of actionable interventions to
promote improved outcomes. Given this, the aims of this study were i) to profile the kicks taken during a season of the
United Rugby Championship and ii) to quantify whether these kicks differed between winning and losing teams.

METHODS: Coded video analysis files were downloaded from 144 matches within the 2021-22 season of the United Rugby
Championship. Sequences containing kicks were isolated and the kicks in each sequence collected (n=6587). For each
kick, the type was identified, and allocated to one of five zones across the field. The proportion of kick type and kicks taken
in each zone was recorded across the full dataset and then divided into winning and losing team kicks, according to
match outcome. The outcome of each sequence was obtained and defined a positive, negative, and neutral outcome.
The proportion of positive outcomes were compared between winners and losers within each kick type and zone using
Chi-Squared test of association. The rate per sequence of actions made within kicking sequences were calculated for
winning and losing feams and compared using two sample Poisson test.

RESULTS: Winning teams kicked more than losing teams in all zones of the field and all kick types. However, both teams
had a similar distribution across the field and by kick type, proportional to their total number of kicks. Winning teams had
significantly higher percentage of positive sequences outcomes when they kicked from their opposition 10-22m (38% vs.
31%) and their own 10-22m zones (43% vs. 32%). Winners also had significantly higher positive sequences outcomes
when completing bomb (51% vs. 38%), territorial (38% vs. 33%) and low kicks (42% vs. 32%). Successful teams also record-
ed a higher rate of attacking qualities, alongside their use of different kick types and in different zones.

CONCLUSION: Winning teams implement effective kicking strategies in both their own half and opposition half, suggest-
ing that both attacking and defensive kicking styles are required for winning outcomes. Territorial kicks were identified as
important to winning sides, alongside bomb and low kicks, suggesting that a combination of both longer, territorial kicks
and shorter, contestable kicks can be utilised to promote positive outcomes. The rate at which teams perform attacking
qualities, such as completing line breaks, was also important for winning, highlighting the importance of the actions of
surrounding players prior, during and after the kicks to support positive sequence outcomes.

1) Bennett M et al., 2019, J Sci Med Sport.
2) Scott G et al., 2022, J Sci Med Sport.

FACTORS INFLUENCING IN-GAME PLAYER ACTIVITY IN RUGBY LEAGUE: A NEW APPROACH
WATSON, N., DURBACH, I., HENDRICKS, S.H., STEWART, T.J., JONES, B., DALTON-BARRON, N., WEAVING, D.
UNIVERSITY OF CAPE TOWN

INTRODUCTION: Player activity and load profiling are important in fraining and management decisions to optimise per-
formance in rugby league. Player movement is a complex phenomenon, involving both spatial (place on field) and tem-
poral (fime in match) dimensions. Current approaches to activity profiling typically rely on univariate measures derived
from distance-based variables collated from GPS data to classify profiles and player movement with user-defined numeric
thresholds, where the metrics used are often aggregated to one observation per match.
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These approaches have yielded useful insights into player activity profiles in rugby league and other sports. However, two
important research areas are less amenable to analysis with this approach: (i Investigating the influence of in-game
events on player movement (e.g., do activity states change following a try?), and (il Combining different dimensions of
player activity (e.g., speed, directionality, and acceleration) when constructing activity profiles.

The aim of this study was to introduce Hidden Markov Models (HMMs) - a flexible, data-driven, and statistically robust
approach capable of modelling the complexity of player movement. We applied HMMs to both rugby league training and
match GPS data fo address these two research questions and thus provide valuable tactical and player management
decision support.

METHODS: We fitted several HMMs to 1000 rugby league player training GPS files across five training modalities and 215
match GPS files across 35 matches of one team from the 2018 and 2019 English super league competitions. Activity states
were constructed jointly from player speed, direction and PlayerLoad data. We investigated the effect of both elapsed time
and score difference on the probability of being in or transitioning between different states of activity in a match context.
We also compared the activity and load profiles between training modalities and between fraining and matches.

RESULTS: The HMMs successfully combined multiple movement variables to detect different activity states for both training
and match data, and to reveal the probability of being in these states as a function of the two time-varying covariates.
Players were more likely to engage in directed, high speed movement as well as very undirected, slow movement at the
beginning of a match and when behind on the scoreboard. There are some key differences in activity profiles within train-
ing modalities and between training and matches, notably a high-activity training state rarely accessed by players during
matches.

CONCLUSION: HMMs are capable of modelling the complexity of player movement in rugby league and can be used to
investigate the influence of in-game, time-varying factors on player movement as well as several other research questions
of interest. HMMs therefore offer a statistically robust method to profile player activity data that can provide decision sup-
port for optimal performance in rugby league as well as several other sports.

SCORING PERFORMANCE OF THE THREE PHASES IN TABLE TENNIS
CHANG, M.H., LIU, Y.T.
NATIONAL TAIWAN NORMAL UNIVERSITY

INTRODUCTION: Table tennis is a fast-paced sport where the serve-attack and the service-return-attack have been con-
sidered the most important and effective scoring tactics. The ‘three-phase evaluation method’ has been developed to
analyze table tennis match performance based on three key phases: the aftack after service, the service-return with at-
tack, and the stalemate phase. The method combined with other variables such as stroke type and ball bouncing area
have usually been used to analyze the techniques and tactics of the individual players. There has been evidence to sup-
port that the impact of the serve and subsequent aftack on the rally outcome decreases as the number of strokes increas-
es (1). This study aimed to use a revised three-phase evaluation method to analyze the scoring performance of elite mens
singles matches in relation to the outcome of the matches.

METHODS: The notational analysis was applied to analyze seven mens singles matches from the quarter-finals to the
finals in the 2022 World WTT Cup Finals Xinxiang. Every point in a game was assigned to one of three phases: scored at
stroke 1 and 3 of the rally for the service phase, scored at stroke 2 and 4 of the rally or the service-return phase, and
scored at stroke 5 or later for the stalemate phase. The scoring rates of each phase were calculated by dividing the total
points won in that phase by the total number of services, service-returns, or 5 or longer rallies, respectively. The 3 (phase)
x 2 (outcome] repeated measure ANOVA was used to analyze the scoring rates.

RESULTS: The effect of phase was significant, F(2, 12) = 31.38, p < .007; the post hoc paired comparisons showed that the
stalemate phase had significantly higher scoring rate than the other 2 phases (ps< .001). In addition, the winners also had
significantly higher scoring rate than the losers, F(1, 6) = 22.03, p < .01. No significant interaction effect was found.
CONCLUSION: The stalemate phase had the highest scoring rate over the three phases. This indicates that more points
were determined later in the rally rather than from the service or service-return attack tactics. Service and service-return
both are important techniques and tactics in table tennis, but the result of the analysis suggests that developing tactics for
stalemate phase may be the key to winning the table tennis matches.

REFERENCE:
1) Gémez, M. et al., Int J Perform Anal Sport, 2017

AUTOMATIC QUANTIFICATION OF DISPLACEMENT AND RING GENERALSHIP DURING HIGH-LEVEL ELITE BOXING COMPE-
TITIONS.

SCHORTGEN, A., GOYALLON, T., REVERET, L., MOUSSA, 1., SAULIERE, G., BREZEPHIN, L.

INRIA - LIK, IRMES - INSEP - UNIVERSITE DE PARIS, FEDERATION FRANCAISE DE BOXE

INTRODUCTION: Keywords : Boxing Performance, Video Analysis, Performance Analysis, Ring Generalship

Ring generalship (RG), or ring occupancy, is an essential key performance indicator in elite boxing. Understanding position
and movement of an opponent leads to defining better strategies, controlling the pace of the bout and imposing advan-
tageous fighting ranges [11. In addition to landed strikes, effective pressure and defense, RG influences the final score. Due
to the high-intensity nature of boxing, fatigue is directly related to punch effectiveness as well as stances, even if the latter
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is significantly less studied in the literature. To date, little has been made available to measure and analyze the concept of
RG in real-life scenarios, especially using automatic method to avoid any bias. The purpose of this study is to accurately
track fighters locations inside the ring and extract relevant metrics.

METHODS: Based on a single video camera, we automatically capture 2D position of each athlete onto the ring plane
during a live combat. A tracking-by-detection algorithm [2] is first trained on a short sub-sample of the fight to detect
unique boxers in the scene. The resulting classification allows to build a data-set specific to the bout (context, ouffits, light-
ing). These specific features are used to retrain a multi-person detection algorithm [3]. By combining athlete detection and
2D keypoints estimation, we map features in an image coordinate system. Athletes positions with respect to the ring
plane are derived from the feet joint locations and expressed in a metric world reference system through homographic
transformation.

RESULTS: 32 fights (3 rounds x 3 min) were studied with this method during a French elite national competition with the
collaboration of the French Boxing Federation. During the event, 33 fighters (18 women, 15 men) competed, they traveled
an average of 155 m + 28 per round. The average distance maintained between boxers was 1.23 m + 0.16. Our study
addresses performance indicators such the distance covered by each athlete, heatmaps of the boxing activity, combat
profiles (clinch phases, distances ...) and orientation of the fight in relation to the judges.

CONCLUSION: In order to quantify RG during elite boxing combats, we proposed a suitable approach that required sim-
ple equipment for use in the wild. With only 96 rounds processed, more fights need to be collected to address the correla-
tions between the metrics investigated in this study. During this event, all landed punches (15464 hits) were annotated by
experts and will allow a more in-depth analysis in combination with our tracking data.

References

[11S. E. Ashker, Technical and tactical aspects that differentiate winning and losing performances in boxing, Interna-
tional Journal of Performance Analysis in Sport (2011).

[2]Y. Zhang, et al, Bytetrack: Multi-object tracking by associating every detection box, ECCV (2022).
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QUANTIFYING AND CHARACTERIZING PUNCHES IN ELITE BOXING MATCHES DURING AN OFFICIAL COMPETITION

SAULIERE, G.1, SCHORTGEN, A.1.2, GOYALLON, T.2, REVERET, L.2, FRUCHARD, B.2, LEROY, P.2, BREZEPHIN, L.3
TIRMIES - INSEP - UNIVERSITE DE PARIS, 2.INRIA - LIK - LOKI - ZENITH, 3.FEDERATION FRANCAISE DE BOXE

INTRODUCTION: Quantifying and characterizing punches in boxing fights enables profiling athletes and study winning
strategies [11. Producing this data requires analyzing videos to detect punches and further characterize them. Automatical-
ly detecting punches from videos remains challenging, leaving this task to a tedious manual annotation. In collaboration
with the French Federation for Boxing (FFB) in the context of an official competition, accelerometers from Inertial Measure-
ment Units IMU) strapped in the gloves have been tested to efficiently defect punches.

METHODS: FFB officers equipped every athlete with wireless IMU (Xsens Awinda, 120 Hz) before every fights. IMU were
strapped on the distal part of the forearms at each hand, and protected under gloves. Punches were automatically identi-
fied as peaks detected in the acceleration. IMU were synchronized with high-resolution videos (Qualisys Miqus Video, HD
60 fps) to produce short sequences of animated images representing each punch. A manual annotation tool of these
sequences was provided to video analysts of the FFB for the characterization of punches. Punches trajectories were la-
belled as miss", hit or blocked. Logistic regression analysis is used for establishing the potential associations between the
fight result and the number of blocked, missed and hit punches.

RESULTS: A total of 21.474 punches over 94 x 3 minutes rounds (31 matches of 3 rounds, one match lasted 1 round only)
has been detected. Analysts excluded 25.09% of false positives. We present results with respect to two different aspect:
the efficiency of the annotation task and the athlete productions. Characterizing a punch required in average 7.16s [7.09,
7.231 (95% confidence intervals) for 11 annotators. We observed in average 144 [134, 154] punches towards the head and
22 120, 241 towards the torso per round, with an average of respectively 56 [51, 621 and 13 [12, 151 successful hits, which
agrees with results from the literature [2]. In the logistic regression, fight result is found to be significantly associated with
both number of missed ({plvalue < 0.001, OR = 0.97 (0.94, 0.98)) and hit (pvalue = 0.002, OR = 1.03 (1.01, 1.05)) punches
but not with blocked punches (pvalue = 0.913, OR = 1.00 (0.98, 1.09)).

CONCLUSION: Instrumenting boxers with IMU enables automatically identifying punches, saving precious manual anno-
tation time that analysts can leverage to solely characterize hits. Befter punch identification algorithms should likely reduce
false-positives and save even more time. All characterization were performed over an accumulated time of 37.05 hours.
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PERCEPTIONS AND PRACTICES REGARDING DIETARY SUPPLEMENTS OF NUTRITIONISTS WORKING WITH ELITE SOCCER
CLUBS

OLIVEIRA, C.B.1,2, ABREU, R.2, BRITO, J.2, TEIXEIRA, V.H.3,4,5
1. NMSJFCM-UNL, 2. PORTUGUESE FOOTBALL FEDERATION; 3. FONAUP: 4. CIAFEL-FADEUP: 5. ITR, PORTO

INTRODUCTION: Dietary supplement use is widespread among soccer players. Nutritionists working with soccer clubs
play a crucial role in the decision to supplement, and on the types of dietary supplements to recommend and in which
situations. However, there is no evidence of their perceptions and practices regarding dietary supplements and the scien-
tific evidence surrounding them. Therefore, this study aimed to assess this issue among nutritionists working with elite
soccer clubs.

METHODS: Nutritionists (N=134) working with elite soccer teams from six leagues in Europe (England, France, Germany,
ltaly, Portugal, and Spain) and Brazil were invited to participate. After ethical approval, practitioners were contacted via e-
mail, and professional or personal networks. Data collection ran from 8 November 2022 to 8 February 2023, and used an
anonymous online questionnaire with 19 questions, adapted from another used for a similar purpose (1). Overall, 62 nutri-
tionists had responded (46.3% response rate); two refused to participate, and one was excluded due fo incorrect fulfil-
ment. Therefore, 59 nutritionists [34.6 (5.6) years] were included in the descriptive statistics analysis presented. Except for
age (n=57), data are available for all and expressed in mean (SD) and percentages (%).

RESULTS: Nearly all participants considered themselves knowledgeable and interested in dietary supplements (94.9%
responded agree or strongly agree) and reported being often asked about these products (93.2%). Most nutritionists
stated consider dietary supplements more effective for enhancing sports’ physical and physiological performance (93.2%),
fatigue recovery (81.4%), and enhancing sports’ cognitive and mental performance (76.3%). The barrier to recommending
dietary supplements mentioned by most nutritionists concerned about regulation (50.9%), whereas the enabler was hav-
ing sufficient training in the area (76.3%) and autonomy to recommend supplements (59.3%). Also, most nutritionists re-
ported wishing to learn more about dietary supplement use for sports performance (66.1%).

Regarding practices, most participants reported being dietary supplement users (57.6%) and recommending supplements
regularly (69.5%). Obtaining information from evidence databases and academic journals (93.2%) and conferences
(59.3%) were the sources stated by most nutritionists. Finally, some nutritionists reported selling dietary supplements
(15.3%).

CONCLUSION: Participants considered themselves knowledgeable and showed a great interest in learning about dietary
supplements while also revealing caution about recommending supplement use. Nutritionists reported seeing these
products as most effective for enhancing sports’ physical and physiological performance, and having sufficient training
was the main enabler for recommending supplement use. These findings provide novelty data and open new perspec-
tives for research into supplement use in soccer.

REFERENCES:
1. Marx W, et al. Complement Ther Clin Pract. 2016;25:87-91

REVIEW OF FOOD PROVISION FOR ATHLETES COMPETING AT THE TOKYO 2020 OLYMPIC AND PARALYMPIC GAMES

PELLY, F.1, DUFOUR, A.1,2, TWEEDIE, J.1, SLATER, G.1
L. UNIVERSITY OF THE SUNSHINE COAST 2. CANADIAN OLYMPIC COMMITTEE

INTRODUCTION: Teams that are competing at the Olympic and Paralympic Games (OPG) rely on food provided onsite at
athletes’ villages and at competition venues. Evidence has demonstrated that despite advance planning, food provided at
these events does not adequately meet the needs of all athletes (1). Furthermore, restrictions have been placed on large
scale catering with the advent of COVID-19 (2). The aim of this study was to review the proposed food provision for the
Tokyo 2020 OPG in 2019 before COVID-19 and compare to the onsite delivery in 2021 during COVID-19.

METHODS: A previously developed survey (1) was distributed to nine sport nutrition experts on two occasions during 2019
to review the on-paper menu for the Tokyo 2020 OPG. This was followed by an onsite review of food provision by 18
sports nutrition practitioners appointed to national teams during the delayed Tokyo OPG in 2021.

RESULTS: Results demonstrated a significantly higher mean rating (1 = not suitable to 10 = very suitable) for the suitability of
the main village menu on site (8.0) in comparison to the initial paper review (7.0; p=0.037). There was a negative correla-
tion between sports nutrition practitioner experience (r = -0.479; P=0.009) and menu rating. Areas that were rated signifi-
cantly better in terms of availability and acceptability on site than the 2019 paper review included pizza, fruit, yoghurt and
food appropriate to make weight. Provision of breakfast cereal and muesli, vegetarian/vegan and snack/ sports foods
were rated the worse by experts in 2021, with a rating of ‘poor’ for the ability to request specific items on the menu. No
significant differences were evident between the main village food and satellite villages and venues from the onsite 2021
review, however specific areas such as meeting food allergies, cultural diversity and vegetarian/ vegan items were rated
as ‘poor’ in locations outside the village.
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CONCLUSION: This is the first time that the food provision on site has been rated higher by experts than the proposed
menu in advance of the event. Changes in food delivery due to COVID-19, including restricted numbers through the dining
hall and fast turnover time of food, as well as a longer lead in time may have resulted in improved catering processes.
Unlike in previous events (3), budgetary constraints, planning and procurement issues did not appear to be a limitation to
appropriate food provision.
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Provision at International Sporting Competitions: A Qualitative Study. Sustainability, 15, 1, 1-13.

3. Pelly FE, Tweedie J. Inclusion of nutrition expertise in catering operations at a maijor global sporting event: a qualitative
case study using a foodservice systems approach. J Acad Nutr Diet. 2021;121(1):12

THE COMPLIANCE TO COVID-19 FOOD SERVICE SAFETY GUIDELINES BY CATERERS AT THE TOKYO 2020 SUMMER AND
BEIJING 2022 WINTER OLYMPIC AND PARALYMPIC GAMES

DUFOUR, A.C., PELLY, F.E., TWEEDIE, J., WRIGHT, H.H.
UNIVERSITY OF THE SUNSHINE COAST

INTRODUCTION: Catering for athletes competing at international sporting events such as Olympic and Paralympic Games
(OPG) is challenging. This has been heightened during COVID-19 due to the need for caterers to adapt to new food service
guidelines (1), such as those suggested by the International Olympic Committee (2). The purpose of this research was to
compare the compliance of caterers to various COVID-19 counter measures (CCM) placed on food provision at the Tokyo
2020 and Beijing 2022 OPG. These included provisions around personal hygiene, sanitization, and physical distancing
with the aim of reducing athletes’ risk of infection.

METHODS: An online survey was distributed to expert dietitians attending July 2021 Tokyo (n=20) and February 2022 Bei-
jing OPG (n=7). Eleven different CCM were included in the survey for the main dining halls (MDH) in the athlete villages,
satellite villages, and venues at both events. The CCM were observed by experts and rated as compliant (100%), partially
compliant (50%) or non-compliant (0%) over the course of the event.

RESULTS: Overall, the MDH at both Tokyo and Beijing had higher compliance on CCM than other dining sites. In Tokyo,
most CCM were rated as partially or fully compliant, with the exception of reduced seating time with 40% (6/15) experts
rating this as non-compliant. Greater than 80% of experts (12 /15) rated full compliance for hand sanitizer, gloves, masks,
and plexiglass dividers. Similarly in Beijing’s 3 villages, greater than 80% of experts rated full compliance for hand sanitiz-
er, gloves, masks, plexi-glass dividers on seating and regular wiping of seats. In Tokyo satellite villages, experts reported
only partial compliance (4/5; 80%) for sanitization of condiments and no or partial compliance (4/5; 80%) for self-service.
At venues, 90% (10/11) experts reported full or partial compliance to reduced seating and mask wearing (9/9; 100%) but
observed non-compliance to social distancing and eating outdoors. Comments from experts suggested that CCM com-
pliance was reasonable at both events. In Tokyo, however, the MDH was overcrowded at peak times, while in Beijing
other aspects of food safety were considered as less rigorous, with two comments about gastrointestinal distress from
potential cross contamination in some athletes.

CONCLUSION: Findings suggest that the greater the number of diners relative fo the size and flow of the dining areq, the
more challenging it is for caterers to adhere to CCM. Caterers also must consider all factors affecting food safety in terms
of decreasing risk of illness in the dining environment of the Olympic and Paralympic Games.

1.Dufour AC, Pelly FE, Tweedie J, Wright H. Perceptions of the Impact of COVID-19 Countermeasures on Safe Foodservice
Provision at International Sporting Competitions: A Qualitative Study. Sustainability. 2023;15(1):576

2.International Olympic Committee. The Playbook. Athletes and Officials. Your guide to a safe and successful Games.
Tokyo 2020 Version 3 June, 2021 and Beijing 2022

EFFECT OF SUPERVISED NUTRITION EDUCATION PROGRAMME ON ELITE ATHLETES DURING PREPARATION OF MAJOR
GAMES

HAN, Q.1, AN, N.1, SHAOQ, J.1, WANG, Q.1, ZHANG, M.2

1, NATIONAL INSTITUTE OF SPORTS MEDICINE, 2 WINTER SPORTS MANAGEMENT CENTER OF THE GENERAL ADMINISTRATION
OF SPORT OF CHINA

INTRODUCTION: Nutritional strategy and characteristics are largely varied between different sports and even between
teammates in accordance to their individualized nutritional goals and competition plan. Furthermore, for those return-to-
play athletes who need dietary aims to meet their specific needs, sports nutritionist and dietitian can play a vital role for
athletes’ professional career and for their exercise performance. As early as 2003, 10C issued its global consensus on
sports nutrition 2003: new guidelines for nutrition for athlete, which primarily demonstrated that the amount, composition,
and timing of food. And in this programme, we majorly adopted the education slides and lectures based on the well
recognized I0C consensus.

METHODS: In this prospective nutrition study, sports nutrition education were conducted with 20 professional elite athletes
at the baseline. Nutrition surveys were provided for four months throughout the study. Energy expenditure were estimated
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using a strong evidence proved HRV exercise training load monitoring system (Switzerland) and PAL reporting method.
DEXA was used for monitoring body composition. Blood biochemistry profile was measured along with the education
programme including CK, BUN, Testosterone, and Cortisol for exercise fatigue. Training load was calculated according to
routine fraining including warm-up, strength conditioning, active stretching, and sport-discipline specific training.

RESULTS: The largest need of nutrition is to achieve their ideally optimal body composition and to achieve quick recovery
from intense exercise training. After education on foods choices, nutrition survey indicates athletes prefer to choose low fat
foods than before supervision. Their bodyweight became lower by the end of major Game season. And the average
weight loss was 1.49 kg for ladies and 1.68 kg for men throughout entire season (both P-values<0.05). We also found
that Fat% and BMI of female athletes were significantly decreased after four months of the intervene, meanwhile, their
muscle mass and lean mass increased significantly (both P-values<0.05). While, in male participants, we only found
significantly increased muscle mass (P-value<0.05), though the improvement of Fat% and BMI were observed from the
baseline, the change was not significant (both P-values>0.05).

CONCLUSION: With nutrition education and supervision, elite athletes prefer to choose healthy foods for achieving optimal
body composition and quick recovery purposes. Nutrition supervision under professional dietitian is of great value for
optimal exercise performance especially during the preparation for major sport games.

WADA MONITORING PROGRAM SUBSTANCES-CONTAINING DIETARY SUPPLEMENTS MIGHT CAUSE UNINTENTIONAL
DOPING OR HEALTH RISK

SZILAGYI-UTCZAS, M., PALINKAS, Z.
HUNGARIAN UNIVERSITY OF SPORTS SCIENCE

INTRODUCTION: The World Anti-Doping Agency (WADA) issues the monitoring program annually. The substances in
moniftoring program are not prohibited, but they are monitored by WADA in order to detect potential patterns of misuse in
sport. Many top athletes try to find “legal” performance enhancer products, especially containing these not prohibited
substances (PSs), but instead of being safer, their use can provide high risk to a positive doping fest. On the one hand,
these ingredients can be expensive, thus to reduce the production costs in many cases they are omitted or substituted
with other compounds. On the other hand, in several cases these DS are produced in illegal pharmaceutical industries
without any quality control, thus contamination of DS with PS might occur. The detection of PSs by the WADA in DSs used
by athletes is a crucial preventive step to avoid unintentional doping. Measurement of active compounds can help also in
the evaluation of the cost/benefit of the usage of DSs.

METHODS: The analyses of DS containing active compounds present on the WADA monitoring list were carried out by
means of suitable chromatographic techniques (liquid or gas) coupled to tandem mass spectrometry (LC- or GC-MS/MS).
Our scopes were to quantify the legal active substances (ecdysterone (ECD), caffeine (CAF), synephrine (SYN), bemethyl
(BEM)) and to detect eventual PSs (115 mostly occurring anabolic androgen steroids (AASs), stimulants, narcotics, diuretics,
hormones and metabolic modulators). Our analytical methods were optimized to obtain the lowest possible limit of defec-
tion (0.6-500 ng/g or mL) of PSs.

RESULTS: Among the different analysed samples (14 ECD-containing DS; 30 CAF- and/or SYN-containing DS, 1 BEM-
containing DS) more than 30% of them contained almost one PS, mainly AASs and stimulants, in the concentration range
from ng/g to pg/g. At the same time in many cases the measured content of the active substances was not in accordance
with that on the label. In the case of CAF-containing products 20% were contaminated with PSs, while only in half of them
was the CAF content in the range of £10% respect to the labelled values. In one pre-workout product the measured caf-
feine content was double as labelled, resulting in 597 mg/dose quantity, which can cause serious health issues for non-
habitual CAF consumers. Totally, 14 different ECD-containing DSs from 9 brands were analysed. In all cases the measured
ECD content was much lower that on the label. In addition, 25% of the samples contained PS. Concentration of the active
compound and contaminations varied from batch to batch randomly. BEM-containing DS contained 3 different selective
androgen receptor modulators and 1 stimulant in the concentration of ug/g.

CONCLUSION:  Serious discrepancies were explored on the labelling of program substances-containing supplements,
including lack of active compounds and presence of PS. The developed methods provide outstanding support for athletes
regarding DS safety.
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PHYSICAL EXERCISES OF CHINESE OLDER ADULTS AND SOCIAL PARTICIPATION: HEALTH PROMOTION AND NETWORK
EXPANSION

FUBAIHUI, W.
CHINA INSTITUTE OF SPORT SCIENCE

Introduction
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There is a logical relationship among physical exercise, health level and social participation of the elderly, but the re-
search on the influence of physical exercise on social participation of the elderly in China is relatively lacking. Physical
exercise will improve peoples health and expand the social network of the elderly. The changes of these factors may
promote the elderly to actively participate in society from different aspects such as ability, willingness and ways. In order to
effectively promote the social participation of the elderly through physical exercise, it is necessary to investigate the infer-
mediary role of subjective and objective health of the elderly.

Methods

Using data from China Longitudinal Aging Social Survey conducted in 2016, we perform binary logistic regression model
to analyze the relationship between physical exercises and social participation of Chinese older adults. The structural
equation modeling is used to estimate the mediating effects of subjective and objective health. The mediating effect of
subjective and obijective health was examined by Sobel test, and the moderating effect of urban-rural heterogeneity and
age marriage was also analyzed.

Results

This paper studies the mechanism of physical exercise (integrating the information of participation, frequency and the
intensity of each exercise) on the social participation of the elderly, and tests the intermediary role of health factors in the
relationship between them.

Discussion

Results suggest that regular physical exercise will significantly enhance the increase the probability of older adults’ social
participation.; physical exercises affect social participation in both direct and indirect ways through health. The direct effect
is embodied in that physical exercise expands the social network of the elderly and enhances the degree of socialization,
thus improving the enthusiasm of the elderly for social participation; the indirect effect is realized by improving the health
level of the elderly, and subjective and objective health plays an intermediary role. Participating in exercise can not only
improve the objective health status, but also have the ability and conditions to participate in economic, political and volun-
tary activities. It can also improve the subjective health status of the elderly and make them more willing to participate in
various forms of society. There are internal differences in the promotion of physical exercise to the social participation of
the elderly. For the rural elderly, the very old and the elderly without spouses, improving the participation of physical exer-
cise will bring more obvious spillover social effects and significantly improve their social participation level. This paper
further confirms the positive social effects of physical exercise on the elderly, and provides a theoretical basis and a case
study of China for promoting the integrated development of physical education and old-age care.

THE INFLUENCE OF SPORT CLIMBING JOINING THE OLYMPIC GAMES ON THE FINANCIAL SITUATION OF THE INTERNA-
TIONAL FEDERATION OF SPORT CLIMBING AND ITS IMPLICATIONS

LIU, Y.D., LIU, L.H.
CHINA UNIVERSITY OF GEOSCIENCES, WUHAN

Introduction

Organizational change is an important factor affecting its development. The International Federation of Sport Climbing
(IFSC) contributes to the sustainable and healthy development of sport climbing and further expands the influence of sport
climbing in the Olympic Games. For such a non-profit organization, good financial management is an important material
basis for its long-term healthy development. Therefore, it is necessary to systematically study the economic situation of the
IFSC after the entry of sport climbing into the Olympic Games, which is not only of great guiding value to the guarantee of
healthy growth of the IFSC, but also of positive reference value to other international sports associations, especially for
those which are looking for the entry into the Olympic Games.

Methods

This study uses a variety of non-profit sports organization financial status analysis methods such as literature research,
comparison analysis, frend analysis and gray relational analysis to comprehensively and systematically investigate the
financial situations based on the published financial statements on the official website of the IFSC from 2015 to 2019. This
study mainly focuses on the variation trend of its financial situation before and after the sport climbing joining the Olympic
Games and makes a comparative analysis.

Conclusions

(1IThe total assets of the IFSC significantly increase after the successful entry of sport climbing into the Olympic Games. The
entry of sport climbing into the Olympic Games has played a positive role in promoting the funds of the IFSC.

(2)The successful entry of sport climbing into the Olympic Games has stimulated the vitality of the liquidity of the IFSC, en-
hanced the asset elasticity, improved the speed of fund turnover, avoided the insufficient fund in the operation process,
which are conducive to the long-term and healthy development of the IFSC.

(3]The successful entry of sport climbing into the Olympic Games has increased the liabilities of the IFSC, which may re-
duce the financial elasticity and make the cash flow insufficient to support the normal operation of the organization. How-
ever, based on the results of gray relation analysis, the subsequent impact of solvency on the finance of the IFSC tends to
be stable.

(4]The financial revenue and expenditure of the IFSC is balanced, which demonstrates the organization is in good condi-
tion. However, the gray relation analysis results show that the balance relationship between revenue and expenditure has
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a high impact on the financial status of the IFSC, and the organization should pay attention to maintaining a good balance
relationship between revenue and expenditure to stabilize the overall financial status.

TRANSFORMING EQUESTRIAN SPORTS TO A MORE ENVIRONMENTALLY JUST ACTIVITY
THORELL, G., HEDENBORG, S., RADMANN, A., ANDERSSON, P., BEAMES, S.

THE SWEDISH NATIONAL EQUESTRIAN CENTRE AT STROMSHOLM AND KARLSTAD UNIVERSITY
Introduction

While the equine sector in Sweden and Norway provide leisure activities, entertainment and employment for many people
of all ages, these come with associated negative effects. The equine sector is cast as a ‘climate villain’ that emits more
carbon dioxide than domestic aviation. It is concluded that while research is scarce, feed and transport are serious threats
to the environment. Similar conclusions are found in other studies on the environmental impact caused by the equine
sector, which show how nutrient leakage from manure piles, paddocks and pastures is a major problem, alongside the
aforementioned issues of feed and transport. This study aims to understand the decision-making processes and actions
taken by actors in equestrian sports to transform the sport into a more environmentally just activity. The project is informed
by two framing theoretical perspectives: institutional economic theory and directional transformation (North, 1990; Scoones
et al 2015).

Methods
Data consists of 30 semistructured inferviews. These have been analyzed using thematic confent analysis.
Results

Results point to the following challenges in transforming equestrian sports into a more environmentally just activity: provid-
ing sporting activities with animals, organizational frameworks, economy, transport, location, knowledge, horse welfare,
time and consumption. Suggested solutions are connected to behavior change.

Discussion

Institutional theory sheds light on how change is hindered by institutions and norms. Equestrian sports face challenges in
relation to transforming to more sustainable sports. Some of these challenges are shared with other sports (such as peo-
ple’s logic for participating in sports, cf., Larneby et al 2022), while others are connected to a specific ‘stable culture’ (cf.,
Thorell et al 2015) in which equestrian sports is seen as dependent on, for example, carbon dioxide emissions and con-
sumption patterns. In the project’s next phase, workshops will be conducted to find solutions together with collaborative
partners in the sport.
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IS-APO2 Supporting female athletes through pregnancy and postpartum

INITIATING THE MOTHER-ATHLETE ROLE: DILEMMAS AND OPPORTUNITIES
MCGAWLEY, K.
MID SWEDEN UNIVERSITY

Womens participation in competitive sport has increased markedly over the last century. At the first Winter Olympics in
Chamonix in 1924 only 4% of the competitors were women. 98 years later, at the 2022 Beijing Winter Olympics, female
participation had reached 45%. This significant rise in representation has been accompanied by a development in the
professionalisation of womens sport. Nevertheless, sporting opportunities and incentives remain unequal between the
sexes, with social, cultural and economic factors continuing fo hinder women to a greater extent than their male counter-
parts. As such, continued efforts are needed to provide female athletes with the tools they need to develop and succeed
in sport.

Motherhood is distinct from fatherhood in that women undergo pregnancy, childbirth and postpartum recovery. While
women and men may have an equal desire and commitment to start a family, the immediate consequences have a far
greater impact on women. The effects of motherhood are exacerbated in elite sporting contexts, due to the physicality of
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athletic endeavours and the inability of women to compete during certain time periods. Despite these distinct challenges,
relatively little is known and communicated about how to facilitate female athletes through pregnancy and postpartum.

Several studies across different sports and a range of countries have identified recurring dilemmas facing sportswomen
as they initiate, maintain and/or discontinue the mother-athlete role. In a recent study conducted with elite Scandinavian
endurance athletes, we identified four such themes: Biological clock versus peak performance; Maintaining fitness versus
training safely; Receiving support versus facing deselection; Balancing competing mother-athlete demands. Many of the
participating athletes felt pressured into prioritising either athletic excellence or motherhood, particularly in their early to
mid-thirties. Further, maintaining fitness and training safely during pregnancy was perceived as a challenge, as was
balancing the mother-athlete role after childbirth. In many cases athletes felt uncertain about the support they may or may
not receive from their team or federation and there were perceptions of incompatibility surrounding the mother-athlete
role.

With a growing number of studies uncovering similar issues, it is clear that greater efforts are needed to promote mother-
athlete-specific knowledge and provide policies to support female athletes. These are vital future steps towards greater
equality, the prolongation of athletic careers and enhanced wellbeing for elite female athletes. In this lecture, Dr. Kerry
McGawley will delve into the existing research that has investigated the challenges and dilemmas experienced by moth-
er-athletes and will further highlight opportunities for future development in research and practice.

RAISING THE BAR: EXERCISE RECOMMENDATIONS FOR PREGNANT ATHLETES

DAVENPORT, M.
UNIVERSITY OF ALBERTA

Over the last decade, elite athletes have begun to challenge stereotypes regarding participation in performance sport
during pregnancy. From marathon runner Paula Radcliffe to tennis star Serena Williams, and most recently sprinter Ally-
son Felix, female athletes are pushing back against the societal narrative that they should "take it easy" during pregnancy.
Although extensive literature supports the safety and benefits of prenatal exercise, these data are primarily limited to the
general obstetric population. Current exercise guidelines outline 150 minutes of moderate-intensity physical activity each
week. However, these conservative recommendations do not serve elite athletes who substantially exceed this advice
during fraining. Several studies demonstrate that sport and exercise parficipation declines in pregnant athletes due, at
least in part, to a lack of research and policy in this area.

Pregnancy is a period of profound physiological and psychological adaptation to support the growing foetus. Although
early recommendations cautioned against exercise during pregnancy, over the last decade we have had a transforma-
tional shift in our view of physical activity and exercise away from an activity that is "nice to do" to a prescription for en-
hanced health for both mother and baby. Yet, prenatal exercise is fraught with numerous myths and misconceptions,
especially for recreational and elite athletes. In this lecture, Dr. Davenport will provide an overview of current global guide-
lines for prenatal exercise (including recommendations, screening tools and contraindications to exercise), and describe
how physiological adaptations to pregnancy impact exercise prescription. She will also present novel data and considera-
tions specific to the pregnant athlete, including heavy weightlifting, HIIT, Valsalva and supine exercise. This lecture will be
designed to be relevant to the practitioner and researcher, as well as coaches and athletes.

MAKING IT WORK: A CASE STUDY OF AN ELITE ATHLETE NAVIGATING HER WAY THROUGH PREGNANCY AND RETURN TO
SPORT POSTPARTUM

HAYMAN, M.
CENTRAL QUEENSLAND UNIVERSITY

Historically, motherhood signalled the end of an elite athlete's career. However, we are now witnessing a shift away from
motherhood and being an athlete as two mutually exclusive periods in time, fo an increasing number of elite female
athletes wanting motherhood to be a part of their athletic journey. Although the exact numbers of elite female athletes
who become pregnant and return to sport postpartum is not known, research suggests pregnancy and childbirth within
high-performance sport is an increasing phenomenon with more athletes choosing to continue their training during preg-
nancy and return to sport and competition postpartum.

Despite this phenomenon, there remains a paucity of literature examining the exercise behaviours of elite athletes during
pregnancy, and the maternal and foetal outcomes of athletes who exceed exercise during pregnancy recommendations.
Of the literature that does exist, much of the data has been subjectively collected via qualitative approaches. Only two
studies to date provide quantitative insight into the training and exercise characteristics of elite athletes during pregnancy,
one that involved a sherpa and the other a cross-country skier, both of which adopted a longitudinal observational meth-
odological approach.

Longitudinal observational case studies represent a practical and ethically defensible manner to examine the exercise
behaviours among elite athletes during pregnancy, particularly in women who are already active and intend to remain
highly active during pregnancy. As such, Associate Professor Melanie Hayman will present novel data from an ongoing
case study of a sprint kayaker navigating her way through pregnancy and return to sport postpartum as an elite athlete.
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IS-BM03 Muscle shape change and 3-D fascicle behaviour in skeletal muscles: An emerging picture of dy-
namic muscle confraction

DETERMINANTS AND MECHANICAL CONSEQUENCES OF SKELETAL MUSCLE SHAPE CHANGE

ROSS, S.
SIMON FRASER UNIVERSITY

Skeletal muscles are the motors that drive movement of the body, from endurance tasks such as long-distance running to
explosive activities such as jumping. Most of what we know about whole muscle performance comes from studies on
sarcomeres, single fibres, or bundles of fibres. As a result, the complex 3D dimensional deformations of whole muscles
are often ignored not only in our understanding of whole muscle performance, but also in how we represent muscles in
musculoskeletal models such as OpenSim. When muscles contract and shorten in the longitudinal direction, they must
bulge to maintain a nearly constant volume. In pennate muscle, this transverse expansion is accommodated by the fibres
rotating to greater angles, which alters a muscle's mechanical output. In this talk, | will discuss the fundamental determi-
nants of skeletal muscle shape change and how they impact output force and mechanical work using simulation results
from a 3D continuum model of muscle.

Firstly, | will discuss how and why pennate muscles change shape when they contract and what behavioural conse-
quences this may have for muscle performance. During contraction, energy from ATP hydrolysis is redistributed in muscle
tissues as they deform. How the energy and deformations are distributed depends in part on the architecture and ge-
ometry of the muscle, which subsequently dictates the energy that is used to move an external load. We simulated iso-
metric contractions of blocks of muscle with different fibre pennation angles and found that the energy stored in the tissue
surrounding fibres (primarily extracellular collagen matrix) during contraction was higher in more pennate muscles, which
was associated with lower muscle force output despite higher physiological cross-sectional area (PCSA). This suggests
that greater pennation angle may have less functional significance for increasing muscle force through increasing PCSA,
as is commonly assumed.

Secondly, I will discuss the impact of muscle tissue mass and inertia on muscle performance during cyclic contractions like
those seen in leg muscles during walking and running. Muscles are commonly assumed to behave as massless struc-
tures in which the tissue mass and internal accelerations are not considered. We simulated cyclic contractions of whole
muscle the size of a human medial gastrocnemius and found that accounting for the effects of tissue mass resulted in
substantially lower work output. We also found that increasing pennation in mathematical muscle models resulted in
smaller reductions in work when accounting for mass. Thus, pennation may be important for reducing the energetic pen-
alty of greater mass in larger muscles such as those in humans.

Finally, I will consider the implications of this greater fundamental understanding of muscle shape change during contrac-
tion for sports performance and rehabilitation.

THE EFFECT OF FATIGUE ON SKELETAL MUSCLE GEARING DURING CONCENTRIC AND ECCENTRIC CONTRACTIONS
BLAZEVICH, A.
EDITH COWAN UNIVERSITY

During dynamic muscle contractions, whole-muscle length change results from both fibre length change and rotation.
Therefore, muscles can work in a gear >1.0, where muscle length change exceeds fibre length change. The reduced need
for fibre length change should profoundly affect fibre, and thus whole muscle, function in accordance with the muscle's
force-velocity, force-length, and history dependent properties. In eccentric contractions in particular, the reduced fibre
strain for a given muscle length change is speculated to reduce fibre injury risk as well as influence chronic adaptations fo
repeated exposures (e.g. hypertrophy). Nonetheless, studies of muscle gearing in vivo in humans are still relatively scarce,
and little information exists in relation to gearing during eccentric contractions in particular. In one experiment, vastus
intermedius fascicle length changes (measured using ultrasonography) were greater during singular (non-consecutive)
eccentric than concentric knee extensions, although length changes in vastus lateralis were similar between contraction
modes. Such fascicle behaviours may partly explain the greater muscle damage observed in vastus lateralis after bouts of
eccentric contractions. However, it is unclear whether such behaviours are observed in other muscles or when consecu-
tive concentric-eccentric contractions are performed. The first aim of this presentation is to present new data from experi-
ments in which we have studied both biceps femoris (long head) and gastrocnemius medialis during dynamic contrac-
tions. Data show that fascicle behaviours, and thus gearing, during concentric and eccentric phases were similar under
the study conditions, so eccentric contractions appeared to be 'mirror images' of the concentric contractions. Nonetheless,
data from research currently underway in which gearing is studied under conditions of different muscle forces and con-
traction speeds will be presented.
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INFLUENCE OF MUSCLE SHAPE CHANGES ON THE METABOLIC AND MECHANICAL DEMANDS OF HUMAN MOVEMENTS

MONTE, A.
UNIVERSITY OF VERONA

Skeletal muscle contraction triggers dynamic changes in muscle shape, with pennate muscles bulging in thickness, width,
or both. The direction of shape change mediates the muscles mechanical output (e.g., work and force production). For
example, unidirectional fransversal (external) muscle loading induced by a plunger influences muscle shape and reduces
muscle force, suggesting that compression garments typically used in sports activities as well as pressures exerted by
neighbouring muscles may negatively affect muscle force capacity and, thus, muscle performance. Therefore, the first aim
of this presentation is to introduce the current state-of-the-art as well as new data describing how factors that reduce the
muscles capability to change shape affect muscle contraction and fascicle dynamics. In this regard, using a combination
of ultrasound, EMG and dynamometric measurements, we observed that changes in muscle fascicle behaviour imposed
by a transversal load could negatively affect muscle force and work production during both maximum and explosive
contractions. This impairment in contractile capacity could be partially attributable to an internal deformation imposed by
the load, which affects fascicle dynamics during contraction.

Along this line of reasoning, the metabolic demand of contraction should increase for a given mechanical requirement
when the muscle is not free to change shape. Consequently, physiological (e.g., ageing), pathological (e.g., dystrophy)
and external (e.g., wearing compressive garments) factors that can affect the muscle shape change capacity could affect
the metabolic cost of muscle contraction Therefore, the second aim of this presentation is fo present new data where the
effects of muscle shape change on the metabolic demands of human movements have been evaluated. In particular, |
will report data from experiments in which plantar flexor muscle shape changes were manipulated during sub-maximal
fixed-end as well as dynamic concentric contractions. For a given muscle force, we observed that external load applica-
tion reduced the muscles radial expansion and hence reduced fascicle rotation (i.e., changes in pennation angle). Conse-
quently, changes in fascicle length increased as a function of the applied load alongside an increase in muscle EMG
activity and the mechanical work produced. These increases, which were needed to sustain the same level of force, in-
creased the metabolic cost of muscle contraction. The results suggest that factors that limit muscle shape changes can
affect not only the mechanical but also the metabolic demands of muscle contraction.

In the final part of this talk, | will discuss the implications of these results in daily and sports-related activities.
Oral presentations
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OPTIMAL MODELING AND ANALYSIS OF PACE STRATEGY FOR WOMENS 20KM RACE WALKERS
QIAOQ, H., YAN, C., TINGGANG, Y.
CHINA INSTITUTE OF SPORT SCIENCE

INTRODUCTION: The results of competitive sports are the comprehensive performance of athletes technical and tactical
level, physical fitness and psychology. Race walking can be interpreted as a continuous single-person sport, and the
choice of the optimal rest period in the process of continuous exercise will affect the fatigue degree and fatigue relief of
athletes and the speed distribution of athletes during the race walking.As a long-distance periodic endurance event, how
to effectively control the athletes efforts and reasonably allocate their time to make the race walking performance reach
the best under the limit of physical skills is an urgent scientific problem, which can also be equated with the problem of
minimizing the time required for athletes to seek to cover a fixed distance in time trial.

METHODS: Based on the fatigue negative utility characteristics of athletes effort distribution, an optimization model of
speed distribution strategy during race walking is constructed.The model parameters are fitted by using the collected data
of international womens 20km race walking events, and the most effective time effort distribution mode and optimal pace
strategy of athletes are verified.

RESULTS: Based on the fatigue negative utility characteristics of athletes effort distribution, the optimization model of speed
distribution strategy during race walking is established and solved by establishing the problems of minimizing time, max-
imizing athlefes "output" and minimizing sports cost under the constraints of athletes effort and physical fitness level. On
this basis, the model is fitted with the competition data of the worlds outstanding female race walkers, and the "high-low-
high" pace strategy is obtained. According to the characteristics of long distance, competition rules and technical re-
quirements, this study establishes three models of the transformation relationship between speed and effort rate.

CONCLUSION: By solving the model, it can be known that the longer the total score time, the shorter the time required for
full sprint, because the poor total score does not need to maintain a long full sprint state; At the same time, it is found that
for long-distance competitions, athletes should not stay foo long in the fatigue growth stage, but should save their physi-
cal strength to complete the long-distance race. It is suggested to strengthen the targeted training of pace strategy in the
sprint stage of preparing for large-scale events, and pay attention to the choice of coping strategy and pace strategy for
the large fluctuation of precipitation probability.
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PREDICTING HEART RATE AT LACTATE THRESHOLDS USING MACHINE LEARNING

OUTWIN, J.R.1, CHANG, J.1, DAVIS, F.1, MELVIN, A.C.1, STUMP, O.1, REED, S.1, DEJONG LEMPKE, A.F.1, KOZLOFF, K.M.1,2,
LEPLEY, AS.1

UNIVERSITY OF MICHIGAN

INTRODUCTION: Wearable technology gives users a myriad of training information. Predicted maximum heart rate (HR) is
offen used to delineate "training zones,” but prescribing exercise intensity in this way elicits heterogeneous stimuli [1].
Lactate thresholds have been proposed as a more informative means of prescription [2], but current methods require
specialized equipment and training. Utilizing demographic information and HR metrics in machine-learning (ML) models
could allow for a more individualized approach to predict HR at these submaximal anchor points.

METHODS: 218 runners of varying experience levels volunteered as part of a larger study, with 188 included in this analy-
sis. A 12-lead ECG collected HR during a graded treadmill exercise test to maximal effort with blood lactate recorded at
the end of each 3 min stage. First and second lactate thresholds (LT1, LT2) were identified at 0.5 and 1.5 mmol above base-
line. A 30 s average centered around the time point corresponding to each threshold was recorded as threshold HR, and
maximum heart rate during the test was recorded as HRmax. HR/workload slope (HRWS) was recorded as the slope of
the best-fit line for the HR vs speed plot. A random subset of 125 participants was used to train various linear and ML
regression models using gender, age, BMI, HR max, and HRWS. The remaining 63 participants were used to test for
model accuracy. Models were compared against current HR guidelines for the lower bound of vigorous and near-
maximal exercise intensity domains from the American College of Sports Medicine (ACSM), roughly corresponding to LT1
and LT2.

RESULTS: ACSM guidelines were the least correlated in the fraining subset (adj. R2=0.21, 0.25; p<0.01) and least predictive
in the test subset with mean absolute error (MAE) of 13.8 bpm at LT1 and 15.4 at LT2. Linear regression showed significant,
moderate correlations for both LT1 and LT2 in the training subset (adj. R2=0.53, 0.50; p<0.01) as well as reduced prediction
MAE at 10.1 and 7.9 bpm. ML models demonstrated lesser fit to the training data with similar predictive accuracy to linear
modeling, also outperforming ACSM guidelines (Multi-Layer Perceptron: R2=0.46, 0.36, MAE=10.3, 7.6 bpm; Support
Vector: R2=0.39, 0.36, MAE=10.1, 7.6 bpm).

CONCLUSION: Regression modeling with demographics and HR metrics demonstrated improved accuracy over current
ACSM guidelines in predicting HR at lactate thresholds in a population of runners. This technique could allow for a novel
means of providing athletes with easily accessible, individualized, and accurate exercise intensity information through
wearable technology. While ML appears capable of identifying useful trends in the data, future research is needed to
refine its prediction capabilities.

REFERENCES
1. lannetta et al. (2020), 2. Jamnick et al. (2020)

TOWARD AN INDIVIDUALIZED APPROACH TO COMPARE 1D TIME SERIES

RAO, G.1, AYAD, E.1, JANIN-POTIRON, P.1, DELATTRE, N.2, GUEGUEN, N.2, PATAKY, T.3

TAX MARSEILLE UNIV, CNRS, ISM, MARSEILLE, FRANCE: ZMOVEMENT SCIENCES DEPARTMENT, DECATHLON SPORTSLAB
RESEARCH AND DEVELOPMENT, VILLENEUVE DASCQ, FRANCE; 3DEPARTMENT OF HUMAN HEALTH SCIENCES, KYOTO U

INTRODUCTION: Group-based analysis have long been known to provide valuable information regarding the general
behavior of a population but lack the ability to provide reliable and specific conclusions for each individual of the consid-
ered population. Several single subject analysis methods have been proposed to better consider the individual level and
provide the most appropriate intervention to everyone [1-2]. These existing methods are restricted to 0-dimensional varia-
bles, while recently, one-dimensional time series analyses have been proposed at the group-level and proven a very
powerful way to assess the influence of various factors (expertise, equipment, pathology...) on behavior [3]. A major limi-
tation of a single-subject experimental procedure is randomization weakness due to a limited number of condition order
permutations. The aim of this study was to propose a new statistical procedure, based on the SPM1d framework, to pro-
vide 1d single-subiject statistical comparisons while taking into account the limitations of randomization.

METHODS: Ten participants ran on a treadmill at a controlled speed for 5 minutes while wearing 4 different pairs of shoes
in a randomized order. 3D lower limb joint kinematics were obtained from motion capture data acquired at 300Hz. 150
consecutive cycles were then selected, and kinematics data time-normalized to 101 points for each cycle. From the time
stamps of the different experimental conditions and of each cycle, a time-based linear detrending was included in a
general linear model based on the spm1d framework. The results from ANOVA procedure testing for the influence of the
shoes factor on the joint kinematics with and without the detrending process were compared.

RESULTS: The results of the ANOVA comparisons revealed the individual nature of the adaptations to the experimental
conditions. Indeed, some participants exhibited similar ANOVA results with or without the detrending while others re-
vealed dramatically different outputs. For the participants revealing a strong influence of the detrending, the conclusions
would have been different (and sometimes opposite) if no detrending was taken into account. This point suggests that
detrending should be an important consideration for single-subject analyses.

CONCLUSION: The proposed procedure is a first step in attempting to allow for the statistical comparison of 1d continua in
a single-subject experimental design. This new procedure encompasses both a suggestion for a single-subject experi-
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mental design and an updated version of the spm1d framework better suited for such sport science oriented experimental
designs.

1. Harry et al. (2020) 2. Krasny-Pacini et al. (2018) 3. Pataky (2012)

PHYSICAL FITNESS COMPARISON ANALYSIS IN ADOLESCENT ATHLETES USING MACHINE LEARNING : TRACK AND FIELD,
FOOTBALL AND SWIMMING

LEE, Y.1, CHANG, J.1, LEE, D.2, LEE, H.1
. DANKOOK UNIVERSITY, 2. CHUNGNAM NATIONAL UNIVERSITY

INTRODUCTION: Physical fitness (PF) is an important factor in determining the physical condition of an athlete and their
athletic performance. The main PF factors such as body composition, strength, flexibility, endurance, and agility can con-
tribute to the differences between various sports . The previous approaches to analyzing PF in athletes have mainly fo-
cused on using statistical and machine learning algorithms to predict the injury or performance. However, by focusing on
the application of machine learning to PF analysis, it is possible fo identify the relative importance of different aspects of PF
for different types of athletes and sports.

METHODS: The subjects of this study were 1,267 male adolescent athletes (track & field: 402, football: 537, swimming: 105),
and the data of physical filness measured from September 2018 to October 2019 at the Korea Sports Science Center was
used. In total, 15 elements of physical fitness (body fat, body weight, BMI, grip strength (L, R, avg), back muscle strength,
push-up, sit-up, standing long jump, sargent jump, side-step, backward flexion, sit & reach, eye-hand coordination) were
recorded. Different machine learning algorithms (linear regression, support vector machine, random forest, XGBoost)
were evaluated by accuracy, area under the curve, and fl-score, and calculated main PF factors from the SHAP value.

RESULTS: As a result, XGBoost showed the highest performance. Based on XGBoost, accuracy, area under the curve, and
F1-score were 0.87 0.84, 0.86 in track & field and football, 0.92, 0.86, 0.87 in track & field and swimming, and 0.9, 0.92,
0.86 in football and swimming, respectively. Furthermore, SHAP value showed that standing long jump in track & field and
football, sit & reach in track & field and swimming, and sit-up in football and swimming were the main PF factors.

CONCLUSION: The proposed method will be able to identify the PF characteristics of general adolescent who start exercis-
ing and recommend suitable sports type, and it will be possible to develop and present training methods that consider PF
factor customized for the sports type in adolescent elite athletes.

FOUR-YEAR LONGITUDINAL ASSESSMENT OF MODIFIABLE AND NON-MODIFIABLE RISK FACTORS FOR BONE STRESS IN-
JURIES IN INTERCOLLEGIATE DISTANCE RUNNERS

KOZLOFF, K., BOWN, M., FANNING, C., DAVIS, F., ROGERS, K., MARTIN, J., PFLUEGER, C., CAREY, G., RIFAT, S., ZERNICKE, R.
UNIVERSITY OF MICHIGAN

INTRODUCTION: Bone stress injuries (BSI: stress fracture/reaction) are the clinical endpoint of mechanical and metabolic
events that are prevalent in sports emphasizing leanness, endurance, and skeletal loading. Despite identifying contribu-
tions of individual BS! risk factors, translating data into predictive and actionable models of BSI prevention remains elusive.
The Female Athlete Triad Risk Assessment Tool [1] was adapted to prospectively identify female [2] and male [3] athletes at
high risk for BSI, but doesn’t account for modifiable factors such as sleep, which has been associated with BSI in military
personnel [4]. The purpose of this study was to evaluate BSI risk in distance runners using the modified Triad assessment
tool and to compare risks to those derived from sleep surveys as an independent predictor of BSI.

METHODS: Male and female distance runners from an NCAA D1 Cross Country program were recruited over four years.
Prospective BSI risk scores were evaluated using a modification of the Female Athlete Triad Risk Tool [2,3] using pre-
season surveys and DEXA-derived bone mineral density (BMD) of the hip and spine. Individual scores on a 0-2 pt scale
were summed as follows: Prior BSI (none:0 pt; 1 low risk site:1 pt; >1 high risk site or >2 low risk site:2pt); dietary restriction
(none:Opt; some/past DE history:1pt; current DE:2pt); body mass index (BMI>18.5: Opt; BMI 17.5-18.5: 1pt; BMI<17.5: 2pt);
and low BMD Z-score (>-1: Opt; -110 -2: 1 pt; <-2: 2 pt). Female surveys included age at menarche (<15 yrs: Opt; 15-16: 1pt;
>16: 2pt) and cycles over past year (>9 menses: Opt; 6 to 9:1 pt; <6: 2pt). Sleep hygiene was assessed by validated sleep
instrument [5] pre- and mid-season. Annual BSI incidence was monitored. Surveys were updated annually and subjects
were treated independently for each year of enrollment. Relative risk (RR) scores for BSI for any year was compared fo BSI
incidence for subjects scoring 0-1pts on the modified Triad tool and fo subjects registering a change of -1to +1 points on
sleep hygiene.

RESULTS: 41 men and 49 women enrolled with participation ranging between 1-4 yrs. A total of 38 (women) and 14 (men)
BSI were observed. Of 194 athlete-seasons of data, 160 included complete assessments. Women scoring 6-7 out of 12
maximal points on the modified Triad tool increased RR of BSI 2.7 fold (95% Cl 1.2-5.9, p=0.016). Men scoring 4-5 (out of 8)
increased BSI RR 8.2 fold (95% Cl 1.4=48, p=0.012). Within-season worsening of sleep hygiene by 4-5 points (17 max)
independently increased BSI RR 3.4 fold (95% CI 1.9-6.0, p<0.0001) in women, but not men.

CONCLUSION: Predictive tools that incorporate sleep as a modifiable behavior may be combined with other personalized
metrics to help identify athletes at greatest risk for BSI.
Refs: 1.De Souza Br J Sports Med 2014; 2.Tenforde Am J Sports Med 2017; 3.Kraus Br J Sports Med 2019; 4.Firestone Med
Sci Sports Exer 2008; 5.Bender Sports Med Open 2018
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THE TRAINING INTENSITY DISTRIBUTION OF 119,747 MARATHON RUNNERS.
MUNIZ-PUMARES, D., HUNTER, B., MEYLER, S., MAUNDER, B., SMYTH, S.
UNIVERSITY OF HERTFORDSHIRE

INTRODUCTION: There is an ongoing debate about the effectiveness of the various training intensity distribution (TID) ap-
proaches on endurance performance (1,2). This is, in part, due to the relatively small sample used in studies reporting TID,
primarily elite and well-trained athletes, and the lack of consensus surrounding how different training zones are estab-
lished. Here, we investigated TID strategies prior to a marathon in a large sample of recreational runners, using three
training intensity zones demarcated by physiological thresholds.

METHODS: A dataset of 119,747 unique runners who completed 152,160 marathons between 2014 and 2017 was ana-
lysed. The dataset contained running activities recorded onto a running platform (Strava®) in the 14 weeks prior fo a
marathon, excluding the taper phase (herein defined as 3 weeks prior to the marathon). A 3-zone (Z1to Z3) training mod-
el was created for each runner. First, Z3 was defined as infensities above critical speed (CS), which was calculated from
the best performance recorded in discrete segments, as described elsewhere (3). Then, Z1 and Z2 were determined as
infensities below the lactate threshold (LT), and intensities above the LT but below CS, respectively. The LT was estimated to
be 85% of CS, following a meta-analysis of 22 studies reporting both LT and CS. TID was characterised as polarised when
time spent in Z1>Z2 and Z3>Z2; pyramidal TID as Z1>Z2 and Z2>Z3; threshold TID as Z2>Z1 and Z2>Z3; and high-
intensity interval (HIT) TID as Z3>Z1 and Z3>Z2. Runners were grouped for TID analysis based on their marathon finishing
time, in 30-min intervals.

RESULTS: The pyramidal TID was the most common approach for all subgroups. In the fastest runners (marathon time 120-
150 min), 82.4% of runners adopted this approach, higher than polarised (8.1%), threshold (5.8%), and HIT (1.8%). Runners
in this group completed 66% of their training in Z1, 22% in Z2, and 12% in Z3. As marathon performance decreased, the
pyramidal TID remained the most popular approach, but runners adopted more varied TID strategies. A pyramidal TID
was adopted by 36.9% of runners with finishing times of 240-270 min, followed by threshold (33.8%), HIT (18.3%), and
polarised (11.0%). These runners performed 40% of their training in Z1, 34% in Z2, and 26% in Z3.

CONCLUSION: A pyramidal TID, whereby runners spend most time in Z1 (below the LT) and progressively less time in Z2
(between LT and CS) and Z3 (above CS), was the most common TID approach. This finding was consistent irrespective of
marathon performance, but the percentage of runners following a pyramidal TID approach was highest in the fastest
runners, and decreased in popularity as marathon performance decreases.

1. Burnley et al. (2022). Med Sci Sports Exerc, 54(6):1032-1034
2. Foster et al. (2022). Med Sci Sports Exerc, 54(6):1028-1031
3. Smyth & Muniz-Pumares (2020). Med Sci Sports Exerc, 52(12):2637-2645

TRAINING FOR OLYMPIC GOLD IN ENDURANCE SPORTS: VIEWS FROM SUCCESSFUL COACHES

SANDBAKK, @., BUCHER SANDBAKK, S., T@NNESSEN, E., LOSNEGARD, T., SEILER, S., HAUGEN, T.
NORWEGIAN UNIVERSITY OF SCIENCE AND TECHNOLOGY

INTRODUCTION: Performance development in endurance sports is determined by a multifaceted interaction of manifold
variables, such as training volume, frequency, and intensity distribution. While training practices among world-leading
athletes in long-distance running, road cycling and cross-country skiing are extensively explored, best practice training
information is limited for many other endurance disciplines such as swimming, biathlon, speed skating, rowing and triath-
lon. In addition, comparisons of training variables across studies and sports are challenging due to lack of a common
methodological framework (e.g., intensity zones) and terminology.

Norway has been one of the world-leading sport nations in the last 2-3 decades, with the majority of Olympic and World
Championships medals won in endurance sports. One of the advantages of the Norwegian system is that all endurance
sports use the same framework for defining training content, allowing valid comparisons across athletes and sports.
Acknowledging that the very best coaches are often ahead of sport science in employing the fundamental features of
training, the aim of this study was to explore successful Norwegian endurance coaches’ views on training practices re-
quired for winning international medals in endurance sports.

METHODS: Twelve male Norwegian coaches with a track record of coaching endurance world-class athletes (total of >320
Olympic, World and European Championship medals; mainly Norwegian athlefes) in cross-country skiing, biathlon, speed
skating, rowing, road cycling, swimming, long-distance running and triathlon participated. Initially, we performed training
diary analyses of their best-performing athletes followed by interviews with each of the coaches about their views on
training practices required to win future international medals in their sports.

RESULTS: Our preliminary analyses shows that all coaches employ a high-volume approach, ranging from 600 annual
training hours in running up to 1400 hours in triathlon. In all cases, around 90% the training time is aerobic endurance, in
which 80-90% of this contains low-intensity endurance training interspersed by 2-3 days (i.e. 2-5 key sessions) weekly at
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higher intensities. All coaches utilize a tradidional periodization model where key sessions becomes gradually more
competition-specific towards the competition period. The sport-specific differences in training content are mainly caused
by variations in mechanical and muscular loading. Detailed training data in terms of volume, intensity distributions and
use of exercise modes periodized throughout the year will be presented and discussed during the presentation.

CONCLUSION: This study illustrates how successful endurance coaches describe “state-of-the-art” endurance training,
including quantitative and qualitative insights in common features and sport-specific variations in best practice training
organization and characteristics in endurance sports.

SYSTEMATIC REVIEW OF 92 MARATHON TRAINING PLANS

APPELHANS, D., KNOPP, M., SCHONFELDER, M., WACKERHAGE, H.
TECHNICAL UNIVERSITY OF MUNICH

INTRODUCTION: A typical training plan is a mix of many interventions, such as runs of different lengths and intensities. It is
virtually impossible o measure the effectiveness of such a complex, months-long intervention in high quality intervention
trials such as a randomised control trial [11. To start addressing this evidence problem, Haugen et al. have summarised
training plans of elite athletes that have achieved world-class performance despite or because of the training plan [2].
They termed this approach results-based practice. The aim of this study was to use a novel systematic review strategy to
quantitatively analyse subjective sub-elite marathon training plans in order to determine a typical marathon training rec-
ommendation and report recommended training strategies.

METHODS: We obtained training plans from non-scientific sources using the search term “marathon training”. We found
92 training plans and transcribed them into a uniform format with the goal to split each session into a kilometre distance
in each of the five intensity zones [3]. To do this, two researchers independently agreed upon the classification for each
session. Subsequently, each training plan was grouped based on the total mileage in the peak week, defined as highest
volume week, into low (< 65 km/week), middle (65-90 km/week), and high (> 90 km/week) training volume.

RESULTS: Low mileage training plans had an average weekly volume of 43.5 + 15.5 km that was split into 9.9 + 3.6% in
zone 1, 68.6 = 5.7% in zone 2,16.5 £ 5.9% in zone 3, 2.8 + 1.0% in zone 4, and 2.2 + 0.5% in zone 5. Low mileage training
plans recommend the shortest weekly long runs of 20.5 + 8.3 km (p < .001). Next, the middle mileage training plans rec-
ommended an average weekly volume of 58.1 + 19.4 km with 15.4 + 1.8% in zone 1, 61.3 + 4.5% in zone 2, 17.6 + 5.1% in
zone 3, 2.3 + 0.6% in zone 4, and 3.3 x 0.5% in zone 5, and recommended an average weekly long run session of 23.0 =
8.3 km. Lastly, high mileage training plans recommended an average weekly volume of 104.9 + 39.2 km that was split
into 15.0 + 4.5% in zone 1, 68.1+ 4.8% in zone 2, 8.7 £ 3.7% inzone 3, 5.2 + 2.9% in zone 4, and 3.0 + 1.2% in zone 5, and
had the longest weekly long runs of 26.9 + 7.9 km (p < .001). Especially, the high mileage training plans recommended a
polarized training intensity distribution with around 85% in zone 1+2 and 8% in zone 4+5.

CONCLUSION: There is a lack of experimental high-quality evidence for the effectiveness of complex training plans over
several months. By performing a systematic, quantitative analysis of 92 marathon training plans, we determined typical
recommendations for varying performances. Whilst this approach has obvious limitations such as no measurement of the
resulting marathon performance, it is arguably a useful strategy fo address the evidence problem in training practice.

REFERENCES:

[11 Wackerhage et al., Sports Med, 2021; [2] Haugen et al., Sports Med Open, 2022; [3] Seiler et al., Int J Sports Physiol
Perform, 2010

THE RELATIONSHIP BETWEEN THE MODERATE-HEAVY BOUNDARY AND CRITICAL SPEED IN RUNNING
HUNTER, B.1, MEYLER, S.2, MAUNDER, E.3, MUNIZ-PUMARES, D.2
1. LONDON METROPOLITAN UNIVERSITY, 2. UNIVERSITY OF HERTFORDSHIRE, 3. AUCKLAND UNIVERSITY OF TECHNOLOGY

INTRODUCTION: Training characteristics including duration, frequency, and intensity can be manipulated to maximise
endurance performance (). There is a growing interest in the role of training intensity distribution (TID) to augment training
adaptations (2). Typically, TID is determined from the percentage of time spent exercising in the moderate (below gas
exchange (GET) or lactate threshold (LT), heavy (above GET/LT but below critical speed (CS)), and severe (above CS) intensity
domains. Estimates of the heavy-severe intensity boundary can be determined from habitual training (3). However, the
defermination of GET or LT (T1) necessitates testing which can be costly and time-consuming. Thus, determination of the
percentage at which T1 occurs relative to CS may permit easier prescription or remote monitoring of TID. A further aim was
to examine whether this differs between fitness levels.

METHODS: A literature search was conducted on two databases (PubMed and Scopus). After analysing 1,198 resultant
articles, studies were included if they met the following inclusion criteria: 1) CS was reported, 2) either GET or LT was re-
ported, and 3) participants were 18+. Twenty-two studies were included in the final analysis with 458 participants. Studies
were grouped into three groups based on the mean CS: low, medium, and high. A sample size-weighted mean and SD,
and confidence intervals were calculated for the percentage of CS at which T1 occurred in each group. Hedge's g was
used fo calculate effect sizes between the three groups of mean CS.

RESULTS: The CS across the included studies was 13.56+2.55 km-h-1 (95% Cl [13.33,13.79]). The CS of the low, medium,
and high CS subgroups was 11.09+1.85 km-h-1(95% CI [10.78,11.401), 13.40+1.45 km-h-1(95% CI [13.18,13.61), and 15.93
km-h-1(95% Cl [15.65,16.21]), respectively. Across all studies, T1 occurred at 82.6+14.0% CS (95% Cl [81.4,83.91). In the low,
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medium, and high CS groups, T1 occurred at 80.1£18.2% CS (95% Cl [77.9,84.01), 83.2 + 11.9% CS (95% [81.4,85.01), and
83.5+11.4% CS (95% Cl [81.7,85.3]), respectively. Hedge's g revealed a tendency for the percentage of T1 to be greater in
the medium (g=.205); and high (g=.229) CS group compared to the low CS group. A trivial effect size was noted between
the medium and high groups (g=.025).

CONCLUSION: It was demonstrated that T1 occurs at approximately 83% of CS. However, this may differ due to different
fitness levels. The 95% Cl in each tertile demonstrates uncertainty in where T1 occurs relative to CS. This may be due to
inconsistent approaches used to determine T1 and CS. Still, the findings provide a basis on which remote analysis and
prescription of TID can be performed. Further work could explore the potential to model the relationship between T1 and
CS based on fitness levels, sex, and anthropometry.

1. Seiler (2010). Int J Sports Physiol Perform, 5(3):276-91.
2. Burnley et al. (2022). Med Sci Sports Exerc, 54(6):1032-1034
3. Smyth & Muniz-Pumares (2020). Med Sci Sports Exerc, 52(12):2637-2645

VALIDATION OF END OF SESSION DISTANCE LIMIT BALANCE FOR DIFFERENTIATING EXHAUSTIVE AND NON-EXHAUSTIVE
INTERMITTENT TRAINING SESSIONS IN RUNNERS

BELLENGER, C.
UNIVERSITY OF SOUTH AUSTRALIA

INTRODUCTION: The accurate modelling of intermittent running sessions by the Distance limit (D) balance would aid in
the prescription of such sessions, and enhanced understanding of their demands. During cycling, Work limit (W) balance
can be quantified using the model described by Skiba et al. 11 which allows W' depletion to be tracked while work rate is
above crifical power (CP), and determines exponential recovery of W while work rate is below CP. While the Skiba model
can validly quantify W balance in recreational athletes during cycling [11, the model has not been validated in intermittent
running sessions, which is this project’s aim.

METHODS: The study is a retrospective analysis of a typical period of racing and training completed between December
2021 and March 2022 by national level endurance runners (n=6). Critical speed (m/s) and D’ (m) were calculated from the
linear relationship between distance (Y axis) and time (X axis) over 1500, 3000 and 5000m race distances. Intermittent
training sessions (n=30) were classified as exhaustive (n=15) vs non-exhaustive (n=15) by the athletes’ coach.
Timestamped GPS data (i.e. speed) from the training files were exported from TrainingPeaks to CSV files. Within session D’
balance was calculated at each timepoint using the D’ depletion and recovery models proposed by Skiba et al. (1], allow-
ing an end of session D’ balance to be found. End of session D' balance for exhaustive vs non-exhaustive intermittent
sessions was compared using independent samples t-fest.

RESULTS: There was a large difference (effect size£95% Cl=1.20+0.72; p=0.003) between end of session D’ balance in
exhaustive (mean+95% Cl=173+19m; 63+6%) vs non-exhaustive (212+14m; 74+6%) sessions, indicating that end of ses-
sion D' balance calculated using the Skiba model did differentiate between exhaustive vs non-exhaustive intermittent
sessions. However, the 95% Cl of end of session D’ balance in exhaustive intermittent sessions did not include “0”, indicat-
ing that end of session D’ balance calculated using the Skiba model did not accurately quantify these sessions as exhaus-
five.

CONCLUSION: Since the D’/W’ depletion model is accepted [2], the inaccurate quantification of end of session D' balance
during exhaustive intermittent running sessions may be related to the exponential recovery of D’ that is reliant on an accu-
rately quantified recovery time constant. In cycling, this recovery time constant is scaled in relation to the absolute watts
below CP that the individual is cycling at during recovery, and validated in recreational athletes [11. Since one watt in cy-
cling is not equal to one m/s in running, and the runners in the current study were highly frained (3], the Skiba recovery
model may not be valid for accurate calculation of end of session D balance during the intermittent running sessions
performed by athletes in the present study.

1: Skiba et al. EJAP. 2015; 115: 703-713.

2: Jones et al. MSSE. 2010; 42: 1876-1890.

3: McKay et al. ISPP. 2022; 17: 317-331.
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A POTENTIAL MECHANISM FOR THE PROTECTIVE EFFECTS OF EXERCISE ON NEUROMUSCULAR FUNCTION WITH AGEING
SOENDENBROE, C.1,2, SCHJERLING, P.1,2, KJAER, M.1,2, HANNIBAL, J.3, JACQUIER, A.4, SCHAEFFER, L.4, MACKEY, A.L.1,2

I> INSTITUTE OF SPORTS MEDICINE COPENHAGEN, BISPEBJERG HOSPITAL . 2> CENTRE FOR HEALTHY AGING, UCPH. 3>
DEPARTMENT OF CLINICAL BIOCHEMISTRY, BBH. 4> INSTITUTE NEUROMYOGENE, UNIVERSITE | YON

INTRODUCTION: The number of limb motoneurons declines with age (1), leading to an irreversible loss of muscle fibres
and ultimately a loss of muscle function. Exercise has neuroprotective effects that facilitate reinnervation of denervated
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muscle fibres (2) and potentially also limit motoneuron decay. While there is limited understanding of what drives these
neuroprotective effects, muscle-derived factors are likely contenders. The aim of this study was to investigate the neuro-
protective properties of muscle cells derived from lifelong exercisers, compared with inactive counterparts.

METHODS: Primary muscle stem cells (MuSC) and fibroblasts (FB) were isolated from biopsy tissue collected from the
vastus lateralis muscle of 7 elderly lifelong exercising males (LLEX, age: mean 72 + SD 3y, BMI: 25+3 kg/mA2), 6 elderly
sedentary males (SED, age: 73+4 y, BMI: 273 kg/mA2) and 8 young sedentary males (Young, age: 25+5 y, BMI: 25+3
kg/m~2) (3). Isokinetic concentric leg extensions were performed to assess maximal voluntary contraction (MVC) and
muscle performance index during repeated contractions (MPI, % of MVC). Motoneurons from rat embryos were cultured
with MuSCs or FBs from each of the 3 groups for 24 hours. Motoneuron survival and neurite growth were analysed by
immunofluorescence and RT-gPCR. In vivo data were compared by t-test, and cell culture data by 2-way ANOVA (group x
cell).

RESULTS: Compared to SED, LLEX had 15% higher MPI (p<0.05) but similar MVC (p<0.132), while Young, compared fo old
groups combined, had 34% higher MVC (p<0.01) but similar MPI (p=0.43). Motoneurons incubated with muscle cells from
LLEX, compared to SED, were characterised by a 63% higher survival (p<0.001), and a 55% higher number of neurites per
area (p<0.05). There were no differences between young and old in vitro. mRNA levels of three “neurite growth” genes
revealed cell type specific responses, with two out of three favouring FBs (Fth1, Ppp1ria) over MuSCs (Rack]).

CONCLUSION: Exercise confers protective effects on neuromuscular health, but how these effects are mediated is largely
unresolved. Our data provide a potential explanation, clearly showing that, when compared to inactive older individuals,
muscle cells from lifelong exercisers exert a strong stimulatory effect on motoneurons, both in terms of survival and
growth. Preservation of motoneurons through exercise could protect against the loss of muscle fibres and associated
decline in physical function in old age. In relation to exercise recommendations therefore, it is possible that, while it is
never too late to take up regular physical activity, optimal preservation of muscle function can only be achieved by main-
taining a physically activity lifestyle throughout life.

1. Tomlinson BE, Irving D. J Neurol Sci. 1977;34(2):213-9.
2. Power GA, et al., Rice CL. Med Sci Sports Exerc. 2010;42(9):1644-50.
3. Soendenbroe C, et al., Mackey AL. J Physiol. 2022;600(8):1969-1989.

LOWER LIMB HYPERTHERMIA SIMILARLY AUGMENTS FUNCTIONAL HYPERAEMIA DURING KNEE-EXTENSOR EXERCISE IN
TRAINED ELDERLY AND YOUNG HUMANS

KOCH ESTEVES, N., GONZALEZ-ALONSO, J.
BRUNEL UNIVERSITY LONDON

INTRODUCTION: Exercise and heat therapies are commonly recommended to improve vascular function and health in
young and elderly people (1, 2). Ageing is associated with reduced limb tissue and systemic perfusion during passive and
exertional whole-body hyperthermia (3) and large-muscle groups exercise (4); however, evidence in isolated limb hyper-
thermia, small-muscle group exercise and its combination is conflicting (5). Here, we tested the hypothesis that the com-
bination of single-leg hyperthermia and knee-extensor exercise would have an additive effect on limb haemodynamics,
albeit lower in the elderly group.

METHODS: Nine trained, healthy elderly (69+5 years) and ten young (26+7 years) adults underwent 90 min of single-leg
heating followed by 10 min of low-intensity single-leg knee-extensor exercise at 6 W and 12 W work rate (5 min each), with
both the heated and control legs. Temperature and tissue oxygenation profiles, and leg haemodynamics at the femoral
and popliteal arteries were measured.

RESULTS: In both groups, passive leg heating increased whole-leg skin temperature, blood flow and tissue oxygenation by
9.3+1.6 °C, 0.7+0.2 L/min (>3-fold), and 18+6 % units (p<0.0001), respectively. Larger increases in leg blood flow were
seen in the heated leg in comparison to the control leg during exercise (3.1+0.6 vs 2.3+0.4 L/min, p<0.0001) as leg blood
flow was tightly coupled to leg temperature (R2=0.77, k=0.27 [0.05, 0.70]). Shear rate increased 3-fold during leg heating,
8-fold during control exercise, and 10-fold during heated exercise (p<0.0001). There were no differences in limb haemo-
dynamics between cohorts, other than the elderly group exhibiting a 16+6 % larger arterial diameter, a 516 % lower
blood velocity, and a 73+7 % lower shear rate following heating (p<0.0001).

CONCLUSION: Local hyperthermia increased leg blood flow over 3-fold and had an additive effect during knee-extensor
exercise with no differences in leg perfusion between the healthy, exercise-trained elderly and the young groups. Hence,
against our hypothesis, age per se does not compromise local hyperthermia-induced or small-muscle group functional
hyperaemia despite evident aged-related structural and functional differences in the leg conduit arteries. The novel find-
ing that leg hyperthermia induced a 2-3-fold higher shear rate—an important stimulus for vascular adaptation (2—
during rest and exercise may have important implications for elderly, sedentary populations who are not able to partici-
pate in sustained exercise. The combination of lower limb heating with low-intensity exercise may be a suitable interven-
tion to enhance the stimulus for vascular adaptation without inducing systemic thermal discomfort and physiological
strain.

REFERENCES
1. Hellsten & Nyberg (2016). Compr Physiol 6:1-32
2. Green et al. (2017). Physiol Rev 97: 495-528
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3. Minson et al. {1998). J Appl Physiol 84: 1323-1332
4. Wahren et al. (1974). Scand. J. Clin 33: 79-86
5. Kenney et al. (2021). J Sci Med Sport 24: 739-746

ENDURANCE TRAINING COUNTERACTS AGE-RELATED FUNCTIONAL AND STRUCTURAL ALTERATIONS OF NEUROMUSCU-
LAR JUNCTION IN MICE

YAMAGUCHI, T.1, KOZAKI, K.2, NAKAZATO, K.2, SASAKI, K.1
1. THE UNIVERSITY OF TOKYO, 2. NIPPON SPORT SCIENCE UNIVERSITY

INTRODUCTION: The deterioration of neuromuscular junction (NMJ) is considered one of the factors of muscle weakness
in old age. The structural alteration of NMJ can not only impair the signal transmission from motor neurons to muscle
fibers, but also lead to the alterations in muscle fiber type through repeated cycles of denervation and reinnervation. Sev-
eral studies have found that endurance training influences the structure of NMJ in aged mice (1), but its effects on the
functions of NMJ remain unclear. The purpose of this study was to clarify the effect of endurance training on the function
and structure of NMJ in aged mice.

METHODS: Young (3 months old) and aged (22 months old) male C57BL/6J mice were divided into three groups: Y [young,
n = 10), AC (aged control, n = 8) and AT (aged trained, n = 8). AT was subjected to low intensity treadmill running (5-15
m/min, 15-60 min) five times a week for eight weeks, while Y and AC remained untreated. After the intervention period,
we examined voluntary grip strength, neuromuscular fransmission index (the ratio of evoked plantar flexion torques be-
tween supramaximal nerve and muscle stimulations), muscle fiber composition and the structure of NMJ (axon width,
nerve terminal area, acetylcholine receptors areaq, pre- to post-synaptic overlap) in the plantaris and soleus muscles. A
one-way ANOVA followed by Tukey's post hoc test and a two-way ANOVA followed by Holm-Bonferroni post hoc test
were performed to detect differences. The difference was considered statistically significant at p < 0.05.

RESULTS: AC had a significantly lower grip strength than Y and AT. The wet weight of the plantaris and the soleus muscles
was significantly smaller in AC than in Y, but was similar between AC and AT. The neuromuscular transmission index of
AC was significantly lower than that of Y and AT. The size of the nerve terminal area and the synaptic overlap in the
plantaris and fast-twitch fibers in the soleus were significantly lower in AC than in Y. The overlap was significantly correlat-
ed to the transmission index. AC showed a significantly higher proportion of type I fibers and a significantly lower propor-
tion of type lib/IIx fibers in the soleus than Y. The proportions of the denervated NMJ in the plantaris and the soleus were
significantly higher in AC than in Y and AT. In AC, the proportion of the denervated NMJ in the soleus was significantly
higher in fast-twitch fibers than in slow-twitch fibers.

CONCLUSION: These results suggest that the age-related decline in the pre- to post-synaptic overlap of NMJ is associated
with the impairment of neuromuscular transmission. The age-related denervation is pronounced in fast-twitch fibers,
resulting in the reduced proportion of fast-twitch fibers. Endurance training can counteract these alterations, thus contrib-
uting to the maintenance of voluntary muscle strength.

REFERENCE:
1) Nishimune et al., Muscle Nerve, 2014

AGE-DEPENDENT CEREBRAL BLOOD FLOW RESPONSES TO ACUTE CONCURRENT PHYSICAL AND COGNITIVE ACTIVITY

MCCARTHY, V., RATTRAY, B., NORTHEY, J.
UNIVERSITY OF CANBERRA

INTRODUCTION: Concurrent physical and cognitive training may be a viable intervention to support cognitive function
throughout the lifecycle, by combining the benefits of each into an efficient protocol. Transient increases in cerebral blood
velocity have been proposed as a potential mechanism responsible for the observed cognitive benefit. However, little is
known about the acute cerebral haemodynamic response to concurrent training, and how this may be influenced by age.
This study compared the cerebral blood velocity response to physical only and concurrent training and assessed the
potential age-related differences in this response.

METHODS: Fourteen younger (25+2 years, 7 female) and fourteen older (64+3 years, 8 female) adults completed two
exercise protocols in a randomised order. Participants cycled for 30-minutes at 60% of their maximal aerobic power out-
put, with the addition of an incongruent Stroop Task (Exercise-Stroop) and without (Exercise-Only). Transcranial doppler
ultrasound was used to simultaneously record cerebral blood velocity within the right middle (MCA) and left anterior (ACA)
cerebral arteries, with average values recorded at 7-minute intervals during each protocol. A general linear mixed model
was used to defermine the effects of time, condition (Exercise-Stroop vs. Exercise-Only), and age (younger vs. older adults)
on the recorded velocities within each vessel.

RESULTS: No three-way interaction effects (time*condition*age) were observed for the MCA (p=0.95) or ACA (p=0.76), and
no significant two-way interactions with condition were identified for either vessel. A time*age interaction was noted for
both MCA (b= 5.4 to 7.5 cm/s, p<0.05) and ACA (b= 4.9 to 7.9 cm/s, p<0.05) velocities, with the older group steadily de-
clining towards baseline values across the duration of each protocol.

CONCLUSION: Regardless of age, concurrent engagement in physical and cognitive activity did not modify cerebral blood
velocities beyond those observed during exercise. However, the capacity fo sustain the elevations in velocity appears to
be influenced by age, potentially the result of age-related changes in cerebrovascular function. Future research should

99 28" ANNUAL CONGRESS OF THE EUROPEAN COLLEGE OF SPORT SCIENCE



OP-APOQ2 Training and Testing: Team sports

assess the influence of these age-related cerebrovascular changes, and the effect that different cognitive tasks may have
on the observed cerebral haemodynamic response to concurrent training.

Oral presentations
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SUBMAXIMAL FITNESS TEST IN TEAM SPORTS: A SYSTEMATIC REVIEW AND META-ANALYSIS OF EXERCISE HEART RATE
MEASUREMENT PROPERTIES

SHUSHAN, T., LOVELL, R., BUCHHEIT, M., SCOTT, T.J., BARRET, S., NORRIS, D., MCLAREN, S.J.
WESTERN SYDNEY UNIVERSITY

INTRODUCTION: Submaximal Fitness Tests (SMFT) are a pragmatic approach for evaluating athlete’s physiological state,
due to their time-efficient nature, low physiological burden and relative ease of administration in feam-sports settings.
Whilst a variety of outcome measures can be collected during SMFT, exercise heart rate (HRex) is the most popular. Un-
derstanding the measurement properties of HRex can support the interpretation of data and assist in decision-making
regarding athlete’s current physiological state and training effects. The aims of our systematic review and meta-analysis
were fo: 1) establish meta-analytic estimates of SMFT HRex reliability and convergent validity; and 2) examine the moderat-
ing influence of athlete and protocol characteristics on the magnitude of these measurement properties.

METHODS: We conducted a systematic literature search with MEDLINE, Scopus and Web of Science databases for studies
published up until January 2022 since records began. Studies were considered for inclusion when included team-sports
athletes and the reliability and/or convergent validity of SMFT HRex was investigated. Reliability statistics included the
group mean difference (MD), typical error of measurement (TE) and intraclass correlation coefficient (ICC) derived from test-
retest(s) designs. Pearson’s correlation coefficient ( r ) describing the relationship between SMFT HRex and a criterion
measure of endurance performance was used as the statistic for convergent validity. Mixed-effects, multilevel hierarchical
models, combined with robust variance estimate tests were performed fo obtain pooled measurement property esti-
mates, effect heterogeneity, and meta- regression of modifying effects.

RESULTS: The electronic search yielded 21 reliability (29 samples) and 20 convergent validity (29 samples) studies that met
the inclusion criteria. Reliability meta-analysis indicated good absolute (MD = 0.5 [95% Cl: 0.110 0.91 and TE=1.6 1.4 10 1.9]
% points), and high relative (ICC = 0.88 [0.84 to 0.91)) reliability. Convergent validity meta-analysis indicated an inverse,
large relationship ( r = —0.58 [-0.62 to —0.54]) between SMFT HRex and endurance tests performance. Meta-regression
analyses suggested no meaningful influence of SMFT protocol or athlete characteristics on reliability or convergent validity
estimates.

CONCLUSION: Submaximal Fitness Test HRex is a reliable and valid proxy indicator of endurance performance in team-
sport athletes. Athlete and SMFT protocol characteristics do not appear to have a meaningful effect on these measure-
ment properties. Practitioners may implement SMFT HRex for monitoring athlete’s physiological state by using our applied
implications to guide the interpretation of data in practice. Future research should examine the utility of SMFT HRex fo track
within-athlete changes in aerobic capacity, as well as any further possible effects of SMFT protocols design elements or
HRex analytical methods on measurement properties.

MAXIMIZING PHYSICAL PERFORMANCE IN FEMALE HANDBALL PLAYERS DURING THE COMPETITIVE SEASON: THE IMPACT
OF HIGH-LOAD STRENGTH TRAINING VERSUS POWER-PLYOMETRIC TRAINING

VARVIK, F.T.1, BIBRNSEN, T.1, TORSTVEIT, M.K.1, PEDERSEN, S.M.1, GRANLI, A.1, AUNE, S.5.1, MARTINOVIC, E.1, RAASTAD,
T.1,2

1. UNIVERSITY OF AGDER, 2. NORWEGIAN SCHOOL OF SPORT SCIENCES

INTRODUCTION: Handball players practice various types of resistance training to enhance physical performance. Whether
it is beneficial to prioritize high-load or high-velocity resistance training for preserving strength and power capacities
throughout the in-season period remains to be deftermined. As such, the aim of this study was to compare the effects of
in-season power and plyometric training versus high-load strength training on body composition and strength- and pow-
er performance.

METHODS: Thirty-one female handball players from two senior sub-elite teams were randomized into high-load strength
training (high-load; n=16, 20+3yrs, 170+6cm, 70+14kg) or power and plyometric training (power-plyo; n=15, 20+3yrs,
170+6cm, 66+7kg). Biweekly fraining sessions were conducted for 12 weeks and supervised once a week. The high-load
group performed 2-6 sets per muscle group at 80-85% 1RM, while power-plyo completed 75-90 bodyweight jumps in
addition to 2-4 sets of 3-6 power exercises at <50% 1RM. Before and after the training period, 1RM in squat and bench
press, theoretical maximal force (Fmax) and -power (Pmax) from pneumatic leg press, and bench press power by a linear
encoder were assessed. Countermovement jump (CMJ) height was measured on a force plate, and vertical reach with
single-leg jump-and-reach. Sprint (10-, 20-, and 30m) and change of direction (CoD) times (4x180° turns) were measured
with timing gates, and body composition was assessed using Dual-X-Ray-Absorptiometry. All data were analyzed with t-
tests and are reported as mean change with 95% confidence intervals or standard deviations.
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RESULTS: Training attendance was 90+8% in the high-load group and 90+9% in the power-plyo group. Further, IRM in-
creased more in high-load compared to power-plyo, squat by 8.6% (1.4, 15.7, p=0.02) and bench press by 6.6% (0.7, 12.6,
p=0.03]. No between-group differences were observed in other parameters (p=0.17-0.95). Compared to baseline, both
groups improved (all p<0.05); Fmax (high-load: 8.5+9.8%, power-plyo: 4.9+8.2%), Pmax (high-load: 10.5+7.6%, power-
plyo: 8.5+7.3%), bench press power (high-load: 8.1+9.8%, power-plyo: 5.5+10.2 (tendency p=0.06), CMJ (high-load:
6.6+£6.9%, power-plyo: 7.2+5.4%) and jump-and-reach (high-load: 5.6+8.0%, power-plyo: 6.1£9.5%). Sprint was un-
changed, but high-load improved CoD (2.0+2.5% vs. 1.0£2.6%). No changes were observed in body mass or fat mass,
but both groups increased fat-free mass (FFM, high-load: 2.0£2.0%, power-plyo: 1.7+2.3%) and legs FFM (high-load:
2.5+2.9%, power-plyo: 2.9+2.3%).

CONCLUSION:  Our findings suggest that if maximal strength is prioritized, handball players should choose high-loads
over power-plyo training during the in-season; otherwise, they may use either approach to maintain or increase FFM,
power, jump, and sprint performance. However, more research is needed to elucidate specific neuromuscular adapta-
tions of high-loads versus high-velocity training to befter understand and prescribe in-season training programs for
handball players.

AN EVALUATION OF THE FACTORS PREDICTING TOTAL ATHLETIC ABILITY VIA ENERGETIC MODELLING OF A SINGLE-VISIT,
OVERGROUND ASSESSMENT OF THE SPEED- AND POWER-DURATION RELATIONSHIP IN TEAM SPORTS PLAYERS

VASSALLO, C., GRAY, A., KILDUFF, L.P., JENKINS, D., WALDRON, M.
SWANSEA UNIVERSITY

INTRODUCTION: The 3-minute all-out test (3MT) provides a single-visit, field-based method to characterise parameters of
the overground speed-duration relationship. Data from this test can be used to determine whole-body power output
using a novel energetics modelling approach. When all speed and mechanical outputs captured during the single-visit
assessment of the overground speed- and power-duration relationship are considered, it is possible that they could
explain variance in athletes’ overall physical ability. This could help to determine team sport athletes’ total score of athleti-
cism (TSAJ, which relies on a battery of separate physical performance tests. This can be logistically impractical and poorly
adopted by coaches. However, it is unclear whether data extracted from the 3MT can explain variance in TSA and which
variables have the greatest relative contributions. This study aimed to evaluate the variance explained in a composite
battery of physical performance tests to overground running mechanical parameters derived from a 3MT.

METHODS: Following ethical approval, 94 competitive team sport players consented to take part in three separate testing
visits. Across days, this included assessment of: countermovement jumping (CMJ) on a force plate; 0-fo-30-m overground
sprinting, measured using electronic timing gates and a Yo-Yo intermittent recovery level 1 (Yo-Yo IR1) test. The TSA was
calculated using a summated z-score from: jump height, CMJ peak power, Yo-Yo IR1 score, 10-m and 30-m speed. Addi-
tionally, an overground 3MT was conducted using a 10-Hz global positioning system (GPS), from which critical speed and
Distance-prime (D) were determined. Energetic modelling was used to determine over-ground mechanical work, from
which critical power (CP) and Work-prime (W) were calculated. Partial least squares regression (PLSR) was used to explain
variance in the TSA using 8 variables derived from the 3MT. The number of components explaining the greatest variance
(R2) in TSA were selected in the final model. The contribution of each variable to the overall model was calculated via the
jack-knife function.

RESULTS: The final model comprised one component, which explained 47.2% of the variance in TSA. The strongest varia-
bles contributing fo the overall model were: CP (beta=4.22, P<0.001) W’ (beta=4.49, P<0.001), maximal mechanical power
(beta=5.06, P< 0.001), total mechanical work per metre-squared of body surface area (beta=6.14, P <0.001), maximal
force production (beta=3.23, P=0.002) and peak speed (beta=4.75, P<0.001). Crifical speed (beta=2.02, P=0.01) and D’
(beta=1.81, P=0.04) were the weakest contributors.

CONCLUSION: Mechanical parameters derived from the 3MT provided the strongest contributions in the model, which
overall explained 47.2% of variance in TSA. These preliminary data demonstrate the potential utility of overground power-
duration parameters for athlete profiling but question its capacity, in its current form, to capture all aspects of athletic
ability.

THE RELATIONSHIP BETWEEN SPECIFIC GAME-BASED AND GENERAL PERFORMANCE IN YOUNG ADULT ELITE MALE TEAM
HANDBALL PLAYERS

WAGNER, H., HINZ, M.
UNIVERSITY OF SALZBURG

INTRODUCTION: In young adult elite team handball players, physical performance is an essential factor for becoming a
top-elite player and should be measured adequately. However, in elite team handball academies, general, unspecific
tests are often used to determine this physical performance. It is unknown if these unspecific physical performance tests
have an influence on the specific team handball performance, although this knowledge is essential for the selection pro-
cess during adolescence or for young adults before transitioning to professional elite team handball. Additionally, reduc-
ing the overall festing time and the test equipment is also important for an economical testing. Consequently, the aim of
the study was (1) to analyze the relationship between specific game-based and general physical performance in young
elite male team handball players, and (2) to reduce the number of tests for a more practical implementation of physical
performance diagnostics in team handball.
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METHODS: Twenty young adult elite male team handball field players (18.6 + 2.1 years) performed the team handball
game-based performance test (GBPT) and general tests including a 20 m sprinting test, a repeated sprint ability test (RSA,
a modified T-test, countermovement (CMJ), squat (SJ) and drop jump test (DJ), a standing long jump test, a single-leg
lateral three jumps test, a standing throw test, and the determination of the one repetition maximum (IRM) in the bench
press, bench pull, front squat, and deadlift. The relationship between general physical performance tests (the GBPT) and
anthropometric variables (body height and weight) was determined by calculating Pearson Product-Moment correlation
coefficients. Additionally, a principal component factor analysis was conducted to determine a few components that de-
fine multiple variables.

RESULTS: Significant correlations (> 0.60 or < -0.60) were mostly found between different sprinting and jumping tests (20 m
sprinting test, RSA, modified T-test, defense time in the GBPT, CMJ, SJ and DJ test, standing long jump test, and the single-
leg lateral three jumps test) as well as between different strength tests (IRM in the bench press, bench pull, front squat,
and deadliftf and body weight. The principal component factor analysis revealed four components (power and speed,
strength, jump shot performance, and endurance) including 21 variables of high loads (> 0.60 or < -0.60).

CONCLUSION: To reduce the number of tests and optimize the testing process in elite team handball, we suggest five
physical performance tests (20 m sprinting test, GBPT, CMJ test, 1RM in the bench press and front squat) that enable test-
ing several times in one season. However, due to the high financial costs of the GBPT (for equipment and manpower), we
would suggest a different testing procedure in youth and non-elite team handball, including six physical performance
tests (20 m sprinting test, T-test, CMJ test, IRM bench press and front squat, as well as the YoYo intermittent recovery test).

CONSTRUCT VALIDITY OF A NEW DECREASING RECOVERY INTERMITTENT RUNNING TEST IN SOCCER

BENEDETTI, L.1,3, NIGRO, F.1, MANARI, D.2, MANARI, G.2, FARACI, G.2, CECI, G.2,3, AIELLO, P.3, PRANDELLI, N.3, NANNI,
G.3,4, SISCA, G.3,4, BINI, L.3,4, ROSSI, G.3,4, ANDREINI, G.3, MARCORA, S.M.1

L. UNIVERSITY OF BOLOGNA, 2. THE OXYGEN UPTAKE PROFESSIONAL TEAM, REGGIO EMILIA, 3. BOLOGNA F.C. 1909, 4.
ISOKINETIC MEDICAL GROUP CENTER, BOLOGNA,

INTRODUCTION: In recent years a new protocol of an intermittent running test with decreasing recovery called MAP
(MAnari Protocol from the surname of his inventor) has been used to assess professional soccer players. However its
validity is yet to be established. The main aim of the study was to explore MAP construct validity by examining the correla-
tion between the peak of oxygen consumption (VO2peak) and other variables measured by MAP and various parameters
of match physical performance. A secondary aim was to validate the Mognoni Test (MT) (1).

METHODS: Ten Serie A players were tested with MAP and MT. The selected parameters of match physical performance
(raw and normalized by min played) were: metabolic power, very high power, high power distance, high and very high
speed running distance, maximum acceleration and maximum deceleration distance, total distance (2). After warm-up,
players performed to volitional exhaustion sets of 3 to 7 50m intermittent runs at 18 km/h with recovery between each run
decreasing after each set (from 17s in the first set to 2s in the final set). VO2peak, ventilatory parameters like the respiratory
compensation point (RCP), lactate, and MAP distances were recorded. 48 hours later players were also tested with MT to
estimate the speed at the onset of blood lactate accumulation (OBLA). Parameters of match physical performance were
obtained from the average of two video-tfracked matches played for at least 45 min within 2 weeks from the date of the
MAP and MT.

RESULTS: VO2peak was positively correlated with power variables, high speed distances, distance maximum accelera-
tions and decelerations per min, fotal distance per min during the match. MAP distance was positively correlated with
power variables (metabolic power, high distance power) and match-related distance variables (total distance, total dis-
tance per min). Lactate at the end of MAP was positively correlated only with average metabolic power per min. The dif-
ference between the MAP distance and distance at RCP, was positively correlated with power variables (metabolic power,
very high distance power) high speed distance, distance maximum acceleration and decelerations per min, total distance
per min and maximum speed. Speed at OBLA estimated with the MT was negatively correlated with distance run at very
high speed and with distance run at very high power, and their respective values per min.

CONCLUSION: This study provides empirical support to the construct validity of both the MAP and the MT as indicators of
between-subject differences in match physical performance in professional soccer players. With the exception of distance
at OBLA, all MAP variables correlate significantly with various parameters of match physical performance. MAP variables
requiring the use of a portable metabolimeter do not show superior construct validity compared to MAP distance.

1. Impellizzeri F.M. et al., In Science and Football V, Routledge, 2005;
2. Scott M.T.U. et al., J Strength Cond Res, 2016;
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SHORT-TERM LOW ENERGY AVAILABILITY DOWN-REGULATES CIRCULATING TRIIODOTHYRONINE AND BONE FORMATION
MARKERS IN MALES, WHILST SKELETAL MUSCLE PROTEIN SYNTHESIS IS PRESERVED.

TAYLOR, H.L., BURNISTON, J., NISHIMURA, Y., FOO, W.L., STRAUSS, J., COCKS, M., SHEPHERD, S., LANGAN-EVANS, C., MOR-
TON, J.P., ARETA, J.L.
LIVERPOOL JOHN MOORES UNIVERSITY

INTRODUCTION: Low energy availability (LEA) is thought to downregulate the hypothalamic-pituitary-axes and impair
bone health and physical capacity in exercising individuals. However, the effect of LEA on skeletal muscle is unclear. This
study aimed to assess the effect of five days of LEA on endocrine, metabolic, physiological, and skeletal muscle phenotype
responses in males.

METHODS: In a quasi-experimental design, 10 healthy males (25 + 5 yrs, body mass: 78.8 + 8.2 kg, VO2peak: 52 + 8
ml/kg/min) completed three consecutive 5-day periods of 1) free-living, 2) energy balance (EB: energy availability (EA) = 45
kcal/kg Fat Free Mass [FFMI/day), and 3) LEA (EA = 10 kcal/kg FFM/day). EB and LEA diets provided 60% carbohydrate, 20%
fat, 20% protein, and participants performed standardised cycling exercise to expend 15 kcal/kg FFM on days 1, 3 and 5 of
EB and LEA. Skeletal muscle phenotype shift was determined via proteomics. To determine dynamic proteomic profiling,
participants consumed D20 daily and muscle biopsies were collected from the vastus lateralis at the start and end of
each period. Body composition and resting metabolic rate (RMR] were also collected at these timepoints. Fasting venous
blood was collected throughout and assessed for plasma total triiodothyronine (T3) and markers of bone resorption (3-
CTX) and formation (PINP). Data were explored via one-way ANOVA and linear mixed models.

RESULTS: Body mass, FFM, and fat mass were stable during EB but reduced by 2.9 + 0.7 kg (P < 0.001), 21+ 0.7 kg P <
0.001), and 0.8 + 0.6 kg (P = 0.003), respectively after LEA. RMR was unchanged following LEA (P = 0.151). Compared to
baseline concentrations (131 + 22 ng/dL), T3 was reduced following LEA (108 + 23 ng/dL; P = 0.009). Plasma B-CTX was
higher after four days of LEA (0.90 + 0.23 pg/L) compared fo four days of EB (0.80 + 0.29 pg/L; P = 0.020), whilst PINP
concentrations reduced from 79.3 + 22.7 pg/L to 67.3 + 17.8 pg/L (P < 0.001) after LEA. Proteomic analysis determined the
abundance of 1550 protfeins and turnover of 565 proteins. Between EB and LEA, there were no differences in global frac-
tional synthetic rates of the myofibrillar, soluble, and mitochondrial protein fractions. After LEA, the abundance of 131 pro-
teins and furnover of 20 proteins were significantly different (P < 0.05) compared to EB. KEGG pathway analysis revealed
alterations in protein abundance associated with metabolic pathways, including mitochondrial function, fatty acid, and
branched-chain amino acid metabolism.

CONCLUSION: In conclusion, five days of LEA reduced markers typically associated with LEA, including plasma T3 and
PINP concentrations in males. Global protein synthetic rates for myofibrillar, soluble and mitochondrial fractions were
preserved following LEA and skeletal muscle phenotype shiffed towards fatty-acid metabolism. These data suggest that
despite down-regulated endocrine responses to LEA, skeletal muscle protein turnover is preserved with concomitant
alterations in skeletal muscle phenotype.

INGESTION OF MYCOPROTEIN, PEA PROTEIN OR THEIR BLEND SUPPORT COMPARABLE POST-EXERCISE MYOFIBRILLAR
PROTEIN SYNTHESIS RATES IN RESISTANCE TRAINED INDIVIDUALS.

WEST, S.
UNIVERSITY OF EXETER

INTRODUCTION: Pea protein is commercially advanced, digestible and leucine rich (>5.9% total protein), making it an
atftractive non-animal derived protein source for supporting post-exercise myofibrillar protein synthesis (MyoPS). However,
a low methionine confent (<1.6% total protein — WHO criteria) has been suggested fo limit its anabolic potential. Mycopro-
tein has a more balanced amino acid profile which, at least in part, explains its ability to robustly stimulate MyoPS rates.
We hypothesised that an inferior post-exercise MyoPS response would be seen following ingestion of pea protein com-
pared with mycoprotein, which would be (partially) rescued by blending the two sources.

METHODS: Thirty-three healthy, young (age; 21+1y, BMI; 24+1 kg.m-2) and resistance trained volunteers participated in a
randomised, double-blind parallel group trial. Participants received primed, continuous infusions of L-Iring-
2H5]phenylalanine and completed a bout of whole-body resistance exercise before ingesting 25 g protein from mycopro-
tein (MYC; 1.7 g leucine, 0.4 g methionine, n=11), pea protein (PEA; 1.9 g leucine, 0.2 g methionine, n=11) or a blend (39%
MYC, 61% PEA) of the two (BLEND; 1.7 g leucine, 0.3 g methionine, n=11). Blood and muscle (vastus lateralis) samples were
taken pre-, 2 h and 4 h post- exercise/protein ingestion to assess postabsorptive and temporal postprandial postexercise
myofibrillar protein fractional synthetic rates (FSRs). Two-way ANOVAs were used to detect differences in plasma amino
acid kinetics (group x time) and myofibrillar FSRs (group x time), with Sidak tests applied post-hoc.

RESULTS: Protein ingestion increased plasma essential amino acid and leucine concentrations (time effect; P<0.0001), but
more rapidly in BLEND and PEA compared with MYC (time x condition interaction; P<0.0001). Postprandial plasma methio-
nine availability (4 h iAUC) was greater in MYC (576 pmol-L-1 x 240 min) compared with BLEND (-188 pmol-L-1 x 240 min)
and PEA (-567 umol-L-1 x 240 min). From similar postabsorptive values (MYC, 0.026+0.008%-h-1; PEA, 0.028+0.007%-h-T;
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BLEND, 0.026+0.006%-h-1), resistance exercise and protein ingestion increased myofibrillar FSRs (time effect; P<0.0001)
over a 2 h (MYC, 0.077+0.015%-h-1; PEA, 0.089+0.014%-h-1; BLEND, 0.091+0.013%-h-1) and 4 h (MYC, 0.076+0.004%-h-1;
PEA, 0.087+0.01%-h-1; BLEND, 0.085+0.01%-h-1) period, with no differences between groups (all; P>0.05).

CONCLUSION: Ingestion of isonitrogenous boluses of mycoprotein, pea protein and their blend results in equivalent rates
of MyoPS following whole-body resistance exercise. These data suggest that all three non-animal derived protein sources
are effective in supporting post-exercise muscle reconditioning.

NUTRITIONAL AND PHYSIOLOGICAL DETERMINANTS OF PEAK FAT OXIDATION IN MODERATELY TRAINED MEN

TARRY, E.K.1,4, PETERSEN, E.A.1, VESTERGAARD, S.G.1, OLSEN, M.C.1, HANSEN, M.1, DELA, F.1,2, PILEGAARD, H.3, SHAW,
C.S.4, HELGE, J.W.1

1 UNIVERSITY OF COPENHAGEN, DENMARK; 2 BISPEBJERG UNIVERSITY HOSPITAL, DENMARK; 3 UNIVERSITY OF COPENHA-
GEN, DENMARK:: 4 DEAKIN UNIVERSITY, VICTORIA, AUSTRALIA

INTRODUCTION: Peak fat oxidation (PFO) is strongly linked to metabolism-regulating proteins (1,2),but the extent to which
these can be altered using a short-term dietary intervention remains unexamined. Furthermore, the impact of endoge-
nous and exogenous store alteration on PFO has not been fully elucidated. Assessment of muscle characteristics may
prove to further explain the variability in PFO largely unaccounted for (3). This study assessed the determinants of PFO
using a short-term fat-rich or carbohydrate-rich diet, hypothesising that a fat-rich diet would lead to alterations in sub-
strate availability, and thus elevations in PFO.

METHODS: Moderately trained men [n = 40, VO2peak 56.2 + 5.1 ml/kg/min, BMI 24.1 + 1.9 (mean + SDJ] were allocated to
either a 3-day isocaloric high-fat (HIFAT: 65% fat, 20% carbohydrate and 15% protein) (n = 20) or high-carbohydrate diet
(HICHO: 70% carbohydrate, 15% fat and 15% protein) (n = 20). Participants completed an incremental exercise test to de-
termine PFO and maximal oxygen uptake. Fasting blood samples and a muscle biopsy from the vastus lateralis were
collected before and after the diet intervention. Two-way RANOVA were used to assess differences between diet groups
over time.

RESULTS: At baseline, simple bivariate analyses revealed VO2 peak (r2 = 0.12, p = 0.03) and FFA (r2 = 0.10 p = 0.0484)
were positively associated with PFO. No significant association was found between PFO at baseline and resting muscle
glycogen or IMTG. The HIFAT group displayed elevated PFO (0.59 + 0.18 vs 0.27 + 0.10 g/min, p = 0.02) compared to
HICHO. Muscle glycogen was significantly increased following the carbohydrate-rich diet and reduced by the fat-rich diet,
respectively (delta 91.09 + 142.3 vs -81.66 + 89.30 nmol/mg dry weight, p < 0.0001). IMTG stores remained unchanged
after dietary intervention. Expression of mRNA for key regulatory proteins GLUT4, ANT1, CPT-1 and 3-HAD were not signifi-
cantly altered by diet, however UCP3 mRNA expression was significantly elevated after HIFAT by 1.7 fold (p = 0.046). Plas-
ma triglyceride and ketone levels were significantly increased following HIFAT (p < 0.05).

CONCLUSION: PFO was significantly elevated after HIFAT and reduced following HICHO. Nutritional interventions of only 3
days provide sufficient duration to elicit metabolic changes facilitating fat oxidation during exercise.

REFERENCES:

1.Shaw, C.S. et al. J. Appl. Physiol. 128, 379-389 (2020).

2. Maunder, E. et al. Eur. J. Appl. Physiol. 122, 93-102 (2022).

3. Randell, R. K. et al. Med. Sci. Sports Exerc. 49, 133-140 (2017).

THE EFFECT OF COMBINED JUMP TRAINING AND COLLAGEN SUPPLEMENTATION ON BONE MINERAL DENSITY IN MALE
AND FEMALE ELITE CYCLISTS

HILKENS, L.1,3, VAN SCHIINDEL, N.1, WEER, C.1,3, DECROIX, L.2, BONS, J.3, VAN LOON, L.3, VAN DUK, J.W.1
1 HAN UNIVERSITY OF APPLIED SCIENCES 2 TEAM JUMBO-VISMA 3 MAASTRICHT UNIVERSITY MEDICAL CENTRE+

INTRODUCTION: Accumulating evidence indicates that most elite cyclists have low bone mineral density (BMD). Jumping
exercise has been shown to improve BMD, although this has never been investigated in elite-level road-race cyclists.
Collagen supplementation may augment the effect of jumping exercise on BMD, as collagen is a key component of bone
tissue. The present study aimed to evaluate the effect of combined jump fraining and collagen supplementation on BMD
in elite road-race cyclists.

METHODS: In this open-label, randomized controlled study with two parallel groups, 36 young male (n=8) and female
(n=28) elite cyclists (213 y, BMI 211 kg/m2) were allocated to either an intervention (INT: n=18) or a no treatment control
(CON: n=18) group. The 18-wk intervention period, conducted during the off-season, consisted of 5-min jumping exercise
bouts performed five times per week, with each exercise bout preceded by the ingestion of 15 g hydrolyzed collagen.
Body composition, trabecular bone score (TBS), and BMD of the total hip, femoral neck, lumbar spine and whole body
were assessed before and after the intervention period by dual-energy x-ray absorptiometry, along with serum bone
turnover markers PINP and CTX-I. The effect of the intervention on the dependent variables was assessed by using mixed
model ANOVA, with time (pre- and post-infervention) as within-subject factor and treatment (CON vs INT) as between-
subiject factor.

RESULTS: Compliance with the intervention was 3.5+0.9 sessions with collagen supplements per week (77% of planned
sessions completed). Lean body mass increased to a similar extent (~2.6%; time-effect: P<0.001) in CON (from 46.3+7.8 to
47.5+7.5 kg) and INT (from 47.9+4.8 to 49.0+5.1 kg; time x freatment: P=0.78). In contrast, fat mass remained unchanged
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in CON (11.3£2.6 to 11.3+2.8 kg), while a decrease was noted in INT (12.0+3.9 to 10.5+3.7 kg; time x treatment: P<0.01).
BMD of the femoral neck decreased in CON (from 0.789+0.104 to 0.774+0.095 g/cm2), while being preserved in INT (from
0.803+0.058 to 0.809+0.066 g/cm2; time x treatment, P<0.01). No differences between treatments were observed for
changes in BMD at the fotal hip, lumbar spine and whole body (time x freatment, P>0.05 for all). TBS increased from
1.38+0.08 to 1.40+0.09 in CON and from 1.46+0.08 to 1.47+0.08 in INT, respectively (time effect: P<0.01), with no differ-
ences between freatments (time x freatment: P=0.33). Serum PINP concentrations decreased fo a similar extent in CON
(83.6+24.8 to 71.4+23.1 ng/mL) and INT (82.8+30.7 to 66.3+30.6 ng/mL; time-effect, P<0.001; time x treatment, P=0.22).
Serum CTX-l concentrations did not change over time, with no differences between treatments (time-effect, P=0.08; time x
treatment, P=0.58).

CONCLUSION:  Frequent short bouts of jumping exercise combined with collagen supplementation beneficially affect
femoral neck BMD in elite cyclists. As such, this intervention appears a promising strategy for mitigating the adverse ef-
fects of professional cycling on bone health.

PERI-EXERCISE L-CITRULLINE SUPPLEMENTATION REDUCED EXOGENOUS GLUCOSE UTILISATION, WITHOUT ALTERING
ENDURANCE PERFORMANCE OR GASTROINTESTINAL DAMAGE IN MALE CYCLISTS

REYNOLDS, K.M., MACRAE, H.Z., FUNNELL, M.P., MEARS, S.A., BAILEY, S.J., JAMES, L.J.
LOUGHBOROUGH UNIVERSITY, UK

INTRODUCTION: Carbohydrate intake during endurance exercise is a recognised strategy to improve performance. Pre-
exercise supplementation of I-citrulline has been demonstrated to improve endurance performance, VO2 kinetics and to
reduce gastrointestinal (Gll symptoms/damage [1l. Arginine co-ingestion with carbohydrate during exercise has been
shown to increase exogenous carbohydrate oxidation [2], but the effect of I-citrulline (which increases circulating arginine
concentrations) in this regard remains unknown. Therefore, we examined the effect of adding I-citrulline to a carbohydrate
supplement during prolonged cycling on exogenous carbohydrate oxidation, performance, and Gl responses.

METHODS: Eleven trained male cyclists/triathletes (26 + 6 y; 58 + 5 ml/kg/min; 11 =+ 5 h/week fraining) completed
VO2peak and familiarisation trials, followed by two experimental trials involving 140 min cycling at ~55% Wpeak (preload)
and a ~15 min time trial (TT). The study utilised a double-blind design and participants ingested glucose (60 g/h enriched
with 0.2% [U-13Cl-glucose) every 20 min either with (CHO+CIT) or without (CHO) the addition of I-citrulline (6 g/h). Expired
breath samples were collected every 20 min to determine exogenous oxidation and venous blood samples/Gl scales
were collected at 0, 60, 140 min and post-TT.

RESULTS: TT performance was not different between trials (CHO 946 + 90 s; CHO+CIT 923 + 70 s; P=0.279), but there was
a significant negative relationship between VO2peak and performance improvement in CHO+CIT (R=0.659; P=0.027).
Mean 40-140 min (CHO+CIT 0.55 + 0.09 g; CHO 0.62 + 0.11 g; P=0.006) and peak (CHO+CIT 0.74 + 0.12 g; CHO 0.82 =
0.13 g; P=0.017) exogenous carbohydrate oxidation were reduced in CHO+CIT. Heart rate (P=0.347), RPE (P=0.948), overall
Gl comfort (P=0.804), plasma glucose (P=0.925) and plasma insulin (P=0.429) were not different between trials. Plasma
lactate was higher in CHO+CIT post-TT (CHO+CIT 9.17 = 3.74 mmol/L; CHO 7.36 + 4.02 mmol/L; P=0.008). Sweat rate,
dehydration accrued, plasma osmolality and plasma volume change were also not different between trials (P20.142), and
neither were CD14 or IFABP-1 (blood markers of Gl permeability/damage; P=0.239).

CONCLUSION: The addition of |-citrulline to glucose consumed during prolonged cycling did not influence TT performance,
but may be ergogenic in individuals with lower VO2peak scores. Additionally, these data suggest that the ability to use
glucose provided in drinks during exercise is reduced when glucose is co-ingested with I-citrulline, although the mecha-
nisms explaining these data are not clear. Finally, I-citrulline co-ingestion did not benefit GI symptoms (although these
were low in both trials) or markers of GI damage (CD14 or IFABP-1), possibly due to the protective effect of carbohydrate
intake on Gl damage.

REFERENCES:
1. Van Wijck., et al, 2014; Med. Sci. Sports. Exerc., 46, pp.2039-46
2. Rowlands., et al, 2012; Eur, J, Appl, Physio, 112, pp.2443-53
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MOTOR UNIT MODULATION PARTLY EXPLAINS THE REPEATED BOUT PHENOMENON

HAYMAN, O., ANSDELL, P., ANGIUS, L., THOMAS, K., SKARABOT, J., HORSBROUGH, L., HOWATSON, G., GOODALL, S.
NORTHUMBRIA UNIVERSITY

INTRODUCTION: Unaccustomed eccentric exercise (EE) causes symptoms of exercise-induced muscle damage that are
accompanied by changes in contractile properties and nervous system function, which persist for several days post-
exerciselll. Following a repeated bout of EE, the damage response is attenuated, however, it is unknown whether there is
an alteration in motor unit (MU) behaviour during the performance of a repeated bout, which might contribute to the re-
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peated bout phenomenonl2]. Accordingly, this study aimed to examine single MU properties during an initial and repeat-
ed bout of EE.

METHODS: Twenty-eight participants performed 2 bouts of 10 x 10 maximal lengthening dorsiflexion contractions four
weeks apart. Maximal isometric voluntary toque (MVT) was measured pre- and post-EE. High-density surface electromy-
ography (EMG) signals were recorded during trapezoidal contractions at 50% MVT. These were performed pre-EE, after
set 5 (during) and post-EE. EMG signals were decomposed into individual MU discharge timings and were tracked across
each time point. Mean MU discharge rate during the plateau of the trapezoidal contractions, along with recruitment and
derecruitment thresholds were computed. Changes in outcomes variables within and between bouts were assessed with
repeated measures analysis of variance.

RESULTS: Work done (1303 + 404 vs 1401 + 474 J; p=0.263) and the decrease in MVT immediately post EE (73 + 11vs 79 +
12%; p=0.702) were similar in both bouts. MU data are reported for a preliminary cohort of 7 participants with a similar
population of identified MUs (269 + 9 vs 257 + 11; p>0.05) and those tracked per participant in each bout (5 £ 2 vs 5 = 4;
p>0.05). For tracked MUs, the mean discharge rate at plateau increased during, and post the initial bout of EE (16.62 +
3.60 and 17.32 + 3.36 pps; p=0.022). The increase in discharge rate was aftenuated following the repeated bout (15.09 +
2.9 and 15.55 + 3.5 pps; p=0.014). Furthermore, recruitment threshold (%A from baseline) was reduced during and post
the first bout (-19.45 + 10.26 and -28.4 + 10.3%; p=0.011), but no differences were detected between bouts (-6.9 + 4.83
and -7.7 + 14.83%; p=0.286). A similar pattern was evident for de-recruitment thresholds, which decreased in the initial
bout (-16.5 £ 9.1 and -24 + 12%; p=0.003). Nevertheless, no difference was demonstrated between bouts (-12.3 + 10%
and -16.6 + 12%; p=0.386).

CONCLUSION: During an initial bout of EE, increases in firing rate and reductions in recruitment and derecruitment thresh-
olds were demonstrated. However, in a repeated bout, the changes in MU properties are attenuated. Such an adaptive
response demonstrates preliminary evidence of a neural strategy to protect damage to skeletal muscle during a repeated
bout of EE.

References
[11 Goodall et al. 2017, Acta physiol
[2]1 McHugh 2003, Scand J Med Sci Sports

THE REDUCTION IN H-REFLEX AFTER SHORT MAXIMAL ISOMETRIC CONTRACTIONS IS MEDIATED BY PRESYNAPTIC INHIBI-
TION MECHANISMS

KALC, M.
SCIENCE AND RESEARCH CENTRE KOPER

INTRODUCTION: Short maximal isometric contractions lead to an enhancement of motor performance, better known as
Post activation potentiation (PAP). PAP muscle force enhancement can be attributed to different contractile and neural
mechanisms. While the contribution of contractile mechanisms to PAP is well described in the literature, the neural mech-
anisms contributing to PAP are less well-studied. In particular, spinal mechanisms assessed using the H reflex are equiv-
ocal. Thus, the study aimed to investigate the effects of short maximal isometric contractions of plantar flexors on spinal
mechanisms underpinning PAP.

METHODS: Fourteen males (age 21.9 + 4.8 years) participated. They were instructed to contract their plantar flexors, exert-
ing their maximal force for 10 s (PAP) or rest for 10 s (REST). Both exercise conditions (PAP and REST) were counterbalanced
and conducted in a single visit with a 20 minutes rest between conditions. Soleus H-reflex, D1 presynaptic inhibition and
Homonymous la facilitation (HF) were assessed in nine time points over 20 minutes after the maximal voluntary contrac-
tion. The soleus EMG signal was collected using a 64-channel matrix electrode (GROBMM1305, OT Bioelettronica, Italy).
Peak-to-peak amplitudes were extracted from the electrically elicited responses. Data were analysed using repeated
measures nested linear mixed effect models.

RESULTS: Immediately after the intervention, the H-reflex was significantly lower in the PAP condition compared to the REST
condition (P < 0.001). Similarly, the D1 and FAC were, respectively, significantly lower (P < 0.001) and higher (P < 0.001)
compared fo the REST condition immediately after the intervention. The observed effects disappeared 2 minutes after the
intervention.

CONCLUSION: The short maximal isometric contractions induced a significant drop in H-reflex amplitude, probably
modulated by presynaptic inhibition mechanisms as assessed by D1 inhibition. Interestingly, the homonymous la facilita-
tion HF was significantly increased. However, two minutes after the contraction, the observed spinal modulation in the
PAP condition was not significantly different compared to the REST condition, suggesting that the effects of PAP on spinal
modulation are short-lasting. Further analysis of the data from the multichannel electrodes is required to gain more in-
sight into the effects of PAP on the modulation of motor unit firing rates after short maximal isometric contractions.
LITERATURE:

Folland, et al., (2008). European Journal of Applied Physiology

Wallace, et al., (2019). The Journal of Strength & Conditioning Research
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TRANSCUTANEOUS SPINAL CORD STIMULATION: PHYSIOLOGICAL SIMILARITIES WITH NERVE STIMULATION CONCERNING
THE HPAD PHENOMENON

SORDET, J., VITRY, F., MARTIN, A., PAPAIORDANIDOU, M.
INSERM UT1093

INTRODUCTION: Transcutaneous spinal cord stimulation (tSCS) elicits reflex responses in all muscles of the lower limb by
stimulating the lower thoracic level. These posterior root muscle (PRM) reflexes are thought to share some physiological
similarities with the H-reflex [1;2]. For example, they are sensitive to the homosynaptic post activation depression (HPAD)
phenomenon when the inter-stimulus interval is very short (50ms) [2;3]. The HPAD results from the repeated solicitation of
la afferences inducing a decrease in the amount of neurotransmitters available at the synapse and a subsequent de-
crease in the second reflex amplitude [4]. However, it is still unknown whether the amount of this inhibition is equivalent
for the two types of reflexes. The aim of the study was to test whether these responses share the same physiological
mechanism related to HPAD phenomenon.

METHODS: Sixteen subjects volunteered to take part in one experimental session consisting of stimulations of the lower
thoracic level (to elicit PRM reflexes in the lower limb) and tibial nerve stimulation (fo elicit H-reflexes and M-waves in the
triceps surae muscles). EMG activity was recorded from the soleus muscle (SOL). Recruitment curves were built at rest for
tSCS and tibial nerve stimulation. From these recruitment curves, the intensities permitting to elicit a SOL H-reflex and a SOL
PRM reflex of the same amplitude (at the same % of Mmax) were determined. Paired-pulse stimulations were delivered
with a 50-ms or 1-s inter-stimulus interval. H-reflexes were conditioned either with an H-reflex or with a PRM reflex of the
same amplitude. In the same way, PRM reflexes were conditioned either with a PRM reflex or with an H-reflex of the same
amplitude. For all the paired-pulse stimulations, conditioned responses were normalized with respect to the test respons-
es, allowing to determine the degree of depression of the second reflex.

RESULTS: HCOND/HTEST (50ms: 0.05; 1s: 0.45) and PRMCOND/PRMTEST (50ms: 0.05; 1s: 0.51) were significantly lower
when they were delivered at 50ms inter stimulus interval compared fo 1s (P<0.01) but they were not significantly different
between them when they were delivered at the same interval (P>0.05). For the series of stimulations evoked at 1s interval,
the ratios HCOND/HTEST (0.45), PRMTEST/HTEST (0.48), PRMCOND/PRMTEST (0.51) and HTEST/PRMTEST (0.50) were not
significantly different (P>0.05).

CONCLUSION: PRM reflexes are sensitive to the HPAD phenomenon like H-reflexes. The inhibition is more pronounced at
intervals of 50ms than at 1s. For the different ratios at 1s, results show that the amount of inhibition due to HPAD is similar
for the two types of responses. These first results corroborate previous findings reporting that tSCS effectively activates la
afferences, at least for low reflex amplitudes.

1. Kitano et al, J Neurosci Methods, 2009
2. Andrews et al, Neurosci Lett, 2015

3. Hofstoetter et al, Plos One, 2019

4. Crone and Nielsen, Exp Brain Res, 1989
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TWELVE WEEKS OF SPRINT INTERVAL TRAINING INCREASES PEAK OXYGEN UPTAKE BUT NOT PEAK CARDIAC OUTPUT IN
MALES AND FEMALES

BOSTAD, W., WILLIAMS, J.S., VAN BERKEL, E., RICHARDS, D.L., MACDONALD, M.J., GIBALA, M.J.
MCMASTER UNIVERSITY

INTRODUCTION: Sprint interval training (SIT) improves peak oxygen uptake (VO2peak] but the mechanistic basis for this
response is unclear. We recently reported that the improvement in VO2peak after 12 weeks of SIT was associated with an
increase in peak cardiac output (Qpeak) in a group of young, untrained adults (n=15) (doi:10.1007/s00421-021-04714-4). An
exploratory analysis suggested that mean Qpeak increased in the male but not female participants; however, that study
was not powered to detect sex-based differences and did not incorporate other controls that are recommended for com-
paring responses between males and females (doi:10.1007/540279-021-01435-8). The purpose of the present study was
to explicitly compare the response of Qpeak between males and females to 12 weeks of SIT while employing best practice
procedures for making sex-based comparisons.

METHODS: An a-priori sample size calculation (G*Power) based on data from our previous study estimated that a total of
14 participants were required to detect a partial eta-squared (n2p) of 0.46 with 80% power at a=0.05 for a 2x2 (time x
group) mixed analysis of variance. A total of 20 participants with similar characteristics as in our previous study were
recruited [10 males and 10 females (6 naturally cycling, 4 using a 2nd generation contraceptivell. Males and females did
not differ in baseline VO2peak expressed relative to fat-free mass (FFM; 55.1+9 vs. 49.1+8 ml/kg FFM/min, respectively,
p=0.13). The two groups performed a similar number of training sessions (33+2) over 12 wk. Each 10-min session involved
3x20-s ‘all-out” sprints interspersed with 2 min of unloaded cycling on an ergometer in addition to a brief warm-up and
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cool-down. Before and after the intervention, a ramp cycling test to exhaustion was performed to measure VO2peak,
followed ~10-min later by a short constant-load cycling bout at 90% peak work rate to determine Qpeak using inert gas
rebreathing as in our previous study. Female participants were always tested in the low hormone phase of their cycle.

RESULTS: VO2peak increased after SIT (3.16+1.0 vs 2.89+1.0 L/min, p<0.001) with no sex x time interaction (n2p=0.014,
p=0.61). Qpeak was not different after SIT (15.2+3.3 vs 15.1£3.0 L/min, p=0.85), and there was no sex x time inferaction
(n2p=0.007, p=0.72). Mean heart rate during training sessions was higher in female compared to male participants (83+5
vs 78+4% of peak heart rate elicited during the baseline VO2peak test, p=0.02).

CONCLUSION: In contrast to our previous study, Qpeak was unchanged after 12 weeks of SIT despite an increased
VO2peak. The mechanistic basis for these responses warrants further research, but our data suggest that SIT may be
associated with an enhanced capacity for oxygen extraction or muscle oxygen diffusion (doi:10.1152/ajpcell.00143.2022).

ClinicalTrials.org registration: NCT05205538. Funding: NSERC

HIGH-INTENSITY INTERVAL TRAINING IMPROVES MITOCHONDRIAL FUNCTION SIMILARLY TO MODERATE-INTENSITY
CONTINUOUS TRAINING BUT WITH BETTER ENHANCEMENTS IN VO2PEAK AND INSULIN SENSITIVITY IN TYPE 2 DIABETES

CORRAL-PEREZ, J.1, ORTEGA-GOMEZ, S.1, MARIN-GALINDO, A.1, MONTES-DE-OCA-GARCIA, A.1, CASALS, C.1, LARSEN, S.2,
PONCE-GONZALEZ, J.G.1

T UNIVERSITY OF CADIZ AND BIOMEDICAL RESEARCH AND INNOVATION INSTITUTE OF CADIZ 2 UNIVERSITY OF COPENHA-
GEN

INTRODUCTION: Type 2 diabetes mellitus (T2D) pathophysiology is characterised by skeletal muscle mitochondria dys-
function and insulin resistance (1). Even though different exercise models have been used in patients with T2D, like high-
intensity inferval training (HIIT) or moderate-intensity continuous training (MICT), which methodology is more effective on
health-related outcomes is still unknown. The present study aimed to compare the effects of two different exercise training
on skeletal muscle mitochondrial function, fat oxidation, cardiorespiratory fitness, insulin sensitivity, and body composition
in patients with T2D.

METHODS: This study includes preliminary analyses from the EDUGUTION/APETEX/LIPIDOX randomized controlled studies.
Twenty participants (55.26+8.92 years) were randomly allocated into HIIT (consisted of 10x1 intervals pedalling at 90% of
peak power output, n=10, 4 females) or MICT (consisted of continuous pedalling at 10% above the first ventilatory threshold
for 50 minutes, n=10, 4 females) training groups during 12 weeks, 3 times per week. Pre- and post-intervention testing
included skeletal muscle mitochondrial leak respiration, state 3 respiration (Cl), maximal state 3 respiration (Cl+ll) (high-
resolution respirometry), basal fat oxidation, fat oxidation during exercise, and peak oxygen consumption (indirect calo-
rimetry), insulin sensitivity (oral glucose folerance fest, OGTT), and body composition (bioelectrical bioimpedance). Results
were analysed with a mixed factorial ANOVA with Bonferroni post hoc comparisons, significance was set at p<0.05.

RESULTS: All outcomes presented similar values at baseline between groups. The HIIT group significantly improved Cl
(+16.17£2.27 pmol s-1 [mg w.w]-1, p<0.001) and Cl+Il (+34.28+2.64 pmol s-1 Img w.w.]-1, p<0.001) respiratory states,
absolute (+168.10+£107.59 ml, p=0.048) and relative (+2.74+1.71 ml*kg-1*min-1, p=0.022) peak oxygen consumption, glu-
cose levels at 180 min of OGTT (-34.50+4.68 1 mg/dl, p=0.027), body mass (-3.57+0.98, LA P), and fat mass (-2.33+0.36
kg, p=0.014; -1.29+0.11 %, p=0.049). The MICT group enhanced Cl (+19.85+5.5 pmol s-1[mg w.w]-1, p=0.004) and Cl+l
(+38.54+12.23 pmol s-1 [mg w.w.]-1, p=0.016) respiratory states and fat mass (-2.48+0.82 kg, p=0.049; -1.46+0.28 %,
p=0.009) but decreased basal fat oxidation (-12+1.2 mg/min, p=0.014). No time-by-group interactions were found for any
of the variables.

CONCLUSION: The HIIT is a time-efficient strategy compared to MICT showing a similar improvement in mitochondrial
oxidative phosphorylation and fat mass. Additionally, the 12-week HIIT intervention seems to achieve greater health gains
than MICT on cardiorespiratory fithess and insulin sensitivity of adults with T2D.

Grants: 10.13039/501100011033PID2019-110063RA-100, PID2020-120034RA-100, and LI19/21IN-CO09.

1. Pinti M V., Fink GK, Hathaway QA, Durr AJ, Kunovac A, Hollander JM. Mitochondrial dysfunction in type 2 diabetes melli-
tus: an organ-based analysis. Am J Physiol Metab. 2019 Feb 1;316(2):E268-85.

ACUTE PHYSIOLOGICAL RESPONSES TO EFFORT-MATCHED HIGH INTENSITY INTERVAL TRAINING WITH AND WITHOUT
BLOOD-FLOW RESTRICTION IN WELL-TRAINED CYCLISTS

SAUVE, B.A.J.M., VIKMOEN, 0., RAASTAD, T.
NORWEGIAN SCHOOL OF SPORT SCIENCES

INTRODUCTION: Blood flow restriction (BFR) during endurance-type training has been shown to improve cardiopulmonary
and muscular parameters [1, 2]. However, most studies have been performed using untrained participants and compared
BFR versus a free-flow control condition based on the same absolute exercise intensity. The latter leads to an unrealistical-
ly low exercise intensity in the non-BFR condition which does not represent the intensity used during traditional training.
Therefore, the aim of this study was to compare the acute metabolic and cardiovascular responses to interval training
with BFR to effort-matched interval training without BFR in well-trained cyclists.

METHODS: In a randomized cross-over design, 10 well-frained cyclists (8 men, 2 women, VO2max: 66.1+5.8 and 56.4+7.7
mL/kg/min respectively) performed a session consisting of 6 intervals of 5 min cycling with 2.5 min of rest between each
interval, both with BFR and without BFR (TRAD). An individualized occlusion pressure of 60% of full arterial occlusion pres-
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sure was applied to the BFR cuffs during the intervals. Participants were free to adjust the power output during the inter-
vals and were instructed to finish with the highest possible average power output across all 6 intervals. Metabolic and
cardiovascular parameters were measured during all intervals. After each interval, the blood lactate concentration was
measured, and participants were asked fo rate the perceived exertion both in the cardiopulmonary system and in the
legs. Paired Student's t-tests were performed to test for the differences between conditions. A statistical result of p<0.05
was considered significant. All data are presented as mean + standard deviation.

RESULTS: Cycling power output was 48+4% lower during BFR compared to TRAD (148+31 vs 287+62 W respectively,
p<0.001). BFR showed a 34+9% lower oxygen consumption compared to TRAD (2752+432 vs 4167+656 mL/min respec-
tively, p<0.001) and a lower blood lactate concentration (3.5£0.7 vs 7.1+1.2 mmol/L respectively, p<0.001). Perceived exer-
tion in the legs was higher following BFR compared to TRAD (Borg CR10: 8+1vs 7+0 respectively, p=0.004) and overall
cardiopulmonary exertion was lower (Borg RPE: 14+1vs 17+1 respectively, p<0.001). The heart rate was 17+7% lower in BFR
compared to TRAD (148+31 vs 167+40 bpm respectively, p<0.001) and the stroke volume was 10+13% lower (140+13 vs
169+6 mL respectively, p=0.032), resulting in a 26+11% lower cardiac output (20.5+3.2 vs 28.3+7.1 L/min respectively,
p<0.001).

CONCLUSION: Effort-matched interval training with BFR reduced power output by almost 50% which in turn provided an
aftenuated metabolic and cardiovascular response compared to non-BFR conditions in well-trained cyclists. However, the
stimuli for local muscular adaptations might be larger with BFR and further research should be conducted to elucidate
this.

EFFECT OF EIGHT-WEEK SPRINT INTERVAL TRAINING ON THE LOCAL MUSCLE OXYGEN METABOLISM AND AEROBIC CA-
PACITY OF ELITE FEMALE BADMINTON PLAYERS

LI, Q.1, LIU, H.C.1, LENG, B.1, LIU, Y¥.1, BAO, D.1, LIU, H.Y.1, HO, 1.2,3

1 BELING SPORT UNIVERSITY, BELING, CHINA 2 HONG KONG METROPOLITAN UNIVERSITY, HONG KONG, CHINA 3 ASIAN
ACADEMY FOR SPORTS AND FITNESS PROFESSIONALS, HONG KONG, CHINA

INTRODUCTION: Elite badminton players are highly demanded on performing numerous high-intensity multi-shuttles
sprints and jumps for saving and attacking. Sprint interval fraining (SIT) by alternating the interval duration, intensity, and
sprinting formats, the specific interval patterns can mimic the intermittent stop-start nature and closely replicate the struc-
ture of a typical team and racquet sports game.

One of the critical determinants of aerobic performance is the oxygen utilization ability of skeletal muscles. Whenever an
exercise condition creates an imbalance between oxygen supply and consumption (i.e. the use of an aerobic energy
system), there are diverse changes in muscle oxygen content. Near-infrared spectroscopy (NIRS) can provide information
regarding muscle oxygenation levels, oxygen depletion, and oxygen recovery rates during exercise.

Currently, the study of chronic physiological adaptations to SIT in elite badminton players is lacking. This study aimed to
compare the effect of an 8-week SIT and continuous aerobic-based Fartlek endurance training on the aerobic capacity
and muscle oxygen contents of elite female badminton players. The empirical findings of this study can inform the coach-
es and athletes if SIT can be an alternative format to continuous endurance training for aerobic enhancement. Further-
more, the mechanism of improvement is further explained by measuring physiological parameters related to oxygen
intake, utilization, and recovery.

METHODS: Sixteen female badminton players volunteered to participate and were randomly assigned to the SIT group (n
= 8) and the control (CON) group (n = 8). The SIT group performed SIT three times a week for eight weeks, while the CON
group undertook fartlek running three times a week during the same period. All participants finished the incremental
exercise fest and arterial occlusion test to assess aerobic capacity and muscle oxygen conditions before and after the
intervention. The non-clinical magnitude-based decision (MBD) and the precision of estimation were adopted to compare
between and within the groups.

RESULTS: The results revealed that both SIT (3.7% and d = 0.49) and CON (1.6% and d = 0.43) enhanced VO2max. SIT in-
duced a moderate decrease in oxyhemoglobin difference (AO2Hb: -8.2% and d = -0.76) and muscle oxygen consump-
tion (mMVO2: -8.2% and d = 0.77), and a moderate increase in super-compensation volume (AO2HbS: 8.6% and d = 0.69)
as well as a small decrease in recovery time (TR: -4.9% and d = -0.29). CON only showed small decrease in AO2Hb (-
2.0% and d = -0.31) and mVO2 (-1.9% and d = -0.29).

CONCLUSION: This study indicates that SIT potentially yields superior performance in local muscle utilization and recovery
capabilities, and also the aerobic performance of elite badminton players than continuous Fartlek training. Bike-based SIT
might be an alternative to provide trained athletes with an efficient and safe option for aerobic training.
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EFFECT OF DYNAMIC ONSET THRESHOLD ON THE RATE OF FORCE DEVELOPMENT. A NEW PARADIGM.

STAFILDIS, S.1, BISCHOF, K.2, KONIG, D.2, BACA, A.1
UNIVERSITY OF VIENNA, AUSTRIA, CENTRE FOR SPORT SCIENCE AND UNIVERSITY SPORTS, IDEPARTMENT OF BIOMECHANICS,
KINESIOLOGY AND APPLIED COMPUTER SCIENCE ZDEPARTMENT FOR NUTRITION, EXERCISE AND HEALTH

INTRODUCTION: The determination of the force onset (FO) can affect the assessment of the rate of force development (RTD)
in isometric explosive contractions [1,2]. Typically, a fixed FO either as absolute, relative or arbitrary value is used [11. As
“gold standard” stands the set of FOs manually, with low initial force value, in a non-filtered signal, with a custom-made
dynamometer [1,3]. However, many laboratories are using commercial dynamometers with noisy force signal that need to
be filtered [4]. Additionally, if numerous trials exist, the manual FO setting is labor intensive, time consuming [5] and could
demonstrate poor reproducibility [6]. Furthermore, all fixed FOs, although obijective, do not consider the contraction dy-
namics (velocity, acceleration), hence they do not assure identical dynamic starting condition. Therefore, this study aimed
at investigating the effect of different dynamic onsets on maxRTD, time to reach maxRTD (TR) and the variability (coefficient
of variation (CV)).

METHODS: Moment-time traces from knee extension contractions were used (trials=120, n=10). Data were filtered and
seven dynamic FOs (100:50:400Nm/s) were applied to calculate the RTD from onset, every Ims, until 250ms (250 intervals).
We calculated mean, standard deviation and CV. Friedmans test and Wilcoxon posthoc with a Bonferroni correction was
used for TR and maxRTD. Statistical Non-Parametric Mapping (SnPM{F}] with Bonferroni post hoc correction (a=0.0024)
was used for the CVs for the different FOs and intervals.

RESULTS: Dynamic onset affected significant the maxRTD and TR (both xA2(6)=716.7, p<.001). Post hoc analysis showed
significant increase in maxRTD and decrease in TR in all but for FOs 350vs400Nm/s (p=0.59) (MaxRTD: 1633.3+22.9,
1703.4+21.9, 1760.7+21.2, 1804.7+20.9, 1843.5+21.1, 1877.7+21.3, 1905.4+21.2Nm/s and TR: 62.1x17.7, 57.7+15.7,
54.7£15.1, 52.5+14.7, 50.6+14.6, 48.9+14.4, 47.5+14.2 ms for 100:50:400Nm/s respectively). The SnPM{F} CVs comparison
showed significant reduction clusters between 0-50, 120-199 and 220-250ms (p=.01). Post hoc comparison SnPM{F} only
at 1-100ms area, showed significant lower CV clusters (~1-45ms) between FOs 100:50:400, 150:50:400, 200:300 Nm/s
and non-beyond 250Nm/s.

CONCLUSION: The CV did not show any difference after 250Nm/s indicating that any further increase of the FO will not
further reduce the CV. As expected, the dynamic FO affects the maxRTD and TR. Additionally, the respective force levels
(0.2£1.6, 0.2+17, 0.6x1.6, 1.0£1.6, 1.4x1.6, 1.7+1.6, 2.1x1.7 Nm for 100:50:400Nm/s) remained low, indicating that the
method can reliably assess RTD. This study provides the first evidence of a dynamic FO that considers also the dynamic
status of the contraction.

REFERENCES

1. Maffiuletti et al. Eur J Appl Physiol 2016

2. Dos’Santos et al. J Strength Cond Res 2017
3. Tillin et al. J Electromyogr Kinesiol 2013

4. Stafilidis und Sickinger PLOSOne 2019

5. Dotan et al. J Electromyogr Kinesiol 2016
6. Soda et al. Artif Intell Med 2010

AUTOMATED ANALYSIS OF MUSCLE ARCHITECTURE FROM B-MODE ULTRASONOGRAPHY IMAGES USING THE DL_TRACK
SOFTWARE

RITSCHE, P., FRANCHI, M., FAUDE, O., FINNI, T., SEYNNES, O., CRONIN, N.
UNIVERSITY OF BASEL

INTRODUCTION: Apart from acquiring high quality images, a maijor difficulty in musculoskeletal ultrasonography is image
data analysis. To assess muscle thickness, pennation angle and fascicle length in muscle ultrasonography images, often
manual analysis is used. Yet, manual analysis is laborious, requires thorough experience and is somewhat subjective. We
provide an openly available python package (DL_Track) to automatically analyze muscle architectural parameters in ultra-
sonography images or videos of human lower limb muscles.

METHODS: We trained two neural networks, one using the classic U-net architecture and the other using a U-net with a
VGG16 pre-trained encoder, to detect muscle fascicles and aponeuroses using labeled musculoskeletal ultrasonography
images. The images used in the training were collected from four different ultrasonography devices and included the
vastus lateralis, gastrocnemius medialis, tibialis anterior, and soleus muscles. In total, 310 images were used for the fasci-
cle model and 570 images for the aponeuroses model, which were augmented to around 1700 images per set. The da-
tasets were randomly split into training and test sets using an 80/20 ratio. The best performing model was determined
based on intersection-over-union and binary cross-entropy loss metrics calculated during training. We also compared the
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neural networks predictions on an unseen fest set of 35 images to manual analysis and two existing semi/automated
analysis methods (SMA and Ultratrack).

RESULTS: The mean differences between DL_Track and manual analysis were -2.4 mm for fascicle length (95% compatibil-
ity interval = -3.7 to -1.2), 0.6° for pennation angle (-0.2 to 1.4), and -0.6 mm for muscle thickness (-1.2 to 0.002). The corre-
sponding values comparing DL_Track with SMA were 5.2 mm for fascicle length (1.3 to 9.0), -1.4° for pennation angle (-2.6
to -0.4) and -0.9 mm for muscle thickness (-1.5 to -0.3) respectively. ICC values between DL_Track and Ultratrack were 0.19
(0.00 to 0.35) for medial gastrocnemius passive contraction, 0.79 (0.77 o 0.81) for medial gastrocnemius maximal volun-
tary contraction, 0.88 (0.87 to 0.89) for calf raise, 0.67 (0.07 to 0.86) for medial gastrocnemius during walking, 0.80 (0.79 to
0.82) for tibialis passive plantar and dorsiflexion, and 0.85 (0.83 fo 0.86) for fibialis anterior maximum voluntary contrac-
tion.

CONCLUSION: The DL_Track python package is an open source, fully automated deep learning-based algorithm able to
estimate fascicle length, pennation angle, and muscle thickness from single images or videos of multiple superficial mus-
cles. The results obtained from DL_Track were in agreement with those produced by SMA or manual analysis for single
images. Similarly, for videos, there was an overlap between the results produced by Ultratrack and DL_Track. DL_Track
analyzes each frame independently of the previous frames, which might explain the observed variability in comparison to
Ultratrack.

RELIABILITY OF A NOVEL SIMPLE METHOD FOR ULTRASOUND EXTENDED-FIELD-OF-VIEW IMAGES

BUNDSCHUH, L., FEICHTER, A., STAFILDIS, A.
UNIVERITY OF VIENNA

INTRODUCTION: To understand the architecture of a whole muscle, diagnostic imaging is of great importance. The gold
standard for muscle visualization is magnetic resonance imaging or computed tomography (1). Both methods are costly
and not universally available. Ultrasound (US) could be an alternative, but the probes are usually few centimetres long
and therefore visualization of large muscles is difficult (2). Nonetheless, some commercial USs devices offer the extended-
field-of-view (EV) option (2,3). AutoStitch is a free software solution to generate EV from multiple images of biological struc-
tures (4), but until now not in muscles. Therefore, the aim of this study is to assess the reliability of a new, simple and cost-
effective method to generate EV images of human's muscles.

METHODS: We scanned (2x, scanning time ~5s) the vastus lateralis (VL) of 10 individuals from trochanter major to epicon-
dylus lateralis with an US device (Artus ~60 Hz) at rest, in 3 different joint angles (70-90-110°). We placed 4 tape strips
orthogonal to the VL line of action and measured the distances (1-2,1-3,1-4) with a measuring tape. We extracted video
images, cropped (Irfanview) and stitched them together (AutoStitch) as EV. EVs were digitised (Tracker) and distances were
estimated with the build in tool. The measured distance “1-4” was used to calibrate the EVs. We assessed with OneWay
Anova the effect of joint rotation on measurement distance, with infraclass correlation coefficient (ICC) the Intrarater relia-
bility and calculated the standard error of measurement (SEM) and the minimal detectable change (MDC95%). With para-
metric and non-parametric paired test, we assessed differences between measured and digitised distances.

RESULTS: There was no significant effect of joint rotation on the measured distances F(2,27)=.01 p=.99 F(2,27)=.06 p= .99
F(2,27)=.83 p=.92 (1-2,1-3,1-4 respectively). ICC was significant (p<.001) high (range .98-.99) for all distances and joint
angles. SEM and MDC95% ranged from 0.05-0.16 and 0.13-0.44mm. Paired T-test showed no significant difference be-
tween measured and digitised distances (mean: 70°=9.6vs9.9, 18.8vs19, 27.2vs27.2; 90°=9.8vs9.8, 19vs19.1, 27.3vs27.3;
110°=9.7vs9.8, 19vs19.1, 27vs27mm; 1-2, 1-3, 1-4 resp.).

CONCLUSION: The novel EV method showed excellent intrarater reliability, low SEM, high sensitivity (MDC) and it was not
affected by the joint rotation. The lack of differences in the distances 1-2, 1-3 indicates absence of image distortion due to
image stitching. This method could allow researchers with common US devices to visualise and further understand the
function of the whole muscles not only in rest but also under tension. Limitations of this method is the absence of 3D track-
ing position and the implementation with smaller US probes; however, this could be considered for further research.
References

1) Johnson et al BMC Musculoskelet Disord 2021

2) Noorkoiv et al J Appl Physiol 2010

3) Ahtiainen et al J Appl Physiol 2010

4) Ma et al Micron 2007

ESTIMATING FASCICLE LENGTH FROM B-MODE ULTRASOUND IMAGES NEEDS RECONSIDERATION BEFORE COMMITTING
TO AUTOMATED TRACKING ALGORITHMS

BISSAS, A., WALKER, J.
UNIVERSITY OF GLOUCESTERSHIRE; LEEDS BECKETT UNIVERSITY

INTRODUCTION: Static ultrasound (US) imaging is a popular tool when monitoring muscle architectural changes. A com-
mon limitation of static imaging is restricted field-of-view (FOV), which can be counteracted by methods which increase
both image acquisition and analysis time (e.g., panoramic imaging). With a shift towards automated analysis using com-
puter vision (e.g., deep learning), there is a need to identify the most optimal way of training algorithms to optimise fasci-
cle length (FL) estimations from single static US images.
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METHODS: B-mode US images of gastrocnemius medialis were obtained using a 50 mm linear array probe (Acuson
P300, Siemens AG, Germany) from the muscle belly, with the probe aligned with the direction of muscle fibres. Twenty-five
(from a subset of 301) images were analysed with ImageJ 1.52i (National Institute of Health, USA) fo provide FL estimations
using five methods: manual linear extrapolation (MLE), the methods of Kawakami (KAWA) et al. [11, Blazevich (BLAZ) et all.
[2], and Finni (FIN) et al. [3], and a new approach which uses muscle thickness in the proximal region of the image divided
by the sine of the pennation angle obtained from the distal region of the image (the “proximal-distal method” [PDI).

RESULTS: Mean =+ Standard Deviation FL values for each method for the subset were: 64.61 + 8.86 mm (MLE), 59.18 + 9.81
mm (KAWA), 72.51 + 14.44 mm (BLAZ), 69.46 + 15.23 mm (FIN), and 65.20 + 9.22 mm (PD). When comparing MLE with
each of the other methods the PD returned a Bias + Random Error of —0.59 + 8.44 mm (ICC 3,1: 0.89), followed by KAWA
with 5.43 + 6.44 mm (ICC: 0.81), FIN with —4.85 + 15.177 mm (ICC: 0.76), and BLAZ with —7.91 + 15.03 (ICC: 0.66).

CONCLUSION: The use of two-dimensional US with restricted FOV for FL measurements still poses challenges with accu-
racy and reliability. The origin of the imprecision arises from the fact that there is not always a true value within the exam-
ined image to obtain. Even when a full fascicle is visible, its curvature alongside possible image distortion can affect the
measurement. All aforementioned techniques are based on sound logic and geometric principles. Yet, they may provide
for the same fascicle differences exceeding at times 20 mm whereas for a series of measurements their level of agree-
ment may range from almost identical to highly dissimilar. The PD method showed overall strongest agreement and
lowest systematic bias versus MLE which included several full fascicles in view. There could be a range of technical and
anatomical of reasons for this, for example we scanned the gastrocnemius medialis whereas past studies established
their estimation techniques on different muscles. As we are moving into the markerless era, more robust and streamlined
ways of training tracking algorithms are needed.

REFERENCES:

[ Kawakami, Y. et al. (1995). Eur. J. Appl. Physiol.;72:37-43.
[2] Blazevich, AJ. et al. (2006). J. Anat.;209:289-310.
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RELIABILITY AND MEASUREMENT ERROR OF A MAXIMAL VOLUNTARY TOE PLANTARFLEXION MEASUREMENT PROCESS

ROMA, E., MICHEL, A., TOURILLON, R., MILLET, Y.G., MORIN, J.B.
UNIVERSITE JEAN MONNET SAINT-ETIENNE

INTRODUCTION: There has been a growing interest in the role of toe plantar flexor muscles in different contexts and
populations such as sport performance (1) and older adults (2). However, directly measuring the force of the infrinsic mus-
cles is impossible due to the extrinsic muscles’ contribution in metatarsophalangeal toe flexion. Thus, measuring both is
the best compromise according to the literature. This work aimed to investigate the test-retest reliability and measurement
error of maximal voluntary isometric toe plantarflexion force (MVIF) and rate of force development (RFD) in healthy adults.

METHODS: A total of 26 (19 males) healthy adults participated in four sessions separated by 5 to 7 days. MVIF and RFD
were measured at each session with a custom-built dynamometer. Using manual onset, RFD was quantified by both the
impulse and the slope over 0-50ms, 0-100ms, 0-150ms, 0-200ms and 0-250ms time windows. For each outcome, we
estimated the intraclass correlation coefficient (ICC) and standard error of measurement (SEM) from the agreement and
consistency models. The bootstrap technique was used to provide the confidence interval for the standard error of the
measurement and when the normality assumption was not met.

RESULTS: The ICC and the SEM agreement for MVIF along the perpendicular axis (Fz) were respectively 0.87 (95%Cl: 0.76,
0.93) and 27 N (95%Cl: 22, 32), while along the resultant of the perpendicular and anterior posterior axis they were 0.85
(0.73, 0.92) and 29 N (23, 35). We had some concerns about the normality assumption in the agreement models for Fz,
hence we calculated the bias corrected accelerated confidence interval (BCACH) for ICCa, resulting in (0.65,0.93). The re-
sults of the consistency model were almost identical as the estimated variance for session was closer to zero. In addition,
we found systematic bias on the mean between session 1and 3, indicating a learning effect.

CONCLUSION: The measurement process was found reliable to assess MVIF but not RFD. In comparison to the relevant
literature, the lower ICC agreement could be explained by the fact that the present study lasted longer. In fact, previous
experiments used two sessions within one day [3], 1-5 days [4] and two weeks [5]. Considering the violation of the nor-
mality assumption, the uncertainty behind the ICCa estimate increased substantially, in fact the BCACI were sensibly wid-
er. Finally, should the MVIFTOE method be used, a familiarization session is recommended to avoid bias induced by the
learning effect and to reproduce the reliability of the present investigation. We emphasize that the results are population
specific, e.g. they need to be confirmed in less coordinated (e.g. aging population) individuals.
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LOW-LOAD BLOOD FLOW RESTRICTION TRAINING AND HEAVY SLOW RESISTANCE TRAINING IMPROVE CLINICAL OUT-
COMES EQUALLY IN MALES WITH UNILATERAL PATELLAR TENDINOPATHY — A RANDOMIZED CONTROLLED TRIAL

HJORTSH®@J, M.H., JUNEJA, H., SVENSSON, R.B., LARSEN, F.K., LUNDGAARD-NIELSEN, M., HERZOG, R.B., PETERSEN, J., KIZR,
M., AAGAARD, P., MAGNUSSON, S.P., COUPPE, C.

BISPEBJERG-FREDERIKSBERG HOSPITAL, UNIVERSITY COLLEGE ABSALON, UNIVERSITY OF COPENHAGEN & UNIVERSITY OF
SOUTHERN DENMARK

INTRODUCTION: Patellar tendinopathy (PT) is a debilitating overuse injury that is particularly prevalent in ‘jumping sports’
such as e.g., volleyball and basketball. PT is also one of the primary causes of reduced physical activity, which may con-
tribute to reduced quality of life and lifestyle diseases. The current best freatment is heavy slow resistance training (HSRT);
however, not all patients can cope with heavy exercise loads. Even with HSRT, the time to improve clinically from tendi-
nopathy might be as long as 3-12 months. The use of low-load resistance training in combination with blood flow re-
striction (LL-BFRT) has been advocated as a clinically relevant rehabilitation tool since it does not require the large joint and
tissue forces and because it might accelerate recovery. In this RCT, we investigated the rehabilitative effect of LL-BFRT
compared with HSRT at 3, 6, 12 (primary endpoint) and 52 weeks (data still being collected) in males with chronic (> 3
months) unilateral patellar tendinopathy.

METHODS: Adult males were randomized to a 12-week rehabilitation program based on either LL-BFRT (n=16) or HSRT
(n=20). Participants performed 3 weekly training sessions of which one was supervised by experienced sports physiother-
apists. LL-BFRT exercised at 30% 1-RM but increased their arterial occlusion pressure (AOP) from 50% AOP at baseline to
80% AOP at 9 weeks. HSRT exercised at 55% of 1-RM with loads increasing to 80% of 1-RM at 9 weeks. Primary outcome
was pain (numerical rating scale NRS, 1-10) during single-leg decline squatting (SLDS). Secondary outcome variables were
Victorian Institute of Sports Assessment-Patella questionnaire (VISA-P) on function and symptoms and pain pressure
threshold (PPT) measured by pressure algometry at 3, 6, and 12 (primary endpoint) weeks. A linear mixed effects model
was used to analyze longitudinal changes in all outcome variables.

RESULTS: LL-BFRT and HSRT both improved based on the NRS SLDS. Values are reported as change from baseline [95% Cll
to 3 weeks (LL-BFRT -0.8 [95% Cl -1.6 — -0.1] vs. HSRT -1.1[95% CI -1.6 — -0.71, 6 weeks (LL-BFRT -1.6 [95% CI -2.5 — -0.7] vs.
HSRT -1.7 [95% Cl -2.3 — -1.11) and 12 weeks (LL-BFRT -1.9 [95% CI -2.7 — -1.0] vs. HSRT -2.0 [95% Cl -2.7 — -1.2]) with no be-
tween-group differences. Similarly, VISA-P score improved with no between-group differences at 3, 6 and 12 weeks. PPT
(symptomatic tendon) showed a non-significant decrease from baseline to 3 weeks but showed a significant increase
from 3 to 6 weeks and 6 to 12 weeks with no group interaction at any timepoint.

CONCLUSION:  LL-BFRT was not superior to HSRT but achieved comparable clinical improvements in the short- to mid-
term. These results are comparable with other studies investigating exercise (HSRT) in the rehabilitation of chronic patellar
tendinopathy. LL-BFRT is therefore a viable rehabilitation tool in the treatment of chronic patellar tendinopathy, and as an
alternative to reduce peak loads.

ULTRASOUND CHARACTERISTICS OF THE SOFT TISSUES AROUND SACROILIAC JOINTS AND LUMBAR REGION IN PATIENTS
WITH ANKYLOSING SPONDYLITIS

WANG, Y.G,, LIN, H.C., WANG, H.K.
NATIONAL TAIWAN UNIVERSITY

INTRODUCTION: Ankylosing spondylitis (AS) is a type of axial spondyloarthropathy involves immune-mediated inflamma-
tion in the sacroiliac, vertebral, peripheral joints and entheses. Patients with AS typically present limited movement in the
lumbar spine and thoracic cage, which may cause decreased physical activity. Masi proposed a pathogenesis that sug-
gests the potential for maladaptation in response to mechanical stress in the soft tissues after the overactivation of im-
mune response [1l. Previous ultrasonographic studies indicate that the maladaptation may be reflected in changes in
morphological or mechanical profiles of the Achilles tendon at the enthesis, and the changes can serve as a powerful
index for distinguishing spondyloarthropathy [2]. The morphomechanical properties of the ligaments and muscles in the
lumbopelvic region may, therefore, potentially contribute to AS early diagnoses as these soft tissues are located near the
sacroiliac joint where patients with AS first experience symptoms and are responsible for transmitting or producing me-
chanical forces that act on the posterior kinetic chain [3]. Therefore, the aims of this study were to investigate the musculo-
skeletal morphomechanical properties (i.e., the thickness and elastic modulus) and the total count of power Doppler sig-
nals near the sacroiliac joints in patients with AS and non-AS individuals.

METHODS: Twenty parficipants with AS [median age (interquartile range): 31.7 (11.04) years] and 19 controls [36.3 (10.5)
years] with no AS history were recruited. Bilateral ultrasound image acquisition was performed, including the short poste-
rior sacroiliac ligament, interosseous sacroiliac ligament, long posterior sacroiliac ligament, iliolumbar ligament, proximal
piriformis muscle, and sacrotuberous ligament. The intraclass correlation coefficients (ICC) of ultrasound parameters,
laboratory test results of human leukocyte antigen B27, C-reactive protein, and erythrocyte sedimentation rate, and self-
reported physical and disease activity scores were also obtained.
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RESULTS: The ligaments and piriformis muscle were thicker and stiffer (greater elastic modulus) in participants with AS than
in non-AS participants (all p<0.01). The measurements showed good or excellent reliability (all ICC(3,1)>0.85). The numbers
of power Doppler signals detected in the iliolumbar ligament, proximal piriformis muscle, and sacrotuberous ligament
were higher in participants with AS than in non-AS participants (all p<0.001). A correlation was identified between disease
duration and the elastic modulus of the piriformis muscle (r=0.640, p=0.003).

CONCLUSION: We conclude that the ligaments and proximal piriformis muscle of AS parficipants have increased thick-
ness, elastic modulus, and power Doppler signal than those of non-AS individuals. These reliable findings may serve as
potential markers for the early diagnosis of AS and for assessing medication effects.
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SYSTEMATIC ULTRASOUND EVALUATION OF TENDON RECOVERY IN PATIENTS AFTER FINGER FLEXOR TENDON REPAIR
WANG, M.W.1, LEE, W.N.3,4, WANG, H.K.1,2

<I> NATIONAL TAIWAN UNIVERSITY COLLEGE OF MEDICINE; <2> NATIONAL TAIWAN UNIVERSITY HOSPITAL; <3, 4> THE
UNIVERSITY OF HONG KONG

INTRODUCTION: Ruptures of the finger flexor tendon (FFT) are commonly known to cause hand disability, and postopera-
tive tendon recovery is critical for restoring hand functions [1l. However, few studies have reported the physiological char-
acteristics of the repaired FFT during its healing processes, such as gross morphology, mechanical property, mobility, and
vascular status, which are considered important in the systematic ultrasound evaluation of Achilles tendon recovery (2]
and may be related to functional outcomes. We hypothesized that the repaired FFT would show a larger size, weaker
mechanical properties, poor mobility, and a more frequent blood flow signal than the healthy side under systematic ultra-
sound evaluation. We also hypothesized that the pinch strength and total range of motion (TROM) of the finger joints of the
repaired FFT would be less than those of the healthy side, which would be correlated to the ultrasound parameters.

METHODS: This cross-sectional study recruited 10 adults (age: 37+14 years) who underwent unilateral single FFT repair
within the past 6 to 22 months. B-mode images, shear wave elastography, radiofrequency data, and power Doppler
images were collected from the bilateral FFTs for analyzing tendon thickness (millimeter), Youngs modulus (kilopascal),
tendon gliding (millimeter), and the presence of blood flow signal. Functional outcomes, including pinch strength (kilo-
gram) and TROM (degree), were also measured on both sides. The Wilcoxon sign-rank test was used to test the difference
in all parameters (median [inferquartile rangel) between the sides, except for the blood flow signal (Fisher test). The
Spearman correlation was used to determine the association between the ultrasound parameters and functional out-
comes.

RESULTS: The affected side showed greater tendon thickness (4.3 [2.2] vs. 2.9 [1.0] mm, p=0.007), less tendon gliding (5.5
[3.3] vs. 9.7 [5.9] mm, p=0.009), more frequent blood flow signal (p=0.003), lesser pinch strength (7.0 [4.4] vs. 8.1 [5.4] kg,
p=0.028), and lesser TROM (237.5 [43.8] vs. 287.5 [80] °, p=0.024) than did the healthy side. A strong correlation between
the TROM and tendon gliding was found on the healthy side (p=0.742, p=0.014) but not on the affected side (p=0.195,
p=0.590).

CONCLUSION: Except for the mechanical properties, the repaired tendons showed different physiological characteristics
and poor functional outcomes from the healthy side, which is consistent with our hypothesis. The lack of correlation be-
tween tendon gliding and the TROM on the affected side may be aftributed to postoperative adhesion, which interrupts
the force transmission through the tendon. A longitudinal study with more participants is necessary to compare the physi-
ological characteristics among different healing statuses.

ACHILLES TENDINOPATHY ALTERS THE LINK BETWEEN MUSCLE FORCE-SHARING AND SUBTENDON NON-UNIFORMITY
MYLLE, I., DEROOST, F., PETRELLA, D., BOGAERTS, S., CROUZIER, M., VANWANSEELE, B.
KU LEUVEN

INTRODUCTION: The Achilles tendon is the strongest and largest tendon in the human body and is connected and me-
chanically loaded through the force production of two individual muscles: the soleus (SOL) and the gastrocnemius (GAS).
These muscles have shown independent actions on each subtendon with differential muscle force-sharing strategies [1] .
Additionally, at the level of the Achilles tendon non-uniform displacement between tendon layers has been identified with
the use of ultrasound speckle tracking [2]. The aim of this study was to investigate the influence of Achilles tendinopathy
(AT) on the muscle-tendon interaction.

METHODS: Eight participants (4 AT: 1F & 3M, 4 healthy: 4M) performed a submaximal contraction (30%) of their maximal
torque generating capacity with the foot fixated in 5 degrees of plantar flexion in neutral, abduction and adduction posi-
tions, while collecting intratendinous displacement by ultrasound speckle tracking. To gain insights into the muscle force
distributions, dynamic bilateral heel raises -neutral, abduction and adduction positions- were performed. Triceps surae
muscle forces were analyzed at 5 degrees of plantar flexion through experimentally measured kinematics and kinetics,
and a dynamic optimization method (musculoskeletal modelling). The muscle-fendon interaction was estimated by the
ratio between muscle force-sharing (SOL-to-GAS contribution) and the relative subtendon displacement (deep-to-
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superficial). A value of 1 means that the imbalance of force produced by the SOL compared to the GAS generated a similar
imbalance of intratendinous displacement. Shifting away from 1represent a larger (<1) or smaller (>1) non-uniformity with-
in the tendon compared to the muscle force imbalances.

RESULTS: An altered muscle-tendon interaction was found between the AT group and the healthy group. Patients with AT
show more Achilles tendon non-uniformity than muscle force-sharing imbalances in the neutral (0.76 + 0.36 [AT]; 0.86 =
0.10 [healthyl), abduction (0.46 + 0.21 [AT]; 0.81 = 0.17 [healthy]) and adduction (0.97 + 0.44 [AT]; 1.34 + 0.42 [healthyl)
positions. At the tendon level, less relative subtendon displacement was present in the AT group for all positions: neutral:
1.01 + 0.23 mm [AT] vs 1.98 + 1.28 mm [healthy], abduction: 1.31 + 0.57 mm [AT] vs 1.50 + 1.24 mm [healthy], and adduc-
tion: 1.60 = 0.56 mm [AT] vs 1.99 = 1.21 mm [healthy]. Additionally, a lower SOL-to-GAS contribution was found in AT (1.34 =
0.92) compared to the healthy group (1.66 + 0.58).

CONCLUSION: Patients with AT have less intratendinous shearing leading to an altered interaction of the muscle force-
sharing and the pathological Achilles subtendons, which are known fo function independently and individually. The influ-
ence of other factors on Achilles tendon functioning, such as the subtendon twist or the subtendons” mechanical proper-
ties remain unknown.

REFERENCES
[l Crouzier et al. (2020) Med Sci Sports Exerc. 52(5):1076-1087
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EFFECTS OF DIFFERENT HIP FLEXION ANGLES ON THE EXCURSION AND GLIDING OF THE PATELLAR TENDON LAYERS: PRE-
LIMINARY RESULTS

SHIH, P.C., WANG, H.K.
NATIONAL TAIWAN UNIVERSITY

INTRODUCTION: Patellar tendinopathy (PTe) has high incidence and recurrence rates in jumping athletes and is often
accompanied by pain and functional limitations. It is associated with excessive relative excursion and gliding between the
layers of the patellar tendon (PT) [1]. The superficial layer of the PT is the extension of the rectus femoris coursing across the
hip and knee joints. We hypothesized that controlling the hip flexion angle would affect the kinetics of the knee joint [2] and
the excursion and gliding of the PT layers. Ultrasound speckle tracking (UST) can provide non-invasive and real-time soft-
tissue images during dynamic motion [3]. Thus, we utilized UST to measure tendon motion in different hip joint flexion
angles during knee flexion eccentric contraction. The results could provide insights info the etiology of PTe and help in the
development of future clinical evaluation and treatment.

METHODS: Ten healthy men (age: 22.8+1.7 years) were enrolled. All of them were asked to perform knee flexion eccentric
contfraction in sitting and lying positions individually on an isokinetic dynamometer, with an ultrasound probe’s upper
edge placed against the patellar apex and parallel to the PT . The following parameters were compared: (l)excursion and
gliding of the proximal superficial and deep layers of the PT (millimeter), (2) knee extension moment (newfon meter), and
(3) PT force (newton ). Two-way repeated-measure ANOVA was utilized to compare the excursion and gliding values in
the different layers and hip joint positions. A paired t-test was used to compare the biomechanical values between the
two hip joint positions.

RESULTS: There was no significant difference in the excursion and gliding between the superficial and deep layers of the
PT in the sitting position (p=0.54). In the lying position, there were significantly more distal excursion and gliding of the
superficial layers than of the deep layers (p=0.015). In the kinetics analysis, there was no significant difference in the knee
extension moment (p=0.155) and PT force (p= 0.165) between the two hip joint positions.

CONCLUSION: Changes in the hip flexion angle affected not only the kinetics but also the relative excursion and gliding of
the PT. There were more relative excursion and gliding between the PT layers in the lying position during knee flexion
eccentric contraction. Considering relative excursion as a mechanism of PTe, patients with PTe should avoid hip extension
positions during rehabilitation programs.
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DETERIORATING EQUIVALENCE IN PHYSICAL EDUCATION IN SWEDEN? USING SIBLING CORRELATION TO ESTIMATE THE
EFFECT OF FAMILY BACKGROUND ON GRADES IN PHYSICAL EDUCATION BETWEEN 2000 - 2017

JANSSON, A.1, BJARSHOLM, D.2
T MALMO UNIVERSITY, 2 LINNAEUS UNIVERSITY

Introduction

In physical education (PE), equivalence is a central goal in welfare states around the world. In Sweden, this means that the
subject of PE should be equal and that schools are to compensate for students” different backgrounds, such as family
background, socioeconomic and migration background. However, even if equivalence is a central goal, little is known
about how equivalence in PE in Sweden has changed both during the last decades and in comparison to the students’
average grade from all school subjects (so-called merit value). One well-established approach to examine equivalence in
educational research is to analyze the correlation between full siblings’ grades. Although this is a valuable approach to
examine equivalence, no studies have used it in PE (Jansson et al., 2022). Using this approach, the aim of this study is to
analyze how equivalence in PE in Sweden has changed, both over the last two decades and in relation to the students’
merit value.

Methods

This study includes the total population of students (N=6,961,173) that were enrolled in Swedish schools between 2000-
2017 in school year 6 and 9. The method is based on analyzing the correlation between full siblings that are born within a
three-year period and their annually standardized grades in PE and merit value, using variance decomposition. One main
advantage with this measure is that it considers all the aspects that full siblings share (e.g., socioeconomic, upbringing,
living conditions and parenting). The analysis provides information about the extent of the total variation in PE grades and
merit value that are explained by the family background of the students.

Results

In relation to the total variation in students’ grades in PE and merit value, the proportion explained by variation between
full siblings has increased between the years 2000-2017. Consequently, the results indicate that the importance of stu-
dents’ family background, over the past two decades, has become more important for both students’ grades in PE and
their merit value. However, the importance of family background has increased considerably more for students grades in
PE, compared to their merit value. Furthermore, the largest increase in sibling correlation is found within the group of
students born abroad.

Discussion

Preliminary findings indicate that equivalence in PE in Sweden has deteriorated between 2000 and 2017. Possible expla-
nations are that: 1) schools, and in particular PE, has become worse at compensating for students with different back-
grounds (e.g., socioeconomic); and 2) the students have become more heterogeneous, and as such making it more diffi-
cult to compensate for students’ different backgrounds.

Jansson, A, Sundblad, G., Lundvall, S., Bjdrsholm, D., & Norberg, J. (2022). Students’ perceived learning in physical educa-
tion: variations across students’ gender and migration background in Sweden. Sport, Education and Society, 27(4), 421-
433.Doi.org/10.1080/13573322.2021.1878129

THE PERCEIVED FUNCTION OF PHYSICAL ACTIVITY DURING THE SCHOOL DAY AMONG SWEDISH PRIMARY SCHOOL CHIL-
DREN

HOGMAN, J.
FACULTY OF ARTS AND SOCIAL SCIENCES

Introduction

Alarming reports of decreasing levels of physical activity (PA] among children has led to more interventions targeting
children, not least in school. Such intrusions into children’s lives are considered justified based on adults’ knowledge
about future risks that accompany lack of PA. However, children are not only future adults; they are also individuals with
rights. There are studies highlighting children’s perspectives, but these have mainly focused on children’s experiences of
PA. Much less explored are the functions children attribute to PA. The purpose of the study was therefore to investigate
how a group of primary school children in Sweden characterise their use of PA during the school day.

Methods

The study builds on qualitative data from 15 focus groups with a total of 63 participating children aged 8-13 years. Partici-
pants were recruited from schools in four different locations in central Sweden. The analysis, which was carried out using
reflexive thematic analysis, was based on the phenomenological idea of corporeality as a spectrum between corporeal
objectivity and subjectivity.

Results
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Three overarching themes were constructed to illustrate how children characterise their use of PA in the school context: PA
for a healthy body (the body as object], the body calling for attention (the body as subject) and the moving body and the
healthy mind (between subject and object). When the body was presented as an object, the children’s statements about
the use of PA reflected discourses about the importance of movement for their health, in the short and long term. When
the body was discussed as a subject, the children stressed how movement became their response to bodily sensations
such as “ants in their pants” that arose during extended periods of sitting still. In the children’s descriptions of needing to
move in order to, for instance, “clear their thoughts” or “not go crazy”, the body was located in the space between object
and subject.

Discussion

Results show that children perceive that PA can be used both to satfisfy their direct bodily desires and to promote their
health, cognition and well-being. The children in the study are in a period of life where one foot is clearly planted in a
child’s physicality, where they are reminded through their bodies of the need for movement in order to develop. The sec-
ond foot, meanwhile, is stepping through a socialization process in which the body is increasingly regarded as needing
care and discipline. A consequence of interventions focusing too heavily on the body as an object is that children risk
being alienated from their bodies, thus preventing them from learning to use their bodies to interact with the environment.
In light of the increased need for efforts to promote children’s PA, it is important to create conditions for PA that affirm
children’s bodily subjectivity.

PUPILS’ PERSPECTIVES ON RACISM AND ANTI-RACISM IN PHYSICAL EDUCATION: FINDINGS AND RECOMMENDATIONS
FROM A SYSTEMATIC LITERATURE REVIEW

ABEL, L., VOGT, T.
GERMAN SPORTS UNIVERSITY COLOGNE

Introduction

Sport in all social forms is characterized by racist structures and incidents, also experienced by children and youth. Physi-
cal education (PE) can be an area to fight racism but can also be an environment where racism is (rejproduced. The per-
spective of pupils is crucial in teaching research as they are the primary individuals experiencing teaching and learning.
As a result, they can offer valuable insight into both successes and challenges encountered. The objective of this study
was to conduct a systematic review to find out the extent and quality of national (German) and international publications
on racism and anti-racism in PE, considering pupils’ perspectives.

Methodology

The procedure of the systematic review, following the PRISMA standard, had a four-step approach: (1) Searching for publi-
cations in 11 electronic databases with 12 keyword combinations, in German and English. (2) Selecting studies based on
five inclusion criteria a) peer-reviewed journals b) English or German full texts; c) participants were pupils, teachers, or
researchers; d) publications involved racism or anti-racism in PE e) considering a pupils’ perspective. (3) Quality assess-
ment using Critical Appraisal Skills Programme (CASP) and Mixed Methods Appraisal Tool (MMAT) and, thus, (4) descrip-
tive analysis and thematic analysis (i.e., template analysis and elements of reflexive thematic analysis).

Results

A fotal of 5213 publications was found of which 16 qualified for inclusion. Two of them had a theoretical approach, 13 used
qualitative methods, and one source had a mixed-method approach. All publications came from English-speaking coun-
tries and different approaches on how to define racism were found. Every publication could be attached to the top two out
of three quality categories using CASP and MMAT. During the thematic analysis, five themes could be constructed, of
which the 2 most prominent are now presented here: (1) “Racism in PE: What pupils experience”. Pupils report their (racist)
experiences of discrimination in PE, sport, and everyday life. These are often classified by the researchers as racial stereo-
types and prejudices, everyday racism. (2] ,What PE teachers can/should do? The articles contain ideas and demands on
how teachers can meet the challenge of racism in PE. These range from concrete recommendations for teachers to de-
mands for nationwide teacher training and curriculum reforms.

Discussion

Enlightening international literature was found, but despite Germanys historical responsibility in this matter, no national
(German) publication was found. Since the global phenomenon of racism differs locally, it seems necessary to conduct a
survey with pupils in Germany as well, to identify their racist experiences, racist knowledge, and anti-racist potential, too.
This would allow to formulate demands on teacher training and politics in Germany.

EXPLORING ADOPTION OF GAMES-BASED PHYSICAL LITERACY CONCEPTS IN PRACTITIONERS ACROSS THE UK

WING, K., DE STE CROIX, M., ROBERTS, W.M., BAKER, C.
UNIVERSITY OF GLOUCESTERSHIRE

INTRODUCTION: It is widely proposed that practitioner education could mitigate declining Physical Literacy (PL) and Physi-
cal Activity (PA) levels [11. Boing is a workshop-based intervention that aims to help practitioners develop children’s PL
through active play. Preliminary studies indicated improvements following the workshop in key attributes: perceived
knowledge and confidence [21. It is unknown if these improvements were retained longitudinally and led to adoption of
the infervention’s concepts in various organisations. Therefore, the aim of this study was to complete a post workshop
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follow-up to explore the perceived knowledge of and confidence to deliver PL and if these variables related to adoption in
different organisations.

METHODS: 926 practitioners from 45 organisations were recruited. Two sequential validated questionnaires that explored
perceived knowledge and confidence were previously completed prior to and immediately post a 90-minute interactive
online workshop. A follow up questionnaire 6-months post intervention was implemented to explore improvements longi-
tudinally. Variables were scored on a Likert scale (1-very poor, 5-very good). Potential changes elicited were assessed
using Wilcoxon signed-rank tests for non-parametric data. Rank-biserial correlation [r] was utilised to calculate the effect
size based on existing criteria [3]. Chi-square tests explored differences between organisations post/follow-up and
pre/follow-up. The alpha level was set at 0.05 a priori.

RESULTS: 738 participants completed pre/post questionnaires, 185 participants (25%) completed all questionnaires (organ-
isations: community focused n=26, sport n=17, education providers n=124, wider facilitators n=18). Statistically significant
decreases in post/follow-up perceived knowledge (r= 0.87 [95% Cl = 0.80 — 0.92]) and confidence (r= 0.55 [95% Cl =
0.36— 0.70]) were evident. However, perceived knowledge and confidence 6-months post remained higher than pre-
workshop levels with statfistically significant increases (p<0.001) and large positive effect sizes evident: perceived
knowledge (r= 0.86 [95% Cl = 0.80 — 0.91)) and confidence (r= 0.81 [95% Cl = 0.72 — 0.90]). Overall, 90% of participants
intended to adopt post workshop with 65% stating adoption had occurred by 6 months. Significant differences in adoption
were reported between organisational groups (p=0.01) where sports organisations reported the highest adoption rate
(90%).

CONCLUSION:  Perceived knowledge and confidence was retained 6-months after the infervention however decreases
were evident. Post intervention support may be required to address this decline. Importantly the workshop resulted in
adoption of PL concepts, particularly in sports organisations. However, 35% of parficipants who intended to adopt did not.
Further investigation is needed explore reasons for the decrease in perceived knowledge/confidence longitudinally and
the differences between organisations in adoption if the intervention is to be implemented and maintained.

ITALIAN VALIDATION AND STANDARDIZATION OF TGMD-3: A TOOL FOR ASSESSING AND PLANNING TEACHING

DANNA, C.1, CARLEVARO, F.2, MAGNO, F.3, MAGISTRO, D.4
1 PEGASO UNIVERSITY 2 POL O UNIVERSITARIO ASTI STUDI SUPERIORI 3 UNIVERSITY OF TORINO 4 NOTTINGHAM TRENT UNI-
VERSITY, UK

INTRODUCTION: Gross motor skills play a crucial role in the growth and development of children. These skills refer to goal-
directed movement patterns involving locomotion, large whole-body movements and stretches. By evaluating a childs
gross motor skills, it is possible fo detect any potential delays and implement effective programs. The purpose of this
research was to validate and standardise the Test of Gross Motor Development-3 (TGMD-3) in a large sample of Italian
pre-school and primary school students.

METHODS: The study included 8,500 children (250 males and 250 females in each group) aged 3-11 years in 17 age
groups (6-month intervals except last group with 9-month interval). The study included children over the age of 11 years to
encompass the entire primary school cycle and provide a benchmark of gross motor skills for the incoming assessment in
secondary school. The TGMD-3 assesses gross motor skills across two domains: locomotor skills and ball skills. Partici-
pants completed one practice trial and two formal trials, observed by two testers (agreement rate over 95%). The study
evaluated the validity and reliability of the TGMD-3 and investigated gender differences through ANOVA analysis (p<.05).

RESULTS: The results of both exploratory and confirmatory factor analyses confirmed the two-factor structure of the TGMD-
3, with all factor loadings being significant at p < .001. Additionally, the study found strong positive correlations between
the test and retfest of the TGMD-3s sub-scale, with ICC values ranging from .979 to .997 for each age groups. The one-
way ANOVA analysis revealed significant differences for most of the age groups. As a result, the table converting raw
scores into percentile ranks, scalar scores, and confidence intervals was divided by gender for both subtests, in contrast
to only the "Ball skills" subtest in the American version.

This study was published by Erickson (2023) in an academic book that includes a digital platform (TEO-Test Erickson
Online) that provides support in the notation and scoring process through a "Wizard" feature. The platform generates a
final report for each child evaluated, including descriptive terms for standard scores. The manual offers guidance for
interpreting evaluation data, to identify strengths and weaknesses to design effective learning environments.

CONCLUSION: The TGMD-3 has strong validity and reliability for measuring gross motor skills in children across age
groups. It assesses childrens competence in specific skills, sub-scales, and overall, and can aid in creating personalized
educational programs and informed curricular decisions.
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SPORT CLIMBING DETERMINANTS AND FUNCTIONAL TESTING METHODS: A SYSTEMATIC REVIEW-BASED PROPOSAL FOR
STANDARDISED FUNCTIONAL PERFORMANCE ASSESSMENT

FAGGIAN, S., BORASIO, N., VECCHIATO, M., BATTISTA, F., QUINTO, G., DUREGON, F., ERMOLAO, A., NEUNHAEUSERER, D.
UNIVERSITY OF PADOVA

INTRODUCTION: Lead climbing, bouldering and speed climbing are becoming incredibly popular both in the general
population and among athletes. Indeed, sport climbing made its debut in the 2021 Olympics Games in Tokyo. However,
no consensus exists regarding evidence-based sport-specific performance evaluation; therefore, the present systematic
review aims fo provide an overview of climbing performance determinants and evaluation methods by analysing climbers
of different ability levels.

METHODS: A systematic search of PubMed, Scopus, and Web of Science was performed. Studies providing the self-
reported climbing ability associated with different functional outcomes in groups of climbers of contiguous performance
levels were included. Functional components of interest were cardiorespiratory endurance, muscular strength, muscular
endurance, muscular power, flexibility, balance, and anthropometric characteristics assessed by general or climbing-
specific functional tests. Concurrent and construct validity as well as reliability have been evaluated for qualitative test
assessment.

RESULTS: A total of 1789 articles was retrieved and 70 studies were finally included. Various methods have been proposed
to evaluate determinants of sport climbing. While test validity evaluations were available, reliability measures have been
rarely provided. Climbing-specific assessments were able to discriminate better climbers of different levels when com-
pared to general functional tests. Validity resulted high for climbing-specific cardiorespiratory endurance, muscular -
strength, -endurance and -power, although the reliability analysis of the former was insufficient. Climbing-specific as-
sessment of flexibility resulted in high reliability, but moderate validity, whereas balance showed low validity. Regarding
anthropometric characteristics, huge conflicting evidence is depicted since many studies found results not supporting a
significant impact of these parameters on climbing performance.

CONCLUSION: While some conclusive evidence can be drawn for cardiorespiratory endurance, muscular -strength, -
endurance, and -power assessment, by contrast flexibility, balance, and anthropometric characteristics are still far to be
topic on fire in sport climbing and need further specific scientific evaluations. This review also provides a proposal for an
evidence-based functional performance assessment protocol for sport climbers, which considers (i the available test
validity and (i) reliability for the broadest range of climbing performance levels, (i) the simplicity of standardisation of
testing procedures, and (iv) the minimum financial and equipment constraints. While athletes and coaches may engage in
evidence-based and standardised evaluation methods, researchers should design specific large-scale trials as a re-
source in providing additional, homogenous, and comparable data in order to improve scientific evidence and profes-
sionalism in this popular sport discipline.

SMART TRUCK: CLASSIFYING SKATEBOARD TRICKS WITH A CONVOLUTIONAL NEURAL NETWORK BASED ON MOTION
DATA

WESTENBERGER, E., HOLLAUS, B., FREITAS, G., FRESEN, L.
mdcl

INTRODUCTION: In the fitness community, quantifying activities with apps and wearables rose in popularity throughout
the last decade. In sports like running or cycling, these digital technologies are ubiquitous while fun sports are not yet as
present. The Smart Truck project aims to change that for skateboarding by enabling the classification of tricks. Studies on
motivation behind fitness app usage show that achievement oriented members of the running community benefit most
from the tracking features of such apps [1]. Skaters could use this technology to keep track of their skill progression or to
compete in challenges.

METHODS: In an experiment, motion data of the rear axis of a skateboard was recorded with an IMU at a sample rate of
120Hz while skaters were performing the following tricks: “Ollie”, “180 Front-side”, “180 Back-side”, “360-flip”, and “Kick-
flip”. While performing the tricks, orientation, angular velocity and magnetic flux density were recorded. In the post-
processing phase, the relevant data around the pop was extracted to an array with the dimensions of 9x120 elements.
The 9 rows represent orientation, acceleration and magnetic flux density for all axis. The 20 data-points prior and the 100
data-points after the pop are saved to a .csv file. The dataset was split into parts containing 80% and 20% of the samples
for training and testing respectively. To classify each trick, the neural network was designed with a combination of linear,
max pooling, and one dimensional convolution layers. For optimization, the Adam optimizer was used [2].

RESULTS: The accuracy score of the model created for this project amounts to 96.84%. With a batch size of 10 samples per
step and 80 steps per epoch, 5 subsequent loss values of lower than 0.2 were achieved after 6 epochs. The tricks with the
lowest and highest mean confidence scores respectively are the “360-flip” with 77% and the “Kick-flip” with 95%. The tricks
“180 front-side” and “180 back-side” ranked lowest in precision both with a score of 94% compared to the tricks “Ollie” and
“Kick-flip”, both with a score of 100%.
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CONCLUSION: The results show that it is possible to create a model that is capable of classifying skateboarding tricks
based on motion data. Although the model performs classification with sufficient accuracy, the results have limitations.
The major limitation is the dataset, as it was unbalanced and of limited variety. In the future the dataset could be im-
proved by including more recordings from a broader demography of skaters. As the project was intended as a proof of
concept, the results achieved with the current dataset were able to demonstrate the feasibility of a digital gamification
platform for skateboarding. This outcome could inspire similar products, leading to a stronger representation of funsports
in the digital market.

References:
1. Stragier J., et al., DOI: 10.1080/0144929X.2018.1484516
2. Adam J,, et al., arXiv:1412.6980

COMPETITIVE SKATEBOARDING— INTERDISCIPLINARY PERSPECTIVES ON THE DISCIPLINE PARK

BUSCHER, B., CHARLY, M., SIMBANA ESCOBAR, D.
1 TU DORTMUND, 2 UNIVERSITE DE ROUEN, 3 FRENCH ROLLER & SKATEBOARD FEDERATION

Theory

As a theoretical figure, Skateboarding stands as an informal subculture building around the movement patterns of a roll
sport in connection to the attribution of urban spaces, where the mostly adolescent participants reproduce an associated
lifestyle (Borden, 2019). However, the integration into the Olympic Summer Games 2020 (2021) in Tokyo has triggered
ongoing tendencies around the subculture’s “sportisation” (Kilberth & Schwier, p. 1) resulting in the incorporation of exist-
ing sports associations as well as the establishment of training facilities and programmes. Ongoing debates not only
cover the partial transformation of the informal practice into more standardised and competitive log-ic of sport, but fur-
thermore focus on the particularities of the newly evolved differentia-tions (Atencio et al., 2018).

Method

Focusing on the olympic discipline Park, research focuses on the terrain’s structure con-cerning the form and arrange-
ment of ramps, obstacles and intersections, as well as the adaptive movement patterns in 45-second runs during which
the athletes aim to perform a condensed presentation of a variety of tricks.

The WST Park World Championship 2022 (executed in February 2023) was analysed, data was collected from the public
results (rawmotion.com/WSTWC22S).

Mean values of age and number of nationality participant was calculated for each phase (qualifiers, quarter, semi-final,
final). R Studio was used to performed the statistical anal-ysis. Kruskall Wallis test was chosen to compare the mean val-
ues because data was non parametric.

Results

183 Athletes (65 F and 126 M) participated at the WST with four pressed athletes directly qualified directly to quarter final.
Female athletes were younger that male athletes (16.6 11-3.62 vs. 21.1:116.89, p<0.001 1 Nationality have an influence in
the final score for male (F=73.2, p<0.01,-2= 0.40) and female (F=37.5, p<0.05, 2= 0.37). Only 3 nations were rep-resented
at the final (M: USA, AUS and BRA, F: GBR, JPN and USA).

Discussion

Skateboarding is growing around the world, especially among young female athletes whose total number is lower than
of male athletes. There were more nationalities repre-sented (39 vs. 22) despite the nations obtaining the best score were
the nations where the skateboard culture was largely represented. Countries need funding for new skate-parks matching
Olympic norms to help athletes to improve training programmes and pre-pare for the competition. Stakeholders in each
country need to continue to develop train-ing programs and promote the young talents in skateboarding competition.
Sources

Atencio, M., Beal, B. L., Wright, E. M. & McClain, Z. (2018). Moving boarders. University of Arkansas Press.

Borden, I. (2019). Skateboarding and the City. Bloomsbury.

Kilberth, V. & Schwier, J. (Eds.). (2019). Skateboarding Between Subculture and the Olympics.. tran-script.

https://live.rawmotion.com/WSTWC22S

DOES THE SUCCESS RATE OF OFFENSIVE PLAYS IN 3X3 BASKETBALL VARY WITH THE TYPE OF OFFENSE AND AGE/SEX
CATEGORIES?

MADARAME, H.

SHIGAKKAN UNIVERSITY

INTRODUCTION: 3x3 is a new basketball discipline that has become one of the Olympic sports since the Tokyo 2020
Olympic Games. While the number of studies on 3x3 basketball has been growing in recent years [1-4], research in this

field is still in its infancy. More in-depth studies will help to develop this relatively new sport. The purpose of this study was
to compare the success rate of offensive plays in 3x3 basketball by the type of offense and age/sex categories.
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METHODS: This study analyzed the FIBA 3x3 World Cup 2019 and the FIBA 3x3 Under-18 World Cup 2019. Each play was
coded by the researcher from game footage using a notational analysis method. All offensive plays were classified as a
transition offensive play (TOP), a check-ball offensive play (CBOP), or an offensive rebound offensive play (OROP). An offen-
sive play that resulted in a successful field goal or earned a free throw was considered successful. A Pearson’s chi-
squared test was used to compare the success rates of the offensive plays. Multiplicity was adjusted by the Benjamini &
Hochberg method to maintain a significance level of P < 0.05.

RESULTS: In all four categories (senior men, senior women, under-18 men, and under-18 women), TOP occurred with the
highest frequency (55.1-57.5% of the totals), followed by CBOP (28.1-31.2%) and OROP (11.9-14.7%). The success rate of
OROP (39.2-49.2%) was significantly higher (P < 0.05; effect size = 0.07-0.14) than that of the TOP (28.5-36.4%) and CBOP
(32.1-35.0%) in all four categories. While the success rate of CBOP did not differ among the four categories, the success
rate of TOP was significantly higher (P < 0.05; effect size = 0.04-0.09) in the men’s tournament (34.6-36.4%) than in the
women'’s fournament (28.5-31.1%). The success rate of OROP was significantly lower (P < 0.05; effect size = 0.08-0.10) in
the under-18 women'’s tournament (39.2%) than in the other three categories’ tournaments (47.3-49.2%).

CONCLUSION: Increasing the success rate of TOP is essential for winning a game because TOP accounts for more than
half of the total offensive plays. The success rate of TOP was lower in the women’s tournament than in the men'’s tourna-
ment; however, the lack of sex differences in the success rate of CBOP suggests that there is still room for women to in-
crease the success rate of TOP.

1. Ortega et al. (2021); 2. Boros et al. (2022); 3. Figueira et al. (2022); 4. Ferioli et al. (2023)
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EFFECTS OF PROTEIN SUPPLEMENTATION, COMBINED WITH HIGH-INTENSITY FUNCTIONAL TRAINING, ON THE PLASMA
AMINO ACID PROFILE, BIOCHEMICAL AND HEMATOLOGICAL PARAMETERS IN TRAINED MEN AND WOMEN

KARPOUZI, C.1, KOSMIDIS, I.1, PETRIDOU, A.1, VIRGILIOU, C.2, GIKA, H.2, THEODORIDIS, G.2, BOGDANIS, G.C.3, MOUGIOS,
V.1

TARISTOTLE UNIVERSITY OF THESSALONIKY, ZARISTOTLE UNIVERSITY OF THESSALONIKL, SNATIONAL AND KAPODISTRIAN
UNIVERSITY OF ATHENS

INTRODUCTION: High-intensity functional training (HIFT) is an effective form of fraining that includes multijoint aerobic and
resistance exercises. Despite its popularity, few studies have examined adaptations to HIFT and even less is known re-
garding dietary guidelines to optimize HIFT. Protein supplementation has been extensively investigated in resistance train-
ing, but there is limited evidence regarding its effectiveness in HIFT. Additionally, few studies have examined egg white as
a protein source. Hence, the aim of this study was to examine the effects of two forms of protein supplementation (egg
white and whey), combined with HIFT, on the plasma amino acid profile, biochemical and hematological parameters of
trained individuals.

METHODS: Thirty trained volunteers (20 men and 10 women), aged 23-55, underwent 6 weeks of HIFT while receiving 0.6
g/kg/day of egg white protein (E), whey protein (W), or maltodexirin (placebo, P) in a single-blinded, randomized, triple-
crossover, and counterbalanced design, with 2 weeks of washout between supplements. Participants received isoener-
getic dietary plans providing 1 g/kg/day of protein throughout the study. Before and after each intervention period, partici-
pants provided fasting venous blood samples at rest. Full blood count, serum glucose, triacylglycerols, total cholesterol
(TC), HDL cholesterol, LDL cholesterol, urea, creatinine, creatine kinase, y-glutamyltransferase, cortisol and testosterone
were measured in automated analyzers. Plasma amino acids were measured with liquid chromatography — mass spec-
trometry. Data were analyzed by 3-way ANOVA (supplement x time x sex) with repeated measures on supplement and
time. Statistical significance was set at p < 0.05.

RESULTS: Urea and TC differed between supplements, with urea being higher in E and W, compared to P, and TC being
higher in P compared to W. Leukocyte and platelet counts increased, whereas erythrocyte count, hemoglobin, hematocrit
and glucose decreased with training. There were also expected differences between sexes in hematologic and biochemi-
cal parameters. Regarding the plasma amino acid concentrations and percentage distribution, there were no differences
between supplements. However, there were many effects of training (including increases in Leu, Pro and Trp, and de-
creases in Arg, Asn, GIn, Gly and Lys, in terms of both concentration and percentage) and differences between sexes,
including a higher fotal plasma amino acid concentration in men compared to women (2.57 = 0.50 vs 2.35 = 0.46
mmol/L, mean + SD).

CONCLUSION: Short-term HIFT caused several changes in hematologic and clinical-chemistry parameters of trained men
and women (notably hemodilution), whereas protein supplementation affected only serum, urea and TC. Additionally,
training, but not supplementation, had profound effects on the plasma amino acid profile. These novel findings show that
training is a stronger modifier of blood biochemistry and, in particular, amino acid metabolism than nutrition.
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EFFECTS OF A MULTI-INGREDIENT PROTEIN, Q3 FATTY ACID, AND VITAMIN D SUPPLEMENT, COMBINED WITH HIGH-
INTENSITY FUNCTIONAL TRAINING, ON EXERCISE PERFORMANCE AND THE BLOOD FATTY ACID PROFILE

KOSMIDIS, 1.1, KARPOUZI, C.1, PETRIDOU, A.1, BOGDANIS, G.C.2, MOUGIOS, V.1
1. ARISTOTLE UNIVERSITY OF THESSALONIK], 2 NATIONAL AND KAPODISTRIAN UNIVERSITY OF ATHENS

INTRODUCTION: High-intensity functional training (HIFT) is a relatively new training modality, based on the CrossFit training
principle, which emphasizes functional movements via aerobic and resistance exercises. HIFT has been reported to im-
prove muscle performance. Whether dietary supplements improve adaptations to HIFT has not been adequately re-
searched. Protein supplementation is well documented as an ergogenic aid in resistance training. Additionally, there is
some evidence that w3 fafty acids and vitamin D, in addition to their beneficial effects on health, may increase perfor-
mance. However, there is no evidence for their effectiveness in combination with HIFT. As part of a broader project, the
aim of the present study was to investigate the effects of HIFT in combination with a multi-ingredient supplement contain-
ing protein, w3 fafty acids, and vitamin D, on exercise performance and the blood fatfty acid profile.

METHODS: Twenty-one frained adults (13 women and 8 men), aged 19-35, underwent 6 weeks of HIFT while receiving the
experimental supplement (E; 0.6 g fish protein/kg body mass, 1.8 g w3 fatty acids, and 20 pg vitamin D daily), whey pro-
tein (W; 0.6 g/kg/day), or maltodexirin as placebo (P; 0.6 g/kg/day) in a single-blinded, randomized, triple-crossover, and
counterbalanced design, with 2 weeks of washout between supplements. Participants performed HIFT 3 times a week,
while following a mixed, isoenergetic diet providing 1 g/kg/day protein throughout the entire study period. The internal
load of training sessions was assessed during the first and last week of supplementation by heart rate (HR) telemetry. The
blood fatty acid profile was determined pre- and post-supplementation using gas chromatography. Data were analyzed
by repeated-measures 3-way ANOVA (supplement x time x sex). Statistical significance was set at p < 0.05.

RESULTS: Exercise time during each session increased from 37.3 + 6.4 min at the beginning to 39.7 + 7.6 min at the end of
each intervention period (p = 0.014) due to more repetitions to exhaustion, with no significant change in any HR parameter
(time in five intensity zones from 50 to 100% of maximal HR). The blood w3 fatty acid percentage (specifically, 20:5w3,
22:5w3, 22:6w3, and total w3) was higher in E compared to W and P, whereas the w6 fatty acids percentage (specifically,
20:3w6, 20:4w6, 22:4w6, and 22:5wb) was lower in E compared to W and P (p < 0.05). As a result, the w6/w3 ratio was
lower (p < 0.05) with E (7.74 + 2.74) compared to W (9.50 + 2.92) and P (9.84 + 3.06).

CONCLUSION: Short-term HIFT increased training-session time independent of supplementation. Supplementation with E
had positive effects on the blood fatty acids profile by increasing w3 content, which may be beneficial for health and other
training adaptations.

THE COLLAGEN SYNTHESIS RESPONSE TO LEG PRESS EXERCISE IN RESISTANCE-TRAINED MIDDLE-AGED MEN IS AUG-
MENTED WITH 15-30 G HYDROLYSED COLLAGEN SUPPLEMENTATION

NULTY, C.D.P.1,2, TANG, J.C.Y.3, DUTTON, J.D.3, DUNN, R.3, FRASER, W.D.3, ENRIGHT, K.1, STEWART, C.E.1, ERSKINE,
R.M.1,6

1. LIVERPOOL JOHN MOORES UNIVERSITY; 2. SOUTH EAST TECHNOLOGICAL UNIVERSITY 3. UNIVERSITY OF EAST ANGLIA

INTRODUCTION: Nutrition and exercise prescription to support muscle-tendon unit (MTU) health and function in middle-
age are often overlooked. Resistance training has, however, long been established as a potent stimulus to improve MTU
function and reduce injury risk [1], and resistance exercise (RE) stimulates collagen synthesis in human muscle and tendon
[2]. Recent data suggest that collagen supplementation may support exercise-driven adaptations of the MTU in young
adults but the acute effects of RE combined with dietary collagen during middle-age remain unknown. We therefore hy-
pothesised that collagen synthesis would increase in response to RE, and this effect would be augmented in a dose-
dependent manner with hydrolysed collagen supplementation in middle-aged men.

METHODS: Nine resistance-trained men (age, 49+8 years; height, 178+2 c¢m; body mass, 90+4 kg), completed three trials
in a double-blind, repeated measures crossover design. Each trial was conducted after an overnight fast. Participants
consumed either 0g, 15g, or 30g vitamin C-enriched hydrolysed collagen in a randomised order 1-h prior to high-intensity
leg-press RE. Venous blood samples were collected for the duration of each trial and assessed for a serum marker of type
1 collagen synthesis (N-terminal propeptide of type 1 pro-collagen, PINP), and plasma B-isomerized C-terminal telopeptide
of type 1 collagen (B-CTx, a marker of collagen breakdown). The concentration x time total area under the curve (AUC) for
serum PINP and plasma B-CTx were compared between trials.

RESULTS: There was a main effect of dose (P=0.0018) and a dosextime interaction (P=0.0421) for serum PINP concentra-
tion, with concentration in the 0g trial remaining similar to baseline (9.4+6.8 ng/mL) throughout the trial but increasing in
both the 15 and 30g trials. PINP concentrationxtime AUC for the 15 and 30g trials were 122+60 and 141+70 ng/mLxh,
respectively, which did not differ from each other (P=0.314) but were both higher than the Og trial (74+45 ng/mLxh,
P=0.012, P=0.010). B-CTx decreased by 30% after RE in all three trials and remained lower for the duration of each trial
(P<0.0001), with no effect of dose (P=0.940) and no interaction (P=0.899). B-CTx AUC did not differ between trials (2.4+0.5,
2.6x0.7, 2.5+£0.6 pg/Lxh for 0g, 15g and 30g, respectively, P=0.306).

CONCLUSION: Ingestion of 15-30g hydrolysed collagen appears to augment collagen synthesis following RE in middle-
aged, resistance-trained men without affecting collagen breakdown. This could be a viable strategy to improve MTU
health and function over the long term in middle-aged individuals.
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THE COLLAGEN SYNTHESIS RESPONSE TO HIGH-INTENSITY BACK SQUAT EXERCISE IN RESISTANCE-TRAINED YOUNG MEN
IS GREATER WHEN INGESTING 30 G VERSUS 15 G HYDROLYSED COLLAGEN

LEE, J.1, TANG, J.C.Y.2,3, DUTTON, J.2, DUNN, R.2,3, FRASER, W.D.2,3, ENRIGHT, K.1, CLARK, D.R.4, STEWART, C.E.1, ER-
SKINE, R.M.1,5

ILIVERPOOL JOHN MOORES UNIVERSITY, UK: 2UNIVERSITY OF EAST ANGLIA, UK: 3ANORFOLK AND NORWICH UNIVERSITY
HOSPITAL NHS FOUNDATION TRUST, UK 4ROBERT GORDON UNIVERSITY, UK: SUNIVERSITY COLLEGE LONDON, UK.

INTRODUCTION: Jump-rope exercise with gelatine supplementation increases collagen synthesis in a dose-response
manner, with 15g gelatine stimulating a greater response than 5 and 0g [1]. However, it is unknown whether >15g hydro-
lysed collagen (HC) supplementation would further increase collagen synthesis following resistance exercise (RE), which is
known to increase collagen synthesis in muscle and tendon [2].

METHODS: Using a double-blind, randomised cross-over design, 10 resistance-trained male participants (age:26+3years;
height:1.77+0.04m; mass:79.7+7.0kg; 4.0+3.3years of RE experience) ingested 0g, 15g or 30g HC with 50mg vitamin C, in
a random order, prior to performing four sets’ barbell back-squat at 10-repetition maximum load, after which they rested
for six hours. Six venous blood samples were collected throughout each trial (at rest prior to HC ingestion (-1h) and post RE
at +0.5h, +1h, +2h, +4h, and +6h) to analyse serum procollagen type I N-terminal propeptide (P I NP) concentration, a
marker of collagen synthesis, and the concentration of amino acids comprising collagen. Plasma B-isomerized C-terminal
telopeptide of type | collagen (B-CTX) concentration, a marker of collagen breakdown, was analysed at -1h and +6h.

RESULTS: The serum P I NP concentrationxtime area-under-the-curve was greater for 30g (267+79 ng-mL-1xhour) HC
than 15g (235+70 ng-mL-1xhour, P=0.039) and 0g (219+88 ng-mL-1xhour, P=0.005) but there was no difference between
0g and 15g HC (P=0.675). Serum concentration of glycine, proline and hydroxyproline each showed a dosextime interac-
tion (P<0.05) and a main effect of dose (P<0.05), with glycine and proline concentration higher in 30g than 15g HC
(P<0.05). Plasma B-CTX concentration decreased from -1h (0.8+0.3 pg-L-1) to +6h (0.6+0.1 ug-L-1, P=0.007), with no effect
of HC dose (P=0.287) or dosextime interaction (P=0.754).

CONCLUSION: These data suggest that, in resistance-trained young men, 30g HC augments collagen synthesis more
than 15g and 0g HC following a single bout of high-intensity RE, whereas HC did not affect collagen breakdown. This has
implications for improving physical performance, as augmented collagen synthesis may increase tendon stiffness [3],
which is related to the rate of force development [4].
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THE EFFECTS OF ACTOVEGIN AND HIIT ON BODY WEIGHT, BLOOD GLUCOSE AND LIVER MITOCHONDRIAL FUNCTION IN
HEALTHY MICE

LINDTOFTE, S.1, HASS@, R.1, KOSIK, B.2, BERGDAHL, A.2, LARSEN, S.1

IXLAB, DEPARTMENT OF BIOMEDICAL SCIENCES, FACULTY OF HEALTH SCIENCES, UNIVERSITY OF COPENHAGEN, DENMARK,
ZDEPARTMENT OF HEALTH, KINESEOLOGY & APPLIED PHYSIOLOGY, CONCORDIA UNIVERSITY, MONTREAL, CANADA

INTRODUCTION: Actovegin (Act) has previously been shown to increase mitochondrial respiration acutely in human skele-
tal musclell] and in rat liver[2]. Act has also demonstrated insulin-like effects on glucose metabolism(3]. Likewise, physical
activity has been shown fo improve glycemic controll4] and liver mitochondrial function[5]. The aim of this on-going study
is to investigate the effects of Act and aerobic exercise training on body weight, blood glucose and liver mitochondrial
function in mice.

METHODS: A total of 40 healthy adult male mice were included in this study. The mice were divided into 4 groups; Act (A),
controls (C), frained Act (AT) and trained controls (CT). All mice were treated for 14 days, with injections of either 0.1 m| Act
(10mg/ml) or saline every other day. The training infervention consisted of a HIIT protocol, performed every other day by
the trained groups (5 bouts of 1 min at 85-95 % of maximal running speed with 2 min active recovery at 60-65 % of maxi-
mal running speed between intervals). Body weight was measured every other day and blood glucose was measured on
day 1, 7 and 14 of the intervention period. High resolution respirometry (Oroboros, O2K) was used to assess liver mito-
chondrial respiration after the intervention. Both state 2 (LEAK respiration) and state 3 (Maximal ADP stimulated respiration)
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was assessed with the following protocol: TmM Malate + 10mM Glutamate — 5uM Cytochrome C — 5mM ADP — 10mM
Succinate — FCCP titration with steps of 0.25uM. One and Two-way ANOVA was used for the statistical analysis, with Tuk-
ey’s multiple comparisons test post hoc with an alpha-level of 0.05.

RESULTS: All groups showed a loss of body weight (p < 0.01 for all groups) and drop in blood glucose (p < 0.05 for all
groups) as a result of the intervention. Mitochondrial complex | LEAK respiration (State 2) was significantly lower in the CT
group compared fo both the C (p < 0.05) and A group (p < 0.01). No effects were found on mitochondrial respiratory ca-
pacity (State 3) or efficiency measured as RCR (State 3/State 2).

CONCLUSION: To our knowledge, this is the first study investigating the combined effects of Act and exercise training on
liver mitochondrial respiration. Body weight and blood glucose declined uniformly in all groups, likely due fo intervention
induced stress rather than as an effect of Act or training. HIIT resulted in decreased LEAK respiration in the CT group, but
overall Act and HIIT displayed limited effects on liver mitochondrial function, possibly due to the mice being fit and healthy.
Act has been shown to affect mitochondrial function in skeletal muscle in healthy mice, suggesting Act may induce selec-
tive effects on different tissues.

1) Sendergard, S. D et al., Eur J Sport Sci, 2016 (16:7)

2) Kuninaka, T., et al., Journal of Cellular Physiology, 1991(146:1)

3) Buchmayer, F. et al., Wiener Medizinische Wochenschrift, 2011, (161:3-4)
4) Sigal, R. et al., Diabetes Care, 2006, (29:6)

5) Stevanovig, J. et al., Molecular Metabolism, 2020, (32)
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LINK BETWEEN THE STRESS-RECOVERY BALANCE AND MINDFULNESS IN YOUNG ELITE BMX RIDERS

SONDT, N., BERNIER, M., KERMARREC, G., VACHER, P.
UNIVERSITE BRETAGNE OCCIDENTALE

Introduction

The stress-recovery balance refers to the quality of adjustment of recovery strategies that one mobilizes according to his
or her stress states (Kellmann, 2010). Maintaining this balance plays an important part for the athletes and the coaches to
reach an optimal performance. Currently, the scientific literature tries to develop the knowledge about psychological strat-
egies of recovery among which, mindfulness has captured in interest (Blevins et al., 2021). From a biopsychosocial per-
spective, the aim of the study was to explore the links between mindfulness and the stress-recovery balance.

Method

24 young elite BMX riders from a National Training Center were followed-up during two weeks of intensive pre-
competition training. First, they completed the Mindfulness Inventory for Sport (MIS) and the Five Facets Mindfulness Ques-
tionnaire (FFMQ) to assess their mindfulness dispositions. The follow-up of the stress-recovery balance was made by
psycho-physio measures: (1) they had to complete every morning the Short Recovery and Stress Scale (SRSS) and the Re-
covery Stress Questionnaire for Athletes (RESTQ) twice a week, and (2) heart rate variability was measured twice a week.
After every training, riders rated their mindfulness states during training. By using the R package labeled Ime4, multilevel
growth curve analyses were used to examine the linear and/or quadratic trajectories of athletes stress-recovery variables
and the scores of dispositional mindfulness and mindfulness states.

Results

Concerning mindfulness dispositions, results showed no significant effect with stress-recovery states, while a significant
positive linear interaction effects of time on RMSSD (B =7.67, . P < .05] was found. Regarding mindfulness states, results
showed a significant negative linear interaction effects of time on stress (3 =- .25, . P < .05) and a significant positive
quadratic interaction effect of time on recovery (B = .38, . P < .001). No significant interaction effect with RMSSD was found.

Discussion

These results offer a befter understanding of the links between mindfulness, as a disposition or a state, and stress-
recovery balance. The study brings new applied and research perspectives. In particular, mindfulness could be consid-
ered as a recovery strategy. Future interventional studies should confirm its effects.

Blevins, P., Moyle, G., Erskine, S., & Hopper, L. (2021). Mindfulness, recovery-stress balance, and well-being among uni-
versity dance students. Research in Dance Education, 1-14.https://doi.org/10.1080/14647893.2021.1980528

Kellmann, M. (2010). Preventing overtraining in athletes in high-intensity sports and stress/ recovery monitoring. Scandina-
vian Journal of Medicine & Science in Sports, 20, 95-102.https://doi.org/10.1111/j.1600-0838.2010.01192.x.
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THE RELATION BETWEEN ATHLETES’ NEGATIVE PERFORMANCE STRESS AND VIGOUR: A MODERATED MEDIATION ANAL-
YSIS INCLUDING RUMINATION AND PSYCHOLOGICAL CAPITAL

BALK, Y.A., EHREN, M.
UNIVERSITY OF AMSTERDAM

Mentally disconnecting from sport is an important psychological recovery experience for athletes to cope with the de-
mands of fraining and competition. Yet, those same sport-related demands can potentially interfere with athletes’ ability to
disconnect. Specifically, negative feedback, substandard performances, or mistakes could evoke ruminative thoughts,
which likely impairs psychological recovery and might lead to impaired well-being. However, athletes’ psychological
capital (PsyCap) might help them to effectively deal with negative performance stress, thereby limiting its impact on rumi-
nation and subsequent well-being (i.e., vigour). The first aim of this study was to therefore investigate whether sport-
related rumination mediates the relation between negative performance stress and vigour. The second aim was to exam-
ine whether athletes’ psychological capital moderates the relation between 1) negative performance stress and rumina-
tion and 2) negative performance stress and vigour.

A total sample of 169 amateur athletes (n = 77), semi-professional athletes (n = 42) and professional athletes (n = 50) filled
in an online survey (mean age = 22.62, SD = 5.18, 50% male, 50% female). Analyses using PROCESS showed a positive
relation between negative performance stress and vigour (B = -.15, SE = .06, 1(166) = -2.56, p = .011, 95% Cl [-.27, -.03]).
Negative performance stress was positively related to rumination (B = .44, SE = .06, 1166) = 7.34, p < .001, 95% Cl [.32,
.561). Furthermore, rumination was negatively related to vigour (B = -.16, SE = .08, 1166) = -2.12, p = .035, 95%Cl [- .31, -
.01]). Results also revealed a significant indirect effect of rumination between negative performance stress and vigour (B =
-.07, 95% Cl [- .150, -.002]). As the direct effect of negative performance stress on vigour became was not significant (B = -
.08, p = .231, 95% Cl [-.21, .05]), rumination fully mediated the relation between negative performance stress and vigour.
Finally, psychological capital was negatively associated with rumination (B = -.28, SE = .13, 1166) = -2.24, p = .026, 95% Cl
[-.52, -.03]) and positively associated with vigour (B = .53, SE = .12, {166) = 4.53, p < .001, 95% CI [.30, .771). However, psy-
chological capital did not moderate the relations between negative performance stress and rumination or vigour (p’s >
7). Thus, the mediated moderation model was not supported.

Taken together, these findings show that negative performance stress experienced by athletes is negatively associated
with vigour, through increased rumination about their sport. PsyCap did not attenuate these relations, although it appears
to benefit athletes’ general levels of rumination and well-being. Coaches and sport psychologists should be aware of how
athletes cope with negative performance stress and assist them in reducing ruminative thoughts to optimize psychologi-
cal recovery processes and well-being.

THE IMPACT OF COACHING ON ATHLETES’ COPING AND AFFECTIVE STATES EXPERIENCED IN COMPETITIVE SETTINGS

GONZALEZ-GARCIA, H., MARTINENT, G., NICOLAS, M.

UNIVERSIDAD INTERNACIONAL DE LA RIOJA * UNIVERSITE CLAUDE BERNARD LYON 1*% UNIVERSITE BOURGOGNE
FRANCHE-COMTE ***

Introduction

Coaching practices have revealed a salient impact on athletes coping and affective experience in sports. Consequently,
there is an increasing necessity to examine how coaching practices may influence coping and the affective experience in
the competition, especially due to the link of the mentioned variables with sports performance. As such, the present work
will be divided into two distinct studies that address coaching from two different theoretical backgrounds. In study 1, the
goal was to examine whether the coach athlete-relationship predicted: “coping” and “intensity and direction of positive
affects and negative affects” experienced before and during competition. In study 2, it was aimed to examine whether
coach leadership behaviours predicted: the intensity and direction of positive and negative affects experienced during
competition, controlling for affects experienced within two hours before competition.

Methods

Two samples of 306 and 296 French athletes participated in two distinct studies and completed a series of self-report
questionnaires. In both studies, a partial least square path modelling (PLS-PM) approach was used to examine the rela-
tionships between the variables.

Results

Study 1: The analysis revealed that coach-athlete commitment positively predicted task-oriented coping before the compe-
tition, disengagement-oriented coping before the competition, distraction oriented-coping before the competition, and
negatively predicted the direction of negative affects during competition. Besides, the coach-athlete complementarity
negatively predicted disengagement-oriented coping before the competition, positively predicted intensity of positive
affects before the competition and marginally positively predicted intensity of negative affects during the competition.
Study 2: The results showed that coach social support significantly positively predicted the direction of negative affects
during competition controlling for pre-competitive negative affect direction. Besides, results revealed that coach democrat-
ic behaviour marginally and negatively predicted Negative Affects direction during competition whereas coach autocratic
behaviour marginally and negatively predicted Positive Affects intensity.

Conclusion
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These outcomes should take the attention of practitioners to emphasize positive social support interrelation between
coach and athlete as well as do not emphasize excessive commitment in coaches, especially in the precompetitive parts
of the competition.

DO ATHLETES RESIST BETTER TO FAILURE WHEN THE “1” OR THE “WE” MATTERS MOST? THE IMPORTANCE OF THE FAIL-
LURE TYPE

PELLET, J., LAURIN, R., CAMPO, M.
UNIVERSITY OF BURGUNDY

Introduction

Literature reported studies exploring individual collapsing through the scope of self-image threat (Mesagno & Beckmann,
2017). However, in team-based sports, individual collapsing may be conceptualized as an affective approach/avoidance
response, and may be influenced by group identification, and the collective stakes associated with it (Haslam et al., 2020).

To our knowledge, no model investigated the influence of identity processes on players’ withdrawal during competition.
Accordingly, we propose to investigate this effect by considering a perception of an individual or collective failure context

Method

Student in sport sciences (N=149) were divided into a 2x2 design manipulating identity levels (social Sl vs individual Pl) and
failure type (personal vs collective failure). Participants had to perform a speed-accuracy task of basket-ball throwing
aiming at targets. Procedure involved (a) a training task, (b) a stake induction, (c) an identity manipulation, and (d) the main
task with a failure manipulation. Participants did not have access to their performance, allowing us to always give them
rigged feedbacks of faillure. Following each feedback, participants had to make the choice to continue or stop.

Results

The dependent variable is the number of repetitions performed. A factorial ANOVA revealed an interaction effect between
the type of failure and the identity level. Post-hoc tests revealed a significant difference between Pl and Sl in the collective
failure scenario. A tendential difference between Pl and Sl in the individual failure scenario was also revealed. This means

a greater tendency for participants to withdraw when they considered themselves as group member in a collective faillure
scenario, and when they considered themselves as individual in an individual faillure scenario.

Discussion

Failure seems to be threatening only when it concerns the athlete salient identity level, therefore triggering avoidance
processes and behaviors. As failure is not something socially valued in an achievement context, these results are con-
sistent with the self-esteem preservation hypothesis proposed by Taijfel and Turner, echoing current knowledge on per-
ception of an identity threat provokes negative emotions that may lead to avoidance behaviours (Hunger et al., 2015).

Haslam, S. A., Fransen, K., & Boen, F. (2020). The new psychology of sport & exercise: The social identity approach. Los
Angeles: Sage.

Hunger, J. M., Maijor, B., Blodorn, A., & Miller, C. T. (2015). Weighed down by stigma: How weight-based social identity
threat contributes to weight gain and poor health. Social and Personality Psychology Compass, 9(6), 255-
268. https://doi.org/10.1111/spc3.12172

Mesagno, C. & Beckmann, J. (2021). Choking under pressure: Theoretical models and interventions. Current Opinion in
Psychology, 16, 170-175. https://doi.org/10.1016/j.copsyc.2017.05.015
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SARCOPENIA: CAUSES, CONSEQUENCES, AND TREATMENT OPTIONS

VERDUK, L.
MAASTRICHT UNIVERSITY MEDICAL CENTRE

Sarcopenia is defined as the progressive loss of muscle mass and function with increasing age. Whether a direct conse-
quence of aging per se, or more indirectly associated with age-related disease, sarcopenia goes hand in hand with a
number of physical and metfabolic derangements, underscoring the need for effective countermeasures. Muscle mass
maintenance is determined by the intricate balance between muscle protein synthesis and muscle protein breakdown
rates. It has been well established that physical activity and food intake (primarily protein intake) represent the two main
anabolic stimuli affecting this balance and, as such, play an essential role in muscle maintenance throughout life. Though
the etiology of sarcopenia is likely multifactorial, recent work suggests that a diminished response to protein intake and
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physical activity in elderly versus young individuals may be a key factor driving the loss of skeletal muscle tissue through-
out the aging process. This phenomenon has been termed —anabolic resistance . Such anabolic resistance is even more
profound in certain disease conditions and during periods of physical inactivity such as during hospitalization, further
accelerating the loss of muscle mass and function in those situations.

In this lecture, an overview will be given on the causes, consequences and treatment options for sarcopenia, with a focus
on exercise and nutrition to improve muscle mass and function and support overall health in the aging population. Apart
from presenting current knowledge, we will also identify challenges that should be addressed in future research.

SARCOPENIC OBESITY

BOIRIE, Y.
CLERMONT-FERRAND UNIVERSITY HOSPITAL

Apart from the age-related decline in muscle mass and function, many older individuals struggle to maintain body weight
within healthy limits, resulting in a high prevalence of overweight and obesity. Importantly, the presence of excess body fat
(along with e.g. associated insulin resistance and inflammation) has multiple negative effects on muscle tissue, and may
further enhance the anabolic resistance already present in senescent muscle. As such, age-related functional and meta-
bolic deteriorations are further enhanced with so-called 'sarcopenic obesity’. Sarcopenic obesity is a new clinical entity
that also raises new clinical and scientific questions. It leads us to rethink the management of sarcopenia where exces-
sive adiposity and muscle deficit can coexist. In particular, the role of ectopic muscle adiposity or more directly of lipotoxi-
city on muscle signaling pathways is a promising area of research, particularly in the context of chronic diseases in order
to preserve the mobility and quality of life of patients. This lecture will describe the etiology of sarcopenic obesity, and the
targeted approach needed to better preserve muscle mass and function in this chronic disease situation.

RESISTANCE TRAINING AND PROTEIN INTAKE IN OLDER PEOPLE: HOW TO BRING SCIENCE TO PRACTICE?
DE GROOT, L.
WAGENINGEN UNIVERSITY

Clinical studies show that sufficient protein intake combined with resistance exercise can maintain or improve muscle
health and function in older adults. Based on this concept, an innovative and evidence-based lifestyle program for vulner-
able older people was developed and daily implementation of the program was evaluated in terms of cost-effectiveness
to improve independency as well as quality of life of the elderly. This lecture will describe the outcomes of this ‘ProMuscle
in Practice' project which consisted of three phases. In phase one, an effective clinical trial was adapted to fit the real-life
practice setting using input from health care professionals, the target group (elderly people) and researchers. This resulted
in protocols that can be used by physiotherapists and dieticians to implement this program. In the second phase, a pilot
implementation project was performed in which community-dwelling elderly received progressive resistance exercise in
small groups, guided by physiotherapists, as well as advice on how to increase their daily protein intake by dieticians.
Finally, a large-scale multi-centre intervention study was conducted to investigate the implementation process and (cost-)
effectiveness of ‘ProMuscle in Practice’ in 5 different care and community settings. As such, the project is exemplary for
translation of science into practice, establishing whether the adapted program is effective in supporting healthy aging in
the community.
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ACUTE MUSCLE OXYGEN SATURATION AND PERCEPTUAL RESPONSES BETWEEN LUNGE AND RUNNING EXERCISES VARIA-
TIONS

SANTAREM, D.1, TEIXEIRA, A.1, AMARAL, A.1, SAMPAIO, J.1,2, MACHADO, 1.1,2, ABRANTES, C.1,2
1. UNIVERSITY OF TRAS-OS-MONTES E ALTO DOURO, VILA REAL, PORTUGAL,; 2. RESEARCH CENTER IN SPORTS SCIENCES,
HEALTH SCIENCES AND HUMAN DEVELOPMENT, UTAD, VILA REAL, PORTUGAL.

INTRODUCTION: Over the past decades there has been an exponential increase in the use of high-precision devices to
monifor training, assuming itself as an unquestionable factor for the success of athletes (1). Near-infrared spectroscopy
(NIRS) is considered a non-invasive viable way to analyse the kinetics of muscle oxygen saturation (SmO2), both at rest
and during exercise (2), allowing a more specific observation of the physiological response to exercise. This study aimed
to compare the effect of six variations of lunge (LUN) and running (RUN) exercises in SmO2, heart rate (HR), and perceived
exertion (RPE).

METHODS: Were recruited 16 participants and divided into two exercise groups: the LUN (n=8; age=26.3+3.8 yrs) com-
prised isometric, jumping, walking, cross, bulgarian, and side terra-core lunge exercise variations, and the RUN (n=8;
age=34.5+12.0 yrs) comprised high-knees, shoulder wide, tethered, treadmill (0%), slope treadmill (6%), and shoulder-
wide coreboard run exercise variations. Each variation lasted 90s with a 5-min rest interval between each one. Average
and minimum SmO2 (SmO2avg and SmO2min, respectively) of vastus lateralis (VL) and gastrocnemius medialis (GM)
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muscles, and average HR (HRavg) were assessed through the session, and RPE immediately after each variation. A one-
way ANOVA (or Kruskal-Wallis) and Tukey’s post-hoc were used fo find differences among the studied exercise variations.

RESULTS: Significant differences were found between exercises variations in HRavg, F(11,84)=2.86, p=0.003, n2=0.27, with
higher values in jumping LUN vs coreboard RUN (145.8+18.8 vs 116.3+14.5 bpm, p=0.027), and in high-knees RUN
(146.3+12.1 bpm) vs isometric lunge LUN (117.7+23.0 bpm, p=0.038). Significant differences in Sm0O2avg in GM muscle
were identified, F(11,72)=17.71, p<0.001, n2=0.73, with almost all variations of LUN showing higher values vs RUN, except
for coreboard RUN variation. The SmO2min in GM muscle showed significant differences, F(11,66)=15.38, p<0.00],
n2=0.72, with RUN variations presenting lower values relative to LUN variations, except in coreboard RUN vs jumping
lunge LUN (p=0.188). The overall and muscular RPE exhibited higher values in RUN compared to LUN variations.

CONCLUSION: The findings revealed that in general RUN exercises promoted higher HRavg and lower SmQ2, except for
coreboard RUN exercise when compared to jumping LUN. These two exercises were selected due to their applicability in
the training context, making it possible fo befter understand both general and specific physiological responses combining
HR with SmO2 and RPE.

1) Thornton et al., Int J Sports Physiol Perform, 2019
2) Perrey & Ferrari, Sports Med, 2018

Funding: HEALTH-UNORTE: Setting-up biobanks and regenerative medicine strategies to boost research in cardiovascular,
musculoskeletal, neurological, oncological, immunological and infectious diseases (NORTE-01-0145-FEDER-000039), fi-
nanced by European Regional Development Fund by NORTE 2020 (North Regional Operational Programme 2014/2020).

A DIVE INTO THE PHYSIOLOGY OF 02 AND CO2 TABLES IN APNEA NOVICES
DECLERCQ, L.1, BOUTEN, J.1, HEYSE, B.2, BOONE, J.1, BOURGOIS, J.G.1,3
GHENT UNIVERSITY

INTRODUCTION: During apnea, bradycardia and peripheral vasoconstriction characterize the cardiovascular diving re-
sponse aimed to protect the brain from oxygen deprivation. The diving response has already been studied intensively
during maximal apneas, but information on training protocols of submaximal apneas is lacking. 02 and CO2 tables are
timed repeated submaximal breath-holds used by free divers to improve apnea duration. The aim of this study was to
describe the physiological responses during maximal apneas, 02 and CO2 tables in order to determine the most feasible
training method to improve apnea duration in apnea novices.

METHODS: 28 physically active individuals (23 + 3 years old; 175 + 9 cm; 69.7 + 7.9 kg) naive to apnea performed 3 apnea
protocols in random order: traditional based training session (maximal apneas), 02 table (increasing apneic time, long
rest periods), CO2 table (short apneas, decreasing rest periods). Heart rate (HR), muscle and cerebral oxygenation (by
NIRS) and arterial oxygen saturation (Sa02) were measured continuously during apnea. RM ANOVA's were used fo com-
pare acute changes between protocols throughout the final apnea for AHR, peripheral (AmTOIl) and cerebral (AcTOI) tissue
oxygenation index and ASa02.

RESULTS: Decrease in AHR and AmTOI did not significantly differ between protocols (p=0.662; p=0.545). AcTOI remained
close to baseline at the end of the final apnea in CO2 tables (-1 + 9%), while a significant drop was seen in 02 tables (-6 +
10%) and the maximal apnea protocol (-14 + 15%) (p=0.012). ASa02 decreased significantly more during maximal apneas
(-15 + 4%) compared to O2 tables (-5 + 2%) and CO2 tables (-4 + 2%) (p=0.004).

CONCLUSION: Despite a similar cardiovascular diving response in the three protocols, arterial oxygen saturation and
brain oxygenation decreased to a greater extend during the maximal apnea protocol. Compared to the maximal apnea
protocol, 02 and CO2 tables provide less physiological strain on the body. A combination of all three protocols seems
most feasible to improve apnea duration in apnea novices.

POST-ISCHEMIA MICROVASCULAR REACTIVITY DURING ACUTE HYPOXIC EXPOSURE IN TRAINED AND UNTRAINED MALES
AND FEMALES

MANFERDELLI, G.1, RABERIN, A.1, SCHORDERET, F.1, MILLET, G.P.1
I: UNIVERSITY OF LAUSANNE

INTRODUCTION: Sex-specific differences in vascular function have been widely investigated but contrasting findings have
been reported. Recent evidence showed greater skeletal muscle resting oxidative metabolism in trained males and fe-
males compared to their untrained peers, as well as in males compared to females. Hypoxia is also known fo affect
skeletal muscle environment by inducing local vasodilation, but the combined influence of sex, fitness level and acute
hypoxic exposure on microvascular reactivity remains unclear. Preliminary results suggest that, under hypoxic conditions,
females have lower peripheral limitations during exercise compared to males. This study investigated sex and fitness level
differences in acute microvascular responses to ischemia and compared endurance trained vs untrained, female vs male
young adults in normoxia vs normobaric hypoxia.

METHODS: Fifty young healthy participants were divided in four groups according to their sex and aerobic fitness; trained
females (TF, n=12, VO2peak=54.9+4.0 ml-min-1-kg-1), control females (CF, n=11, 46.3+3.8 ml-min-1-kg-1), trained males
(TM, n=12, 68.0+6.8 ml-min-1-kg-1) and control males (CM, n=15, 54.3+4.3 ml-min-1-kg-1. Participants performed two
incremental cycling tests to exhaustion, one in normoxia and the other in normobaric hypoxia (FI02=0.141), to determine
peak oxygen uptake (by metabolic cart). Before each test, resting skeletal muscle oxidative metabolism and post-ischemia
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microvascular responsiveness in normoxia and hypoxia were evaluated by combining Near-Infrared Spectroscopy and
the vascular occlusion test on the vastus lateralis muscle.

RESULTS: Hypoxia lowered VO2peak in all participants (P<0.001), though the magnitude of the decrease was greater in
males compared to females (P<0.001) and in trained compared to untrained (P<0.001). Baseline tissue saturation index
(TSI) was lower in males compared to females (P<0.001), in trained compared to untrained participants (P=0.011), and in
hypoxia compared to normoxia (P=0.010). The desaturation rate (calculated as the linear regression during the first 60-
secs of occlusion) and the reperfusion rate (calculated as the linear regression of the first 10-secs post-occlusion) were
lower in females compared to males (P<0.001 and P<0.001, respectively) and in hypoxia compared to normoxia (P<0.001
and P=0.048). When the reperfusion rate was normalized for the ischemic stimulus (i.e., minimum TSI reached during the
5-min occlusion), females showed a lower reperfusion rate compared to males (P<0.011), with no effects of fitness level or
hypoxia.

CONCLUSION: In conclusion, young female adults demonstrated reduced resting skeletal muscle oxidative metabolism
and microvascular responsiveness compared to males, but without differences between fitness levels nor influence of
hypoxic exposure.

MUSCLE OXYGENATION UNDULATES DURING EACH REPETITION OF RESISTANCE EXERCISE

MAVRIDIS, K., PETRIDOU, A., MOUGIOS, V.
ARISTOTLE UNIVERSITY OF THESSALONIKT

INTRODUCTION:  Although near-infrared spectroscopy (NIRS) has been widely used in studying muscle oxygenation in
endurance exercise, its use in resistance exercise is limited (Miranda-Fuentes et al., 2021). Muscle oxygenation during
resistance exercise depends on intensity, volume, rest interval between sets, duration of each repetition, type of muscle
activity, and muscle being evaluated. Data separating the eccentric and concentric phases of dynamic resistance exercise
are lacking. Thus, the aim of this study was to examine the oxygenation of three quadriceps muscles [vastus lateralis (VL),
vastus medialis (VM) and rectus femoris (RF)] during the eccentric and concentric phases of the parallel high-bar back
squat.

METHODS: Eighteen young resistance-trained males performed 5 sets of parallel high-bar back squat in a Smith machine,
with 15 repetitions each: two warm-up sets [at 14% and 45% of 15-repetition-maximum (15RM)] and 3 main sets at 100%
15RM. Participants exercised while watching a model video, so that the duration of the descending (eccentric) and as-
cending (concentric) phases be exactly 1.5 s each. Rest interval between sets was 2 min. Three NIRS devices were at-
tached to VL, VM and RF of the dominant leg and recorded muscle oxygen saturation (SmO2) at a frequency of 2 Hz, thus
producing three values per phase. Blood lactate concentration was measured after each set. Data are presented as
mean + SD. SmO2 data were analyzed by repeated-measure two-way ANOVA (muscle x set), and lactate data were
analyzed by one-way ANOVA.

RESULTS: In all three muscles, SmO2 dropped during each set and was reinstated during recovery. The drop from start to
end of each set differed between muscles (65.5 + 7.0, 63.2 + 8.0% and 36.2 + 21.2 for VL, VM and RF, respectively, p <
0.001) and sefs (in sequence, 34.8 + 13.8, 53.5 + 10.1, 59.8 + 8.6, 64.6 + 9.0 and 64.8 = 8.0%, p < 0.001). Importantly,
SmO2 undulated during each repetition, increasing during the descending phase and decreasing during the ascending
phase. The average amplitude of SmO2 undulation was 4% in VL, 10% in VM and 8% in RF, reaching at times two-thirds of
the average SmO2. The half-time of muscle reoxygenation was 28 + 8 s after each set. Blood lactate increased linear
from set o set (p < 0.001), reaching 9.9 + 3.9 mmol/L at the end.

CONCLUSION: Quadriceps muscle oxygen was largely depleted and rapidly repleted during exhausting squatting exer-
cise. This, combined with the modest lactate values, suggests a high aerobic energy contribution. For the first time, we
report that SmO2 undulated during each repetition in a way corresponding to the magnitude of the instantaneous energy
demands, that is, increasing while lowering the weight and decreasing while lifting the weight. This indicates a quick
response of the circulatory system in providing as much oxygen as possible to the exercising muscles.

REFERENCE:
Miranda-Fuentes C, et al. (2021). Int J Environ Res Public Health 18: 4293.

THE INFLUENCE OF SEX ON PULMONARY OXYGEN UPTAKE AND DEOXYHEMOGLOBIN KINETICS DURING MODERATE AND
SUPRAMAXIMAL INTENSITY RUNNING

CURTO, D.1,2, NICOLAU, M.1, ESPADA, M.3, MONTEIRO, C.1,2, MATIAS, C.4, MORGADO, J.4, ALVES, F.1,2, REIS, 1,2,5

I- FACULDADE DE MOTRICIDADE HUMANA, UNIVERSIDADE DE LISBOA, PORTUGAL, 2- CIPER, FMH, UL, PORTUGAL 3- IPS,
SETUBAL, PORTUGAL 4- CIDEFE, LISBOA PORTUGAL 5- LQRC-CIEQV, RIO MAIOR, PORTUGAL

INTRODUCTION: Women have smaller hearts, cardiac outputs, hemoglobin concentrations (1) and higher O2 extraction for
the same relative exercise intensity than men while presenting a less effective matching of the 02 delivery and utilization
(2). These sex differences in the ability to deliver and to use oxygen by the working muscle could potentially influence
pulmonary oxygen uptake (VO2) and deoxyhemoglobin (IHHb]) kinetics at different exercise intensities. However, research
has produced conflicting results with studies showing faster VO2 kinetics in males whereas other found no differences.
Also, the literature that simultaneously evaluated VO2 and [HHb] kinetics are scarce. Therefore, we aimed to compare the
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VO2 and [HHb] kinetics at moderate and supramaximal intensity running between physically active adult men (M) and
women (W).

METHODS: Twenty seven participants (14 M; 27.43 + 5.69 years; 71.95 + 7.56 kg and 13 W; 22.85 + 4.22 years; 56.25 +
5.97 kg) completed one incremental test to exhaustion to determine VO2max, first ventilatory threshold (VT1), second venti-
latory threshold (VT2) and maximal aerobic velocity (MAV), and square wave transitions for moderate (80% of VT1) and
supramaximal (110% of MAV) intensities. VO2 was collected breath-by-breath and [HHb] of the vastus lateralis was deter-
mined by near-infrared spectroscopy. The parameters of the VO2k and [HHb] kinetics were determined using a monoex-
ponential model. Data was compared between sexes by an independent samples T Test, with significance level set at <
0.05.

RESULTS: No significant differences were observed between groups, in the time constant of the primary component of the
VO2 and HHb kinefics neither for moderate (M: 30.75 + 8.54 s; W: 31.52 + 6.71sand M:19.39 + 7.02 s; W: 24.73 + 18.76 s,
respectively) nor supramaximal running (M: 23.51 + 10.19 s; W: 19.56 + 6.73 s and W: 17.73 + 9.81 s; F: 18.02 + 16.97 s,
respectively). However, men presented higher VO2 kinetics amplitude in supramaximal exercise than women (M: 44.69 +
7.97 mlkg-1.min-1; W: 39.25 + 4.03 ml.kg-1.min-1). Men also had higher body mass (M: 71.95 + 7.56 kg; W: 56.25 + 5.97
kgl , and velocity associated with VT1, VT2, and MAV (M: 8.93 + 1.07 km.h-1; W: 7.62 + 0.87 km.h-1; M:11.62 + 1.04 km.h-1;
W:10.31+ 0.95 km.h-1; M: 14.82 + 1.23 km.h-1; W: 12.96 + 1.03 km.h-1, respectively).

CONCLUSION:  Although men presented higher velocities associated with traditional endurance parameters, namely
ventilatory thresholds and MAV, the time constant for VO2 and [HHb] kinetics were not different between sexes in moder-
ate and supramaximal intensities. On the other hand, we observed higher amplitudes in men at supramaximal intensities
suggesting a higher rate of increase of oxygen uptake per second in men and consequently a quicker onset at higher
exercise intensities. References: 1.Wiebe et al., (1998); 2.Murias et al. (2011).

Oral presentations
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ECCENTRIC HAMSTRINGS TORQUE PRODUCTION AND ELECTROMYOGRAPHIC ACTIVITY OF THE POSTERIOR MUSCLE
CHAIN DURING UNASSISTED VERSUS ASSISTED NORDIC HAMSTRING EXERCISE

DEMEUSOQY, P., CORCELLE, B., MARCHAND, F., BAIZE, D., BONTEMPS, B., DA SILVA, F., MONIJO, F., PIPONNIER, E.
UNIVERSITE COTE DAZUR

INTRODUCTION: The deficit of maximal hamstrings eccentric torque is considered as a major risk factor of hamstring
strain injury (1). As a result, many eccentric exercises have been developed, with the Nordic Hamstring Exercise (NHE)
being among the most effective in improving eccentric torque and prevent muscle injuries. However, some athletes are
not able to withstand the load imposed by this exercise. Assisted NHE has recently been investigated to enhance ham-
strings strength at long muscle length (2). However, it remains unknown whether assisted NHE would result in greater
eccentric torque production and/or activities of posterior muscle chain than classical NHE, i.e. unassisted NHE. In this line,
our study was designed to compare hamstrings eccentric forque production and electromyographic (EMG) activities of the
posterior muscle chain during unassisted NHE and four different assisted NHEs.

METHODS: Twelve voluntary participants (9 males, 3 females, age: 24.6 + 4.5 years) performed five different NHE at max-
imal eccentric intensity and at the same controlled knee angular velocity. One was the classical unassisted NHE. Two
assisted NHEs were performed to replicate the unassisted NHE (constant hip flexion of 0°), bilaterally and unilaterally
(NHEOB and NHEOU, respectively). The two other assisted NHEs were performed unilaterally and reproduced the most
common hamstring strain injury mechanisms. The first one reproduced the over-stretch mechanism, with constant 90° of
hip flexion during the movement (NHE90U), and the second one reproduced the sprint-related hamstring strain mecha-
nism, with knee and hip kinematics based on the late swing phase of the sprint step cycle (NHELSU). Maximal hamstrings
eccentric tforque production (Tmax), time-torque integral (TTi) and EMG integral (EMG) of seven muscles of the posterior
muscle chain were calculated during each NHE.

RESULTS: Unassisted NHE resulted in significantly lower Tmax (p<0.05) and TTi (p<0.001) than all assisted NHEs, as well as
a lower iEMG in maijority of measured muscles (p<0.05). In addition, for injury specific assisted NHEs, only NHELSU
showed a significantly greater Tmax (p<0.01) than during NHEOU. However, no significant difference was reported in
hamstrings iIEMG between NHELSU and NHEOU.

CONCLUSION: Assisted NHE results in a greater time under tension and muscle length of hamstrings at the end of the
movement. This could explain the greater eccentric torque production and higher integrated EMG activities of posterior
muscle chain during assisted NHEs. In addition, eccentric torque could be maximized during NHELSU due to the continu-
ous shift in hip flexion. To maximize hamstrings eccentric torque and activation, our results suggest that assisted NHE
should be preferred over unassisted NHE. Assisted NHE replicating the sprint-related hamstring strain mechanism could
be considered as the preferred modality for hamstring eccentric training or hamstring strain injury prevention.

REFERENCES:
(1) Timmins et al., 2016
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(2) Alt et al., 2021

THE ACUTE EFFECTS OF TRANSCRANIAL DIRECT CURRENT STIMULATION ON THE PERFORMANCE OF VELOCITY-BASED
SQUAT TRAINING

CHEN, T., ROMERO-ARENAS, S.
UNIVERSIDAD CATOLICA SAN ANTONIO

INTRODUCTION: Transcranial direct current stimulation (tDCS) was found to increase the number of repetitions, maintain
movement velocity, and lower perceived exertion while performing strength training until exhaustion (1). Before reaching a
defined velocity loss, tDCS may enhance the number of repetitions with a lower perceived effort. Hence, tDCS may modu-
late the performance of velocity-based training. Therefore, the aim of this study was to examine the effects of {DCS on the
number of repetitions, movement velocity, and rating of perceived exertion (RPE) in squat exercise when the velocity loss is
less than 15%.

METHODS: Eight healthy men (age 22 + 3.4 years) were subjected to 20 min of 2.0 mA anodal tDCS over either [1] the
bilateral primary motor cortex (M1) or [2] the dorsolateral prefrontal cortex (DLPFC), or 20 min of [3] a SHAM stimulus in a
crossover randomized controlled trial manner. The direct current was imposed on a pair of square electrode pads (7.6cm
x 7.6cm). Immediately after each stimulus, the first set of repeated explosive (only in the concentric phase) squats was
performed until a 15% decrease in the mean propulsive velocities (MPV); the number of repetitions and MPV were as-
sessed, and the RPEs before and after each repeated squats were recorded in OMNI-RES scale. After 90 s, the following
four consecutive sets were conducted in the same manner with 90 s intervals. The data were compared by repeated
measures ANOVA.

RESULTS: Immediately after the stimuli over M1 and DLPFC, the number of repetitions (8.4+2.5 and 8.3+3.3, respectively)
was higher than those after a SHAM stimulus (6.6+3.2; p= 0.25 and 0.29 against M1 and DLPFC, respectively). After 90 s
interval, the number of repetitions decreased to 7.0+£2.6 (for M1, p=0.04 vs. SHAM), 6.5+2.6 (for DLPFC, p= 0.1 vs. SHAM),
and 4.6x1.1 (for sham). After the first two training sets and intervals, the effects of tDCS on the number of repetitions were
not apparent (the 3rd sef: 6.0+1.9 for M1, 5.6+2.4 for DLPFC, 5.8+1.7 for sham). For the MPV, the M1 stimulus resulted in a
persistently higher velocity (0.61+0.05 m/s, p=0.25 vs. SHAM) than the DLPFC (0.59+0.04 m/s, p=0.69 vs. SHAM|] and
sham (0.58+0.05 m/s) for all five sets. The RPEs for all three stimuli increased from four (the first set) to eight (the fifth set) in
a similar manner.

CONCLUSION: The tDCS induced an enhancing effect on the MPV of the explosive concentric phase of squats, and the
improved performance in the number of repetitions (especially in the first two sets) could be conducted with similar RPEs.
Therefore, the ergogenic effect of tDCS on explosive exercise is not only perceptual, it did exert realistic positive influences
on physical performance.

1. Alix-Fages et al. (2020)

EVIDENCE FOR HUMAN MUSCLE MASS REALLOCATION IN RESPONSE TO RESISTANCE TRAINING

VAN VOSSEL, K.1, HARDEEL, J.1, VAN DE CASTEELE, F.1, VAN DER STEDE, T.1,2, BOONE, J.1, BLEMKER, S.3,4, LIEVENS, E.1,
DERAVE, W.1

1. GHENT UNIVERSITY; 2. UNIVERSITY OF COPENHAGEN; 3. UNIVERSITY OF VIRGINIA; 4. SPRINGBOK ANALYTICS

INTRODUCTION: Human skeletal muscle has the profound ability to hypertrophy in response to resistance training. Yet,
muscle mass accretion has a high energy and protein cost (1) and is mainly restricted to recruited muscles. To date, it
remains largely unknown what happens with non-recruited muscles during chronic resistance training, especially in
relation to dietary energy and protein availability. Using advanced MRI- and Al-based approaches for muscle segmenta-
tion, we investigated the volume changes of upper arm muscles and all leg muscles, both those recruited and non-
recruited, during a single-joint resistance training program.

METHODS: Eleven male and 10 female young, resistance training novices performed 10 weeks of knee extensions, knee
flexions, arm extensions and arm flexions to failure 3x/week. Volume changes of the recruited (n = 17) and non-recruited
(n = 13) upper arm and leg muscles were measured by MRI-based 3D segmentation. Daily energy (kcal/kg fat free mass)
and protein (g/kg body mass) intake were measured thrice by self-reported diaries. Subjects were post-hoc divided into a
HIGH (n = 11) or LOW (n = 10) energy intake group. Training-induced volume changes (paired sample t-tests) and differ-
ences befween the HIGH/LOW energy intake groups (ANCOVAs, sex as covariate] were assessed. Pearson correlations
examined relationships between energy/protein intake and volume changes.

RESULTS: The training program induced significant hypertrophy in all recruited arm and leg muscles (range: +2 to +17%). In
contrast, the non-recruited adductor magnus (-1.5 + 3.1%, p = 0.04) and soleus (-2.4 + 2.3%, p <0.001) significantly de-
creased in size. Positive correlations were found between energy intake and changes in adductor magnus (r = 0.61, p
<0.01) and soleus volume (r = 0.43, p = 0.05) and between protein intake and changes in adductor magnus (r = 0.45, p =
0.04), gastrocnemius medial head (r = 0.43, p = 0.05) and tibialis posterior volume (r = 0.43, p = 0.05). The LOW energy
intake group showed atrophy in the adductor longus (-4.7 + 4.0%, p <0.01), soleus (-3.4 + 2.0%, p <0.01), adductor mag-
nus (-2.9 + 2.3%, p <0.01) and fibulari (-2.2 + 2.6%, p = 0.04) while no volume loss was observed in any individual muscle
of the HIGH energy intake group.

131 28" ANNUAL CONGRESS OF THE EUROPEAN COLLEGE OF SPORT SCIENCE



OP-APOQ3 Training and Testing: Power and strength

CONCLUSION: To our knowledge, this is the first study to document the basic but surprising finding that some non-trained
muscles significantly atrophy in a period of resistance training. Our data therefore suggest muscle mass reallocation, i.e.
that muscle hypertrophy in recruited muscles takes place at the expense of muscle atrophy in non-recruited muscles,
especially when energy and/or protein availability is limited. This could be important o understand the evolutionary ad-
vantage of maintaining the hypertrophy potential in states of low energy availability (e.g. famine) and could have modern-
day applications for sport science (e.g. training while weight cutting) and health-related resistance training.

1Slater et al (2019). Front Nutr, 6:131

DOES THE TRAINING BREAK MATTER? UPPER AND LOWER LIMB MUSCLE STRENGTH FOLLOWING 20-WEEK INTERMITTED
VS. CONTINUOUS RESISTANCE TRAINING

AHTIAINEN, J.P., HALONEN, E., HULMI, J.J.
FACULTY OF SPORT AND HEALTH SCIENCES, UNIVERSITY OF JYVASKYLA

INTRODUCTION: In everyday life, people face challenges implementing systematic resistance training (RT). Health prob-
lems, work commitments, etc., can prevent RT for a period, which can compromise achieving the benefits of regular RT.
This study aimed to examine the effect of a detfraining period in the middle of the RT intervention on maximal upper and
lower limb strength response.

METHODS: 42 healthy, previously untrained men and women volunteers (32 (5) years) participated in a 32-week interven-
tion. Participants were randomized (stratified by sex, age, and BMI) info intermitted (TraDeRe, n=20) and confinuous train-
ing groups (ConTra, n=22). TraDeRe group conducted a 10-week RT period followed by a 10-week detraining period. After
that, a 10-week RT was repeated like the first period. ConTra started with a 10-week non-training period followed by a 20-
week RT. The RT protocol was the same for both groups, with equal volume load for the elbow flexors and knee extensors.
The supervised RT was carried out twice per week, and the program included 3x10 bench presses and 4 sets of 10 repeti-
tions of leg presses, knee extensions, biceps curls, and seated back row. The last set of the training week was continued
until failure, and the RT loads for the following week were determined accordingly. One repetition maximum (IRM) of
barbell biceps curl (BC) and horizontal concentric leg press (LP) was tested 2 weeks before the intervention, before the first
study period (Pre), and after each study period.

RESULTS: Technical error of measurement was 5.4% and 8.7% between -2 and 0 weeks in LP and BC, respectively. LP
increased (p < 0.001) by 22 (9) % and 29 (11) % in ConTra and 22 (13) % and 29 (16) % in TraDeRe after the first and second
10-week RT period, respectively. BC increased (p < 0.001) by 22 (11) % and 34 (15) % in ConTra and 25 (19) % and 35 (21) %
in TraDeRe after the first and second 10-week RT period, respectively. No statistically significant differences were observed
between the groups. Detraining induced a -5 (4) % (p < 0.001) and -4 (7) % (p < 0.05) decrease in LP and BC, respectively.
The gains in LP and BC did not correlate after the intervention (r = 0.272, p = 0.083). In TraDeRe, gains in the first and sec-
ond 10-week RT period correlated in LP (r = 0.720, p < 0.001) but not in BC (r = 0.360, p < 0.119).

CONCLUSION: A 10-week detraining period between two 10-week RT periods did not compromise the improvement in
maximal strength compared to continuous RT. Thus, at least during the first few months of RT, a 10-week break from train-
ing may only delay the increase in strength achieved with RT. Non-significant correlation between LP and BC strength
increases indicates that RT-induced strength gains may not occur similarly in the upper and lower limb muscles. The
association observed in TraDeRe in the improvements in LP strength between the first and second 10 weeks of RT indi-
cates that the strength responses to RT can be reproducible and, thus, mainly driven by physiological factors.

HYPERTROPHIC LOADING-INDUCED AVERAGE CONCENTRIC POWER AND ELECTROMYOGRAPHIC RESPONSES DIFFER IN
LEG PRESS VS. SMITH-MACHINE BACK SQUAT

KOTIKANGAS, J., WALKER, S., HAKKINEN, K., PELTONEN, H.
UNIVERSITY OF JYWWASKYLA

INTRODUCTION: Back squat and leg press exercises involve the same major muscle groups, but they differ in their bio-
mechanical properties [1,2]. These differences may affect, e.g., the magnitude of activated muscle mass and muscle acti-
vation strategies during resistance exercise [1-3]. Thus, we examined how Smith-machine back squat vs. leg press exer-
cises affected the progression of neuromuscular fatigue within typical hypertrophic loadings.

METHODS: 10 recreationally active males performed hypertrophic loadings (5x10-RM, rest 1.5 min) in Smith-machine back
squat (SS) and leg press (LP). Average concentric power (AP), and electromyographic activity of vastus lateralis (VL], vastus
medialis (VM), rectus femoris (RF), quadriceps femoris, i.e., the averaged activity of VL, VM and RF (GQF), biceps femoris (BF)
and gluteus maximus (GLU) muscles were recorded during the concentric phases of selected repetitions within all loading
sets. Blood lactate concentrations (BL) were measured before, after SET3 (MID) and after the loadings.

RESULTS: The total work performed during SS was significantly higher (p<0.001), and a greater relative decrease in AP (-
21-+3%) occurred during SS (p<0.05). Significant effects for loading were observed in QF, VM, VL, GLU and BF
(F(1,9)>6.390, p<0.05, np2>0.415), so that normalized sEMG values were significantly greater during SS (p<0.05). Signifi-
cant loading x set interactions were observed in VL (F(2,18)=4.433, p<0.05, np2=0.295), RF (F(1.1,9.9)=8.830, p<0.05,
np2=0.495) and QF (F(2,18)=5.453, p<0.05, np2=0.377) indicating greater relative increases during LP within SET5 in VL
(+31+13%, p<0.05) and SET3 and SET5 in both RF (+17+6 and +46+15%, respectively) and QF (+18+6 and +33+12%, respec-
tively, p<0.05). Significant loading x set x repetition interaction for RF was found (F(4,36)=2.680, p<0.05, np2=0.229) indi-
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cating greater relative increases in RF during the repetitions of SET5 of LP. A significant loading x time interaction was
found in BL (F(1.7,18.3)=4.610, p<0.05, np2=0.295), so that BL was significantly higher in MID of SS (p<0.01).

CONCLUSION: The greater total work performed during SS was accompanied by greater muscle activation measured by
normalized sEMG set-to-set. These factors resulted also in larger acute neuromuscular fatigue observed as a greater
decrement in AP during SS. This acute neuromuscular fatigue may explain even decreased sEMG during the latter part of
SS. The different hip joint positions between the exercises could also explain differences in sSEMG. In LP, the hip joint re-
mains flexed, and thus hip extensors (e.g., GLU) are unable to produce force optimally and possibly placing a greater
demand for QF to complete work observed as greater relative increases in sSEMG [2,4]. The flexed hip position may also
enable RF to act as a knee extensor and take a greater role in force production while fatigue accumulates during LP [5].

1. Escamilla et al. (2001) 2. Padulo et al. (2017) 3. Clark et al. (2012) 4. Gentil et al. (2016) 5. Ema et al. (2016)
Oral presentations
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MOTOR UNIT BEHAVIOUR ADJUSTMENTS DIFFER DURING INTERMITTENT AND SUSTAINED ISOMETRIC KNEE EXTENSION
TASKS TO FAILURE

VALENCIC, T.1, ANSDELL, P.2, BROWNSTEIN, C.3, HOLOBAR, A.4, SKARABOT, J.1

1 LOUGHBOROUGH UNIVERSITY, UK; 2 NORTHUMBRIA UNIVERSITY, UK, 3 NEWCASTLE UNIVERSITY, UK; 4 UNIVERSITY OF
MARIBOR, SLOVENIA

INTRODUCTION: Performance fatigability is associated with adjustments in motor unit (MU) discharge behaviour (1, 2).
Whilst fatigability is known to vary with task demands (3), it remains unclear whether the associated modulation in MU
discharge is also task dependent. This study examined and compared MU behaviour adjustments during two different
submaximal isometric tasks to failure.

METHODS: Nine participants (1 female) completed an intermittent (INT; 11 seconds ramp contraction, 4 seconds resf) and a
sustained (SUS) isometric knee-extension task to failure at 50 and 20% of maximal voluntary contraction (MVC) force,
respectively. MVCs were performed before and immediately after each task, with voluntary activation (VA) and quadri-
ceps-potentiated resting twitch force (Qtw) assessed using femoral nerve stimulation. During each task, high-density
surface electromyography (EMG) signals were recorded from vastus lateralis (VL) and medialis (VM) and decomposed info
discharge timings (4) in nonoverlapping windows of 3 contractions or 30 seconds for INT and SUS, respectively. Identified
MUs were tracked from recruitment to task failure using an iterative process of MU filter optimisation and application (5) in
overlapping windows across task duration. Mean discharge rates (MUDR) at target force, and recruitment (MURT) and
derecruitment (MUDRT) thresholds during each contraction in INT were quantified for tracked MUs. Global EMG amplitude
and force steadiness were also quantified at the target force throughout each task. All variables were averaged within ten
windows of 10% of the time to task failure (TTF). Linear mixed models were used to assess whether the outcome variables
are predicted by TTF, muscle, and task.

RESULTS: TTF was 531+134 and 217+82 seconds for INT and SUS, respectively. MVC force, VA, and Qiw decreased at task
failure (p=<0.0001), with similar decrements in both tasks. Global EMG amplitude increased (p<0.0001) to a similar degree
during both tasks (p=0.4912). Force steadiness decreased with time (p<0.0001), with a greater decrease during SUS com-
pared fo INT (p=0.0147). VL and VM MUDR was modulated during both tasks (p<0.0001), with different, distinct patterns
found between the two tasks (p<0.0001). During SUS, MUDR was decreased between 40% to 80% TTF (p<0.010) before
returning to baseline, whereas during INT, MUDR remained stable until 50% TTF, after which it increased above baseline
and continued to increase until task failure (p<0.010). During INT, both VL and VM MURTs and MUDRTs gradually de-
creased with time (both p<0.0001).

CONCLUSION: Our results provide evidence that adjustments in MU discharge behaviour during submaximal isometric
contractions to task failure depend on task demands.

REFERENCES:

1 Adam & De Luca 2005, J Appl Physiol

2 Martinez-Valdes et al. 2020, J Neurophysiol

3 Hunter 2018, Cold Spring Harb Perspect Med

4 Holobar & Zazula 2007, IEEE Trans signal Process

5 Francic & Holobar 2021, IEEE Access

133 28" ANNUAL CONGRESS OF THE EUROPEAN COLLEGE OF SPORT SCIENCE



OP-BMO02 Neuromuscular Physiology: Fatigue

SEX DIFFERENCES IN MUSCLE FATIGUE DEVELOPMENT AND INTRAMUSCULAR METABOLIC PERTURBATIONS DURING
INTERMITTENT ISOMETRIC EXERCISE

COLOSIO, M., LAMBOGLIA, M., PASTORIO, E., GATTI, M., VERNILLO, G., TEMESI, J., FIORENZA, M., BANGSBO, J., HOSTRUP,
M., PORCELLI, S.

UNIVERSITY OF MILAN

INTRODUCTION: Women are more muscle fatigue resistant than men during isometric tasks (3). Studies have suggested
that a number of physiological factors lead to slower fatigue development in women than men during exercise, ultimately
prolonging fime to task failure in women at the same relative intensity (1,3). It remains unknown whether exercise-related
accumulation of metabolites within skeletal muscle differentially affects fatigue development in women and men. The aim
of this study was to investigate sex-specific differences in intramuscular metabolic perturbations during exhaustive inter-
miftent isometric knee-extensor exercise.

METHODS: Fourteen males (M) (26+2ys) and 14 eumenorrheic women (W) (24+3ys) visited the laboratory twice. In visit 1,
isometric knee-extensors critical torque (CT) was estimated by a 5-min all-out test (3s on/2s off) (2). In visit 2 (W in luteal
phase), participants performed intermittent isometric knee-extensor exercise to task failure at 110% of CT. To determine
knee-extensors fatigability maximal voluntary isometric contraction (MVIC), voluntary activation (VA], evoked high-
frequency doublet (Db100) and potentiated twitches (St] were evaluated before (PRE), at 9 min (MID), and at task failure
(POST). At the same time points, intramuscular levels of pH, ATP, PCr and Cr were determined in vastus lateralis muscle
biopsies. Within-time and between-sex differences were evaluated by 2-way repeated measures ANOVA.

RESULTS: At PRE, MVIC torque was higher in M than W (259+70 vs 152+24Nm; P<.001). At MID, MVIC torque was de-
creased more in M than W (-43+9 vs -34+8% from PRE; P<.05). At POST, no differences in MVIC torque loss were observed
between M and W (-55+7 vs -53+6% from PRE), while time to task failure was shorter in M than W (1017498 vs 1511+506s;
P<.01). VA and Db100 decreased over time (P<.001) to a similar extent in M and W. St torque loss was higher in M than W
(-45£13% vs -37+15%; P<.05) at MID, whereas no sex-specific differences were observed at POST. No changes in muscle
[ATP] were found over time. Muscle pH decreased and [Cr] increased over time (P<.001) without sex-specific differences.
From PRE (M:64+19 and W:64+2Immol*kgDW-1) muscle [PCrl declined during exercise in M (MID: 45+13; POST:
34+13mmol*kgDW-1, both P<.05) but not in W (MID: 55+13; POST: 50+16 mmol*kgDW-1).

CONCLUSION: Women and men showed similar exercise-induced torque loss and intramuscular metabolic perturbations
after intermittent isometric knee-extensor exercise performed at same relative target force. However, women can sustain
the task for longer duration and are better to preserve muscle [PCr] during the task. These results indicate that a faster
depletion of muscle PCr and, hence, accumulation of inframuscular inorganic phosphate may contribute to the faster
fatigue development in men than women during submaximal intermittent isometric exercise.

MIND OVER MUSCLE? A DECEPTIVE STUDY ON NEUROPHYSIOLOGICAL MECHANISMS ASSOCIATED WITH STOPPING EF-
FORT

MATTA, P.M., GLORIES, D., ALAMIA, A., BAURES, R., DUCLAY, J.
UNIVERSITE PAUL SABATIER

INTRODUCTION: While physical performance has long been thought to be limited only by physiological factors, many
experiments denote that psychological ones can also influence it (1). An interesting paradigm to study the influence of
psychological factors on performance is manipulating them without participants’ awareness (2). Using this methodology,
previous results (3) showed a performance improvement during a cycling task performed to exhaustion when the clock
was covertly slowed down by 10% compared to a condition where the clock was normal. However, the neurophysiologi-
cal mechanisms underlying this performance improvement remain unclear to date. Therefore, the purpose of the current
study was to investigate the neurophysiological adaptations associated with improved performance when the clock is
unconsciously slowed down.

METHODS: Twenty-four subjects participated in five identical sessions during which they had to maintain an isometric
knee extension against a fixed resistance (20% of their maximal torque) for as long as possible. A digital clock was con-
tinuously displayed in front of them to keep them constantly informed on their performance (i.e., holding time). During one
of the two last sessions, clock calibration was slowed down at 90% of its actual speed (i.e., 100 s displayed = 111 s real),
unbeknownst to the subjects. Neuromuscular fatigue was assessed over these last two sessions — defined as Normal and
Biased respective to the clock calibration — by pre- fo post-exercise changes in quadriceps maximal voluntary torque
(MVT), voluntary activation level (VAL), and potentiated twitch (Tw). The kinetics of neuromuscular fatigue accumulation
during the task were quantified using the root mean square of quadriceps electromyographic activity RMS-EMG).

RESULTS: Real holding time was significantly higher in the Biased session compared to the Normal session (p < 0.05).
Neuromuscular fatigue, assessed by MVT, VAL, and Tw pre-post comparison, was present in both Normal and Biased
sessions [p < 0.05 for all) but without difference in magnitude between sessions (p > 0.05 and BF < 0.3 for alll. Further
analyses (using computational modeling) on intra-task RMS-EMG data revealed a neuromuscular fatigue accumulation
following subjective rather than real time for individuals whose performance strictly improved when the clock was slowed
down (N = 16).

CONCLUSION:  Our study showed a significant performance improvement when the clock was slowed down without
increasing the associated neuromuscular fatigue. This specific pattern relies on a fatigue accumulation dependent on
subjective rather than real time for participants who improved their performance when the clock was slowed down. These
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results support a psychological influence on neuromuscular processes, thus expanding the literature on mind-body influ-
ence.

REFERENCES:

1. Noakes, Appl Physiol Nutr Metab, 2011

2. Williams et al., Med Sci Sports Exerc, 2014
3. Morton, J Sci Med Sport, 2009

AETIOLOGY OF NEUROMUSCULAR FATIGUE DURING REPEATED SPRINTS IN SYSTEMIC VS LOCALIZED HYPOXIA.
MOUGIN, L.1, DI DOMENICO, H.1, HINTZY, F.1, HAYES, M.2, RUPP, T.1

1 SAVOIE MONT-BLANC UNIVERSITY, LIBM, EA 7424, CHAMBERY, FRANCE. 2 ENVIRONMENTAL EXTREMES LABORATORY,
SCHOOL OF SPORT AND HEALTH SCIENCES, UNIVERSITY OF BRIGHTON, EASTBOURNE, UK.

INTRODUCTION:  Systemic hypoxia (SH) and blood flow restriction (BFR) are two methods used to improve the ability fo
repeat sprints [1,2]. Previous research explored the impact of these altitude-simulation modalities on neuromuscular fa-
tigue INMF) during upper-limb repeated sprint exercise RSE)[3], but, methodological considerations such as time between
cessation of exercise to measurement and the lack of individualization of exercise modadilities are still preventing observa-
tions in the lower limbs. The aim of this study was to compare the impact of SH and BFR on the kinetics and aetiology of
NMF during lower limb cycling RSE, using an innovative instrumented cycle-ergometer allowing measurements between
sprints.

METHODS: 15 healthy males (22+4 yrs; 70+8 kg) performed 2 trials of RSE (10-sec sprint / 28-sec recovery) on a custom
ergometer until an individualized task-failure criteria (i.e. 30% decrease in sprint mean power). Exercises were done in 2
randomized hypoxic conditions: BFR (45% of arterial occlusion) and SH (Fi02=0.13) Maximum voluntary contraction of the
quadriceps (MVC), central [voluntary activation (VA and peripheral alterations [twitch (Pt] were evaluated pre and imme-
diately (i.e. no delay) post each sprint. For each RSE, sprints were expressed as a percentage of the total number achieved
until task-failure. Individual data were extrapolated at 0, 25, 50, 75 and 100% of the RSE. Throughout the protocol, periph-
eral oxygen saturation (SpO2 by pulse oximetry) and quadriceps muscle oxygenation (TSI by near-infrared spectroscopy)
were recorded. Repeated measure ANOVAs and Holm correction for post-hoc tests were performed.

RESULTS: Subjects completed 8 + 4 sprints with BFR and 7 + 3 sprints in SH, with no significant difference between condi-
tions. MVC and VA were decreased in both conditions but perturbations were exacerbated in BFR (e.g. MVC pre-post: -
46+14% BFR vs -24+12% SH, p<0.001; VA pre-post -19+15% BFR vs -5+8% SH, p<0.001, respectively F(1,14)=23 & F(1,14)=12).
For MVC & VA, condition effects were significant from 50% to 100% (p<0.05). Pt similarly decreased from 0 to 75% in both
condifions (-35+26% BFR vs -30+20% SH) and then plateaued (F(1,14)=0.1; p=0.902). Decreases in SpO2 (pre-post: -3+2%
BFR vs. -30+8% SH; p<0.001) and TSI (pre-post: -23+4% BFR vs. -27+5% SH; p<0.001) were impacted to a greater extent in
SH.

CONCLUSION: The number of sprints performed during RSE until an individualized task-failure threshold was similar un-
der SH and BFR but NMF and its aetiology differed. Peripheral alterations occurred from the beginning to 75% of the exer-
cise duration and were similar in both hypoxic modalities, while the exacerbated decline in MVC under BFR from mid-
exercise was concomitant with additional central alterations that may be due to higher ll/IV afferents activity. Finally, BFR
did not emphasize localized hypoxia compared fo SH.

REFERENCES:

1.Brocherie et al., Sports Med, 2017.
2.McKee et al., Strength Con J, 2023.
3.Peyrard etal., Eur J Appl Physiol, 2019.

IMMEDIATE AND PROLONGED EFFECTS OF SUBMAXIMAL ECCENTRIC VS. CONCENTRIC FATIGUING PROTOCOLS ON HAM-
STRINGS NEUROMUSCULAR FUNCTION

CORCELLE, B., MONJO, F., DA SILVA, F., GIODA, J., GIACOMO, J.P., BLAIN, G.M., COLSON, S.S., PIPONNIER, E.
UNIVERSITE COTE DAZUR

INTRODUCTION: Repetition of infense hamstrings contractions, such as during maximal sprints, induce hamstrings neu-
romuscular fatigue from peripheral and central origin [1]. However, it is unknown whether such fatigue is mainly deter-
mined by the repetition of eccentric (ECC) or concentric (CON) hamstrings contractions during exercise and whether it is a
short or long-lasting phenomenon. Given that neuromuscular fatigue is considered as a risk factor for hamstrings strain
injuries [1], determining the effects of separate repeated ECC and CON contractions during fatiguing exercise is crucial to
better understand the etiology of hamstrings neuromuscular fatigue. Our study was thus designed to compare the imme-
diate and prolonged effects of unilateral ECC or CON repeated contractions on hamstrings neuromuscular function.

METHODS: On separate days, sixteen men repeated sets of five unilateral hamstrings contractions at 80% of the ECC or
CON 1 repetition maximum (IRM) with a voluntary controlled knee angular velocity (i.e., ~ 10°/s). Contractions were per-
formed on a dedicated hamstrings ergometer until a 20% decrement in maximal voluntary isometric contraction (MVC)
torque was reached. Each set was separated by 25-s at rest during which hamstrings neuromuscular function was as-
sessed. Exercise-induced hamstrings fatigue was quantified using pre- to immediately after (POST) and 24 hours (POST 24)

135 28" ANNUAL CONGRESS OF THE EUROPEAN COLLEGE OF SPORT SCIENCE



IS-SHO1 Sport and climate change: challenges and opportunities

after exercise changes in high and low frequency potentiated paired twitches forques (T100 and T10, respectively) as well
as voluntary activation level (VA). T100 and T10 were evoked by electrical myostimulations and VA was measured using
the inferpolated twitch technique.

RESULTS: Compared to baseline, independently of the contraction type, significant reductions in T100 (ECC: -13.3%; CON: -
9.7%; p < 0.001), TIO (ECC: -5.1%; CON: -11.8%; p < 0.05) and VA (ECC: -3.0 %; CON: -2.4%; p < 0.001) were found at POST.
However, these reductions did not persist at POST24.

CONCLUSION: For the same MVC forque drop (i.e., ~ 20%), repeated ECC or CON contractions provoked similar levels of
peripheral and central hamstrings neuromuscular fatigue. This suggests that the etiology of hamstrings neuromuscular
fatigue during such exercise does not depend on contraction type. These findings may find applications in hamstrings
injury prevention methods. Indeed, while solely ECC strengthening is usually prescribed on the field to improve hamstrings
force and fatigue resistance [3], the combination of ECC and CON strengthening protocols should also be considered
because fatigue during repeated sprints likely arises from the repetition of both contraction type.

REFERENCES:
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OUTDOOR SPORTS AND THE ENVIRONMENT: BALANCING ACCESSIBILITY AND SUSTAINABILITY
SCHUT, P.
UNIVERSITE GUSTAVE FIFFEL

Current environmental issues raise questions about the relationship between man and the environment. This relationship
is at the basis of outdoor sports, which have enabled people to discover and explore exceptional places through sport.
There is a certain constancy for the aesthetic admiration of places. But the efforts to make the sites accessible, which are
inseparable from tourism, have contributed to altering the sites before the emergence of ecological or sustainable devel-
opment ideas have led practitioners to adopt a more responsible approach. The purpose of this paper is, through exam-
ples taken from several physical activities, to show the evolution of the relationship with the natural environment and the
transformations between admiration, understanding and protection that practitioners have been able o put forward in
their activities.

SUSTAINABILITY THROUGH TECHNOLOGY? POTENTIALS, RISKS, AND PARADOXES IN SPORT ORGANISATIONS' SUSTAINA-
BLE TECHNOLOGY STRATEGIES

TJONNDAL, A.
NORD UNIVERSITY

Technology is a vital enabler in sport organisations' efforts to contribute to sustainable development and the mitigation of
climate change. For instance, technology enables the development of new sports apparel and equipment made from
sustainable materials. Technology also enables new digital forms of sport participation and consumption that may reduce
sports' carbon emissions. Additionally, new 'smart stadiums' use sustainable technology strategies to make sport events
resource-saving and minimize emissions. The aim of this paper is to examine the role of technological innovation in sport
organisations' strategies to mitigate climate risk and become more ecologically sustainable. The main argument in the
paper is that the relationship between technology and sustainability in sports is often simplified. Using empirical exam-
ples such as Bodg/Glimt's plans for a new ‘smart' football stadium, the green sport event EcoTrail Oslo, and Nofir's project
of recycling fishing nets to goal netting in team sports, the paper highlights potentials, risks, and paradoxes in sport or-
ganisations' sustainable technology strategies.

PERFORMANCE OR SUSTAINABILITY? TENSIONS BETWEEN (ELITE) SPORT LOGICS OF PERFORMANCE AND REDUCING
ENVIRONMENTAL IMPACT

SVENSSON, D.
MAIMO UNIVERSITY

In the face of climate change, and driven by the logic of sportification, many sport landscapes have become more de-
pendent on advanced technology. In this paper, we analyze how sport practitioners view the landscapes in which they
conduct their training and competitions. Specifically, we explore the role of technology in balancing performance and
environmental sustainability by analyzing two cases that are both impacted by climate change. The first case focuses on
the role of sustainable development among individuals who have alpine skiing as their profession and lifestyle, primarily
as ski instructors. Their relation to sport landscapes and seasonality over two decades explain how the environment and
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climate has changed and affected the possibility to ski and having skiing as a living (or nof). There is a tension between
the importance of technology in artificial snow production to sustain a full season, and a more caring attitude towards the
nature and mountains. The desire to work with skiing is strong and, to some extent, work towards environmental sustain-
ability. The second case zooms in on cross-country skiers, and the tensions between (elite) sport logics of performance
and reducing the environmental impact (Backman & Svensson, 2022). We argue that the tension between performance
and environmental sustainability becomes explicit in relation to climate change, and that sport with its long tradition of
regimentation and standardization regarding technology and performance (Loland, 2018) has the potential fo become a
driving force in climate-related adaptations.

Oral presentations
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THE INTERPLAY BETWEEN ACTIVE DRAG, ARM STROKE EFFICIENCY AND PROPULSIVE POWER AS DETERMINANTS OF
FRONT CRAWL SPRINT PERFORMANCE

PETERSON SILVEIRA, R.1, RAINETEAU, Y.1,2, PLA, R.2, BIDEAU, B.1, NICOLAS, G.1, BIDEAU, N.1

1M2S LAB — LABORATOIRE MOVEMENT SPORT SANTE, UNIVERSITE RENNES 2, RENNES, FRANCE. 2 FEDERATION FRANGCAISE
DE NATATION, PARIS, FRANCE.

INTRODUCTION: Swimming performance depends on the balance between mechanics and energetics. Athletes must
maximize propulsion (thus increasing the metabolic input) while minimizing hydrodynamic resistance (thus decreasing the
energy cost) (1. Moreover, identifying key predictors of performance obtained from field tests is of particular interest for
coaches, performance analysts and athletes. Therefore, the aim of this study was to verify in-field the association between
active drag coefficient, propulsive power, propelling efficiency, and maximal sprint performance in front crawl.

METHODS: Male and female competitive swimmers of different levels participated in this study (n=51). They performed four
all-out semi-tethered front crawl sprints with increasing loads (0.1, 2.0, 4.0, and 6.0 kg) using an electromechanical device
(1080 Sprint, Sweden). To avoid maijor changes in the duration of each trial as the load increased, swimmers were asked
to swim 25 m in the first trial (0.1 kg), 25 m in the second trial (2.0 kg), 20 m in the third trial (4.0 kg), and 15 m in the fourth
trial (6.0 kg). Average swimming speed and semi-tethered force were obtained from ~10-20 m in the unloaded trial. The
number of strokes executed before and within this window was computed and used as a reference to calculate the aver-
age speed and semi-tethered force in the other trials (i.e., 2.0-6.0 kg). A linear regression of the semi-tethered force vs
swimming speed relationship was used to obtain input parameters to be included in the calculation of Drag, drag coeffi-
cient, and propulsive power using the Velocity Perturbation Method (2). The arm stroke efficiency was obtained from the
ratio of the average forward speed and the average tangential hand speed (1,3). A stepwise regression was used to
identify the association between the selected parameters and maximal sprint performance in front crawl swimming
(a=5%).

RESULTS: Two models predicting front crawl sprint performance were obfained from the stepwise regression: (i) including
propulsive power (R2=0.797; p<0.001), (i} including propulsive power and active drag coefficient (R2=0.965; p<0.001). The
arm stroke efficiency was excluded by the stepwise regression and, individually, presented a negligible correlation with
maximal swimming speed (r=-0.274; p=0.026).

CONCLUSION: Propulsive power and active drag coefficient obtained using a coach-friendly semi-tethered swimming
protocol are strongly related to maximal front crawl sprint performance. Despite its importance in converting the total
mechanical power into useful propulsive power, and its known correlation with swimming economy (an important deter-
minant of performance in longer distances) the arm stroke efficiency was not a strong predictor of sprint performance in
front crawl.

REFERENCES

1) Peterson Silveira et al., JERPH (2019)
2) Kolmogorov et al., JBiomech (1992)
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HAND THRUST DURING FREE AND TETHERED SWIMMING: AN ANALYSIS OF ASYMMETRY
RUSSO, G.1, COLORETTI, V.1, FANTOZZI, S.2, CORTESI, M.1
UNIVERSITY OF BOLOGNA

INTRODUCTION: Analyzing athletes” parameters, such as forces during swimming, is essential to enhance performance
(1,2).

The use of wearable sensors could facilitate this process due to their cost-effectiveness, ease of use, and ecological ap-
proach.

In this research, we investigated how hand thrust forces vary according fo two swimming tests (tethered vs. free) and
between the two hands (dominant vs. non-dominant). We hypothesized larger forces in terms of average force (Fmean),

137 28" ANNUAL CONGRESS OF THE EUROPEAN COLLEGE OF SPORT SCIENCE



OP-AP19 Swimming: Training and Testing

impulse (I, and peak force (Fpeak) in tethered compared with the free swimming and in the dominant compared with the
non-dominant hand.

METHODS: Eleven skilled swimming athletes (age = 15.4 + 0.5y.; body mass = 58.0 + 7.1Kg; stature = 168.4 + 5.0 cm)
performed a 10-second tethered front crawl only arms test (Tef), and 10 seconds free front crawl only arms fest (Free)
wearing two wearable pressure sensors, one for each hand. The thrust force of each hand was estimated as the product
of differential pressure (palmar minus dorsal side) and hand surface. Considering circle-shaped hand kinematics, only the
horizontal component of hand thrust force was used for the analysis. Average force (FMEAN), impulse (l), average peak
(FPEAK), and instantaneous (by means of Statistical Parametric Mapping, SPM) were analyzed as a function of swimming
condition and dominant/non-dominant hand. The symmetry index (SI) was analyzed as a function of swimming condi-
tions.

RESULTS: Results indicated larger Fmean, Fpeak, and | during Tet compared to the Free condition (F > 4.23, p < .05;
Fmean: Tet = 34.0 + 9.7 N vs. Free = 28.7 = 7.8 N; Fpeak: Tet = 74.6 + 22.0 N vs. Free = 66.8 £ 152 N; |: Tet = 28.0 £ 5.3
Ns vs. Free = 22.0 + 5.3 Ns). Whereas S| was non-significant. SPM highlighted a larger Fmean in Tet condition only at the
beginning of the stroke (entry phase, from 7 to 28% of the cycle).

In addition, non-significant differences were observed for Fmean between the hands (p > .05), and SPM confirmed these
results ([p > .05). However, larger Fpeak and | in the dominant compared with the non-dominant hand were found (F >
.11, p < .05; Fpeak: dominant = 65.3 = 15.9 N vs. non-dominant = 62.7 = 14.4 N; I: dominant = 26.3 = 8.0 Ns vs. non-
dominant = 23.5 + 5.6 Ns).

CONCLUSION: The swimmer appears to exert larger hand propulsion in tethered- than free- swimming. However, our
findings of the symmetry model and the hand-propelling balance during tethered- and free-swimming were not conclu-
sive, and further investigations could help in better understanding this phenomenon (3).

REFERENCES:
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APPLYING SEVERE AND EXTREME INTENSITY SWIMMING TRAINING IN THE SAME SESSION: EFFECT OF SET SEQUENCE ON
PHYSIOLOGICAL RESPONSES AND PERFORMANCE

NIKITAKIS, 1., PAPADOPOULOS, K., PRAGIAS, E., PARADISIS, G., BOGDANIS, G., TOUBEKIS, A.
NATIONAL AND KAPODISTRIAN UNIVERSITY OF ATHENS

INTRODUCTION: Swimming training may include sets in various intensities that applied concurrently and with varied or-
der. The sequence of training sets may affect performance and physiological response of the whole session and in each
set separately. The aim of this study was to investigate the effect of set sequence on performance and physiological re-
sponses in a fraining session and in each set separately.

METHODS: Twelve swimmers (18.7+3.4 years) performed 50 and 400 m maximal efforts to estimate maximal speed and
maximal aerobic speed (MAS), respectively. Training sets of 8x100 m at MAS (set A - severe) and 8x50 m at 95% of the
maximal speed (set B - extreme) were planned, both including 30 s of recovery between repetitions. In two randomized
order sessions swimmers completed the following set sequences: i) set A - set B (A-B), ii) set B - set A (B-A) with 10 min of
passive recovery between sets. Time to complete each repetition and heart rate (HR) were recorded contfinuously. Lactate
concentration [La-] was determined at the start, middle and end of each set and the mean [La-] was calculated. Blood pH,
base excess (BE) and bicarbonate (HCO3) were determined before and after each set. Plasma volume percentage chang-
es (APV) after each training set was calculated based on hematocrit and hemoglobin changes. R-R intervals were record-
ed the night after each session and HRV was calculated. The logarithm of root mean square successive difference
(LNRMSSD) was used to examine the effect of the entire session on autonomic nervous system.

RESULTS: Performance in each set separately was not different between sessions regardless of sets sequence (p>0.05).
Mean HR was not different between sessions in each set (p>0.05). Mean [La-] in set A was higher in B-A condition com-
pared to the reverse order (A-B: 6.0+2.4, B-A: 9.0+1.8 mmol-L-1, p<0.05). However, in set B, [La-] was similar between
sessions (p>0.05). Mean pH of the entire A-B session was higher and BE and HCO3 were lower compared fo B-A session
(pH: A-B: 7.336+0.046, B-A: 7.303+£0.033, BE: A-B: -6.6+2.8, B-A: -9.2+2.3 mmol/L, HCO3: A-B: 19.3+£2.2, B-A:17.2+1.8
mmol/L, p<0.05). However, acid-base parameters in each set separately did not change irrespective to the set sequence
(p>0.05). APV did not differ between sessions and did not change in each set irrespective to the set sequence (p>0.05).
Nocturnal LnRMSSD did not differ between sessions and in each set independent of the applied sequence (p>0.05).

CONCLUSION: Training sets sequence does not affect performance in each set separately but may influence the entire set

physiological responses. The overall effect of the entire training session in parameters determining acid-base balance is
magnified when a near-maximum intensity set is followed by a set at MAS compared to the reverse order.
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INFLUENCE OF AN INTENSIVE 6-DAY TRAINING PERIOD ON A SUBMAXIMAL PERFORMANCE TEST IN NATIONAL LEVEL
YOUTH SWIMMERS

BRANDTS, M., SKORSKI, S., MEYER, T.
SAARLAND UNIVERSITY

INTRODUCTION: Previous studies have reported that the Lamberts and Lambert Submaximal Cycling test (LSCT) can be
used tfo predict performance(l) and monitor fatigue/fitness(2). However, to our knowledge there is no sport specific sub-
maximal test which can be applied for these purposes in swimming so far. Therefore, the aim of the current study was to
assess whether a modified swim-specific version of the LSCT (LSCTmod) is responsive to an intensive 6-day training peri-
od.

METHODS: Seventeen, German and Dutch national swimmers participated in an 8-day training camp. At day 1 (Pre)and 8
(Post), the LSCTmod was conducted in a 50 m pool. Between day 1 and 8, an intensive 6-day training period was carried
out. Before the test, participants were asked for their 400 m personal best time. The LSCTmod consisted of three submax-
imal stages aiming at 60% (stage 1; 500 m), 80% (stage 2; 500 m) and 90% (stage 3; 200 m) of personal 400 m best times.
Participants were provided with an individual 100 m target time corresponding to the intensity of each stage. In between
stages there was a 30-second break, during which heart rate (HR) and Borg’s rating of perceived exertion (RPE) were
obtained. Effects on HR and RPE during the LSCTmod were analysed using a two-way analysis of variance (ANOVA). Re-
sults are presented as means+SD for HR and time and median [interquartile rangel for RPE. Partial eta squared was cal-
culated as effect size.

RESULTS: For the LSCTmod, 100 m target times were set at 113+7 s for stage 1, 85+5 s for stage 2 and 76+5 s for stage 3.
Comparing day 8 to day 1, change in HR was -6+12 bpm, -7+20 bpm and -5+20 bpm and change in RPE was 0 [1], -1 (2]
and 0 [2]at stage 1, 2 and 3, respectively. There was no significant main effect of the training camp on HR (F1,16=3.36;
P=.070; n2p=0.03) nor RPE (F1,16=1.12; P=.292; n2p=0.01). A decrease in HR coincided with an equal/increased RPE in
11/18 participants at stage 1, 2/18 participants at stage 2, and 5/18 participants at stage 3.

CONCLUSION: The findings of the current study show that an intensive 6-day training period resulted in a decrease in HR,
albeit not significant, and no change in RPE during the LSCTmod. Although, a lower HR and a similar/higher RPE was
found in most participants in stage 1, none of them displayed this pattern over all three stages. However, the reliability of
the LSCTmod has not yet been investigated and the lack of familiarization might partly explain the results.

1. Lamberts RP, Swart J, Noakes TD, et al. A novel Submaximal Cycle Test to Monitor Fatigue and Predict Cycling Perfor-
mance. British Journal of Sports Medicine. 2011;45(10):797-804. doi:10.1136/bjsm.2009.061325

2. Hammes D, Skorski S, Schwindling S, et al. Can the Lamberts and Lambert Submaximal Cycle Test Indicate Fatigue and
Recovery in Trained Cyclists?. International Journal of Sports Physiology and Performance. 2016;11(3):328-336.
doi:10.1123/ijspp.2015-0119

EFFECTS OF 12-WEEK CONCURRENT TRAINING ON GENERAL ATHLETIC ABILITY AND SPECIFIC ATHLETIC PERFORMANCE
OF PREADOLESCENT SWIMMERS

YIN, X.
SHANGHAI RESEARCH INSTITUTE OF SPORTS SCIENCE

INTRODUCTION: Concurrent training (CT) refers to simultaneous strength training and aerobic endurance training within a
training cycle(Wilson, et al. 2012). Due to differences in anthropometric and physiological differences between children
and adults, some previous research conclusions cannot be directly applied to children. Hence, the main aim of this study
was to analyze and explore the changes of prepubertal swimmers anthropometrics, general motor abilities and swim-
ming performance before and after the concurrent training intervention.

METHODS: In this study, 36 pre-adolescent swimmers were randomly divided into experimental group (EXP, N=40; age =
9.9 £ 0.90 yr.) and control group (CON, N=18; age = 10.0 £0.60 yr.) from the local Swimming School in Huangpu District.
During the 12-week intervention period, the EXP performed water swimming endurance training, 80%-85% 1RM strength
and plyometric training, while the CON group performed specific-swimming endurance and land-specific endurance
training. After the intervention training, a post-test was conducted on all subjects, and the tests and process were exactly
the same as the pre-test.

In addition to static jump(SJ) and countermovement jump(CMJ), all swimmers performed general motor abilities tests
consisting of 20m sprinting(SP), 40s sit-up(SU), 40s push-up(PU), standing long jump(SLJ), 15s jumping sidewards (JS), 6min
running(RU) from six subtests of Deutscher Motorik-Test 6-18 (Bés and Schlenker 2011), while 50m and 400m freestyle
performance was measured in the swimming pool before and after the implementation of CT program.

A 2 (group: EXP, CON) by 2 (time: pre, post] analysis of variance (ANOVA) for repeated measures was executed to deter-
mine whether there were a significant interaction and/ or significant differences among swimmers’ Repeated Measures
of all types of motor tests and freestyle performance, comparing training modalities (EXP group versus CON group)

RESULTS: The test result showed that there were significant interaction for two training groups in regard to repeated
measures of SJF (1,34)=9.75,P=0.005), CMJF (1,34)=24.74, P=0.000), SLJF (1,34)=11.18 ,P=0.003), JSIF (1,34)=8.2,P=0.009)
and 50m freestyle performancelF (1, 34) = 4.42, p = 0.47]. After 12 weeks of training, the performance of SJ (AMD=1.05,
p=0.037, ES=0.83), CMJ (AMD =2.0, p<0.001, ES=1.08), SLJ (AMD =0.62, p<0.001, ES=2.10), SUAMD =0.69, p<0.001,
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ES=3.0), PU[AMD =0.28, p<0.001, ES=1.10), SPIAMD =0.28, p<0.001, ES=0.8), JSAMD=0.28, p<0.078, ES=2.23), RUIAMD
=0.21, p<0.001, ES=0.58), and 50m freestyle(AMD =-1.17, p<0.001, ES=0.60) were all improved in EXP compared to before.
CONCLUSION: Concurrent 12-week training was more effective in improving lower-body power, core endurance, coordi-
nation, and 50-meter freestyle performance in prepubertal swimmers than specific-swimming endurance training alone.
It shows that without increasing the amount of training, the same period of training is more efficient than individual specit-
ic endurance training.

Oral presentations
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ASSESSING THE KEY PHYSICAL CAPABILITIES IN STRIKING COMBAT SPORTS: RELIABILITY AND REPRODUCIBILITY OF A
NEW TEST.

GUSCIGLIO, B., MORIN, J.B.
UNIVERSITE JEAN MONNET

INTRODUCTION: The rules and technical aspects of combat sports make it difficult to determine key performance indica-
tors [11. It is well established that striking actions require a combination of explosive strength, power, and speed alongside
a well-developed cardiovascular system, particularly the anaerobic system [1, 2. The Force-Velocity-Power (FVP) and
anaerobic assessments used in combat sports were generally upper or lower body dominant [2]. In striking combat
sports, the Landmine Punch Exercise (LPE) has a high fransfer potential due to similarities with striking skills. Therefore, the
main focus of this study was to investigate the reliability and reproducibility of the LPE as a specific neuromuscular and
anaerobic assessment for striking combat sports. The second purpose was to compare the FVP obtained by the multiple-
points (MP) versus the two-points (TP) method.

METHODS: Ten high-level boxers performed three trials consisting of FVP (both TP and MP methods) and fatigue tests
using the LPE. The FVP test consisted of incremental loading (20%, 30%, 40%, and 50% of the body mass) using ballistic
bar throws (i.e. LPE). After performing FVP profiles, the load eliciing Pmax was applied for a 30-s all-out LPE effort. A 3D
accelerometer (Microgate Gyko Repower, Bolzano, Italy) was used to determine biomechanical variables from the as-
sessments: maximal theoretical force (FO), velocity (VO), power (Pmax), the slope of the relationship (Sfv), peak power
(Ppeak), mean power (Pmean), minimal power (Pmin) and a fatigue index (FI%). Analyses of variance and reliability plus
reproducibility were tested through intraclass correlation coefficients (ICCs), coefficients of variation (CVs), effect size (ES),
and coefficient of correlation while comparisons between the TP and the MP methods were carried out through, paired t-
tests, ES, coefficient of correlation and Bland-Altman plots.

RESULTS: Analyses of variance and paired t-tests didn't reveal significant differences for test-retest sessions and methods
comparisons, respectively. This was associated with high within-subject intra-session and inter-session reliability and
reproducibility, found for both FVP and fatigue test parameters (CVs<10%, ICCs>0.67, ES < 0.2 for FO, VO, Pmayx, Sfv, Ppeak,
Pmean, Pmin and Fi% and r > 0.88) [3, 4. In addition, the TP and MP methods showed high validity and agreement (FO: r
=0.88, VO: r = 0.95, Pmax: r = 0.96, Sfv: r = 0.93 and all ES were <0.11).

CONCLUSION: The novel LPE test presented in this pilot study is a highly reproducible tool for evaluating both neuromus-
cular and anaerobic components specific to the discipline. Alongside that main result, athletes and coaches may prefer-
entially use the TP method to reduce fatigue and the time required to perform the testing procedure and to better under-
stand striking performance in combat sports.

1. Barley et al. (2019) 2. Chabeene et al. (2012) 3. Hopkins et al. (2009) 4. Lenetsky et al. (2018)

NEUROMUSCULAR, PHYSICAL FITNESS, AND COMPETITIVE PERFORMANCE IN HIGH-LEVEL JUDO ATHLETES
FRANCHINI, E.1, GUILHEIRO, L.M.2, MARINO, T.K.2, CAPELLI, L.2
1. UNIVERSITY OF SAO PAULO: 2. ESPORTE CLUBE PINHEIROS

INTRODUCTION: Judo is a combat sport that requires elevated levels of muscle power, aerobic fitness, strength-
endurance and speed for optimal competitive performance [11. However, little is known about these aspects during the
tapering phase and their relationship with competitive performance. Therefore, this study aimed to compare muscle pow-
er, aerobic power, strength-endurance, and speed-related variables in male and female judo athletes who won medals
(MW) and those who did not (NMW) in a national competition.

METHODS: Nineteen high-level judo athletes (9 males, 23 (22;29) years of age, 81(73;100) kg of body mass, 4 MW; and 10
females, 22 (20;24) years of age, 63 (53;68) kg of body mass, 5 MW) who were preparing for a Brazilian national-level
tournament took part in this study. During the tapering period, athletes executed tests (between 13 and 3 days before
competition) to determine peak power for squat and bench press exercises (using loads between 30% and 80% of their
one-repetition maximum), long-standing jump, maximal number of repetitions during a chin-up test gripping the judogi,
maximum speed in a 5-s uchi-komi test, and maximum aerobic speed in judo uchi-komi test. Values are presented as
median and inferquartile intervals. Mann-Whitney U-test was utilized o compare MW and NMW within each group. Sig-
nificance level was set at 5%.
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RESULTS: MW and NMW did not differ (p>0.05) in any performance-related variables: squat (W) — male: MW = 914
(900;974); NMW = 878 (751;1007); female: MW = 593 (580;627); NMW = 576 (567;611); bench press (W) — male: MW = 712
(624;789); NMW = 677 (666,697); female: MW = 359 (333;392); NMW = 372 (359;384); long standing jump — male (cm):
MW = 259 (243;277); NMW = 270 (263;282); female: MW = 216 (212;222); NMW = 224 (218;225); chin-up (rep) - male: MW
=17 (12;23); NMW = 19 (17;22); female: MW = 13 (12;17); NMW = 9 (8;13); maximum uchi-komi speed (rep/min) - male: MW
= 87.7 (87.3;109.7); NMW = 92.5 (86.5;94.4); female: MW = 86.8 (79.2;95.1); NMW = 93.0 (86.1;95.0); uchi-komi maximum
aerobic speed (rep/min) - male: MW = 65.3 (62.2;66.7); NMW = 61.2 (55.9;65.1); female: MW = 64.3 (62.2;65.2); NMW =
60.7 (58.5;62.1).

CONCLUSION: Neuromuscular and physical fitness variables during the tapering period did not differ between male or
female MW and NMW. It is likely that well-developed neuromuscular and physical fitness are necessary but not sufficient
abilities for top-level judo performance.

1. Franchini et al. (2011) Sporst Medicine

PILOT DATA OF THE EFFECTS OF MIXED MARTIAL ARTS SPARRING ON AUTONOMIC BRAIN FUNCTION

KIRK, C., MADEN-WILKINSON, T., CHILDS, C.
SHEFFIELD HALLAM UNIVERSITY

INTRODUCTION: Automated pupil light reflex (PLR) is a valid indicator of reduced autonomic brain function with and with-
out loss of consciousness. Feasibility of PLR to identify acute changes in autonomic brain function has not yet been exam-
ined in a sports sefting. As a combat sport featuring repeated sub concussive head impacts, mixed martial arts (MMA)
sparring may provide a model to understand acute PLR changes in response to such trauma. Therefore, the purpose of
this pilot study was to explore changes in automated PLR following MMA sparring.

METHODS: 7 MMA athletes (age = 24+3 years; mass = 76.5+9 kg; stature = 176.4+8.5 cm) took part in their regular spar-
ring sessions (8 rounds x 3 mins:1 min recovery). PLR of both eyes was measured (NPi-300, Neuroptics, USA) immediately
pre and post sparring. Variables measured were min and max pupil diameter (mm), constriction velocity (CV, mm-s-1),
dilation velocity (DV, mm-s-1), PLR latency (s) and ‘NPi’ (AU) - a proprietary variable representing overall pupil response.
Pre-post comparisons were made for: left eye (L); right eye (R); both eyes averaged together; differences between left and
right eyes. Statistical differences were indicated by Bayes factors (BF10) 23 on paired samples t tests and Cohen'’s d.

RESULTS: L NPi improved following sparring (BF10 = 5, d = 1.2; PRE = 4.07+0.3 AU; POST = 4.19+0.3 AU). Minimum L pupil
size reduced (BF10 = 8, d = 1.5; PRE = 5.6+1.1 mm; POST = 5.2+1.1 mm). There were no changes in R. Both eyes averaged
together displayed improved NPi (BF10 = 4; d = 1.2; PRE = 4.1£0.3 AU; POST= 4.2+0.3 AU), decreased max pupil size (BF10
= 3;d =1; PRE = 5.8+1.1 mm; POST = 5.4+1 mm), decreased min pupil size (BF10 = 4; d = 1.2; PRE = 3.8+0.9 mm; POST =
3.4+0.7 mm) and reduced PLR latency (BF10 = 3; d = 1.1; PRE = 0.23+0.02s; POST = 0.21+0.01s). Each eye had different min
sizes both pre (BFI0 = 4d =1; L = 3.7+0.9 mm; R = 3.9+£0.9 mm) and post sparring (BF10 = 4; d = 1.2; L = 3.3+0.7mm; R =
3.5+0.7 mm). Each eye also had different max sizes (BF10 = 3; d = 1.1; L = 5.2+1 mm; R = 5.6x1 mm) and max CV (BF10 = 3;
d=11%L=48+1.1mm-s-1;R=5.3+0.8mm-s-1) post sparring.

CONCLUSION: Acute improvements to PLR but increased anisocoria occurs following MMA sparring. Improved PLR may
result from high intensity exercise arousal. Future studies require repeat series measurements following MMA sparring to
measure the decay of these changes and any PLR decrements potentially masked by arousal.

PHYSIOLOGICAL RESPONSES AND ENERGY SYSTEM PROFILING DURING THE SIMULATION OF EPEE COMPETITIONS IN
ELITE FENCERS

YANG, W.
CHA UNIVERSITY

INTRODUCTION: To determine sport-specific characteristics, this study aimed to evaluate physiological responses and
energy system contributions during simulated epée competitions in elite fencers.

METHODS: Ten elite male fencers participated in this study. They performed simulated epée (direct elimination; DE) match-
es. Simulated epée matches consisted of three rounds of three min each, with one min rest between each round. During
these competitions, physiological parameters such as heart rate (HRpeak and HRmean), oxygen uptake (V' 02peak and V
‘02mean), metabolic equivalents (METs in V '02peak and V 02mean), and blood lactate concentrations (Peak La- and
delta La—; Ala-) were determined. Furthermore, energy system contributions (oxidative; WOxi, glycolytic; WGly, and phos-
phagen; WPCr) using the PCr- La—-02 method and time-motion parameters were calculated.

RESULTS: Values of HRpeak, HRmean, and WOXxi (%) were significantly higher in the second and third rounds compared
with the first round (p < 0.05, p < 0.0001, p < 0.01, and p < 0.0001, respectively). Values of V 02peak and METs in V
‘02peak were significantly higher in the first round compared with the third round (p < 0.05, respectively). Values of aAla-,
and WGly (kJ and %) were significantly lower in the second and third rounds compared with the first round (p < 0.01, re-
spectively). V'02mean and METs in V '02mean were significantly higher in the second round compared with the third
round (p < 0.05, respectively). Furthermore, WOXi (k) and %) was significantly higher in all bouts compared with WPCR and
WGly (p < 0.0001, respectively). Low positive and negative correlations were seen between WOxi, V' 02mean, and sum of
attacks and defence times (ADT) and the sum of time without attacks and defences (STWAD) (WOxi vs ADT: r = 0.48; R2 =
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0.23, V'O2mean vs ADT: r = 0.45; R2 = 0.20, WOxi vs STWAD: r = -0.49; R2 = 0.24, and V'02mean vs STWAD: r = -0.45;
R2 = 0.20, respectively).

CONCLUSION: Direct elimination epée matches include high-intensity intermittent exercise and the oxidative energy con-
tribution is 80 to 90% of the total energy demand. Improving aerobic performance such as the increased ability of energy
recovery may support high-intensity intermittent actions during entire epée matches (3 rounds) in elite fencers.

FORCE-VELOCITY-POWER PROFILING USING ISOMETRIC AND DYNAMIC PERFORMANCE TESTING
VIEIRA, A., CUNHA, R, TUFANO, J.
UNIVERSITY OF BRASILIA

INTRODUCTION: The dynamic strength index (DSI) (also known as the explosive strength deficit or dynamic strength deficit)
is a ratio between the peak force obtained during a ballistic movement and isometric peak force. In practice, DSI has been
described as reliable in athletes and is theoretically able to provide insights about strength training prescription. For ex-
ample, the resultant DSI could indicate whether an athlete should prioritize force (high-load, low-velocity) or velocity (low-
load, high-velocity) training, but DSI is only a single variable that is based on the relationship between two types of peak
force, and there is apparently a lack of relationships between DSI and other common performance variables (1). However,
maximal isometric strength could be combined with several other maximal dynamic strength (MDS) variables fi.e., kinetic
or kinematic variables that can be extracted from jump data) that may better express neuromuscular functioning during
performance-related tasks such as jump height (JH) and takeoff momentum. Therefore, we aimed to investigate the rela-
tionship between variables obtained from maximal isometric strength combined with fast MDS and jump performance.

METHODS: Fifteen male combat sports athletes (27 + 5 years, 77 + 9 kg, 1.76 £ 0.1 m, 14 + 6% body fat) participated in 2
testing sessions. The first session involved testing familiarization procedures, while during the second session, isometric
mid-thigh pull FO (N), peak force (N), and mean force (N) were measured. Additionally, mean velocity (m/s), JH (m), and
takeoff momentum (kgm/s) were gathered from a squat jump (SJ). We then calculated a linear relationship between force
and velocity, which allowed us to obtain the slope of the relationship (SFV) and the theoretical velocity at zero force (VO)
and Pmax as a function of FOV0-4-1 (2). Pearson’s correlations were used to assess the relationships between JH and
takeoff momentum with FO, VO, SFV, Pmax, and DSI.

RESULTS: Large relationships existed between takeoff momentum and FO r = 0.54, p = .038) and Pmax (r = 0.81, p <.001)
as well as between JH and VO (r = 0.75, p = .001) and SFV (r = 0.52, p = .045). In contrast, no relationship existed between
DSl and jump performance.

CONCLUSION: Maximal isometric strength can be combined with other fast MDS variables that derive from a dynamic
task to provide force-velocity-power profiling, which was largely correlated with vertical jump performance in this study.

Oral presentations
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THE MODERATING ROLE OF PRE-TEST PERFORMANCE ON THE AFTEREFFECTS OF ACUTE AEROBIC EXERCISE ON COGNI-
TIVE PERFORMANCE

KAMIO, K.
CHUKYO UNIVERSITY

An increasing number of studies has focused on the aftereffects of a single dose li.e., bout) of acute aerobic exercise on
cognitive function. Studies on this topic are considered particularly important, as positive findings may motivate sedentary
individuals to start exercising (or adhere to an exercise regimen), since repeated daily exposure to acute exercise could
lead to long-term cognitive as well as physical health benefits. However, our recent systematic review (ishihara et al.,
2021) found that more than one-third of previous studies did not determine any beneficial effects of acute aerobic exercise
on cognitive performance. To identify possible factors underlying the lack of consensus in the literature, we focused on
individual differences in pre-test (i.e., baseline) cognitive performance.

In the first study, we conducted a meta-analysis using individual participant data (IPD meta-analysis) to demonstrate that
individual differences in pre-test cognitive performance can affect the aftereffects of acute aerobic exercise (Ishihara et al.,
2021). Specifically, the beneficial aftereffects of acute aerobic exercise on cognitive performance were greater in partici-
pants with lower cognitive performance at pre-test. The second study focused on infraindividual changes in cognitive
performance. Specifically, we examined whether the aftereffects of acute aerobic exercise would change depending on
circadian rhythms of cognitive performance. The results indicated that the aftereffects of acute aerobic exercise on cogni-
tive performance differ by time of day, with greater beneficial effects following afternoon exercise, starting at 2 or 3 pm,
than morning exercise, starting at 10 or 11 am (preliminary data). The post-lunch dip is a well-established phenomenon of
decreased cognitive performance between 2 and 4 pm. Therefore, the beneficial aftereffects of acute aerobic exercise are
likely to be greater when the level of cognitive performance is low due to circadian rhythms.

Collectively, these findings demonstrate that pre-test performance strongly moderates the aftereffects of acute aerobic
exercise on cognitive performance. Accordingly, in acute exercise studies, we should consider pre-test performance, such
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as by manipulating task difficulty and/or by controlling for pre-test performance in statistical analyses. Future studies
should attempt to create a gold standard for assessing cognitive performance in acute exercise studies.

Ishihara, T., Drollette, E. S., Ludyga, S., Hillman, C. H., & Kamijo, K. (2021). The effects of acute aerobic exercise on executive
function: A systematic review and meta-analysis of individual participant data. Neurosci Biobehav Rev, 128, 258-269.

THE INTERACTION OF ACUTE EXERCISE, STRESS AND COGNITION IN CHILDREN AND PREADOLESCENTS
LUDYGA, S.
UNIVERSITY OF BASEL

The number of children and adolescents reporting moderate to high stress increased over the last decades, with evalua-
tion stress they face in the school setting being one of the underlying causes. While high stress is known to impair cogni-
tive performance, acute exercise has been reported to elicit transient cognitive benefits. Consequently, antecedent exer-
cise has the potential to protect from the negative consequences of stress on cognitive performance. In turn, stress might
also influence the temporary effects of acute exercise on cognitive performance. We aim to provide insights into the com-
plex interplay of exercise, stress and cognition by a series of experimental studies.

In the CASPA trial, preadolescent children completed a single, moderately-intense exercise bout on a cycling ergometer or
a control task, followed by a the Trier Social Stress Test for Children. The Stroop task was administered in regular intervals.
The stress response was measured from salivary cortisol. The results showed that stress affected performance on frials
with low inhibitory demand (low difficulty), with a more pronounced slowing of reaction time in participants, who per-
formed an antecedent exercise bout. In the FARADISE trial, we used a randomized cross-over design to investigate the
influence of stress on the effects of acute exercise in children with Autism Spectrum Disorder. Participants performed tasks
assessing executive function (Affective Go/NoGo paradigm) and social-cognitive abilities (Face and object categorization
paradigm) before and after a single, moderately-intense exercise bout on a cycling ergometer or a control condition
(remain seated on a cycling ergometer with no pedal movement). Salivary cortisol and heart rate variability were collected
in regular intervals throughout both conditions. Our results showed that exercise led to increased levels of stress and at
the same time, impaired the ability to detect faces. In contrast, response inhibition was not affected by the acute exercise
bout and remained unchanged.

Our findings provide insights into the complex interplay of stress, exercise and cognitive performance in children and
preadolescents. Acute exercise seems to elicit a psychophysiological state, during which the negative influence of stress
on specific cognitive functions is increased. This indicates that antecedent exercise does not protect from stress and
should be avoided prior to a stressful situation. Moreover, an exercise-induced increase in stress may cancel benefits for
higher-order cognition and even impair specific social-cognitive abilities in children with Autism Spectrum Disorder. Con-
sequently, exercise may not always improve cognitive performance, especially when exercise is associated with stress.

THE IMPACT OF PARTICIPANT CHARACTERISTICS ON THE BENEFICIAL EFFECTS OF ACUTE EXERCISE IN CHILDREN

RAINE, L.
NORTHEASTERN UNIVERSITY

Obesity is an epidemic, affecting more than 340 million children and adolescents worldwide. This occurs alongside de-
creased rates of physical activity (PA). Unfortunately, a growing body of research (ours included) suggests these problems
were made worse with the COVID-19 pandemic. Obesity and physical inactivity are related to increased risk of developing
diabetes, cardiovascular diseases, cognitive decline, and a variety of other health challenges. Fortunately, acute exercise
has been shown to benefit cognitive health and academic achievement. Interestingly, these benefits may be enhanced or
blunted based on participant characteristics.

For example, 47 children (15 females, 9.64+0.12 years) completed two, randomized and counterbalanced 20-minute
interventions: acute PA (treadmill walking at ~65% HRmax) and seated rest (control) on separate days, followed by an
educational lesson in a VR classroom. Children then completed a quiz about this lesson. Quiz performance was z-scored
across interventions by lesson. Results suggested that children learn better following acute PA (z-score= 0.16+0.13) com-
pared to seated rest (z-score=-0.16+0.14; 1=2.29, p=0.026)) and indicate that a single bout of PA may positively impact
learning outcomes. We subsequently bifurcated children by IQ and found that those with lower 1Q had a significantly
greater benefit of exercise compared to their higher 1Q peers (p=0.04). This suggests that acute PA may not only improve
learning outcomes, but that it may be particularly beneficial for certain children. In a similar study (Raine et al., 2020), we
investigated the impact of acute PA on children's performance on a cognitive task. This investigation included 116 children
(51 females, 9.88+0.06 years). Analyses indicated improved task performance (p's=0.001) following the acute PA interven-
tion (20 minutes of treadmill walking at ~65% HRmax) compared to the control condition, with selectively greater benefits
for the more challenging task condition. Interestingly, further analyses revealed that greater BMI was related to decreased
performance following acute PA (p=0.001); an association not observed following the control condition (p's=0.11). These
results suggest that BMI may negatively influence the effect of acute exercise on cognitive performance.

As rates of childhood obesity and physical inactivity continue to increase worldwide, these results have implications for the
health and wellness of children. Together these findings demonstrate that acute PA may have differential effects on chil-
dren based on a variety of health and demographic factors. Findings continue to demonstrate the beneficial effects of
acute PA on cognitive tasks as well as learning outcomes. These beneficial effects of PA appear to be blunted in children
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with higher BMI and enhanced in children with lower IQ. Thus, future studies should attempt to better understand these
differences in order to leverage the benefits of acute PA for children.

Oral presentations
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HOME-BASED HIIT AND TRADITIONAL MICT PRESCRIPTIONS IMPROVE CARDIORESPIRATORY FITNESS TO A SIMILAR EX-
TENT WITHIN AN EXERCISE REFERRAL SCHEME FOR AT-RISK INDIVIDUALS

HESKETH, K.L., JONES, H., KINNAFICK, F., SHACKLETON, S., SHEPHERD, S.0., WAGENMAKERS, A.J.M., STRAUSS, J.A., COCKS,
M

LIVERPOOL JOHN MOORES UNIVERSITY

INTRODUCTION: Exercise referral schemes (ERS) are used to promote physical activity within primary care, however ad-
herence to ERS is often poor. Traditionally, ERS are conducted in a gym or leisure centre setting, with exercise prescriptions
based on moderate-intensity continuous training (MICT). Home-based high-intensity interval training (Home-based HIIT)
has the potential to reduce perceived barriers to exercise, including lack of time and access to facilities, compared to
traditional MICT prescription used with ERS and improve health related outcomes. We hypothesized that Home-based HIIT
would mediate greater improvement in cardiorespiratory fitness (CRF) by virtue of greater adherence and compliance to
the exercise prescription, compared to MICT.

METHODS: Patients enrolled on an ERS (Liverpool, United Kingdom) were recruited for a pragmatic trial. Participants self-
selected either 12 weeks of MICT (45-135 min/week at 50-70% HRmax) or Home-based HIIT (4-9 min x 1 min intervals at
280% of HRmax, interspersed with 1 min rest). The primary outcome was change in CRF (VO2 peak) at follow-up (3-month
post intervention), using intention-to-treat analysis. Secondary outcomes included blood pressure, body composition (DXA)
and insulin sensitivity. An online survey, using open ended questions exploring feasibility and acceptability of Home-
based HIT, analysed using a framework approach, was completed post-intervention to explore patient experiences.

RESULTS: 154 participants (age 48 + 10y; BMI 30.5 + 6.1 kg/m2) were recruited between October 2017 and March 2019, 87
(56%) participants chose Home-based HIIT and 67 (44%) MICT. VO2peak increased post-intervention in both groups (MICT
3.9 + 6.0 ml.kg-1.min-1, Home-based HIIT 2.8 + 4.5 ml.kg-1.min-1, P < 0.001), and was maintained at follow-up (P < 0.001).
Fat mass was only reduced post MICT (MICT -1.5 + 6.3 kg, P = 0.010, Home-based HIIT -0.2 + 2.0 kg, P = 1.00), but the
reduction was not maintained at follow-up (MICT -0.6 = 5.1 kg, P =0.684, Home-based HIIT 0.0 + 2.2 kg, P = 1.00). Adher-
ence to the prescribed programs was similar (MICT 48 + 35%, Home-based HIIT 39 + 36%, P = 0.77). Qualitative percep-
tions of Home-based HIT were generally positive, especially its convenience. Interestingly, family providing social support
during Home-based HIIT was perceived as a facilitator o adherence.

CONCLUSION: This is the first study to evaluate the use of Home-based HIIT for at-risk individuals enrolled in an exercise
referral scheme. Contrary to our hypothesis adherence was poor regardless of exercise prescription. Despite this, CRF
improved to a similar extent in both groups and was maintained at 3-month follow-up. We provide evidence that, alt-
hough not superior, Home-based HIIT could be an effective and popular additional exercise choice for patients within
primary care based ERS.

IMPACT OF A 12-WEEK HIGH-INTENSITY INTERVAL TRAINING SCHEME ON CARDIAC STRUCTURE AND FUNCTION AFTER
CoviD-19

RASMUSSEN, L.E., BERG, R., CHRISTENSEN, R.
CENTRE FOR PHYSICAL ACTIVITY RESEARCH

INTRODUCTION: A large proportion of patients suffer from a persistent reduction in cardiorespiratory fithess after recovery
from COVID-19, of which the effects on the heart may potentially be reversed through the effect of high-intensity interval
fraining (HIIT).

METHODS: 28 patients recently admitted to hospitals for COVID-19 were recruited for this investigator-blinded randomized
study with a 12-week infervention. Patients were block-randomised to either supervised HIIT exercise group (4x4 minutes,
three times a week, n=xx) or standard care (control group, n=xx=). Patients underwent cardiac magnetic resonance im-
aging scan and a maximal oxygen consumption test (VO2max). The continuous outcomes were analyzed using con-
strained baseline longitudinal analyses via linear mixed models.

RESULTS: A fotal of 28 patients were included (HIIT: 58+11 years, 4 females; standard care: 57+9 years, 5 females), LVM
increased in the HIIT vs. standard care group with a between-group difference of 6.8 g [ 95%Cl: 0.8; 12.8, ; p=0.029].
Relative VO2peak increased in both groups, by 6.17 mL/kg/min [95% CI: 3.56 to 8.79] (p<0.001) in the HIIT group and by
3.08 mL/kg/min [95% Cl: 0.12, 6.04, p=0.042lin the standard care group, with no between-group difference (p=0.11).
CONCLUSION: HIIT is an efficacious rehabilitation tool that specifically targets the heart by increasing LVM in patients
previously hospitalized for COVID-19.
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IMMUNE RESPONSES TO ACUTE UPPER AND LOWER BODY HIGH-INTENSITY INTERVAL EXERCISE.

GREEN, S.1, WEAVER, S.1, LUCAS, S.1, HODGKISS, D.1, WADLEY, A.1, NIGHTINGALE, T.1,2
1 UNIVERSITY OF BIRMINGHAM, BIRMINGHAM, UK 2 INTERNATIONAL COLLABORATION ON REPAIR DISCOVERIES , VAN-
COUVER, CANADA.

INTRODUCTION: A single bout of acute exercise drives a dynamic immune response, which over time may lead to in-
creased immunosurveillance and a lower risk of chronic disease. Prior research indicates that the immune response to
moderate-intensity upper-body exercise is diminished in comparison to lower-body exercise. The aim of this randomised
crossover study was to compare immune cell responses to acute bouts of upper-body and lower-body high-intensity
inferval exercise (HIEUB & HIIELB) and low-to-moderate intensity leg-cycle exercise matched to the absolute upper-body
workload (LIEmatched).

METHODS: Twelve participants (n=9 male and n=3 female, 23+3yrs, 77.1+12.5kg) performed exercise bouts (HIEUB,
HIIELB, LIIEmatched) in a randomised order after performing arm-crank exercise familiarisation sessions and two graded
cardiopulmonary exercise tests (CPETs) on each ergometer. For all conditions, participants completed 6x3-minute intervals
interspersed with 5x3-minute recovery intervals. Indirect calorimetry was measured throughout each frial. Venous blood
was drawn at baseline and immediately post-exercise. Immune cell concentrations were quantified using a haematology
analyser and flow cytometry. Data was analysed using a linear-mixed model and are expressed as mean+SD

RESULTS: Peak oxygen uptake (VO2peak] and peak power output (PPO) assessed during the CPETs were significantly high-
er (P <.001) with leg (40.8+6.5ml/kg/min; 243+54W) compared fo arm exercise (32.8+5.7ml/kg/min; 135+28W). The fold
change from baseline to post-exercise in lymphocyte concentrations were 0.86+0.50 (HIEUB), 1.66+0.93 (HIIELB) and
0.20+0.25 (LIEmatched). Post-hoc comparisons indicated that these fold changes following HIELB were significantly high-
er than those following HIEEUB (P=.005) and LlIEmatched (P=.001). Additionally, more detailed phenotypic analysis identi-
fied that fold change of CD56dim natural killer cells from baseline to post-exercise was significantly higher in HIIELB
(7.38+3.40) compared to HIEUB (3.96+2.07, P=.002) and LlIEmatched (2.92+1.71, P<.001). HIEUB was not significantly
different to the LlEmatched trial (P=.576). The fold change in neutrophil numbers were 2.44+1.00 (HIIEUB), 3.61+1.96
(HIIELB) and 0.92+0.56 (LIIEmatched). There were no significant differences between HIEUB and HIIELB in fold change of
neutrophils, however, LIEmatched was significantly lower compared to both HIEUB (P=.021) and HIIELB (P<.001).

CONCLUSION: Results indicate greater acute lymphocyte and natural killer cell responses with leg exercise compared to
arm exercise at the same modality-specific relative intensity (%Wmax). These findings may have implications for individu-
als with a lower-body disability who are reliant on performing upper-body exercise to mitigate the risk of chronic diseas-
es. Further research should identify whether there are limb-specific differences in acute and chronic immune cell respons-
es before extrapolating findings from leg-cycle ergometry research to specific clinical populations.

COMPARING THE EFFECTS OF A 12-WEEK MODERATE INTENSITY CONTINUOUS TRAINING AND HIGH-INTENSITY INTERVAL
TRAINING PROGRAM ON ANXIETY, DEPRESSION, AND SLEEP QUALITY AMONG PATIENTS WITH ATRIAL FIBRILLATION

ONEILL, C.1, TULLOCH, H.2, REED, J.2
ACADIA UNIVERSITY: UNIVERSITY OF OTTAWA HEART INSTITUTE

INTRODUCTION: Atrial fibrillation (AF) is the most common sustained cardiac arrythmia and is associated with poor men-
tal health (e.g., anxiety and depression) and sleep quality (i.e., insomnia [persistent difficulties in initiating or maintaining
sleepl). Among those with AF, moderate-to-vigorous intensity continuous training (MICT) has been shown to improve
mental health; yet, whether these improvements may be related to changes in sleep quality is unknown. High-intensity
inferval training (HIIT) has shown promise for reducing the frequency and intensity of AF symptoms; however, its effective-
ness in improving anxiety, depression, and sleep quality compared to MICT remains unclear.

METHODS: A single-centre RCT was conducted. Patients with persistent and permanent AF were randomized (1:1) to either
MICT or HIIT. The Hospital Anxiety and Depression Scale (HADS) and the Insomnia Severity Scale (ISI) were administered in
a subset of participants (n=58) at baseline and within one week of completing the 12-week exercise interventions. Exercise
protocols were completed twice weekly. MICT included aerobic conditioning for 60 minutes (including a 10-15 min warm-
up and 15-min cool-down) at intensities within 67-95% of peak heart rate (HR). HIIT included 2x8 minute interval training
blocks of 30-second work periods at 80-100% of peak power output interspersed with 30-second active recovery periods
(16-minute conditioning phase), and 4 minutes of recovery between the blocks. A repeated measures ANOVA was per-
formed to determine differences over time between groups in the HADS and ISI. Chi-square analyses were used to com-
pare the proportion of patients meeting the MCID for the HADS (i.e., 1.7 points) between groups. Linear regressions were
used to test if baseline ISI scores significantly predicted HADS-A and HADS-D scores at 12-weeks.

RESULTS: Of the 58 participants, 49 (MICT=27; HIIT=22) had complete data. No significant differences over time were ob-
served between the groups for the HADS-A (p=0.558) or HADS-D (p=0.555). A significantly greater proportion of those in
the MICT than HIIT group experienced clinically meaningful changes in the HADS-A (33% vs. 27%, x2=0.93, p=0.006) and
HADS-D (33% vs. 27%, x2=0.93, p=0.006). No significant differences over time were observed between the groups for the
ISl (p=0.271). The ISl scores were found to significantly predicted HADS-D values (3=0.09, p=0.011).

CONCLUSION: Among patients with AF, 12-weeks of exercise training led to clinically meaningful reductions in anxiety and

depression severity scores, with the greatest improvements observed following MICT. Sleep quality was a significant pre-
dictor of depression severity among patients with AF. Poor mental health and sleep quality are frequently observed
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among patients with AF, thus, future research is implored to more thoroughly understand the role of exercise training on
these health outcomes to improve the management of this burgeoning clinical population.

TWELVE WEEKS OF ENDURANCE AND CONCURRENT TRAINING IMPROVE VO2PEAK, HEALTH-RELATED QUALITY OF LIFE,
FATIGUE AND SYMPTOMS IN SUBJECTS WITH LONG-COVID — A RANDOMIZED CONTROLLED TRIAL

SICK, J., STEINBACHER, V., KOTNIK, D., RECKING, T., KOENIG, D.
UNIVERSITY OF VIENNA

INTRODUCTION:  Post-Covid-19, commonly known as Long-Covid (LC), is defined as the presence of long lasting (>12
weeks) Covid-19 symptoms, that cannot be atfributed to an alternative diagnosis. Current data suggests a prevalence of
up to 34% in non-hospitalized Covid-19 survivors. Thus, the disease imposes a burden on healthcare systems around the
globe. Exercise, which has been established as an effective rehabilitation measure for similar conditions, might be benefi-
cial to affected individuals. We therefore hypothesized that physical training increases various health-related outcomes
and decreases symptom quantity and severity in non-hospitalized subjects with LC.

METHODS: Forty-six individuals, which did not show any contraindications for physical training and presented at least one
LC symptom, according to a list of the National Institute of Healthcare and Excellence, were randomized to two fraining
groups, consisting of either twelve weeks of endurance (ET) or concurrent training (CT) or a non-exercising control group
(CG). Thirty participants (23 females and 7 males; 41+13 yrs; n=8 for ED, n=10 for CT and n=12 for CG) completed the study.
VO2peak, health-related quality of life (HQoL; RAND SF-36), fatigue severity (FSS) and the number of symptoms were as-
sessed at baseline (TO) and after the intervention or control period (T1). A one-way ANOVA and Tukeys multiple compari-
sons test were performed to detect differences in mean changes of variables. Paired samples t-test (or a non-parametric
alternative) was used to detect differences in means (T0 vs. T1) for each group. Statistical significance was accepted at a
level of p<0.05.

RESULTS: VO2peak (ml/min/kg) increased significantly from 30.1£6.9 to 34.6+8.1 in ET (p<0.001) and from 29.6+5.7 to
32.8+£5.8 in CT (p=0.002), when comparing timepoints via the paired samples t-test. The ANOVA followed by post-hoc
analysis revealed significantly greater changes in VO2peak in ET (p<0.001) and CT (p=0.012), compared to CG. In all
groups, significant increases from T0 to T1 in several subscales of the SF-36 were found. However, only in the subscale
“Social functioning” significantly greater changes occurred in ET (p=0.004) and CT (p=0.022). Fatigue severity scores de-
creased from 5.1+0.7 to 3.8+1.5 (p=0.005) and 4.7+0.8 to 3.8+1.2 (p=0.007) in ET and CT, respectively. The average num-
ber of symptoms observed at TO decreased significantly in both ED (from 4.6+2.9 to 2.1£2.1; p=0.01) and CT (from 4.6+2.2
to 2.6+1.6; p=0.019) at T1. No differences in changes were revealed by the ANOVA for both variables. There were no sig-
nificant improvements in VO2peak, FSS or the number of symptoms in CG.

CONCLUSION: Participants affected by LC showed improvements in VO2peak, HQol, fatigue severity and the number of
symptoms after 12 weeks of ET and CT, compared to a non-exercising control group. Descriptive data suggests slightly
greater enhancements for ET. However, further research is required to support these findings.

Oral presentations
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EFFECT OF DIFFERENT EXERCISE MODALITIES ON SKELETAL MUSCLE ANGIOGENIC MARKERS IN ADOLESCENT MALES WITH
TYPE 1 DIABETES MELLITUS

GUSTAFSSON, J.1, MONTIEL-ROJAS, D.1, KRUSE, R.2, SARNBLAD, S.2, PONSOT, E.1
OREBRO UNIVERSITY

INTRODUCTION: Type 1 Diabetes Mellitus (TIDM) patients can start developing micro- and macro vascular complications
during childhood (1) and are known to have vascular impairments such as endothelial dysfunction, vessel stiffness and
reduced capillary density (2). Angiogenesis is the formation of new blood vessels from existing ones and is well docu-
mented to occur in healthy individuals in response to various exercise modadilities (3). In TIDM however, angiogenesis can
be altered and studies on exercise induced angiogenesis in adolescents with TIDM are lacking. The aim of this study was
to compare the effects of three different exercise modalities on molecular markers of angiogenesis in skeletal muscle of
adolescent males with TIDM.

METHODS: Eight adolescent males (17.5 + 0.8 years) with TIDM duration >lyear aftended four sessions, namely a control
session followed by exercise tests (VO2max, 1RM) and three randomized exercise sessions (Continuous Exercise (CE),
Intermittent Exercise (IE) and Strength Exercise (SE)). One hour after exercise and control a muscle biopsy was taken from
the vastus lateralis muscle. RNA was extracted from the sample, followed by one colour microarray-based gene expres-
sion analysis as well as enrichment analysis of differentially expressed genes for biological processes and Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) pathways.

RESULTS: Biological Processes related to angiogenesis (blood vessel development, angiogenesis, blood vessel endothelial
cell migration, cell migration involved in sprouting angiogenesis) were highlighted following all three exercise modalities,
with no exercise specific response being observed. A total 7 KEGG pathways were highlighted across all the conditions,
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with AGE-RAGE signaling in diabetic complications as well as Fluid shear stress and atherosclerosis pathways including
angiogenesis.

CONCLUSION: ' In skeletal muscle of adolescent males with TIDM, CE, IE and SE all elicited acute angiogenic response.
Analysis of KEGG pathways provide some insight into interplay of other factors in angiogenic signaling in TIDM skeletal
muscle.
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NO EFFECT OF 12 WEEKS OF AEROBIC TRAINING ON METABOLIC FLEXIBILITY IN OVERWEIGHT MEN WITH AND WITHOUT
TYPE 2 DIABETES

LANGE, K.K., HANSEN, M., DAL, M.H., BORCH, J., HELGE, J.W., DELA, F.
UNIVERSITY OF COPENHAGEN

INTRODUCTION: Metabolic flexibility, reflected by the change in respiratory exchange ratio from fasting to an insulin-
stimulated state (deltaRER) (1), is the ability to switch from oxidation of predominantly fat to carbohydrates, which is im-
paired in patients with type 2 diabetes (T2D) (2,3). Exercise is known to improve deltaRER in T2D patients (4). However,
most sfudies perform a euglycemic clamp ([glucosel at ~5mM), which does not represent a habitual glycemic state of T2D.
Therefore, we investigate metabolic flexibility during an isoglycemic clamp ([glucosel at the usual level for the individual) in
this ongoing study. We hypothesize 1) T2D are less metabolic flexible than healthy matched controls (CON), 2) aerobic
training will increase deltaRER in T2D patients.

METHODS: Five male T2D (age 48+6 yrs, BMI 34.8+3.4 kg/m2, HbAlc 70+28 mmol/mol, T2D duration 3.0+2.5 yrs) and six
matched male CON (age 50+6 yrs, BMI 36.9+3.1 kg/m2, HbAlc 36+5 mmol/mol) completed a 12-week aerobic training
intervention (3x/wk, 45min at 70% of heart rate reserve). Before and after training (T), metabolic flexibility was measured in
the 12hr fasting state, using indirect calorimetry (ventilated hood, Q-NRG, COSMED, Italy) at basal and during insulin infu-
sion at medium (40) and high (400 mU/min/m2) infusion rates during the isoglycemic clamp. Maximal oxygen uptake
(VO2max) was measured (Quark CPET, COSMED, Italy) before and after the intervention. Results are mean + SD. Two-way
ANOVA and paired t-test was used for testing

RESULTS: T2D and CON improved their VO2max significantly after the intervention (2.8+0.7 to 3.6+0.9 L/min (p=0.003) and
3.2+0.510 3.7+0.4 L/min (p=0.04), respectively). Basal RER did not change with training (0.85+0.10 and 0.83+0.04 (before)
t0 0.81+0.04 and 0.83+0.05 (after) in T2D and CON, respectively) and was similar in 72D and CON. RER did not increase
significantly with medium insulin infusion rate compared to basal state before or after training (p=0.95 and p=0.89, in T2D
and CON, respectively ([data not shownl). However, in both groups, RER increased significantly with the high insulin infu-
sion rate (T2D: 0.85+0.10 to 0.99+0.12 (before T) 0.81+0.04 to 0.98+0.07 (after T) (p=0.0001); CON: 0.83+0.04 t0 0.92 +0.05
(before T) and 0.83+0.05 fo 0.92+0.06 (after T) (p<0.0001) compared to the basal state. The increase in RER with high
insulin was significantly higher in T2D compared with CON (p=0.023). However, training did not change deltaRER in T2D
(p=0.62) or CON (p=0.79).

CONCLUSION: Preliminary results showed no effect of training on metabolic flexibility in neither T2D nor CON. However,
our results showed that deltaRER in T2D was significantly higher compared to CON, indicating that the T2D patients are
metabolic flexible. This is at variance with other studies and is explained by eu- vs. isoglycemic clamping.

1. Bergouignan,A. et al.(2013).J. Appl. Phys.,114(3)
2. Bodis,K. et al.(2020).JCEM,105(4)

3. Hgjlund K. et al.(2006).Diabetologia, 49(6)
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ERGOGENIC EFFECTS OF INVASIVE AND NON-INVASIVE SPINAL CORD STIMULATION STRATEGIES FOLLOWING SPINAL
CORD INJURY: A CASE-SERIES

HODGKISS, D.D.1, SHACKLETON, C.S.2, WILLIAMS, A.M.M.2, SAMEJIMA, S.2, BALTHAZAAR, S.J.T.1,2, LAM, T.2, KRASSIOU-
KOV, A.V.2, NIGHTINGALE, T.E.1,2

T UNIVERSITY OF BIRMINGHAM, UK;: 2 INTERNATIONAL COLLABORATION ON REPAIR DISCOVERIES AND UNIVERSITY OF BRIT-
ISH COLUMBIA, VANCOUVER, CANADA

INTRODUCTION: Individuals with a cervical or upper-thoracic spinal cord injury (SCI 2T6) typically exhibit impaired exercise
responses due to disrupted supraspinal sympathetic control of the cardiovascular (CV) system, which results in reduced
peak heart rate (HR), low blood pressure (BP), reduced venous return and thus stroke volume (SV). Epidural spinal cord
stimulation (ESCS) has demonstrated an improvement in CV control, with a subsequent increase in aerobic capacity. How-
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ever, this surgical procedure is expensive and invasive. This study compared the effects of ESCS and transcutaneous spi-
nal cord stimulation (TSCS) (an affordable, non-invasive alternative strategy) on modulating CV control and submaximal
upper-body exercise performance [time to fatigue (TTF)l in individuals with SCI.

METHODS: Participants had a chronic (>1yr], motor-complete SCI. Two had an implanted epidural stimulator [P1 (59 yrs, T4
injury); P2 (24 yrs, C6 injuryll, and two without an implant received TSCS [P3 (54 yrs, T4 injury); P4 (40 yrs, T4 injury)l. A map-
ping session was conducted to manipulate specific stimulation parameters (frequency, intensity, epidural electrode con-
figuration, transcutaneous electrode locations in the lumbosacral region) until an optimal, sustained elevation in BP was
elicited (CV-SCS). A sham condition (SHAM-SCS) was included as a comparison. A graded arm-crank ergometry exercise
test identified peak oxygen uptake (VO2peak) and ventilatory threshold (VT). Following a familiarisation trial, participants
exercised to fatigue at a fixed workload corresponding to above their VT on two separate occasions (>3 days recovery),
with CV-SCS or SHAM-SCS. HR and gas exchange variables were recorded throughout. BP was monitored before (pre-
post applying stimulation) and immediately post-exercise. Rating of perceived exertion (RPE) was determined every 5 min.

RESULTS: CV-SCS increased TTF with both ESCS [P1 (A1Imin 47s); P2 (A19min 11s)] and TSCS [P3 (A16min 28s); P4 (A17min
49s]], relative to SHAM-SCS. Relative to baseline, change in systolic BP at rest was greater with the application of CV-SCS in
comparison to SHAM-SCS with ESCS [P1 (A1 vs 2 mmHg); P2 (A12 vs -1 mmHgll and TSCS [P3 (A17 vs 4 mmHg); P4 (A24 vs
13 mmHg)l. Peak oxygen pulse, a reasonable surrogate for SV, was greater with CV-SCS in ESCS [P1 (A1.7 mL/beat); P2
(A2.4 mL/beat]] and TSCS [P3 (A0.8 mL/beat]; P4 (2.5 mL/beat]l, relative to SHAM-SCS. RPE also tended fo be lower with
CV-SCS than SHAM-SCS at each corresponding timepoint during the trials.

CONCLUSION: This case-series demonstrates that both ESCS and TSCS improve submaximal upper-body exercise per-
formance, determined via TTF, in individuals with SCI. CV-SCS modulated BP and peak oxygen pulse by seemingly increas-
ing supraspinal sympathetic output to the vasculature to improve exercise performance. While further research is neces-
sary, these data suggest TSCS is as effective as ESCS as an ergogenic aid and could be used to support exercise rehabili-
tation in this population.

FEASIBILITY OF INTEGRATING AN EXERCISE SPECIALIST SUPPORTED BY MHEALTH TECHNOLOGY TO INCREASE EXERCISE
AND PHYSICAL ACTIVITY IN AN ADOLESCENT COMPLICATIONS FROM EXCESS WEIGHT SERVICE: MOTIVATE-CEW

DAVIES, A.P., HESKETH, K.L., CLARKE, E., APPERLEY, L.J., SPRUNG, V.S., JONES, H., KINNAFICK, F.E., SENNIAPPAN, S., COCKS,
M

LIVERPOOL JOHN MOORES UNIVERSITY

INTRODUCTION: To address the increasing prevalence of complications associated with severe childhood obesity, NHS
England has established 21 Complications of Excess Weight (CEW) services. Despite physical activity (PA) and exercise
forming cornerstones of successful weight management programmes, CEW services may not have the capacity fo include
specialists in their delivery. We propose the inclusion of mHealth (mobile health) technologies could assist specialists with
the prescription and long-term monitoring of PA and exercise in CEW services. The aim of the study was to assess the
feasibility of embedding an exercise specidlist led, mHealth supported, PA and exercise intervention (MOTIVATE-CEW) to a
CEW service.

METHODS: A 12-week feasibility, parallel group, randomised control trial was conducted in 23 adolescents with obesity
(m/f n=10/13, age 15+1y, SDS BMI 3.54+0.54) receiving care from the Alder Hey Children’s Hospital (AHCH) CEW service.
Participants were randomised fo usual care (UC, n=11) or UC plus MOTIVATE-CEW (n=12). UC involved the development of
an individualised care plan with a multidisciplinary team. Participants receiving MOTIVATE-CEW co-designed a personal-
ised and progressive exercise and PA programme alongside an exercise specialist. The intervention was facilitated by
mHealth technologies (smart watch, mobile app and coach’s platform) which enabled remote exercise sessions and
feedback to be guided by biometrics. A mixed method process evaluation assessed reach, dose and fidelity, and prelimi-
nary effectiveness was measured (health related quality of life (HRQOL), body composition and cardiovascular disease risk
factors).

RESULTS: 45% of eligible participants were recruited and 87% completed post-intervention assessments. Recruited partici-
pants shared similar demographics to the AHCH CEW service cohort in terms of age, sex, and deprivation. Large effect
sizes favouring MOTIVATE-CEW were observed for the number of exercise sessions completed per week (MOTIVATE-CEW
2+2, UC 0+£0; d=1.02) and time spent completing moderate-to-vigorous intensity exercise per week (MOTIVATE-CEW
97+127 mins, UC 5+12 mins; d= 1.01), captured through an optical heart rate monitor. Qualitative perceptions of MOTI-
VATE-CEW were positive, key facilitators included regular personalised advice from an exercise specialist and the creation
of graded action plans with specific behavioural goals. Data availability for in-clinic outcomes was good (285%). Prelimi-
nary evidence of moderate-to-large effects in favour of MOTIVATE-CEW were observed for HRQOL (EQ-5D-Y visual ana-
logue scale score; d=0.80), HDL cholesterol (d=0.67) and triglycerides (d=0.62).

CONCLUSION: The MOTIVATE-CEW intervention demonstrated positive effects on exercise behaviour, suggesting that the
addition of exercise specialists supported by mHealth technologies to CEW services would be an effective strategy to
improve engagement in exercise and PA. Good reach and data availability suggests this study design is feasible for future
trials.
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EVALUATING A SPORT AND EXERCISE INTERVENTION ON METABOLIC SYNDROME, PAIN, COGNITIVE FUNCTION AND
CARDIORESPIRATORY FITNESS AMONG FORCIBLY DISPLACED ADULTS. A RANDOMIZED CONTROLLED TRIAL

KNAPPE, F., FILIPPOU, K., HATZIGEORGIADIS, A., MORRES, I.D., GERBER, M.
UNIVERSITY OF BASEL

INTRODUCTION: Global challenges such as armed conflict or natural disasters have forced many people to leave their
homes and led to a doubling of displacements in the past ten years [11. Those affected face severe physical strain before,
during, and after their flight. Unsurprisingly, an increased risk for physical health complaints among forcibly displaced
adults has been reported compared to the general population [2]. These challenges can further result in functional re-
strictions that affect the individuals well-being and pose a barrier for social integration [3]. The present study aimed to
examine the effects of a sport and exercise intervention on metabolic syndrome, pain, cognitive function, and cardi-
orespiratory fitness.

METHODS: One-hundred and forty-two adults (75 women, mean age = 29.2) living in a refugee camp in Greece were
randomly assigned by housing units to an intervention (h=74) and a wait-list control group (n=68). Sport and exercise
activities (e.g., ball sports, strength training) were implemented five times a week (60 minutes) over ten weeks. The inter-
vention was co-designed with the participants to consider contextual and culturally specific conditions and interests. Met-
abolic syndrome risk markers (waist circumference, fasting plasma triglycerides, HDL-C, HbAlc, and blood pressure) were
assessed and standardized to calculate a continuous metabolic syndrome score. Pain in different body regions (head,
back, chest, abdomen, extremities) was measured using a visual analog scale. The Oddball paradigm and the Flanker
task were used to assess attention and inhibition. Finally, cardiorespiratory fitness was measured with the (submaximal)
Astrand-Rhyming Test.

RESULTS: A total of ninety-two (64.8%) participants completed the post-assessment. Twenty (40.8%) individuals met the
recommendation and aftended two or more sessions per week. After performing ANCOVA and controlling for baseline
values, we found evidence that VO2max increased more in the intervention group than in the wait-list control group after
the 10-week intervention trial (B = 4.05, 95 % Cl: 0.74; 7.35, p = 0.017). No statistically significant changes were found for
metabolic syndrome, pain, and cognitive functions. However, in hierarchical regression, higher attendance rates predict-
ed lower pain scores and waist circumference at post-intervention.

CONCLUSION: The study points out that regular participation in sports and exercise programs is central to the effective-
ness of the intervention. Therefore, research into measures to maintain compliance is needed.

References

1. United Nations High Commissioner for Refugees. Global Report: The stories behind the numbers. 2021.

2. Rosenthal T, Touyz RM, Oparil S. Migrating Populations and Health: Risk Factors for Cardiovascular Disease and Meta-
bolic Syndrome. Curr Hypertens Rep. 2022;24:325-40.

3. Hynie M. The Social Determinants of Refugee Mental Health in the Post-Migration Context: A Critical Review. Can J
Psychiatry. 2018;63:297-303.

Oral presentations

OP-SH16 Rating of perceived exertion

AN EXPLORATORY ANALYSIS OF TRIMP, RUNNING SPEED, AND SESSION RPE AS TRAINING LOAD FORMULAS IN A SAMPLE
OF 596 DISTANCE RUNNERS.

MORIO, C., PETOT, H.
DECATHLON SPORTSLAB

INTRODUCTION: Training load is a crucial aspect of the training process, as it can significantly impact the runners perfor-
mance and risk of injury. Notably, the TRaining IMPulse (TRIMP) formula used heart rate (HR) fo estimate an athlete’s infer-
nal load (1). The advent of GPS technology allowed for measuring the external load based on speed or running distance.
Finally, the session RPE (sRPE) is supposed to represent the global perceived load (2). This study aims to compare the out-
puts of these training load formulas in running, as well as the other variables closely related like average HR, distance,
and duration.

METHODS: We extracted a sample of specific fraining sessions from an app where runners provided their RPE after each
training log. The HR and GPS data were collected by the runners’ own devices. After removing outlier data (speed: [6-
30lkm/h, age: [18-75lyears, maximal aerobic speed (MAS) : [10-25km/h, elevation: <0.5% of average slope), the different
training load formulas were computed. The internal load was estimated using the average HR (in absolute and in %HRre-
serve) and the TRIMP formula (1). The external load was estimated using the total duration and distance, the average
speed (in absolute and in %MAS) and a TRIMP like formula (TRIMPV) with the %MAS replacing the %HRR from the original
formula (3). The perceived load was expressed in both absolute RPE and sRPE (2). First, an exploratory principal compo-
nent analysis (PCA) and a correlation matrix analysis were performed on the 10 training load variables. Then, general
linear models were applied between TRIMP, TRIMPV and sRPE, where slope, bias, rz2 and RMSE were calculated.
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RESULTS: 5486 running sessions from 440 males and 156 females (age: 40.6+8.9yo; mass: 72.1+11.kg; Stature:
175.2+9.0cm; BMI: 23.4+2.7; MAS: 14.8+2.2 km.h-1) were analyzed.

The PCA reveals that 90% of the variance of fraining variables could be explained by 4 principal components which could
be closely linked to duration, HR, Speed, and RPE, respectively.

As expected with such a large sample size, 39 out of 45 correlations were significant (p<.001) but only 11 presented very
large effect sizes (r>.7), among those TRIMP, TRIMPV, and sRPE were correlated to each other.

The linear model between TRIMP and TRIMPV presented a slope of 0.98 and a bias of 9.4% with r2=.59. The linear model

with sRPE presented a slightly higher bias 12.1% and 15.0% and lower r2 .54 and .50 with TRIMP and TRIMPV, respectively.
RMSE values ranged between 37.1% and 45.3%.

CONCLUSION: The different training load formulas could be to some extent interchangeable for global usage and general
comparison purpose. However, the moderate r2 and high RMSE values, associated with the PCA results confirm that
these different formulas actually provide complementary information on different aspects of the running training load.
REFERENCES:

1) Morton et al., J Appl Physiol, 1990

2) Foster, Med Sci Sport Exerc, 1998

3] Emig & Peltonen, Nature Com, 2020

AN EXPLORATORY ANALYSIS OF TRIMP, RUNNING SPEED, AND SESSION RPE AS TRAINING LOAD FORMULAS IN A SAMPLE
OF 596 DISTANCE RUNNERS.

MORIO, C., PETOT, H.
DECATHLON SPORTSLAB
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METHODS: We extracted a sample of specific fraining sessions from an app where runners provided their RPE after each
training log. The HR and GPS data were collected by the runners’ own devices. After removing outlier data (speed: [6-
30lkm/h, age: [18-75lyears, maximal aerobic speed (MAS) : [10-25km/h, elevation: <0.5% of average slope), the different
training load formulas were computed. The internal load was estimated using the average HR (in absolute and in %HRre-
serve) and the TRIMP formula (1). The external load was estimated using the total duration and distance, the average
speed (in absolute and in %MAS) and a TRIMP like formula (TRIMPV) with the %MAS replacing the %HRR from the original
formula (3). The perceived load was expressed in both absolute RPE and sRPE (2). First, an exploratory principal compo-
nent analysis (PCA) and a correlation matrix analysis were performed on the 10 training load variables. Then, general
linear models were applied between TRIMP, TRIMPV and sRPE, where slope, bias, rz2 and RMSE were calculated.

RESULTS: 5486 running sessions from 440 males and 156 females (age: 40.6+8.9yo; mass: 72.1+11.kg; Stature:
175.2+9.0cm; BMI: 23.4+2.7; MAS: 14.8+2.2 km.h-1) were analyzed.

The PCA reveals that 90% of the variance of fraining variables could be explained by 4 principal components which could
be closely linked to duration, HR, Speed, and RPE, respectively.

As expected with such a large sample size, 39 out of 45 correlations were significant (p<.001) but only 11 presented very
large effect sizes (r>.7), among those TRIMP, TRIMPV, and sRPE were correlated to each other.

The linear model between TRIMP and TRIMPV presented a slope of 0.98 and a bias of 9.4% with r2=.59. The linear model
with sRPE presented a slightly higher bias 12.1% and 15.0% and lower r2 .54 and .50 with TRIMP and TRIMPV, respectively.
RMSE values ranged between 37.1% and 45.3%.

CONCLUSION: The different training load formulas could be to some extent interchangeable for global usage and general
comparison purpose. However, the moderate r2 and high RMSE values, associated with the PCA results confirm that
these different formulas actually provide complementary information on different aspects of the running training load.
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CRITERION VALIDITY OF A NEW RPE SCALE TO ASSESS THE PSYCHOLOGICAL LOAD OF PHYSICAL TRAINING

NIGRO, F., MARCORA, S.M.
UNIVERSITY OF BOLOGNA

INTRODUCTION: Mellalieu et al. have proposed a theoretical framework that identifies 3 main sources of psychological
load in athletes: a) training and performance, b) organization, and c) personal (1). Previous studies have proposed the use
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of scales such as differential rating of perceived exertion (RPE), or the NASA-TLX questionnaire as instruments to measure
the different components of workload with respect to the training session or the task performed. The purpose of this pilot
study was to investigate the feasibility and criterion validity of two new RPE scales that separate the psychological load of
a training session from the physical one.

METHODS: 53 athletes from a variety of sports were recruited for this study. Participants filled out a questionnaire and 5
unidimensional scales 30 minutes after one of their regular physical training sessions. The questionnaire consisted of
some questions about personal details, practiced sport, training experience, and the content of the training just per-
formed. After completing the questionnaire, participants rated how hard the training session was overall using the RPE
CR10 scale modified by Foster (2) (O-RPE). Afterwards, participants rated their training according to the following four
scales presented in random order: the physical demands and the mental demands subscales of the NASA-TLX question-
naire (criterion measures), and 2 differentiated ratings (physical and mental) of the RPE CR10 scale modified by Foster (2).
For the Physical-RPE, participants were asked to rate the muscular and/or respiratory effort required by the training ses-
sion. For the Mental-RPE, participants rated how demanding the training session was in terms of attention, concentration,
learning. memory, emotion and motivation required by the training session. An exploratory analysis was conducted using
Spearmans rank correlation test.

RESULTS: The Mental-RPE scores were highly correlated with the NASA mental demand scores (rho=0.80,p<0.001) whilst
the Physical-RPE scores were highly correlated with the NASA physical demand scores (rho=0.83,p<0.001). There was
also a significant correlation between the Mental-RPE scores and the Physical-RPE scores (rho=0.75,p<0.001). All the NASA
and differentiated RPE scores correlated significantly with the O-RPE scores (rho=0.75-0.87,p<0.001).

CONCLUSION: The new differentiated RPE scales were feasible within a field setting. The high correlations with the NASA
scales provide preliminary evidence of criterion validity of both the Mental-RPE and the Physical-RPE scales. Because hard
physical training can pose significant psychological demands, the high correlation between the Mental-RPE scores and
the Physical-RPE scores may be expected. Therefore, further research is required to assess the discriminant validity of
these two new scales in the context of training with more varied demands (e.g. physical vs technical/tactical training
sessions).

1. Mellalieu et al., Int J Sports Med, 2021;
2. Foster et al., J Strength Cond Res., 2007;

A META-ANALYSIS OF THE CRITERION-RELATED VALIDITY OF SESSION-RPE SCALES IN ADOLESCENT ATHLETES

LIU, H.C.1, YANG, W.1, LI, Q.1, BAO, D.2, LIU, H.Y.1, HO, I.3,4

1 BELING SPORT UNIVERSITY 2 BEIING SPORT UNIVERSITY 3 HONG KONG METROPOLITAN UNIVERSITY 4 ASIAN ACADEMY
FOR SPORTS AND FITNESS PROFESSIONALS

INTRODUCTION: Progressively increasing the training load (TL) is one of the keys to improving athletic performance. Due to
the close association between excessively high training volumes and the occurrence of injuries among youth athletes, TL
monitoring is particularly pertinent. s-RPE is a more straightforward, non-invasive, and inexpensive method for TL monitor-
ing meanwhile it can monitor the internal load. As this approach has been used and validated in a wide variety of sports
and strength and conditioning programs for adults, there may be some limitations when applied to children and adoles-
cents. The objective of this study was to establish the criterion-related validity of the s-RPE method in adolescent athletes.

METHODS: According to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA 2020) guide-
lines, a meta-analysis (PROSPERO ID: CRD42022373126) was performed. Eight databases using the following terms: ('s-
RPE’ OR ‘Rating Perceived Exertion session” OR ‘RPE session’ OR ‘RPE’ OR ‘Rate of Perceived Exertion” OR ‘Rated of Perceived
Exertion’) AND (‘Adolescen* OR ‘Youth* OR ‘Teen*) AND (validity’ OR ‘correlation” OR ‘concurrent validity’) were searched
up to 2022. Articles meeting the inclusion criteria were screened and adopted the “Methodological Index for Non-
Randomized Studies (MINORS)" to evaluate the risk of bias. The certainty of evidence was rated using the GRADE PRO. The
relationships between s-RPE and TRIMP were computed using correlation coefficient (r values) and Fishers r-to-z. A 95%
confidence interval (95% Cl) was reported and the significance level was set at p<0.05.

RESULTS: An initial 1798 studies using the s-RPE method were identified and finally, a total of 16 studies were included for
further analysis. The exercise modality included 7 team sports and 4 individual sports. The bias scores indicated that all
studies were classified as having a low risk of bias. GRADE Pro approach suggested that the authors are highly confident
in the association. A total of 15 studies evaluated the correlation between CR-10 and heart rate, involving 170 athletes,
while a fotal of 3 studies evaluated the correlation between CR-100 and HR, involving 108 athletes. A strong to very strong
correlation between s-RPE and HR was observed (overall: r=0.74; CR-10: r=0.69; CR-100: r=0.80). CR-100 scale (Fisher’s
z=1.09) was shown fo have a higher criterion validity than that of the CR-10 scale (Fisher’s z=0.85).

CONCLUSION: Preliminary findings showed that s-RPE using either CR-10 or CR-100 scales can be valid tools for monitor-
ing internal training load for children and adolescent athletes. Considering the superior benefits of s-RPE and high criteri-
on validity with HR measures, coaches can use it as a "stand-alone" tool for global internal TL monitoring. Future studies
should focus on whether CR-100 could better perform than CR-10 for junior and children athletes in different age groups
and sports as well as the causes leading to potential scoring biases.
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IS AEROBIC PERFORMANCE AFFECTED BY SLEEP AND CHRONOTYPE IN YOUNG SOCCER PLAYERS?
CIORCIARI, A.1, MULE, A.1, CASTELLI, L.1, GALASSO, L.1, ESPOSITO, F.1,2, ROVEDA, E.1,2, MONTARULI, A.1,2
TUNIVERSITY OF MILAN, ZIRCCS ISTITUTO ORTOPEDICO GALEAZZ/

INTRODUCTION: The phenotypic expression of circadian rhythms can be defined as Chronotype (CT). People can be clas-
sified into three major typologies: Morning-type (M-typel, Neither-type (N-type] and Evening-type (E-type). M-types tend to
perform better in the morning, while E-types in the evening (Ayala 2017). This difference seems closely correlated to the
diverse sleep pattern of the 3 CTs. It has been observed that bad sleep habits tend to worsen physical performance, ex-
pecially in endurance and prolonged exercises (Fullagar 2015). Although a substantial body of literature has explored the
relationship between sleep, chronotype and physical exercise, it is still unclear the impact that such chronobiological
variables have on specific sports, populations and types of performance. Therefore, in this study we wanted to assess the
agility, strength and endurance in young soccer players in relation to their sleep quality and chronotype.

METHODS: 58 young male soccer players, aged between 13 and 19 years, were recruited from a non-professional team.
They were asked to compile the Morningness - Eveningness Questionnaire (MEQ) and the Mini-Sleep Questionnaire
(MSQ), to assess respectively the CT and sleep quality. The physical trial was performed in the morning, at 8:30 AM, and in
the evening, at 6:00 PM. Both sessions included three tests to determine agility, carried out by the lllinois Agility Test,
strength, assessed by the Sargent Jump Test, and endurance, estimated by the 6 Minutes Run Test (6MRT).

RESULTS: The total sample (n = 58; age = 15.16 + 1.73; BMI = 20.61 + 2.24) was classified by CT as M-types (n = 11), N-types
(n = 29) and E-types (n = 18). Furthermore, the subjects were categorized as Good Sleepers (GS, n = 28) and Bad Sleepers
(BS, n = 30).

The repeated measures ANOVA showed a statistically significant difference in the comparison between the 3 CTs in the
6MRT [p < 0.001): M-types performed befter in the morning (p = 0.01), while E-types in the evening (p < 0.001). Paired 1-test
reported that GS performed better than BS (p = 0.019) in the 6MRT in the PM session.

CONCLUSION: As regards the effect of CT on physical performance, the results of the present study underline the differ-
ence in aerobic power between M- and E-types during the morning and evening session. Furthermore, BS performed
worse than GS in the PM session of the 6MRT. Our findings fit well with the actual literature on soccer player performance
and sleep, as our data showed a significant effect of sleep on aerobic power, but not on strength and agility. Aerobic
performance in soccer player can be crucial, and the small differences displayed by this study can separate success and
defeat.

Ayala V, 2021, Influence of circadian rhythms on sports performance. Chronobiol Int. 38(11):1522-1536.

Fullagar HHK, 2015. Sleep and Athletic Performance, The Effects of Sleep Loss on Exercise Performance, and Physiological
and Cognitive Responses to Exercise. Sport Med. 45(2):161-186.

SLEEP DURING A TRAINING CAMP IN ELITE ADULT FEMALE SOCCER PLAYERS

COSTA, J.A.1, CARDOSO, V.1, REIS, C.2, TOMAS, R.1, CAVACA, M.1, BRITO, J.1

TPORTUGAL FOOTBALL SCHOOL, PORTUGUESE FOOTBALL FEDERATION, 2CATOLICA RESEARCH CENTRE FOR PSYCHOLOGICAL
- FAMILY AND SOCIAL WELLBEING, UNIVERSIDADE CATOLICA PORTUGUESA, LISBON, PORTUGAL

INTRODUCTION: In recent years, the growing interest in understanding how athletes sleep has boosted the number of
scientific studies on the topic.1 Elite athletes, including female soccer players, often spend nights in unfamiliar hotel envi-
ronments, before home and away matches, and during training camps that may affect sleep habits.2 In this scenario,
optimizing recovery through sleep is required to reduce the risk of transitioning into a state of excessive fatigue as well as
to reduce the risk of injuries.1 Thus, this study aimed to describe sleep characteristics in elite adult female soccer players
during a training camp for a National team.

METHODS: Twenty-five elite adult female soccer players (aged 25.4 + 2.3 years; mean + SD) participated in the study.
Sleep variables were measured using wrist actigraphy and sleep diaries during eight consecutive days (i.e., 6-days with
training sessions, and 2-days with matches). Salivary melatonin and cortisol were also measured to access objective
sleepiness and alertness on the second and third days of the training camp. Training and match loads were character-
ized using a global positioning system.

RESULTS: During the eight nights, 8 to 25 players slept less than <8 h, and 10 to 25 players had a sleep efficiency of < 80%
in two or more days of the training camp. No significant differences (p<0.05) were found between days with training ses-
sions vs. matches for sleep duration (mean [minimum; maximuml, 7.9 [5.3;9.2] vs. 7.9 [4.9;10.11 hours, respectively) and
sleep efficiency (87 [60;98] vs. 88 [71;98] %, respectively). Self-rate sleep quality (0 “bad” to 10 “excellent’) was 7 (1;10) arbi-
trary units (median [minimum; maximumi). Mid-point of unrestricted sleep was 4.1(2.3;5.3) hours (i.e., 1 player has charac-
terized as slightly early; 18 players as intermediate, and 6 players as slightly late chronotype). Salivary melatonin meas-
ured before sleep was 15 (1.1;332.9) pg/mL, and cortisol measured upon awakening was 15 (6.1;24.9) ng/mL, throughout
the second and third days of the training camp. Salivary melatonin and cortisol amplitude were 58.2 (8.3;486.1) pg/mL
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and 15 (4.7;23.4) ng/mL, respectively, throughout the second and third days of the training camp. Individually, exposure
time, fotal distance covered, and high-speed running (15.6—-23km.h-1) during training sessions were 64 (55;76) min, 3749
(1141;6358) m, and 81 (11;151) m, respectively. During matches, exposure time, total distance, and high-speed running were
59 (20;98) min, 5948 (2008;9887) m, and 512 (72;953) m, respectively.

CONCLUSION:  Overall, this study highlights the individual variability of sleep associated parameters, indicating the im-
portance to monitor sleep in elite adult female soccer players during a training camp. Considering this scenario, individu-
alized recovery and monitoring strategies may be required to ensure that all players are in peak condition for training and
competition.

1Walsh, et al., Br J Sports Med, (2020)
2 Costa JA, et al., J Athl Train, 58(1):79-83, (2023)

HOW MUCH SLEEP DOES A FOOTBALL PLAYER NEED?

FIGUEIREDO, P.1,2,3, MARQUES, E.A.2,4, CUNHA, L.2, NASSIS, G.1, COSTA, J.A.3, LASTELLA, M.5, BRITO, J.3

I: UNITED ARAB EMIRATES UNIVERSITY, UAE, 2: CIDESD, PORTUGAL, 3: PFS-FPF, PORTUGAL, 4: LOUGHBOROUGH UNIVERSI-
TY, UK: 5: CENTRAL QUEENSLAND UNIVERSITY, AUSTRALIA

INTRODUCTION: Sleep is recognised as an essential component to athletic performance and recovery. Yet, compared to
general recommendations, and their self-reported sleep needs, athletes typically obtain less than the recommended,
which can negatively impact performance, recovery, and health. Previous data have examined sleep needs across multi-
ple sports (1); however, little is known about football players sleep requirements.

Therefore, this study compared football players self-assessed sleep needs and habitual sleep duration and the associa-
tion of sleep insufficiency with their sleep habits.

METHODS: The study included 305 adult football players (53 females, 137 from national leagues, 63 professionals, mean
age = 23.6 yrs). The players answered the question, "how many hours of sleep do you need to feel rested?". For each
player, a sleep deficit index was calculated by subtracting sleep duration from individual self-assessed sleep needs. A
difference of 1h or more indicated insufficient sleep (1). Sleep quality was measured using the Pittsburgh Sleep Quality
Index (PSQI) (2), daytime sleepiness with the Epworth Sleepiness Score (ESS) (3), and diurnal type with the Morningness-
Eveningness questionnaire (4). Differences between sleep need and habitual sleep duration were analyzed with a linear
mixed model. Logistic regression analyses were used to estimate odds ratios (OR) and 95% confidence limits (CL) for insuf-
ficient sleep.

RESULTS: Players reported an average subjective sleep need of 8.1(5-10) hours and an average sleep duration of 7.4 (4.5-
10) hours (p<0.001). The prevalence of insufficient sleep for the total sample was 47.9%. When stratified by the sleep/wake
variables, the prevalence of insufficient sleep was 68.7% for the poor sleepers, 52.3% for players with excessive daytime
sleepiness, and 53.4% for the evening type chronotype. When stratified by professional status, the prevalence of insuffi-
cient sleep was 52.5% for non-professionals and 30.2% for professionals. The associated factors with the risk of insuffi-
cient sleep were sleep quality (poor sleep: OR 4.90, 95% CL 3.29-7.39), daytime sleepiness (excessive: OR 4.85, 95% CL
2.78-9.00), diurnal type (evening type: OR 3.99, 95% CL 2.30-7.05) and the professional status (professional: OR 0.43, 95%
CL 0.24-0.74).

CONCLUSION: Adult football players need, on average, 8.1 hours of sleep to feel rested. However, a large proportion of
players (47.9%) failed to meet individual sleep needs on most nights. Athletes with low sleep quality, excessive daytime
sleepiness, evening type chronotype, and who are non-professional seem to be at a higher risk of insufficient sleep,
which may negatively impact performance, recovery, and health.
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EVENING WHEY PROTEIN INTAKE, RICH IN TRYPTOPHAN, AND SLEEP IN ELITE MALE AUSTRALIAN RULES FOOTBALL PLAY-
ERS

CONDO, D., FERGUSON, C., LASTELLA, M., ROBERS, S., AISBETT, B.

DFAKIN UNIVERSITY

INTRODUCTION: Fundamental to athlete recovery and performance is sleep (1). Protein intake has been shown as a po-
tential strategy to influence sleep (2, 3), including in Australian Football League (AFL) players (4). An important factor in the
protein-sleep relationship may be the type and timing of ingestion, with evidence indicating that protein high in the amino
acid tryptophan consumed 2-4 hours before sleep may improve sleep outcomes (5, 6). However, it remains unclear
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whether these practices can improve sleep in athletic populations. The primary aim of this study was to investigate the
effect of evening whey protein supplementation, rich in tryptophan on sleep in elite male AFL players.

METHODS: A double-blinded, counterbalanced, randomised, cross-over study examined whether a whey protein sup-
plement, rich in tryptophan, would improve sleep in 15 elite male AFL players on training and non-training days during
pre-season. A 5-day pre-intervention period determined habitual dietary intake and baseline sleep measures, used to
standardise dietary intake and timing of the supplement or placebo during the intervention. Dietary intake was assessed
using a smartphone application (Easy Diet Diary). Sleep/wake behaviour was assessed using a wrist activity monitor
(Actical) and sleep diary. Players were provided with either the whey protein supplement or placebo drink on each inter-
vention day and instructed to consume the drink 3h prior to their habitual bedtime. The drinks were isocaloric and
matched for taste and colour. All evening meals were provided in accordance with individual habitual intake and re-
mained consistent between the interventions. Separate one-way repeated measures analysis of covariance for training
and non-training days were used to analyse any differences between the whey protein supplement and placebo for sleep
duration, sleep efficiency (SE), wake after sleep onset (WASQ), sleep onset latency (SOL).

RESULTS: The habitual sleep/wake behaviour during the 5-day pre-intervention period for bedtime, SOL, WASO, SE, wake
up time and sleep duration on training days was 23:18 + 1:12 (hh:mm), 18.8 + 10.0min, 52.6 + 31min, 90.0 + 5.6%, 08:36 =+
01:18 (hh:mm), and 7.9 = 1.1h, respectively and on non-training days was 22:54 + 1:06 (hh:mm), 20.8 = 13.1min, 49.5 =
23.6min, 89.7 + 4.3%, 07:18 + 00:30 (hh:mm), and 7.1 + 0.8h, respectively. No differences were observed for all sleep
outcomes between consumption of the whey protein supplement and placebo on training and non-training days
(p>0.05).

CONCLUSION: The consumption of a whey protein supplement, rich in tryptophan did not improve sleep outcomes in elite
male AFL players. However, athletes may be able to ingest a high protein /energy intake close to bedtime without impair-
ing sleep, an important finding for athlete recovery. It is unknown whether this intervention could be valuable for athletes
with poor sleep, during periods of restricted sleep or for those athletes with a low habitual protein intake, requiring further
investigation.

SLEEP PATTERNS OF ELITE FEMALE FOOTBALL MATCH OFFICIALS DURING WEURO2022: IMPACT OF PROXIMITY TO
MATCH DAY, KICK-OFF TIME AND ROLE ON MATCH DAY

TARNOWSKI, C.A.1, HELSEN, W.F.2, QAQAYA, N.Y.2, ROLLO, I.R.1
1 GATORADE SPORTS SCIENCE INSTITUTE, PEPSICO R&D LIFE SCIENCES, UK, 2 UNION OF EUROPEAN FOOTBALL ASSOCIA-
TIONS , SWITZERLAND

INTRODUCTION: Sleep has numerous important physiological and cognitive restorative functions that are particularly
important to elite sports performers and, therefore, also to elite match officials. Athletes are advised to achieve sufficient
sleep duration (> 7 hours) and quality (>85%) per night. Elite athletes are reported to have poorer quantity and quality of
sleep in comparison to the general population. However, there is currently no research into the sleep habits of elite foot-
ball match officials who are exposed to similar physical and perceptual-cognitive demands. Therefore, the aim of this
study was to examine the impact of proximity to match day (MD), kick-off (KO) time and role on MD on sleep patterns of
elite female match officials during the 2022 UEFA European Womens Football Championship (WEURO 2022).

METHODS: Sleep was measured over 18 + 5 days in nine elite female football match officials (age: 39 + 4 y) during a 25-
day international tournament (WEURO 2022). Wrist-worn actigraphy (Biostrap EVO, USA) was used to measure night-time
sleep duration (h:min), sleep onset and wake time (h:min), and sleep efficiency (%; percentage of fime in bed spent
asleep). Data was analysed by proximity to MD: Training Day (TD; pitch/gym based, at least +/-2 days from MD), MD-],
MD and MD+1; KO time: 17:00 PM or 20:00 PM; and, Role on MD: Referee or Fourth Official. Data are shown as mean +
SD (range), with statistical significance set at p < 0.05.

RESULTS: Sleep duration was 7:20 + 1:20 (6:20 — 8:04), with no difference between type of day (MD: 6:46 +1:38, TD: 7:25 +
1:16, MD-1: 7:37 £ 1:18 and MD+1: 7:12 = 1:12, p > 0.05). Total time in bed was lower on MD (7:22 =+ 1:29) compared to MD-1
(8:25 + 1:19) and TD (8:15 + 1:07, p < 0.05). Sleep onset time was later on MD (00:54 + 1:22) compared to MD-1, MD+1 and
TD (23:39 + 1:07, 23:58 + 0:52 and 23:27 + 0:52, p < 0.01) and sleep wake time was later on MD (8:06 + 0:58) compared
to TD (7:42 + 0:48, p < 0.05). An 20:00 PM KO resulted in later sleep onset time (01:29 + 01:04) compared to 17:00 PM KO
(00:00 + 1:21, p < 0.01), with no differences observed in sleep wake time (p > 0.05). Accordingly, sleep duration was short-
er after 20:00 PM KO compared fo 17:00 PM KO (6:00 + 1:05 vs. 8:06 + 1:38, p < 0.01}, as well as total time in bed (6:44 +
0:59 vs. 8:22 + 1:38, p < 0.01). No differences were observed in any variables between Referee and Fourth Official perfor-
mance (p > 0.05). Sleep efficiency was 89 + 7% (81-96%) throughout the tournament with no differences observed be-
tween type of day, KO time or role on MD (p > 0.05).

CONCLUSION: Elite female football match officials, on average, achieved the recommended sleep duration and quality
during WEURO 2022, however there was large interindividual variation. Sleep duration was <7 h on MD and after 20:00
PM KO, likely due to a later sleep initiation and non-compensatory wake time. As such, individualized sleep hygiene strat-
egies which consider match scheduling are recommended.
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LEGACIES OF THE 2022 COMMONWEALTH GAMES FOR BIRMINGHAM COMMUNITIES AND INDIVIDUALS FROM DISAD-
VANTAGED BACKGROUNDS: EVIDENCE FROM THE QUALITATIVE DATA

HEYES, A., ALHARBI, A., CARTER, B., KARAMANI, M., LEE, M., LIANG, X., QUINTON, M., VAN ZANTEN, J.V., CHEN, S.
UNIVERSITY OF BIRMINGHAM

Introduction

Major and mega sporting events have transformative power to the host city and countries but they are expensive to stage.
Politicians and event organisers justify such costs with headline claims that major-event-hosting can generate economic,
social, and environmental legacies for the host region. However, event hosting does not always benefit everyone. For
cities such as Birmingham (United Kingdom), with 90% of wards being more deprived than the national average, the
hosting of the 2022 Commonwealth Games (CWG) affracted substantial media scrutiny, particularly given that a key mis-
sion was to deliver ‘A Games for Everyone’. As part of a larger study, this cross-disciplinary research explored the legacies
of the CWG for communities and individuals from disadvantaged backgrounds (CIDBs) in Birmingham.

Methods

Seven pre-Games (one-month prior to the Games) focus groups were conducted (N = 37) with CIDBs across Birmingham.
Guided by event legacy literature and social exchange theory, example questions included: What are individuals attitudes
and perceptions of the CWG? What legacies do people anticipate from the Games and how? Data were coded and ana-
lysed through reflexive thematic analysis.

Results

There were five themes generated from the pre-Games data: (1) varied attitudes towards the Games, (2) a divided ex-
pected legacy, (3) the Commonwealth Games magnifies inequality, (4) barriers resulting in limited engagement, and (5)
the importance of community. The findings revealed that individuals, community groups, or community leaders perceived
that they were not included in the planning of the events and legacies. Initial communication with the Commonwealth
Games organising committee was not sustained or meaningful. Promises of a Games sold for its equality, diversity, and
inclusion was perceived as superficial and tokenistic. Participants experienced difficulties taking part in the Games (e.g.,
volunteering, watching events), felt excluded by the events, had limited awareness of legacy opportunities, and identified
a lack of training (i.e., skills development) to ensure equal opportunities in accessing the events. The importance of com-
munity was reiterated throughout with a belief that community groups and champions could help to leverage the Games
legacy but also act as a bridge between the event and host communities.

Discussion

To our knowledge, this is the first study to explore the views of the legacies of a mega-sporting event of CIDBs. The pre-
Games results identified an inclusion problem that CIDBs were not viewed as an integral part of the Games. Moreover,
due to the lack of financial and resource support, though there were benefits and opportunities associated with the
Games, CIDBs struggled to capitalise on them. Future mega sporting events must ensure CIDBs are befter consulted and
engaged throughout the event hosting process.

BETTER BASKETBALL ORGANIZATION BETWEEN TWO DIFFERENT CULTURES: THE CHINESE AND THE SPANISH

WANG, J.F.
TECHNICAL UNIVERSITY OF MADRID

Introduction

This research focuses on China and Spain and compares how basketball is managed and developed in these states by
focusing on cultural differences between the countries. The aim is to identify notable differences in how basketball growth
is approached between two different cultures.

Methods

This study used a mixed-methodologies approach fo data collecting, including both qualitative and quantitative methods.
Analysis of the responses via Atlas.ti software and a review of scientific literature helped identify a few significant differ-
ences regarding fraining approaches, assessment of coaches, government support, regional development, and falent
acquisition. Triangulation was used to combine data from twenty semi-structured interviews, ten representatives from the
Chinese Basketball Association (CBA) and ten officials of the Spanish Basketball Federation (FEB), and a study of relevant
literature. The literature review was integrated into the methodology to provide a broader understanding of the cultural
differences between Spain and China and how they may impact the development and management of basketball. In
particular, the study was issued by the Ethics Committee of the Technical University of Madrid, which demonstrates that
the study meets the ethical requirements.

Results
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The comments of the interviewees indicated that the Spanish Basketball Federation (FEB) and the Chinese Basketball As-
sociation (CBA) approach athlete training, coach evaluation, government assistance, regional development, and talent
acquisition in different ways. Basketball was discovered to be more professionalized and centralized in Spain, with a
maijor emphasis on player development and conditioning. Basketball in China, on the other hand, was discovered to be
more community-based, with a focus on grassroots promotion. The statistics also revealed considerable discrepancies in
each countrys amount of investment and resources dedicated to basketball, with China investing more in infrastructure
and facilities to promote the sports development. Furthermore, the study indicated disparities in the coaching styles and
training methods employed in the two nations, with China emphasizing physical training and conditioning and Spain
emphasizing technical and tactical training.

Discussion

The findings demonstrate that the individualistic culture of Spain implies peculiarities that contribute to the better develop-
ment of basketball. Overall, the findings suggested that cultural differences have a substantial impact on how basketball
is handled and developed in these two nations. Thus, while basketball has a strong culture in both Spain and China, the
sport is governed and promoted differently in each nation due to cultural differences such as history, customs, and gov-
ernment interests. This result can be a recommendation for other nations to promote basketball growth.

LEVERAGING THE 2023 FIFA WOMEN’S WORLD CUP FOR SUSTAINABLE FAN ENGAGEMENT — A PRELIMINARY ANALYSIS

CUTRUPI, C.
UNIVERSITY OF TECHNOLOGY SYDNEY

The substantial long-term growth experienced by women'’s football globally has recently resulted in a familiar phase of
stagnation, as attendance numbers struggle to remain consistently high and broadcast demands not being met (Meier,
2020). This has also been evident in Australia where the women'’s national team, the Matildas thrives while the semi-
professional A League Women has struggled to grow in regards to game attendance and spectator engagement (Foot-
ball Federation Australia, 2019). In this presentation, we investigate how the leveraging of a sport mega event — the 2023
FIFA Women'’s World Cup — can contribute to sustainable fan engagement of women'’s football in Australia.

The hosting of the FIFA WWC 2023 in Australia and New Zealand in July/August 2023 presents a significant opportunity
for Football Australia and its stakeholders to advance women's sport into a position that ensures a prosperous and sus-
tainable future. However, while we know about the leveraging intentions of event organisers to achieve economic and
socially driven outcomes (Chalip & Leyns, 2002; Chalip, 2004; Chalip, 2006; D'Hoore et al., 2022) — and how significant
fans are to value growth (Kolyperas & Maglaras, 2018; Allison, 2013) — we know very little about sport organisations and
how they view leveraging events as a tool to achieve sustainable fan engagement (Smith, 2014; Schulenkorf et al., 2016;
Singleton, 2017) — especially in women'’s sport. Moreover, existing literature has indicated that much of the research con-
ducted within the fan engagement space has primarily focused on men'’s sporting teams and events, with limited data
available on women'’s sporting leagues (Toffoletti, 2017; Delia, 2020; Clarke et al., 2022). Taken together, there is a lamen-
table gap in the space of event leverage and sustainable growth in women'’s sport that deserves to be examined from an
organisational perspective (see Sant, 2015; Wasser et al., 2022; Dionisio et al., 2022).

In this presentation, we offer preliminary findings from a larger research study on event leverage for sustainable fan en-
gagement around the WWC 2023. Specifically, we look back at previous sport event leverage aftempts and assess key
strategies that have been successfully implemented by sporting organisations in their respective leveraging efforts. More-
over, we provide structured social media data that we collected in the lead-up to the event and discuss how social media
can be used as a tool to maximise event-related opportunities. In doing so, we make two critical contributions across
practice and theory. First, we illicit a number of socio-managerial strategies for event organisers and sport organisations
to use in their leveraging efforts; and second, we propose a new event leverage framework that goes beyond current
conceptualisations by focusing specifically on (sustainable) fan engagement as a core outcome.

Contributors/Supervisors; Prof. Dr. Nico Schulenkorf, A/Prof. Dr. Katie Schlenker, Dr. Stephen Frawley

THE PERCEPTION OF OLYMPIC AGENDA 2020 RECOMMENDATIONS OF COLLEGE STUDENT ATHLETES IN TAIWAN: A
CROSS-SECTIONAL STUDY ON THE IMPLEMENTATION OF THE AGENDA IN 2021

YANG, Y.J.
NAIONAL PINTONG UNIVERSITY OF SCIENCE AND TECHNOLOGY

Introduction

In December 2014, the International Olympic Committee (IOC) has officially approved the Olympic Agenda 2020 at the
127th 10C Session. The strategic roadmap, consisting of 40 recommendations, was built on the three pillars of Credibility,
Sustainability and Youth. Since the release of the document, it served as a guide for countries around the globe fo commit
to reform, promote and implement accordingly. Six years after the adoption of the Agenda at the 137th I0C Session on the
10th of March 2021, the Executive Board agreed the closing report of this Olympic Agenda 2020 unanimously. Hence, it is
also of great importance to understand how college student athletes in Taiwan perceive the Agenda after its implementa-
tion period.

Methods
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The obijective of this work is to carry out a survey through purposive sampling to understand how college student athletes
in Taiwan who had at least participated in one sports event at a national level think about the Olympic Agenda 2020 after
its implementation period. The athletes were surveyed at the competition venues during the game periods of the national
intercollegiate sports events. A total of 528 questionnaires were given out with 446 valid ones collected. The data were
then analyzed through the methods of descriptive analysis, paired sample t-test, Pearson correlation analysis and im-
portance-performance analysis.

Results

Among all the surveyors, average 20.9 years old, the highest level they had competed in was mostly intercollegiate level.
By analyzing the data of how important and satisfactory athletes felt about the execution of the three pillars of the Agenda
with paired sample t-test, significant differences were noticed. Based on IPA, none of the 40 recommendations fell under
quadrant B (Concentrate Here) with 29 of them in quadrant A (Keep Up the Good Work), ten in C (Low Priority) and one in D
(Possible Overkill).

Discussion

Five years after the adoption of the Agenda, it was still noteworthy that athletes put great emphasis on the recommenda-
tions, which corresponded to the research outcomes from Chen, B. I., Chen, M. Y. and Yang, Y. J. (2020) in 2018. Hence,
government sectors and related associations should take this into account. Furthermore, in terms of the satisfaction level
of the respective aspects of the Agenda, the results revealed an approving tendency, which was different from the out-
comes in 2018 when students were not satisfied with the performances in all three priorities. Consequently, it proved that
the recommendations were developing in an optimistic direction. When applying IPA, none of the recommendations was
in the second quadrant. This finding contrasted with the outcome in 2018 when many of the recommendations were
located in quadrant B. Overall, comparing with 2018, this study demonstrated that a progress was made in how athletes
perceive the reform and that the efforts made by the government sectors and relevant authorities spoke for themselves.

EXPLORING THE RELATIONSHIP BETWEEN THE SWEDISH REGIONAL SPORT STRATEGY, PERCEIVED TRUST, AND NON-
PROFIT SPORT ORGANIZATIONS’ MANAGEMENT IN SOUTHERN SWEDEN

ANDERSSON, K., JANSSON, A.
UNIVERSITY OF MALMO

Introduction

Sport and frust-based governance is a cornerstone of Swedish sport management. There are more than 20,000 sport
associations, and the sport sector receives approximately USD 20 million in public funding yearly. The Swedish Sports
Confederation (SSC) is a non-profit umbrella organisation that coordinates the management of Swedish sport. SSC's “what
sport wants” is an appropriation document on the vision of the Swedish sport movement wherein SSC advise sport clubs
to focus on inclusivity, hard to reach societal groups, and sport for the masses rather than the fostering of elite players.
Concurrently, it is problematic that there is no research on what motivates sport clubs to apply what sport wants (Book,
Hedenborg & Andersson, 2022). Accordingly, the purpose of this study is to contribute new knowledge on what influences
Swedish sports clubs in carrying out what sport wants’s national goals for sport participation.

Methods

The data consists of self-rated answers (N = 1,937) from a questionnaire, distributed to all non-profit sport organizations in
southern Sweden in 2017, 2018 and 2020. The questionnaire focused on sport organizations’ 1) perceived support from
SSC, 2) perceived frust in SSC, 3) competence in what sport wants and, 4) how frequently the sports associations worked
with equity (including anti-discrimination and inclusion). X2-test and regression analyses were used to analyze differences
between the years 2017, 2018 and 2020, and the relationship between perceived support from SSC, perceived trustin SSC,
competence in what sport wants, and how frequently the sports association worked with equity. Effect size measurements
were calculated and interpreted based on established guidelines.

Results

Preliminary results indicate that sport organizations’ perceived support from SSC has decreased significantly and continu-
ously between 2017 (M = 3.0), 2018 (M = 2.9), and 2020 (M = 2.8). It does not seem 1o be any differences in perceived trust
in SSC and equity. The results also show that, competence in what sport wants (8 = .225), and perceived support from SSC
(B = .278) can predict to which extent sport organizations work with equity (R2 =.278).

Discussion

Preliminary results indicate that more support and trust in SSC lead to increased redalization of what sport wants. However,
since the results show that perceived support for SSC has decreased between 2017, 2018, and 2020, this study illuminates
an urgency of maintaining a strong relationship between Swedish sport clubs and SSC. Moreover, the results confirm the
efficiency of the trust-based management model used in Sweden, which seemingly leads to deliverables among the
participating associations.

Book, K., Hedenborg, S., & Andersson, K. (2022). New spatial practices in organised sport following COVID-19: the Swe-
dish case. Sport in Society, 25(7), 1343-1357. https://doi.org/10.1080/17430437.2022.2031017
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AN EXPLORATORY STUDY OF SPATIAL DIVISION OF FOOTBALL PITCH PASSING NETWORKS

MA, R.1,2, CUI, Y.2, DENG, K.2, EXEL, J.1, BACA, A.1
1 CENTRE FOR SPORT SCIENCE AND UNIVERSITY SPORTS, UNIVERSITY OF VIENNA, VIENNA, AUSTRIA; 2 SCHOOL OF SPORTS
ENGINEERING, BEIING SPORT UNIVERSITY, BELING, CHINA

INTRODUCTION: The integration of network science into the analysis of football passing performance has recently atiract-
ed extensive research interest. Compared to player passing networks, pitch passing networks, which describe zonal
information and general attacking profile of a team, have received comparatively less attention. Therefore, this exploratory
study focused on determining the optimal spatial divisions of the football pitch passing networks and on examining the
most prominent network metrics within such networks regarding zone importance.

METHODS: A dataset consisting of spatiotemporal records of 1,665,510 passes of 1,941 matches from the 2017/2018 sea-
son of the top five European Leagues, 2018 World Cup and UEFA Euro 2016 was used. The pitch passing networks were
constructed by dividing the field into K equal areas (nodes), with K scales ranging from coarsest (1x2) to finest (20x20).
Edges were respectively weighted by the numbers of passes between two nodes. Subsequently, two criteria were applied
for determining the division scale: i. the extent of how much passing information was retained (N, the ratio of the total
links (L) to the total successful passes (N) and ii. the heterogeneity of nodes degree (representing whether passes are
evenly distributed under a certain network scale). Kendalls Rank Correlation Coefficient t) was used to analyze the asso-
ciation between the ranking of zone importance (based on four key passing events: smart pass, forward pass, assist, key
pass) and the following network metrics: degree centrality, clustering coefficient, neighbor degree, closeness centralty,
betweenness centrality and eigenvector centrality.

RESULTS: It was shown that the division scales of 24, 50, 100 and 400 contained 81.3%, 90.9%, 95.3%, and 98.9% of all
pass information. In addition, no obvious difference in the heterogeneity of node degree was shown between different
scales. Regarding the relationship of the ranking of the zone importance at four scales with network metrics, degree cen-
trality, betweenness centrality, eigenvector centrality and closeness centrality showed strong correlations (t_ave(SD)) of
0.77 (0.121), 0.77 (0.108), 0.75 (0.117) and 0.71 (0.116) respectively, while neighbor degree and clustering coefficient showed
trivial correlations of 0.36 (0.234) and 0.18 (0.456).

CONCLUSION: The study indicated that scale divisions from K=24 retains largely the passing information, and the hetero-
geneity may not be a criterion in deciding optimal scales. Also, areas with higher centrality values contained a greater
number of key passing events, which proves the prominence of these areas and potentially aids in future assessments of
team passing styles. Nonetheless, it should also be acknowledged that the suitable scale for pitch passing networks may
differ depending on analysis purposes. While this study focuses on the micro-level of networks, future research could
explore improvements at the meso and marco levels with subgroups or entire networks.

THE INFLUENCE OF SCORELINE ON PASSING PERFORMANCE IN ELITE SOCCER
DING, J.1,3, HUANG, Z.2,3, O'DONOGHUE, P.2, STRAFFORD, B.1, STONE, J.1
LSHEFFIELD HALLAM UNIVERSITY, 2. RENEJAVIK UNIVERSITY, 3. JT SPORTECH PERFORMANCE SERVICE, CHINA

INTRODUCTION: Passing value (i.e. number of passes or the percentage of successful passing) is regarded as a perfor-
mance indicator for quantifying a team’s style of football [1] with scoring teams achieving greater passing success in the
five minutes leading up to a goal [2]. Furthermore, the losing or drawing team typically prefer holding a long possession
period, while the winning team play with shorter possession periods [3]. However, the behaviour of passing (i.e. the loca-
tion, the aim, the type of the passes) has not been examined. Therefore, the aim of this study is to use a self-organising
map (SOM) [4] to detect passing patterns and find the association between scoreline and passing behaviours in elite
soccer matches.

METHODS: A SOM neural network was trained to classify 192,538 passes in to 12 passing behaviours from 835 high-
performance soccer matches. Wilcoxon signed rank tests were used to investigate the changes in passing behaviour
frequencies 5 minutes before a goal and during 8 potential scorelines (ATA: Ahead-to-ahead, ATC: Ahead-fo-conceded,
ATA: Ahead-to-Level, BTB: Behind-to-Behind, BTL: Behind-to-Level, BTC: Behind-to-Score, LTA: Level-to-ahead, LTB: Level-
to-Behind). The different percentage of passing behaviour between paired scoring and conceding scoreline was exam-
ined by a Chi square test.

RESULTS: 4 significant changes were found in the frequency of passing behaviours between scorelines (except scoreline
ATL and BTS). The frequency of pass type 8, Short- and mid- range passes in the central of the pitch towards to the lateral
direction (left or right), was different before (0.88+0.33) and after (0.35+0.43) the ATL scoreline (P < 0.001). Significant differ-
ences were found in the percentage of passing behaviours among total passes before different paired scorelines (scoring
teams and conceding teams). Normally, the conceding team played more defensive passes and sided passes (for exam-
ple ATL: 39.50% defensive, 33.3% aggressive, 77.2% sided, 22.6% central) while the scoring teams play more aggressive
and central passes (for example ATA: 31.3% defensive, 39.4% aggressive, 74.8% sided, 25.2% central).
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CONCLUSION: Out of 192,538 passes, the chosen arfificial intelligence system created 12 classifications 5 minutes before
and after goal scoring. Passing behaviours differed significantly across the pre- and post-scorelines, as well as between
relative-paired scorelines. This result means in practice, coaches could give instruction to players on how to maintain or
change the scorelines in games by tracking and changing the passing behaviours. The influence of scorelines during
different times of the game and a unique series of contests on non-location-based passing behaviour in varying leagues
with diverse playing styles should be the subject of future research.

1. Hewitt, Greenham, & Norton (2016), 2. Redwood-Brown (2008), 3. Paixdo et al (2015), 4. Kohonen (2001)

CONSTRUCTION OF APPLICATION STRATEGY FOR STATISTICAL ANALYSIS OF BEACH VOLLEYBALL GAME TECHNIQUES AND
TACTICS BASED ON THE CONCEPT OF STANDARDIZATION OF RESEARCH METHODS

ZHENXIANG, C., DEFENG, Z,, LIN, S., DONG, H.

1.SHANGHAI RESEARCH INSTITUTE OF SPORTS SCIENCE  (SHANGHAI ANTI-DOPING AGENCY) , SHANGHA! 200030, CHI-
NA ; 2 SHANGHAI UNIVERSITY OF SPORT, SHANGHAI 200438,  CHINA

INTRODUCTION: To explore the establishment of a standardized statistical analysis strategy for beach volleyball tech-
niques and tactics, and fo verify its reliability and validity, to provide theoretical standards and methods for studying the
technical and tactical characteristics of beach volleyball games, and to lay the theoretical foundation and practical path
for the Chinese Volleyball Association to promote the technical statistical methods of beach volleyball.

METHODS: 1. Expert Interview Method: Interviewing 3 professionals.2. Focus Group Discussion: Focus groups are formed
by 3 coaches, 6 players, 2 volleyball technical and tactical statistical analysis professionals and 2 researchers to com-
municate and discuss statistical technical and tactical indexes and effects as well as analysis methods. 3. Experimental
method: Fifteen games (60 players) from the final stage of the 14th National Games in 2021 were selected to allow three
technical and tactical statisticians to count the games using the Data Volley 4 strategy and one coach at the game site
according to the same statistical criteria.

RESULTS: 1. Sorted out the eight modules of "goal setting, index selection, effect standard, related technology setting, tac-
tics setting, statistical standard, hardware and software configuration and practical analysis" to build a standardized
technical and tactical stafistics strategy; 2. Using the data of 8 matches of the champion Liaoning mens sand volleyball
team No. 1 as the sample, using chi-square test and independent sample t-test to compare the final and preliminaries of
receiving and serving (x2=18.67, p=0.001<0.05) , attacking (x2=3.663, p=0.61>0.05), and average block score per set
(t=2.934, p=0.011<0.05) technical performance effects to provide a basis for the selection of the study matches;

3. The intra-group correlation coefficient test application strategy was used and the degree of rater reliability consistency
was excellent (all three ICC coefficients >0.90); the paired t-test and Bland- Altman consistency analysis of the average
reception rate and offensive success rate per set of applied strategy statistics and traditional paper-and-pencil statistics
showed no significant difference (p>0.05) and good consistency (p>0.05).

CONCLUSION: 1. The standardized system construction of the application strategy can meet the needs of the sand volley-
ball team in preparing for matches, and at the same time can provide standards and methods for official match technical
statistics. 2.The application strategy has good validity and lays the foundation for different statisticians to divide and coop-
erate. 3. Among the main opponents in preparing for major matches, the latest matches are preferred when choosing the
matches.

NEAREST NEIGHBOR CLUSTERING TO RECOGNIZE TEAM TACTICS
SCHWENKREIS, F.
BADEN-WUERTTEMBERG COOPERATIVE STATE UNIVERSITY STUTTGART

INTRODUCTION: Team tactics are coordinated moves of team members as for example in team handball or soccer.
Several approaches have been published to detect team tactics automatically in streams of spatio-temporal data as they
are generated by Kinexon or Catapult equipment in order to take team tactics into account when evaluating the players’
performance. Particularly the representative search based on the clustering data mining technique has been identified
lately as a means to solve the task. However, the used notion of distance is critical, and first approaches based on the
Frechet distance and straight forward clustering techniques based on distance (and density) have shown suboptimal
results.

METHODS: A two-step approach is introduced. First, clusters of player trajectories are identified allowing to “encode”
whole team moves as combinations of trajectory cluster ids. Then a variation of a co-occurrence grouping is used to find
similar team moves. We need a variation because not all groups of trajectories are “significant” for a team move. Thus, we
need fo assign significance weights to trajectories when searching for co-occurring trajectory groups.

Usual clustering techniques are suboptimal because they need a more or less constant distance (or density) across clus-
ters. Both, distance and density vary a lot in case of trajectories of players, depending on the played position. Thus, it will
be shown that a special notion of nearest neighbor similarity outperforms direct distance or density-based approaches.
To find the nearest neighbors of trajectories the dynamic time warping (DTW) distance is used instead of the Frechet dis-
tance.

RESULTS: Focusing on a single team of the first German team handball league, 32 matches of that team in 2022 have
been analyzed. 7,833 raw player trajectories of attack events have been extracted from the spatio-temporal data collect-
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ed by Kinexon during the matches. 5.5 seconds of position information before an attack event (the defense trajectories
have not been analyzed yet) were used to search for trajectory groups. By excluding team moves of fast breaks and pen-
alties, the search for tactical moves was based on 732 team moves and 6,153 player trajectories.

Using the two-step approach based on the notion of the dynamic time warping distance, 56 groups of team tactical
moves have been identified consisting of 35 groups of player trajectories. However, the 56 groups are partially nested
meaning that one group is a special case of another group.

CONCLUSION: Using DTW is a much better distance criterion for trajectories than the Frechet distance. Using the nearest
neighbor-based similarity based on DTW rather than using the direct distance allows taking into account the differences of
moving patterns of different player positions. It will be shown that the typical trajectories of specific player positions are
detected and then grouped to complete tactical moves. And this done in a complete automated process without human
video classification.

Oral presentations
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CARBOHYDRATE INGESTION DURING PROLONGED FATIGUING CYCLING IMPROVES NEXT-DAY TIME TRIAL PERFORMANCE
AND MAY REDUCE PROTEIN DEGRADATION IN WELL-TRAINED CYCLISTS

CLAUSS, M.1, SKATTEBO, @.1, RASEN DAHLI, M.1, VALSDOTTIR, D.1, JOHANSEN, E.I.1, SKALHEGG, B.2, JENSEN, J.1

1. DEPARTMENT OF PHYSICAL PERFORMANCE, NORWEGIAN SCHOOL OF SPORT SCIENCES, NORWAY. 2. DEPARTMENT OF
NUTRITION, UNIVERSITY OF OSLO, NORWAY.

INTRODUCTION: Exercise with low carbohydrate availability increases protein degradation, which can considerably re-
duce subsequent performance. In parallel, carbohydrate ingestion during exercise has been shown to maintain carbohy-
drate availability. We aimed to test whether carbohydrate ingestion during exhaustive exercise could reduce protein deg-
radation. In addition, we tested if next-day performance was improved when exhaustion was prevented with carbohy-
drate ingestion.

METHODS: Seven well-trained male cyclists (VO2max 66.8+1.9 mL-kg-1-min-1; mean+SEM) cycled to exhaustion (~2.5
hours) at a power output eliciting 68% of VO2max (W68%), followed by repeating 1-min work/1-min recovery intervals at
90% of VO2max (W90%) until exhaustion. During W68%, cyclists ingested a placebo water drink (PLA) the first time and a
similarly flavored carbohydrate drink (CHO), 1 g carbohydrate-kg-1-h-1, the second time. The participants performed the
same amount of work under the two conditions, separated by at least one week. The two conditions were isoenergetic,
and diet was provided to the participants. To test the recovery, participants completed a time trial (TT) the next day. TT was
designed so that participants completed mechanical work equivalent to 30 min at a workload corresponding to 100% of
VO2max. Gross efficiency during TT was calculated as [gross efficiency (%) = work accomplished (kl)/energy expended
(kJIx1001. Blood and urine were collected throughout the study period. Two-way repeated measures ANOVA was used to
defermine treatment differences, with freatment and time as factors.

RESULTS: Carbohydrate ingestion maintained carbohydrate availability during W68% and W90%: total carbohydrate oxi-
dation was significantly higher in CHO (CHO, 518+55 g; PLA, 426+31 g; p=0.022), and plasma glucose concentration was
maintained in CHO (start, 5.1£0.1 mM; exhaustion, 4.7+0.1 mM; time p=0.523) compared to in PLA (start, 5.2+0.2 mM;
exhaustion, 3.7+0.4 mM; time p<0.001; condition p=0.025). Next-day performance during TT was better after CHO inges-
tion (CHO, 41:49+1:38 min; PLA, 42:50+1:46 min; p=0.020), as well as gross efficiency (CHO, 18.6+0.3 %; PLA, 17.9+0.3 %,;
p=0.019). Urinary nitrogen excretion did not significantly differ during the study period (p=0.897). Urinary excretion of 3-
methylhistidine increased more in PLA than in CHO, but not significantly (p=0.673). Finally, tyrosine and phenylalanine
plasma concentrations increased in PLA but not in CHO (p=0.018).

CONCLUSION:  Carbohydrate ingestion during exhaustive exercise reduced deferioration in next-day performance
through reduced metabolic stress and development of fatigue. Some parameters point toward less protein degradation,
which would preserve muscle function, but further investigations are needed. Nevertheless, this study highlights the im-
portance of ingesting carbohydrates during prolonged exercise to maintain subsequent performance, especially when
competing over consecutive days.

A DIET RICH IN CARBOHYDRATES WITH LOW GLYCAEMIC INDICES RESULTS IN IMPROVED PERFORMANCE RELATED PA-
RAMETERS IN RECREATIONAL RUNNERS AFTER 10 WEEKS OF ENDURANCE TRAINING

MOITZI, A., ROGI, B., KRUPICKA, R., KOENIG, D.

UNIVERSITY OF VIENNA

INTRODUCTION: Changes in macronutrient intake, such as in a low-carbohydrate high-fat diet (LCHF), are often used to
achieve higher fat oxidation rates. LCHF leads o a lower carbohydrate (CHO) oxidation and preserves glycogen stores,

because of reduced insulin levels. However, LCHF has shown to decrease metabolic flexibility and performance at higher
intensities. Since insulin levels are also lowered in a diet with low glycaemic CHO, we hypothesized that a diet rich in CHO
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with low glycaemic indices would combine the fat oxidation-boosting effect of LCHF with the performance-enhancing
effects of CHO.

METHODS: 57 male runners (age: 28.3+4.3 yrs, VO2 peak: 55.7+7.8 mL-min-1-kg-1) were randomly assigned to one of
three experimental groups (LOW-GI: 265% low glycaemic CHO daily, n=19; HIGH-GI: 265% high glycaemic CHO daily,
n=19; LCHF: 265% fat, <50g CHO daily, n=19) stratified by their VO2 peak. To determine lactate thresholds, peak power
output PPO), and VO2 peak an incremental test until exhaustion on a treadmill with capillary blood samples taken every 3
min was performed (starting at 6 km-h-1, 1.5 km-h-1 increment, 3 min steps). VO2 peak was measured using breath-by-
breath gas analysis. Performance was measured in a 5 km time trial (TT) on a 400m running track. Magnet resonance
spectrometry was conducted fo measure muscle glycogen content (MGJ. To test hypotheses one-way ANOVA followed by
Tukeys multiple comparisons and paired t-test were used. Significance was accepted at p<0.05. Data are reported as
mean=SD.

RESULTS: TT improved (LOW-GI: -126+78, HIGH-GI: -78+120, LCHF: -68+92 sec, resp. p<0.05) in all three groups, yet, en-
hancement was 54% higher in LOW-GI compared to LCHF. The increase in relative PPO was greater in LOW-GI (0.26+0.25
W-kg-1) compared to LCHF (0.07+0.16 W-kg-1, p=0.037, n2=0.139). VO2 peak decreased significantly in LCHF (0.2+0.4
L:min-1, p<0.05). A significant increase in performance at 2 and 4 mmol-L-1 thresholds was found in all groups (LOW-GI:
1.5£1.2 and 1.3+0.8 km-h-1, HIGH-GI: 1.2+0.9 and 0.7+1.1 km-h-1, LCHF: 2.1£1.2 and 1.5+£0.9 km-h-1, resp. p<0.05), chang-
es at 2 mmol-L-1 were most profound in LCHF. Changes in maximum lactate concentration were significantly greater in
LCHF (-2.1£1.9 mmol-L-1) compared to other groups (p=0.008, n2=0.198). Changes in MG were more pronounced in LCHF
compared to CHO groups (LOW-GI: 35.4+56.9, HIGH-GI: 31.4+37.2, LCHF: -13.2+35.1 mmol-L wet-tissue-1), but no differ-
ence between groups was found (p>0.05).

CONCLUSION: These findings demonstrate that a diet rich in low glycaemic CHO appears to increase performance relat-
ed parameters. Although speculative, these findings could be interpreted as a result of preserved CHO availability, replen-
ished MG and reduced insulin levels. In contrast, LCHF may inhibit training effects at maximal intensities, due to reduced
activation of key enzymes in CHO metabolism. Hence, consumption of low glycaemic CHO may be of interest in optimis-
ing metabolic flexibility and training adaptions.

THE EFFECT OF DELAYING A CARBOHYDRATE-RICH BREAKFAST ON AFTERNOON INTERMITTENT EXERCISE PERFORMANCE:
A RANDOMISED, SINGLE BLIND, PLACEBO-CONTROLLED TRIAL

LAMB, C.1, REES-MILLNS, S.1, LOVE, T.1, WALDRON, M.1, CHEN, Y.C.2, METCALFE, R.S.1
1 SWANSEA UNIVERSITY, 2 NATIONAL TAIWAN NORMAL UNIVERSITY

INTRODUCTION: Omission of a carbohydrate (CHO) rich breakfast has been shown to impair affernoon/evening endur-
ance exercise performance, but previous studies have been limited by a lack of a placebo control and an extreme dietary
manipulation (i.e., early morning consumption vs. complete omission). In addition, afternoon/evening exercise perfor-
mance events commonly involve prolonged durations of high-intensity intermittent rather than endurance-based exercise.
In this randomised, single-blind, placebo-controlled study, we tested the hypothesis that delaying the consumption of
CHO-rich breakfast would impair prolonged high-intensity intermittent exercise performance in the afternoon.

METHODS: Following ethical approval, ten regular intermittent games players (mean+SD: age: 25+6 y; maximal oxygen
uptake: 48+7 ml/kg/min) completed two trials (EARLY and DELAY) that were matched for energy and nutrient intake. In
EARLY, participants consumed a high-CHO breakfast shake (2 g/kg BM maltodextrin, 1 ml/kg BM orange squash, 0.15
g/kg BM Xantham gum, 0.067 g/kg BM artificial sweetener and 6 ml/kg BM water) at 8am, followed by a faste and tex-
ture matched, but energy depleted, placebo shake (1 ml/kg BM orange squash, 0.15 g/kg BM Xantham gum, 0.067 g/kg
BM artificial sweetener and 6 ml/kg BM water) two hours later. In DELAY the order of these shakes was reversed. In both
trials, following a standardised and individualised high CHO lunch (888+107 Kcal, 145+28 g CHO), participants subse-
quently completed a 90-min intermittent indoor cycling exercise performance task, starting at 3pm. This consisted of two,
40-min stages with 10-min of rest in between. Each half involved 18 repeated 2-min blocks of steady state cycling (100-s;
35% maximal aerobic power output), followed by 15-s of unloaded pedalling and then a 6-s all-out sprint. Peak, mean,
and end power output were measured during each sprint and averaged across each stage of the test for statistical anal-
ysis.

RESULTS: The subjective appetite response followed a similar pattern during the morning of both trials, despite differing
blood glucose and substrate oxidation responses, which together confirmed the success of the single-blind placebo
control. There were no differences in peak power (Ist half: mean difference [95% Cll: 0.85 [-12 to 14] W, p=0.89, d=0.01);
2nd half: 1.6 [-12 to 151 W, p=0.79, d=0.01), mean power (Ist half: mean difference: 2.2 [-12 to 17] W, p=0.73, d=0.01); 2nd
half: mean difference: -2.2 [-16 to 111 W, p=0.72, d=0.02) or end power (Ist half: mean difference: 6.9 [-11 to 25], p=0.42,
d=0.05); 2nd half: mean difference: -1.7 [-16 to 121 W, p=0.80, d=0.01) during the sprints in the DELAY compared to the
EARLY conditions.

CONCLUSION: These data provide no evidence that delaying consumption of a CHO-rich breakfast impairs prolonged
afternoon high-intensity intermittent exercise performance.
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THE INFLUENCE OF A VEGAN DIET ON BODY COMPOSITION, PERFORMANCE AND THE MENSTRUAL CYCLE IN YOUNG
WELL-TRAINED WOMEN

ISENMANN, E., TROJAK, 1., LESCH, A., SCHALLA, J., HAVERS, T., DIEL, P., GEISLER, S.
IST UNIVERSITY OF APPLIED SCIENCES, DUSSELDORF

INTRODUCTION: The number of people who completely renounce animal products and live vegan is continuously in-
creasing. Young women between the ages of 15 and 29 are the most frequently represented population. However, there
is hardly any data available for this population. Therefore, this study aimed to examine the influence of a change to a
vegan diet and the effects on performance, body composition and menstrual cycle (MC) in young healthy women.

METHODS: Ten well-trained women (>3TE/week) took part in a 12-week controlled study (4 weeks omnivorous control
phase, 8 weeks vegan intervention). All participants were informed about the nutritional documentation (FDDB Extender)
and a vegan diet one week before the omnivore control phase. In addition, they were supervised by a nutritionist
throughout the entire period. Two days before the vegan phase begin, a second information session about the vegan diet
was conducted. Every four weeks (TO, T1, T2, T3), performance (squat, countermovement jump (CMJ)) and body composi-
tion (body weight, muscle mass (MM), fat mass (FM) were checked and well-being was assessed. In addition, a saliva
sample was taken every two days and a menstrual diary was filled out to monitor the MC. A linear mixed model (LMM)
was used to test the effects of dietary change on performance, body composition and the MC. Besides, if the change was
significant, the influence of the MC phases on body composition and performance was also examined.

RESULTS: No significant changes in squat performance, well-being, and total calories were found (n=9). In CMJ a signifi-
cant difference in freatment (p:.031) but no time difference (p:.142) was detected. In Body composition a significant de-
crease over time (p<.001) and treatment effect (p<.001) in MM was observed but not in FM (time: p:.983; treatment: p:.923).
In addition, a significant effect of MC phases on MM was observed (p:.023). In macronutrient distribution, the carbohy-
drate content increased (p<.001), whereas protein content decreased significantly (p<.001). In addition, a negative trend
was observed in relative protein intake (p:.050). For fat content, a significant treatment effect was observed (p:002). Hor-
mone concentrations of individual MC showed no significant abnormalities throughout the intervention period.

CONCLUSION: It appears that a change to veganism does not affect squat performance if total calorie requirements are
met. In contrast, a significant reduction in CMJ was observed. But, the individual curves show that a considerable reduc-
tion in performance was already visible before the vegan phase and cannot be attributed fo the vegan diet. The decrease
in protein can also be observed in the change in MM. During the vegan phase, the women no longer reach the recom-
mendations for relative protein intake for athletes. Consequently, this could inhibit adaptation or regeneration processes
in the long term. However, this can only be speculated at this point. Furthermore, no statement can be made about the
long-term effects on MC.

EATING BEHAVIOURS, MENSTRUAL HISTORY, AND THE ATHLETIC CAREER

RAVI, S., VALTONEN, M., IHALAINEN, J.K., HOLOPAINEN, E., KOSOLA, S., HEINONEN, S., WALLER, B., KUJALA, U.M., PARKKA-
RI, J.
UNIVERSITY OF JYVASKYLA

INTRODUCTION: Sports participation has many health benefits but is also associated with injuries, disordered eating (DE)
behaviours, and menstrual dysfunction (MD) in female athletes. This refrospective study aimed to investigate if menstrual
history and eating behaviours are associated with sports career-related factors in females who had participated in com-
petitive sports during their adolescence. Moreover, the aim was to evaluate differences in menstrual history and eating
behaviours among females with and without a competitive sports background.

METHODS: One hundred females with a competitive endurance sports background and their 98 age-, gender-, and mu-
nicipality-matched controls participated in the study. Data on demographics, menstrual history, eating behaviours at
different age stages, sports careers, and injuries were collected by a questionnaire. Eating behaviours were assessed
with the Eating Disorder Examination Questionnaire short form (EDE-QS). EDE-QS scores were calculated for each as-
sessed age period (i.e., ages 13-15, 16-18, 19-21, 22-25, and present] and the scores were used both as a continuous
and binary variable. Generalised estimating equations were used to calculate associations of menstrual history and eat-
ing behaviours with the outcome variables, i.e., sports career length, participation level, injury-related harms during the
career, and career termination due fo injury.

RESULTS: Higher EDE-QS scores, indicating unhealthier attitudes toward eating and body image, during the athletic career
were associated with a shorter career (B = -0.15, 95% confidence interval (Cl) -0.26, -0.05), and secondary amenorrhea
was associated with lower participation level (odds ratio (OR) 0.51, 95% CI 0.27, 0.95), injury-related harms during the
career (OR 4.00, 95% Cl 1.88, 8.48), and career termination due to injury (OR 1.89, 95% Cl 1.02, 3.51). Females with a com-
petitive sports background reported higher rates of MD than controls (primary amenorrhea 20% vs 2% in athletes and
controls, respectively, p<0.001 and secondary amenorrhea 34.1% vs 20.4%, in athletes and controls, respectively,
p=0.035), but no differences between the groups were observed in the EDE-QS scores at any age (p>0.05 for all). Howev-
er, frends in the EDE-QS scores over time were more stable among controls, while the scores of athletes increased signifi-
cantly after age 13-15. DE during the sports career among athletes and DE during adolescence or young adulthood
among controls was associated with current DE in both groups.

CONCLUSION: The findings of this study indicate that DE behaviours and MD, specifically secondary amenorrheqa, are
linked with undesirable aspects of a sports career in females competing in endurance sports. DE during the sports career
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is associated with DE after the career. Athletes and those working with them should be aware of the negative link of DE
and MD to a sports career.

15:15 - 16:30
Invited symposia

IS-BMO5 Sex-Based Differences in Fatigability, Sport Performance and Recovery

SEX DIFFERENCES IN FATIGABILITY AND ATHLETIC PERFORMANCE
HUNTER, S.
MARQUETTE UNIVERSITY

Every cell in the human body has a sex. Consequently, males and females differ in anatomy and physiology resulting in
marked sex differences in neuromuscular performance, and fatigability of limb muscles. Typically, males outperform
females in athletic and neuromuscular performance after puberty across all age groups primarily due to the effects of
testosterone which is ~15-20 times greater than females from ~18 years of age. Males on average have larger, stronger,
faster and more powerful skeletal muscles. The sex difference in muscle strength and power range from 10-40% depend-
ing on the demands of the task and the muscle groups involved. In contrast, there are minimal sex differences in the
ability to activate the available skeletal muscle during voluntary contractions prior to fatiguing tasks.

While males are stronger and more powerful than females, the relative decrement in force or power during a fatiguing
task of males is usually larger than for females, primarily for isometric and slow-velocity fatiguing contractions. This sex
difference in fatigability (relative exercise induced reduction in force or power) is not typically observed during fast-velocity
contractions. This presentation will highlight some of the fundamental differences in physiology and anatomy that dictates
the sex differences in athletic performance and fatigability. Understanding the sex difference in neuromuscular fatigability
has important implications for training and rehabilitation in males and females.

Finally, despite more concerted efforts in the last ~15-20 years to include females in mechanistic studies, there is still inad-
equate inclusion of females and knowledge on the mechanisms for sex differences of fatigability and athletic perfor-
mance. The sex bias of studying more males than females in both human and animal experiments in physiology and
fatigability has led to the false assumption that males and females respond similarly to interventions including fatiguing
exercise. The field is ripe with opportunities to clarify and understand the sex differences in neuromuscular fatigability,
athletic performance, and the underlying mechanisms during different tasks.

DO WOMEN SHOW THE SAME STRUCTURAL AND FUNCTIONAL RECOVERY AS MEN AFTER AN ENDURANCE RACE?

NICOL, C.
AIX-MARSEILLE UNIVERSITE

The number of participants in endurance running races has increased dramatically in recent years, especially for the half-
marathon. Despite the significant health benefits of regular endurance running, it is characterized by thousands of ground
impacts and eccentric muscle actions. This can induce focal structural muscle damage leading to muscle regeneration
and functional recovery that last a few days after exercise. Oestrogen however, may make women less prone to muscle
fatigue, muscle damage and more rapid recovery of muscle structure and function. Only a few studies however, have
analysed the sex-specific recovery pattern, and such comparative analyses have been performed for the acute recovery
phase only.

In men, the pattern of functional recovery is described as biphasic, and characterized by immediate functional deficits,
followed by partial recovery at 2 h, before new deficits 1to 2 days later that decrease only gradually over several days. The
delayed recovery phase is mainly aftributed to the structural and functional consequences of the inflammato-
ry/remodelling processes after exercise-induced muscle damage. This phase is accompanied by delayed onset muscle
soreness (DOMS). However, because DOMS is only felt around the inflammatory peak, it disappears before full structural
and functional recovery is achieved. This constitutes a potential risk of injury when training resumes as runners may over-
estimate their actual functional capacities. Furthermore, although a causal relationship between muscle damage and
force deficit has been reported after eccentric exercise, only a few running studies have assessed structural and functional
recovery of the muscle in parallel other than through indirect blood markers of muscle inflammation (e.g. creatine kinase).
Furthermore, whether there are sex-related differences in recovery of muscle from running is not known.

We recently compared the structural and functional recovery patterns of recreational female and male runners after a 20-
km gradient race. The inflammatory stage was assessed by ultrasound and magnetic resonance imaging. Women had
more DOMS and increases in inflammation markers in the hamstring muscles than men, but no differences in the other
muscles. Depending on the test, women had similar or less functional deficits and earlier recovery than men. EMG analy-
sis revealed a sex-specific organisation of muscle synergies that could in part explain the sex differences in recovery
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times. For example, women recovered faster in drop-jump, a test in which they showed less hamstring contribution, even
in the pre-fatigue session.

Finally, irrespective of sex, the lack of a clear relationship between structural alterations in the muscle and functional defi-
cits is attributed to the various neuromuscular compensations that can occur during dynamic multi-joint contractions.

HORMONAL BASIS OF SEX DIFFERENCES IN ATHLETIC PERFORMANCE

SENEFELD, J.
MAYO CLINIC

The world of sport is facing the challenge of creating sport-specific safeguards that promote fair competition and partici-
pation for all athletes - including people who are born with differences of sex development and people who identify as
transgender or elsewhere on the gender spectrum. Substantial evidence supports that testosterone is strongly associated
with sex-based differences in sports performance, more so than any other known factor. The pronounced differences
between the sexes in endogenous testosterone levels beginning at puberty correspond to sex-specific divergence in
oxygen carrying capacity in the blood (via hematocrit and hemoglobin); muscle strength and endurance; cardiac output;
and sports performance. In this framework, this presentation will use elite athletic performance as a model to provide key
insights into the timing and magnitude of sex differences in athletic performance during human development and
throughout adulthood.

Before puberty, there are limited differences in athletic performance among elite girls and boys. Thus, this presentation
will highlight that youth sports should likely focus on inclusivity and equity between girls and boys.

Beginning with the onset of puberty, sex-based differences in anatomical structure (body, limb, airway, and organ size)
develop, such that, on average, people who have undergone male puberty are taller; have longer limbs; have larger
lungs and wider conducting airways; and have larger hearts compared to people who have not undergone male puber-
ty. In this context, athletic performance during adulthood will highlight sex-based differences in athletic performance and
the key contributing physiological factors. Additionally, the impacts of participation by both males and females will be
considered, and the potential role of participation in observed differences in athletic performance.

Finally, this presentation will propose that well-coordinated, multidisciplinary research is needed to provide evidence to
support sport-specific safeguards that promote fair competition and participation for all athletes - including people who
are born with differences of sex development and people who identify as transgender or elsewhere on the gender spec-
trum.

Invited symposia
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ACUTE ADAPTATIONS OF SKELETAL MUSCLE TO EXERCISE: A TRANSLATIONAL APPROACH

PLACE, N.
UNIVERSITY OF LAUSANNE

The transient reduction in muscle force generating capacity after exercise, i.e. muscle fatigue, has been extensively stud-
ied for more than a century using different models (from isolated muscle fibre to exercising humans) but there is still no
clear consensus about the underlying mechanisms. This lack of consensus might originate from the multifactorial nature
of muscle fatigue, potentially involving processes along the whole neuromuscular pathway - from action potential gen-
eration at the brain level to the interaction of contractile proteins within the muscle. This presentation will take concrete
examples in the literature fo illustrate the potential contribution of neural vs. intramuscular factors in the acute adaptations
to exercise. Although an arsenal of techniques has been developed to evaluate neuromuscular fatigue in humans, this
talk will highlight some of the drawbacks that researchers should keep in mind and provide practical recommendations.
We will also show results combining data from various models to emphasize the role of metabolic factors in impaired
skeletal muscle Ca2+ handing in response to exercise. As an example, we will discuss the role of the sarcoplasmic reticu-
lum Ca2+ release channel - the ryanodine receptor - as a key regulator of mitochondrial adaptations in response to exer-
cise. This talk is intended to be of broad interest to the sport science community including researchers, sport coaches and
clinicians, as it will combine data obtained from non-invasive measurement with more mechanistic investigations for a
better understanding of skeletal muscle function.

THE CENTER STAGE OF GLYCOGENOLYTIC DERIVED ENERGY IN SKELETAL MUSCLE FATIGUE

@RTENBLAD, N.
UNIVERSITY OF SOUTHERN DENMARK

It is well known that glycogen content and turnover is a limiting factor for normal muscle function during both prolonged
and high-intensity intermittent exercise. However, the mechanisms explaining why and how glycogen and glycolysis are
integrated with muscle function are far from understood. The talk will provide a comprehensive overview of the current
understanding of the glycogenolytic regulation of muscle contractile properties. This will bring together recent advance-
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ments demonstrating that vital regulations of ions within the cell are controlled locally in micro-domains and that the
specific characteristics of glycogen metabolism and glycolysis may provide an essential path for such local control. It is
herein remarkable how skeletal muscle fibers to balance energy utilization with production is of vital importance for all cell
types, preventing loss of energy and thereby cell integrity, but particularly important in skeletal muscle with a high and
fluctuating energy-turnover. Still, the scientific community has mere explanations on how this remarkable precise balance
between energy conversion and work is accomplished. We and colleagues in the field have now established research
methods to pin-point the mechanisms linking glycogen and glycolytic flux to muscle cell key functions. This has demon-
strated that the specific metabolic pathway of glycolysis, which is rate depending on muscle glycogen, is essential for both
membrane excitability and calcium regulation. The talk will in line with the overall proposed symposia demonstrate and
discuss recent advancements in our understanding of the role of glycogenolytic derived energy, based on experiments
from the isolated muscle fibre through to human whole-body exercise, including high level athletes.

INSIGHT INTO HOW INTRAMUSCULAR STRESSORS INTERFERE WITH THE MUSCULAR MACHINERY
LANNER, J.
KAROLINSKA INSTITUTET

Skeletal muscle has an impressive ability to adjust to physiological challenges with enhanced muscle strength and aero-
bic capacity as examples of beneficial adaptations. However, in disease conditions, and even during normal aging,
skeletal muscle may become dysfunctional and weak., i.e., entering a maladaptive state. Both the adaptive and mala-
daptive alterations to skeletal muscle may occur even without changes in muscle mass, highlighting the importance of the
intramuscular machinery for muscle performance, including mitochondria and the contractile apparatus. This presenta-
tion will focus on how exercise- and disease-induced inframuscular signals/stressors (including Ca2+, reactive oxygen
species, TNFa) contributes to skeletal muscle adaptation and maladaptation. With data from human subjects and preclini-
cal models, emphasis will be put on how intramuscular signals/stressors contribute to reduced mitochondrial health and
muscle weakness in subjects with non-communicable disease, for example rheumatoid arthritis and breast cancer. We
will also discuss in what manner molecular tools that empower the mitochondrial health can be used to counteract dis-
ease-induced muscle maladaptations.

Oral presentations

OP-AP22 Cycling: Training and Testing

CAN WE ACCURATELY PREDICT CRITICAL POWER AND W FROM A SINGLE RAMP INCREMENTAL EXERCISE TEST?
CAEN, K., BOURGOIS, J.G., STUER, L., MERMANS, V., BOONE, J.
DEPARTMENT OF MOVEMENT AND SPORTS SCIENCES, GHENT UNIVERSITY, GHENT, BELGIUM

INTRODUCTION: The critical power model defines the hyperbolic relationship between power output (PO) and its sustain-
able endurance time by two parameters: critical power (CP) and the work capacity above CP (W'). Theoretically, CP repre-
sents the maximal metabolic steady state intensity while W defines a fixed amount of energy available during efforts
above CP (1. The practical use of the CP model remains heavily constrained by the necessity to perform multiple exhaus-
tive constant work rate (CWR) tests. Therefore, alternative test protocols have been explored, including a simple ramp
incremental test (2), which seems feasible as it can be easily tailored to the individual by adjusting the ramp slope and
because these tests are already widely utilized in both sports and clinical practice (3). The purpose of this study was to
examine the suitability of a single ramp incremental test to predict critical power (CP) and W. We hypothesized that CP
would correspond to the corrected power output (PO) at the respiratory compensation point (RCP) and W would be cal-
cutable from the work done above RCP.

METHODS: 153 healthy young people (26+4 yr, 51.4+7.6 mL-min-1-kg-1) performed a maximal ramp test (20, 25 or 30
W-min-1), followed by a series of constant load trials to determine CP and W. CP (243+46 W) and W (18.7+4.7 kl) were
estimated using a ‘best individual fit' approach, selecting the mathematical model with the smallest total error. RCP was
identified by means of gas exchange analysis and then translated into its appropriate PO by applying a correction strate-
gy. We evaluated the agreement between CP and the PO at RCP, and between W and the total work done above CP
(WRAMP>CP) and above RCP (WRAMP=>RCP), as derived from the ramp test.

RESULTS: CP was significantly higher than the PO af RCP (A = 8+16 W, p<0.001). WRAMP>CP was significantly lower than W
(A =1.9+3.3 kJ, p<0.001), whereas WRAMP>RCP and W did not differ from each other (a = -0.6+5.8 kJ, p=0.21).
CONCLUSION: Despite the fact that CP and RCP occurred in very close vicinity, the estimation of W from ramp exercise
may be problematic given the likelihood of underestimation and considering the large variability. Therefore, we do not
recommend the interchangeable use of CP and W values derived from constant load vs. ramp exercise, in particular
when the goal is to obtain accurate estimates or to predict performance capacity.
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FORCE-VELOCITY-ENDURANCE RELATIONSHIP: DEVELOPMENT OF A MATHEMATICAL MODEL AND VALIDATION OF THE
IFLET TEST

MOREL, B., BOWEN, M., DOREL, S., SAMOZINO, P.
UNIVERSITY SAVOIE MONT-BLANC

INTRODUCTION: Force production capacities during brief maximal efforts are constrained by a force-velocity relationship,
a negative linear function characterized by theoretical maximum force (FO) and velocity (VO) [11. For longer efforts, the inten-
sity-duration relationship is mathematically described by an asymptotic decay function, the asymptote being the critical
intensity [2]. Changing the force and velocity produced during an exercise e.g. by manipulating cadences in cycling, modi-
fies the intensity-duration relation [3]. When the effort is prolonged, alterations in force and velocity capacities may also be
different. Unfortunately, a unified force-velocity-time relationship as a representation of biomechanical and bioenergetical
capacities of exercise performance has never been modeled. The aims of this study were to develop a mathematical
model of a force-velocity-time relationship and to validate a test to determine the model parameters.

METHODS: Based on the assumptions that i) the force-velocity relationship is linear and remains so when fatigued and
that i) both the force and velocity capacities decrease over time following an exponential decay function, a mathematical
model has been developed. It is defined by 6 parameters being initial force (FOi) and velocity (VOi) capacities, the critical
force (FOc) and velocity (VOc) capacities and the time constants for force (TauF) and velocity (TauV) decay. 16 participants
realized the IFLET test on two separate days to test the reliability. It consists in a modified cycling 3-min all-out exercise
during which the flywheel was instantaneously braked every 30 s so that the participant had to re-accelerate, thus allow-
ing regular evaluation of the force-velocity capacities. The mean force and velocity of each pedal stroke was computed
and used to fit the model's parameters.

RESULTS: The goodness of the fit of the model from experimental data was excellent (all r2 > 0.93). FOi and V0i presented
no systematic bias, excellent ICC (> 0.9) and very low SEM (< 5%). FOc and VOc demonstrated very good reliability (ICC >
0.8) and low SEM (5.4 and 7.6 %, respectively). TauF and TauV showed good reliability (ICC > 0.75) but higher SEM (~20%).
Overall, when looking at the Flv,1) surface, independently of the parameters mentioned above, the relative and absolute
reproducibility was very good to excellent.

CONCLUSION: This is the first time that a model describes the force capacity considering both velocity and time simulta-
neously. This model fitted very well with experimental data obtained during the IFLET test, a 3-min all-out sprint inter-
spersed exercise which also showed very good test-retest reliability. Applications of this approach could be numerous in
the evaluation of physical capacities as well as for performance application through training or the optimization of hu-
man-material interactions.
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MUSCLE TYPOLOGY UNDERPINS SPRINT CYCLING CHARACTERISTICS IN ELITE TRACK CYCLISTS
BELLINGER, P., MINAHAN, C., DERAVE, W., LIEVENS, E., KENNEDY, B., CRAMPTON, M., WACKWITZ, T.
GRIFFITH UNIVERSITY

INTRODUCTION: Maximal power output (i.e., Pmax) and the ability to maintain Pmax (i.e., fatigue rate) are key determi-
nants of track sprint cycling events. Track sprint cyclists have been categorized as possessing fast-typology (i.e., a greater
proportion of type Il fibres)1,2. Nonetheless, it is unknown whether muscle typology underpins the key characteristics fi.e.,
Pmax and fatigue rate) of frack sprint cycling. The aim of this study was to determine whether muscle typology is associat-
ed with the key mechanical characteristics of track sprint cycling in elite track cyclists.

METHODS: Ten male (84.3 + 8.3 kg) and eight female (66.5 + 9.4 kg) elite track cyclists volunteered for this study. Five
cyclists were classified as world-class athletes, with the remaining thirteen cyclists classified as elite3. Within this cohort, 13
were track sprint and 5 were track endurance specialists. Subjects attended a laboratory testing session where they per-
formed a sprint cycling protocol on either a Lode or custom motor driven SRM ergometer, both with a standard crank
length of 170 mm. The laboratory session was comprised of three 5-s maximal sprints completed in isokinetic mode at
fixed cadences (80, 120, 160 rev-min-1). Data from the ergometers and power meters were stroked averaged and fafigue
free torque- and power-cadence profiles were constructed. Pmax and the corresponding optimal cadence (Fopt) were
identified following best practice methodology4. Cyclists then completed two optimised sprints; a 5 s and 15 s maximal
effort which were completed at the athletes Fopt, whereby stroke averaged data was used to quantify fatigue per pedal
stroke. Carnosine content was quantified by proton magnetic resonance spectroscopy in the gastrocnemius and soleus
and expressed as an aggregate Z-score to estimate muscle typology. The association between muscle typology and the
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mechanical parameters of the torque- and power-cadence profiles and fatigue rate per pedal stroke in the optimized
sprint were analysed using linear regression.

RESULTS: Muscle typology explained 50% and 55% of the variation in Pmax in males and females, respectively (P<0.05),
whereby a higher carnosine Z-score [i.e., greater estimated proportion of type Il fibres) was associated with a greater
Pmax. In contrast, while muscle typology explained 41% of the variation in the fatigue rate of male track cyclists (i.e., a
higher carnosine Z-score was associated with a greater fatigue ratel, there was a trivial association in female track cy-
clists.

CONCLUSION: These findings indicate that for male track cyclists there is a trade-off between Pmax and the decrement in
power output per pedal stroke with variation in muscle typology, while Pmax is also underpinned by muscle typology in
elite female track cyclists.
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METABOLIC SIGNATURES OF PERFORMANCE IN ELITE WORLD TOUR PROFESSIONAL CYCLISTS DURING COMPETITION

NEMKOV, T.
UNIVERSITY OF COLORADO ANSCHUTZ MEDICAL CAMPUS

INTRODUCTION: Investigations in elite professional athletes offer a unique opportunity to determine the ceiling of human
performance, providing a benchmark to compare human physiology of healthy occasional, recreational, semi-
professional and professional athletes. While omics characterizations of recreational and professional athletes under
controlled acute training regimens have provided information regarding substrate utilization as a function of exertion,
studies are scarce on these processes in elite professional athletes during testing in the field and, more importantly, World
Tour competitions.

METHODS: Using dried blood spot collection to circumvent logistical hurdles associated with field sampling, whole blood
samples were isolated from 28 international-level professional male cyclists before and after a graded exercise test (GXT)
to volitional exhaustion and before and after a long aerobic field training (FT) session (180 km). Additional samples were
taken from 5 of these cyclists before and after three stages of a multi-stage World Tour race. Samples were analyzed
using high-throughput mass spectrometry-based metabolomics and lipidomics.

RESULTS: Blood profiles of lactate, carboxylic acids, fatty acids and acylcarnitines differed between different exercise
modes (GXT and FT). The GXT elicited significant accumulations in lactate and succinate, in addition to significant eleva-
tions in free fafty acids and acylcarnitines. Conversely, FT elicited a larger magnitude of increase in fatty acids and acyl-
carnitines without appreciable increases in lactate or succinate. Comparable signatures were revealed after sprinting and
climbing stages, respectively. In addition, signatures of fatty acid oxidation capacity correlated with competitive perfor-
mance.

CONCLUSION:  Collectively, these studies provide a unique view of alterations in the blood metabolome of elite athletes
during competition and at the peak of their performance capabilities. Furthermore, they demonstrate the utility of dried
blood sampling for omics analysis, thereby enabling molecular monitoring of athletic performance in the field during
training and competition.

MIXED-METHOD PRE-COOLING AND SELF-PACED CYCLING PERFORMANCE IN THE HEAT: EFFECTS OF APPARENT TEMPER-
ATURE

RAMOS, J., DUCKER, K., LANDERS, G., RIDDELL, H., GIRARD, O., BRADE, C.
CURTIN UNIVERSITY

INTRODUCTION: It is often believed that pre-cooling (PreC) may only be of benefit to performance when the thermal strain
experienced by an individual is sufficiently high, even though this claim is largely unsubstantiated. Thus, the aim of this
study was to explore the effects of mixed-method PreC on 20-km cycling time-trial (CTT) performance in various apparent
temperatures (AT).

METHODS: Twelve male cyclists or triathletes (mean + SD: Weekly training distance and frequency = 289 + 176 km and 5 =
1, respectively) completed six 20-km CTT separated by 7 days in a randomised order in three different apparent tempera-
tures: hot-dry (31°C, 49% RH; 35°C AT [35ATl), moderately hot-humid (34°C, 55% RH; 40°C AT [40ATI), and hot-humid
(36°C, 71% RH; 46°C AT [46AT]) . All trials were preceded by 30 min of mixed-method PreC (crushed ice ingestion 7g-kg-1
body mass + cooling vest) or no cooling (control; CON) in a thermoneutral environment.

RESULTS: During the PreC period, rectal temperature (Tre) was not significantly lower when PreC was applied. However,
Tre decreased by 0.01- 0.02°C/min, which was significantly greater than the rate of decrease in CON (p < .01). Mean skin
temperature (Tsk) was also 0.70 — 0.87°C lower when PreC was applied compared to CON during the PreC period (p <
.01). During the CTT, PreC reduced the rate of split time increase in 46AT by 1.14 s/km compared to CON (Bdist x temp x int
=172, p < .01). Further, Tre did not differ between CON and PreC (37.22 vs. 37.03°C, p > .05). However, an interaction
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effect between condition and distance cycled (Btemp x dist = 0.03, p < .01) indicated that Tre increased over the course of
the CTT faster at 46AT (BPreC = 0.11°C/km; BCON = 0.10°C/km) than 35AT (BPreC = 0.07°C/km; BCON = 0.08°C/km). The
rate of change in Tsk across the CTT was 0.04°C/km higher when PreC was applied than CON in 46AT only (Btemp x dist x
int = 0.04, p < .01). Pre-cooling decreased average rating of perceived exertion compared to CON in 46AT (Bint x cond = -
1.03, p < .01). Average thermal comfort and sensation during the CTT were significantly lower for PreC compared to CON
in 40AT (p < .01) and 46AT (p < .01). Furthermore, the rate of increase in thermal comfort and sensation across the CTT was
also higher when PreC was applied (p < .01) compared to CON (p < .01).

CONCLUSION: Although not detrimental to performance, PreC provided the greatest benefit to 20-km CTT performed in
hot-humid environmental conditions compared to hot-dry and moderately hot-humid conditions. This may be due to
lower mean Tsk and improved exercise-related sensation when PreC is utilised compared to no cooling. Therefore,
mixed-method PreC may be of greater benefit to endurance performance when applied in hot-humid environments
(>46AT) compared to hot-dry and moderately hot-humid conditions (<46°C AT).

Oral presentations
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IN-VIVO ESTIMATION OF DYNAMIC POSTERIOR TIBIAL TENDON EXCURSION AND TORSION USING ULTRASOUND SPECKLE
TRACKING: PRELIMINARY RESULTS

HUNG, K.L., WANG, H.K.
COLLEGE OF MEDICINE, NATIONAL TAIWAN UNIVERSITY

INTRODUCTION:  Abnormal torsion of the posterior tibial tendon (PTT) is suggested to be associated with the avascular
injury mechanism of tendon degeneration [11. As dynamic tendon torsion is theorized to present along with tendon excur-
sion during joint motions [2], assessments of both tendon motions are essential in understanding the injury mechanism
and prognosis of PTT dysfunction. Ultrasound speckle tracking (UST) is a non-invasive method that can quantify in-vivo
tendon motions [3]. The present study utilized UST to investigate tendon excursion and torsion during passive joint motion
or isometric muscle contraction and compare outcomes between individuals with neutral and pronated feet.

METHODS: Eight individuals with neutral feet (NE group, age: 25.8+2.28 years) and five individuals with pronated feet (PR
group, age: 22.8+2.9 years) were enrolled. All participants were asked to perform passive ankle eversion and isometric
ankle inversion tasks on an isokinetic dynamometer. During both tasks, a series of long-axis and short-axis PTT ultra-
sound images (USls) was taken sequentially at 2 cm above the medial malleolus using a 4-15 MHz ultrasound probe. UST
was then applied to the recorded USIs to calculate speckle displacements within the self-defined region of interest to
quantify in-vivo tendon excursion (millimeter) from long-axis images and tendon torsion (degree) from short-axis images.
The Mann-Whitney U test was used to evaluate between-group differences.

RESULTS: A significant difference was found in PTT torsion during passive ankle eversion (median [interquartile rangel; NE:
3.77°[4.10°], PR: 7.48° [5.14°]; p=0.048; d=1.07) but not during isometric ankle inversion (NE: 3.69° [2.17°], PR: 5.93° [2.04°];
p=0.177; d=0.49) between the groups. No significant between-group differences were noted in PTT excursion during
passive ankle eversion (NE: 0.53 [1.10] mm, PR: 1.36 [1.28] mm; p=0.222; d=1.27) and isometric ankle inversion (NE: 1.21
[0.77) mm, PR: 1.75 [3.31] mm; p=0.622; d=0.37).

CONCLUSION: To our knowledge, the present study is the first to report dynamic PTT torsion in vivo. From our preliminary
results, as tendon excursion and torsion are suggested fo co-occur, more tendon excursion and torsion during passive
ankle eversion might imply excessive tendon movement associated with the altered foot posture. However, more partici-
pants should be included to further increase the statistical power. Future work should also incorporate measurements of
the tendon’s mechanical properties to support the hypothesis.
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A FORCE-ENDURANCE MODEL ABLE TO DESCRIBE THE MUSCLE FATIGABILITY IN THE SEVERE DOMAIN: VALIDATION ON
ELECTRICALLY STIMULATED ADDUCTOR POLLICIS.

VONDERSCHER, M., BOWEN, M., SAMOZINO, P., MOREL, B.
UNIVERSITE SAVOIE MONT-BLANC

INTRODUCTION: Muscle fatigue refers to the decay in muscles’ ability to generate force. The Critical Power (Pc) concept (1)
predicts the point at which fatigue develops in such a way that the required constant intensity will no longer be sustaina-
ble, i.e., time to exhaustion (TTE). However, this model only distinguishes two states: when it is possible to continue the
exercise or not depending on whether W' (fixed amount of work that can be performed above Pc) is emptied or not. Re-
cently, Bowen et al. (2) extended the Morton’s 3-parameters model (3) fo describe maximal force decrease over time in
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the severe domain, whatever the intensity being constant or variable: Fmaxlt) = (-1/Tau) integral(F(t-Fc)dt + Fi. This study
aimed at testing the predictive capacity of this model for constant, ramp, and oscillatory intensities on electrically stimulat-
ed Adductor Pollicis in isometric condition

METHODS: A custom ergometer coupled with an electrical nerve stimulation system was developed to study the Adductor
Pollicis isometric force production capacities, independently of participants’ voluntary activation. While participants re-
mained passive, a PID control regulated ulnar nerve stimulation discharge frequency between 6 and 30 Hz to follow a
force target. Maximal capacities (Fmax) were assessed every 15 s with 100 Hz tetanus of 500 ms duration. Eight parfici-
pants realized 3 experimental sessions. The individual parameters Fi, Fc and Tau were determined by adjusting the model
to Fmax and time data from constant intensity tests. Model's validity was tested through the accuracy of the model's pre-
diction of i) exhaustion times during increasing ramp tests and i) Fmax(t) during an oscillatory force exercise (sinus function
between Fc and Fc + 0.1 Fi with a 120 s period).

RESULTS: The model's goodness of the fit on constant exercise experimental data was excellent ([median adjusted R2 =
0.96; interquartile range = 0.15; RMSE = 4.4 + 2.7 %Fi). Mean = SD Fi, Fc and Tau were respectively 95.9 + 1.2 %Fi, 22.4 +
4.1 %Fi and 39.9 = 15.5 s. Mean difference between predicted and observed TTE was 8.9 + 18.2 s (RMSE = 9.7 + 5.2 %Fi).
The RMSE between predicted and observed Fmax during the oscillatory test was 6.1+ 3.1 %Fi.

CONCLUSION: The present results evidenced that it is possible to determine individual model's parameter Fi, Fc and Tau
from experimental data obtained during electrically induced isometric contractions of the Adductor Pollicis. Moreover,
once individually fitted, the model showed very good predictions of the time to exhaustion in an increasing ramp test.
Finally, the proposed model allowed for the accurate prediction of fatigue, i.e., decrease in maximal force, over an oscilla-
tory fatiguing exercise. To conclude, the force-endurance capacities mathematical model seems valid to characterize
muscle-level isometric fatigability in the severe domain, independently from central mechanisms.
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EVIDENCE OF DIFFERENT SENSITIVITY OF MUSCLE AND TENDON TO MECHANO-METABOLIC STRESS

LAMBRIANIDES, Y., EPRO, G., KARAMANIDIS, K.
LONDON SOUTH BANK UNIVERSITY

INTRODUCTION: Inability of tendons to match muscle strength gains in response to exercise could lead to an imbalance
between these structures and place the tendon under a higher mechanical demand (i.e. higher strain; 1). The current
investigation aimed to examine the effects of mechano-metabolic stress on the temporal dynamics of triceps surae (TS)
muscle and Achilles tendon (AT) mechanical and morphological adaptive changes by conducting fatiguing cyclic mechan-
ical loading exercise at low and high muscle force generation capacity.

METHODS: Twelve young adults (27+5 yrs) completed a 12-week training infervention of 3 weekly sessions of 3 sets of
cyclic unilateral isometric plantarflexion contractions at 80% of maximal voluntary contraction until failure to induce high
muscle metabolic stress. As TS muscle operates on the ascending limb of the force-length-relationship (2), a short (PF; 115°)
or a long (DF; 85° muscle-tendon unit (MTU) length was used for each leg during exercise to achieve low and high levels
of mechanical stress, respectively. TS MTU mechanical and morphological properties were assessed biweekly via simul-
taneous ultrasonography and dynamometry. All three compartments of the TS muscle and the AT were 3D reconstructed
using magnetic resonance imaging.

RESULTS: Similar temporal adaptive increments in TS muscle strength, pennation angle and cross-sectional area were
found between DF and PF legs over the 12 weeks of cyclic fatiguing loading exercise (p<0.05). DF leg demonstrated a
significantly higher AT stiffness post 12 weeks of fraining (pre 473 £ 106 vs. post 12wk 523 + 107 N/mm; p<0.05) along with
greater AT CSA, with no observable changes in AT force-length relationship for the PF leg. In both legs, maximal AT strain
followed a similar temporal increase within the first 8 weeks (on average relative tfendon strain increase =15%), after which
a continuous reduction towards baseline levels was observed only in the DF leg. The PF leg demonstrated a further in-
crease until the end of the 12-week intervention (on average from 5.4 t0 6.6%).

CONCLUSION: The current findings provide evidence that muscle and tendon responsiveness to mechano-metabolic
stress over time differs in rate and magnitude, and that muscle is more sensitive to metabolic stress and muscle activa-
tion, whereas tendon adaptation depends primarily on the magnitude of experienced stress and strain. We propose that
such differences between muscle and tendon sensitivity to mechano-metabolic stimuli can temporarily lead to higher
functional demand on the tendon and need to be considered fo reduce the risk of unbalanced adaptive changes within
the MTU during exercise.
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TORQUE-ANGLE AND TORQUE-VELOCITY RELATIONSHIPS DURING UNILATERAL LEG EXTENSIONS: TOWARDS AN INDI-
VIDUAL TORQUE-VELOCITY-ANGLE PROFILE

POMMERELL, F.1, RAHMANI, A.1, BOYAS, S.1, SAMOZINO, P.2, MOREL, B.2, PEYROT, N.1

1LE MANS UNIVERSITE, LABORATOIRE MOTRICITE, INTERACTIONS, PERFORMANCE, UR 4334, FRANCE ; 2 UNIVERSITE SAVOIE
MONT-BLANC, LABORATOIRE INTERUNIVERSITAIRE DE BIOLOGIE DE LA MOTRICITE, UR 7424, FRANCE

INTRODUCTION: Torque production for single- or mulfi-joint movements depends on joint angle and angular velocity due
to the muscle force-length and force-velocity relationshipslil. Therefore, to characterise individual strength variations with
joint angle and angular velocity can be useful to better understand and enhance human performance.

A three-dimensional model constructed from Hill's hyperbolic Torque-angular Velocity (T-V) and Torque-Angle (T-A) rela-
tionships modelised by a second order polynomial can be used to describe the Torque-Velocity-Angle (T-V-A) relation-
ship[ll. However, this model is based on some assumptions, such as: 1) the optimal joint angle (AQ) at which the maximal
torque is produced for a given angular velocity is independent on the angular velocity, and 2) the T-V relationship can be
modelised by the Hill's function over the entire angle spectrum. So, in order to validate these assumptions, the purpose of
this study was fo test 1) the A0 independence from velocity, 2) the degree of fitting (r?) of Hill's hyperbolic T-V model for
different joint angles, and 3) the consistency of the T-V relationships parameters (theoretical maximal torque, T0, and
angular velocity, VO; curvature of the T-V relationship, C).

METHODS: Seven active parficipants randomly completed maximal intensity isokinetfic knee extensions at 21 angular ve-
locities (30 to 450°/s). Range of motion was set from 0 (full extension) to 110° knee flexion.

A0 was calculated for each angular velocity from the second order polynomial T-A relationships. A0 coefficients of varia-
tion were calculated to determine the deviation of AO across velocities.

T-V relationships from Hill's hyperbolic function at different knee angles were modelised from experimental torque, angle
and angular velocity data. T0, VO and C were then extrapolated. Repeated measures ANOVAs were used to test differ-
ences in T-V relationship parameters (T0, VO, C and r?) at three knee angles: A0-30°, A0-15°, AQ.

RESULTS: Maximal torque occurred between 64 to 80°, resulting in a mean A0 of 72+8° knee flexion. The mean coefficient
of variation was 6.72+4.08% illustrating that AO remains stable across velocities.

TO was significantly lower at A0-30° (15617 N.m) than at A0-15° (194+23 N.m), and lower at A0-15° than at A0 (223+27
N.m).

Despite a high-level fitting (r2>.85), VO and C did not significantly change according to the knee angle, probably because
of the high variability of the modelised values illustrated by a small effect size (n2=0.005).

CONCLUSION: The optimal knee angle does not depend on the contraction velocity. Maximal torques obtained by Hill's
hyperbolic extrapolation varied according to the second order polynomial torque-angle relationships. This result confirms
the independent effect of angle and angular velocity in torque production. Further studies should include experimental
data closer to the maximal knee angular velocity to improve model parameter adjustments, mainly VO and C.

References:
(11 Hahn et al. 2014 Eur J Appl Physiol

TRICEPS SURAE MUSCLE-TENDON UNIT MECHANOBIOLOGICAL RESPONSES TO FREQUENT HIGH MAGNITUDE OF ME-
CHANICAL LOADING

EPRO, G.1, SUHR, F.2, KARAMANIDIS, K.1
1 LONDON SOUTH BANK UNIVERSITY: 2 UNIVERSITY OF BAYREUTH

INTRODUCTION: Muscle strength gains in response to long-term exercise are commonly accompanied by increased
tendon stiffness (1), which is reported to increase tendons tensional load resistance. Over shorter timeframes muscles
however react to mechanical loading at faster tissue renewal rates than tendons (2). Accordingly, frequent exercise with
limited resting periods may lead to a net degradation of tendon matrix (3), potentially causing a higher mechanical de-
mand for the tendon (i.e. increased strain). The current study examined the effects of consecutive repetitive high strain
cyclic loading with different resting periods on triceps surae (TS) muscle-tendon unit (MTU) mechanical properties and
extracellular matrix turnover-related biomarkers.

METHODS: Eleven young healthy male adults (26+6 yrs) underwent 12 consecutive days of isometric resistance exercise
for ankle plantarflexors using high AT strain cyclic loading (90% MVC). Parficipants exercised one leg once a day (~24h
rest; low dose) and the contralateral leg three times a day (~2h rest between sessions within day; high dose). TS MTU
mechanical properties (maximal AT force, maximal AT strain and AT stiffness) were assessed at baseline, every second
day of exercise intervention and 48h after last day (i.e. retention effects) using synchronized dynamometry, ultrasonogra-
phy and motion capture. Further, extracellular matrix turnover-related biomarkers concentrations were determined from
serum along the exercise period.

RESULTS: Similar increase in maximal AT force (~10%) was observed along the 12-day exercise period in both legs. While
low dose exercise did not alter the AT mechanical properties, high dose leg showed ~20% increase in maximal AT strain
along with a corresponding decrease in AT stiffness already after 8 consecutive days of high AT strain cyclic loading, an
effect which remained even after 48h of rest (P<0.05). However, when adjusting for total training volume no significant
leg-differences in tendons force-length-relationship were observed. Extracellular matrix biomarker analysis revealed no
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inflammatory responses, but an altered collagen turnover and delayed increase in collagen type | synthesis rate. Further,
biomechanical and biochemical measurements were supported by gradually higher perceived AT pain in the high dose
trained leg.

CONCLUSION: This study indicates that frequent high strain cyclic loading exercise can lead to a persistent elevated ten-
don strain, potentially due to an accumulation of molecular damage within the tendon. One decisive factor to exercise-
related increase in tendon strain seems to be the total experienced volume of mechanical loading. Hence, high cyclic
mechanical loading over short timeframes may overweigh tendon’s recovery leading to an increased demand and de-
crease tendons’ tensional load resistance.
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IMPLEMENTATION OF PSYCHOLOGICAL BASED STRATEGIES FOR INJURY PREVENTION
IVARSSON, A.
HALMSTAD UNIVERSITY

There are high injury rates associated with sport participation, both on grassroot as well as lite level. Taking this into con-
sideration-together with the negatively consequences at the individual, team/club, and community levels-the develop-
ment of preventive programs and strategies for sport injuries are important. In the process of developing effective preven-
tive programs and strategies, the first step is to identify risk factors that will increase the likelihood of sport injuries. In the
history of research focusing on risk factor and prevention of sport injuries, the dominant perspectives have been physio-
logical and/or biomechanical During the last three decades, the role of psychological factors in sport injury prevention
has, however, gained more attention. The aims of this presentation are to: (a) present psychosocial risk factors for injuries,
(b) describe potential mechanisms for the relationship between the presented risk factors and sport injuries, and (c) dis-
cuss the development and implementation of psychological based injury prevention programs. In relation to the first aim
(a) the focus will be to present psychosocial risk factors for sport injuries. Following the presentation of risk factors, | will
also explain how these risk factors might influence injury risk (aim b). Related to the last aim (c) | will present the designs
and effects of injury prevention programs implemented in different sports. Despite most studies having shown that psy-
chological based training programs can reduce the number of injuries within several different sports, there are few teams,
clubs, or organisations that have included this type of training info their general injury prevention programs. There might
be several reasons for the rather unsuccessful implementation of this type of content into general prevention practice. |
will, therefore, also discuss aspects that can improve the implementation of psychological strategies within the injury
preventive work for sport clubs. This falk is relevant to researchers and clinicians wishing to understand the how psycho-
logical techniques and strategies can be implemented to prevent sport injuries within various sporting contexts.

PSYCHOLOGICAL INTERVENTIONS TO OPTIMISE POST-INJURY RECOVERY
VAN DE WOUW, A.
PRIVATE PRACTICE

For competitive athletes the chance of sustaining an injury during a regular season is fairly high. One could argue that
injury is an inevitable part of engaging in sport.

In prevention and rehabilitation of sport injuries, the primary focus of sports medicine professionals is on the physical
aspects. However, psychosocial variables also influence both injury risk and injury rehabilitation outcomes (1). A variety of
psychosocial interventions both pre-and post-injury have been developed and scientifically evaluated, but these are often
overlooked (2).

In adopting a holistic perspective on injuries, the aim of this presentation is to: (a) examine psychological interventions that
have been shown to optimise post-injury recovery, (b) articulate benefits of these interventions and (c) discuss ways of
implementing them in rehabilitation programmes.

In regards to aim (a), research indicates that psychosocial interventions can facilitate post-injury recovery by managing
fear and anxiety, increase motivation, positively influence therapy compliance and speed up the rehabilitation process (3).
Psychosocial interventions shown to be effective are: relaxation, imagery, goal sefting, self-talk, self-confidence, social
support and effective physician-patient communication (3). The focus of this talk will be on relaxation and imagery. In
relation to aim (b), the use of deep breathing or voluntary muscle relaxation techniques during physical rehabilitation has
shown to decrease anxiety and pain, and to speed physical recovery (3). Using imagery results in a faster recovery time
from injury (3). Finally, for aim (c}, various ways of integrating relaxation and imagery exercises in rehabilitation pro-
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grammes will be discussed. Examples will be given from my experience working with injured athletes and sport medicine
professionals. Key is integrating the interventions into the daily rehabilitation schedules, providing information, communi-
cation, co-operation and education.

This talk is relevant to clinicians, injured athletes, coaches and researchers wishing to know more about psychological
interventions optimising post-injury recovery, the benefits of these interventions and how they can be implemented.

References:

1. Johnson, U., Ivarsson, A. (2017). Psychosocial factors and sport injuries: prediction, prevention and future research direc-
tions. Current Opinion in Psychology 2017, 16:89-92

2. Gledhill, A, Forsdyke, D. and Murray, E. (201A). Psychological interventions used to reduce sports injuries: a systematic
review of real-world effectiveness, British Journal of Sports Medicine, vol. B2, no. 1B, pp. 967-71.

3. Covassin T, Beidler E, Ostrowski J, Wallace J (2015). Psychosocial aspects of rehabilitation in sports. Clin. Sports Med.,
34:199-212

A RELATIONAL PERSPECTIVE ON THE RETURN TO SPORT FOLLOWING INJURY

PODLOG, L.
UNIVERSITE DE MONTREAL & CHU SAINTE-JUSTINE RESEARCH CENTRE

Over the past 20 years, research has shed light on a variety of psychological factors influencing athlete's return to sport
following injury. The return-to-sport (RTS) refers to the time frame when athletes are transitioning from the completion of
rehabilitation (or recommended rest period) to sport-specific fraining and competitive performances. While much of the
research to date has focused on variables impacting athletes' RTS, an exclusive focus on the athlete neglects the fact that
returning athletes can impact and be impacted by relevant others in the rehabilitation environment. The latter focus has
been referred to as a relational perspective on sport injury. In adopting a relational perspective on the RTS, the aim of this
presentation is to: (a) examine returning athlete's impact on key injury stakeholders, (b) articulate benefits of a relational
perspective and (c) discuss future relational research on the RTS. In regards to aim (a), initial research suggests that
returning athlete can have a range of positive and negative effects on coaches, teammates, family/friends, and sport
psychologists. For example, coaches may experience benefits of a returning athlete such as: more options in team-
selection, bolstering and reinvigorating the team atmosphere, and increasing the likelihood of achieving key performance
objectives (e.g., winning a game or league). A returning athlete may also have negative impacts on others. In one study,
parents reported their fears of their children getting re-injured, while in another report, a sport psychologist described
feelings of guilt, professional incompetence and sleeplessness after informing a returning athlete that re-injury was highly
unlikely, only for the athlete to experience an ACL re-tear in her first competition back. In relation to aim (b), adopting a
relational perspective can broaden the scope of inquiry to include key injury stakeholders, can provide important infor-
mation for helping injury stakeholders better cope with the injury experience, and can influence the development of sport
injury models and frameworks for investigating key interactions and dynamics surrounding injury management. Finally,
for aim (c), | will discuss various future research directions, such as the need to further explore the impact of athletes' RTS
on sport medicine providers (e.g., physiotherapists) and to examine RTS interactions between injury stakeholders (e.g.,
discussions between coaches and physiotherapists regarding RTS decisions). This talk is relevant to researchers and
clinicians wishing to understand the impact of injury on others and injured athletes interested in understanding their im-
pact on various injury stakeholders.
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EXOGENOUS KETOSIS IMPROVES HYPOXIC TOLERANCE AND MAINTAINS BLOOD OXYGEN SATURATION IN HYPOXIC
CONDITIONS.

STALMANS, M., HESPEL, P., DEBEVEC, T., POFFE, C.
KU LEUVEN

INTRODUCTION: High-altitude exposure, especially when the altitude exceeds ~2000m, poses individuals at risk to de-
velop acute altitude sickness which becomes more and more prevalent with further altitude increases (1). This is primarily
due to a drop in partial oxygen pressure resulting in hypoxemia (2). Infriguingly, we have recently shown that elevating
blood ketone bodies via kefone ester (KE) ingestion increases blood oxygen saturation during exercise (3). Therefore, we
investigated whether KE intake could counteract the drop in blood oxygen saturation and the development of acute alti-
tude sickness during an intermittent exercise protocol at high-altitude.

METHODS: In a randomised crossover design, thirteen subjects participated in two experimental sessions in a normobaric
hypoxic facility set at a simulated altitude of 4000m (FiO2: 12.7 %02). During the 28 hour protocol, subjects performed five
30-min submaximal exercise bouts (1.5 W.kg-1), to simulate the workload associated with normal ascend rates fo alpine
huts and summits, interspersed by passive recovery. Throughout the protocol subjects received either placebo (CON) or
ketone ester (KE), with the specific aim to induce a stable physiological ketosis at ~3 mM throughout the day. Immediately
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after entering the hypoxic room (0h) and after 4h of hypoxic exposure, blood oxygen saturation (SpO2), oxygen uptake
(V02) and minute ventilation (VE) were assessed in a resting state. Subjects were asked to comply to the 28 hour protocol
until voluntary resignation. A paired t-test and two-way repeated-measures ANOVAs were performed to evaluate differ-
ences between the experimental conditions.

RESULTS: In KE, blood D-B-hydroxybutyrate concentrations were stable at ~3-4 mM during the diurnal phase of the hypox-
ic residence, while they remained low (~0.3 mM)in CON (p < 0.05 for KE vs. CON). KE increased duration of compliance to
the protocol by 29% (CON: 16.0 + 10.1h vs. KE: 20.7 + 9.5h, p = 0.028). Blood SpO2 dropped by 6.3% in CON throughout
the first 4h in hypoxia (p < 0.001), but remained stable in KE (p > 0.999). As such, blood SpO2 values were higher in KE vs.
CON after 4h (p = 0.007). V02 concomitantly increased by 10% in CON (p < 0.001), yet remained stable in KE (p = 0.982),
while VE increased by 17% in both conditions (p < 0.001).

CONCLUSION: These data indicate that KE ingestion delays the development of high altitude sickness. We provide prelim-
inary evidence that this is related to an inhibition of the drop in blood oxygen saturation level and the increase in oxygen
consumption during hypoxic residence.

1. Honigman et al., Nurse Pract, 18, 587-592 (1993).
2. Hughes et al., J Appl Physiol, 24, 336-347 (1968).
3. Poffé et al., Am J Physiol Integr Comp Physiol, 321, R844-R857 (2021).

EXOGENOUS KETOSIS IMPROVES SLEEP EFFICIENCY AND COUNTERACTS THE DECLINE IN REM SLEEP FOLLOWING STREN-
UOUS EXERCISE

ROBBERECHTS, R., ALBOUY, G., HESPEL, P., POFFE, C.
KU LEUVEN

INTRODUCTION: Available evidence indicates that strenuous exercise impairs sleep quality and quantity (1). Interestingly, a
study in rodents suggests that ketone bodies may improve sleep quality (2). Therefore, we determined whether increasing
blood ketone bodies, by ketone ester (KE) ingestion, could counteract sleep disruptions induced by strenuous exercise.

METHODS: In a randomised crossover design, ten well-trained cyclists parficipated in two experimental sessions each
involving a morning endurance training and an evening high-intensity interval training ending one hour before sleep.
Following exercise, sleep architecture was assessed during the night using polysomnography. Post-exercise and 30min
before sleeping time, subjects received either 25g KE (EXKE) or a placebo drink (EXCON). A third session without exercise,
but with placebo supplements (RCON) was added to evaluate the effect of exercise per se on sleep. A one-way and two-
way repeated-measures ANOVA or a linear mixed model was performed to evaluate differences between the experi-
mental conditions.

RESULTS: Blood D-B-hydroxybutyrate concentrations transiently increased to ~3mM post-exercise and during the first part
of the night in EXKE but not in EXCON or RCON. Exercise significantly reduced REM sleep by 26% (p = 0.001 vs. RCON) and
increased wakefulness after sleep onset (WASO) by 95% (p = 0.004 vs. RCON). Interestingly, KE improved sleep efficiency
by 3% (p = 0.040 vs. EXCON) and counteracted the exercise-induced decrease in REM sleep (p = 0.011 vs. EXCON) and the
increase in WASO (p = 0.009 vs. EXCON). This was accompanied by a KE-induced increase in urinary dopamine excretion
(o = 0.033 vs. EXCON). In addition, exercise increased sleep spindle density by 36% (p = 0.005 vs. RCON) suggesting an
effect on neural plasticity processes during sleep.

CONCLUSION: These data indicate for the first time that KE ingestion improves sleep efficiency and quality following high-
intensity exercise. We provide preliminary evidence that this might result from KE-induced increases in dopamine signal-
ling.

1. Oda et al., Eur J Appl Physiol, 114, 1789-99 (2014).

2. Chikahisa et al., Neuropharmacology, 79, 399-404 (2014).

THE EFFECT OF EIGHT-DAYS ORAL TAURINE SUPPLEMENTATION ON THERMOREGULATION AT FIXED HEAT PRODUCTION
IN HOT CONDITIONS OF INCREMENTAL HUMIDITY: A DOUBLE-BLIND, PLACEBO-CONTROLLED TRIAL

PEEL, J.S.1, MCNARRY, M.A.1, HEFFERNAN, S.M.1, NEVOLA, V.R.1,2, KILDUFF, L.P.1,3, WALDRON, M.1,3,4
ISWANSEA UNIVERSITY, UK.; ZDEFENCE SCIENCE AND TECHNOLOGY LABORATORY, UK.; SWELSH INSTITUTE OF PERFOR-
MANCE SCIENCE, SWANSEA UNIVERSITY, UK., 4UNIVERSITY OF THE SUNSHINE COAST, AUSTRALIA.

INTRODUCTION: Exercise in hot and/or humid environmental conditions can cause positive heat storage, if thermal equi-
librium is not maintained through sufficient dry or latent heat dissipation (Eskin) [1]. This may lead to uncompensable heat
stress, denoted by inexorable increases in core temperature (Tcore) [2]. To delay the upward inflection of Tcore, thermal
sweating and the efficiency of evaporative heat transfer can be enhanced through interventions, such as heat acclimation
[2]. Similarly, taurine supplementation has been shown to increase sweat rate and hasten the onset of sweating during
exhaustive exercise in the heat [3], but its potential role in thermoregulation has not been thoroughly evaluated. The aim
of the current study was to determine the effect of an eight-day taurine supplementation period on Tcore and sweating
responses, calorimetric heat transfer components (Eskin, heat storage), plasma volume and plasma taurine concentra-
tions during prolonged exercise of a fixed heat production (Hprod) in hot conditions at both fixed, and incremental vapour
pressures.
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METHODS: Fifteen healthy, non-heat acclimated females (n = 3) and males (n = 12; 27 + 5 years) completed a treadmill
walking protocol in the heat (37.5 + 0.1°C) at fixed- and ramped-humidity, following one-week of oral taurine supplemen-
tation (50 mg/kg/bm) or placebo in a double-blind, randomised, placebo-controlled, cross-over design. Participants were
assessed for whole-body sweat loss (WBSL), local sweat rate (LSR), sweat gland activation (SGA), core temperature (Tcore),
point of uncompensability (Pcrit) and calorimetric heat fransfer components (Eskin and heat storage). Plasma volume and
plasma taurine concentrations were established through pre- and post-trial blood samples.

RESULTS: Taurine supplementation increased WBSL by 26.6% and 5.1% (p = 0.035), LSR by 15.5% and 7.8% (p = 0.013), SGA
(1x1cm) by 32.2% and 29.9% (p < 0.001) and SGA (3 x 3 cm) by 22.1% and 17.1% (p = 0.015) during the fixed- and ramped-
humidity exercise periods, respectively. Evaporative heat loss (Eskin) was enhanced by 27% (p = 0.010) and heat storage
was reduced by 72% (p = 0.024). Pcrit was greater in taurine vs. placebo (p = 0.002), as was plasma taurine concentration
(p = 0.001).

CONCLUSION:  Taurine supplementation increased sweating responses during fixed Hprod in hot conditions, prior to
substantial heat strain and before the point of uncompensability. The enhanced evaporative cooling and reduced heat
storage delayed the subsequent upward inflection in Tcore — represented by a greater Pcrit. The apparent taurine-
induced augmentation of the sweating response offers preliminary evidence for the use of this dietary supplementation
strategy to support thermoregulation in humans during exercising heat stress.

References:

1. Gagge & Gonzales, 1996, Hdbk Physiol.

2. Ravanelli et al., 2018, Med Sci Sports Exerc.
3. Page et al., 2019, Eur J Sport Sci.

ALGAE INGESTION INCREASES RESTING AND EXERCISED MYOFIBRILLAR PROTEIN SYNTHESIS RATES TO A SIMILAR EXTENT
AS MYCOPROTEIN IN YOUNG ADULTS.

VAN DER HEIJDEN, I., WEST, S., MONTEYNE, A.J., FINNIGAN, T.J., ABDELRAHMAN, D.R., MURTON, A.J., STEPHENS, F.B.,
WALL, B.T.

UNIVERSITY OF EXETER

INTRODUCTION: Algae are protfein and essential amino acid rich, sustainably produced food sources. As such, several
species are potential non-animal-derived dietary protein sources to stimulate myofibrillar protein synthesis (MyoPS); how-
ever, in vivo human data are lacking. We assessed the impact of ingesting isonitrogenous boluses of spirulina (‘blue-
green algae’ or cyanobacterium; Arthrospira platensis) or chlorella (microalgae; Chlorella vulgaris) compared with an
established high quality non-animal-derived dietary protein source (fungal-derived mycoprotein) on plasma amino acid
concentrations, and resting and post-exercise MyoPS in young adults.

METHODS: Thirty-six healthy young adults (age: 22+1 y; BMI: 23+0 kg/m2; male [m]/female [fl, 18/18) participated in a
randomised, double-blind, parallel-group trial. Participants received a primed, continuous infusion of L-[ring-2H5]-
phenylalanine and completed a bout of unilateral resistance leg exercise before ingesting a drink containing 25 g protein
from either mycoprotein (MYCO; n=12; m/f, 6/6), spirulina (SPIR; n=12; m/f, 6/6), or chlorella (CHLO; n=12; m/f, 6/6). Blood
and bilateral muscle samples were collected at baseline, and during a 4-h postprandial and post-exercise period to
assess plasma amino acid concentrations and MyoPS rates in rested and exercised tissue. Two- and three-way ANOVAs
were used fo detect differences in plasma amino acid concentrations (time x group) and MyoPS rates (time x group x
leg), respectively (with Bonferroni post-hoc tests applied to detect individual differences).

RESULTS: Protein ingestion increased plasma fotal (TAA) and essential (EAA) amino acid (and leucine) concentrations (time
effects; all P<0.001), but most rapidly and with higher peak responses following ingestion of SPIR vs MYCO and CHLO
(P<0.05), and MYCO vs CHLO (P<0.05). Protein ingestion increased MyoPS rates (time effect; P<0.001) in both rested (MY-
CO, from 0.041+0.01 to 0.060+0.004%-h-1; SPIR, from 0.043+0.009 to 0.067+0.007%-h-1; and CHLO, from 0.037+0.002 to
0.055+0.005%-h-1, respectively) and exercised (MYCO, from 0.046+0.004 to 0.092+0.007%-h-1; SPIR, from 0.036+0.003 to
0.087+0.009%-h-1; and CHLO, from 0.048+0.005 to 0.090+0.007%-h-1, respectively) tissue, with no differences between
groups (interaction effect; P>0.05), but with higher rates in exercised compared with resting muscle (time x leg effect;
P<0.001).

CONCLUSION: Ingestion of protein-rich boluses of algae robustly increases resting and post-exercise MyoPS rates, and to
a comparable extent as a high-quality non-animal-derived protein source, despite divergent postprandial plasma amino
acid responses. These mechanistic data are the first to indicate microalgae and cyanobacteria as viable alternative pro-
tein sources to acutely support (post-exercise) skeletal muscle reconditioning.

EFFECTS OF REDUCING DIETARY PROTEIN ON PERFORMANCE AND BODY COMPOSITION IN WELL-TRAINED ENDURANCE
ATHLETES

ALMQUIST, N.

UNIVERSITY OF COPENHAGEN

INTRODUCTION: Dietary protein intake is high among athletes, but the actual requirement for protein in endurance ath-
letes has not been directly assessed in a controlled longitudinal dietary intervention study with performance outcomes.

PARIS/FRANCE, 4-7 JuLy 2023 174



Wednesday, July 5, 2023 15:15 -16:30

Reducing protein intake in endurance athletes allows for higher carbohydrate intake, ensuring glycogen replenishment
between daily exercise sessions, which may be beneficial for performance and training adaptations.

METHODS: Here, we investigated performance in well-trained cyclists and triathletes (maximal oxygen uptake; VO2max,
mean=SD: 615 ml-min-1-kg-1) before and after a 6-week controlled, eucaloric, dietary intervention. After a 3-week run-in
period with diet- and activity registration, participants were randomized into a confrol group continuing their habitual,
normal diet (NP, n=7; 2.4+0.4 g protein-kg-1-d-1, 53+1E% carbohydrate) and a reduced protein group with carbohydrate
replacement (RP, n=7, 1.07+£0.07 g protein-kg-1-d-1, 64+1E% carbohydrate). Dietary fat intake was matched (30+1 E%) and
in accordance with their habitual diet. All foods were weighed to 1 gram of accuracy and delivered to the participants.
Daily activities and body composition were carefully monitored before and throughout the intervention, and habitual train-
ing volume was maintained throughout the intervention (~15+4 h-wk-1). Cycling performance was evaluated during a 100-
min cycling protocol including a 10-sec all-out sprint, an incremental test to exhaustion to determine VO2max, a 1-min
maximal aerobic power (Wmax), and was finalized with a 15-min maximal test in the fatigued state.

RESULTS: Preliminary data show that both groups maintained lean body mass (RP: 63.5+5.7 kg vs. 63.2+5.0 kg, NP:
59.0+£3.8 vs. 59.6+3.4 kg pre and post 6 weeks, respectively). Performance in a fresh state was unaltered in both groups
from pre-, to post-intervention (relative changes in VO2max: RP: 1£4%, NP: 0£2%; Wmax: RP: 1£2%, NP: 0+2%; 10-sec
mean power output: RP: 2+5%, NP: 1£3%, interactions p>0.05). The dietary interventions did not affect 15-min perfor-
mance in the fatigued state differently between groups (time x group p=0.26). However, relative mean power output
during the 15-min fatigue test was improved by 6+4% in RP (Pre: 4.29+0.35 vs. Post: 4.54+0.32 W-kg-1, p=0.003), while a
non-significant change of 4+5% was observed for NP (Pre: 4.26+0.44 vs. Post: 4.42+0.43 W-kg-1, p=0.06).

CONCLUSION: These preliminary data suggest that endurance athletes can reduce dietary protein to as low as ~1g pro-
tein-kg-1-d-1 for 6 weeks without compromising lean body mass and overall performance, and potentially may induce
improvements in performance in the fatigued state.
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DATA PROCESSING STRATEGIES TO DETERMINE MAXIMUM OXYGEN UPTAKE: A SYSTEMATIC SCOPING REVIEW AND
EXPERIMENTAL COMPARISON WITH GUIDELINES FOR REPORTING

NOLTE, S.1, REIN, R.2, QUITTMANN, 0O.J.1
GERMAN SPORT UNIVERSITY COLOGNE

INTRODUCTION: Gas exchange data from maximum oxygen uptake (VO2max] testing typically requires post-processing.
Different processing strategies can lead to varying VO2max values [1]. This affects their interpretation particularly in situa-
tions where small differences in VO2max matter (e.g. training monitoring or clinical classification) [2]. However, the exact
processing strategies used in the literature have not been systematically investigated yet [3]. Previous research investigat-
ed differences across methods at the group level only [11.

METHODS: Based on preregistered methods and code, we conducted a scoping review and an analysis of experimental
data. Out of a random sample, we investigated 242 recently published articles which measured VO2max during ramp(-
like) tests. Reported data processing methods and their rationale were extracted. We compared the most common pro-
cessing strategies on a data set of 72 standardized running exercise tests in trained athletes.

RESULTS: Almost all of the included studies (94.2%) failed to provide a rationale for the particular strategy chosen and
44.2% did not report their data processing strategy at all. In those which reported their strategy, most studies (79.5%) used
binned time averages to defermine VO2max, with a minority using moving time (6.8%), moving breath (5.7%) or other
averaging methods (8.0%). Despite previous recommendations [3], no study reported the use of digital filters. The pro-
cessing strategies found in the literature can lead to median differences in VO2max of more than 5% (range 0-7%) with
considerable variation at the individual level.

CONCLUSION: Data processing strategies have a meaningful impact on determining VO2max. Hence, we recommend to
report the following seven relevant items: (1) metabolic cart model, (2) measurement mode, (3) analysis software, (4] pre-
processing routine, (5) processing strategy type, (6) processing strategy parameters, (7) rationale for the processing. To
improve reproducibility, we encourage authors to use available software solutions [5] and share their analysis code.

[ Martin-Rincon et al. (2018) Scand J Med Sci Sports
[2] Johnson et al. (1998) Chest

[3] Robergs et al. (2010) Sports Med

[4] Nolte (2023) J Open Source Softw
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MODE MATTERS - ENDURANCE EXERCISE MODES INFLUENCE CHANGES IN EEG RESTING STATE BRAIN NETWORKS

BUCHEL, D., TORVIK, P.O., LEHMANN, T., SANDBAKK, @., BAUMEISTER, J.
PADERBORN UNIVERSITY

INTRODUCTION: Acute bouts of exercise affect the organization of human brain networks transiently and can either im-
prove or deteriorate neural processes underlying sports performance. Exercise intensity is regarded as a key variable in
this inferaction, since moderate to high intensities facilitate neural processing, while exhaustive exercise seems to impair
these processes. Besides intensity, the sensorimotor demands of different exercise modes may further affect modulations
of brain networks due to differences in sports-specific techniques or muscles involved. However, exercise mode is barely
considered an additional moderator of acute exercise brain interactions. Therefore, this study adimed to explore the effect
of exercise mode on fransient changes in electroencephalography (EEG) resting state networks (RSNs) comparing running
and cross-country (XC) skiing.

METHODS: Fifteen male and highly trained XC skiers (20.1+.6 years, 74.4+5.6 kg, 178.9+5.5 cm) participated in the study.
All athletes performed an incremental treadmill test to obtain peak oxygen uptake VO2peak) in running (65.3 ml/min/kg)
and XC skiing (63.5 ml/min/kg). Based on the incremental test, each athlete performed another incremental treadmill
protocol with continuous stages at 50, 70, and 90% of speed VO2peak in both modes. EEG resting state data was record-
ed once before and intermittently throughout the protocols after each stage. The reconstruction of brain graphs allowed
for the computation of the small world index (SWI, network efficiency), clustering coefficient (CC, network segregation), and
path length (PL, network integration) in the theta, alpha-1, and alpha-2 frequency bands. To compare physiological de-
mands between modes, blood lactate concentration, heart rate, and Borg scale were assessed. Repeated measures
ANOVA was applied to explore the modulatory effects of exercise intensity (protocol stages) and mode (running vs XC
skiing) on RSN outcomes and physiological markers.

RESULTS: ANOVA revealed main effects of exercise intensity in the theta network which indicated modulations of SWI (p <
.001), CC(p < .001), and PL [p = .003) following exercise at 90% of speed VO2peak for both modes. Further, main effects of
mode on SWI (p = .047), CC (p < .001), and PL [p = .031) were observed in the alpha-2 network and indicated stronger
modulations in network organization following XC skiing. Physiological outcomes were modulated by intensity solely and
peaked after exhaustive exercise in both modes (p < .001).

CONCLUSION: The present study demonstrated that both exercise intensity and mode may affect transient modulations of
brain networks after exercise. Exercise intensity seems to induce modulations in brain networks associated with attention-
al control. Additionally, exercise mode seems to induce modulations in brain networks related to task-related information
processing. Further research is required to understand the modulatory role of exercise mode in the acute interaction
between exercise and brain function.

CYCLING PERFORMANCE AFTER ACCUMULATED LOAD: DOES DURABILITY CHANGE DURING A CYCLING SEASON?
VOET, J.G.1, LAMBERTS, R.P.2, DE KONING, J.J.1, VAN ERP, T.2
(11 VRUE UNIVERSITEIT AMSTERDAM (2] STELLENBOSCH UNIVERSITY

INTRODUCTION: Durability is the ability to produce high power outputs after accumulated load (at the end of a race),
which has been shown to be an important success factor in professional road cycling [1-4]. Gross efficiency (GE), fat oxida-
tion (FATox) and carbohydrate oxidation (CHOox) have been proposed as underlying physiological factors for durability, as
changes have been shown to be related to a decrease in performance after accumulated load [5-7], although there is
much debate about them. Therefore, the aim of this study is to investigate durability and the underlying physiological
factors in semi-professional cyclists. Secondly, this study investigates how durability and certain physiological factors
changed during a cycling season.

METHODS: In total, 16 semi-professional cyclists (10min PO: 379+22 W) visited the lab on 3 occasions: Start of pre-season
(PRE), start of race season (START), and halfway into the race season (IN). Testing days included: a warm-up at 55% of
VO2peak power at which GE, FATox and CHOox were defermined, followed by a Imin and 10min time trial to measure
power output (PImin, P10min). After 3hours of endurance training (31+5 KJ/kg) the same protocol was repeated to investi-
gate the influence of accumulated load on performance (PImin and P10min) and physiological parameters (GE, FATox and
CHOox). Differences between PRE vs START vs IN and fresh vs fatigued were investigated using a mixed-effects multilevel
model. When significant (p<0.05) main effects occurred, Bonferroni post-hoc was executed for pairwise comparisons.

RESULTS: PIminfresh was significantly higher than PIminfatigued at PRE, START and IN, however, no differences between
PRE, START and IN were found. P1Ominfresh did not differ from P10minfatigued on all occasions, however, both
P10minfresh and P10minfatigued were lower at PRE compared to START and IN. CHOox (PRE and START) and GE (START)
were lower in fatigued compared to fresh state, while FATox was higher in fatigued compared to fresh (PRE and START). In
addition, GEfresh was higher at START and IN compared to PRE, while there was a decrease in FAToxfatigued from PRE
and START to IN. Lastly, an increase from PRE to START in CHOoxfatigued and PRE to IN in GEfatigued and CHOoxfatigued
was noted.

CONCLUSION: This is the first study investigating (the change in) power output, GE and substrate oxidation in fresh and
fatigued state after accumulated load during a cycling season. Performance over short efforts (P1min) is affected by fatigue
but doesn't improve from PRE to IN. Endurance capacity (P10min and GE) is not significantly affected by accumulated load,
however, improves throughout the season (from PRE to IN). Also, substrate oxidation after accumulated load changes as
FATox decreases while CHOox increases from PRE fo IN.
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1. van Erp et al. (2021) 2. Leo et al. (2021) 3. Muriel et al. (2022) 4. Mateo-March et al. (2022) 5. Noordhof et al. (2020) 6.
Passfield & Doust (2000) 7. Stevenson et al. (2022)

PERFORMANCE UNDER PRESSURE: PHYSIOLOGICAL AND COGNITIVE RESPONSES TO HYPEROXIC EXERCISE IN SCUBA-
DIVING

MOLLER, F., JACOBI, E., HOFFMANN, U., VOGT, T.
GERMAN SPORT UNIVERSITY COLOGNE

INTRODUCTION: Hyperoxia reduces minute ventilation (VE), heart rate (HR), and blood lactate ([Lac-l) during exercise in
normobaric seftingsl,2. In addition, hyperoxia and exercise are known to positively affect executive functions (EF) of cogni-
tion3,4. However, little is known about applied sports activities underwater, like SCUBA-diving, where the practical rele-
vance is emphasized by elevated inspiratory oxygen pressures (PIO2) from water depth and used gas mixtures. Here,
environmental factors, the sport-specific exercise modality of underwater fin-swimming (UFS), and breathing resistance
from diving equipment might alter previous results. We hypothesized that the combined increase in exercise intensity and
PIO2 would (I) reduce VE and (Il amplify a positive interaction between exercise intensity and EF performance.

METHODS: Based on a priori power analysis (f=0.5; Power 1-8=0.9), 15 experienced SCUBA-divers (age: 28+6.2; 5 female)
performed 3x8min of UFS at individual exercise intensities of 25% (LOW), 45% (MOD), and 75% (VIG) heart rate reserve. This
scenario was repeated on three separate days with altered oxygen fractions in the breathing gas, resulting in 29, 56, and
140kPa PIO2 at 4m water depth (double-blind). HR and VE were measured continuously. Post-exercise, an EF task on
inhibitory control was conducted (100 stimulil, capillary blood taken, and breathing gas analysis performed. Two-way
ANOVAs with repeated measures on the factor INTENSITY and GAS investigated differences in VE, [Lac-], end-tidal pres-
sure of carbon dioxide PetCO2, and incompatible reaction times (RT) and accuracy (ACC) for EF.

RESULTS: VE was significantly lower during 140kPa PIO2 compared to 29kPa at MOD (p=0.006, d=0.437) and VIG
(p=0.006, d=0.405), and during 56kPa compared to 29kPa at VIG (p=0.002, d=0.525) compared to air (GAS: p=0.004,
n2P=0.356). [Lac-] and PetCO2 showed no effects. RTs, not ACC, were significantly faster after VIG compared to REST, LOW,
and MOD (all p0.022), without effects for GAS.

CONCLUSION: VE was reduced by 8-10 % during MOD to VIG exercise only, while a ceiling can be assumed between 56
and 140kPa PIO2. Based on similar post-exercise [Lac-] and PetCO?2 values (all p>0.669), but in contrast fo studies with
submerged bicycle exercise (-15% VE5), dampened chemoreceptor control rather than metabolic changes was suspected
as a possible cause. Superior EF performance corresponds to elevated [Lac-]- levelsé and maintained cerebral oxygena-
tion during severe exercise7. Findings emphasize sport-specific influence from exercise modality and capacity, affecting
safety, planning, and training for underwater activities like SCUBA diving.

1Stellingwerff et al. (2006) 10.1152/ajpendo.00499.2005 2Ulrich et al. (2017) 10.1159/000453620
3Pontifex et al. (2009) 10.1016/].psychsport.2018.08.015 4Damato et al. (2020) 10.1113/JP280326
5Peacher et al. (2010) 10.1152/japplphysiol.01431.200 é6Hashimoto et al. (2010) 10.1096/1(.201700381RR
7Tempest et al. (2017) 10.1016/{.bandc.2017.02.001

INFLUENCE OF USING INDIVIDUALIZED ERGONOMIC HANDLES ON UPPER LIMB KINEMATICS, NEUROMUSCULAR ACTIVITY
AND PERCEIVED COMFORT, DURING SCULL ROWING.

ERTEL, G.N., PITTO, L., MORNIEUX, G., SIMON, F.R., GAUCHARD, G.C.
UNIVERSITE DE LORRAINE

INTRODUCTION: All the power generated by the rower is transmitted to the oars and water by the handles, resulting in
significant mechanical stress on wrist, elbow and shoulder joints. This might explain the large injury rate of the upper limb,
representing more than 60% of injuries in paddle sports. This could be linked fo joint overuse (e.g. repetition of 1800 pro-
pulsive cycles per training session in rowing (1)). In addition, the use of the standard circular handle could increase the
injury risk, since a circular handle with a generalized size is not optimal for a strong and simple gripping pattern (2). Also,
discomfort could lead to a higher risk of injuries (3). The purpose of this study was to measure the impact of using individ-
ualized ergonomic handles on upper limb kinematics and neuromuscular activity and perceived comfort during rowing.

METHODS: Twelve elite rowers performed 250 meters runs in single scull at their own race stroke rate with three handle
types: (a) standard circular handles, (b) ratio handles following a 1:1.25 diameter ratio with an irregular hexagon shape
fited to the hand length of the athlete (CareMoSim, Nancy, France) and (c) comfort handles with ratio handles optimized
based on adequacy of the rowers (CareMoSim, Nancy, France). Rowers were equipped with surface EMG electrodes
(Flexor carpi Ulnaris, Brachioradialis, Biceps brachii, Triceps brachii longus, posterior and anterior Deltoid), and inertial
movement units on the left upper limb. Joint range of motion and EMG were calculated from the recorded data. A comfort
scale was used after the test for each handle (3). Repeated measures ANOVAs and Statistical parametrical mapping (SPM)
were performed.

RESULTS: SPM showed a significantly smaller amplitude pattern of wrist flexion-extension during the first and last third of
the drive phase (p<0.001), and during the last half of the recovery phase (p<0.001) with both ratio and comfort handles
compared fo the standard handle. There was significantly less EMG activity of posterior Deltoid (p=0.01) and Triceps bra-
chii longus (p=0.03) with the ratio handle. There was significantly more comfort with the ratio (p=0.04) and comfort
(p<0.001) handles compared to regular handle.
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CONCLUSION:  Individualized handles increased comfort and decreased wrist flexion/extension amplitude suggesting
less articular stress on the wrist. It also induces lesser neuromuscular stress on the shoulder with less recruitment of Del-
toideus posterior and Triceps Brachii Longus. Greater comfort, and lesser stress may decrease injury risks. The ergonomic
design of the handle allows the rower to precisely control his wrist due to a constant wrist position feedback provided by
the hand-fitted shape, thus decreasing stress over the upper limb. Hand-casted handle may be the next step.

1. Thornton et al., Sports Med, 2017
2. Rossi et al., Journal of Applied Biomechanics, 2015
3. Revilla et al., Journal of Occupational and Environmental Hygiene, 2022
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THE EFFECT OF EXERCISE TRAINING ON PERIPHERAL VASCULAR RESISTANCE AND BLOOD PRESSURE IN MEN AND WOM-
EN

HELLSTEN, Y.
UNIVERSITY OF COPENHAGEN

Essential hypertension is a major cause of cardiovascular events and premature death in the world. The condition is
closely associated with arterial stiffness and a reduced ability to adequately regulate peripheral vascular tone. Skeletal
muscle contributes importantly to systemic vascular resistance due to its proportionally large mass and relatively extensive
vascular network. Vascular resistance in skeletal muscle is regulated by a balance between, on one hand, sympathetic
constriction and circulating vasoconstrictors and, on the other hand locally formed vasodilators and mechanisms which
inhibit the constrictive effect of sympathetic activity, so called functional sympatholysis.

It is well known that regular aerobic exercise training has multiple beneficial effects on the vasculature in skeletal muscle
with profound effects on arterial blood pressure, in particular in individuals with hypertension. Vascular effects include
enhanced arterial compliance, an increased balance between vasodilators and vasoconstrictors, a lowering of sympa-
thetic activity and improved functional sympatholysis. The enhanced capacity for vasodilation with training involves several
compounds of which nitric oxide and prostacyclin are known to be central. Their increased bioavailability is the result of
an upregulation and activation of related proteins but occurs also through a reduction in oxidative stress.

Although both men and women present vascular adaptions to regular physical exercise, evidence suggest that there is a
reduced and/or slower adaptive progress in postmenopausal women compared to age matched men and that this
progress is particularly evident in women many years after menopause. The mechanisms underlying this effect remain to
be unraveled but some possibilities will be addressed in this talk.

METABOLIC FLEXIBILITY WITH AGING: IMPACT OF PHYSICAL ACTIVITY

BROOKS, G.
UNIVERSITY OF CALIFORNIA

Metabolic Flexibility can be defined as the ability o switch among energy substrates depending on metabolic need and
substrate availability. The key hypothesis is that fragmentation of the mitochondrial reficulum results in loss of muscle
respiratory capacity, one result being loss of metabolic flexibility in aging. For this, a mixed model has been employed
with results of studies on young and old, male and female NIA mice informing the course of human experimentation. The
human experiment is to compare metabolic responses in physically active (trained) and inactive (sedentary) young men
and women (21-35 yr.). Results are to be compared with those on older, trained and sedentary men and women (60-80
yr.). Before, during and after a 75 g Oral Glucose Tolerance Test (OGTT) volunteers receive primed continuous infusions of
[13CIBicarbonate, D2-Glucose, [3-13ClLactate and D5-Glycerol. On mouse, heart and muscle 3-D microscopy will reveal
presence of mitochondrial reticulum fragmentation and disruption of the mitochondrial lactate oxidation (mLOC) complex.
On human subjects, muscle biopsies genomic analyses will be by RNAseq and single cell whole genome sequencing. Dr.
Brooks will deliver first report on the role of mitochondrial fragmentation on loss of metabolic flexibility in aging.

MUSCLE AND FUNCTIONAL REPERCUSSIONS OF SICKLE CELL DISEASE: BENEFICIAL EFFECTS OF ENDURANCE TRAINING

MESSONNIER, L.
UNIVERSITE SAVOIE MONT BLANC

The fundamental challenge of physical exercise for sickle cell disease patients remained prevention of exercise-induced
complications like vaso-occlusive crises, favoured by lactate accumulation-associated risks. Indeed, lactate accumulation
i} is accompanied by acidosis, which, in turn, may promote hemoglobin S polymerization and red blood cell (RBC) sickling,
ii) is related to exercise-related adrenaline secretion which activates muscle glycogenolysis but also cell adhesion, and i)
is primarily driven by sympathetic nervous system activation with also induces vasoconstriction. Sickling, cell adhesion and
vasoconstriction are all maijor triggering factors of VOCs. Because moderate-intensity exercise avoids blood-lactate ac-
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cumulation, a safe and potentially beneficial moderate endurance-exercise training program appeared conceivable for
SCD patients. Therefore, a randomized-controlled trial including an 8-week personalized moderate-intensity endurance
training programme on a cycle ergometer in adult patients without severe chronic complications has been implemented.
No significant peripheral oxygen desaturation, blood lactate accumulation, or complications occurred, so that the pro-
posed programme appeared safe. This programme also induced muscle microvascular, structural, energetic, and func-
tional improvements. More specifically, muscle histological analysis highlighted microvascular benefits in the trained
compared to the untrained patients, including increases in capillary density and functional exchange surface between
muscle fibre and the adjacent capillaries. Endurance training also increased type | muscle fibre surface area and oxida-
tive enzymes activity (citrate synthase; cytochrome c oxidase of type | fibres; complex IV of the respiratory chain). Concern-
ing more integrative physiological parameters, respiratory exchange ratio, blood lactate concentration and rating of per-
ceived exertion were all significantly lower at a given submaximal power output after training. Finally, trained patients
improved their workload at the first lactate threshold and their metabolic flexibility compared to controls. In conclusion, an
individually-tailored endurance exercise training can be considered as a possible strategy to counteract the skeletal mus-
cle defects, and to improve muscle function and quality of life of patients with SCD. In addition, we recently observed that
the muscle microvascular and structural remodeling observed in (male and female) patients with sickle cell disease in-
cluded sex specificities. These specificities will be exposed. Finally, age-related disease progression on muscle energetics
and function have been recently highlighted on the Townes model of sickle cell disease. This age-effect will be addressed
during this symposium.

Oral presentations
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SPEED AND POWER IMPROVEMENTS DERIVED FROM HYPOXIC REPEATED-SPRINT TRAINING IN WORLD-CLASS SHORT-
TRACK SPEED SKATERS ARE INFLUENCED BY THE ANAEROBIC SPEED RESERVE

BILLAUT, F.1, DEGUIRE, S.2, BIEUZEN, F.2
TUNIVERSITE LAVAL, QUEBEC, QC, CANADA, 2 INSTITUT NATIONAL DU SPORT DU QUEBEC, MONTREAL, CANADA

INTRODUCTION: Short-track speed skaters with different physiological traits can be successful on the international stage.
We aimed to investigate the ergogenic potential and transferability of cycling repeated-sprint training in hypoxia (RSH) on
key performance indicators in world-class speed skaters with different physiological and race profiles.

METHODS: Fourteen national team short-track speed skaters (women, n=6; men, n=8), including World and Olympic
champions and world cup performers, added RSH (FIO2 13.5%) to their training regime 3 times per week for 3 consecutive
weeks. RSH was implemented immediately after specific ice training sessions to prolong metabolic stimulation. Testing
included on- and off-ice evaluations, pre and 2- and 4-weeks post RSH. Skaters were classified based on their race profile
(endurance, hybrid, sprinter) estimated from fuzzy cluster analysis of the anaerobic speed reserve (fop speed — maximal
aerobic speed). Due to the team heterogeneity in sexes and race profiles, control participants could not be used, and all
athletes undertook RSH.

RESULTS: On-ice top speed measured during a 3-lap test improved in both males (0.8%, Cohen's effect size ES 0.63,
p=0.03) and females (1.3%, ES 1.04, p=0.06) 2-weeks post. Concomitantly, males improved their peak power during a 7-s
cycling sprint (5.1%, ES 0.39, p=0.04). These changes were not meaningful 4-weeks post. In males only, Wingate average
power also improved 4-weeks post RSH (3.3%, ES 0.23, p=0.08). Training did not enhance indices of endurance capacity
(maximal aerobic power and 27-lap time-trial time). Sub-analysis of race profiles suggested that endurance-type athletes
benefited the most from RSH to improve on-ice top speed (ES 0.45 vs hybrid ES 0.32 vs sprinter ES 0.17).

CONCLUSION: Results demonstrate that cycling RSH can transfer into meaningful improvements on the ice that are asso-
ciated with neuromuscular function and anaerobic capacity in world-class skaters. This RSH modality tended to benefit
athletes with the smallest anaerobic speed reserve, which could be used to target athletes with the greatest chances of
improvements.

COMPARATIVE ANALYSIS OF THE DIAGONAL STRIDE TECHNIQUE DURING ON-SNOW AND ROLLER-SKIING IN JUNIOR
CROSS-COUNTRY SKIERS

MA, M., LIU, H., LONG, T.

BEUING SPORT UNIVERSITY

INTRODUCTION: To investigate the similarities and differences of the Diagonal Stride (DS) technique during on-snow and
roller-skiing in junior cross-country skiers by three-dimensional video analysis. The results of this study provide a theoreti-
cal basis for the design of DS technique training and supplementary training for junior athletes on land.

METHODS: Six junior cross-country skiers participated in the experiment. The kinematic data of the DS technique on snow
and land were obtained by three-dimensional video analysis. Two cameras were placed on the left and right sides of the
test ramp. The Angle between the main optical axis is about 80°, the shooting frequency is 60fps, and the shutter speed is
1/500s. Athletes techniques were obtained using automatic recognition techniques and Direct Linear Transfor=mation(DLT)
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methods. The coefficient of multiple correlations (CMCs) and one-dimensional stafistical parametric mapping (SPM1d)
were used to evaluate the similarity and difference in angle-time curves for each stage of the DS technique for on-snow
and roller-skiing. Paired sample T-test was used to compare the cycle characteristics, range of motion at each stage, and
the angle at each moment of DS technique between on-snow and roller-skiing.

RESULTS: No significant difference in roller-skiing cycle characteristics compared to on-snow in DS technique. The hip
flexion and extension angles are highly similar and the body anteversion angle, frunk anteversion angle, calf anteversion
angle, and the vertical movement range of the center of the mass showed moderate similarity in the landing stage and
the swing stage; The adduction and abduction angle of the hip joint showed low similarity in the swing stage, the body
anteversion angle and calf anteversion angle are smaller on roller-skiing and the anteversion angle is smaller on roller
taking off. The flexion and extension angle of the shoulder joint, the adduction angle of the shoulder joint, the flexion and
extension angle of the elbow joint, the angle of pole-ground, and the vertical movement range of the center of mass show
high similarity in the poles-support stage and the back-swing stage; The body anteversion angle in the poles-support
stage and the trunk anteversion angle in the back-swinging stage are moderately similar; The range of flexion and exten-
sion of the shoulder joint is small in the back-swinging stage, and the body anteversion angle and trunk anteversion
angle are small at poles landing and taking off.

CONCLUSION: Higher similarity of upper limb movements, the moderate similarity of lower limb movements between on-
snow and roller-skiing with DS technique, and the movement range of the DS technique on land are small. Junior athletes
should imitate fast kick in the kick zone of the ski when training DS technique on the roller, and increase the explosive
power of the lower extremity, especially the explosive power of plantarflexion, as well as upper exiremity extensor
strength.

EFFECTS OF POSTURE ON THE AERODYNAMIC CHARACTERISTICS DURING TAKE-OFF IN SKI JUMPING
HU, Q.
CHINA INSTITUTE OF SPORT SCIENCE

INTRODUCTION: From an aerodynamic perspective, take-off phase is very critical because athletes always need to find a
balance between maximizing vertical acceleration and minimizing aerodynamic drag. Rapid full exposure to the air dur-
ing take-off leads to a rapid increase in the aerodynamic drag, while the aerodynamic lift helps the athlete during the
take-off process. The research on the aerodynamic characteristics of take-off phase mainly focuses on the experimental
test and training in the wind tunnel, or the analysis from the perspective of kinematics, but the aerodynamic force during
take-off is still unclear, and few related computational fluid dynamics (CFD) studies are reported.

METHODS: From an aerodynamic perspective, take-off phase is very critical because athletes always need to find a bal-
ance between maximizing vertical acceleration and minimizing aerodynamic drag. Rapid full exposure to the air during
take-off leads to a rapid increase in the aerodynamic drag, while the aerodynamic lift helps the athlete during the take-off
process. The research on the aerodynamic characteristics of take-off phase mainly focuses on the experimental test and
training in the wind tunnel, or the analysis from the perspective of kinematics, but the aerodynamic force during take-off is
still unclear, and few related computational fluid dynamics (CFD) studies are reported.

RESULTS: 1) For take-off mode A, the initial total drag is 40.20N and the final total drag is 99.05N; the initial total lift is 31.3IN
and the final fotal lift is 53.58N; the initial moment is 19.69N-m and the final moment is 69.05N-m; the lift-fo-drag ratio
drops from 0.779 to 0.541.For take-off mode B, the initial total drag is 50.66N and the final total drag is 140.01N; the initial
total lift is 35.56N and the total lift peak is 55.54N; the initial moment is 28.06N-m and the final moment is 98.82N-m; the
lift-to-drag ratio drops from 0.702 to 0.365. 2) The total drag and moment of take-off mode B are significantly higher than
that of take-off mode A, and the lift-to-drag ratio of take-off mode B is significantly lower than that of take-off mode A. 3) At
first the total lift of take-off mode B is higher than that of take-off mode A, but in the last aftitude the total lift of take-off
mode B does not rise but fall, and finally the total lift of the take-off mode B is lower than the take-off mode A .

CONCLUSION: 1) The aerodynamic characteristics change dynamically in a short time, and the two take-off modes differ
greatly, which are difficult to be observed in real training and competition site. 2) Take-off mode A has obvious aerody-
namic advantage compared with take-off mode B. During take-off, the angle between trunk and thigh should not be too
large, or the extension angle of the hip joint should not be too fast and too large, which can bring obvious aerodynamic
advantage. 3) Although the aerodynamic force of arms themselves is not obvious, they have a huge impact on the overall
aerodynamic characteristics of the athlete, so the posture of arms cannot be ignored. 4) The influence mechanism of
different take-off postures on the aerodynamic characteristics in ski jumping can provide scientific guidance for the train-
ing and improvement of jumping and flight technology, and also provide effective auxiliary support for on-the-spot predic-
tion and decision-making.

DOES TRUNK RANGE OF MOTION DURING SITTING PARA CROSS-COUNTRY SKIING DIFFER BETWEEN CLASSES?

SEVERIN, A.C., BAUMGART, J.K., KOCBACH, J.
NORWEGIAN UNIVERSITY OF SCIENCE AND TECHNOLOGY

INTRODUCTION: In sitting Para cross-country (XC) skiing, athletes compete in a seated position and thus rely predomi-
nantly on their arms and trunk for propulsion [1]. Double poling at higher work rates requires increased trunk motions [2],
and it is likely that the trunk function of Para sit-skiers will influence their ability to produce high power output [3] and
speeds. The classification of sitting XC-skiers is based on clinical trunk function tests, and athletes with higher trunk func-
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tion are often allocated to higher classes. However, it is difficult to accurately estimate the functional trunk range of motion
(ROM\) of an athlete during sit-skiing based on these assessments. Modern inerfial measurement unit (IMU) technology
allows the estimation of the trunk ROM during on-snow competitions. This study therefore aimed at comparing the trunk
ROM between classes of sitting para-XC skiers during competition.

METHODS: A single IMU sensor (AdMos, ASI, Lausanne, Switzerland) was attached to the back of the race bib of 22 sitting
para XC-skiers during a sprint race at a World Championship competition (9F, 13M, LW10=1, LW10.5=4, LW11=3, LW11.5=9,
LW12=9). The IMU was placed between the scapulae and recorded gyroscope and accelerometer data at 200Hz, which
was processed in Matlab (R2022b, MathWorks, Natick, MA, USA) to calculate joint angles. Data from the final 70-meter
stretch of the race was exfracted for analysis. Due to the low number of athletes in each class, the data was solely as-
sessed descriptively. The differences in trunk ROM between classes were assessed by comparing the 95% Confidence
Intervals (Cl) around the mean. When these showed no overlap, it indicated 95% confidence of a difference between
means.

RESULTS: Since the dataset only had one LWI10, this data point was excluded from the comparison (ROM: 6.3°). The 95%Cl
did not overlap for the comparison between the LW10.5 and LW12 classes (mean ROM +95%Cl: LW10.5 12.4°+6.4°, LW12:
28.7°+£5.9°). The other comparisons had overlapping Cl and quite a large variability in ROM (mean ROM +95%Cl: LWT1:
25.6°+31.1°, LW11.5: 19.8°+14.0°).

CONCLUSION: While we see a tendency towards larger functional frunk ROM in the higher classes, the 95%Cl overlapped
for all comparisons except for LW10.5 vs LW12. This overlap between adjacent classes, and in some cases also classes
further apart suggests that the clinical assessment used in classification may sometimes fail to adequately identify the
amount of frunk function a sit-skier uses during competition. The extent to which the functional frunk ROM differs between
the classes remains unknown and should be subject to further research. This study suggests that assessing the functional
trunk ROM alone may not provide sufficient information to differentiate between the classes during para sit-skiing.

REFERENCES

1. Lund Ohlsson, M. and M.S. Laaksonen, Eur J Appl Physiol, 2017.
2. Bjerkefors, A., et al., Int J Sports Med, 2013.

3. Hegge, A.M., et al., Eur J Appl Physiol, 2016.

V2 CROSS-COUNTRY SKIING TECHNIQUE VARIATIONS ASSESSED THROUGH PRINCIPAL MOVEMENT DISCRIMINANTS
EXTRACTED FROM WEARABLE SENSOR DATA

DEBERTIN, D.
UNIVERSITY OF INNSBRUCK

INTRODUCTION: Cross-country (XC) skiing experts (instructors, coaches) describe precise technique forms, e.g. V2 tech-
nique, and distinct variation/deviation patterns from the technique ideal. These qualitative decriptions have high practical
value, e.g. for the communication between coach and athlete, however, they are difficult to quantify, limiting their applica-
bility for research or technology development. The current study utilizes and expands technique analysis approaches
based on principal component analysis of kinematic data [1,2] and applies them to analyse V2 technique variations in XC
skiing. The aim of this proof-of-concept study was to determine sensitivity for 14 distinct V2 technique variations.

METHODS: Ten experienced XC skiers (5 females, age 30+8y, national or FIS licenced as instructor or athlete) performed
the V2 technique according to curriculum guidelines [3] and according fo 14 technique variations, each represented
through two opposite extremes: weight shift (forth/back, up/down, lateral/centered), inward/outward upper body rota-
tion, closed/opened legs, flat/canted ski strike, flat/canted ski off, long/short gliding phase, raised/lowered head, low-
ered/lifted heel, highly extended/flexed elbows, lowered/lifted elbows, maximal/minimal arm swing, closed/opened
hands. The skiers’ body segment movements were recorded using a full-body wearable sensor system (Xsens, Enschede,
NL; 240Hz). For each technique variation, a principal component analysis (PCA) was calculated on centered and normal-
ized kinematic data yielding principal movements (PMs) [2] that were dominanted by the variance produced by the two
opposite variation extremes. Three left-right step cycle sequences were extracted and then averaged for each subiject.
These averaged PM scores were normal distributed (Shapiro-Wilkl and effects of the technique variation (3 levels: ex-
tremel-); guideline V2 technique; extremel(+)) could therefore be tested using rmANOVAS (a=.05). Sensitivity was quantified
through effect sizes (np2).

RESULTS: Eleven out of the 14 technique variations showed significant differences in their waveform means, with the larg-
est effects found for horizontal weight shift (np2=.906), arm swing (np2 = .803) and elbow flexion/extension (np2 = .785).
CONCLUSION: The current study proved sensitivity for 11 of 14 distinct technique variation/deviation patterns. The three
variations for which our approach was not sensitive included variations for which a more sofisticated analysis might be
promising, but also variations poorly represented in the current sensory signals (e.g. raised/lowered head) for which
hardware adaptations might be needed. In conclusion, our approach utilizes the knowledge and skills of skiing experts
and makes them accessible for research and technology development.

References

[ Glgersen et al., J Sport Sci, 2018, 36(2), 229-237.

[2] Debertin et al. Front Bioeng Biotechnol, 2022, 10.

181 28" ANNUAL CONGRESS OF THE EUROPEAN COLLEGE OF SPORT SCIENCE



OP-MHO5 Sports Medicine/Mixed Session

[3] Blase et al., Offizieller DSV-Lehrplan Skilanglauf. Motorbuch Verlag, 2013.
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INVESTIGATION OF FALSE POSITIVE RESULTS IN ANTI-DOPING TEST CAUSED BY PRESERVATIVES IN COSMETICS

LU, Y.W.1, CHAN, K.H.2,3, WU, Y.T.1, CHANG, W.CW.1

SCHOOL OF PHARMACY, KAOHSIUNG MEDICAL UNIVERSITY 1, GRADUATE INSTITUTE OF ATHLETICS AND COACHING SCi-
ENCE, NATIONAL TAIWAN SPORT UNIVERSITY 2, CHINESE TAIPEI ANTI-DOPING AGENCY 3

INTRODUCTION: Chlorphenesin is a legitimate preservative used in cosmetics. Chlorphenesin shares the same urinary
metabolite of 4-chlorophenoxy acetic acid (4-CPA) with a stimulant meclofenoxate which is prohibited in sports. In recent
years, there have been several cases involving athletes who used chlorphenesin-containing products were misjudged as
using meclofenoxate. To distinguish the origins of 4-CPA from using chlorphenesin or meclofenoxate, we investigate the
content of personal care products on the market and perform an administration study to confirm whether using chlor-
phenesin-containing products can lead to an adverse analytical finding (AAF) or not.

METHODS: We selected personal care products with different functions (e.g. facial care, body cleansing, sun protection,
make-up, hairstyling, perfume and oral cleaning) on the market. These cosmetics were detected for chlorphenesin by
using the developed liquid chromatography with diode-array detection (LC-DAD) method. To further investigate the meta-
bolic pattern after applying chlorphenesin-containing cosmetics, we established a liquid chromatography-tandem mass
spectrometry (LC-MS/MS) method for the quantification of 4-CPA and related metabolites in urine.

RESULTS: A total of 61 personal care products were tested. Among all, there were 29 labeled as containing chlorphenesin,
and their concentrations ranged from not detected (ND) to 2.67 pg/mg (0.267 %). Chlorphenesin was not detected in the
32 items unlabeled with chlorphenesin. The LC-MS/MS method successfully achieved mass transitions of the target ana-
lyte by optimizing the parameters for ionization, fragmentation, and MRM detection. The accurate mass of the precursor
ion (m/z 184.85) and product ions (m/z 140.85 and 126.86) was confirmed for 4-CPA analysis. In the proof-of-concept
study, participants applied chlorphenesin-containing products and the concentrations of 4-CPA in their urine were meas-
ured.

CONCLUSION: The detection of chlorphenesin in cosmetics did not exceed the limit of 0.3 % (3 pug/mg), which was in
accordance with Taiwanese regulations. According to the World Anti-Doping Agency (WADA) Technical Document, the
urinary concentration of 4-CPA exceeding 5 ug/mL may be considered as an AAF. Therefore, it is inferred that single or
multiple doses of chlorphenesin-containing products may result in 4-CPA higher than the threshold. The present study can
support sports drug testing to identify the sources of 4-CPA and assist in the results management process.

NON-INVASIVELY MEASURED CENTRAL AND PERIPHERAL FACTORS OF OXYGEN UPTAKE ARE AFFECTED BY AGE, SEX,
ENDURANCE CAPACITY, AND CHRONIC HEART FAILURE

BROCHHAGEN, J.1, COLL BARROSO, M.T.2, BAUMGART, C.3, WASMUS, D.T.1, FREIWALD, J.3, HOPPE, M.W.1
1 LEIPZIG UNIVERSITY, GERMANY; 2 UNIVERSITY OF WITTEN/HERDECKE, GERMANY; 3 UNIVERSITY OF WUPPERTAL, GERMANY

INTRODUCTION: Maximum oxygen uptake is influenced by age, sex, endurance capacity, and chronic heart failure. How-
ever, underlying central and peripheral factors are essential to take into account for optimizing diagnostics and interven-
tions in athletes and patients [1, 21, but are less studied due to the in part invasive approaches. This study aimed to inves-
tigate the effects of age, sex, endurance capacity, and chronic heart failure on non-invasively measured central and pe-
ripheral factors of oxygen uptake.

METHODS: 15 male children (110 years), 15 male recreationally active adults (241 years), 14 female recreationally active
adults (23+1 years), 12 male highly trained endurance athletes (24+2 years), 10 male elders (59+3 years), and 10 male
chronic heart failure patients (62+4 years) were tested during a cardiopulmonary exercise test unfil exhaustion on a cy-
cling ergometer for: oxygen uptake, systolic blood pressure, diastolic blood pressure, mean arterial pressure, heart rate,
stroke volume, cardiac output, cardiac power output, vastus lateralis muscle oxygen saturation, and (calculated) arterio-
venous oxygen difference. Stroke volume and muscle oxygen saturation were measured non-invasively using bioreac-
tance analysis and near-infrared spectroscopy, respectively. A two-factor repeated measure ANOVA was applied for
statistical analyses at rest, 80, and 100% of maximum oxygen uptake.

RESULTS: For the age effect, there were statistically significant group differences for all factors (p<.033; ES:2.169). Concern-
ing sex, there were group differences for all factors (p<.010; ES:2.223), except diastolic blood pressure and heart rate
(p=2.698; ES:<.006). For the effect of endurance capacity, there were no group differences for any of the factors (p=.065),
albeit up to medium effect sizes (ES:.129). Regarding chronic heart failure, there were group differences for the heart rate
and arterio-venous oxygen difference (p<.037; ES:2.220).

CONCLUSION: Non-invasively measured central and peripheral factors of oxygen uptake are affected by age, sex, en-
durance capacity, and chronic heart failure. The detected differences may be due to various morphological or physiologi-
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cal reasons, particularly heart volume or myoglobin functions [3, 4], which however remain unknown. Our outcomes
should serve as a basis for further studies in sport science and medicine.

REFERENCES:
1. Kovacs R & Baggish AL (2016). Cardiovascular adaptations in athletes. Trends Cardiovasc Med, 26(1):46-52.

2. Brochhagen J et al. (2020). Non-invasively measured central and peripheral factors of oxygen uptake differ between
patients with chronic heart failure and healthy controls. BMC Cardiovasc Disord, 20(1):378.

3. St. Pierre SRS et al. (2022). Sex matters: a comprehensive comparison of female and male hearts. Front Physiol,
13:831179.

4. Kamga C et al. (2012). Myoglobin and mitochondria: a relationship bound by oxygen and nitric oxide. Nitric Oxide,
26(4):251-258.

EFFECTS OF CONCURRENT, WITHIN-SESSION, AEROBIC AND RESISTANCE EXERCISE TRAINING ON FUNCTIONAL CAPACITY
AND MUSCLE PERFORMANCE IN PATIENTS WITH CHRONIC HEART FAILURE

IELLAMO, F.1, CAMINITI, G.2, PERRONE, M.A.1, MANZI, V.3, VOLTERRANI, M.2
T UNIVERSITY TOR VERGATA, ROME; 2 IRCCS SAN RAFFAELE PISANA, ROME; 3 TELEMATIC UNIVERSITY PEGASO, NAPLES

INTRODUCTION: The best format of exercise training (ET) in the setting of cardiac rehabilitation in patients with chronic
heart failure (CHF) is still to be defined. Current guidelines recommend aerobic exercises, such as running and cycling
including some sessions per week of resistance exercise. The aim of this study was to address the effectiveness of a
concurrent exercise training program utilizing a circuit of sequential endurance and resistance exercises on functional
capacity and muscular strength in patients with CHF.

METHODS: Ninety-five consecutive male patients with CHF (EF<40%) in NYHA functional class Il /lll, with were randomly
assigned on 1:1 basis to a 12-week aerobic continuous training (AT) or concurrent CT), aerobic + resistance, training (CT),
three times a week, with each session lasting 80 minutes. We used high quality, specifically designed, ergometers, con-
nected one each other and governed by a central consol, managed by a single physiotherapist. Before and after training
all patients performed a symptoms-limited exercise test on a treadmill and a 6-min walking test (6MWT). Patients in the CT
group also performed resistance exercises of the upper and lower body.

RESULTS: 6MWT and exercise duration at ergometric test increased significantly in both AT and CT groups, with the in-
crease being greater in CT group (P<0.00T; ES = 0.13; P<0.01; ES = 0.07). Muscular strength increased significantly in the CT
group, particularly in the-lower body muscular districts (P<0.001). Quality of life improved in both groups, with a signifi-
cantly greater improvement in the CT group (P< 0.05). No side effects leading to discontinuation of training were observed.

CONCLUSION: These findings indicate that concurrent, within-session. training results in larger improvements in functional
capacity, in addition fo muscle performance, in patients with CHF in comparison to single-mode aerobic training.

RETINAL LAYERS PARAMETERS ASSESSMENT AS BIOMARKERS AFTER RUGBYMEN’S HEAD TRAUMA

BONNIN, S., BLANCHARD, S., AZAR, G., VINCENT, Q., LAFOLIE, J., ALONSO, A.S., THEVENIN, S., SALVIAT, F., MAUGET, M.,
VASSEUR, V.
ROTHSCHILD FOUNDATION HOSPITAL

INTRODUCTION: The consequences of mild traumatic brain injures and sports-related concussions are a challenge for
clinicians, players, coaches and parents involved in contact sports. Retfinal layers’ changes have been reported in numer-
ous neurodegenerative diseases. The aim of this study was to investigate longitudinally the retinal thickness changes and
their association with concussion during one rugby season in professional rugbymen, using spectral domain (SD) - optical
coherence fomography (OCT).

METHODS: This is a longitudinal prospective cohort study. All patients were members of the Racing 92 rugby team (Paris,
France). The first ophthalmological visit was performed before the beginning of the season, then a second visit was
planned the following year just before the beginning of the next season. During the season, participants were closely
followed by the teams’ medical staff and the number of concussions was reported. At each ophthalmological examina-
tion, all participants had SD-OCT and OCT-angiography, which allowed the measurement of peripapillary and macular
thicknesses.

RESULTS: Among the 59 rugbymen included at baseline, 36 were followed during one year and had one final visit after the
season. Mean Retinal Nerve Fiber Layer (RNFL) thickness decreased significantly between the initial and the final visit
(102.65 + 7.01 ym vs. 101.46 = 7.14 um, p=0.0001). There was also a significant decrease of the mean ganglion cell layer
(GCL) volume (1.16 = 0.08 mm3 vs. 1.14 + 0.09 mm3, p<0.0001) and of the mean macular vascular density {19.71 + 3.01 %
vs.19.36 + 3.03 %, p = 0.0002).

Among those 36 patients, 5 (13.9%) suffered from at least one concussion during the follow up. Mean RNFL loss was sig-
nificantly higher in rugbymen who had at least one concussion during the follow up (n=>5, -3.9 =1 T um) in comparison with
those who had no concussion (n=31, -0.8 = 1.2 um) (p = 0.0008). No correlation was found between the number of con-
cussions and the position of the rugbyman in the team.

CONCLUSION: RNFL loss was significant in professional rugbymen, after only one season time, and was significantly
higher in concussion group, showing the interest of SD-OCT in the assessment of head traumas’ consequences in rugby-
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men. OCT RNFL monitoring could be helpful for the management of concussions in rugbymen. Further longitudinal studies
are still needed to determine which level of RNFL loss should be a recommendation of sport cessation.

PHYSICAL ACTIVITY AND VENTRICULAR TACHYCARDIA IN PATIENTS WITH ARRHYTHMOGENIC CARDIOMYOPATHY

SORIANO-MALDONADO, A., RAMOS-MAQUEDA, J., MIGUELES, J.H., MOLINA-JIMENEZ, M., RUIZ-GONZALEZ, D., JIMENEZ-
JAIMEZ, J.
UNIVERSITY OF ALMERIA

INTRODUCTION: The aim of this study was to investigate the association of accelerometer-measured lifestyle physical
activity with rapid-rate non-sustained ventricular tachycardias (RR-NSVTs) in patients with arrhythmogenic cardiomyopathy
(AC).

METHODS: This multicenter, observational study enrolled 72 patients with AC (recruited from two Spanish hospitals), in-
cluding right, left-, and biventricular forms of the disease, with underlying desmosomal and non-desmosomal mutations.
Lifestyle physical activity was objectively and continuously monitored for 30 consecutive days with accelerometers (Axivity
AX3, OmGui, Newcastle University). To evaluate the occurrence of RR-NSVTs, the participants were required to wear a
textile Holter electrocardiogram (Holter Nuubo ECG PLATFORM®) for 30 consecutive days. A RR-NSVTs was identified as
having a heart rate >188 bpm for >18 beats and were confirmed by an independent electrophysiologist blinded to the
patients” medical history and the level of physical activity.

RESULTS: Sixty-three AC patients (38+17.6 years, 57% men) had valid data for both devices and were included in the anal-
yses. A total of 17 patients experienced 21 RR-NSVTs, and a total of 35 events were recorded. The odds of occurrence of 21
RR-NSVT during the recording did not increase as a function of either total physical activity (OR=0.95, 95% confidence
interval [Cl 95%]=0.68-1.30 for 60-min increase) or moderate-to-vigorous activities (OR=0.89, Cl 95%=0.71-1.08 for 5-min
increase). Participants presenting RR-NSVTs during the recording (n=17) did not present greater odds of RR-NSVT in the
days with more time either in total physical activity (OR=1.05, Cl 95%=0.84-1.29 for 60-min increase) or moderate-to-
vigorous acfivities (OR=1.05, CI95%=0.97-1.12 for 5-min increase). Physical activity levels were neither different between the
patients with and without RR-NSVTs during the recording period nor on the days of the occurrence of RR-NSVT compared
with the rest of the days. Finally, 4 of the 35 RR-NSVTs recorded in the 30 days occurred during physical activity (3 during
moderate-to-vigorous intensity and 1 during light-intensity activities).

CONCLUSION: The main findings of this study suggest that lifestyle physical activity is not associated with RR-NSVTs in AC
patients. Therefore, this study supports the notion that lifestyle physical activity of light and moderate intensity could be
promoted among AC patients to ensure they obtain the multiple benefits associated with physical activity.
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PERFORMANCE PROFILE IN INTERNATIONAL MALE 3X3 BASKETBALL, REGARDING LIVE-STOPPAGE TIME RATIO AND
GAME TIME

HAUER, R.1, SCHARNER, P.2, MATHY, A.1, BACA, A.2, TRISKA, C.1
ILEISTUNGSSPORT AUSTRIA, 2UNIVERSITY OF VIENNA

INTRODUCTION: 3x3 basketball is a novel sports discipline and merely a paucity of evidence on the physical demands is
available. Only few studies deal with live- (LT) & stoppage-time (ST) and the ratio of these parameters, which could be
useful for coaches to design appropriate and close-game training sessions [11. Therefore, the aim of this study was to
analyze LT and ST in relation o the dynamics of the game.

METHODS: Fifteen international male 3x3 basketball games were analyzed using a video analyze system. For each game
LT and ST were tagged and categorized into five phase (ph) durations: ph-I: 1-10s; ph-Il: 11-20s; ph-Ili: 21-30s; ph-IV: 31-
40s; ph-V: >40s. Time intervals (Tl) were defined to subdivide the game: first 5min (t1), 5-10min (t2), last 3min (t3).

A repeated measures ANOVA was used to detect differences between the number and duration of LT and ST as well as
effect size expressed as partial eta-squared (np~2). Significant main effects were followed-up by Bonferroni post-hoc
procedures. Significance was set at P<0.05.

RESULTS: Mean=SD of all actions and rest periods per game were 28+5 each. The total time ratio between LT and ST was
0.92+0.22.

Actions in ph-I accounted 42% of all actions (ph-ll: 23%, ph-lll: 15%, ph-IV: 9%, ph-V: 11%). Significant differences were
found in the number of all actions between Tl (P<0.001; np~2=0.748). Observed number of actions in t1 were 91, 12: 61
and t3: 3+1. Post-hoc test revealed differences between all Tl with a significance of P<0.004.

Rest periods lasting for 11-20s accounted 53% of all breaks (ph-I: 11%, ph-lll: 11%, ph-IV:10%, ph-V: 14%). The distribution of
LT and ST for the entire game is also reflected in all Tl (11-13). Significant differences were found regarding the number of
rest periods in relation to the Tl (P<0.001; np~A2=0.690). The number of rest periods in 11 were 8+1, t2: 7+1 and t3: 4+1. Post-
hoc test revealed differences between all Tl with a significance of P<0.038.
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Mean duration of LT was 20.0+3.7s and of ST 22.0+1.9s. Significant differences were only found in ST regarding to the Tl
(P=0.023; np~2=0.280). The duration of ST in 11 were 18.3+4.1s, t2: 30.9+15.0s, and t3: 24.8+7.3s. Post-hoc test revealed
differences between 11&t2 (P=0.018) and 11&t3 (P=0.042) with no differences between t2&t3. No significant differences
were found regarding the duration of LT.

CONCLUSION: T1 showed significantly higher numbers of actions and breaks compared to 12 and t3. Furthermore, rest
duration was highest in 2, which could be caused by external influenced breaks (e.g.: TV time-out). Even if the total LT
duration is 20.0s, almost half of the actions last for <10s only. In summary, results of this study suggest that game dynamic
seems to change over the course of time. This should be considered for technical and tactical competition preparation by
the coaching staff.

[11 Conte et al. (2019). Performance profile and game-related statistics of FIBA 3x3 Basketball World Cup 2017. Biology of
sport.

THE MOMENTARY EFFECT OF TIMEOUTS IN NATIONAL BASKETBALL ASSOCIATION GAMES
CHEN, C,, CAO, R,, CUL, Y.
BEIJING SPORT UNIVERSITY

INTRODUCTION: During competitive basketball matches, coaches are expected to optimize the collective performance
throughout effective decision-making, including calling timeouts, devising player rotation and rearranging tactics. Previous
studies have demonstrated that teams usually presented better scoring performance after coaches’ substitutions and
their decisions were influenced by multifactorial competition constraints. In this vein, this study aimed to quantify the tem-
poral effects of the timeouts during professional basketball matches, so as to evaluate the performance of coaches’ deci-
sion-making and to provide insights into player management and match status anticipation.

METHODS: Play-by-play and spatio-temporal data from 100 NBA games during the 2015-2016 season provided by STATS
LLC were used, with 1155 timeouts being identified and extracted. The temporal effects that timeout may have on scoring
performance were analysed using the points scored and received within the previous and post 5 ball possessions. The
analysis included the following performance indicators: rebounds, fouls, turnovers, free throws, 2-point and 3-point field
goals; contextual indicators: point difference, location, timeout type, and period; and spatio-temporal indicators: feam run
distance and average speed. For each category, the indicators were calculated as the difference between two teams.
After normalizing the data, a stepwise multiple linear regression model was established to explore the relationship be-
tween the timeout effect and indicator variables, with the teams points difference as the dependent variable.

RESULTS: After considering a total of 10 independent variables above, the model was obtained after 5 steps of modeling, 4
variables were excluded. The model obtained is y= -0.075+0.167*period+0.324*rebounds-0.316*turnovers+0.181*free
throws+0.112*fouls-0.055*eam run distance (adjusted R-squared: 0.200, p<0.05). During 5 ball possessions, team run
distance showed significant negative effect for the timeout (p=0.04). For the dummy variable of period, the coefficient of
the 4th period is 0.167 (p=0.023), while the other periods had no statistically significant effect for the timeout (p>0.05).

CONCLUSION: The results showed that calling a timeout in the 4th period positively affects rebounds, free-throws, and
fouls, possibly due to increased pressure and fatigue in this crucial period of the game. Also, it is important for teams to
focus on minimizing turnovers in order to improve overall performance. Nevertheless, team run distance had a negative
relationship of timeout effect in this model, which was probably due to the fact that coaches tend to call timeouts to modify
team tactics. This could lead to a decrease in overall team run distance as players move deliberately to execute specific
plays. In conclusion, the study provides novel insights for assessing timeout effectiveness and emphasizes the need to
consider multiple factors when evaluating coaches decision-making performance.

EXPLORING SUCCESS OF FOUR LIQUI-MOLY HANDBALL BUNDESLIGA TEAMS FROM 2019 TO 2022
SAAL, C.1, ACKERMANN, N.1, WEGENER, F.1, SOLTER, F.2, BAUMGART, C.3, HOPPE, M.1
IUNIVERSITY LEIPZIG, ZMT MELSUNGEN, SUNIVERSITY OF WUPPERTAL

INTRODUCTION: Handball is a contact team-sport with the objective to score more goals than the opponent. Knowledge
about the match demands and their relation to playing success are crucial to optimizing training procedures. Previous
studies show that running related demands do not differ with respect to the match outcome [11, while other studies found
differences between winning and losing teams [2]. Thus, the aim of this study was to explore match demands in relation
to the team and match outcome in top-level handball players.

METHODS: Four handball teams competing over three seasons (2019-2022) in the LIQUI-MOLY Handball-Bundesliga (HBL)
were compared and analyzed according the match outcome using a range of common match demand metrics (n = 28)
collected by a local positioning system (Kinexon Perform LPS). Match summary statistic files (n = 371, n=228 with ball track-
ing) were exported using the Kinexon software and merged with the match outcome data. Mean differences were inves-
tigated by one-way ANOVAs on trimmed means. Pairwise comparisons were conducted and p-values were adjusted for
multiple testing by Bonferroni corrections.

RESULTS: The lower ranked teams spent less time at high-speed (-89.9 [-140.0, -48.9]; -132.5 [ 171.5, -93.4]) and high met-
abolic power (-86.4 [-123.9, -48.91; -73 [-220.0, -139.4];-179.8 [-220.1, -139.5]), whereas they executed a higher number of
jumps (16.7 [9.8, 23.6]; 8.0 2.0, 13.9]) and passes (168.6 [123.3, 213.91; 97.2 [47.7, 146.7]; 105.3 [53.4, 157.2]). Winning
teams perform slightly less passes (-51.2 [-101.2, -1.14]; -28.4 [-67.6, 10.7]) than drawing teams and show no differences in
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time at high-speed (29.1 [-25.3, 83.5]; 10.7 [-18.3, 39.8]) and fime at high metabolic power (21.0 [-42.3, 84.5]; -24.6 [-55.4,
6.11) than drawing or losing teams.

CONCLUSION: The lower ranked teams spent less time in high-intensity running and perform more passes. In this con-
text, winning teams tend to perform less passes, but do not differ between drawing and losing teams in terms of high-
intensity running. These findings provide a new perspective of the influence of match demands on success in top-level
handball. It underlines that the players are all “physically well developed” [2] and therefore we hypotheses that technical-
tactical actions are more important to win a game at this level. However, more studies that include the technical-tactical
context to explain success in fop-level handball are needed.

[1 Manchado, C., Pueo, B., Chirosa-Rios, L. J., & Tortosa-Martinez, J. (2021). Time-motion analysis by playing positions of
male handball players during the european championship 2020. Int J Environ Res Public Health, 18(6).

[2] Venzke, J.,, Schafer, R., Niederer, D., Manchado, C., & Platen, P. (2022). Metabolic power and success in men’s hand-
ball in the european championship. In ECSS 2022 Book of Abstracts, Sevilla, Spanien.
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OPTIMISING THE USE OF MACHINE LEARNING AND COMPUTER VISION IN SPORT: AN ECOLOGICAL DYNAMICS PERSPEC-
TIVE

AULTON, C., STRAFFORD, B., DAVIDS, K., CHIU, C.
SHEFFIELD HALLAM UNIVERSITY

INTRODUCTION: Machine learning and computer vision technology is a growing area of research aimed at improving
athlete development and performance, but the use of machine learning and computer vision in athlete development
programs does not guarantee an improvement in athletic performance (5). Computer scientists typically design and im-
plement machine learning and computer vision technology into athlete development programs because of the high level
of technical knowledge required. This approach can lead to siloed working and sporadic approaches to athlete develop-
ment which can negatively impact skill development [1, 2. The integration of machine learning and computer vision in
athlete development programs need to be rationalised to allow practitioners to collaborate effectively and avoid siloed
working to maximise its potential within athlete development programs. Currently there has been no attempt to contextu-
alise the applications of these technologies.

METHODS: In this study, pervious literatures were reviewed to show that the development of an ecological dynamics and
Department of Methodology pillared framework is necessary to support the application of machine learning and comput-
er vision into athlete development programs. A pillared ecological framework including the Department of Methodology
was then developed.

RESULTS: This study suggests that the transdisciplinary approach of the Department of Methodology can allow practition-
ers to collaborate effectively through shared principles and language under the rubric of ecological dynamics to create
information rich practice environments enriched with machine learning and computer vision. Machine learning and com-
puter vision techniques can improve the quality of athlete development programs by improving perceptual information
within virtual environments (6), predict overuse injuries (4) and provide coaches highly detailed data to increase the quality
of coaching feedback. To fully utilise machine learning and computer vision technology within athlete development pro-
grams collaboration between sub-disciplines of sport and computer science is essential. The ecological pillared frame-
work developed can also support the need for a more embodied and embedded application of machine learning and
computer vision in sport [1].

CONCLUSION:  This study provides practitioners with an ecological dynamics and Department of Methodology pillared
framework to enhance athlete development programs through the implementation of collaboratively designed machine
learning and computer vision technology. This study also demonstrates how an ecological pillared framework can im-
prove the representative learning design, promote an individualised approach and enhance but not replace the quality of
coaching feedback through the application of machine learning and computer vision technology.

References

1. Araujo et al. (2020) 2. Otte. (2020) 3. Rothwell. (2020) 4. Oliver et al. (2020) 5. Herold et al., (2022) 6. (Zhu et al., 2020)

SMART BOXING GLOVE: TECHNIQUE AND TARGET RECOGNITION USING MACHINE LEARNING
CIZMIC, D., HOELBLING, D., LICHTMANNEGGER, C., BREITENEDER, R., BARNANYI, R., GRECHENIG, T.
VIENNA UNIVERSITY OF TECHNOLOGY

INTRODUCTION: Novel technologies, such as the smart boxing gloves establish new ways for training and documenta-
tion. This technology comprises of a specifically developed and validated force sensor and an IMU, which combined,
enables the possibility to provide more exact estimations of the used boxing technique using machine learning (ML) algo-
rithms (anderes boxing paper zitieren). The aim of the study is to include and evaluate different ML algorithms, to establish
the best procedure for (kick-) boxing technique recognition (punch, hook, upper cut, backfist, and ridge hand) and target
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object recognition (wall, punching bag, and hand pads) in a broad spectrum of fighters with different anthropometrics
and experience levels.

METHODS: Two experiments (model development n=13; system evaluation n=8) were conducted to implement models for
the striking technique and target object classification. The data samples (n=3453) from the first experiment were used to
identify necessary data pre-processing steps, derive a suitable feature extraction method as well as perform model selec-
tion by evaluating and optimizing the following classifiers: Decision Tree, Random Forest (RF), Naive Bayes, k-Nearest-
Neighbour (kNN), Perceptron, Multi-Layer Perceptron (MLP), Support Vector Machine (SVM) and Logistic Regression. For the
evaluation, the three-way holdout method and k-fold cross-validation were used. As performance metrics, the accuracy
and fl-score were used. Subsequently, the second experiment was used to evaluate the final models based on new and
unseen data from additional participants which were chosen so that they represent a broad sample regarding height,
experience level and sex.

RESULTS: The model implementation and selection phase showed that similarly good accuracy results can be achieved
with the RF, kNN, MLP and SVM classifiers for the striking technique as well as for the target object classification. The best
result for both classification tasks was achieved with the optimized SVM model which was 93.03% for the striking tech-
nique and 93.49% for the target object classification based on model development dataset. Regarding the system evalua-
tion dataset (n=1951), the final accuracy for the striking technique classification was 89.55% and 75.97% for the target
object classification.

CONCLUSION: The research demonstrated which process steps and components are necessary to be implemented in
order to develop a striking technique and target object classification based on data collected using IMU and force meas-
urement sensors of the smart boxing gloves. Furthermore, the implemented models provide a good generalization per-
formance based on the high accuracy results regardless of the broad range of athlete characteristics. This paves the way
for further research in this areaq, as e.g. the automatic assessment of the quality of an executed striking technique which
could suppport athletes during their learnining process.

DEEP REINFORCEMENT LEARNING FOR SIMULATING VIRTUAL BOXERS THAT IMITATE THE FIGHTING INTERACTIONS GIV-
EN IN MOTION CAPTURE DEMONSTRATIONS

YOUNES, M.1, KJAK, E.2, KULPA, R.3, MALINOWSKI, S.2, MULTON, F.1,3
TINRIA, IRISA, UNIVERSITY OF RENNES, 2 UNIVERSITY OF RENNES, INRIA, IRISA, 3 UNIVERSITY OF RENNES, INRIA, M2S

INTRODUCTION: VR enables to immerse users in a simulated environment, with simulated opponents in fighting sports, to
minimize the impacts and the risk of injuries, while increasing the number of repetitions. However, designing a virtual
opponent that behaves and moves as a real opponent would, is still an open problem. Recent approaches include Gen-
erative Adversarial Imitation Learning, which enables a virtual character to have realistic behavior learned from large
datasets of multiple motion clips [1, 21. We propose fo extend this idea to imitate realistic boxing fights with a little set of
examples, i.e. motion capture clips with two opponents. As a result, a real-time controller is designed to compute the
relevant joint forques to apply to each physics-based character.

METHODS: We propose to associate an adversarial motion prior (similar to [1]) with a new concept, the adversarial interac-
tion prior. Both priors are based on the same approach, composed of a policy that computes the relevant actions to trans-
it from the current state to the next one. The motion prior uses a single boxer motion clip to compute a reward quantifying
to which extent a fransition from the current pose to a next one is similar to those viewed in the examples. The interaction
prior dims at computing a similar reward but for interaction between two fighters instead of the motion of a single boxer,
using a second motion clip with two fighters. A controller (namely a policy) is trained using reinforcement learning to com-
pute the joint torques required to simulate the next pose while maximizing both rewards.

RESULTS: This method has been successfully applied to simulate two virtual boxers fighting each other while imitating the
motions of a 6-minute single boxer motion clip, and another 70-second motion clip with two boxers. The results demon-
strate the ability of the approach to simulate realistic fighting behaviors.

CONCLUSION: We have proposed a new deep reinforcement learning approach to simulate two-boxers fighting each
other while imitating the style of fight given in a 70s example. Future works will tend to control a virtual opponent thanks to
this controller, while fighting against a real user, and evaluate the ability to actually reproduce realistic interactions for
serious fraining game in VR.
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MACHINE LEARNING FOR AUTOMATED CATCH RECOGNITION IN AMERICAN FOOTBALL TRAINING.
VOLMER, J.C,, REITER, B., HOLLAUS, B.
MANAGEMENT CENTER INNSBRUCK

INTRODUCTION: Mastering a sport requires hours of practice. To practice and train efficiently an athlete’s abilities have to
be monitored precisely. So it is with catching passes in American Football. However, evaluating each pass manually and
keeping track of the statistics by hand is a tedious job. State of the art systems for catch recognition, e.g. [1], are accurate
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but require IMUs worn by every athlete. To remove this restriction, we propose an audio-visual recording system com-
bined with a machine learning approach to automatically classify catch attempts during training.

METHODS: A camera and a microphone with a directional pattern were mounted on the ball-throwing machine from [2].
After triggering, an audio sequence and an independent video sequence were recorded for each catch attempt. Experi-
ments were conducted both indoor and outdoor with different background types. The recorded dataset, consisting of
2,276 passes, formed the basis for training the neural networks. The dataset was then labelled using two main classes:
catch or drop and four sub classes: jump, one-handed, run and stand. In addition, the dataset was augmented using
various methods for the video and audio signal and divided in train, validation and test parts.

The machine learning approach was based on a Convolutional Neural Network (CNN) used for feature extraction. To this
end, the pre-trained VGG16 [3] network was embedded and combined with a Long Short-Term Memory (LSTM) layer to
classify the video data. In addition, classification of the audio data was performed using a one-dimensional CNN.

RESULTS: The network described above was only used to predict the two main classes: catch and drop. Achieved accura-
cies when using only the audio network range from 76%-81%. Using only the video network 83%-87% accuracy was ob-
tained. When combining both networks, catch attempts were classified with an accuracy of up to 92%.

CONCLUSION: It was shown that the classification of catch attempts using audio and video data is possible. The achieved
accuracies are comparable to that of state of the art methods using wearable sensors. Further research should focus on
identifying the sub classes and improvement of audio and video only classification.

REFERENCES:
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2. B. Hollaus, et al., doi: https://doi.org/10.1177/1754337118774448

3. K. Simonyan, A. Zisserman, https://arxiv.org/pdf/1409.1556.pdf
Oral presentations

OP-SH04 Psychology and Motivation

A QUALITATIVE INVESTIGATION OF CHILDRENS PERCEPTIONS OF SCHOOL-BASED PHYSICAL ACTIVITY AND ITS IMPACT ON
THEIR COGNITION AND ACADEMIC ACHIEVEMENT.

DIXON, S., HETTINGA, F., TEMPEST, G., MCCULLOGH, N.
NORTHUMBRIA UNIVERSITY

A Qualitative Investigation of Children’s Perceptions of School-Based Physical Activity and its Impact on their Cognition and
Academic Achievement.

Dixon, S. Hettinga, F. Tempest, G. McCullogh, N.
Northumbria University
Introduction

Physical activity (PA) provides a wealth of benefits to children. Over recent decades, academic research has shown that it
might also positively impact their cognition and academic achievement (AA). However, findings are inconsistent, and
common conclusions simply state that PA is of no detriment to children’s cognition or AA. Further, in this field, qualitative
research involving key stakeholders, including children themselves, is sparse. This research aimed to investigate chil-
dren’s perceptions on their school-based PA, and the perceived influence this PA has on their cognition and AA.

Methods

Twenty-one semi-structured focus groups were conducted across two different schools, totalling 77 participants aged
between 5 - 12 years old.

Reflexive Thematic Analysis with an inductive and semantic perspective was conducted. Study quality was promoted
through several methods, such as peer debriefing, prolonged engagement with schools, and reflexivity.

Results

A notable finding was that most children enjoyed their school-based PA and believed it was beneficial to them. Further,
children readily identified aspects they felt either hindered or assisted in the delivery of, or their engagement with, school-
based PA, such as lack of time, the impact of schoolwork, and social factors pertaining to peers, teachers and class be-
haviour. However, whether such aspects were perceived as barriers or facilitators varied between children.

Additionally, children were able to identify the influences they believed school-based PA had on their cognition and AA,
discussing aspects such as focus, attention, listening, handwriting and mistakes. However, perceptions again differed
between children regarding the extent of the influences and whether these were identified as beneficial or adverse. Addi-
tionally, children commonly discussed their requirement for an appropriate ‘wind-down’ period following their in-school
PA, allowing them time to adjust both physically and mentally before continuing with academic content.

Discussion
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The infer-relatedness of factors discussed by the children highlights the complexity of the relationships between children’s
PA and their cognition and AA. The maijority of children enjoying PA is a notable finding and remains an under-explored
factor in this area. Further, this aligns with Self-Determination Theory, which states that enjoyment leads to prolonged PA
participation.

This study provides an important insight into how children perceive their school-based PA, and how they perceive its
influence on their cognition and AA. Addressing the barriers and promoting the facilitators identified by children, as well
as focusing on their enjoyment, may increase engagement and improve the benefits of school-based PA.

THE EFFECTS OF COACH-CREATED MOTIVATIONAL CLIMATE IN RHYTHMIC GYMNASTICS

LAROERE, B.M.1, HOROVA, E.1, MUDRAK, J.2, CROSSAN, W.1, TREBICKY, V.1
I FACULTY OF PHYSICAL EDUCATION AND SPORT, CHARLES UNIVERSITY; 2. FACULTY OF ARTS, CHARLES UNIVERSITY

Introduction

Rhythmic gymnastics is an aesthetic sport involving complex and particular training processes with high physical and
psychological demands. As in other gymnastics disciplines, the coach plays a crucial role in the development and training
of athletes. It is essential that coaches strive to create a positive and supportive motivational climate and nurture an opti-
mal environment for their athletes. This study aimed to investigate the athletes’ perception of the coach-created motiva-
tional climate in rhythmic gymnastics and its relation to the athletes’ motivational and social outcomes.

Methods

Ninety-one rhythmic gymnasts (aged 12 fo 18) completed an online survey consisting of several standardised question-
naires, including the Empowering and Disempowering Motivational Climate Questionnaire-Coach, Athlete Engagement
Questionnaire, and Youth Sport Environment Questionnaire. The participants were all experienced contestants who com-
peted at the national level (57.1 %) or had international experience at a non-elite level (42.9 %). Using the concept of em-
powering and disempowering coaching climate, we hypothesised that the empowering climate (represented by greater
autonomy, task orientation, social support, and lower ego orientation and controlling coaching) would be positively relat-
ed to motivational (i.e., athletes’ engagement) and social (i.e., team cohesion) outcomes.

Results

The observed patterns of correlations between engagement, team cohesion, and dimensions of motivational climate
corroborated our predictions. In regression models, autonomy-supportive climate and task involving motivational climate
were the main predictors of athletes’ engagement and team cohesion, explaining 43.5 % of the variance in athletes’
engagement and 33.1 % in task cohesion. In the k-means cluster analysis, we identified two types of participants, which
we labelled as “empowered” and “disempowered”. Overall, the disempowering climate was more prevalent, as 57 % of
participants belonged to the “disempowered” type. The participants of the “empowered” type reported high levels of task-
involving, autonomy-supportive and socially supportive climates and low levels of ego-involving and controlling climates,
whereas the “disempowered” gymnasts reported opposite values in all dimensions of motivational climate. Furthermore,
the “"empowered” gymnasts showed significantly higher engagement and tfeam cohesion.

Discussion

These results suggest that the coach-created empowering motivational climate may be an important predictor of motiva-
tional and social outcomes in competitive athletes. Coaches providing higher emphasis on athletes” autonomy and task
orientation and lower emphasis on social comparisons and control of athletes might enhance their positive experience of
their sport. This environment may be especially important in rhythmic gymnastics, as only a minority of our participants
experienced the empowering coach-created motivational climate.

COACH/PEERS/PARENTS NEED SUPPORTIVE QUESTIONNAIRE (CPP-NSQ-FR): PRELIMINARY VALIDATION, AND RELATION-
SHIPS WITH ADOLESCENT ATHLETES WELL-BEING.

MAJ, L., TROUILLOUD, D., ISOARD-GAUTHEUR, S.
UNIVERSITY GRENOBLE ALPES

Introduction: In the competitive sports context, coaches, parents, and peers constitute the close social network of adoles-
cent athletes [11. To date, no measurement scale simultaneously captures adolescent athletes perceptions of the behav-
iors and aftitudes of these three agents. However, this is necessary when it is known that they can foster ill-being in ath-
letes.

Based on self-determination theory [2], the present study aimed to (a) examine the psychometric properties of a french
guestionnaire (based on the Interpersonal Behavior Questionnaire [3]) adapted to the three actors, designed to measure
the need-supportive style of coach, parents, and peers (the CPP-NSQ-Fr), and (b) examine the links between the need
supportive style of the three agents on athlete well-being (i.e., vitality, need satisfaction, and burnout).

Method: French athletes in competitive team sports (N = 290; F = 131; Mage = 15.19; SD = 1.56) completed the CPP-NSQ-Fr
and questionnaires measuring well-being. Using the R studio software, several evidences of validity were tested: factorial
(with CFA), convergent (with factor loadings), discriminant (with inter-factor correlation), internal consistency (with
Cronbachs alpha) and criterion validity (correlations with well-being variables).
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Results: A hierarchical model with a latent variable for need satisfaction by each actor in the first order, and a latent varia-
ble by actor in the second order showed the best fit fo the data (x2 (546) = 877.02, p < .001, CFl = .93, TLI = .92, RMSEA =
.05 (90% Cl [045-.057]), SRMR = .06), acceptable standardized factor loadings (<.05) and good estimates of internal con-
sistency (a between .76 1o .85). The CPP-NSQ-Fr subscales correlated with well-being outcomes in the expected direction.
Indeed, CPP-NSQ-Fr subscales were positively correlated with need satisfaction (autonomy, competence, and relatedness)
and subijective vitality, and negatively correlated with the dimensions of athlete burnout (reduced accomplishment, nega-
tive feelings toward sport, and physical exhaustion).

Discussion: The present study results outlined preliminary validity evidence for the CPP-NSQ-Fr. Further research is needed
to confirm these results and to demonstrate the validity of the CPP-NSQ-Fr in different populations (e.g., high performance
athletes). In the future, this ool may be used to simultaneously compare athletes perceptions of coach, peers, and par-
ents’ need-supportive style. Further studies may also explore the potential interactions between athletes perceptions of
their social environment and links with well-being.

Bibliography :

(1 Wylleman, P., & Lavallee, D. (2004). A Developmental Perspective on Transitions Faced by Athletes.

[2] Ryan, R. M., & Decij, E. L. (2002). An overview of self-determination theory: An organismic-dialectical perspective.

[3] Rocchi, M., Pelletier, L., & Desmarais, P. (2017). The Validity of the Interpersonal Behaviors Questionnaire (IBQ) in Sport.

EXPLORING THE ROLE OF INTENSITY PREFERENCE AGREEMENT ON BASIC PSYCHOLOGICAL NEEDS, ENJOYMENT, INTEN-
TION TO CONTINUE EXERCISING, AND EXERCISE FREQUENCY: A MODERATED MEDIATION ANALYSIS

TEIXEIRA, D.S., ANDRADE, A.J,, FARIA, J., MARQUES, P., BASTOS, V., RODRIGUES, F., SOUSA, A.M., PEREIRA, H.V.
ULHT - UNIVERSIDADE LUSOFONA DE HUMANIDADES E TECNOLOGIAS

Introduction

Several theoretical frameworks have been used to understand and promote exercise adherence. Basic psychological
needs, grounded on self-determination theory, have received large attention for this purpose. More recently, the hedonic
theory and the assumptions related to the exercise characteristics that can bolster positive affective responses have been
revitalized. One of those characteristics pertains to the way exercise intensity is being experienced by the individual. Given
the need to further explore theoretically integrated models and their interaction mechanisms, this study aimed to explore
the associations between the agreement of current exercise intensity and the one individually preferred (as a trait charac-
teristic), basic psychological needs satisfaction/frustration, enjoyment, the infention to continue exercise, and exercise
frequency. Additionally, an exploration of the direct and indirect effects, while also testing for sex as a moderator, was
also intended.

Methods

A sample of 369 health club exercisers (Mage = 43.6, SD = 12.96; 214 females) enrolled in 26 health clubs representing all
districts in Portugal participated in this study voluntarily. Data received in a first approach descriptive and correlational
analyses. Next, a moderated mediation was performed using model 15 (PROCESS v.4.2 macro for SPSS v.26.0). This model
assumes an independent variable (preference agreement), parallel mediators (six; autonomy, competence, and related-
ness satisfaction; autonomy, competence, and relatedness frustration), a dependent variable (separately: enjoyment,
intention, frequency), and a moderator (sex; tested in the independent > dependent variable path, and mediators > de-
pendent variable paths).

Results

Agreement in preference for exercise intensity was positively associated with enjoyment, intention, and all needs satisfac-
tion, and negatively associated with all needs frustration. In the moderated mediation analysis, the same pattern of results
emerged in the direct effects. Indirect effects were significant for autonomy in most of the models. Regarding sex as a
moderator, the most relevant interactions were detected with preference and with autonomy satisfaction in the enjoyment
and infention models.

Discussion

Findings suggest that promoting an individually adjusted training intensity may foster basic psychological needs satisfac-
tion. It appears to be present an independent (of needs) but positive association with exercise enjoyment and intention to
continue exercising, two well-known predictors of exercise behavior. Also, sex appears to differentiate how preference
agreement and some psychological needs relate to these outcomes. In general, partial mediation results were detected,
highlighting the need to consider individual characteristics in exercise prescription/supervision when aiming to promote
the conditions for the development of self-determined and sustainable behavior.

THE ‘WHAT’ OF ATHLETES’ GOAL PURSUIT: RELATIONSHIPS TO THE PERCEIVED MOTIVATIONAL CLIMATE, GOAL-RELATED
PROCESSES, AND WELL-BEING

MARTINEZ-GONZALEZ, N., ATIENZA, F.L., DUDA, J.L., BALAGUER, I.
UNIVERSITY OF VALENCIA

Introduction
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Goal Contents Theory (GCT) [1] postulates that the goals people pursue not only direct their perceptions of and behaviours
relevant to goal pursuit, but also hold implications for their well-being. According to GCT, intrinsic goals (e.g., mastery,
personal growth, self-expression) should link to more adaptive goal processes and optimal functioning while extrinsic
goals (e.g., social recognition, popularity, superiority) are expected to correspond to maladaptive goal processes and
compromised well-being. Past research [2] has found the perceived motivational climate on a team to predict the ‘why’
(motives) of goal pursuit but little is known whether this social environmental factor relates fo ‘what’ (goal content) is being
pursued in sport.

Extending past sport work grounded in GCT, this study examined whether athletes’ self-generated goals were differential-
ly aligned with empowering and disempowering coach climates, goal-related processes (self-efficacy for goal attainment,
perceived goal difficulty, goal-directed effort), and well-being (vitality, burnout).

Methods

414 University team sport athletes (M = 20.61; SD = 2.58 years of age; male (n=206), female (h=208)) provided their goal
for the season via an idiographic methodology and responded to validated scales tapping the targeted goal-related
processes, perceptions of the motivational climate and positive and negative indicators of well-being. Three expert judges
deductively coded the goal content.

Results

Fleiss' Kappa revealed substantial agreement amongst coders; 60.8% of the goal content was classified as intrinsic, 31.1%
extrinsic and 8% ambiguous. Women reported more intrinsic goals compared to men. MANCOVA (with gender as a
covariate) revealed that athletes who pursued exirinsic goals reported significantly lower self-efficacy (n2 =.02), greater
goal difficulty (n2=.10) and perceived the motivational climate to be more disempowering (n2 =.03) than athletes with
intrinsic goals. No differences in well-being indicators emerged.

Discussion

Findings were largely congruent with GCT and indicate that: (a) features of the motivational climate hold implications for
the type of goals athletes pursue, and (b) the quality of athletes’ goal-related processes vary as a function of whether they
are pursuing intrinsic or extrinsic goals. Future work may address whether an interplay between goal content and athlete
well-being emerges when examined as the season progresses.

References
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goals. Pers Soc Psychol Bull, 22, 280-287.

2 Marfinez-Gonzdlez, N., Atienza, F. L., Tomas, I., & Balaguer, 1. (2021). Perceived coach-created motivational climates as
predictors of athletes’ goal reengagement: The mediational role of goal motives. Front Psych, 12:740060.

Oral presentations

OP-SH25 Qualitative and quantitative methods

ASSESSMENT OF VARIABILITY IN PREFERENCE AND TOLERANCE TO EFFORT INTENSITY AND AFFECTIVE RESPONSES
TAKITO, M.Y., TAVARES, M.A.D., PEREIRA, R.M.,, SILVEIRA, R.
SCHOOL OF PHYSICAL EDUCATION AND SPORT OF UNIVERSITY OF SAO PAULO

Introduction

Understanding psychological variables along with the individual characteristics and motivations of subjects are interesting
tools to associate with quality and adherence to physical activity. Recent studies have focused on hedonist theories to
relate physical activity enjoyment and the biopsychosocial factors involved in the prescription of physical training. This
study aimed to assess the effects of exercise intensity preference and tolerance over time, their link to affective responses,
and subjective perception of effort in a 3-month self-paced training program.

Methods

Twenty-one adults of both sexes were randomly allocated to two groups based on their baseline scores on the Exercise
Intensity Preference and Tolerance Questionnaire (Smirnaul et al. 2015). A personalized follow-up program was applied
remotely for 3 months, with three weekly training sessions lasting 60 minutes, two supervised by a professional and one
unsupervised. Participants reported their preferences and tolerances for exercise intensity, perceived exertion, and en-
joyment each month. The effects of preference, tolerance, perceived exertion, and enjoyment (Alves et al. 2019) over time
and between groups were observed using Anova two-way with a significance level of p < 0.05 and Power 1-3 >0.8.

Results
There was no significant effect on exercise intensity preference over time. The group with lower scores showed approxi-
mately 27-31% less tolerance over time with differences at the start and at the 3rd month (p<0.05). The group with lower

scores showed increased tolerance until the 2nd month with a decline in the 3rd month, inversely proportional to the
group with higher scores. Enjoyment presented a significant difference between groups at the start (p<0.05), with the
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group with lower scores having less enjoyment, without differences over time. The perceived effort was lower in asyn-
chronous training than in synchronous training sessions, with significant effects of time on perceived effort in both types of
sessions (p <0,001). In the group with the lowest preference and tolerance score, it was observed that despite an increase
in perceived effort, tolerance decreased.

Discussion

The findings suggest that individuals who initially had lower exercise preference and tolerance showed a significant im-
provement in both tolerance and enjoyment in the first two months of the study. However, there was no significant change
in exercise intensity preference over the three-month period. Its important to note that these individuals did not show an
increase in tolerance similar to those with higher scores, and also they reported a higher subjective perception of effort.

References
Smirnaul et al. Braz. J. Kinathrop. Hum. Perform. 2015.
Alves et al. Sport Sciences. 2019.

COGNITIVE ABILITIES EVALUATION OF EXPERT ATHLETES : SCIENTIFIC VALIDATION OF TESTS BATTERY
FERNANDEZ, L., RELOT, T., DEPIEDS, L., LE CHANONY, E., GUIDI, O.
HUMAN MOVEMENT INSTITUTE, CREPS PACA, MAISON REGIONALE DF LA PERFORMANCE, RESEAU GRAND INSEP

To be an expert in sport result of fine adaptations on the physical, technical, psychological and cognitive levels. For a long
time, Sports sciences have examined the methods of physiological and technical development and they thus become
essential in the preparation of athletes. While tests to measure the physiological and physical abilities of an athlete (e.g.
Vameval test, force test) are widely standardized and referenced in the literature, the investigation of cognitive abilities still
remains unclear and equivocal.

The present study was based on the postulates of the cognitive skills approach, which studies the differences between
athletes by testing their basic cognitive abilities through standardized laboratory fests, dissociated from the sport context.
Using a battery of cognitive tests to investigate different cognitive skills, the objective of the current study was to determine
how expertise in a sport shaped the athletes cognitive identity card. The hypothesis that there is a specific development of
certain skills according to the sport practiced was tested (as well as the link between this development and the level of
expertise of the athletes).

A battery of cognitive tests was proposed to measure (i) executive functions (motor inhibition (Go/No Go task), cognitive
flexibility (switching task), working memory (N back Task)), (i} selective attention (Flanker task) and (iii} information pro-
cessing (perceptual visual task).

98 athletes of national level (61 males & 27 females, average age : 16.3 +1.5) classified according to 3 categories of sport
were involved in the experimental protocol (N = 40 for interception sports, N = 23 for static sports and N = 35 for strategic
sports).

The results confirmed the law of information processing. Indeed, complexity of the processing process manipulated
through the experimental conditions for each test resulted in increased processing time and lower success rates regard-
less of the sport. This main result allow us to validate our cognitive test battery. Secondly, differences obtained in dominant
cognitive functions across sport types showed that athletes practicing interception and strategic sports performed better
on the selective attention task, while athlete in interception sports showed better performance on motor inhibition and
working memory test. Thus, the results of this study validate an operational test battery for the sports domain that reliably
measures executive functions.

The prospects for the integration of this test protocol to the already well known physiological and physical test battery is of
particular interest and really promising to complete the identity card of the athlete at different levels. Furthermore, later on,
the choices and orientations of cognitive training protocols will be all the more relevant as they will be based on reliable
and complete scientific data.

THE SPORT IMAGERY INTERVENTION QUESTIONNAIRE: DEVELOPMENT AND PSYCHOMETRIC EVALUATION
LEE, S.

WASEDA UNIVERSITY

The Sport Imagery Intervention Questionnaire: Development and Psychometric Evaluation

Lee, 5. M., Horino, H.

Waseda University

Introduction

The Sport Imagery Intervention Questionnaire (SIIQ) was developed to assess athletes use of imagery intervention. SIQ
was developed based on PETTLEP model of imagery (Holmes & Collins, 2001). This model provides a framework for the
effective execution of seven imagery interventions (i.e., Physical, environment, task, timing, learning, emotion, and per-
spective). Because imagery is related to performance, it is important to understand whether such imagery interventions
can be evaluated.

Methods
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In this three-part study, the psychometric properties of the SIIQ were addressed. After items were developed based on
constitutive definitions representing each of the seven elements of the PEPPLEP model to measure athletes use of imagery
intervention, SIIQ’s factor structure was verified using exploratory factor analysis (EFA) and confirmatory factor analysis
(CFA). Multivariate analysis of variance (MANOVA] was used to evaluate the group differences in SIIQ (such as gender and
subjective performance level). Finally, correlation and regression with imagery ability were investigated.

Results

In study 1[N = 366) EFA revealed a 10-factor model assessing imagery intervention of physical, environment, task, timing-
real, fiming-slow, timing-fast, learning, emotion, perspective-third-person, perspective-first-person and these were con-
firmed through the CFA conducted in study 2 (N = 442) and study 3 (N = 378).

Result demonstrated good fit with the data of the 10-factor model. Additional validation of the SIIQ demonstrated good
temporal reliability and concurrent validity. SIIQ scores distinguish between athletes with varying subjective performance
levels. However, there was no significant gender difference in SIIQ mean scores. Several SIIQ subscales positively predict-
ed imagery ability.

Discussion

The SIIQ provides a comprehensive assessment of athletes use of imagery intervention through ten subscales.

The results highlight the importance of separately evaluating imagery interventions for timing as timing-real, timing-slow,
timing-fast, and perspective as perspective-third-person, perspective-first-person. These were confirmed through series of
CFAs. A 7-factor model in which timing-real, timing-slow, and timing-fast items were forced onto a timing subscale and
perspective-third-person and perspective-first-person items were forced onto a perspective subscale revealed a poorer fit
than 10-factor model.

SIQ discriminated among athletes of different subjective performance levels. Athletes with a higher subjective perfor-
mance level significantly used imagery intervention more in their sport compared with those with a lower level. SIIQ sub-
scales predicted imagery ability positively, which suggests how the SIIQ can be practically applied in the sporting field.
Overall, SIIQ has excellent psychometric properties.

APPLYING THINK ALOUD TO APPLIED SPORT PSYCHOLOGY PRACTICE

WHITEHEAD, A., MCEWAN, H., TOD, D., VAUGHAN, S., SWETTENHAM, L., BIRCH, P., JACKMAN, P.
LIVERPOOL JOHN MOORES UNIVERSITY

Introduction

The Think aloud (TA) method involves an athlete or participant verbalizing his or her thoughts whilst performing a task and
has been used in sport research to generate understanding of athlete cognition (e.g., Whitehead et al., 2016;2018). This
research often suggests the benefits of TA as a useful tool for applied sport psychologists (ASP) in service-delivery with
clients. However, no study has yet explore how practitioners could use TA within their practice. To address this gap, we
explored trainee and registered ASP’s use of TA in practice, when working with clients.

Methods

A workshop was delivered to ASP’s (n = 25, registered and trainees) on how TA could be used with clients. At approxi-
mately 4 and 12 months’ post workshop, 11 participants (5 females and 6 males) with 1-15 years of professional experi-
ence were interviewed to share the story of their use of TA in their practice. Data analysis began with an examination of
the narrative structure of the practitioners’ stories, followed by an investigation of the narrative themes related to factors
influencing its effectiveness. A composite vignette was developed to fuse the account of multiple participants fo represent
our findings.

Results

A story of Steve the ASP and Barney the darts player provides an account of how TA can be used within sport psychology
practice. We found that TA influenced client self-awareness, particularly in the needs analysis and intervention phases.
Practitioner confidence in applying TA was shaped by the practitioner-client relationship.

Discussion

This study extends literature on TA by demonstrating how ASP's can use the method as a collaborative applied practice
tool at multiple stages of the consultancy process. We encourage ASP's to use the method in creative and meaningful
ways fo support their clients.
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PSYCHOMETRIC VALIDATION OF THE FRENCH VERSION OF THE COACH-ATHLETE RELATIONSHIP QUESTIONNAIRE

ROUX, V., TROUILLOUD, D.
LABORATOIRE SENS

Introduction.

For the past twenty years, the Coach-Athlete Relationship Questionnaire (CART-Q; Jowett & Ntoumanis, 2004) has been
considered as an effective measurement tool to explore the coach-athlete relationship (CAR) quality (in terms of closeness,
commitment, complementarity, and co-orientation). However, although few studies used a French translation of the CART-
Q, these did not focus on evaluating the psychometric properties of this scale. The two present studies aim to contribute to
the psychometric validation (i.e., factor structure, discriminant, convergent, criterion validity, and temporal invariance) of a
French athlete version of the CART-Q among two different samples.

Method.

In the first study, 442 athletes (Mage = 21.66, SD = 4.82; 34.2% of women) from both individual and team sports compet-
ing at different levels completed a French translation of the 11-item CART-Q. For study two, 282 young handball players
(Mage = 15.39, SD = 1.01; 41.6% of women) involved in intensive training centers completed at two measurement times
(early and mid of the season) a revised 12-item French version of the CART-Q. Confirmatory factor analysis and structural
equation modelling were conducted to explore the psychometric properties of the CART-Q.

Results.

Results of the first study indicate a satisfactory fit of the second-order model (y2/df = 4.97; CFI = .90; SRMR = .05), a safisfy-
ing convergent validity (factor loadings above 0.63), and a good criterion validity with athletes’ perceptions of self-
competence (b = .30, p <.001). In the second study, results also reveal a satisfactory fit of the second-order model (x2/df =
3.96; CFl = .90; SRMR = .07), a satisfying convergent validity (factor loadings above 0.55), and a good criterion validity (b =
.34, p <.001). In addition, results provide evidence for the temporal invariance (scalar invariance: y2 >.05; delta CFl <.01) of
the CART-Q over time.

Discussion.

These two studies provide evidence for the psychometric validity of the 12-item French revised version of the CART-Q. In
addition, the second study is the first — to our knowledge - to highlight the temporal invariance of the CART-Q. This result
suggests that despite the dynamic nature of the CAR (Roux et al., 2022), the factorial structure of the CART-Q remains
stable over time. Thus this 12-item French version of the CART-Q can be considered as adapted to measure the CAR quali-
ty among French-speaking athletes.
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THE INFLUENCE OF RESISTANCE TRAINING AND PROBIOTICS SUPPLEMENT ON INSULIN SENSITIVITY AND COGNITIVE
FUNCTION IN ELDERLY

HSIAO, H.J.1, WU, C.L.1, WU, S.L.2, CHANG, C.K.3, HE, H.H.1, HSIEH, C.C.1
NATIONAL CHUNG HSING UNIVERSITYT, CHUANGHUA CHRISTIAN HOSPITALZ, NATIONAL TAIWAN UNIVERSITY OF SPORT3,

INTRODUCTION: Aging associated with sarcopenia, gut microbiota dysbiosis, cognitive function decline, and insulin re-
sistance. Maintaining muscle mass and gut microbiota abundance may be beneficial for insulin sensitivity and cognitive
function during aging process. However, limited studies examined the the impact of exercise and probiotics in the elderly.
The current study was to investigate the effect of resistance training and probiotic supplementation on gut microbiota,
insulin sensitivity, and cognitive function in healthy elderly.

METHODS: A fotal of 36 volunteers over the age of 65 were recruited for this study(71.3+6.1yrs). The participants were
randomly assigned into three groups : resistance training + placebo (R), resistance training + probiotics (RP), and probiot-
ics supplement (P). The R & RP groups were instructed to complete a 6-week resistance training program. The RP and P
groups were asked to consume probiotic for 6 weeks. Participants were asked to give their fasting blood samples, feces
samples and to complete stroop test, fitness tests, body composition before and after the 6-week intervention. Plasma
samples were analyzed plasma biochemistry markers and cytokines. Feces samples were analyzed gut microbiota.

RESULTS: The RP group significantly reduced fasting plasma glucose (p<.05), and the RP & R group significantly increased
GLP-1 (p<.05] after the intervention. The insulin sensitivity assessed by HOMA-IR, QUIKI index and McAuley index were no
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differences before and after intervention in each group (p>.05). The abundances of Fusobacteria and the Simpson index
were significantly reduced (p<.05) in R group. The Firmicutes/Bacteroidetes (F/B) ratio were significantly negatively corre-
lated to QUICKI index and TC/HDL-C (p<.05). There were no significant differences in plasma lipids profiles before and
after intervention in each group (p>.05). Among the change of plasma cytokines concentrations, the R group was found a
significant increase in IL-6 (p<.05) after intervention. Plasma brain-derived neurotrophic factor (BDNF) concentration was
significantly increased following the R group and the RP group compared with the P group (p<0.05). In the stroop test, the
R group and the RP group significantly reduced the time required to complete the word and color tests (p<.05), and the R
group also significantly reduced the time required to complete the incongruent test (p<.05).

CONCLUSION: The current study suggested that the resistance training and probiotic supplement improved cognitive
function and gut microbiota abundance in older adults. The changes in the proportion of dominant gut microbial species
ratio may be closely related to the risk of metabolic disorders in the elderly. Regular resistance exercise program in com-
bination with probiotics supplement is likely to have positive health effects in the elderly.

EFFECTS OF RESISTANCE EXERCISE WITH INSTABILITY ON PHYSICAL AND COGNITIVE FUNCTIONING OF MIDDLE-AGED
AND OLDER ADULTS: SYSTEMATIC REVIEW WITH PRELIMINARY META-ANALYSIS

CAVALCANTE, B.R., FALCK, R.S., DA SILVA, D.T., CAMPOS, I.R.A., SILVA, M.S., TOMAZ, M.L.L., SILVA, Y.A., SOUZA, M.S., DE
ARAUJO, R.C.

UNIVERSIDADE FEDERAL DO VALE DO SAO FRANCISCO

INTRODUCTION: Resistance Exercise (RE) is an effective preventive and treatment strategy to combat many geriatric syn-
dromes including sarcopenia, frailty, and cognitive impairment. Recent evidence suggests that RE with instability (REI) (e.g.,
weight-bearing, machine-based or free-weight exercise using unstable surfaces/devices: foam pads, Swiss ball, BOSU®)
is a promising intervention to maximize the benefits of RE on health outcomes in older adults. With this in mind, we per-
formed a systematic review with preliminary meta-analysis to examine the impact of REI on physical and cognitive func-
tioning, falls risk and quality of life.

METHODS: We searched electronic databases (PubMed, APA/Psycinfo and PEDro) from inception fo January 2023 to
extract data of eligible hits who examined the chronic effects (>4 weeks) of REI, compared with a control group (lifestyle
maintenance, wait list, usual care, health education or active control), on the physical and cognitive functioning of older
adults living independently in the community. Included articles were peer-reviewed, randomised controlled trials and
without establish language restrictions. Risk of bias and quality of reporting were assessed (PEDro Scale and CONSORT
checklist, respectively). In our preliminary meta-analysis, we performed random-effects models using robust variance
estimation to examine the effects of REl on physical function, cognitive function, falls risk, and quality of life.

RESULTS: Eighteen studies with participants from Brazil, Spain, German, and South Korea (Total n=525, aged 50+ year,
%woman varying from 35-100%) were included in the qualitative review and 11 studies in the meta-analysis. Eleven stud-
ies provided 103 effect sizes examining the effect of REI on physical function, with Hedge's g ranged between -1.71 and
2.52. The summary effect was g=0.61 (95%Cl: [0.35,0.86]; p<0.001), which is representative of a medium-to-large effect.
More than two-thirds of the variance was estimated to be true effect size heterogeneity (12=70.33%, tau2=0.27). Five stud-
ies provided 26 effect sizes investigating the effect of REI on cognitive function, with Hedge's g ranging between -0.27 and
1.90. The summary effect was g=0.67 (95%Cl: [0.08,1.27]; p=0.035) which is indicative of a medium effect. Nearly half of
the variance was estimated to be true effect size heterogeneity (12=61.75%, tau2=0.21). The effects of REl on falls risk and
quality of life the summary effect did not reach statistical significance (p’s>0.05).

CONCLUSION: In summary, our findings suggest that REl is a promising strategy to promote physical and cognitive health
of middle-aged and older adults. Further high-quality research is needed to strengthen the evidence in this field.
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WHAT IS THE LONG-TERM EFFECTS OF RESISTANCE TRAINING WITH INSTABILITY IN COGNITIVE FUNCTION OF OLDER
ADULTS WITH PROBABLE MILD COGNITIVE IMPAIRMENT? A RANDOMIZED CLINICAL TRIAL

SILVA, D.T., ARAUJO, R.C., RODRIGUES, C.F., PEREIRA, T.N., OLIVEIRA, J.S., GUIMARAES, I.K., SILVA, K.M., PINHO, A.M.,
CAMPOS, I.R,, SILVA, M.S., TOMAZ, M.L., CAVALCANTE, B.R., SOUZA, M.F.

UNIVERSIDADE FEDERAL DO VALE DO SAO FRANCISCO

INTRODUCTION: An impaired cognitive function is a hallmark of mild cognitive impairment (MCI), an established risk factor
for dementia. Systematic reviews with meta-analysis showed that exercise training, including resistance training is effec-
tive to promote cognitive health in cognitively impaired older adults. Some studies proposed that exercise paradigms that
embody high motor complexity is promising to boost cognition. Resistance training with instability (RTI) featured by com-
bining strength exercises with dynamic balance conditions- is a such strategy. Clinical trials with RTI in the short term
show controversial results in cognitive function. Long-term effects of RTI were not established. Herein, we examined the
effects of 24-weeks of RTI on cognitive function of older adults with probable MCI.

METHODS: This is a 2-group parallel, assessor blinded, single-site, randomized clinical trial (RBR-9bv3dc9). Non-disabled,
sedentary, older adults with probable MCI, aged 65 years and older were included. They were randomized into twice-
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weekly RTI program or a sham-training, attention-matched control group (CG). The RTI protocol involved 3-sets of 10-15
maximum repetitions, seven whole-body exercises, simultaneously performed with instability devices (e.g., foam-pad,
Bosu®, Swiss ball), that were progressively implemented. The CG included low intensity/no progression of strength, bal-
ance, stretching, and relaxation classes. Measurement occurred at baseline, 12-, and 24-weeks. Global and domain-
specific ([executive functioning [EF] and memory) cognitive function were assessed using the Montreal Cognifive Assess-
ment (MoCA), Stroop Test, Trails part A and B, Digit Span (DS) Forward and Backward, Digit Symbol, Verbal Fluency (VF),
and Wechsler Memory Scale. Treatment effects followed the intention-to-treat and were determined through ANCOVA
controlling for age and baseline levels.

RESULTS: Ninety-one older adults with probable MCl (MoCA=20.0, SD=4.5) were included in the study (RTI=45; CG=46),
most were female (78%), mean age of 71 years (SD=4.8) with an average of 12 years of education. In 12-weeks, partici-
pants of RTI group had greater performance in delayed memory (Mean difference IMD]=3.8 recalls, 95%Cl=0.2; 7.4) com-
pared to CG. At the same time-point, we observed a significant deterioration in executive functioning (Trails B: MD=43.8
sec, 95%ClI=13.0; 74.7; Trials B-A: MD=45.4 sec, 95%Cl 13.0; 77.8). At completion of 24-weeks, the RTI had greater im-
provement in language (VF: MD=1.6 words, 95%Cl=0.1; 3.1, aftention and working memory (DS Forward: MD=1.0-point,
95%Cl=0.3; 1.8; DS Forward-Backward: MD=0.8-point, 95%Cl=0.3; 1.7) compared to CG.

CONCLUSION: Our findings indicated that long-term RTI is effective fo promote executive functioning of older adults with
probable MCI. Therefore, RTI a promising multicomponent intervention to combat cognitive decline during aging.

Key words: Aging, cognitive impairment, balance, resistance training, unstable devices.

EFFECTS OF “ECCENTRIC WALKING” ON PHYSICAL FUNCTION AND HEALTH PARAMETERS IN MIDDLE-AGED AND OLD
REGULAR WALKERS

KATSURA, Y.1, TAKEDA, N.1, INAMI, T.2, YAMAGUCHI, S.2, TAKAHASHI, S.3, NAKAMURA, M.4, NOSAKA, K.5
IKOGAKUIN UNIV.., ZKEIO UNIV., 3DAITO BUNKA UNIV. , 4 NISHIKYUSHU UNIV.., SEDITH COWAN UNJV.

INTRODUCTION: Walking does not increase muscle strength as resistance exercise does [1]. Our previous study [2]
showed that eccentric exercises using body weight load such as sitting to a chair slowly increased leg extensor muscle
strength and size, balance and mobility. Therefore, it is possible that adding eccentric exercise components in daily walk-
ing such as descending stairs or slopes and lunges (i.e., eccentric walking) improves muscle function. We investigated the
effects of eccentric walking on physical function, blood and cognitive function tests in middle-aged and older adults who
had been walking regularly for 23 years.

METHODS: Eleven adults (69.3+10.4 y) who had more than 5000 steps in exercise walking at least 5 days a week partici-
pated in this study. During the 12-week study period, participants walked as usual for the first 4 weeks and added eccen-
tric walking into their walking routine by including lunges, and descending stair or slope walking for the next 8 weeks. The
number of eccentric walking steps was gradually increased from 100 to 1000 steps over 8 weeks. Outcome measures
included maximal voluntary isometric contraction torque of the knee extensors (MVC), 30-seconds chair stand (CS), 2-
minutes step, balance ability assessed by center of pressure movement distance and area with eyes open (BAL-dis-EO,
BAL-area-EO) and close (BAL-dis-EC, BAL-area-EC), sit and reach, a digit symbol substitution test (DSST) for cognitive func-
tion. These were assessed before, after the control period (week 4), after 4 weeks (week 8) and 8 weeks of eccentric walk-
ing intervention (week 12). Cholesteral, triglycerides and glucose in the fasting blood were measured before, week 4 and
12. Changes in the variables over time were analysed by one-way ANOVA.

RESULTS: The average steps per day were 10535+3516 in the first 4 weeks, and 10118 + 3199 in the eccentric walking
period without a significant difference. No significant changes in any of the measures were evident in the first 4 weeks.
Significant (P<0.05) improvements were observed in MVC (31.0+8.1—36.3+12.4 kg), CS (19.0£2.7—23.4+4.9 times), BAL-
dis-EC (224.5+61.4—174.8+55.4 mm), and DSST (38.5+4.9—44.9+7.1 points) from week 4 to 12. Significant (P<0.05) im-
provements were also observed for BAL-dis-EO (176.6+37.6—149.6+26.1 mm) and BAL-area-EO (117.6+40.1—84.3+30.9
mm2) from week 8 to 12. No significant changes in any of the blood tests were evident.

CONCLUSION: These results suggest that eccentric walking improved some physical and cognitive function that cannot be
achieved by normal walking for the middle-aged and older individuals who had been walking regularly. It is possible that
the intervention duration was too short to see changes in the blood tests. The eccentric walking should be implemented
for a longer period to examine its effects on health and fithess using a larger number of individuals.
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FOUR YEARS OF PHYSICAL EXERCISE IMPROVED COGNITION: EPD (EXERCISE FOR PREVENTION OF DEMENTIA) RANDOM-
IZED CONTROLLED TRIAL

CENTORBI, M., IULIANO, E., BUONSENSO, A., DI MARTINO, G., DELLA VALLE, C,, FIORILLI, G., DI CAGNO, A., CALCAGNO, G,,
DI COSTANZO, A.
UNIVERSITA DEGLI STUDI DEL MOLISF

INTRODUCTION: Practice of regular physical activity (PA) positively influences health, also regardless the dementia risk,
with minimal side effects.
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Aim of this Randomized Controlled Trial (RCT) was to verify whether a 48-month program of supervised and standardized
PA can influence the cognitive decline among older adults at risk of dementia, with a differentiation among groups within
healthy people, people with Subjective Memory Complaints (SMC) and Mild Cognitive Impairment (MCI) (luliano, 2019).

METHODS: 674 participants, divided in an experimental group (EG ) who took part in three time per week physical activity,
and a sedentary control groups (CG), underwent 12, 24, 36 and 48 months assessment sessions based on the neurocog-
nitive battery that included Mini-Mental State Examination (MMSE), Frontal Assessment Battery (FAB), Rey’s Auditory Verbal
Learning Test, Prose Memory Test, Attentive Matrices Test, Raven’s Progressive Matrices, Stroop Color Word Interference
Test, Trail Making Test (TMT), and Copying of Drawings, to evaluate differences among time-points and groups.

RESULTS: Concerning the MMSE score, GLMM analysis showed significant differences between EG and CG (F1,2364 =
4.215; p = 0.040), and over time (F4,2364 = 13.356; p <0.001). FAB scores showed significant differences between EG and
CG (F1,2364 = 4.113; p = 0.043), and over time (F4,2364 = 5.237; p <0.001). In the two memory participants reached signifi-
cant better performance over time (F4,2364 = 8.820; p <0.001) and than CG (F1,2364 = 17.281; p <0.001), even after 24
months. The Attentive Matrices’ Test, showed significant differences between EG and CG (F1,2364 = 15.873; p <0.001), and
over time for EG (F4,2364 = 3.354; p = 0.010) after 12 months.

CONCLUSION: At least 48 months of regular PA are needed to reach significant differences between active and sedentary
subjects in the global cognitive level assessment, while the single cognitive domains, such as memory and attention,
were influenced in a relative shorter time (12-24 months). The SMC showed a significant improvement overtime only in the
two memory tests. The MCl participants showed no change in tests’ results over the 48 months, except in all the memory
tests and have the most unstable values.

These results suggested that the adherence to long term PA protocols ensures a conservative effect against the natural
cognitive decline due to aging (Kumar, 2022). An active lifestyle, taken up in a healthy state, without the presence of full-
blown pathologies, showed its effectiveness in terms of delay the cognitive decline.
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COACHES’ SELF-EFFICACY TO INCLUDE ATHLETES WITH DISABILITIES IN BADMINTON: THE ROLE OF PSYCHOLOGICAL
NEEDS’ SATISFACTION

OCETE, C., GUTIERREZ, A., DELGADO, M., FRANCO, E.
UNIVERSIDAD PONTIFICIA COMILLAS: FEDERACION ESPANOLA DE BADMINTON 2

Introduction

Physical activity levels among people with disabilities are inadequate to reach recommended levels, lagging behind the
levels achieved by typically developing people (King et al., 2013). How competent coaches feel to include athletes with
disabilities in their daily practice has been identified as an important barrier to the development of inclusive sport contexts
(Feltz & Lirgg, 2001). Literature suggests that coaches’ motivational patterns can influence their professional beliefs and
behaviours. This study aims to explore whether coaches’ psychological needs’ satisfaction might predict their self-efficacy
to include athletes with disabilities in their practice sessions.

Methods

The sample consisted of 102 Spanish badminton coaches (72 male and 30 female) aging between 24 and 66 years old
(M= 40.72 and SD = 10.55). Participants completed a validated questionnaire to measure their psychological needs’ satis-
faction as well as their self-efficacy to include athletes with disabilities in their practice sessions. A stepwise regression
was used.

Results

The analysis revealed that only competence satisfaction acted as a predictor for self-efficacy to include students with
disabilities in their lessons (t = 2.63, p. <. .05). Neither autonomy (t = -.04, p. > .05) or relatedness satisfaction (t =.93, p.>
.05) emerged as significant predictors for self-efficacy to include students with disabilities.

Discussion

The findings of the present study highlights that competence satisfaction might be a relevant predictor of badminton
coaches’ self-efficacy to include athletes with disabilities. This fact is not surprising given the similarities between both
constructs, and aspects such as their previous training experiences could be affecting both constructs. Interestingly, nei-
ther autonomy nor relatedness satisfaction seemed to be related to teachers’ self-efficacy. While these psychological
needs have been found fo be linked with outcomes such as coaches’ well-being or the creation of autonomy-supportive
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seftings, they might be playing a less relevant role when it comes to exploring teachers’ ability to foster inclusiveness in
contexts with athletes with disabilities. This study sheds some light in the understanding of constructs which might be
provoking the difficulty fo foster inclusiveness in sport.
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EXPLORATION OF BARRIERS AND FACILITATORS TO PHYSICAL ACTIVITY IN ADULTS WITH SCHIZOPHRENIA INVOLVED IN A
LONG-TERM PSYCHOSOCIAL REHABILITATION PROGRAMME

AUGUSTIN, A., MULIN, E., CHALABAEV, A., GRUET, M.
UNIVERSITE DE TOULON, CLINIQUE INICEA-LE-VAL-DU-FENOUILLET

Introduction

Regular physical activity (PA) has positive effects on cardiometabolic risk factors, cognition and quality of life in people with
schizophrenia (pwSCZ) (Girdler et al., 2019). However, pwSCZ exhibit high levels of physical inactivity and poor adherence
to exercise programs, making the identification of factors underlying positive PA behaviours important (Bernard et al.,
2013). Barriers to and facilitators of PA have been mainly investigated in small samples of individuals or in pwSCZ hospi-
talised for an acute episode, sometimes also including other severe mental illnesses (Firth et al., 2016; Rastad et al., 2014).
The results of these studies may not apply to clinically stable pwSCZ involved in a long-term psychosocial rehabilitation
programme who may experience specific levers and barriers to PA.

Methods

Forty-one clinically stable pwSCZ (age = 32 + 9 years; n = 12 women) residing in a French psychosocial rehabilitation
centre underwent semi-structured face-to-face interviews, to assess their perceptions of barriers and facilitators to PA
practice which were analysed using a qualitative content analysis. Poverty of speech being one symptom in this popula-
tion, pwSCZ were also asked to rate items previously identified as barriers and facilitators to PA in pwSCZ (Bernard et al.,
2013) on a 5-point Likert scale.

Preliminary results

Twenty-six interviews were analysed so far (mean duration = 30 + 7 min). Qualitative content analysis revealed that
weight loss, pleasure for PA and practicing with a group were the main facilitators of PA. The main barriers were fatigue,
lack of motivation and addictive substance consumption. The highest-ranking facilitators from quantitative analysis were
improvement of general health, improvement of well-being and weight loss. The barriers to PA with the highest scores
were fatigue, high level of stress or depression, and poor general health.

Conclusion

The present findings should help structures welcoming pwSCZ such as rehabilitation clinics to promote PA practice. Help-
ing pwSCZ find a PA they enjoy, organising collective programs focusing on weight loss and providing therapeutic care to
help manage identified barriers such as fatigue, amotivation and substance consumption might help promote positive PA
behaviours among pwSCZ.
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EFFECTS OF SPORT PARTICIPATION LEVEL ON THE STEREOTYPE CONTENT ASSOCIATED WITH PEOPLE WITH PHYSICAL
DISABILITY

SEYTOR, L.A., HUNALP, I.B., CORRION, K., D’ARRIPE-LONGUEVILLE, F., CLEMENT-GUILLOTIN, C.
UNIVERSITE COTE DAZUR
Introduction

Stereotypes are captured by two fundamental dimensions : warmth and competence (1). People with physical disability
(PWPD) are mostly perceived as warm but not competent. This perceived incompetence is the cause of the discrimination
they may experience (2).
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Studies on the exerciser stereotype applied to PWPD have shown that practicing a physical activity could be a promising
strategy to increase perceived competence (3). In this study, we aimed to demonstrate the role of the level of sport partici-
pation (recreational vs elite vs no sport information) on the stereotype content associated with PWPD.

Furthermore, research on social perception has suggested that competence and warmth dimension can be, each one,
divided into different facets (4). We therefore aimed to distinguish the facets in the stereotype content associated to PWPD
in order to have a more precise picture of the stereotype and contribute to a better understanding of the exerciser stereo-
type phenomenon.

Method

593 participants were randomly assigned in three experimental target conditions (elite athlete, recreational athlete, or
control with no athlete status) to read the description of a physical disabled target i n which information about the athlete
status was manipulated. After reading the description, participants rated the level of competence (including capability,
assertiveness and courage facets) and warmth (including morality and sociability facets) that they perceived towards the
target. Parficipants responded on a 7-point scale (from 1“strongly disagree” fo 7 “strongly agree”).

Results

The athlete targets were perceived as more competent than the control target. The elite target was perceived as more
competent than the recreational athlete. The facets analysis showed that all facets of the competence dimension were
influenced in the same direction. Assertiveness was the facet which benefited the most from the information about the
athlete status.

Concerning warmth, our results showed a negative effect of the athlete status. Athletes targets were perceived less
warmth than the control target. The facets analysis showed that only the sociability facet was responsible for these differ-
ences in perceived warmth.

Discussion

Our study highlights the importance of taking into account the facets of warmth and competence in research on the exer-
ciser stereotype as this may reveal hidden effects and help to understand how overall effects may occur.

By allowing the reduction of stigma and contributing to their empowerment, sport participation at different levels appears
as a real strategic tool to improve the living conditions of PWPD in society. Thus, displaying one’s athlete status could be
used as a self-presentation strategy, especially in a professional context where PWPD are traditionally discriminated.

References : 1. Fiske et al. (2002) ; 2. Cuddy et al. (2007) ; 3. Kittson et al. (2013) ; 4. Cohen et al. (2017)

THE FAMILIES POINT OF VIEW: FROM EUROPE TO THE ITALIAN FOLLOW-UP OF THE IKONS PROJECT IN PEOPLE WITH
INTELLECTUAL DISABILITY (ID)

SBRICCOLI, P., GIANCOLA, E., CAMOMILLA, V., QUINZI, F., VANNOZZI, G., VERDONE, F., PIACENTINI, M.F.
UNIVERSITY OF ROME

INTRODUCTION

The effectiveness of an adapted karate program in Down Syndrome individuals in terms of cognitive and coordinative
function improvement has been demonstrated in the framework of a European project (IKONS). Thus, an additional analy-
sis of the local contexts through online surveys was performed. The aim of the study was to collect information directly
from the families about the impact of three months of training with the IKONS method in people with ID. The attention was
focused on the impact of adapted karate training on their daily living, on the barriers they can find in practicing regular
physical and/or sport activity and to which extent this activity is perceived as inclusive.

METHODS

The surveys of 45 family members of individuals with ID were collected and analyzed. The surveys were carried out by
qualitative and quantitative research with the surveys administration before and after 3 months of adapted karate train-
ing. Respondents were supposed to answer questions regarding the Relationship between Users and Sport; aspects of
Inclusiveness of Sport; Sports as an element supporting Autonomy; Activity Obstacles and Facilitator Elements; Effects of
the project on Users. The surveys included closed (measured with the Likert Scale) and open-end questions. For the open-
end questions, grouping tables were created for the responses, and this process generated different macro-areas,
named differently for each question. The analysis was focused on defining facilitators and obstacles encountered in the
past to participate in physical activity programs.

RESULTS

Before training, respondents declared many obstacles in practicing physical activity, such as the inadequacy of structures
(23.5%), hostility towards disability by coaches and team-mates (29.4%), teachers not well prepared (5.9%), fear to relate
with others (11.8%), distance and inconvenience (11.8%), unwillingness (11.8%), health problems (5.9%).

After training 100% of the respondents answered that expectations were satisfied, and 93.9% expressed their will fo con-
tinue to participate to adapted karate classes. Socialization (46,7%) and sharing (20%) were classified as main determi-
nants in attributing to sport activity a relevant role in the inclusion process. Moreover, 71.9% of respondents noticed im-
provements in motor coordination (28.6%), posture (14.3%), tonicity (9.5%), slimming (9.5%), elasticity (4.8%), agility (9.5%),
more energy (9.5%), body awareness (9.5%), and stereotypies disappearance (4.8%).

CONCLUSIONS
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The main finding of this study was that three months of adapted training for people with ID was perceived by family
members as effective in increasing their quality of life, as well as in improving physical, relational and behavioral aspects.
The families highlighted the concept of "Autonomies” resulting from participation in sports. Adapted physical activity is
thus confirmed as a valuable tool in this population in a logic of inclusion, and equal opportunity.

INFUSING DISABILITY AWARENESS IN EDUCATIONAL SETTINGS THROUGH REVERSE INTEGRATION: EXPLORING STU-
DENTS’ KNOWLEDGE AND PERCEPTIONS OF DISABILITY AND INCLUSION IN WHEELCHAIR BASKETBALL

OLDROYD, R.
NORTHUMBRIA UNIVERSITY, UK

Introduction: Students’ knowledge and learning experiences within the field of sport, exercise and adapted physical activi-
ty will contribute to promoting physical activity and facilitate inclusive opportunities for disabled people. It is necessary for
researchers and educators to understand and expand pedagogical approaches on how students acquire learning expe-
riences and knowledge. By applying reverse integration, this paper explores a set of learning practices that can be con-
sidered and adapted in an educational setfting. Through a collaborative design of practice between academic tutors and
the lead researcher, the aim was to enhance students’ knowledge and understanding of disability and inclusion.

Methods: The context of this study is a short educational course informed by disability studies perspectives focused on
reverse infegration. A qualitative analysis of the meanings from students’ engagement and experience in a disability
awareness workshop focused on reverse integration in wheelchair basketball. Fifty-three students were invited to attend a
workshop which coincided with their module delivery and assessment at university. The students were invited to aftend a
lecture, a practical and a seminar across two days while actively engaging with national wheelchair basketball athletes.
Questionnaires and informal recorded discussions were used to gain responses. A content analysis was conducted and
reviewed, and all patterns, commonalities and student perceptions were noted.

Results: The data indicate that students before the course had limited knowledge and disability awareness in wheelchair
basketball. During the course, the students found the practical element/reverse integration, by taking part in a wheelchair
basketball session, had helped them to become more aware and have a sense of appreciation towards people who use
a wheelchair daily and the strength that it involves to perform certain skills. After the course, once all lectures and practi-
cal's had taken place, the students shared they had gained much more knowledge about disabilities and overall felt more
confident to work with, and engage with disabled athletes. Lastly, most students found that it was an invaluable experi-
ence and expressed that there should be more sports that include able-bodied and disabled people together as it helps
to minimise and address certain barriers towards sport participation.

Discussion: In analysing the data it was apparent that the students expressed a meaningful shift in their thinking and their
value of performance ability of disabled athletes and disability sports was much more of an appreciation towards their
thinking around disabilities in sport. As a result, from the workshop, reverse integration in wheelchair basketball has
contributed to changing perceptions of players with disabilities and their understanding of disabilities and inclusion. These
insights have the capacity to influence educational settings and coach education pathways.

17:00 - 18:00
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BIMANUAL FORCE CONTROL FEEDBACK USING LISSAJOUS PLOTS: HELPFUL OR IN THE WAY?
WEINRICH, M., WANG, Y., KENNEDY, D.M.
TEXAS A&M UNIVERSITY

INTRODUCTION: Many daily tasks require precise coordination between the left and right limb to achieve a given task
goal. Augmented visual feedback (e.g., Lissajous) is commonly used in bimanual coordination research to help facilitate
skill acquisition (Kovacs, et. al. 2010). Subjects are able to take advantage of the integrated feedback provided by the
Lissajous plot reducing attentional demands and utilize trial-by-trial errors to meet the goal coordination pattern when
performing bimanual coordination tasks (Kovacs et al., 2009; Kennedy, et. al, 2016). The accuracy of force production has
often been less emphasized during Lissajous guided task. Therefore, the first objective of the current study is to investigate
the accuracy of bimanual force production when performing bimanual isometric force coordination tasks; the second
objective is o examine whether the strength of force production influences the accuracy of producing the goal bimanual
coordination patterns.

METHODS: Nine participants produced the maximum voluntary contraction (MVC) via abduction isometric contractions
against fixed force transducers using the first dorsal interossei (FDI) muscles. The MVC was used fo set the target force of
10% and 30% of subjects MVC. All subjects were required to complete 2 different coordination patterns (0° & 180°) using
four Lissajous feedbacks, at two different force goals (10% & 30% MVC). Subjects completed 112 trials fotal. Lissajous feed-
back included classic Lissajous (CL), overshoot feedback (OF), target feedback (TF), color feedback (CF).
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RESULTS: For absolute error (AE) of relative phase there was a main effect of task (p=<.001) indicating there were more
errors produced for the 180° task (44.88+11.93) compared to the 0° task (10.18+2.54). For variability of relative phase (VE)
there was a main effect of feedback (p=0.041) suggesting that additional feedback (CL: 21.48+2.07 compared fo
TF:24.90+4.63, OF: 23.87+2.56, CF: 23.91+2.724) can cause greater amounts of variability of bimanual force coordination.
For the 0° task, force accuracy data revealed a main effect of feedback (p=<.001) with the CF condition having a higher
percent accuracy compared to the other feedback conditions(CF: 21.94+14.34 compared fo CL: 5.49+4.78 ,TF: 17.04+11.13
,OF: 18.82+11.16). For the 180° task significant main effect of feedback (OF: 44.83+22.98 compared to CL: 29.74+28.11 ,TF:
43.406+19.04 ,CF: 39.57+24.83) found that the OF condition has the highest force accuracy measures compared to the
other feedback conditions.

CONCLUSION: The results indicated that force accuracy was significantly better in the 180° task compared to the 0° task. It
has been demonstrated that unimanual performance is more accurate than bimanual force performance during isomet-
ric force coordination tasks. Suggesting inphase and antiphase require different control strategies when approaching
maximal force level for each limb (Fling & Seidler, 2011).

EXPLORING THE DIFFERENTIAL EFFECT OF MOVEMENT DISTANCE AND TARGET WIDTH ON AVERAGE MOVEMENT VELOC-
ITY

CHEN, C.H,, LIU, Y.T.
NATIONAL TAIWAN NORMAL UNIVERSITY

INTRODUCTION: Fitts" Law has been used extensively in sport performance as the basis for investigating the movement
speed and accuracy relation (1, 2). There are two parameters, movement distance (D) and target width (W), in the index of
difficulty (ID) of Fitts” Law, and increasing D or decreasing W will lead to an increase in ID. Fitts’ Law predicted that move-
ment time (MT) increases as ID increases. There have been observations that although the movement average velocity
(AV) decreased with increasing ID when W was manipulated, the AV increased with increasing ID when D was manipu-
lated (3). The purpose of the study was to investigate the influence of Fitts’ ID on MT and the AV when both D and W were
manipulated simultaneously.

METHODS: Twelve participants performed the line drawing task in 7 sets of ID conditions (1.9, 2.7, 3.8, 4.8, 5.9, 6.9, 8.0 bits)
each with different combinations of D and W (10/5.5, 15/4.5, 25/3.5, 35/2.5, 45/1.5, 55/0.9, 65/0.5). The order of ID condi-
tions was chosen at random. All participants practiced 10 trials before the 20 testing trials in each condition. The goal of
the task was to draw a horizontal line to the target as quickly as possible. If the participant failed more than 4 trials to stop
within the target in a condition, the condition would be re-tested for 20 trials. The linear and nonlinear regressions were
performed on the average MT and AV over the IDs, and the one-way repeated measures ANOVAs were used to examine
the effect of ID on MT and AV.

RESULTS: The exponential fit for MT over IDs had the RA2 of 0.99 whereas the RA2 for the linear fit on MT was 0.86. The
quadratic equation fit for AV over IDs had RA2 of 0.99. The ANOVA result on MT showed significant ID effect, F(1.57,17.31)
=90.05, p<0.001. ID also had significant effect on AV, F(2.76, 30.33) =36.51, p<0.001, where the AVs of the 2 middle IDs
were significantly higher than those of lower and higher IDs (ps<.001).

CONCLUSION: The Inverted U shape of AV over the increased IDs demonstrates the competing influence of D and W in ID
when both parameters were manipulated. The Lower IDs were dominated by the effect of shorter Ds where increasing D
resulted in an increase of AV, whereas at higher IDs, smaller Ws lead to the decrease of AV. There appeared to be critical
values for D and W for the changes of AV over the increase of IDs. Systematic manipulations of sets of Ds and Ws to create
ID conditions may reveal these critical values.

REFERENCES:

1) Van den Tillaar, R, & Fuglstad, P (2017) J Mot Behav, 49(4), 414-421.

2) Kusafuka, A, Kudo, K, & Nakazawa, K (2022). J Mot Behav, 54(3), 304-315.

3] Heath, M, Weiler, J, Marrioft, KA, Elliott, D, & Binsted, G. (2011) Can J Exp Psychol, 65(4), 259.

BALL OR NO BALL? DISTINGUISHING MOVEMENT COORDINATION OF ACTUAL VS SHADOW TABLE TENNIS STROKES

LIN, LY., LIU, Y.T.
NATIONAL TAIWAN NORMAL UNIVERSITY

INTRODUCTION: During games, table tennis players pick up the information from the coming ball and use it to intercept
the ball with optimal timing. Oftentimes, players also perform the shadow play to supplement their training, practicing
stroke movements without balls. However, based on the constraint model [11, the movement coordination and control of
players would be different between actual stroke and shadow play. We proposed that movement patterns of action con-
ditions could be differentiated through visual perception of different levels of players. This is due to the impressive visual
sensitivity human observers have to human movement, which can then be selectively enhanced by extensive visual expe-
rience [2]. Thus, this study aimed at investigating the movement coordination between table tennis shadow stroke and
actual stroke in visual perception.

METHODS: Observers of different levels of table tennis (skilled, n = 34; less skilled, n = 30; naive, n = 31) viewed videos
under the point-light display and answered if the actor was hitting a ball in each video. Each observer watched 48 videos
that consisted of 24 trials from three actors (skilled; less skilled; novice). Each actor repeated the actions in four sessions
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(shadow play; robot launched at 1.7s interval; robot launched at 1.1s interval; a player hitting the ball back and forth with
the actor) in forehand and backhand positions. The number of correct answers were converted to score rate (SR), and the
consistency rate (CR) was calculated from the answers of the duplicate videos. In addition, the correct information rate
(CIR) was estimated using the correct answers from the trials and their duplicates. Observer (3) X actor (3) mixed-design
ANOVAs were performed on SR, CR, and CIR, with repeated measures on the effect of the actor.

RESULTS: Interactions between the observer and the actor of SR [F(3.66, 168.43)=7.59, p<.05] and CIR [F(3.53, 162.18)=7.13,
p<.05] were significant, revealing that both skilled and less skilled observers were superior at picking up information for
the novice actors videos compared to the less skilled actors (ps<.05). In addition, SR and CIR of the naive observers were
lower than the skilled and less skilled observers (ps<.05) for the novice player’s videos. No significant results were found
on CR.

CONCLUSION: Our results provide evidence fo support the constraint model which states that the movement pattern of
striking a table tennis ball is different compared to that of shadow play. The skilled players were better at differentiating
the movement patterns, suggesting that visual sensitivity to stroke patterns was enhanced by extensive experience of the
players. Lastly, we suggest that coaches should reconsider the purpose and effect of shadow practice for the beginner
players.

REFERENCE:
[ Newell, Motor development on children: Aspects of coordination and control, 1986
[2] Loula et al., J Exp Psychol Hum Percept Perform, 2005

SPATIAL DISTRIBUTION AND ACTIVITY OF THE ERECTOR SPINAE MUSCLES IN CYCLISTS WITH RECENT HISTORY OF LOW
BACK PAIN

SAMPIERI, A., MAGISTRELLI, E., MASARIN, A., PAOLI, A., MORO, T., MARCOLIN, G., CASOLO, A.
UNIVERSITY OF PADUA, ITALY

INTRODUCTION: Low back pain (LBP) is the most prevalent overuse injury in cycling, which accounts for ~58% of all mus-
culoskeletal disorders (1). The pathomechanics is still unclear but potential major causes may include prolonged mainte-
nance of forward trunk flexion, mechanical creep, high mechanical loads experienced during cycling, and overactivation
of erector spinae (ES) muscles (2). Previous evidences on rowers with recent history of LBP reported an altered activation
and spatial distribution of ES activity (3). Conversely, less is known about the specific lumbar region activation patterns in
cyclists with LBP. Accordingly, we compared the spatial distribution of ES in cyclists with and without LBP using high-density
surface electromyography (HDSEMG).

METHODS: Eighteen participants (age: 40.3+12.4 yr, body mass index: 22.9+1.6 Kg/m2) took part in this cross-sectional
study. Based on their Oswestry Disability Index value (ODI-I, vr. 2.1a), they were assigned to either a LBP group (n=8, ODI-I
score: 20.8+8.9%) or o an asymptomatic group (CG, n=10). Participants underwent an incremental cycling test, character-
ized by 4 bouts of 3-min at 70, 80, 90, and 100% of their functional threshold power (FTP), interspersed by a 2-min resting
period. Concurrently, HDSEMG signals were recorded with 2 electrode-grids positioned on the ES muscles. The average
normalized root-mean-square amplitude (RMS) and the y-axis coordinate of the barycenter of activation (RMS-map) were
extracted and compared between sides, intensities, and groups.

RESULTS: The two groups displayed similar anthropometric characteristics and FTP values. No differences were observed
in RMS amplitude with increasing loads and in both sides within each group. However, as the pedaling load increased,
we observed a different RMS amplitude trend in ES activation between groups. In particular, the LBP group showed a
significantly higher RMS amplitude in the right ES muscle at 100% FTP compared to the CG (142.3+63.1 vs. 93.3+24.7
%RMS; p= 0.003). In addition, LBP group exhibited a tendency to a caudal displacement of the ES activity as the load in-
creased, which was not observed in the CG. However, the y-axis coordinate displacement did not differ between groups
at each pedaling intensity.

CONCLUSION: This study provides new knowledge about lumbar ES muscles activity in cyclists with recent history of LBP.
Our results suggest that LBP cyclists show a greater ES activation and a tendency to a caudal displacement of muscle
activation at the highest pedaling intensities compared to healthy controls. Based on these preliminary results, we hy-
pothesize that the observed altered activation of ES muscles in LBP cyclists may be confirmed by enlarging our sample
size. Furthermore, future analyses should investigate whether the increased ES muscle activation is the cause or conse-
guence of the LBP.

References:
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DESPITE LEFT-HEMISPHERE SPECIALIZATION IN MORE COMPLEX FINGER-TAPPING TASKS, HANDEDNESS DOES NOT AF-
FECT MOTOR SKILL ACQUISITION AND ITS INTERLIMB TRANSFER

NEGYESI, J.
HUNGARIAN UNIVERSITY OF SPORTS SCIENCE

INTRODUCTION: Our previous results (Négyesi et al., Sci. Rep, 2022) suggested left-hemisphere specialization for motor
sequencing tasks. Here we examined whether handedness interacts with motor sequencing tasks with different complex-
ity levels immediately and 24h after motor sequence practice. We hypothesize further improvements in accuracy, reaction
time (RT), and movement time (MT) 24h after the practice, however, the level of improvement might differ between left- (L)
and right-handed (R participants.

METHODS: Participants performed finger key presses on a numeric keyboard with each hand in separate trials at 4 differ-
ent complexity levels using our custom-made software. We analyzed the accuracy, RT, and MT of each trial. Participants
underwent a short-term dominant-hand motor sequence practice, and then the changes in the dependent variables were
measured in both the trained and non-trained hands immediately and 24h after the practice. We supplemented our study
with EEG recordings but the current abstract reports only the behavioral data.

RESULTS: Each analyses of MT revealed similar gross patterns of changes as RT (all r>0.9, p<0.001). In line with our previ-
ous study, both R and L performed the motor sequence task more accurately and with shorter RT and MT when using their
right hand. However, these effects appeared only in tasks with higher complexity levels (R: Level 3: p<0.001, Cohen’s effect
size d=0.744; Level 4: p=0.034, d=0.311; L: Level 3: p<0.001, d=0.805. Level 4: p=0.008, d=0.334). Motor sequence prac-
tice produced a similar magnitude of motor skill acquisition and interlimb transfer immediately after the practice which
further improved the next day (all p<0.002). However, the changes were independent of handedness.

CONCLUSION: Overall, our results indicate that lef--hemisphere specialization for these tasks might be present only above
a certain complexity level. On the other hand, handedness seems to have effects on motor skill acquisition or interlimb
transfer neither in simple nor in more complex tasks. Lastly, in line with our hypothesis, dependent variables further im-
proved the next day as compared to their immediately post-practice values, however, the changes in skill retention were
independent of handedness.

THE CONTEXTUAL INTERFERENCE EFFECT ON RETENTION AND TRANSFER IN MOTOR LEARNING - A LABORATORY ARTI-
FACT?

CZYZ, S.H.1,2,3, WOJCIK, A.M.1, SOLARSKA, P.2, KIPER, P.4

1- WROQAW UNIVERSITY OF HEALTH AND SPORT SCIENCES, POLAND; 2 - MASARYK UNIVERSITY, BRNO, CZECHIA; 3 -
NORTH-WEST UNIVERSITY, SOUTH AFRICA, 4 - AZIENDA ULSS 3 SERENISSIMA, VENEZIA, ITALIA

INTRODUCTION: Contextual interference (Cl)Battig, 1966) affect performance, retention, and transfer differently depending
on whether the practice was scheduled in random or in blocked order. Random practice condition hinders performance
during acquisition, although it facilitates retention and transfer, while blocked practice is supposed to have the opposite
effect. Many publications have confirmed the Cl effect since Shea and Morgans (1979) classical study on the Cl effect in
motor learning. In 2004, Brady published a meta-analysis concluding that the Cl effect is conspicuous in motor learning in
the laboratory but not in applied seftings. Given the broad interest in the CI effect, we aimed to update the somewhat
obsolete Brady's meta-analysis and re-analyze the results of independent studies on the Cl effect.

METHODS: The study was registered in PROSPERO (CRD42021228267). The following databases were searched: Scopus,
EBSCO, Web of Science, PsycINFO, and ScienceDirect, supplemented by the search engine Google Scholar. The quality
assessment was done with the Quality Assessment Tool for Quantitative Studies (Thomas et al., 2004) including elements:
sample selection, study design, identification of confounders, blinding, reliability and validity of data collection methods,
withdrawals, and dropouts. These elements are rated as strong, moderate, or weak. Studies with two or more weak
ratings are considered weak, those with less than four strong ratings and one weak rating are considered moderate,
and, subsequently, studies with no weak ratings and at least four strong ratings are regarded as strong.

RESULTS: We found that most of the studies on CI in motor learning are of poor quality and are potentially biased, and the
Cl effect was more conspicuous in laboratory than in applied studies. 59 studies were included in the analysis on reten-
tion. Only three articles presented moderate or high quality. The analysis of studies on the Cl effect on transfer yielded
similar results: none out of 42 studies included in the review was assessed as strong and only two articles were assessed
moderate. Twenty-six studies scored weak on the Selection Bias criteria.

CONCLUSION: It may be concluded that studies on Cl may be biased. Therefore, the question initially asked by Al-Mustafa
and re-asked by Brady (2004) has to be re-stated again: is "contextual interference a laboratory artifact or sport-skill relat-
ed?

Battig (1966). Facilitation and interference. In E. A. Bilodeau (Ed.}, Acquisition of skill (pp. 215-244). Academic Press.

Brady (2004). Contextual Interference: A Meta-Analytic Study. Percept Mot Skills, 99(1), 116-126.

Shea & Morgan (1979). Contextual interference effects on the acquisition, retention, and transfer of a motor skill. J Exp
Psychol: Hum Lear Mem, 5(2), 179-187.

Thomas et al (2004). A Process for Systematically Reviewing the Literature: Providing the Research Evidence for Public
Health Nursing Interventions. Worldviews on Evidence-Based Nursing, 1(3), 176-184
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THE EFFECTS OF ACUTE EXERCISE ON CORTICAL HEMODYNAMICS DURING EARLY STAGES OF MOTOR MEMORY CONSOL-
IDATION: AN FNIRS STUDY

WANNER, P.1, WUESTENBERG, T.2, DOERR, M.1, HETTMANNSPERGER, M.1, HERRMANN, G.1, SPINDLER, L.1, ROIG, M.3,
STEIB, S.1
<> HEIDELBERG UNIVERSITY;: <2> HEIDELBERG UNIVERSITY; <3> MCGILL UNIVERSITY

INTRODUCTION: Current studies suggest that a single bout of cardiovascular exercise enhances motor memory consoli-
dation. With increasing number of experiments, however, the findings have become equivocal. Discrepancies have been
debated to stem from differential effects of exercise on prefrontal and motor cortex activity potentially depending on car-
diorespiratory fitness. Thus, the aim of the study was to investigate the effects of post-practice exercise on prefrontal and
motor cortex activity during the early stages of motor memory consolidation.

METHODS: 14 healthy males (24.1£3.1 yrs) participated in a counterbalanced within-subject design. At study enrollment
peak oxygen consumption (VO2peak) was assessed in a graded exercise fest to determine cardiorespiratory fitness.
During the main experiment participants practiced an explicit motor sequence learning task followed by either (i) high-
intensity interval exercise at 90%/60% Wmax (EXE), or (i) seated rest (REST). Resting-state prefrontal and motor cortex ac-
tivity was measured using functional near-infrared spectroscopy (fNIRS) before as well as 10, 30, and 60 min after EXE or
REST. Consolidation was tested in a refention test 24 h later. Changes in prefrontal and motor cortex activity as well as
normalized differences between cortical areas were analyzed using separate 3 (time) x 2 (condition) repeated-measures
ANOVA. Paired t-test was used fo examine memory consolidation (i.e. percent skill change from end of practice to reten-
tion test). Potential associations between consolidation, cortex activity, and VO2peak were tested using Pearson’s correla-
tion.

RESULTS: EXE resulted in a significant higher activity of the prefrontal (F1,13 = 22.134; p < .001) and motor cortex (F1,13 =
31.941; p < .001) compared to REST, while the difference between cortical areas indicated a greater increase of prefrontal
cortex activity (F1,13 = 8.546; p = .012). EXE did not significantly improve memory consolidation (f(13) = -0.291; p = .775).
Pearson correlation suggested no significant relation between global exercise-induced changes in cortex activity and
consolidation (prefrontal: r = -.073, p = .805; motor: r = -0.199, p = .496) or VO2peak (prefrontal: r = -.296, p = .305; mofor:
r =-0.085, p = .773). However, separate analysis of participants with lower fitness (i.e. median-split of VO2peak) revealed
a significant negative correlation between changes in prefrontal-motor cortex difference and VO2peak (r = -.841, p = .018)
indicating a greater activity shift fo the prefrontal cortex in lower fit participants.

CONCLUSION: Our results confirm an exercise-induced increase of prefrontal and motor cortex activity during early stag-
es of consolidation with a greater increase in prefrontal cortex activity. Interestingly, this activity shift to the prefrontal cortex
appears to be more pronounced in participants with lower cardiorespiratory fitness. These findings provide further in-
sights into the differential effects of exercise on the prefrontal and motor cortex.

CAN HAND GRIP FORCE BE A PREDICTOR OF MOTOR COMPETENCE?

GISLADOTTIR, T., PETROVIC, M.
UNIVERSITY OF ICELAND

INTRODUCTION: Motor competence (MC) in children and adolescents may be an essential correlate of subsequent physi-
cal activity and the development and maintenance of physical fitness (Hardy et al., 2012; Stodden et al., 2009). MC can be
conceptualized as the person’s ability to perform different movements, including both gross and fine motor skills. Hand
grip force is found to be positively related to other muscle groups. The hand grip force also presents an indicator for valid
evaluation of the overall body strength (Bohannon, 2001). The aim of this study was to investigate the association between
hand grip force and motor competence in adolescents.

METHODS: Data from 210 boys (mean age: 13.6+1.1 years; body height: 167+1.1cm, body weight: 59.1+14.2 kg) and 177
girls (mean age: 13.4x1.1 years; body height: 161+0.9cm, body weight: 55.1+12.4 kg) were used in this study. The Move-
ment Assessment Battery for children-2 (MABC-2) was used as an objective measurement of adolescents motor compe-
tence. The MABC-2 provides an assessment of gross and fine motor coordination and is designed for the age group from
13-16 years. The test consists of three tasks measuring manual dexterity, two tasks measuring ball skills, and three tasks
measuring balance. Hand grip force was measured by a hand dynamometer with an adjustable grip. Correlations be-
tween the hand grip force and MABC-2 tests, for both girls and boys, were obtained by calculating Pearson’s correlation
from Jamovi software.

RESULTS: In girls, no significant correlations were found between hand grip force and MABC-2 tests. The only significant
correlation, although weak, in boys, was observed between hand grip force and two tasks measuring ball skills, i.e.,
aiming & catching (r=0.255; p=0.001).

CONCLUSION: In the present study, results indicate that hand grip force was not correlated with motor competence. It can
be explained in part by the fact that the component of the MABC-2 test includes fine motor skills where maximal strength
does not play a relevant role. Moreover, even though gross motor skills rely more on strength, no correlation was found
between grip strength and gross motor skills tasks in the MABC-2 test, except for a weak correlation between aiming and
catching in boys. Grip strength is not an accurate predictor of motor competence.

The current study was conducted in a specific country (Iceland); hence, cross-cultural generalization of the findings is

limited. Future studies should consider the development of gender differences from a long-term perspective, and in that
sense, longitudinal studies could give befter explanations.
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FREQUENCY-DEPENDENT LEARNING EFFECTS OF THE BIMANUAL FIVE-DAY TRAINING
AZUMA-TAKESHITA, K., MIYATA, K., KUDO, K.
GRADUATE SCHOOL OF ARTS AND SCIENCES, THE UNIVERSITY OF TOKYO

INTRODUCTION: From daily life to sports performance, skilled experts can properly coordinate limbs both temporally and
spatially to fulfill specific purposes. Professional drummers could maintain bimanual coordination accurately in an anti-
phase pattern with maximum speed, while novices tended to be away from an anti-phase to an in-phase pattern (1).
Since certain skillful performances need to coordinate in an anti-phase, an enormous effort is needed to obtain the coor-
dination skill. In other words, experts have been exposed to a variety of movement conditions throughout the practice,
and we assume that one of them is movement tempi. Therefore, we set the different training frequencies based on partic-
ipants” inter-limb coordination profiles and investigated whether the training frequency affects the stability of performance
or not.

METHODS: A total of 30 participants were divided into three groups, Group], 2, and 3, who had engaged in five-day train-
ing of index fingers’ flexion-extension in anti-phase mode at allocated frequencies. Before and after the training session,
they performed the repetitive flexion-extension movement of the index fingers in anti-phase mode continuously with in-
creasing metronome frequency by 16 beats from 60 to 260 beats per minute (bpm), then in-phase maximum frials for 10
sec. From recorded movies at 120 Hz, the coordinates of anatomical landmarks of both hands were extracted using
DeeplabCut. The flexion angles of the index fingers and the relative phase between both hands were calculated. Since
the relative phase of the anti-phase mode means 180 degrees, we calculated the root mean square (RMS) using the
absolute errors of the relative phase from 180 degrees to evaluate the coordination performance. We assigned the frain-
ing frequency for each participant based on the results of the trials before the training; 60 bpm for Group 1, the bpm over
twice from RMS at 60 bpm for Group 2 (168 + 47.3 bpm), and the averaged bpm of both hands at in-phase maximum
trials for Group 3 (314 = 32.7 bpm). A three-way ANOVA was performed on the RMS (Training pre/post, 11 bpm, and 3
Groups).

RESULTS: Although the three-way interaction of RMS was not significant, F (7.45, 100.63) = 1.451, p = 0.19, the main effects
of the fraining and the bpm were significant, F (1, 27) = 14.138, p < .001, F (2.53, 68.44) = 108.278, p < .001, respectively. To
compare the fraining effect on RMS at training frequency, we subtracted the RMS of pre from that of the post; -5.1 + 7.0, -
27.8 = 35.8, and -14.8 + 17.1 degrees, respectively.

CONCLUSION: Our findings showed that the learning effect of the five-day anti-phase movement training was not differ-
entiated among individual frequency conditions, while the general improving effect on movement stability was evident.
Therefore, further studies on training conditions including intensity, duration, or term are needed to elucidate the potential
specific effects of the training.

REFERENCES:
1) Fuijii et al., J Neurophysiol, 2010

THE EFFECT OF AN ACUTE BOUT OF PHYSICAL AND COGNITIVE EXERCISE ON EXPLICIT SEQUENTIAL MOTOR LEARNING

DIGONET, G., LAPOLE, T., POUILLOUX, G., DEBARNOT, U.
UNIVERSITY CLAUDE BERNARD

INTRODUCTION: Sequential motor learning is characterized by at least two distinct phases: a fast, online acquisition stage
followed by a slow, offline consolidation process. Recent findings revealed that an acute physical exercise (PHY) before
implicit motor learning promoted online and offline gains in performance as compared to no exercise. The physiological
cascade induced by PHY may facilitate the activity-dependent neuroplasticity associated to motor acquisition and in turn
consolidation. Similar findings have been observed on implicit motor learning but following cognitive exercise (COG). It is
well-known that the nature of motor skill acquisition, either explicit/conscious or implicitly/unconscious, involves different
neural substrates. Up to know, whether PHY and COG inductions before explicit sequential motor learning have been
understudied. Therefore, we investigated the effect of PHY and COG inductions separately on explicit sequential motor
acquisition and consolidation, and further explored their combined effects.

METHODS: To date 36 out of 48 expected participants were enrolled in this study. Participants were asked to perform
either PHY (15 8-s sprints), COG (Time load Dual-back task), combined PHYCOG or a no-exercise (CTRL) condition prior
sequential motor acquisition. The effectiveness of PHY and COG inductions was assessed by means of objective lactate
collections and subjective NASA-TLX (i.e. cognitive and physical workload perception). Each induction type lasted 20 min,
and then participants trained on the explicit sequential finger movement. Motor performance was evaluated before and
after online fraining (i.e. acquisition), and following offline 24 h and 7 days delays (i.e. consolidation).
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RESULTS: There was an increase in lactate concentration right after PHY and PHYCOG (p < 0.001) inductions, as compared
to COG and CTRL. Subjective mental demand raised after COG and PHYCOG inductions relative to PHY and CTRL (p <
0.001). Other than the aforementioned findings, there was no other differences between groups. We observed an im-
provement of performance during acquisition (p < 0.01) whereas performance remained unchanged across consolidation
(no further offline effect; p = 0.68).

CONCLUSION: Overall, the objective and subjective effects of mental and physical inductions have been effective as re-
vealed by the modulations of lactate concentration and subjective measure of mental demand. These preliminary find-
ings, with underpowered statistical analysis according to the small sample size, preclude any conclusion on the effect of
PHY and COG inductions on explicit motor skill acquisition and consolidation. Data collection is ongoing.

Conventional Print Poster
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EFFECTS OF A REPEATED HIGH-INTENSITY EFFORTS TRAINING COMPARED TO REPEATED SPRINT TRAINING ON REPEATED
HIGH INTENSITY EFFORT ABILITY AND IN GAME PERFORMANCE IN PROFESSIONAL RUGBY UNION PLAYERS.

PAUL, G.
UNIVERSITE LYON 1

INTRODUCTION: This study investigated the effects of a repeated high-intensity efforts (RHIE) training compared to repeat-
ed sprint exercises (RSE) training on repeated high-intensity effort ability (RHIEa) and in-game performance in professional
rugby union players. In recent decades, the ability to repeat sprints has been considered as a major determinant of per-
formance in team sports. However, rugby union is not only characterized by repetitions of running phases, but also by
contact efforts.

Therefore, an evolution of the RSa concept has been proposed in rugby union: the Repeated-High-Intensity Exercises
ability (RHIEa). RHIE have been defined as a sequence of three or more intense efforts interspersed with less than 21 s of
recovery between each. Thus, in rugby union, the ability of a player to repeat RHIE bouts is considered as a crucial ele-
ment and appears to be more relevant than the RSa for measuring performance. The high-intensity repetition training
programs based on sprinting (RSE training) and based on alternating high-intensity running and contact efforts (RHIE train-
ing) generate specific adaptations on RSa and RHIEq, respectively. However, the efficiency of these methods for develop-
ing RHIEa has never been compared, and it still unknown whether these training methods differentially impact in-game
efforts in rugby union.

METHODS: Thirty nine male rugby union players (age, 26.4 + 4.2 years ; height, 184.4 £ 7.6 cm; body mass, 97.2 + 15.5 kg;
4 skinfolds body fat, 15.7 + 4.1 %) from French second professional division were distributed into three training groups
(RHIE training, RSE training, and Control groups). RHIE ability and high-intensity efforts characteristics during official games
were assessed before (Pre-training) and after (Post-training) a ten-weeks specific (RHIE, RSE or control) training period.

RESULTS: Concerning RHIEa, both RHIE training and RSE training led to significant improvements in average sprint velocity
(p < 0.001), average sled push velocity (p < 0.018) and RHIE score (p < 0.001). However, gains in average sprint velocity
were higher in RSE group (+ 4.1 + 2.6 %) while gains in average sled push velocity were higher in RHIE group (+ 8.1 + 5.5
%). Concerning high-intensity efforts in game, while both groups showed significant improvements in fotal distance, ac-
celerations and contact rate, the number of sprints was higher in RSE group (p<0.001). Conversely, increase in contact rate
was higher in RHIE (+ 40.5 + 18.3%) compared fo RSE (+ 11.13 + 8.2 %, p<0.001) group and CONT group (-7.8 + 8.5%,
p<0.001).

CONCLUSION: These results suggest that both RSE and RHIE training are effective methods to develop RHIEa and athletic
performance in professional rugby union games. As the gains of certain abilities and game performance data differ de-
pending on the chosen training method, we suggest that coaches may choose the most appropriate method according to
the type of player, their position, and according to the style of play they want to develop.

(1) Austin et al., 2011 ; (2) Johnston & Gabbett., 2011; (3) Sheehan et al., 2022; (4) Vachon et al., 2021; (5) Johnston et al.,
2016.

PHYSICAL PERFORMANCE OF AMERICAN FOOTBALL PLAYERS: THE ROLE OF CHRONOTYPE

MULE, A., CIORCIARI, A., GALASSO, L., CASTELLI, L., ESPOSITO, F., MONTARULI, A., ROVEDA, E.
UNIVERSITY OF MILAN

INTRODUCTION: Several differences existing between individuals are related to the different expression of the circadian
rhythmicity of biological functions. This inter-individuality allows to distinguish three chronotypes: Morning-, Neither- and
Evening-types (MT, NT and ET) [1l. MT and ET differ in sleep-wake timing and mental/physical activation, with an early peak
in the MT. NT have intermediate characteristics. Despite several studies showed a chronotype influence on sports perfor-
mance [2], no one investigated them in the American football game. The study aimed to verify if the physical performanc-
es of American football players differ in relation to the chronotype, also considering the time of day in which the tests are
performed.
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METHODS: Athletfes filled out the Morningness-Eveningness Questionnaire to evaluate their chronotype. After, they per-
formed 4 physical tests: 40 yards (40y), 3-Cone drill (3Cd), two-Armed Shot Put (2-ASP), and Broad Jump (BJ), in order to
evaluate different physical abilities: speed/acceleration, agility, arms and legs power respectively. The tests were carried
out in the morning (8:30-10:00 am) and in the evening (8:30-10:00 pm), on two different days and with 3-4 day break.

RESULTS: 43 male athletes were recruited (21.8 + 4.6 years). The sample consisted of 12% (n=5) MT, 60.5% (n=26) NT, and
27.9% (n=12) ET. Comparing the three chronotypes in each test session, no differences were found between them. The
time of day in which the tests were carried out influenced the sports performance in ET and NT. MT showed no difference
in performance between the morning and evening sessions, possibly due to the small number of participants. ET per-
formed better in the evening session than in the morning for all tests (40y: 5.4 + 0.3 vs 5.3 + 0.2 sec., p=0.001; 3Cd: 5.4 +
0.3vs 5.2+ 0.2 sec., p=0.005; 2-ASP: 5.1+ 0.5vs 5.2 + 0.5m., p=0.001; BJ: 2.1+ 0.2 vs 2.2 + 0.2 m., p=0.016; morning vs
evening sessions respectively). NT performed better in the evening than in the morning: 3Cd (5.2 + 0.2 vs 5.1 = 0.2 sec,,
p=0.013), 2-ASP (5.2 + 0.4 vs 5.3 + 0.5 m., p=0.042), and BJ (2.2 + 0.2 vs 2.3 + 0.2 m., p=0.004). A trend of improvement
in performance during the evening session was found for 40y in NT (5.40 + 0.2 vs 5.36 + 0.2 sec., p=0.06).

CONCLUSION: Based on this evidence, we can assume that chronotype is able to influence the performance of American
football athletes, in relation to the times of the day in which the tests take place. This provides useful information for
coaches, and personal trainers to consider when evaluating the football athletes performance and in planning their
workout, in order to obtain the maximum benefits from the training.

REFERENCES:
[11 Montaruli, A. et al., The circadian typology: the role of physical activity and melatonin. SSFH. 2017. 13:469-476

[2] Vitale, J.A. & Weydahl, A., Chronotype, Physical Activity, and Sport Performance: A Systematic Review. Sprot Med. 2017.
47:1859-1868

DIFFERENCES IN PHYSICAL FITNESS AND TECHNICAL-TACTICAL PERFORMANCE IN ELITE, SUB-ELITE, AND NON-ELITE
YOUTH MALE SOCCER PLAYERS

KOUDELLIS, M., TSOULOUPAS, C., APHAMIS, G., CHRISTOU, M., BOGDANIS, G., GIANNAKI, C.
UNIVERSITY OF NICOSIA

INTRODUCTION: Successful match performance depends on the interaction of physical, psychosocial, technical and tacti-
cal qualities [11. Such characteristics influence the players selection by the coaches (i.e. elite vs. non-elite players) in the
youth categories. [2, 3]. The primary aim of the current study was to examine the differences in physical fitness between
elite, sub-elite and non-elite youth male soccer players . The secondary aim was to investigate the association between
physical fitness and technical-tactical performance.

METHODS: Two-hundred forty-three young male soccer players (16-17 years) participated in this study. The physical fitness
parameters assessed included cardiorespiratory fithess (VAMEVAL test), countermovement jump test (CMJ), 10 and 40 m
sprints, and the lllinois agility test. Skinfolds measurement was used to estimate body fat. Technical and tactical data were
recorded during a competitive soccer match using a multicamera, semiautomatic optical tracking system (InStat Fitness,
Instat Limited, Limerick, Republic of Ireland). The InStat index was considered an index of technical-tactical performance.

RESULTS: Body fat percentage was significantly higher in the non-elite players compared to the sub-elite and elite players.
Between groups differences were observed in the VAMEVAL test CMJ, 10 m sprint and agility, with the elite players
demonstrating superior performance in all the tests compared to the sub-elite and the non-elite players. Also, the elite
and sub-elite players had faster 40m sprints than the non-elite players. Technical-tactical performance (as expressed by
the InStat index) was significantly better in the elite group compared to the sub-elite and the non-elite players (216.8+28.4
vs 170.5£20.6 vs 154.9+31.5; p < 0.050). A moderate correlation was found between the InStat index and 10m sprint (r = -
0.578, p < 0.001), and strong correlations were found between the InStat index and CMJ (r = 0.616, p < 0.001), 40m sprint
(r=-0.610, p < 0.001), agility (r=-0.669, p < 0.001) and cardiorespiratory fitness (r = 0.609, p < 0.001).

CONCLUSION: Elite youth soccer players performed significantly better in the physical fitness and technical-tactical per-
formance compared to their sub-elite and non-elite peers. Moreover, physical fitness parameters correlated with tech-
nical-tactical performance during competitive matches. Taking all into account, physical fitness in youth soccer players
should receive special aftention as this appears to affect both technical and tactical performance.

REFERENCES

1. Sarmento, H., et al., Match analysis in football: a systematic review. J Sports Sci, 2014. 32(20): p. 1831-1843.

2. Nughes, E., et al., Anthropometric and Functional Profile of Selected vs. Non-Selected 13-to-17-Year-Old Soccer Players.
Sports (Basel), 2020. 8(8).

3. Bidaurrazaga-Letona, I, et al., Progression in Youth Soccer: Selection and Identification in Youth Soccer Players Aged 13-
15 Years. J Strength Cond Res, 2019. 33(9): p. 2548-2558.
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EXPLORING POSSESSION-BASED PERFORMANCE INDICATORS IN DIFFERENT LEVELS OF BASKETBALL
LAN, Y.C.1, LIU, Y.T.2
1> NATIONAL YANG-MING CHIAO-TUNG UNIVERSITY, 2> NATIONAL TAIWAN NORMAL UNIVERSITY

INTRODUCTION: Basketball possessions are the foundations for scoring. The number of possessions in a game reflects
the pace of the game and opposing teams tend to have similar number of possessions in a game. Therefore, posses-
sions provide a useful basis for evaluating the effectiveness of team performances. Possession efficiency (PE) is the per-
centage of possessions that have at least one field goal attempt. Floor percentage (FP) is the percentage of possessions
that have at least scored 1 point. Both are considered the offensive performance indicators. The recovered balls per ball
possession (RB), calculated as the ratio of the sum of the steals, opponents turnovers, and fractions of blocked shots to the
total of the possessions, reflects the defensive performances. The purpose of the study was to analyze PE, FP, RB, and the
proportion (A) of blocks that turned possessions, between winning and losing teams in different levels of basketball.

METHODS: We analyzed 150 games of the 2020~2021NBA (30 games from the playoff), 92 games of the 2019FIBA men's
World Cup (FIBA) (48 games from the preliminaries), and 56 games of the 2021FIBA Under-19 World Cup (U19) (24 games
from the preliminaries). Two independent observers recorded data from two games that were not part of the study for
reliability testing. Cohen’s Kappas were 0.92 and 0.9 for the intra- and inter-observer reliability, respectively. Data was
recorded for 298 games by one principal observer. Outcome (2) by stage (2) mixed design MANOVAs were used to ana-
lyze the three possession variables for the NBA, FIBA, and U19 games. Additional one-way ANOVA was used to analyze
the proportion (A) of blocks that turned possessions among the 3 groups of games.

RESULTS: The winners had significantly higher FP than the losers in all 3 groups (ps <.001). A similar trend was also ob-
served on the RB for the NBA, U19, and the preliminary stage of FIBA games (ps < .05). The stage effect on RB was also
significant for the 3 groups, and the rate was higher at the advanced stage for U19, while the opposite was true of the
other two groups. For PE, the advanced stage of the FIBA showed significantly higher rate than the preliminary stage,
(p<.001). Lastly, there was a significant group effect on A (p<0.001) where both NBA (0.71) and FIBA (0.64) were significantly
higher than U19 (0.48).

CONCLUSION: The higher rates of FP and RB of the winners demonstrate that the data derived from possessions not only
serve as the indicator for offensive performance, but also for the defensive performance. In addition, the increasing pos-
session converting rate of blocks from less than 50% in U19 to over 70% in NBA seems to suggest that blocking is an im-
portant defensive tactic that not only prevents scoring by the opponent, but also allows a greater degree of recovering the
ball possession in high level basketball.

CALLING AT WORK: ILLUMINATING ONESELF AND ACHIEVING OTHERS
LIN, S.
NATIONAL PINGTUNG UNIVERSITY

Introduction

School sports coaches play a critically important role in youth sports. They listen, motivate, support, encourage, and chal-
lenge young student-athletes. Therefore, how to enhance job performance among school sports coaches is important. A
number of studies have demonstrated that employees with a higher level of work engagement would produce a higher
level of work performance. The job demands-resources model (JD-R model) is a well-established theory and it has been
widely applied in predicting health and workplace outcomes. The core concepts of the JD-R model are negative and
positive job performance arose from job demands and job resources, respectively. In addition, studies have indicated that
calling may be seen as a kind of resource in the workplace and would buffer the stress of job demands and intensify
personal motivation at work. Hence, this study examined the moderating role of calling among school sports coaches on
the relationship between work engagement and job performance with the JD-R model.

Methods

Cross-sectional data in the form of a questionnaire were collected from 192 school sports coaches. Except for the demo-
graphic data of the participants, the measures of the focal variables in the study adopted scales from published research
with appropriate reliability and validity. All of the Cronbach’s alpha values in this study were above .7, indicating adequate
reliability.

Results

Work engagement and calling were standardized to examine the interaction effect on job performance. The results of
hierarchical regression analyses showed that the main effects of work engagement positively and significantly predict job
performance, and the interaction between work engagement and calling positively moderates job performance.

Discussion

The findings in the study revealed that the higher the work engagement of school sports coaches, the better their job
performance. And the higher the calling of school sports coaches, the stronger the relationship between their work en-
gagement and job performance. Our findings correspond with previous studies that employees with high work engage-
ment are more energetic and enthusiastic regarding their jobs, which could lead to increased individual and team per-
formance. In addition, calling-oriented employees consider working an intrinsic source of personal meaning and a
means to fulfill the value of helping others. Previous researchers have considered calling the “climate for engagement”,
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where employees are more likely to respond by investing time and energy and by being psychologically involved in their
work, which in turn leads to better performance at work.

DUAL CAREER - TUG OF WAR BETWEEN ELITE SPORTS AND VOCATIONAL SCHOOLING

RATZLAFF, L.1, SPEER, A.1, WULFF, H.2, WAGNER, P.1
1 UNIVERSITY OF LEIPZIG, 2 UNIVERSITY OF POTSDAM

Introduction

In secondary school settings, dual career support services exist almost exclusively for high school students [1]. For voca-
tional schools, less is known about students’ challenges particularly resulting of school-based and vocational education
and participation in elite sports (ES). The research project comprises an adjusted curricular framework to promote a dual
career at a vocationally-oriented school for the first time nationwide. It includes a two-year extension of school time period
and is focused on reducing the double load of requirements. Thus, the aim of the study was to evaluate the curricular
framework’s effects on daily school and exercise routines of ES students.

Methods

Between 2016-2022, N=160 ES students and N=171 regular students participated in evaluation program. Based on annual
standardized questionnaires students were asked about their management of time resources, satisfaction with various
support services and their academic and sports performance development (1="very dissatisfied” to 6="very satisfied”).
Additionally, teachers’ and coaches’ point of view derived from interviews. All regular students were used as a control
group. Data were analyzed descriptively based on mean and standard deviation. To calculate between-group-effects an
independent t-test (p<0.05) was used.

Results

Descriptive analyses resulted that ES students have a higher workload due to athletic fraining (9.1+0.9 training sessions
per week] in addition to daily study time. The organized support service of exemption from lessons was used significantly
more by ES students than by the control group (p<0.001) and was rated higher with regard to satisfaction (p=0.007). Fur-
thermore, ES students were “rather satisfied” with school routines (4.6+0.8). At the end of their school time, ES students
rated satisfaction with their academic (4.3+1.0) and sports performance (4.4+1.1) development nearly the same. However,
there were no significant differences in ratings of satisfaction with academic development between both groups
(p=0.964). Overall, ES students were “fairly satisfied” with the extended school time period (5.2+0.9).

Discussion

Despite the double burden, there is a high level of overall satisfaction among the ES students with their academic and
sports performance development. Special support services could help ES students coping with daily requirements at the
vocationally-oriented school. The positive evaluation of the school routines reflects the structured organization and imple-
mentation of the adjustments in school time. According corona-related experiences, the increased application of digital
teaching tools should lead to higher flexibility in everyday school life and support the offer to promote a dual career.

References

1 Lopez-Flores, M., Hong, H. J. & Botwina, G. (2021). Dual career of junior athletes: Identifying challenges, available re-
sources, and roles of social support providers. Cultura, Ciencia y Deporte, 16(47).

A QUALITATIVE ANALYSIS OF THE PROCESS OF COACHING EXPERTISE OF EXPERT COACHES FROM AN UNLEARNING PER-
SPECTIVE

KITAMURA, K.
NIHON UNIVERSITY

Introduction

It is difficult for instructors to become proficient simply by accumulating coaching experience. Unlearning, in which one
looks back on ones own experiences from a meta-perspective and repeats contemplation, is indispensable. For this
purpose, it is important to have an opportunity to question ones own current situation and a cycle of repeated experience
of exploration and contemplation from a meta-perspective. However, there is insufficient accumulation of empirical re-
search on specific strategies and practices of unlearning in actual instructional settings. This study focuses on the unlearn-
ing experiences of expert instructors and aims to clarify how unlearning works in their development as instructors through
qualitative analysis.

Method

Eight Japanese expert coaches were selected as participants. The participant selection criteria were: 1) highly regarded for
their coaching practices, 2) proven track record of developing outstanding players, and more than 10 years of coaching
experience. Semi-structured, open-ended, in-depth interviews were used for data collection. Interviews lasted approxi-
mately 90 minutes. During the interview, participants were informed that their cooperation in the study was voluntary, that
they could refuse or withdraw at any time, and that anonymized data would be used. Consent to use personal infor-
mation for research purposes was obtained under ethical considerations. Inferviews were systematically transcribed
verbatim from IC recorders immediately after each interview. Analysis was conducted by qualitative analytical methods
using inductive procedures.
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Results

A total of 126 meaning units were collected as a result of the data analysis. They were composed of the subcategories
"diversely know," "diversely understand,” "diversely able,” "discover unknown," "notice unknown," "notice not possible,”
"want to know more," and "convince." These subcategories were further divided into the categories of "experience of
noticing discomfort," "understanding from diverse angles," and "pursuit of further questions.”

Discussion

While the expert instructors who were the participants of this study formed beliefs about their own coaching and in-
creased their confidence as they accumulated coaching experience, they also had an awareness of the problem of con-
stantly questioning and questioning their own coaching behavior. It was inferred that the diffuse thinking style, which
creates a learning loop of repeated questioning and verification of fixed beliefs about ones own coaching style, is critically
important in the process of instructional mastery. In addition, it became clear that by involving further diffuse thinking
styles based on unlearned experiences in such a learning loop, it is possible to generate a new learning loop and pro-
mote proficiency. Such double-loop learning is thought to have led to the occurrence of unlearning experiences.

INVESTIGATING CORTICAL HAEMODYNAMIC AND PHYSIOLOGICAL CORRELATES OF EXERCISE COGNITION IN TRAINED
AND UNTRAINED CYCLISTS OVER AN INCREMENTAL SELF-PACED PERFORMANCE TEST, WHILE THINKING ALOUD

ROBINSON, N.J.,, MONTGOMERY, C., SWETTENHAM, L., WHITEHEAD, A.
LIVERPOOL JOHN MOORES UNIVERSITY

Obijectives: Few studies have directly investigated changes in cortical haemodynamics during a self-paced interval endur-
ance activity, while collecting conscious cognition and physiological performance data. This pilot study used functional
Near Infrared Spectroscopy (fNIRS), while capturing conscious cognition using Think Aloud (TA) during an incremental
paced cycling exercise.

Methods: A mixed design was implemented with cycling expertise (untrained vs. trained) as the between groups variable
and incremental self-paced stage (5 stages of increasing effort) and site (12 optodes across the PFC) as the within groups
variables. Dependent measures were the changes in cortical O2Hb, and physiological indicators (% heart rate max
(%HRmax), average power output (APO), peak power output (PPO), rate of perceived exertion (RPE) and blood lactate (Blal))
over time. Parficipants used TA throughout their second interval trial.

Results: Trained cyclists had higher APO and maximum power output (MPO) from stages 2-5, in addition to a greater
increase in PPO over the whole trial. There were significant main effects of stage on %HRmax, Bla and RPE. Differences in
cortical haemodynamics were found specifically in areas in the mid left and right PFC. TA

data demonstrated that untrained participants verbalised more irrelevant information and feelings of pain and fatigue, in
addition to both groups verbalising significantly more motivation-related thoughts during the final stage.

Conclusion: This pilot is the first to capture changes in Cox, physiological measures and conscious cognition through the
use of TA. We demonstrate the potential role of mid- PFC, and how conscious cognition may change over time. This study
has implications for coaches and sport psychologists who may want to understand the

cognitions of their athlete during an event and support low level athletes in developing a better understanding of the own
cognitions.

EFFECTS OF LIFE-SKILLS DEVELOPMENT PROGRAM INTERVENTION ON YOUNG ELITE FEMALE FOOTBALLERS

HORINO, H.
WASEDA UNIVERSITY

INTRODUCTION: Researchers have stated that life-skills are important in positive youth development. Life-skills Develop-
ment Program (LSP) is revealed to be one of the essential components for the positive youth development framework.
However, few studies have applied Life-Skills Development Interventions to Young elite athletes. We reported the results of
LSP for three years to young elite women footballers. The objective of this study was to investigate the effect of LSD, for
three years, on athletes’ psychological competitive abilities on young elite athletes.

METHODS: Eighty-one female young footballers of elite academy in Japan, aged 13 to 15yrs, participated in the LSP for
three years. the LSP was age-specific and consisted of several group-work lessons designed to develop psychological
skills (goal setting, emotion control, self-recognition, empathy with colleagues, decision making, problem-solving, man-
agement for stress, leadership and career planning). The LSP was delivered to players in the classroom of their dormitory
every other month. To assess their psychological skills, two questionnaires of life-skills were conducted about the daily life
and the sport domain before and after the intervention.

RESULTS: Wilcoxon signed-rank test were performed for the changes on both scores before and after the LSP. The scores
of both scales in the two questionnaires significantly increased after the LSP(life-skills of Daily life: Z=4.13, p<0.001; Life-
skills of sport domain: Z=3.368, p<0.001. Scores for several factors also improved after the intervention.

CONCLUSION: Our results showed that the continuous intervention of the LSP had positive impacts on the psychological
development of young elite athletes in both domains of “Daily life” and “Sport field”. This finding revealed that LSP could
enhance athletes’ psychological skills in the athletic field. The results also showed that our LSP also had little impact on
participants about several factors. Therefore, it is also suggested that we need to improve our context of the LSP. To
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achieve more effective intervention, practitioners of the youth development framework need to develop programs that
adopt practical context based on their sport field.

REFERENCES:
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TWELVE-WEEK LASTING OTAGO EXERCISE PROGRAM PROMOTED THE ELDERLY’S MOBILITY AND NEURAL FUNCTION
WITH CORRELATION IN SPECIFIC BRAIN AREAS: A RANDOMIZED CONTROLLED TRAIL

ZHENG, M.
TSINGHUA UNIVERSITY

INTRODUCTION: Physical exercise has become a widely recommended training method to reverse the decline of older
adults” mobility and cognition, of which the Otago Exercise Program (OEP) was designed to get rid of falls effectively(1]. OEP
was featured with medium intensity, mild training movements, and well-combination with the elderly’s daily activities, thus
could improve elderly’'s mobility and prevent risks. The neurological mechanics of this kind of physical training have not
been further explored yet, so the presented abstract focus on disclosing the changes of brain structure and functional
connection after the physical training. Furthermore, this study aims to find some correlations between behavioral promo-
tion and functional changes of the brain after the intervention.

METHODS: Thirty-five older adults (age: 64+6, female:43%) were randomly divided into exercise infervention group (EIG)
and control group (CG), receiving intervention for 12 weeks, respectively. EIG took part in OEP with two sessions, the muscle
strength and balance training (30 min each time; twice a week), and walking more in their daily life (30 min each time, 3
times a week). EIG, for total, received 720 min functional training and 1080 min daily physical activities thoughout the inter-
vention. CG just kept their lifestyle and was not required to do exercises. The structural and resting state functional MRI
data (fALFF, ReHo, and DC) before and after the intervention were obtained and analyzed, in connection with behavioral
mobility measures (grip strength, 30-s chair-stand test, single leg station with eyes closed, and timed up go).

RESULTS: Physical exercises could improve the participants’ 30-s chair-stand test, single leg station with eyes closed, and
timed up go performances. EIG showed increased fALFF in the posterior central gyrus and superior temporal gyrus
(Z=4.7), and central front gyrus (Z=3.55). EIG also showed increased DC in the dorsolateral prefrontal lobe and dorsal
medial prefrontal lobe (Z=4.02). While CG showed no significant changes in the mobility measures after the intervention.
Additionally, the change of EIG's 30-s chair-stand test is significantly correlated with ReHo in the left putamen, while the
EIG's performance of "timed up go” can predict ReHo in the left caudate and the right insula.

CONCLUSION: Physical exercises adopting OEP could improve the elderly’'s mobility, and the exercise intervention might
promote the elderly’s mobility through regulating the sensorimotor cortex. Moreover, the correlation between mobility
promotion and specific brain areas’ MRl measurements could predict some neural changes of the brain sfructure and
function.

References:

1. Best J R, N.LS., Liv-Ambrose T, Improvements to executive function during exercise training predict maintenance of
physical activity over the following year. Frontiers in Human Neuroscience, 2014. 8: p. 7.

THE EFFECTS OF EXERCISE SNACKING AND TAI-CHI ON MUSCLE ACTIVATION AND PHYSICAL ACTIVITY IN OLDER ADULTS

LIANG, 1.J., MCGUIGAN, M.P., PERKIN, O.J.,, THOMPSON, D., WESTERN, M.J.
UNIVERSITY OF BATH

INTRODUCTION: Improving muscle strength and maintaining physical function is important for being independence in
later life. Short bout “snacking” exercise is designed to overcome typical barriers to older adults’ participation in muscle
strength and balance exercise and is acceptable and effective. Moreover, Tai-chi being performed with slow and gentle
movements and mental concentration can improve balance and lower extremity strength as well as decrease fear of
falling in older adults. To our knowledge, no prospective research has investigated the effects of exercise snacking, Tai-
chi, and traditional resistance training on acute muscle activation.

METHODS: This study recruited 18 individuals aged 65 to 80 years who did not regularly engage in recreational sports or
structured exercise. Individuals with any chronic iliness, contraindications to exercise, or who scored less than 8 on the
Short Physical Performance Battery were excluded. Participants were given a demonstration on how to safely perform
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exercise snacking and Tai-chi activities at home and asked o do and log 3-days of each activity after two familiarised
sessions. In the final session, participants performed exercise snacking, Tai-chi, supplementary unloaded exercises, tradi-
tional resistance exercises, and 5-minute freadmill walk in a randomised order. Muscle activation was recorded in the
calf, quadriceps, and hamstring muscle groups, using Delsys EMG electrodes. The sample t-test was employed to identify
differences in muscle activation variables between exercise snacking/ Tai-chi in comparison to traditional leg press exer-
cise. Statistical significance was accepted at p<.05.

RESULTS: Eighteen healthy older adults aged 65 to 80 were recruited for this study. In this study, we found that participants’
physical activity levels were slightly higher in the intervention week compared to their regular activity levels. In terms of the
EMG integrated activity, the vastus lateralis had greater activities in sit-to-stand compared to leg press. The EMG integrat-
ed activity of the gastrocnemius was significantly greater in three of five exercise snacking movements compared to leg
press. The EMG integrated activity of the soleus was significantly greater in marching, calf raise, and snake creeps than
leg press. The EMG integrated activity of the vastus medialis oblique was significantly lower in four of five Tai-chi move-
ments than leg press.

CONCLUSION: Specific exercise snacking movements could trigger more motor units than traditional leg press exercise.
However, it seemed that muscle activated less in Tai-chi movements on thigh muscles. Presumably, motor unit recruit-
ment highly depends on the specificity of training. It is necessary to investigate the effects of long-term exercise snacking
and Tai-chi on physical functions.

FEMALE WORLD CHAMPION POWERLIFTING AT 71: THE BENEFITS OF EXERCISE AT AN OLDER AGE

FUCHS, C.J.,, TROMMELEN, J., WEUZEN, M.E.G., SMEETS, J.S.J., VAN KRANENBURG, J., VERDIJK, L.B., VAN LOON, L.J.C.
MAASTRICHT UNIVERSITY

INTRODUCTION: Demographics indicate that aging is associated with a progressive decline in skeletal muscle mass,
strength, and metabolic health. However, these observations are based on population data and certainly do not apply to
the individual. Here, we assessed body composition, muscle strength, cardiorespiratory fitness, and metabolic health of a
female world champion powerlifter at 71 years of age, who started resistance exercise training at 63 years of age with no
prior experience with structured resistance exercise training.

METHODS: Body composition (Magnetic Resonance Imaging, Computed Tomography, Dual-energy X-ray absorptiometry),
strength (One repetition maximum leg press and handgrip strength), cardiorespiratory fitness (peak oxygen consumption:
VO2peak], and metabolic health (oral glucose tolerance test, blood pressure) were assessed. In addition, a muscle biopsy
was collected to assess muscle fiber cross sectional area (CSA). Where possible, data were compared with sex- and age-
matched datfa obtained in our laboratory. Skeletal muscle mass index was calculated by dividing limb muscle mass by
height squared. Data from the control groups are expressed as mean + 95% confidence interval.

RESULTS: Our participant reported a 33% greater skeletal muscle mass index when compared to healthy, older female
control subjects (7.9 vs 5.9 (5.7 fo 6.2) kg/m2; n=61). In addition, we observed 37% greater muscle quadriceps CSA (63.8
vs 46.6 (44.5 1o 48.7) cm2; n=48) and 46% greater type Il muscle fiber CSA (4536 vs 3097 (2707 to 3488) um2; n=19). Ab-
solute leg press muscle strength was 36% greater (190 vs 140 (132 to 147) kg; n=30) and handgrip strength was 33%
greater (33 vs 25 (23 to 26) kg; n=48) when compared to healthy, age-matched controls.

CONCLUSION:  From this case study it is evident that even at an older age, improvements in body composition and
strength can be achieved by regular exercise training up fo the level of a world champion.

DOES MINIMUM AMOUNT OF MODERATE-VIGOROUS PHYSICAL ACTIVITY MATTER FOR MUSCLE STRENGTH AND STATIC
BALANCE IN OLDER ADULTS? A 12-MONTH PROSPECTIVE COHORT STUDY

HSUEH, M.C.
UNIVERSITY OF TAIPEI

INTRODUCTION: Whether a minimum amount of moderate-vigorous physical activity (MVPA) is beneficial for maintaining
and improving physical function in older adults is unclear. Therefore, this study examined the association between daily
15-minute MVPA and subsequent muscle strength and static balance in older adults.

METHODS: Data on community-dwelling older Taiwanese adults ([mean age: 69.5 years + 4.88) were collected during the
baseline period (2018) and through a 12-month follow-up survey (2019). Time spent for MVPA was objectively assessed
using a triaxial accelerometer (Actigraph wGT3x-BT) during baseline. Upper and lower limb muscle strength was meas-
ured through handgrip strength and 5-times sit-to-stand test (STS), respectively. One-leg standing test was performed fo
record the static balance performance. The 12-month variations in muscle strength and static balance were calculated by
subtracting the follow-up data from the baseline data (categorized as maintenance/improvement and decline). Forced
entry adjusted logistic regression was conducted to examine the association between achieving daily 15-minute MVPA in
the baseline period and subsequent muscle strength and static balance.

RESULTS: In fotal, 65.2% of participants engaged in at least 15-minute MVPA per day at baseline. After adjusted potential
confounders, older adults who achieved daily 15-minute MVPA during the baseline period were more likely to maintain or
improve static balance performance (odds ratio [ORI, 95% confidence interval [Cll = 8.12 [1.61-40.97], p = 0.01). For muscle
strength, the unadjusted model found that older adults who meet the daily 15-minute MVPA had a significant relationship
with STS performance (OR [95% CI] = 4.644 [1.80-11.96], p = 0.001).
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CONCLUSION: This study observed that 15-minute MVPA per day might be beneficial for older adults” subsequent perfor-
mance of balance and lower limb strength. Our findings could be applied for developing future strategies of health pro-
motion, to maintain and improve the static balance and lower limb strength in older adults.

EFFICACY OF A MULTICOMPONENT EXERCISE PROGRAM TO PROMOTE MOTOR AND COGNITIVE RESOURCES FOR NURS-
ING HOME RESIDENTS AS A FUNCTION OF THE RESIDENTS MOBILITY STATUS

CORDES, T., BELOW, T.
UNIVERSITY OF VECHTA

INTRODUCTION: Nursing home residents are often characterized by heterogeneity in motor and cognitive performance
with different mobility restrictions. Additionally, it is clearly stated that without exercise, motor and cognitive performance in
nursing home residents decreases over time. Multicomponent exercise interventions may enable older people with differ-
ent mobility status to promote or maintain motor and cognitive resources. However, most interventional studies investi-
gated ambulatory older adults. Less is known about the efficacy of chair-based multicomponent exercise programs for
those who are unable fo walk. A higher level of mobility might have an influence on the effectiveness of a multicomponent
exercise intervention to improve motor and cognitive resources. The aim of this study was to examine the efficacy of a
multicomponent exercise program to promote motor and cognitive resources for nursing home residents as a function of
the residents mobility status.

METHODS: A quasi-experimental study integrated N=55 nursing home residents (78,90 = 15,56 years, n=41 female n=14
male, 74.5% female) assigned either to an ambulatory training group (n=20), a wheelchair training group (h=16) or a
control group without exercise (n=19). Training duration was 16 weeks for both groups (twice a week; 60 minutes). Type of
training was either a multicomponent exercise program for ambulatory residents or a wheelchair-based multicomponent
exercise program for residents who are unable to walk. Primary outcomes to assess motor and cognitive resources were
independence with the Barthel index, hand grip strength, cognitive status (MoCA), and depressive symptoms (CES-D).
Statistics was performed using ANOVA for repeated measures.

RESULTS: The ANOVA revealed no interaction effect between the ambulatory group and the wheelchair group over time.
Motor and cognitive resources of both groups remained stable while the control group decreased in all parameters from
pre to post (p < .001). However, there was a significant time x group interaction between the training groups and the
control group for Barthel index (F(1, 52) = 24,515, p < .001, n_p~2 = .320), hand grip strength (F(1, 52) = 68.082, p < .00],
n_pA2 = .567), MoCa (F(1, 51) = 51.320, p < .001, n_p~2 = .502) and CES-D (F(1, 53) =16.540, p < .001, n_pA2 = .238).

CONCLUSION: The multicomponent exercise program is beneficial to maintain motor and cognitive resources for nursing
home residents regardless of the residents” mobility status, in contrast to a control group with no exercise. The results
showed that both, exercise for ambulatory residents and exercise in a wheelchair for those who are unable to walk, can
reduce the natural decline of motor and cognitive resources. A higher level of mobility has no influence on the effective-
ness of an exercise program for nursing home residents. However, the absence of exercise leads to a decrease in motor
and cognitive performance.

HEART RATE AND OXYGEN UPTAKE RESPONSES IN PRE-FRAIL SENIORS USING A PASSIVE-ASSISTIVE HIP EXOSKELETON
PIRSCOVEANU, C., FRANCH, J., HANSEN, E.A., MADELEINE, P.
AALBORG UNIVERSITY AND *UNIVERSITY COLLEGE ABSALON

INTRODUCTION: Maintaining walking abilities has been suggested to preserve the quality of life, independence, and
social interaction within the senior population (1). Passive-assistive walking exoskeletons are designed fo store and re-
lease energy during movement and provide walking aid (2). Passive ankle exoskeletons have been shown fo reduce by
7.2 + 2.6% the cardiopulmonary demands during walking (3). Thus, the purpose of this study was fo assess a passive-
assistive hip exoskeleton influence on heart rate, oxygen upfake, and respiratory exchange ratio (RER) during treadmill
walking.

METHODS: Twenty-three pre-frail seniors (72.7+4.6 years, 1.6+0.1 m, 73.1+13.7 kg) walked at their preferred speed (1.9+£0.6
m/s) on a motor-driven treadmill (Woodway Pro XL; Woodway Inc., Waukesha, WI, USA) with an exoskeleton (C1), without
(C2) and with a sham version (C3). Recordings were made in a balanced order. A bilateral passive-assistive exoskeleton
(aLQ) was used (IMASEN, Aichi, Japan). A 7-min walk test was performed in each condition with a 5-min warm-up and 2-
min data collection. Heart rate was recorded using a chest strap (Polar RCX5 GPS system, Kempele, Finland). Pulmonary
02 and CO2 were measured by an automated on-line breath-by-breath system (Vyntus CPX, Vyaire Medical, Mettawa, IL,
USA). Oxygen uptake and RER were exiracted. Paired t-tests were performed for Cl vs C2, Cl vs C3, and C2 vs C3. A p-
value of .05 or less was considered significant.

RESULTS: No significant differences in heart rate were observed between the three walking conditions (C1: 100.0+17.0 bpm;
C2:102.3+17.6 bpm; C3: 99.7+17.3 bpm), with p =.18 for C1 vs C2, p =.67 for C1 vs C3, and p =.11 for C2 vs C3. Similar
results were found for oxygen uptake showing only a 2.5% difference between C1 (771.8+£195.4 ml/min) and C2
(791.3+207.6 ml/min, p=.14), around 1.3% difference between C1 and C3 (781.9£188.6 ml/min, p=.28) and 1.2% difference
between C2 vs C3 (p=.47). Similarly, no significant differences were found for the RER between the exoskeleton conditions
(C1: 0.85+0.03; C2: 0.85+0.03; C3: 0.85+0.03), with p =.67 for C1vs C2, p =.36; Clvs C3, and p =.19 and C2 vs C3.

CONCLUSION: Walking at the preferred speed with aLQ or its sham version did not influence heart rate and oxygen up-
take of pre-frail seniors, although the device does add a weight of approx. 1kg to the person wearing it. Unaffected RER
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values also suggest that the relative contribution of fat and carbohydrate oxidation is maintained during walking. There-
fore, this device could potentially be worn by other more at-risk populations without adverse effects from this perspective.
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TRAINING IMPULSE (TRIMP) EVALUATION IN OLDER AMATEUR CYCLISTS: EFFECTS OF HEALTH STATUS

NEWTON, E., SIEGEL, L., MILBOURN, E., FATHI, A., FRANCIS, T., DUGGAL, N., LORD, J., LAZARUS, N., POLLOCK, R., HARRIDGE,
S

KINGS COLLEGE LONDON

INTRODUCTION: Ageing is typically associated with a decline in aerobic power, even in exercisers(l]. In addition, disease
status can impact this rate of decline both directly and through altering exercise and physical acfivity levels.

The aim of the present study was to investigate the effects of diseases of various aetiologies on the training characteristics
of amateur road cyclists.

METHODS: Fifty-three older amateur road cyclists were categorised into three groups based on either i) no declared health
issues (Group 1, 14=M (males), 8=F (females)), i} exhibiting new but well-controlled health condition(s) unlikely to affect
exercise (Group 2, 13=M, 6=F) or iii) having any other underlying condition(s) that may compromise the ability fo exercise
(Group 3, 8=M, 4=F). Two self-selected rides on the road (100km for males, 60km for females) were tracked using a Gar-
min watch and heart rate sensor. Cycling intensity was quantified as training impulse (TRIMP) using the methods of Banis-
ter[2] and Edwardsl3]. Percentage of time spent in 5 pre-determined HR zones was also determined (Zone 1=50-59%,
Zone 2=60-69%, Zone 3=70-79%, Zone 4=80-89%, Zone 5=90-100% of maximum HR). Self-reported cycling volume was
collected and actigraphy was performed over a 7-day period. Maximum heart rate (MHR) and maximal aerobic power
(VO2max) were determined from an incremental exercise test. Depending on normality, One-Way ANOVA or Kruskal-
Wallis H-test were used to compare health groups. Data are presented as mean=SD.

RESULTS: Results are presented in order of Group 1to Group 3. There was no significant difference (p>0.05) in age
(71.5£1.2, 71.6£1.3, 70.9+.1.8 yrs), VO2max (39.4+1.0, 35.4+2.7, 35.4+1.9 ml/kg/min), MHR (159.9+£3.3, 156.0+4.4,
154.6+3.8 bpm), self-reported cycling volume (480+72, 57683, 514+88 km/month), average velocity (18.3+1.0, 17.51.0,
17.2+0.9 kph) or total ascent (597.6+48.6, 621.9+67.1, 561.8+84.5 m) between groups.

There was no significant difference in Edward’s TRIMP (260.8+13.7, 260.6+18.6, 266.0+18.0), Bannister's TRIMP
(315.9+£26.0, 399.1£58.3, 325.0+32.5) or time spent in zones 1,2,3,4 and 5 between groups. Actigraphy also revealed no
differences in time spent in any activity zone.

CONCLUSION:  Counterintuitively, these data show that in older amateur road cyclists their training characteristics need
not be adversely affected by the presence of some diseases.
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RELATIONSHIP BETWEEN EXERCISE TYPE, FREQUENCY AND COGNITIVE FUNCTION IN COMMUNITY DWELLING ELDERLY
YOON, J., HASHIMOTO, H., NISHIMURA, 1., SHIBUYA, K., OKURA, T.
UNIVERSITY OF TSUKUBA

INTRODUCTION: Exercise has been suggested to prevent age-related cognitive decline and neurodegenerative diseases,
and the usefulness of exercise interventions for cognitive decline in the elderly is also recommended. However, the effects
may vary depending on the type and frequency of exercise. In this study, we investigated the relationship between type
and frequency of exercise and cognitive function in the elderly.

METHODS: The subjects of this study were 273 elderly residents of Kasama city (74.4 + 5.0, aged 65-93 years). They were
divided into three groups: (1) a non-exercise (NEX) group, (2) an exercise (EX) group, which consisted of those who prac-
ticed regular exercise, and (3) a DEX group, which consisted of those who practiced exercise combining brain training
and physical exercise. The (2) and (3) groups were further divided into two groups (high- and low-frequency groups), and
the results were compared and verified according to the frequency. The Five Cognitive Tests (5-Cog) was used for the
cognitive function evaluation in the study. The 5-Cog test is a screening method used in Japan to detect cognitive decline
in the elderly. The test material (DVD) consists of performing five elements such as attention, memory, spatial cognitive
ability, language ability, and judgment. Amyloid beta (AB1-42) in plasma was determined as the secondary outcome.
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RESULTS: The total score of the 5-Cog test was not significantly different, but the DEX group scored the highest (NEX group
= 82.1score, EX group = 80.2 score, DEX group = 85.7, p = 0.070).

In addition, the DEX group performed significantly higher on the memory subscale, with the post-hoc test results showing
that the DEX (21.8 score) group scored significantly higher than the NEX group (19.1 score) and the EX group (19.2 score) (p
= 0.009). On the other hand, the DEX group showed higher, although not significant, concentrations of A1-42 in plasma
(NEX group = 4.91 pmol/L, EX group = 5.55 pmol/L, DEX group = 6.07 pmol/L, p = 0.441, higher the better). The results of
the analysis by frequency showed no significant differences in any of the items (p = 0.220-0.958)

CONCLUSION: The study showed that older adults who habitually practice DEX showed a tendency to maintain better
cognitive function. In particular, memory score was significantly higher than that of other groups. The DEX in this study is
an exercise method to remember and replicate the pattern of steps (1). Therefore, it is possible that the memory and repli-
cate operation may have a favorable effect on memory maintenance/improvement. On the other hand, no significant
difference for frequency of practice was obtained. Approximately 40% of elderly Japanese do not exercise. The results of
this study showed that those who had an exercise habit (time more than 30 minutes, twice a week, more than one year)
maintained good cognitive function. Therefore, it is desirable to practice DEX at least twice a week for more than 30
minutes each time.

(1) Nature, 2021.

EARLY LIFE SPORTS PARTICIPATION AND LATER LIFE HEALTH-RELATED OUTCOMES IN JAPANESE ADULTS OVER 60 YEARS
oLD

TOTTORI, N., KOIZUMI, N., FUKAO, N., OKUMURA, K., FUIITA, S.
RITSUMEIKAN UNIVERSITY

INTRODUCTION: Childhood experiences of sports and physical activity are strongly associated with physical activity and
health later in life. High levels of physical activity in childhood and adolescence predict high levels of physical activity in
adulthood (Telama et al., 2005). Maintaining physical activity from adolescence to young adulthood is associated with a
lower risk of cardiovascular disease in later life (Rangul et al., 2012). In addition, recent studies suggest early life physical
activity enhances the cognitive functions later in life. However, associations of participation in sports in childhood and
adolescence and health-related outcomes such as muscle mass, muscle function, executive function, and quality of life in
old age are not well understood. The aim of this study was fo investigate the associations between sports participation in
childhood and adolescence and the health-related outcomes in Japanese adults aged over 60 years old.

METHODS: One hundred and fifty-four older adults (71.6 + 6.6 years; male, n = 61; female, n = 93) participated in this
study. Experience and weekly frequency of participation in sports during primary school, secondary school, and senior
secondary school were obtained by face-to-face interviews. Current total physical activity was assessed using the IPAG-
short form. Body compositions including lean soft tissue mass and fat mass were assessed by dual-energy x-ray absorp-
tiometry. Muscle function was assessed by the Timed Up and Go test and 30-second chair stand test. Executive function
was assessed by the Digit Span Forward and Backward tests for working memory, the Stroop test for inhibition, and the
Trail Making test for cognitive flexibility. Health-related quality of life was measured by a WHOQOL-26 self-report ques-
tionnaire.

RESULTS: Experience of early-life participation in sports was significantly associated with current total physical activity (P <
0.05). The participation in sports during primary school was significantly associated with the Timed Up and Go test (P <
0.05), while no association between early life sports participation and body composition was observed. The participation
in sports during senior secondary school was significantly associated with the results of the Trail Making test in males (P <
0.01). The experience of early life sports participation and the frequency of participation in sports during secondary school
were significantly associated with the health-related quality of life in females (Ps < 0.05). After adjusted for confounders
such as age, education level, and current total physical activity, those results remained.

CONCLUSION: The results of this study revealed that participation in sports in childhood or adolescence positively predicts
the muscle function, executive function in males and quality of life in females later in life. These findings suggest that early
intervention should promote sports participation in childhood and through adolescence for lifelong physical and psycho-
logical health.

MUSCLE DAMAGE MAY BE DETRIMENTAL FOR EXERCISE-INDUCED COGNITIVE IMPROVEMENT IN OLDER MEN: PILOT
RESULTS FROM THE BRAIN-M TRIAL

MASIULIS, N.1, VINTS, W.AJ.1, KVEDARAS, M.1, ZIV, G.2, MAMKUS, G.1, CESNAITIENE, V.J.1, LEVIN, 0.1, PAASUKE, M.3

-LITHUANIAN SPORTS UNIVERSITY, LITHUANIA. 2-THE LEVINSKY-WINGATE ACADEMIC CENTER, NETANYA, ISRAEL. 3-
INSTITUTE OF SPORT SCIENCES AND PHYSIOTHERAPY, UNIVERSITY OF TARTU, TARTU, ESTONIA.

INTRODUCTION: It is well documented that resistance training can augment muscle function and preserve brain health in
older adults. It is also known that high-intensity resistance training can cause muscle damage, associated with low-grade
inflammation, which has a negative effect on cognitive function. In this randomized controlled trial we hypothesized that
muscle damage (expressed by increased creatine kinase, CK) would be associated with decreased cognitive perfor-
mance in older adults. To examine this hypothesis we compared two resistance exercise intervention protocols consisting
of either a high mechanic (high CK) or a high metabolic (low CK) loading.
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METHODS: Twenty-two older men (60-74y old) were randomly allocated to a single session of accentuated eccentric-only
resistance training (ECC, n = 6), blood flow restriction training (BFRT, n = 10), or 45-min seated rest (n = 6). Both exercise
groups performed three lower body exercises at an equal relative volume of 57.6% (number of exercises x sets x repeti-
tions x % one repetition maximum, 1RM). ECC consisted of 4 sets and 4 repetitions each at 120% 1RM. BFRT consisted of
4x12 repetitions at 40% 1RM and 50% lower limb occlusion pressure. Two-way ANOVA (Group X Time) with repeated
measures on the Time factor was used to assess pre-to-post 5-min changes in cognitive function and pre-to-post 48h
changes in blood CK (U/L). Cognitive fests included a 2-Choice Reaction Time test, Go/No-Go test, Memory Search test,
and a Switching task. The main cognitive outcome measures were response time (RT, ms) of the correct responses, and
changes in performance index (PI; 100x[accuracy/response time of all responsesl).

RESULTS: A significant Group x Time inferaction was found for CK level changes (p=0.049, partial nz2 = 0.315). CK levels
significantly increased in the ECC group (+14.14 £16.63 U/L), but not in the BFRT (+3.21 £3.21 U/L) and control group (-0.12
+0.97 U/L). The Group x Time interaction for RT in the Memory Search Test was not significant (p=0.139, partial n2 = 0.218).
Based on the large effect size it appears that RT improved only in the ECC group (-99.72 ms) but not in the BFRT (+64.36
ms) and control (+95.87 ms) groups. However, in the ECC group, improvement in RT on Memory Search test was signifi-
cantly lower with higher Pre-Post increases in CK (R = 0.921, p = 0.026). There were no significant changes on other cogni-
tive function tests.

CONCLUSION: A single bout of ECC tended to improve memory function compared o BFRT and control groups. However,
muscle damage may have detrimental effects on the magnitude of this improvement. Our findings suggest that resistance
training may benefit cognitive function in older adults, however high level of muscle damage should be avoided.

Funding: This work was supported by the Research Council of Lithuania (Nr. S-MIP-21-37).
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WHY IS HIMT SUCH A HIT? AN ONLINE SURVEY EXPLORING SUBJECTIVE RESPONSES IN HIGH-INTENSITY MULTIMODAL
TRAINING.

SHARP, T., GRANDOU, C., COUTTS, A., WALLACE, L.
UNIVERSITY OF TECHNOLOGY SYDNEY FACULTY OF HEALTH

INTRODUCTION: High-Intensity Multimodal Training (HIMT) has recently gained interest as a time-efficient method of pro-
moting physical health. Despite the proposed health and fitness benefits of HIMT, the subjective response to HIMT re-
mains unclear. Previous studies suggest HIMT participation promotes increased exercise enjoyment and intrinsic factors
related to adherence. In contrast, other studies have demonstrated feelings of pain and displeasure following similar
aerobic-based high-intensity exercise. These conflicting findings limit the understanding of the subjective response to
HIMT, in particular exercise enjoyment. The purpose of this study was to investigate exercise enjoyment in HIMT and iden-
tify factors associated with HIMT that mediate exercise enjoyment and motivation. This may provide a clearer understand-
ing of subjective responses in HIMT and assist in explaining long-term training behaviours, in particular exercise-
adherence.

METHODS: A web-based survey was distributed to a cross-sectional voluntary convenience sample of current HIMT partic-
ipants and drop outs. The 124-item survey was distributed via email, and social media from August through to the end of
September 2021. The final sample included 469 responses (completion rate: 61.6%). Of the total eligible respondents, 379
were current HIMT participants, 55 were drop oufts.

RESULTS: The most frequently reported reasons for increased exercise enjoyment and motivation fo continue HIMT in
current participants included (1) it keeps me fit, (2) fraining in a group and (3) there is variety in a session. The most fre-
quently reported reasons for reduced motivation to continue HIMT among drop outs included (1) other (injury, COVID-19
restrictions, low motivation, personal preferences), (2) work commitments were a priority and (3) | started another type of
sport, exercise or fraining.

CONCLUSION: The findings of this study indicate that HIMT is an enjoyable training method among current participants.
The most commonly reported reasons for increased exercise enjoyment and motivation were associated with the combi-
nation of aerobic and resistance training as well as the group environment. In contrast, reasons for reduced motivation fo
continue HIMT among drop outs were associated with commonly reported barriers to exercise and personal factors or
interests. These findings identify some of the factors that may underlie subjective responses in HIMT. This may assist in
better understanding the growing popularity of the training mode and guide tailored service delivery in the community for
increased exercise adherence.
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EFFECT OF LOW-INTENSITY EXERCISES ON CIRCULATING ENDOCANNABINOID LEVELS AND ITS IMPACT ON PSYCHOLOGI-
CAL STRESS REDUCTION: A RANDOMIZED AND COUNTERBALANCED CROSSOVER STUDY

YABE, T., ANDO, D., KOYAMA, K.
YAMANASHI GAKUIN UNIVERSITY

INTRODUCTION:  Exercise has the decreasing effect of psychological stress and there is a growing attention on blood
endocannabinoids (eCB) as one of the candidate molecules that cause the effect. However, no optimal exercise program
li.e., intensity, duration) in consideration of the level of eCB fo reduce psychological stress has been established. Hence,
this study investigated the changes in blood eCB levels before, during and after low-intensity exercises and examine
whether the eCB reduces psychological stress and is appropriate for a biomarker of affective improvement.

METHODS:  Fiffeen healthy male college students were participated in a randomized and counterbalanced crossover
trial that consists of two different low-intensity exercises at intensities corresponding to 30% and 50% of heart rate (HR)
reserve. They performed 60-min cycle exercises at the same time (13:00-17:00 h) to avoid the effect of a circadian rhythm
under the two conditions separated with a one-week washout interval. At rest, 10 min and 30 min during exercise and
immediately after exercise, blood samples were collected and plasma N-arachidonoylethanolamine (AEA) and 2-
arachidonylglycerol (2-AG) concentrations were measured. The participants responded to the survey of the physical activi-
ty affect scale [PAAS] as an affective index including four subscales, positive affect, negative affect, tranquility, and fatigue
before and immediately after the exercise. Statistical significance was set at p < 0.05.

RESULTS:  The two-way repeated measures ANOVA regarding plasma AEA and 2-AG concentrations showed that no
significant interaction between exercise intensity and time, and no main effects of exercise intensity and time were found.
Exercise had no significant impact on “positive effect". However, main effects of time were observed in both “negative
affect” (p = 0.05) and “tranquility” ([p < 0.00). Although a significant interaction was found in “fatigue” (p = 0.02), multiple
comparison did not reveal any significant differences between individual data. Inferestingly in more lower intensity exer-
cise (i.e., 30% HR reserve), there was a significant negative correlation between the changes in plasma AEA levels from
rest to 10 min after beginning of the exercise and in “negative affect” scores from rest to immediately after exercise (r =
~0.64, p = 0.04).

CONCLUSION: There was no significant variation in plasma AEA and 2-AG concentrations during and after low-
intensity exercises. However, we found that low-intensity exercise decreased “negative affect” likely caused by psycholog-
ical stress. In addition, since the increase in plasma eCB concentration relates to the decrease in “negative affect”, eCB
might be useful as one of the biomarkers of low-intensity exercise-induced affective improvement.

DEVELOPMENT OF BEDTIME STRETCHING PROGRAM ENHANCING MOOD AND COGNITIVE FUNCTION
SUWABE, K.1,2, HYODO, K.3, OTSUKI, T.1
IRYUTSUKEIZAI UNIVERSITY , ZUNIVERSITY OF TSUKUBA , 3PHYSICAL FITNESS RESEARCH INSTITUTE

INTRODUCTION: University students are at risk to experience a decline in their mental health (mood and cognitive func-
tion) due to lifestyle changes that often include poor sleep hygiene. To resolve this, practicing simple stretching exercise
before falling asleep, might be helpful. Previous studies have demonstrated that bedtime stretching improves sleep and
mental health [1,2]. Better sleep quality also positively affects cognition: more deep sleep that presents with slow-wave
oscillations can enhance executive function and memory performance [3,4]. Therefore, a bedtime stretching program
could have a positive impact on mood and cognitive function through improved sleep quality.

METHODS: Twelve male university students participated and ten of them completed all experimental procedures (21.6£1.0
yr) and reported an average Pittsburgh Sleep Quality Index (PSQI) score of 5.3+2.1. In a within-group crossover design,
participants either stretched or rested for ten minutes before bedtime; each participant completed both experimental
conditions (stretching/resting control) in randomized order and at least two weeks apart, and sleep electroencephalo-
gram and subjective sleep quality were recorded for five days. On the sixth day, participants visited the experimental
room and performed the Stroop task and mnemonic discrimination tasks (to assess executive function and memory re-
spectively) completed the Profile of Mood State questionnaire (POMS).

RESULTS: Although paired t-test revealed no significant differences by condition for all parameters, stretching positively
influenced sleep and cognition. The effect sizes were large for sleep latency (d = 0.93, p = 0.07) and Stroop interference
time (d = 0.85, p = 0.08); medium for subjective sleep quality ([d = 0.60, p = 0.09) and the lure discrimination index (LDI) for
medium-similarity lures (d = 0.67, p = 0.09); small for the appearance ratio of stage N3 (deep slow-wave) sleep (d = 0.25,
p = 0.40). In addition, differences by condition in the appearance ratio of stage N3 sleep were positively correlated with
differences by condition in Stroop interference times (r = 0.52) and LDl for low-similarity lures r = 0.54).

CONCLUSION:  Performing ten minutes of a bedtime stretching program positively influenced sleep latency, subjective
sleep quality and a deep slow-wave sleep. While five days of the stretching intervention had no effects on mood, they did
yield positive effects on executive and memory performance. In addition, these cognitive benefits are related to increased
deep slow-wave sleep. Although the sample size of this study was not large enough to provide sufficient statistical power,
these results support our hypothesis that a bedtime stretching program has a positive impact on cognitive function
through improved sleep quality.

References:
1. Nagamatsu T, et al. (2008): Bull Phys Fit Res Inst, 106.
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AGE-VARYING EFFECT BETWEEN DOMAIN-SPECIFIC PHYSICAL ACTIVITY AND STRESS PERCEIVED: THE KOREA NATIONAL
HEALTH AND NUTRITION EXAMINATION SURVEY (KNHANES)

LEE, S.M., MA, X., KIM, Y.S.
SEOUL NATIONAL UNINVERSITY

INTRODUCTION: We examined the association of stress perceived according to physical activity(PA) by age-varying in
Korean. Physical function decreases as aging lead to a lack of PA, which eventually negatively impacts mental healthi.e.,
stress). However, the effect of physical PA technology and industry, many people are re-employed in their old age, and
resuming economic activities has a positive impact on PA and mental health. Therefore, it is necessary to confirm the
effect of domain-specific PA (i.e., work, leisure time, fransfer) and mental health according to the lifespan. The age-varying
effect model can help develop more age-targeted and effective interventions for improving mental health through PA.

METHODS: This study used the Korean National Health and Nutrition Survey (KNHANES), and a total of 31,051 participants
included those aged 20-80. All data were obtained through self-report questionnaires. Amount PA was calculated for
moderate-various work, leisure, and transport related PA from the Global Physical Activity Questionnaire (GPAQ, and
common stress perceived level from the mental healthy questionnaire part. Association between PA and stress perceived
level was examined by time-varying effect models (TVEM). All statistical analyzes were adjusted for covariates (e x., gen-
der, education level, occupation, income level, marital status, alcohol assumption, smoking, BMI, and chronic diseases).
All data cleaning and analysis were performed using the R and SAS program.

RESULTS: Those who participate in work-related moderate to vigorous intensity PA show a pattern of gradual stress reduc-
tion with age-varying. In addition, stress perceived level was also founded to be reduced in the context of leisurely mod-
erate to vigorous PA and transport PA. Moreover, compared with those who did not meet WHO PA guide-
lines(=150min/week), those who did show a pattern of rapid decrease in stress with age. The association peaked at
around age 30-45(95% Cl:1.1, 1.45; 95% CI:0.75, 0.95).

CONCLUSION: The association of PA and common stress perceived level was confirmed according to the timelage)-
varying effect model. The significant associations of domain-specific PA and stress level across age groups. As a result, a
commonly perceived stress level negatively impacts mental health in previous studies. PA is essential in all lifespans, and
it has been reported that work-related PA has an inverse association with stress, but this study showed that all types of PA
positively affect mental health.

THE EFFECT OF PROLONGED AEROBIC EXERCISE AT MODERATE INTENSITY ON CARDIAC DIASTOLIC FUNCTION
HATA, N., FUKUIE, M., SUZUKI, R., HIRABUKI, K., UECHI, T., HIRASAWA, A., MATSUDA, T., SHIBATA, S.
KYORIN UNIVERSITY

INTRODUCTION: It is generally known that regular exercise training has beneficial effects on human health, especially on
the cardiovascular system. However, some previous sfudies showed that long-duration exercise might acutely impair
heart function. These findings are often based on fieldwork studies, in which it is not practical to evaluate cardiac function
during exercise. Therefore, time course changes in cardiac diastolic function during prolonged exercise are still unclear.
This study aimed to observe the cardiac diastolic function during and after a moderate-intensity bicycle exercise for 3
hours. We hypothesized that diastolic function would be impaired as exercise duration increases and that it would not be
recovered after exercise.

METHODS: Nine healthy adult male subjects (36 + 6 years) participated in the study. Subjects were required to attend the
laboratory with conditions set to 20-22-C and 50-70% humidity on two occasions separated by a minimum of 1 week. On
the first day, subjects completed incremental exercise tests according to guidelines by the American College of Sports
Medicine in order to assess maximal oxygen consumption (VO2 max). On the second day, subjects performed bicycle
exercises at the intensity of 60-70% VO2 max for 3 hours on a pedal-equipped echocardiography bed. Echocardiographic
measurements were performed before exercise (PRE), every 30 minutes (30, 60, 90, 120, 150, and 180 minutes) during
exercise, and 15 minutes after exercise (POST). We measured heart rate (HR), mitral annulus blood flow and tissue motion
velocities in early (E or e) and late (A or a) diastole, and isovolumic relaxation time (IVRT).

RESULTS: The subject's average VO2 max was 43.7+8.8 mL/kg/min (+SD). HR was higher during exercise as compared
with PRE, and gradually increased during exercise, which reached statistical significance after 90 minutes as compared
with 30 minutes. HR was higher at POST than at PRE. E/A was lower during exercise as compared with PRE, which did not
change during exercise. E/A was lower at POST than at PRE. e” was higher during exercise as compared with PRE, which
did not change during exercise. e’ did not differ between PRE and POST. E/e did not change either during or after exercise.
IVRT was shorter during exercise as compared with PRE, but gradually prolonged during exercise, which reached statisti-
cal significance after 120 minutes as compared with 30 minutes. IVRT was longer at POST than at PRE.

CONCLUSION: The present results that IVRT became shorter just after the exercise began, but prolonged as the moderate
intensity exercise continued indicated that LV diastolic function was acutely enhanced by exercise itself, but impaired due
to the long duration of exercise. However, the present results that e’ did not change during and after exercise may indi-
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cate that diastolic function was not affected by the long duration of exercise. Since IVRT reflect the early phase of diastolic
relaxation, while e’ reflec

SPORT-SPECIFIC-ORIENTED ADAPTATION IS REVEALED BY MICROBIOME CHARACTERISTICS.

HUMINSKA-LISOWSKA, K., ZIELINSKA, K., MIESZKOWSKI, J., MICHALOWSKA-SAWCZYN, M., CIESZCZYK, P., LABAJ, P.,
KOCHANOWICZ, A., KOSCIOLEK, T.

GDANSK UNIVERSITY OF PHYSICAL EDUCATION AND SPORT

INTRODUCTION: The gut microbiome is a live community of inferacting components including bacteria, implicated in
human health and disease. Studies comparing sedentary individuals to athletes have identified numerous characteristics
of a healthy microbiome, and features correlated with athletic performance. However, the range of work on the intestinal
composition among groups divided by physical exercise levels is limited. Therefore our study aimed to compare basic
differences in the microbiome of trained and non-trained physically active men as well as to assess post-exercise micro-
biome response dependent on the sport specification to identify microbiome characteristics.

METHODS: The participants comprised 15 strength-oriented, 15 endurance-oriented athletes, and 12 physically active male
participants as a control group. All completed Wingate Anaerobic Test followed by Bruce (aerobic) Test. Basic anthropo-
metric characteristics (age, height, weight) and test results (average and max power during Wingate Test, VO2max during
Bruce Test) were gathered for each participant. Stool samples were collected immediately before and twice after the test-
ing (3 fime-points per intervention). Taxonomic and functional profiles were obtained from sequenced samples using
Metaphlan4 and Humann3.6 and further analyses were conducted using Qiime2 and custom python scripts.

RESULTS: Comparison of Control, Strength, and Endurance groups revealed no significant differences in microbiome rich-
ness. However, 34% of identified bacterial species and 7% of functions were unique to either of the groups. The longitudi-
nal analysis detected Alistipes_communis as significantly enriched in the Strength group during Wingate Test, and diverse
individual trends in abundance of 88 species during Bruce Test. Those included short-chain fatty acids producers with
probiotic properties (Bacteroides_xylanisolvens, Ruminococcus_bromii, Roseburia_hominis). The individuals were also
compared based on their biomechanical and physiological results. A machine learning approach identified Bifidobacte-
rium_longum (a probiotic tested on athletes) as the main predictor of VO2max and average power at baseline. Species
longitudinally enriched in high versus low average power group (high >= 8.5, low <= 8W/kg) during Wingate Test includ-
ed Bacteroides_uniformis and Phocaeicola_dorei. Similarly, Phocaeicola_vulgatus and Bacteroides_thetaiotaomicron
were more abundant in high versus low VO2max groups (high >= 62, low <= 55 mL/kg/min) during Bruce Test. Also, a
greater microbiome richness was observed in the high versus low VO2max group.

CONCLUSION: The study identified microbiome characteristics previously known to be implicated in elite-level perfor-
mance and revealed differences between strength- and endurance-oriented athletes and non-trained physically active
men. Ultimately, the results in this area carry a great potential to develop strategies for microbiome alteration to optimize
human performance.

Financed by NCN, Poland (2018/29/N/NZ7/02800).

PHYSICAL ACTIVITY LEVELS AND SLEEP QUALITY IN AFRICAN AND ASIAN STUDENTS DIFFER FROM EUROPEANS AND
AMERICANS. A GLOBAL SURVEY ON 3366 STUDENTS FROM 49 COUNTRIES

MOUSSA-CHAMARI, I.
QATAR UNIVERSITY

INTRODUCTION: Poor sleep and low physical activity (PA) levels has become a major scourge among university students
worldwide [1], with sleep issues becoming a common problem in this population [2]. We assessed subjective reports of
sleep quality (SQ) and PA in university students globally.

METHODS: We surveyed 3366 students (aged 22.7+5.5 years) from 49 countries, confinentally located in: Africa (n=1095);
Asia (n=1562); America (n=182); and Europe (n=527); and regionally from: North Africa (N=571); Sub-Saharan Africa
(n=521); Southeast Asia (n=186); Middle-east-GCC (Gulf Cooperation Council) (n=498); Non-GCC Middle-East (n=898);
North America (n=157); South America (n=25); and Europe (h=526). Our online survey included four questionnaires vali-
dated in three languages (Arabic, English & French): (i) Pittsburgh Sleep-Quality Index (PSQ), (i) Epworth sleepiness-scale
(ESS), fiii) Insomnia severity index (IS} and (iv) International PA Questionnaire (IPAQ) assessing SQ, daytime sleepiness,
insomnia and PA, respectively.

RESULTS: SQ of the African and Asian students was significantly lower than that of Americans and Europeans (mean=SD of
PSQl scores: 6.4+2.8; 6.5+£2.8; and 5.7+2.7; 5.5+2.4; respectively, p<0.001). The sleepiness and insomnia of African and
Asian students were significantly higher compared to Americans and Europeans (ESS scores: 9.4+4.6; 10.0+4.7; 8.0+4.1;
7.5£3.9; ISI scores: 9.6+6.0; 10.0+5.8; 8.3+5.4; 7.5+5.3, respectively p<0.001). Africans and Asians were less physically
active than Americans and Europeans. The SQ and PA were significantly lower for students from, Middle East (GCC and
non GCCJ, North- and Sub-Saharan-Africa and South East-Asia compared to Europeans (p<0.05 to p<0.001). Students
from Middle East and North Africa had higher sleepiness compared to those from other sub-regions (p<0.001). The global
insomnia scores of this sample of international students were higher than the normal but with significantly higher values
for students from Middle-East and North-Africa compared to Europe, North America and sub-Saharan-Africa (p<0.001).
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CONCLUSION: We showed that students from Africa and Asia have poorer SQ and lower PA levels than Americans and
Europeans. More investigation into sub-regional specificities would identify the associated causes. As the importance of
SQ and PA in supporting physical and psychological health, these topics should be considered with particular attention in
students from Asia and Africa.

References:

1. Memon, AR, et al., Sleep and physical activity in university students: A systematic review and meta-analysis. Sleep Med-
icine Reviews, 2021. 58, p.101482.

2. Peltzer, K, and Pengpid, S. Sleep duration and health correlates among university students in 26 countries. Psychology,
Health & Medicine, 2016. 21(2), p.208-220.

EFFECT OF DIFFERENCE IN TIMING OF EXERCISE ON HUMAN CIRCADIAN CLOCK GENE EXPRESSION

E.TSUDA, R.MICHISHITA, M.SAKAMOTO, S.KAWAKAMI, T.ABE, S.NAKASHIMA, Y.HIGAKI, Y.UEHARA
FACULTY OF SPORTS AND HEALTH SCIENCES, FUKUOKA UNIVERSITY

INTRODUCTION: It is well known that circadian rhythm disorders progress to development of various disease such as
diabetes, cancer, depression, and sleep disorders. The circadian rhythm is thought to have been regulate to the light
stimulation, diet, exercise, thermoregulation, and hormonal balance. From the perspective of disease prevention, it is
extremely important to consider the effects of lifestyle modification on the progress of the circadian rhythm. It has been
reported that circadian rhythm is controlled the clock gene, and a few animal studies shown a single bout of exercise is
effective in advancing clock gene expression. However, the effect of difference in timing of exercise on circadian clock
gene expression had not been clarified. This study was designed to examine the effects of difference in timing of exercise
on human circadian clock gene expression.

METHODS: Five healthy young males (age, 23.8 = 1.9 years; BMI, 23.1 + 3.1kg/m2) participated in a two-night, three-day
residential study. This study set the following four conditions of timing of exercise; 1) morning exercise (exercise starts at
8:00 am), 2) daytime exercise (exercise starts at 12:00 pm), 3) night exercise (exercise starts at 5:00 pm), and 4) control (no
exercise). All of participants were performed to exercise using a bicycle ergometer for 60 min at the lactate threshold (LT)
intensity. The hair of head was collected a total of 6 times every 4 hours starting at 7:00 am on the test day, and the ex-
pression levels of Clock, Bmall, and Per2 mRNAs were analyzed from the hair follicle cells using real-time PCR method.
Salivary sample was collected from 20:00 to 23:00 on every 30 min the test day, and from 6:00 to 8:00 on every 30 min
the next morning to measure the salivary melatonin, serotonin and cortisol secretion. This study was examined the differ-
ence in relative expression levels of clock gene, and changes in salivary melatonin, serotonin and cortisol secretion levels
among the above four conditions.

RESULTS: The mean LT intensity and maximal oxygen uptake in all of participants were 95.8 + 13.9 watts, and 47.5 + 6.5
ml/min/kg, respectively. The relative expression level of Bmall mRNA increased after exercise in the morning and daytime
exercise conditions. However, there was no difference in the relative expression levels of Clock and Per2 mRNA among
the four conditions. Although there was no difference in the change in salivary melatonin secretion level among four con-
ditions, DLMO (Dim Light Melatonin Onset) was the fastest in the morning exercise condition compared to the other three
conditions. However, there was no difference in the changes in salivary serotonin and cortisol secretion levels among the
above four conditions.

CONCLUSION: These results suggested that morning and daytime exercise may increase the expression level of circadian
clock gene, particularly Bmall mRNA, and morning exercise may promote melatonin secretion level.

POTENTIAL FOR LONG-TERM HEALTH DAMAGE IN MULTI-MARATHONERS — AN OBSERVATIONAL STUDY

LUNDY, L., REILLY, R.B., FLEMING, N.
TRINITY COLLEGE DUBLIN

INTRODUCTION: Introduction: The sport of multi-marathoning, where participants frequently complete marathon distance
with a goal of completing >100 marathons, is not well researched. This study documented the sport and examined the
participants readiness fo participate in vigorous activity and their potential for long-term health damage. Multi-
marathoning is administered at a national level by 31 loosely connected 100 marathon clubs. These virtual clubs provide
registration, community, events, motivation, and awards to their members. Several clubs do the same internationally.
There are 961 athletes on the current multi-marathoning world rankings (>300 marathons), and 10k are documented by
the clubs as having achieved >100 marathons. There are many more on the journey to this goal.

METHODS: Methods: Health awareness and the readiness to partake in vigorous physical activity was examined by using
the globally accepted Physical Activity Readiness Questionnaire PARQ+ [1]. Given the geographic spread of participants
and the virtual nature of their clubs, an online survey was the most practical way to gather data from this group. This
survey was developed and hosted on the Qualtrics platform and was distributed with the help and support of all the ma-
jor multi-marathon clubs, including 100 marathon clubs from Germany, UK, The Americas, Japan, Finland, ltaly, Estonia,
Ireland, Australia and New Zealand via their closed Facebook or email groups. The survey was anonymous, presented in
English and optimised for mobile devices. Section 1 of the PARQ+ questionnaire on General Health was embedded in the
survey.
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RESULTS: Results: The survey had 691 respondents from 6 continents and 39 countries. The average number of marathons
completed by respondents was 156. 57% of participants had at least one contravention to section 1 of the PARQ+ physical
activity readiness questionnaire, while 25% had 2 or more contraventions. 11% had heart conditions, 13% had high blood
pressure, 10% had lost balance due to dizziness or had lost consciousness in the previous 12 months, and 34% had bone,
joint or soft tissue problems in the previous 12 months that could be made worse by vigorous exercise, 17% had other
chronic conditions with 15% taking medication for chronic conditions.

CONCLUSION: Conclusion: Due to the high level of vigorous activity in the sport of multi-marathoning, participants have a
high risk of long-term damage to health or succumbing to health-related incidents and should seek further information
and/or seek advice from a qualified health or exercise professional before partaking in the sport and have continuous
health monitoring [1l. To minimise health risks, multi-marathon clubs and Race Directors should promote awareness
campaigns that encourage proper medical assessment based on PARQ+ and ongoing health monitoring by qualified
health or exercise professionals.

1. Bredin et al. (2013)

CAN SELF-SELECTED MOTIVATIONAL MUSIC AFFECT HEART RATE DURING AND POST AEROBIC WORKOUT?

GRIGNANI, L.1, VUKAJ, X.1, SIGNORI, C.1, GALLAZZI, M.1, ANDRIOLO, G.1, FIGINI, A.1, CANTARELLI, D.1, BARATTI, M.1,
GHIRARDI, P.1, ANNONI, 1.1, BERTOZZI, F.2, GALVANI, C.1, BRUSEGHINI, P.1

TUNIVERSITA CATTOLICA DEL SACRO CUORE; 2 POLITECNICO DI MILANO

INTRODUCTION: Listening to self-selected motivational music (Terry, 2020) during aerobic exercise may induce an excita-
tory stimulus on physiological parameters (Ballman, 2021, such as the heart rate (HR), in correlation with exercise intensi-
ty. However, the effect of music on the recovery phase seems to present an entirely new area of research in the available
literature, particularly regarding short-time recovery (Karageorghis, 2012). The purpose of this study was to investigate the
influence of self-selected motivational music on HR during recovery.

METHODS: Forty university students (age 22.7+£2.6 yrs; BMI 21.8+2.5 kg-m-2; VO2max 39.7+7.9 mLO2kg-1'min-1) per-
formed different training sessions with (+M) and without (-M] self-selected motivational music. They were divided into
three percentile categories (high, average and low) according to their cardiorespiratory fitness level (VO2max), assessed
by a submaximal cycling direct test. During each training session, two 6-minute square-wave cycling bouts were per-
formed, interspersed with 10 min of recovery, at two different intensities: 60% of VO2max (Mod) and 90% of VO2max (Vig).
Each condition was replicated during two different moments of the day, morning (MO) and evening (EV), for a total of four
training sessions. HR was continuously monitored in order to analyse HR peak during exercise (HRpeak), HR at the Tst
minute of recovery (HRrec) and the difference between HRpeak and HRrec (AHR%).

RESULTS: For the entire group of subjects, no influence of music or time of the day was found. Subjects with high and aver-
age VO2max obtained a significantly (p<0.05) faster recovery when compared with those with low VO2max, inde-
pendently of music condition (high VO2max: EV+M 12,4+4,4; EV-M 12,4+4 AHR%; average VO2max: EV+M 10,7+3,9; EV-M
10,8+4,2 AHR%; low VO2max: EV+M 6,3+2,8; EV-M 5,7+£3,4 AHR%). At Mod intensity, subjects with high VO2max, inde-
pendently of the time of the day, obtained significantly greater HRpeak and HRrec values in +M condition compared to -M
(HRpeak: MO+M 138.4+11.7, MO-M 136.5+12.6; EV+M 138+8.9; EV-M 134.7+8.3 bpm, p=0.0278; HRrec: MO+M 118.8£11.1;
MO-M 119.5+15.5; EV+M 120.2+9.9; EV-M 116.9+8.9 bpm, p=0.0364). In general, listening to motivational music during
recovery phase does not affect AHR%. No differences emerged for Vig condition.

CONCLUSION: Untrained subjects have a slower recovery phase compared with more trained subjects, and listening to
music after the workout doesnt help bridge the gap. Moreover, listening self-selected motivational music, during aerobic
exercise and during recovery, in trained subjects, seems to negatively affect recovery capacity, independently of the time
of the day.
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INTER-ORGANISATIONAL RELATIONSHIPS BETWEEN GOVERNMENTAL STAKEHOLDERS IN SOUTH AFRICAN ELITE SPORT:
RESOURCE DEPENDENCY AND INTER- ORGANISATIONAL THEORETICAL PERSPECTIVES

JACOBS, S.1, DE BOSSCHER, V.2, VENTER, R.1

STELLENBOSCH UNIVERSITY (1) AND VRUE UNIVERSITEIT BRUSSEL (2).

INTRODUCTION:  Stakeholder relationships within high-performance sport are critically important for the success and
growth of nations elite sporting systems. The characterisation of the varying type of inter-organisational relationships can
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directly influence the implementation of the sport policies within practise. Herewith, it is critically important to understand
the dynamics these relationships present. If inter-organisational relationships between stakeholders in elite sport are
aligned more strategically by nations, then stronger elite sporting systems will be created. The aim of the study was to
evaluate the inter-organisational relationships between governmental stakeholders in order to identify the influences it
has on the effectiveness of elite sport policies in South Africa (SA). The study confributed to academic scholarship by juxta-
posing two theoretical frameworks, namely, the resource dependency (RDT) and inter-organisational (IOR) theoretical
perspectives. The case study evaluated the vertical IOR’s between national and provincial stakeholders in one province in
SA, namely the Western Cape.

METHODS: The IOR partnership was examined with the use of an exploratory qualitative method by means of 10 face-to-
face, semi structured interviews on the elements identified in the theoretical perspectives. A purposive sampling method
was used including only key informants namely; the national and provincial stakeholders in the elite sport portfolio’s,
respectively. Data were analysed by means of thematic analysis in order to apply inductive and deductive reasoning in
Nvivo (v.12) software.

Results and discussion:

The theoretical contribution of using both the RDT and the IOR theories in this study, jointly assisted in the knowledge per-
taining to why governmental IOR partnerships are formed, in what way they are managed, what the outcomes are, and
lastly, how financial resources played a role in the dynamics of these relationships. The maijor findings illustrated that: (1)
there is a perceived lack of clarity relating to the roles and responsibilities of governmental sport stakeholders, (2) too
many entities are involved in sport which led to power struggles and non-cooperation, and (3) a lack of funding intro-
duced issues of power within IOR’s. The current results of this study have confirmed what has been found in the literature
which relates to the challenging and often overwhelming influence of IOR management (Alexander et al., 2008). The
findings of this study add’s to the field of sport management research by illustrating the issues and concerns which ob-
structed the implementation of elite sport policy in this case study. Similarly, it identified the factors which facilitated the
formation, management and outcomes of IOR’s between governmental stakeholders. Jones et al. (2017) argued that a
lack of collaboration within IOR’s may impact upon sport entities ability to deliver consistent services.
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Introduction

Today, Taekwondo gyms are experiencing a continuous decrease in the number of trainees, due to the oversupply of the
gyms, excessive competition, and the COVID-19 pendemic. To solve the problems, various programmes are needed to
satisfy the needs of Taekwondo trainees. Among them, Freestyle Poomsae allows trainees to feel more fun, artistry, and
creativity than other Taekwondo events. In this context, it is necessary to study what kind of decision-making process
trainees start and continue the Freestyle Poomsae. Therefore, the purpose of this study is to explore the aftributes, benefits
and values of Freestyle Poomsae perceived by trainees, and then to understand the connection relationship and cognitive
process based on a Means-End Chain method proposed by Gutman(1982).

Methods

First, data were collected by in-depth interviewing with 10 Taekwondo-related participants, including trainees, coaches
and professionals in 2022 by using judgement sampling. Transcribed data is categorised by grouping similar concepts
through open coding. After that, each attribute, functional benefit, psychological benefit and value group was finally de-
rived through member checking and cross-validation among professors and PhD researchers. Second, based on the
previous results, data were collected from 317 students learning Freestyle Poomsae through Structural Implication Matrix
survey. Lastly, Hierarchical Value Map(HVLM) through frequency analysis is cr