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Quanto é Alto e Régio o Pensamento 

 

Ponho na altiva mente o fixo esforço 

          Da altura, e à sorte deixo, 

          E as suas leis, o verso; 

 

Que, quanto é alto e régio o pensamento, 

          Súbita a frase o busca 

          E o 'scravo ritmo o serve. 

 

Ricardo Reis in Odes (1924) 

 

 

 

 

 

(...) there is no religion without love, and people may talk as much as they like about their religion, but 

if it does not teach them to be good and kind to man and beast, it is all a sham (...) 

 

Anne Sewell in Black Beauty (1877)
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ABSTRACT 

Endurance riding evolved in the last two decades from an amateur activity into a highly 

professionalised sport. Better training techniques and more specialised breeding allowed the creation 

of super endurance equine athletes, capable of achieving a sustained high speed along with a fast-

cardiac recovery capacity. However, the competitiveness and inherent effort of the sport lead to the 

persistence, up to the present, of severe injuries, unacceptable current societal standards, despite 

the intense veterinary monitoring of horses in competitions. This research aimed to study non-invasive 

methods that could be used in an endurance competition setting to objectively measure performance 

and distress. Salivary cortisol, eye temperature measured by infrared thermography and gait 

quantification through an inertial sensor-based system were studied to determine the practicality, 

reliability and repeatability of results in competitions and experimental settings. The objective results 

were confronted with the subjective evaluations and the outcome of horses. Firstly, the receptiveness 

by veterinarians to the utilization of objective methods in competitions was assessed. The results 

showed that two thirds of 157 Federation Equestre Internationale (FEI) official endurance 

veterinarians would be receptive to a new reliable technology to objectively quantify gait. Indeed, a 

trial performed during an endurance ride using a sensor-based system had a favourable impression 

regarding its logistic use, but the objective results indicated a significant disagreement in relation to 

the subjective gait assessment of veterinarians. To assess whether the delay caused by 

instrumentation of the horse with the sensors would affect the cardiac recovery index (CRI), an early 

indicator of fatigue in horses used by veterinarians in competitions, another study was performed. No 

effect of a waiting time was found on the CRI. A second study using the sensor-based system was 

performed next, to assess the repeatability and agreement of results of subjective and objective gait 

assessment with different handlers and trot-up presentation styles. It was demonstrated that 

veterinarians gave better scores to horses trotted as for a competition when compared to a regular 

presentation for a lameness work-up. The objective gait results were not affected. Finally, the salivary 

cortisol and ocular temperature measured by infrared thermography were assessed in competitions 

to investigate whether there was a relation to the outcome of competing horses. It was shown that 

these biomarkers could potentially be used in association to characterize physical effort and emotional 

stress in endurance competitions, but further studies are needed. Globally, the results of this research 

showed the potential role of non-invasive methods in competitions to better objectify the results and 

as means to obtain relevant information for the endurance sport guidelines. 

Key words: endurance; salivary cortisol; eye temperature; objective gait analysis; lameness; horse;  
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Aplicação de Técnicas Objectivas e Não-Invasivas para Avaliação do Bem-Estar em Cavalos de 
Resistência Equestre 

RESUMO 

A resistência equestre (Endurance) evoluiu nas últimas duas décadas de uma atividade amadora 

para um desporto altamente profissionalizado. A melhoria das técnicas de treino e a criação mais 

especializada permitiram a criação de superatletas equinos de Endurance, capazes de atingir 

velocidades elevadas sustentadas em conjunto com uma recuperação cardíaca rápida. Porém, a 

competitividade e o esforço inerentes ao desporto levam à ocorrência de lesões graves, inaceitáveis 

perante os padrões sociais atuais, apesar do intenso acompanhamento veterinário dos cavalos 

durante as competições. Esta investigação teve como objetivo estudar métodos não invasivos que 

possam ser usados em ambiente de competição de Endurance para medir objetivamente o 

desempenho e o stresse. O cortisol salivar, a temperatura ocular medida por termografia 

infravermelha e a quantificação dos andamentos através de um sistema baseado em sensores de 

inércia foram estudados para determinar a exequibilidade, confiabilidade e repetibilidade dos 

resultados em competições e ambientes experimentais. Os resultados objetivos foram confrontados 

com as avaliações subjetivas e os resultados dos cavalos. Primeiramente, avaliou-se a recetividade 

dos médicos veterinários à utilização de métodos objetivos nas competições. Os resultados 

mostraram que dois terços de uma amostra de 157 veterinários oficiais de Endurance da Federação 

Equestre Internacional (FEI) estariam recetivos a uma nova tecnologia fiável para quantificar 

objetivamente a marcha. Um ensaio realizado durante uma prova de resistência usando um sistema 

baseado em sensores provocou uma impressão favorável quanto aos aspetos logísticos, mas os 

resultados objetivos indicaram uma discordância significativa em relação à avaliação subjetiva dos 

andamentos realizada pelos veterinários. Realizou-se um outro estudo para avaliar se o tempo 

despendido na instrumentação do cavalo com os sensores afetaria o índice de recuperação cardíaca 

(IRC), um indicador precoce de fadiga em cavalos utilizado por veterinários em competições. 

Verificou-se que o IRC não foi influenciado pelo tempo de espera. Em seguida, realizou-se um 

segundo estudo utilizando o sistema baseado em sensores, para avaliar a repetibilidade e a 

concordância dos resultados da avaliação subjetiva e objetiva da marcha com diferentes 

apresentadores e estilos de apresentação a trote. Foi demonstrado que os veterinários pontuaram 

melhor os cavalos trotados no estilo utilizado em competição quando comparados ao estilo utilizado 

numa apresentação para um exame de claudicação. Os resultados objetivos da marcha não foram 

afetados. Finalmente, o cortisol salivar e a temperatura ocular medidos por termografia infravermelha 

foram avaliados em competições, para avaliar se existia relação com os resultados de cavalos em 

competição. Ficou demonstrado que estes biomarcadores poderiam ser usados em associação para 

caracterizar o esforço físico e o stresse emocional em competições de Endurance, mas são 
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necessários estudos adicionais. Globalmente, os resultados desta investigação mostraram o 

potencial papel dos métodos não invasivos para melhor objetivar os resultados em competição e 

como meio de obter informações relevantes para as diretrizes do desporto de resistência equestre. 

Palavras-chave: resistência equestre; cortisol salivar; temperatura ocular; análise objetiva dos 

andamentos; claudicação; cavalo. 
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PREFACE: THESIS STRUCTURE 

The doctoral thesis is structured in seven chapters. Chapter I consists of a general introduction that 

highlights the background and the main aims of the research. This chapter also provides the current 

framing of endurance as an equestrian sport, including a relevant bibliographic review of the 

research's subject areas.  

Chapters II, III, IV, V and VI correspond to each of the scientific publications generated by this 

research. Chapters II, III and IV include copies of the published papers, whereas chapters V and VI 

correspond to the publications submitted and currently under review by the journals. The thesis 

addressed three main research areas: objective gait analysis, infra-red eye thermography and salivary 

cortisol. 

The gait assessment is addressed in chapters II, III and V. Chapter II includes the published paper 

"Challenges encountered by Federation Equestre Internationale (FEI) veterinarians in gait evaluations 

during FEI endurance competitions: an international survey" that investigated in detail the limitations 

felt by veterinarians while judging gait in endurance competitions. This publication is essential 

because it provides evidence-based information about the importance of different factors in the 

subjective gait assessment, whose description had been only reported anecdotally until now. 

Moreover, it assesses veterinarians' receptiveness to introducing new technologies that allow an 

objective analysis of the gait.  

Chapter III includes the published paper "Objective detection and quantification of irregular gait with 

a portable inertial sensor-based system in horses during an endurance race – a preliminary 

assessment", which assessed the feasibility of using a sensor-based portable gait analysis system in 

an authentic setting, e.g. in the veterinary inspections during two endurance rides. The study identified 

was able to identify technical limitations of the use of such a system regarding the logistics of a 

veterinary inspection, receptiveness by riders and generate preliminary comparison results between 

the subjective and objective results.  

Chapter IV contains the published paper "Do waiting times in endurance vet gates affect the cardiac 

recovery index?". The study explored one of the limitations encountered by the previous chapter 

study, e.g. the introduction of a necessary time delay due to the horses' instrumentation with sensors, 

between the two heart rate counts used to calculate the Cardiac Recovery Index (CRI), an important 

indicator used by veterinarians to assess the metabolic fitness to compete of horses in endurance 

rides. To this end, we studied how "natural" delays of the 60 seconds preconised to perform the CRI 

related to logistic difficulties of the veterinary inspections occurring commonly in real competitions 

(e.g. too many horses for the available veterinarians) affected the heart rate counts. Moreover, the 

publication provided important conclusions regarding the basal heart rate and its relationship to the 
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CRI result and interpretation. It also brought to the Fédération Equestre Internationale (FEI) attention 

that the CRI guidelines to veterinarians were not accurate, subsequently changed in the rules. 

Chapter V includes the submitted paper "Vet gate trotting style improves subjective gait grading in 

endurance horses compared to a lameness presentation style". This resulted from an experimental 

study conducted to address the most important finding of the study presented in Chapter II, which 

identified the horse's handling as the main factor hindering a proper gait assessment by veterinarians 

in competitions. Moreover, this study investigated the veterinarian's agreement in gait assessment 

under different conditions and using different grading systems providing further guidance for the 

definition of the ABC score system used in endurance competitions. 

Finally, chapter VI presents the paper "Salivary cortisol and infrared thermographic ocular 

temperature use as biomarkers during endurance competitions", which investigated the usefulness of 

two different non-invasive biomarkers to assess competing horses' fitness and welfare, namely 

salivary cortisol and infra-red eye temperature.  

To conclude, Chapter VII presents the research's most significant conclusions, highlighting its 

practical applications and future research directions to safeguard endurance horses' welfare in 

competition. 
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CHAPTER I: General Introduction 
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1. Overview on Endurance Sport and Equine Welfare 

Endurance rides are long-distance races designed to test the speed and stamina of a horse, in 

addition to the rider's capacity to conduct a horse across all kinds of terrain under various 

meteorological conditions. Compared to human marathons or trail races, equestrian rides are not 

continuous races but divided into phases followed by a compulsorily rest. A veterinary inspection is 

mandatory before the ride and after each phase, to ensure competing horses' welfare. The word 

endurance means the ability to bear suffering. Adopted worldwide to design long-distance 

competitions, it seems to have its etymology in old French ‘durance’ (duration), descending from the 

Latin verb durare or making hard. In turn, the words ride, and race seem to have old English and 

Germanic roots (https://www.etymonline.com). Ride (sitting on a horse) was adopted worldwide and 

adapted to the phonetics of Latin originated languages and popularized as “raid(e)” to designate an 

endurance competition. In English, endurance ride and race (contest of speed) are used 

interchangeably by the endurance community, being the first connected to a more conservative 

approach to the sport and the second with the faster flat tracks of the desert endurance in the Middle 

East. 

Equine welfare dates back far as the early 19th century, with the Society for the Prevention of Cruelty 

to Animals (SPCA) funded in 1824 (SPCAI, 2021). Since the early days, endurance rides were 

associated with horse’s fatalities generating public hostility. Protection of horses used in sport and 

racing is an incrementally topical subject in today’s society. Although being by far the discipline most 

closely monitored by veterinarians, its increasing competitivity has been precluding the desired results 

crucial for its survival in the modern world, e.g., reducing competing horses’ morbidity and absence 

of fatalities. Evidence-based regulation changes to protect the horse have been the scope in the last 

decade of the Fédération Equestre Internationale (FEI), the international regulatory body of equine 

sports. The introduction of objective non-invasive methodologies to quantify the response to 

competing horses’ exercise could, furthermore, provide unbiased information to veterinarians working 

in competitions, being this thesis’ research working scope. 

2. Historical Perspective of Endurance Riding 

2.1 The Early Days 

Horses were once the main mean of man transportation and communication, with George Washington 

reporting associated metabolic disorders already in the 18th century. Allegedly his horse foundered 

badly after a 128 km ride journey, and another horse died of a heat stroke (Frazier, 2000).  
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Recreational endurance rides were interestingly reported in several countries worldwide even before 

motorization, and the horse had lost its utility as a workforce to humankind. As expectable, the cavalry 

was in the origins of competitive endurance rides in Europe. The aim was mainly to test endurance in 

horses, an important feature for the cavalry. Competitive rides between countries were also 

organized. One of the most covered endurance rides was the Distanzritt between Berlin and Vienna, 

comprising 630 Km with an average distance of 120 km per day for five days. In 1892, a death toll of 

25 horses, out of 200 starters and 145 finishers, dying in the track was reported (Jurga, 2016). The 

horses, mostly Thoroughbreds and some Hungarian Arabian Shagyas, were given morphine to keep 

going, and the winner horse died a few hours later after passing the finish line (Crockett, 2018). 

Meanwhile, to prove western cow ponies were most suitable for the cavalry Buffalo Bill, a well-known 

figure of the American Old West, organized in 1893 the American Great Cowboy Race. This was a 

civilian 1000-mile ride from Nebraska to Chicago, the host of the World Fair in this year. Already by 

then, this brought great concern to the animal rights associations, who tried to stop the race 

considering the recent events in the Distanzritt in Europe (Serrano, 2016). For the Great Race to take 

place, the organizing commission was forced to negotiate control points along the route, where 

humane society veterinarians would examine the horses to verify there was no threat to their health. 

The first veterinary inspections in the history of endurance were born, and for the first time, horses 

could be disqualified if found to be unsound or show signs of abuse (Bache, 2017). Furthermore, 

humane society officials accompanied each of the nine competitors riding in a buggy in the last part 

of the route, and horses were examined after the ride (Serrano, 2016). 

Endurance became increasingly popular in the first half of the XX century with ordinary citizens taking 

progressively over the rides. Most rides took place in a continuous track between cities (Brussels-

Oostende, Madrid-Lisbon, Budapest-Vienna, Paris-Deauville) without defined distance or rules. In 

Uruguay, one of the countries with long-standing tradition in endurance riding, long-distance races 

were born from ordinary people, most likely inspired by the caballerias gauchas. The first long 

distance competition of 80 km, locally named as raid, was reported in 1913 with a speed of 48 km/h 

to become a national sport in 1935, dragging crowds and broadcasted live on the radio and TV until 

today (Maisonnave and Lockhart, 2012). The raid still exists today, but it has different rules from 

today’s endurance riding. For example, continued crewing is allowed with cooling being performed 

from hoses from the trucks that closely follow the horses instead of crewing points. Most likely, the 

raid represented a major influence on today’s desert endurance rides, including the desert style of 

riding, meanwhile also widespread worldwide, with the rider sitting back in the saddle with the legs 

pulled forward on long stirrups.  
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2.2 Birth of Endurance as a Sport  

Perhaps the most instrumental rule to prevent horses’ overexertion used until present times was 

introducing an ingenious gate into hold after each phase of a ride. Therewith horses had to meet a 

pulse criterion before the competition time stopped at the end of a phase, e.g., the time spent to get 

the pulse down to a pre-established level was added to the time on the track. After the finish line of a 

phase, competitors passed another timing gate. Veterinarians measured the heart rate and, once the 

pulse criteria were met, the veterinary inspection was a brief physical examination that included a trot-

up to assess gait. This area has been named the vet gate until present times. The maximum heart 

rate allowed for a horse to recover and attain it to be kept in the competition was first 72 bpm over 45 

minutes in 1962; it was then reduced to 68 bpm with shorter recovery times (Nicholson, 2007), and 

finally established at 64 bpm within 30 minutes. A vet card was also introduced to register the clinical 

parameters numerically or coded into A, B and C, and passed along to the next veterinarian for 

consultation in the next vet gate. Kerry Ridgeway, together with other founding veterinary members 

of the AERC (Mackay-Smith M., 2016), was immortalized by the Cardiac Recovery Index (CRI), also 

known as the Ridgeway Trot, a parameter that consists of two heart rate counts separated by one 

minute time during each the horse was trotted up. Early observations showed that a fit horse would 

keep a pulse at the second count not higher than 4bpm than the first count (Ridgeway, 1988). Other 

innovative rule changes to protect horses from overexertion introduced a progressive distance 

mandatory qualifying system that partially avoided unprepared horses to participate in long rides and 

the introduction of the minimum age of five years to compete.  

The concept gained worldwide acceptance and soon was exported to other regions such as Europe, 

Australia and South Africa, all founding their associations and iconic rides that subsisted until today 

(the 160 km Tom Quilty Cup in Australia and the 3-day x 80 km Fauresmith Endurance Ride in South 

Africa) with their rules being widely inspired in the AERC. In Europe, the first modern rides arise in 

France, with some of those competitions also subsisting until today (the 160 km of Florac and the 2-

day 100 km Montcuq endurance rides). The Endurance and Long-Distance Riding International 

Conference (ELDRIC), an association strongly inspired by the AERC, emerged in Europe to serve as 

an umbrella for European associations and competitions (Ancelet, 1986). Though a short-lived but 

highly dynamic endurance association (1979-2003), the ELDRIC was pivotal for developing 

endurance in Europe. It held an annual conference that encouraged research, generated scientific 

publications based on epidemiologic data (Burger and Dollinger, 1988), promoted the education of 

veterinarians and riders and defined rules for endurance riding in Europe.  
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As endurance joined the Fédération Equestre Internationale (FEI) in 1982, whose headquarters are 

based in Europe, the ELDRIC became redundant and eventually faded. The first FEI European and 

World Championships were held in France and Italy in 1982 and 1986 (FEI, 2020). The FEI rules 

were, and still are, widely inspired by the ELDRIC/AERC rules.  

Around the nineties, as the veterinary inspections became an increasingly critical point to ensure 

horses’ welfare, the competitions started to be progressively organized around the vet gate with ride 

phases or loops organized as a trefoil, e.g. with horses starting and arriving at the vet gate. Undeniably 

competitions lost much of their charm with more monotonous tracks, yet this type of set-up soon 

became the norm, as it was cost-wise more sustainable for organizing committees that did not need 

to duplicate the veterinary, judges, and timing teams continuous tracks with subsequent vet gates.  

2.3 Professionalization of Endurance and Desert Racing 

Despite becoming an FEI discipline and increasing popularity, endurance remained a backyard 

amateur activity for decades. The interest and entrance of the Middle East Countries in the discipline, 

especially the United Arab Emirates (UAE), changed the discipline paradigm from the mid-nineties 

until present times. Endurance rides, called then marathons, were first introduced in the early nineties 

in Qatar, the UAE and later in Bahrain, these three countries being still the most representative 

countries for the discipline in the Middle East. The enthusiasm was probably linked to the identification 

of endurance with the Bedouin nomad past, the use of the Arab horse as the most suitable for long-

distance riding, and the economic bust of the Middle East countries.  

The first FEI World championships in Arabic countries took place in Qatar in 1997 with a 100 Km ride, 

followed by Abu Dhabi in the United Arab Emirates (UAE) in 1998 in the usual 160 Km format and the 

World Championships for Juniors and Young Riders in Bahrain in 2005 (Burger and Dollinger, 1988). 

The UAE established the sport of endurance together with the founding of the Emirati Federation in 

1992, the same year the Dubai Racing Club for flat racing was created. Particularly the Emirate of 

Dubai propelled endurance, with His Highness Sheikh Mohammed bin Rashid Al Maktoum, Vice 

President and Prime Minister of the UAE and Ruler of Dubai, himself riding in competitions, becoming 

a matter of national pride. Many royal families in the Middle East embraced the sport, founding their 

training stables competing between them. Private wealthy owners followed. Endurance stables were 

built and were mainly inspired by racing stables models. Each stable hosted a team, each one having 

its brand and uniform. Local trainers from the racing industry or long-standing countries in endurance 

were specifically hired for each stable. Like in racing, trainers dictated the schedule, and riders 

became pilots. Many riders and trainers were hired from Europe (France, Spain, Italy, Portugal and 
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later the Eastern European countries such as Hungary, Poland, Bulgaria, Slovakia and the Czech 

Republic), Latin America (Uruguay, Argentina), Australia, the USA and South Africa. They would then 

build similar training facilities back home, powered both by horses’ sales and training. Breeding for 

endurance also fired worldwide. 

The romantic and more conservative view of endurance riding promoted by the AERC “to finish is to 

win” and “one rider, one horse” clashed with the new professional endurance-oriented for speed, 

results and the market. Many amateurs became professionals living from endurance worldwide, 

entirely dependent on the sales to the Middle East. Training techniques, nutritional and veterinary 

monitoring allowed endurance horses to reach speeds and performances thought to be 

physiologically unattainable before. Endurance became the second major discipline after show 

jumping, overtaking dressage and eventing, and becoming the fastest growing equestrian sport with 

more riders and horses in the first decade of the 21st century. Lovers of speed, the Middle East 

constructed specific flat tracks that allowed horses the galop the whole ride. To meet the new 

endurance, organizing committees started to organize flatter competition in flat terrain to attract Middle 

East sponsors and riders in their competitions. Only a few historic endurance rides survived the trend. 

Saddles became very light and adapted to sitting galop. The desert-style riding, e.g., a galop where 

the rider sits back in the saddle, brings his legs forward to the shoulder blade level with very long 

stirrups, considered contrary to any classic equitation technique, was adopted worldwide and proved 

to be efficient (Viry, 2014). Casual wear with training pants and tennis shoes became the mainstream 

in endurance. Permanent structures only for endurance competitions with state-of-the-art vet gates 

and electronic timing systems such as the Dubai International Endurance City and the Emirates 

Endurance Village in Abu Dhabi were built. However, being primarily occupied by deserts and a 

climate unfavourable to horse breeding, the Middle East had to rely upon horses bred elsewhere.  

All this generated an unprecedented market previously inexistent for the endurance horse that 

boosted the endurance industry, especially in countries with a tradition in breeding, such as France, 

Australia, South Africa, Uruguay and Argentina. Furthermore, because of the harsh climate from April 

to October, which precluded competitions during these months, training centres were built in Europe 

and other countries or horses were given to local training centres to be trained. This also allowed 

wealthy owners to compete in Europe in Summer. A permanent venue was built in Newmarket in the 

United Kingdom. The Euston Park allowed the UAE to continue to organise competitions during the 

summer. Many competitions started to be sponsored by the UAE, Bahrain, Qatar and Oman with prize 

money, only existent in the Middle East. 

All factors quickly led to the professionalisation of the sport in countries with a long-standing tradition 

in endurance. Inevitably, it also led to a professionals’ dependency from the Middle East countries, 
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particularly Dubai, the leading purchaser of endurance horses. The exponential rise of starters and 

events in the Middle East led to competitions in the endurance countries to qualify and value horses 

to supply the market. If unawareness of training methods were once the cause of many accidents, 

primarily metabolic, nowadays, accidents became a consequence of the highly specialised training 

methods that allowed performances that the musculoskeletal system does not hold and, 

unfortunately, many times cannot be anticipated. The highly specialised training allowed horses to 

have unforeseen performances, but musculoskeletal breakdowns such as racing started to occur. 

3. Outline of an FEI Endurance Competition 

Endurance rides are not continuous races. The competitions are divided into loops ranging from 16 

to 40 km each, followed by a veterinary inspection in a designated area known as a vet gate (VG). 

Once horses cross the finish line of each loop, a limited time of 15 minutes is allowed to meet the 

pulse criteria, currently 64 bpm. Phase or competition time is therefore constituted by the time spent 

racing in the track and recovery time, e.g. the time that mediates from crossing the finish line of the 

phase and entering the vet gate area where the veterinary inspection occurs.  

The heart rate is the first parameter to be measured by veterinarians using either an electronic heart 

rate monitor or a stethoscope. If the pulse criterion is not met, riders have a second chance to present 

the horse within 15 minutes. A short recovery time is a crucial parameter for success in endurance 

rides and accounts significantly for the market value of a horse. Therefore, great effort is placed by 

competitors and crews in getting the pulse down as fast as possible by watering the horses with ice-

cold water in the designated recovery area, especially in warm weather. A horse that will not meet 

pulse criteria fails to qualify for metabolic reasons (FTQ-ME) and needs to be mandatorily examined 

by a treating veterinarian to decide whether a treatment is needed. If passing successfully the 

veterinary inspection, a compulsorily rest period between 20 and 60 minutes must occur after that 

and before the start into another loop (FEI, 2021a).  

The last vet gate does not work as a gate into a hold to keep the competitiveness of the last loop, e.g. 

it is the first dyad rider-horse crossing the finish line is the winner. Nonetheless, a maximum time of 

20 minutes to present a horse within pulse criteria is compulsory to validate the qualification and 

position in the composition. 
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4. The Veterinary Inspection 

Veterinary inspections are compulsory and carried out by a veterinary commission (VC) in the vet 

gate (VG) to determine if horses are fit to compete or if, after the last phase, they are sound enough 

to earn the classification obtained when crossing the finish line (FEI, 2021b). The veterinary 

inspections take place before the competition (preinspection), after each phase (inspection) and 15 

minutes before a start into the next phase (re-inspection). In international rides, veterinarians must be 

accredited by the FEI in Endurance Official Veterinarians (EOVs). Since 2006, veterinarians are 

classed in a star-system level (2, 3 or 4-star) according to their experience and mandatory training 

(FEI, 2021b).  

Horses can be eliminated by EOVs at any time, even after crossing the finish line, if deemed not to 

be fit enough to compete. Veterinary inspections assess the metabolic condition of a horse essentially 

through a physical examination. The first parameter to be measured is the heart rate. Once the pulse 

criterion, e.g. ≤ 64 bpm, is met, the veterinarian proceeds with the examination to assess the metabolic 

condition and the soundness of the gait. If the pulse criteria are not met, the horse will immediately 

exit the vet gate and is allowed to re-present once more (heart rate re-inspection) within the recovery 

time allowance. The metabolic condition is evaluated by evaluating mucous membranes and capillary 

refill time, skin tent, and gut sounds. The horse is trotted forth and back in a 40m lane to assess the 

gait. One minute after the trot-up start, a second rate is taken and subtracted from the first to calculate 

the cardiac recovery index (CRI). The CRI is not an eliminatory parameter per se but is used as an 

early indicator of fatigue if higher than 4bpm (Ridgeway, 1991) provided the basal heart rate is ≥ 

60bpm (Robert et al., 2002). Caution must be taken not to over-interpret the CRI when the basal heart 

rate is close to physiologic levels, such as in the re-inspections, where a higher CRI is expected (de 

Mira, Williams et al. 2020).  

A decision to fail a horse has to be legitimated by a panel composed of at least three veterinarians 

voting anonymously, called upon the request of one veterinarian. Horses are failed to qualify by the 

VC either for metabolic reasons (FTQ-ME), gait irregularities (FTQ-GA), or an injury such as a 

traumatic or tack-related wound or soreness (FTQ-MI) and the cause published with the results. Most 

FTQ-ME are due to high heart rates not meeting the pulse criteria within the time allowance. However, 

horses might be failed by the veterinary panel even if showing combined signs of fatigue and 

metabolic morbidity, such as congestive mucous membranes with a capillary refill time n≥ 2 seconds 

(s), decreased gut sounds, hyperventilation, demeanour and refusal to trot up, and a high CRI. 
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4.1 Record Format of Clinical Parameters in Endurance 

The clinical parameters obtained at each veterinary inspection are registered in a paper-based or 

electronic veterinary card (vet card) that will follow a horse throughout a competition and be consulted 

anytime by competitors and veterinarians. The vet card is essential because veterinarians can recall 

or consult the evolution from the previous vet gate when performed by a colleague. Parameters that 

can be quantified in heart rate counts, capillary refill time, and skin tent are noted in numbers (beats 

per minute or seconds). All other qualitative parameters, such as mucous membranes, gut sounds, 

muscular tonicity and gait, are registered in an A, B, and C score system, originally introduced by 

Americans in the AERC rules. Briefly, an A score stands for soundness, a B score for an acceptable 

abnormality to compete and a C score as a marked abnormality. Only the first heart rate count and 

gait are eliminatory per se. A horse that scores a C in gait will be automatically classed as an FTQ-

GA, was necessarily trotted in front of a panel composed by three veterinarians and deemed to 

anonymously fail, using voting slips (offering options pass/fail), by at least two members. Before 

voting, the panel can ask for a re-trot, either because the horse was not trotted properly or because 

one or more members could not make up their minds. 

4.2 Interpretation and Subjectivity of Endurance Scores 

Currently, written guidelines on how to classify the different parameters are not provided by the FEI 

in the rules and only briefly referred to in presentations during the two-day mandatory courses for 

endurance officials held every four years. Most veterinarians will learn from other experienced officials 

at competitions. However, in countries with solid rider associations with long-standing endurance 

rules for national competitions, such as the USA and Australia, the meaning of each score is detailed 

and illustrated with online pictures and videos (AERA, 2020a; AERC, 2016). Only recently, the 

interpretation of FEI vet gate parameters was published as supplementary material in a peer-reviewed 

publication (Bennet et al., 2020) without open access and thus not accessible to everyone (Annex II). 

This might contribute to subjectivity, in particular, gait assessment due to its eliminatory nature and 

depreciative impact on horses’ published performance reports, which often is a cause of dispute of 

competitors with veterinarians on-site ads on social media (de Mira M.C. et al., 2019). 

5. Epidemiological Studies on Elimination Rates in Endurance 

Completion rates (starters subtracted from horses failing to complete) in endurance competitions are 

reported to be traditionally around 50-60% (E. D. Bennet & Parkin, 2018; Burger & Dollinger, 1988; 

Nagy et al., 2014; Younes et al., 2016) Those rates seem not to have worsened overtime, being 
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mainly dependent on the region where competitions take place (Nagy et al., 2014a) and the inclusion 

criteria of studies, e.g. whether qualifying rides with controlled speed and lower mileage are included 

or not in the studies (Table 1). Countries with a long-standing tradition in endurance that favour slow 

hilly and scenic tracks such as the USA, Australia/New Zealand, and South Africa/Namibia, show 

higher completion rates than Middle East countries with fast competitive flat tracks. Also Europe with 

tendentially flatter tracks to meet the horses’ sale market, which favour speed, show lower completion 

rates. 

 

 

 

 

 

   Fig. 1: Reported completion rates in endurance competitions 

Most horses (80%) that fail to complete a competition will be eliminated or failed to qualify by 

veterinarians during the vet gate inspections (Table 2). Endurance has abnormally high elimination 

rates when compared to other disciplines (Bennet 2017), resulting from the duration and effort of the 

sport and the number of veterinary controls to avoid severe injuries at all costs. Gait irregularities are 

the foremost cause of a horse failing to qualify, accounting for two thirds to four fifths of all eliminations 

(Bennet and Parkin, 2018b; Burger and Dollinger, 1988; Di Battista et al., 2019; Fielding et al., 2011; 

Marlin and Williams, 2018; Nagy et al., 2013; Nagy et al., 2010; Nagy et al., 2014a; Younes et al., 

2016) (Table 3). On the competitor’s side, a failure to qualify affects the outcome of a competition, 

eventually an award or prize money, and can have a significant impact on the horse’s market value, 

causing therefore often resentment towards veterinarian’s decisions (Mira et al., 2019).  

Endurance riding has since its origins been associated with severe injuries due to the intensity of the 

effort (Serrano, 2016) However, there has been a shift in the last decades from metabolic injuries with 

fatal outcomes to stress fractures, similarly to racehorses (Misheff et al., 2010).  The discipline evolved 

in the last two decades from an amateur activity into a highly professionalised sport. The increasing 

competitiveness of the sport, partly driven by a continuous necessity to promote horses in a discipline 

traditionally without prize money and, thus, whose professional’s livelihood depends on the horse 
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market and training for wealthy owners that want results, still leads, despite stricter and more 

penalising FEI policies, to the occurrence of musculoskeletal accidents. The current expertise of most 

professional riders/trainers enables them to recognise a metabolically ill horse in most cases and, 

therefore, to withdraw voluntarily or accept a decision to eliminate a horse from the competition by a 

veterinarian. In addition, the perception of a lesser risk for the horse (according to the old saying, 

"Lame horses don't die") makes the triad rider/trainer/owner much less prone to accept elimination 

and often elicits complaints towards veterinarians (de Mira M.C. et al., 2019). Moreover, catastrophic 

musculoskeletal injuries, particularly stress fractures due to a reported mismatch between clinical 

signs and pending severity, can be hard to predict and, therefore, to prevent (Davidson and Ross, 

2003; Milgrom et al., 1985). How many veterinary inspections prevent severe and catastrophic injuries 

and how many unjustified eliminations occur were not yet quantified and warrant investigation.  

 

 

 

 

 

 

 

Fig. 2: Published reasons for not having completed a competition - proportion of horses failed at a veterinary 

vet gate versus other reason 
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Fig. 3: Published reasons for having failed at a vet gate - gait, metabolic and unknown reasons 

6. Factors Identified as Predictive for Non-Completion at Endurance Competitions 

Horses will not complete a competition for various reasons, being the most important cause to be 

failed by veterinarians in inspections at vet gates. A much smaller percentage will not complete 

because the competitor did not comply with the competition outline, such as being out of time or 

missing the right track. Various studies investigated which factors related to competition performance 

(speed and recovery time), vet gate parameters, horse, rider, venue, competition format, the rider 

would have a predictive value on the horses' outcome (Bennet et al., 2020; Bennet and Parkin, 2018a; 

b; 2020; Di Battista et al., 2019; Fielding et al., 2011; Nagy et al., 2014a; b; Younes et al., 2015). 

The most significant finding was the recent demonstration of the predictive value of a recovery time, 

the threshold of failing the next vet gate (Younes et al., 2015). This study performed in 7032 starters 

showed that recovery times of more than 11 and 13 minutes at vet gates 1 or 2 and 3 and 4 would 

predict in 70% of the cases an FTQ in the next vet gate. Although, as shown previously, speed 

increases the risk to FTQ (Bennet and Parkin, 2018a; Younes et al., 2016), recovery times predictive 

value is potentiated but independent of speed (Younes et al., 2015). These studies triggered two 

recent changes in FEI rules: the reduction of the recovery time allowances and extra penalisations for 

riders eliminated at more than 20km/h. Other identified factors predictive of non-completion were for 

horses not having Arabian blood, having participated in a competition in the last 90 days and a 

previous FTQ history. Previous FTQs and being a male horse or rider also increased the risk (Bennet 

and Parkin, 2018b; Nagy et al., 2014b). Moreover, a larger field size (> 61 starters), a segment of the 
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track with deep sand, a longest ride class seem to reduce the chances to complete a competition 

(Bennet and Parkin, 2018b; Fielding et al., 2011; Nagy et al., 2014b; Younes et al., 2016).  

7. Morbidity and Fatality Rates at Endurance Competitions 

The FEI annual report registered a peak of 20 fatalities from an approximate number of 14 250 starters 

worldwide in 2012 (0.14%), which steadily decreased to 7 in 16 000 starters in 2019 (0.04%) (FEI, 

2019) (Annex 2 a.). A study of 252 738 starts (AERC) in the USA between 2002–2013 showed 67 

fatalities in endurance rides, e.g. a fatality rate of 0.03% over 12 years (Balch et al., 2014) , lower 

than the fatality rate of 0.08% in FEI rides over nine years with 101 fatalities. However, the latter only 

reflects international but not national competitions, which on the one hand could be lower taking into 

account the slower and shorter distance rides, but on the other hand, could also be higher due to the 

faster national races in the Middle East. Interestingly, 45 to 67% of the FEI fatalities were of 

musculoskeletal origin (Annex 2 b.), while 81% of the AERC fatalities were related to acute abdominal 

pain with gastric rupture in 12% (Balch et al., 2014). This most likely represents the evolution of 

endurance rides into much faster races, which brought injuries similar to racehorses resultant from 

the continuous load, such as stress fractures with similar incidences  (Misheff et al., 2010). 

Although the exhaustive study of predictive factors of non-completion in endurance rides, an 

investigation addressing risk factors of morbidity (horses deemed to need a treatment) or fatalities 

(sudden death or humane euthanasia) in competitions is still missing. Even if far from the fatality rate 

of 13% (25 of 200 starters) reported at the Vienna-Berlin endurance ride (Jurga 2016) at the end of 

the 19th century (Serrano, 2016), the current contribution of elimination rates to prevent morbidities 

or fatalities needs yet to be quantified. Indeed, 46 of the 67 AERC fatalities were horses that were 

failed by veterinarians, but 21 completed the ride and were judged fit to continue. 

8. Subjectivity of Gait Evaluation and Objective Gait Quantification 

Until recently, objective gait analysis technology for lameness detection outside the laboratory was 

impractical and cost-prohibitive because it required expensive equipment and software, complicated 

horse instrumentation and extensive data collection and analysis (Keegan, 2011; Riber et al., 2006b). 

New technologies have changed this paradigm, making objective lameness detection and 

quantification in horses exercising outdoors relatively quick, technically undemanding and 

inexpensive (Keegan, 2011). 

When considering the importance of lameness detection during endurance competitions concerning 

horse welfare and race outcome, the limitations of lameness detection based exclusively on a brief 
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subjective examination would suggest that using an objective gait analysis system to support 

lameness detection would likely benefit all segments of the equine endurance industry. A recent study 

involving FEI veterinarians evaluated the intra/inter-observer agreement of 'fit-to-compete' versus 

'non-fit-to compete' judgements and compared the results with a quantitative-gait-analysis system 

(Sloet Van Oldruitenborgh-Oosterbaan, 2018). The judgment of mild lameness proved difficult 

between observers, but surprisingly, between observations performed by the same observer over 

time, although the first evaluation was performed live and the second through video. In fact, perhaps 

one of the most common complaints following an elimination for lameness is related to the perception 

of the competitors that the lameness that originated the elimination was the same as in a previous 

veterinary inspection, where the horse passed, or less than horses perceived as lame (MM, personal 

observations). Therefore, since a cut-off value in a competition context using objective gait analysis 

may be hard to establish, objective evolution of lameness during the competition of one horse could 

be used for veterinarian’s consultation. A recent study investigating normal variation between trial, 

day and horse in gait quantification showed that inter-measurement variation should be expected, 

even for sound horses. However, less variation was seen within the same horse and increasing 

repetitions than between different horses (Hardeman, 2018). 

9. Biomarkers Used to Assess Welfare in Sport Horses Non-Invasively 

Although endurance competitions record the highest elimination rates of all equestrian disciplines and 

the strictest FEI rules, the recurrence of catastrophic injuries in endurance, particularly 

musculoskeletal (Bennet and Parkin, 2018b; Marlin and Williams, 2018; Nagy et al., 2014a), frustrates 

not only competitors but also veterinarians. Moreover, the ongoing social license debate centred on 

the health and growing welfare concerns with equine athletes arising from the public and society 

(Heleski et al., 2020; Williams and Marlin, 2020), largely reflected on social media (Campbell, 2016), 

jeopardise not only horseracing but equestrian sport in general. As a result, there is a current quest 

for solutions to objectively quantify stress in horses during exercise.  

A biomarker can be defined as a characteristic, substance, or process that can objectively be 

measured and evaluated as an indicator of normal biologic or pathogenic processes and predict the 

outcome (Strimbu and Tavel, 2010). The attractiveness of their utilisation in sports consists of finding 

a biomarker that provides an accurate measurement about the compliance of an athlete to the 

undertaken exercise. This is particularly important in equine athletes because they cannot vocalize 

distress or pain as humans and cannot decide for themselves (van Loon and Van Dierendonck, 2018). 

However, biomarker testing poses some challenges in exercise physiology, i.e. limited sensitivity and 

specificity of single biomarkers to detect injury risk, interindividual variance in absolute values and 

relative changes; results/reliability are also dependent upon the context and type of exercise, which 
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can result in poorly defined reference ranges for athletes. (Lee et al., 2017). Moreover, exercise is 

naturally a stressor and induces a biological response to exercise that is difficult to interpret as an 

enhancer or a limiting factor for the sporting ability of an athlete (Bartolomé and Cockram, 2016).  

Furthermore, during competition horses face a mixture of stressors, including transportation (Schmidt 

et al., 2010b), a new and a noisy environment (Peeters et al., 2013), separation from stable mates 

(Hartmann et al., 2011) and, specifically in endurance, exposure to large conglomerations of 

unfamiliar horses in large starts. This complicates the interpretation of biomarker levels because it is 

hard to differentiate the impact of the different stressors on the welfare from the horses’ performance. 

Musculoskeletal pain from an injury might also arise during a competition (Dyson et al., 2018). 

However, the impact of pain and discomfort caused by lameness, back-pain, ill-fitted tack and rider 

on biomarkers is not known in the exercising horse (König v. Borstel et al., 2017). 

9.1 Salivary Cortisol 

Exhaustedly studied in horses to determine stress levels and the response to different types, 

intensities and durations of exercise in sport and racehorses, including endurance, cortisol is the end 

result of the activation of the hypothalamic-pituitary-adrenal (HPA) axis as a response to any 

psychological or physical stressor. This response is greatly influenced by intrinsic factors (age, 

gender, breed, inherited temperament, experience) and extrinsic environmental factors. The first 

studies were performed in plasma, but the identification of the free circulating, i.e. the truly biologically 

active component of blood cortisol in saliva, and its validation in horses (Peeters et al., 2011), made 

the collection of this biologic fluid, especially due to its non-invasiveness, much more popular (Peeters 

et al., 2011). Salivary cortisol (SC) was investigated at rest as a pain-induced marker in the saliva of 

healthy and diseased horses (Contreras-Aguilar et al., 2019), and also humans (Symons et al., 2015) 

when vocalization is impaired. Physical activity can dramatically raise the concentration of SC in 

athletes subjected to different forms of exercise (Nunes et al., 2011). The stress response to different 

types, intensities and durations of exercise in sport horses was described before (Becker-Birck et al., 

2013; Cayado et al., 2006; Janczarek et al., 2013; Jastrzębska et al., 2017; Munk et al., 2017; Peeters 

et al., 2013; von Lewinski et al., 2013).  

It was previously reported that the degree of increase in cortisol seems to reflect better the duration 

of workload rather than work intensity (Hyyppä, 2005). This was inferred because endurance riding 

was reported to induce higher increases in cortisol than other equestrian activities such as show 

jumping, eventing and racing (Desmecht et al., 1996). However, most studies indicate that both high 

intensity and endurance exercise cause an increase in cortisol in humans (de Graaf‐Roelfsema et al., 
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2007). In endurance exercise, the highest SC increases were reported to occur in the first half of 

competitions and to stabilise in lower levels (Janczarek et al., 2013; Kędzierski and Cywińska, 2014; 

Rose et al., 1983). This observation was also reported in human athletes, whose cortisol levels 

increased after short-term and decreased after prolonged, i.e., lasting several hours, exercise (Viru 

and Viru, 2004). It is, however, difficult to distinguish the exercise-related (physiological) from the 

emotional related (psychological) stress induced by extrinsic factors that are dependent on intrinsic 

factors, such as age or experience and temperament, which might be better represented by ocular 

temperature (Negro et al., 2018). 

9.2 Eye Temperature Measured by Infra-Red Thermography 

The rise of the eye caruncula temperature measured by infrared thermography was reported as a 

reliable indicator of stress in animals. It was often studied together with salivary cortisol 

measurements to assess the stress response to transportation (Schmidt et al., 2010a) and husbandry 

procedures (Yarnell et al., 2013). Equestrian practices deemed to cause discomfort to the horse, such 

as neck hyperflexion (Hall et al., 2014) or a tight noseband (Fenner et al., 2016), were also studied. 

It is believed that the rise in eye temperature represents an emotional response to stressors, including 

exercise, i.e. a measure of emotional reactivity to effort, that can have a beneficial or detrimental effect 

on performance. In the same line of this research, eye temperature was recently proposed as a 

selection tool to help identify emotional reactivity as a desirable, or undesirable, a trait to performance 

according to the intended use of the horse (Negro et al., 2018; Sánchez et al., 2016). 

Like SC, the rise of eye temperature is believed to result from the activation of the HPA axis, which 

ensures an increase of the periorbital blood flow in stressed animals (König v. Borstel et al., 2017). 

One of the proposed added values of the use of eye temperature is its potential independence of the 

effort effect and, thus, a valid mean of evaluating emotional stress in exercised horses (König v. 

Borstel et al., 2017). In sport horses, eye temperature was investigated in showjumping (Bartolome 

et al., 2013; Valera et al., 2012) and dressage competitions (Sánchez, Bartolomé, & Valera, 2016), in 

Standardbred harness races (Negro et al., 2018), in flat race Arabian and Thoroughbred horses in 

training (Soroko et al., 2016), but nor endurance. 

9.3 Future Perspectives 

It is still challenging to untangle emotional distress and experienced pain from the effort stressor in 

the exercising horse. As the scientific community has recognised these limitations, there has been a 

shift in the last years investigating behavioural indicators of distress due to pain, such as the grimace 
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score and conflict behaviours. An attractive, innovative approach is artificial intelligence through video 

analysis of facial pain expression to assess animal welfare through physical manifestations 

(Andersen, 2018).  

Compared with horse racing, endurance riding research to prevent severe and catastrophic injuries 

is still in infancy. Despite data-driven rule changes, as it is currently taking place in endurance, other 

efficient and affordable non-invasive biomarkers are being investigated (Page et al., 2021). Omics, or 

the study of protein, genetic material (both DNA and RNA, including microRNAs—small non-coding 

ribonucleic acids) and metabolites, is a new research area whose value in fracture prediction has 

been investigated in the last years in horses and humans (Lee et al., 2021). Tested on blood, and 

thus invasive, the expression of mRNA studies in horseracing (Page et al., 2021) and in endurance 

(Mach et al., 2016) have not yet proven its efficiency. 

10. Objectives 

Non-invasive biomarkers indicative of pain, if used concomitantly with inertia sensor-based devices 

to quantify locomotion, could help target more efficiently non-fit horses to compete in endurance and 

reduce unnecessary eliminations. 

The general goal of this thesis was to explore the potential usefulness of non-invasive techniques in 

the gait and welfare assessment of endurance horses. The specific aims of each of the performed 

studies were:   

1.) To document the necessity of this study by characterising the difficulties encountered by FEI 

Endurance Official Veterinarians (EOV) in gait evaluation during endurance competitions, the 

frequency of rider confrontations after deciding to eliminate a horse and the receptiveness of EOV's 

to new objective technologies to quantify lameness. 

2.) To start assessing the feasibility of detecting and quantifying gait during endurance 

competitions with an inertial sensor-based system.   

3.) To investigate the impact of a time delay necessary to instrument a horse with sensors for gait 

analysis on the Cardiac Recovery Index (CRI). 

4.) To determine the impact of two different trotting presentation styles, e.g., a regular trot-up as 

for a lameness workup and a trot-up as interpreted by handlers in a competition scenario at a vet 

gate, in the subjective scores and agreement of FEI endurance veterinarians 
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5.) To determine trends in salivary cortisol and eye temperature measured by infrared 
thermography and its variation before and during endurance 
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Abstract 

Background: To minimise the chances of failing to qualify due to lameness, it is anecdotally 

acknowledged that horses are trotted up differently at endurance competitions than during regular 

lameness workups. 

Objectives: To investigate how a lameness workup (LWP) or a vet gate (VGP) trotting presentation 

style affected the agreement of experienced Fédération Equestre Internationale (FEI) endurance 

veterinarians using an 0-5 lameness grading scale (LGS) and the ABC endurance score systems 

when evaluating videoed trot-ups of slightly lame horses but likely to pass the vet gate evaluation.  

Study design: Observational study with replicated measurements 

Methods: Thirty-three horses slightly lame as defined by their owner/handler/vet, actively competing 

in endurance were trotted by experienced handlers in two presentation styles (LWP/VGP) and 

instrumented with a body inertial measurement unit system (IMUs). Six FEI 4-star veterinarians blindly 

evaluated videos of the horses. Speed was collected by a GPS watch. A generalised linear mixed 

model assessed the effect of presentation styles and speed, including trotting surface, handler on 

subjective scores. The predictability of 0-5 LGS and IMUs overall symmetry to determine fitness to 

compete was analysed using a Receiver-Operating Characteristic analysis. Subjective agreement 

was assessed by intra-class correlations. 

Results: The interaction between VGP trotting style and speed elicited significant lower scores on 

the 0-5 LGS [F=2.49 (0, 5), p=0.03] and [F=2.62 (1, 4), p<0.01] and ABC endurance score [F=2.62 

(1, 4), p<0.01]. Moderate and higher speeds generated lower scores in the VGP (p<0.01) than the 

LWP, but there was not a significant difference between trotting styles in slow speed. LGS recorded 

excellent predictability for gait-related failing to qualify (AUC: 0.93, CIs: 0.90 – 0.95), with a lameness 

grade > 1 on the 0-5 LGS (88% sensitivity and 90% specificity) proposed as a threshold for failing a 

horse. 25% of the trot-ups deemed fit to compete showed severe lameness (>18mm front or 9mm 

hindlimb) with the IMUs. Veterinarians scored lower grades more frequently in hind than in forelimb 

lameness (p=0.012), while there was no difference in the IMUs analysis. 

Main limitations: Video-analysis does not entirely reflect live evaluations and is known to reduce ICC 

among raters. Handlers’ order was not randomized.  

Conclusions: VGP style coupled with higher trotting speeds improves lameness scores when 

evaluated by veterinarians using both the 0-5 LGS and ABC endurance scales. The 0-5 LGS showed 

excellent predictability for gait-related failure to qualify; however, many horses deemed fit to compete 
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were objectively severely lame. Front vs. hind limb lameness are unequally scored by experienced 

FEI veterinarians. 
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Introduction: 

Compulsory veterinary inspections to determine if horses are fit to continue to compete take place 

before and after every phase of endurance competitions and after the last phase, to ensure horses 

are sound enough to earn the classification obtained when crossing the finish line. Inspections are 

performed by a veterinary commission (VC) in an assigned area called the vet gate (VG) (FEI, 2021a; 

b). A decision to fail a horse must be legitimated by a panel composed of three veterinarians voting 

anonymously, called upon the request of one veterinarian. Horses are eliminated either for metabolic 

reasons or lameness, and the cause is published with the event results. The intensity and duration of 

the effort, along with the number of veterinary controls to prevent severe injuries result in high rate of 

horses failing to qualify in endurance when compared to other equestrian disciplines. Lameness is 

the primary reason for a horse failing to qualify to continue competing in endurance, accounting for 

approximately 70% of all eliminations (Marlin and Williams, 2018). 

Despite the importance of gait assessment, guidelines offered to official veterinarians by the FEI rules 

on how to interpret and establish a threshold to fail a horse for lameness in endurance competit ions 

are scarce. The only definition provided in the veterinary rules (FEI, 2021b) is that: ‘any pain-induced 

irregular gait in a 40 m forth and back straight-line trot-up observed without a limb flexion or deep 

palpation should lead to a failure to qualify’. No further details are given, but veterinarians are required 

to classify gait as fit to compete, grading as either A, i.e., sound or B, i.e. a not consistent irregular 

gait; or not fit to compete, grading as C, i.e. clearly consistently lame. Apart from additional indications 

received by email once in 2013 (FEI, 2013) with the same brief presentation at mandatory FEI courses 

and, more recently, in a non-open access published study funded by the FEI (Bennet et al., 2020), 

official veterinarians have no access to other written guidance, relying mostly on their individual 

knowledge, and therefore make decisions based on their own or shared experiences with other OV’s.  

Within national federation endurance rules for countries with a longstanding tradition in endurance, 

for example the United States, Australia or South Africa, scores are explained more in detail (AERA, 

2020b; AERC, 2016; ERASA, 2018), and further advice is given on the importance of being consistent 

in classifying gait throughout competitions (AERA, 2020b) (Information resumed at Supplementary 

Table S1). The American Association of Equine Practitioners (AAEP) 0-5 lameness scale, used by 

many practitioners in their daily practice worldwide, is used to score gait in American Endurance 

Riding Conference (AERC) endurance rides, whose rules state that grades 1 and 2 translate to a 

horse being fit to compete. In a recently published paper, only a 58% agreement was found in judging 

sport horses fit or not fit to compete by experienced FEI veterinarians, but no relationship with an 

ordinal score was investigated (Serra Bragança et al., 2020). Inter- and intra-rater agreements for 

equine lameness assessment are reported to be low, especially in mild lameness, e.g. ≤1.5 

(AAEP)(Keegan et al., 2010). However, the ABC scale used in other endurance rules (AERA, 2016; 
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ERASA, 2018; FEI, 2021a) incorporates more parameters than gait regularity, such as rhythm, 

elasticity and vigour, and more subjective and colloquial characterisations such as “a horse not 

showing itself off very well” (Bennet et al., 2020). To fail due to lameness (C score), a horse has to 

be clearly lame (Bennet et al., 2020). To the author’s knowledge, no previous studies have addressed 

if a C score is interpreted by veterinarians as a "2" or a "3" grade, when using a 0 to 5 lameness 

grading scale. Moreover, it is tacitly acknowledged by the endurance community that a routine 

lameness workup trot-up presentation (LWP) differs from a presentation performed at an endurance 

competition (i.e., vet gate) (VGP), where the handler aims to minimise the chances of the horse 

showing any lameness. Furthermore, often a specific handler with better trotting skills is assigned to 

present a horse, especially when the voting panel is called. As expected, the handler trotting a horse 

was considered by 94% of FEI endurance veterinarians as the most critical factor disturbing lameness 

evaluation in competitions (de Mira M.C. et al., 2019). Handlers might intentionally or unintentionally 

rise the trotting speed, which has been reported to improve the lameness score assigned by 

evaluators (Starke et al., 2013), or interfere with the horse’s head position by pulling, lifting or other 

adjustment to avoid a consistent head nod(de Mira M.C. et al., 2019). 

The aim of this study was to investigate the repeatability and agreement of six experienced FEI 

endurance veterinarians’ scoring using a 0-5 lameness grading scale (LGS) and the ABC 

endurance score system, when blindly evaluating videoed trot-ups presented in a lameness 

workup (LWP) or a vet gate (VGP) presentation style. It was hypothesised that a VGP would be 

performed at a higher speed and generate lower lameness scores than LWP. Additionally, the 

study aimed to compare the 0-5 LGS and the collected objective data, interpreted by previously 

reported guidelines, with the ABC endurance score. A threshold in the 0-5 LGS and objective 

overall symmetry calculations for the outcomes PASS (A and B scores) and FTQ (C score) was 

also investigated. 
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Material and methods: 

Horses 

Thirty-three horses (11 mares and 22 geldings) actively competing in endurance, deemed by the 

owner or stable’s veterinarian to have at some point shown a slight lameness, but likely to pass a vet 

gate evaluation (B trot) from five stables in Portugal (stables 1, 2 and 3) and Dubai (stables 4 and 5) 

were included. Exclusion criteria were lameness of 3 or more out of 5 observed by the first two 

authors, 0-5 lameness grading scale (0-5 LGS), with a "0 grade" corresponding to no lameness and 

a 5 grade to a no weight-bearing lameness, which excluded one horse. Information regarding breed 

and age were retrieved from the FEI data base (https://data.fei.org/). Eighteen horses were registered 

as purebred Arabians, six as Part Bred Arabians, two as Anglo-Arabians, and six as unknown breed. 

The mean (±SD) and median (±IQR) age of horses was 10.8(±3.2) and 10.0(±3.0) years, respectively.  

Handlers and trot-up instructions 

Experienced handlers accustomed to trot at endurance competitions or working at professional 

endurance stables were assigned and asked to trot the horses back and forth for visual lameness 

examination in two different styles: as a regular lameness workup presentation (LWP) for the stable’s 

veterinarian and as a vet gate presentation (VGP) for an official endurance veterinarian. No further 

instructions were given since, as expected, all handlers elected to trot horses differently in the two 

scenarios. Each horse was trotted by three different handlers using the two trotting styles twice and 

a total of 13 handlers were used in the study. Distribution of handlers per stable and horse can be 

consulted in Figure 1. 

Trot-ups and inertial sensor-based gait analysis system 

In the three first stables (Portugal), horses were trotted in a firm dirt terrain, in contrast to the last two 

stables (Dubai) that had a specific built-in hard and even trotting surface lane. The turning point was 

set at 40 m from the starting point. After a dynamic visual examination of a back-and-forth trot-up by 

the first author, the horses were instrumented with four inertial measurement units (IMUs)a (Lameness 

Locator): attached to the poll with a felt head bumper, taped to the midline of the withers, taped 

between the sacral tuberosities, and a fourth unit (consisting of a uniplanar gyroscope to measure the 

rotation of the limb in the sagittal plane) taped to the dorsum of the pastern of the right frontlimb. After 

habituation to the trot-up area, each horse was trotted twice in hand, back and forth in a straight line 

in each trotting style, by each of the three handlers, making a total of 12 trials per horse (Figure 1). 

https://data.fei.org/
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Handler order was randomised, but the trotting style order was maintained. Each trial was registered 

by the IMU system and simultaneously recorded by one video camera mounted on an automated 

zooming robotb. Data from the IMUs were wirelessly transmitted to a computer tablet and saved for 

analysis. A GPS Polar® watch was placed in the wrist of the handler to record the trotting speed of 

the horse and handler. Data were collected at a frequency of 1Hz and retrieved into the Polar Flow® 

software, which allowed the identification of the distance covered in the trot-up and speed. Data were 

computed into Python 3.7.4, for uniformisation, all trot-ups were trimmed to a (forth) starting and 

(back) ending speed of 6.9 km/h, the reported speed at which Arabian horses start to trot (Griffin et 

al., 2004). 

 

Fig. 1: Study Design. Distribution of handlers and horses by stable. After habituation to the trot-up area, each 
horse (n=32) was trotted twice in hand, back and forth in a straight line in each trotting style, by each of the 
three handlers, randomly assigned, making a total of 12 trials per horse. A total of 384 videoed and objectively 
measured trot-ups were obtained. Of those, 86 videoed trot-ups with objective measurements were selected to 
enter the study and of those 14 were selected to be repeated, making up a final sample of 100 videos, each 
sent with a questionnaire to six FEI 4* veterinarians (Vet). A total of 520 answered questionnaires (scores) were 
generated, where 420 identified the Vet, and could therefore be used for Intra-Class Correlation (ICC) analysis, 
but the remaining 160 did not. Lameness Work-Up Presentation. VGP: Vet Gate Presentation. n (number or 
trot-ups or scores). 

Speed collection and analysis 

Video-analysis  
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Each trial was simultaneously recorded with one camera mimicking the standing position of a 

veterinarian in a vet gate, e.g., trotting away and back, for further subjective lameness evaluation. As 

each horse was trotted by three different handlers, and each handler trotted each horse twice at two 

different styles for security of sampling, i.e., each horse was trotted 12 times; a sample of 384 videos 

was obtained. Any video with low quality and or with missing objective measurements data were 

excluded. The first author then randomly selected an equal amount of sound, front and hindlimb 

lameness videos. Furthermore, the best quality video including trot-up repetitions (same handler and 

trotting style) was selected, assuring that either the handler or the trotting style were different. This 

resulted in a sample of 86 trot-ups from 18 horses, of which 2 presumably were sound, 7 and 5, front 

and hind limb lame, respectively, and the remaining multiple limb lame, e.g., when a one-limb 

lameness was not obvious. Of those, 14 videos were randomly selected to be blindly repeated for 

intra-rater agreement analysis. 

The selected trot-ups for video-analysis were then assigned randomly using online software 

(www.random.org) to 5 sets of 20 trot-ups, including the 14 repeated trot-ups. Each set was then 

embedded into a Google Forms questionnaire (Supplementary Material S2) and sent to six FEI 4-star 

veterinarians worldwide, two from Europe, one from Australia, one from South Africa, one from South 

America and one from North America. The veterinarians were asked to judge the trot-ups as if in an 

endurance competition, setting grading gait into A, B and C grades, and using a 0-5 lameness grading 

scale (0-5 LGS). They were also asked whether they would call for a voting panel for that horse. They 

were not informed of the two trot-up styles performed by the handler. For each trot-up evaluation, 

means±S.D., medians±IQR and ranges were calculated for both grading systems with the ABC 

endurance score being coded into a numerical score (A=0, B=1, C=2). The assessments medians 

were further grouped into PASS (fit to compete A/B scores) and FTQ (Fail to Qualify: C scores) 

outcomes.  

Inter- and intra-observer scoring agreement  

Inter- and intra-observer agreement of 420 observations (scores) attributed by six raters were 

calculated using intraclass correlations (ICC) estimates and their 95% confident intervals. A custom-

made code in MATLAB version 7 (The MathWorks Inc. Natick. Massachusetts), based on a mean 

rating using multiple raters, absolute-agreement, 2-way random-effects model was used. The level of 

reliability was interpreted according to Koo and Li (2016), where values less than 0.5 are indicative of 

poor reliability, values between 0.5 and 0.75 indicate moderate reliability, values between 0.75 and 

0.9 indicate good reliability, and values greater than 0.90 indicate excellent reliability. 

Objective analysis 
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Mean and standard deviation of the vertical movement asymmetry of the head (HDmin and HDmax), 

withers (WDmin and WDmax) and pelvis (PDmin and PDmax) were calculated per trial as previously 

described (Persson-Sjodin et al., 2019). Each trial was classified into single limb lameness or multi-

limb lameness, including patterns definitions as impact or push-off, following the guidelines reported 

by Reed et al. (Reed et al., 2020) (Supplementary Material Table S2). Frontlimb and hindlimb 

movement asymmetry was considered to be significant when the mean head vector sum (VS) (square 

root of [HDmax2 + HDmin2]) was > 8.5 mm with a standard deviation (SD) of < 120% and absolute 

mean pelvic motion asymmetry (PDmin and/or PDmax) >3mm with a SD < 100% of the mean values 

(Reed et al., 2020). To distinguish primary frontlimb lame horses from horses with compensatory head 

movement asymmetries in horses with ipsilateral movement asymmetries, the sign of the withers Min 

Diff as previously reported by Rhodin et al. (Rhodin et al., 2018) was used. When signed similarly to 

HDmin, the principal lameness was attributed to that frontlimb, and when signed differently to the 

ipsilateral hindlimb (Pfau et al., 2018; Rhodin et al., 2018). HDmin and PDmin were used to categorise 

the severity of frontlimb (sound <6 mm, mild 6–12 mm, moderate 12–18 mm, severe >18 mm) and 

hind limb (sound <3 mm, mild 3–6 mm, moderate 6–9 mm, severe >9 mm) gait asymmetry, as earlier 

described by Hammarberg et al. (Hammarberg et al., 2016b). Additionally, the overall symmetry (OS) 

was calculated as VS of the head/2 + VS of PDmin and PDmax, as reported by Serra Bragança et al. 

(Serra Bragança et al., 2020).  

Statistical data analysis 

SPSS v.23.0.0.3 (IBM, Armonk, New York, USA) was used for descriptive and inferential statistics. 

Interpretation of objective data for soundness, lameness severity and lame limb(s) were aligned with 

the medians of both scores for comparison. Trot-ups graded as C were classified as FTQ, as opposed 

to A and B medians that were classified as fit to continue or PASS. Frequencies were counted and 

cross-tabbed with the 0-5 LGS. The distribution of 0-5 LGS and ABC endurance scores between the 

front and hind limbs were analysed by a Mann-Witney U test.  

A generalised mixed model using a Poisson distribution with log link function was used to estimate 

the impact of presentation styles, speed, handler and surface on the subjective scores (0-5 LGS and 

ABC endurance score), due to the non-normality of data as determined by the Kolmogorov-Smirnoff 

test. Only 420 of the 580 answered questionnaires to the 100 video assessments whose raters' 

identity was known entered the analysis. Considering that horses in Dubai were trotted on built-in 

hard trotting lanes and in Portugal trotted on natural dirt lanes, country was coded as trotting surface 

and used to analyse any effect of trotting on results. A positive Spearman's rank correlation coefficient 

identified speed as having a moderator effect over the LWP (rho=0.3, p=0.01) but not the VGP style 

and therefore the interaction between presentation style and speed was included as an additional 
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fixed factor. Moderating quantification was assessed using the Process macro version 3.5 

(https://www.processmacro.org/). A regression analysis excluded multicollinearity between the 

interaction and the main factors. Horse intercept and veterinarian entered the model as the main 

random effects identified by an ICC analysis. The fitness of the model was assessed by a backward 

variables’ elimination, and ultimately trotting surface was removed for non-significance and to yield a 

lower Akaike Information Criterion (AIC).  

ROC analysis 

The predictability of the classification systems 0-5 LGS and OS was assessed using Receiver-

Operator Characteristic (ROC) analyses for the outcomes PASS and FTQ. Subsequent evaluation of 

sensitivity and specificity coordinates of each curve identified potential threshold values for FTQ for 

each system. Significance was set at p <0.05.  

Sample size 

The study used a convenience sample that included the available horses at each visited stable. 

Subsequently, a power calculation free software (G*Power 3.1.9.2. Heinrich Heine Universität) 

showed that a total sample size of 176 observations was required for a difference of 1 grade in the 0-

5 LGS and the ABC endurance scores between the trotting styles with a standard deviation of 0.5, 

based on a power of 0.95 and alpha of 0.05. Our sample size consisted of 580 observations (scores) 

used for descriptive statistics and ROC analysis, 420 observations used for ICC and 210 observations 

used for the GLMM and, therefore, considered appropriate.  

Results 

Subjective gait assessment 

Of the 33 horses, one mare was excluded in the trot-up for a 3 out of 5 lameness. After a quality 

screening, 100 videos from only 18 horses were selected, being the remaining 14 horses excluded 

from this study. Six 4-star FEI endurance official veterinarians completed 580 questionnaires, with a 

range of 40 to 100 evaluated trot-ups (VetA:100, VetB:80, VetC:80, VetD:60, E: 60 and VetF: 40), as 

not all veterinarians responded to all sets of videos. Of those, 300 and 280 corresponded to a LWP 

and a VGP trot-up styles, respectively. There were 160 completed questionnaires with no 

identification of the respondents due to an error in the initial forms, and therefore 420 videos were 

used for the intra- and inter-rater agreements of veterinarians. The proportion of grades of the 0-5 

LGS versus qualification of the trot-ups can be seen in Figure 2 and 3, respectively. Using the 

https://www.processmacro.org/
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observers’ median values for each evaluation, of the 86 trot-ups, 38, 30, 13 and 5 trot-ups were graded 

0, 1, 2 and 3 out of 5, and 32, 36 and 18 were graded A, B and C, respectively (Supplementary Table 

S3).  

 

 

 

 

 

 

 

Fig. 2: Distribution of 0-5 lameness scale grade (LGS), plotted against veterinarian’s trot-up scores (n=580) 
deemed to PASS (fit to compete or A+B scores) and fail to qualify (FTQ or C scores). % (relative percentages 
for grades A, B, C, PASS and FTQ)  

 

In the ROC analysis, the 0-5 LGS recorded excellent predictability for FTQ (AUC: 0.93. CIs: 0.90 – 

0.95), with a lameness grade > 1 out of 5 representing the threshold for FTQ at a sensitivity of 88% 

and specificity of 90%. Applying this threshold and the endurance subjective fit to compete decision 

as the gold standard, five horses would have recorded five false negatives (FTQ under the cut-off, 

therefore passing when they should have failed), and 24 horses would be recorded as false positives 

(PASS above the cut-off, passing when they should have failed). See Figure 4. 
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Fig. 3: Distribution (%) of 0-5 lameness scale grades given to trot-ups scored A, B and C after 580 evaluations 
(scores) by video-analysis per veterinarian (Vet A-F). 

 

 

 

 

 

 

 

Fig. 4: Random Operating Characteristic (ROC) analysis of the 0-5 lameness grading scale (LGS) scores and 
(b) Overall Symmetry (n=580), plotted against the outcome PASS (fit to compete or A+B scores) and FTQ (Fail 
to Qualify or C scores).  

Objective analysis 
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The objective measurements did not detect movement asymmetry in 26 out of 86 trot-ups. Only one 

horse consistently reported as symmetric across all six trot-up objective evaluations (Table S4). The 

remaining 63 trot-ups recorded asymmetry in 43 and 17 in one and two limbs, respectively. The 

wither’s WDmin was concordant (same sign) to the asymmetric front limb in 20 of the 22 front limb 

asymmetries. Of the hind limb asymmetries there were 10 wither’s WDmin discordant (opposite sign) 

and 11 concordant to the hindlimb asymmetry. The most common identified pattern in multiple limb 

asymmetries was a primary frontlimb impact asymmetry with a compensatory contralateral impact 

and push-off hindlimb lameness(n=7) or a contralateral only push-off hindlimb asymmetry (n=3), 

according to the second law of sides. Of those, trot-ups in the first pattern all showed a withers’ WDmin 

and WDmax concordant direction (same sign), but in the second pattern, one out three trot-ups 

showed a discordant wither’s WDmin direction and a concordant WDmax. The second most identified 

pattern was a primary push-off hindlimb with a compensatory ipsilateral impact frontlimb asymmetry 

(n=3) in accordance to the first law of sides. Even if all three trot-ups showed a concordant MinDiff 

and MaxDiff withers sign, they were classified as a primary hindlimb lameness. A front limb asymmetry 

with an ipsilateral impact asymmetry was identified in two horses with a concordant MinDiff and 

MaxDiff withers sign to the front asymmetry and therefore the primary asymmetry was attributed to 

the front limb. Distribution of trot-up’s objective results among horses can be consulted in 

Supplementary Table S4.  

When confronted to the subjective trot-ups evaluations, there were 68 trot-ups deemed to PASS (A 

and B scores) and 18 deemed to FTQ (C score) (Figure 5). One sound and one mild asymmetry trot-

up out of 26 out of 11, respectively had a FTQ outcome, whereas 10 mild, 18 moderate and 15 severe 

asymmetries, out of 11, 23 and 26 trot-ups subjectively had a PASS subjective outcome. 

The ROC analysis of OS showed a poor predictability for FTQ (ROC: 0.69, CIs: 0.58 – 0.80) with the 

best threshold found at 15.10 mm with a 72% sensitivity for a 65% specificity (Figure 4). 

Front versus hindlimb lameness’ classification 

Of the 580 answered questionnaires where a limb was identified as the cause of lameness (n=249), 

veterinarians identified more often a front limb lameness (n=138; 55%) than a hindlimb lameness 

(n=74; 30%) or multiple lameness (n=37; 15%). There was not a significant difference in the 0-5 LGS 

or ABC score between front and hindlimb (Figure 5). Of the 86 objectively assessed trot-ups there 

were 38, 36 and 26% were attributed to a front, hindlimb or multiple limbs, respectively.  



Mónica C. de Mira     65 

 

 

 

 

 

 

 

 

 

 

Fig. 5: Distribution 
(%) of trot-ups’ (n=86) subjective evaluation calculated from the median of veterinarians’ scores in PASS (fit to 
compete or A+B scores) and fail to qualify (FTQ or C scores), plotted against the objective evaluation in sound, 
mild, moderate and severe, front and hind gait asymmetry. Absolute numbers of evaluated trot-ups are 
represented inside the columns.  

 

When reclassified according to the law of sides, there were 60 and 40% front and hindlimb 

asymmetries. The severity degree distribution was not significantly different between front and 

hindlimb in both subjective scores, but the objective assessment identified the frontlimb asymmetries 

as significantly (p<0.00) more severe than the hindlimb asymmetries (Figure 6).  
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Fig. 6: Distribution of trot-ups’ (n=86) subjective evaluation calculated from the median of veterinarians’ scores 
using f the ABC endurance score and 0-5 lameness grading scale, and objective evaluation lameness 
classification (mild, moderate and severe) in front and hind limbs defined as asymmetric (n=60) by the objective 
measurements. P-values indicate a significant difference between front and limb lameness evaluations. % 
(relative percentages for PASS and FTQ) 

 

Agreement between raters and repeatability of scores 

Total agreement (100%) between raters for lameness grading was only found on six out of 86 

occasions: four times for Grade 1 and score A, once for score C and only once in identifying the lame 

limb (front lameness). Intraclass Correlation Coefficients (ICC) were moderate for lameness grading 

scale 0-5, ABC endurance score, panel calling and limb identification. When compared with the LWP 

(0.53, p=0.05), the VGP style (0.70, p=0.00), elicited a higher 0-5 LGS agreement. However, the ABC 

endurance score agreement was higher for the LWP (0.81, p=0.00) and lower for the VGP (0.61, 

p=0.02). The VGP style recorded a better agreement for the need to call a panel (0.79, p=0.00) and 

limb identification (0.61, p=0.02) when compared to the LWP (0.71, p=0.00 and 0.48, p=0.01, 

respectively) (Table 1). ICC intra-rater values for blind repeated video-analysis were poor for 

lameness grading using the 0-5 LGS scale [ICC: 0.34, 95% CI (-0.22, 0.73)] and moderate for the 

ABC endurance scale [ICC: 0.55, 95% CI (-0.03, 0.84)]. 
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Table 1: Inter-observer agreement using intra-class correlation (ICC) single measures of subjective assessment 
of lameness grade scale 0-5, ABC endurance score, whether a voting panel should be called and lame limb 
identification of all trot-ups, and separately, for lameness work-up presentation (LWP) and vet gate presentation 
(VGP) styles.  

 

 

 

 

 

 

 

 

  
            

F: F-Test. df: degrees of freedom 

Effect of trotting speed on subjective evaluation 

The average speed (Table 2) with the cut-off set at 6.9km/h (or 2.7m/s) was significantly higher 

(p=0.001) for the VGP when compared to LWP style. 

Effect of trotting styles on subjective assessment scores 

A significant moderating effect of speed on trotting styles impact in the 0-5 LGS [t=3,02 (-0.51, 0.11), 

p < .003] and ABC endurance scores [t=3,02 (-0.51, 0.11), p < .003] was demonstrated and, therefore, 

the interaction trotting style*speed was introduced in the final GLMM model. The standardised slopes 

of interchanging moderating effects between the two interaction variables is depicted in Figure 7. At 

lower speed level an effect between trotting styles was not found. However, at higher speeds there 

was a significant difference (p<0.01) between the trotting styles in both subjective scores. 

  

      
95% Confidence 

Interval 
   

ICC -All trot-
ups 

Classification 
Intraclass 
Correlation 

Lower 
Bound 

Upper 
Bound 

F df1 df2 p-value 

Grades 0-5 Moderate 0.71 0.56 0.82 2.87 58 80.56 0.00 

ABC Score Moderate 0.60 0.38 0.74 2.01 58 80.56 0.00 

Panel call Moderate 0.68 0.51 0.79 2.48 58 112.28 0.00 

Limb Moderate 0.66 0.50 0.78 2.33 58 157.31 0.00 

ICC - LWP    
Intraclass 
Correlation 

Lower 
Bound 

Upper 
Bound 

F df1 df2 P 

Grades 0-5 Moderate 0.53 0.20 0.76 1.84 25 41.81 0.05 

ABC Score Good 0.81 0.66 0.91 4.38 25 50.89 0.00 

Panel call Moderate 0.71 0.48 0.86 2.94 25 50.89 0.00 

Limb Poor 0.48 0.10 0.73 1.47 25 92.89 >0.09 

ICC - VGP   
Intraclass 
Correlation 

Lower 
Bound 

Upper 
Bound 

F df1 df2 P 

Grades 0-5 Moderate 0.70 0.40 0.86 3.02 21 43.21 0.00 

ABC Score Moderate 0.61 0.28 0.82 2.14 21 43.21 0.02 

Panel call Good 0.79 0.62 0.90 3.94 21 64.08 0.00 

Limb Moderate 0.61 0.29 0.82 1.95 21 87.90 0.02 
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Table 2: Difference between maximum speed and average speed of lameness workup (LWP) and vet gate 

presentation (VGP) styles expressed in km/h and m/s. IQR: Interquartile Range. § Estimated marginal means. 

SE: Standard Error.  

However, there were different effect of the analysed factors on the subjective scores. When 

considering the LWP, the VGP style factor on its own generated higher subjective scores, e.g. [0-5 

LGS: F=2.49 (0, 5), p=0.03] and [ABC endurance score: F=2.62 (1, 4), p<0.01]. In contrast the 

interaction trotting style*speed produced significant lower scores in the 0-5 LGS (b=0.25, p<0.01) and 

ABC endurance scores (b=0.23, p=0.02). The mixed model analysis indicated a significant effect of 

the trotting style, and handler on both subjective results, as depicted in table 3.  

Table 3: Fixed effects of trotting style, speed, the interaction between trotting style and speed, and handler on 

the 0-5 lameness grading scale (LGS) and the ABC endurance score. 

    0-5 LGS   ABC SCORE 

    F df1 df2 p-value   F df1 df2 
p-

value 

Trot Style   5,502 1 26 0,027   13,235 1 406 0,000 

Speed   1,867 1 29 0,182   0,790 1 360 0,375 

Trot Style * Speed   6,661 1 22 0,017   13,682 1 406 0,000 

Handler   3,008 10 28 0,010   7,643 10 7 0,008 

    
Median±IQR  

(Range) 
  Mean§±SE   P-Value   95% Confidence Interval 

    LWP VGP   LWP VGP      
LWP 
Lower 

LWP 
Upper 

VGP 
Lower 

VGP 
Upper 

Speed                           

(km/h)   
10.2±2.90  
(8.5-12.1) 

11.4±1.45  
(9.0-13.7) 

  10.5±0.23 11.4±0.23   < 0.00   9.94 11.0 10.87 11.92 

              

(m/s)   
2.8±0.215 
(2.4-3.4) 

3.17±0.40  
(2.5-8.81) 

  2.9±0.06 3.0±0.06      2.76 3.06 3.02 3.31 

Max speed                       

(km/h)   
12.4±1.60  
(9.6-22.3) 

14.4±2.18  
(10.4-19.1) 

  13.0±0.41 14.8±0.41   0.001   12.13 13.91 13.89 15.66 

              

(m/s)   
3.4±0.44  
(2.7-6.2) 

4.00±0.60  
(2.9-5.3) 

  3.60±0.1 4.1±0.11      3.37 3.86 3.86 4.35 
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Discussion 

This study investigated the agreement between six FEI 4-star endurance official veterinarians 

recruited worldwide in grading lameness using a numerical 0-5 lameness grading scale and the A, B 

and C score used during endurance competitions on slightly lame horses as defined by their 

owner/handler/vet, actively competing in endurance, while trotted by experienced handlers in two 

presentation styles (LWP/VGP). The hypotheses that a VGP would generate lower scores and would 

a.) 

d.) c.) 

Fig. 7: Moderator effects of low (calculated as 1 SD above the mean=10.74 km/h), average and 
high speed (calculated as 1 SD above the mean=11.83 km/h) on lameness work-up (LWP) and 
vet gate presentation (VGP) styles in 0-5 LGS (a.) and ABC endurance scores (b.). Moderation 
effects of trotting and effects of trotting styles LWP and VGP on speed classes in0-5 LGS (c.) 
and  ABC endurance scores (d.). A, B and C were coded into 0, 1 and 2 respectively.  
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be performed at a higher speed than a LWP were accepted. However, the higher speed in the VGP 

seems to be unrelated to the lower scores assigned. 

Subjective evaluation 

This study showed that veterinarians might have a different understanding of the ABC endurance 

score when classifying lameness in a 0 to 5 scale, which might reflect the individual and regional 

interpretation of such scores in the absence of FEI clearer guidelines. Raters in this study were indeed 

from countries across four different continents, all of which have their own national rules, where ‘fit to 

compete’ and ‘fail to qualify’ gaits are explained in more detail, which they might use interchangeably 

in national and FEI competitions. Since many practitioners are accustomed to the AAEP scale to 

grade lameness worldwide, we decided to use a scale with the same order of magnitude, e.g., 0 to 5 

in order to investigate the ABC endurance score.  

As opposed to the AERC guidelines, where AAEP grades 1 (lameness is difficult to observe and is 

not consistently apparent, regardless of circumstances) and 2 (lameness is difficult to observe at a 

walk or when trotting in a straight line but consistently apparent under certain circumstances) are 

acceptable to compete (AERC, 2016), our study suggests a threshold of grade 1 for fitness to 

compete. Therefore, the raters participating in this study seemed to be more conservative than the 

AERC guidelines, indicating that a grade 2 out of 5 was a fail to qualify or endurance C score, and 

not a grade 3, defined by the AAEP as a lameness consistently observable at a trot under all 

circumstances. This result could help setting more detailed guidelines for the endurance score and 

standardise lameness scoring criteria. 

Objective gait assessment 

Our results showed a disagreement between objective and subjective evaluations with 25% of the 

trot-ups deemed fit to compete by veterinarians showing a severe gait asymmetry (>18mm in the front 

or 9mm in the hindlimb) with the IMUs gait analysis. An experimental study performed during an 

endurance competition also found disagreement between the objective measurements and subjective 

ABC endurance score, however, the disagreement disappeared when horses found to be mildly lame 

were requalified as sound, and only those with moderate to severe lameness were considered lame 

(C grade) (Lopes et al., 2018). In our study, if we would have considered that threshold, another 

quarter of the horses deemed to be moderately lame, would have also failed, e.g., half of the horses 

that passed in the subjective evaluation would have been considered not fit to compete. FEI 

endurance veterinarians have previously positively commented on the use of a body-mounted IMUs 

system (Lopes et al., 2018) with two thirds being receptive to have access to an objective system that 
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would help them quantify gait asymmetry and corroborate their decisions (de Mira M.C. et al., 2019). 

Furthermore, there was no interference of the waiting time necessary to instrument a horse with IMUs 

on the second heart rate evaluation used to measure the cardiac recovery index in endurance 

competitions (de Mira et al., 2020). However, the high sensitivity and low specificity of such systems 

shown by a lack of agreement with the subjective assessment, still preclude its use in competition 

settings when using the recommended manufacturer’s thresholds for lameness detection 

(Hammarberg et al., 2016a; Keegan et al., 2010; Keegan et al., 1998; McCracken et al., 2012).  This 

lack of alignment between the subjective scores and objective gait analysis was reflected by the poor 

predictability for fitness to compete or FTQ obtained in the ROC analysis for the OS calculation in our 

study. A recent study identified a moderate asymmetry in a large proportion of owner-sound horses 

(Rhodin et al., 2017), suggesting that horses that are deemed sound to compete by their carers could 

often be lame if evaluated with an IMU system. However, it was previously reported that thresholds 

for symmetry must be used cautiously since it is unclear how objective asymmetry translates into pain 

or any musculoskeletal condition (van Weeren et al., 2017). Even if thresholds might be hard to define 

during competition, objective gait analysis systems could be useful to assess the progression of a gait 

asymmetry at various moments throughout a competition. Furthermore, a recent study has shown an 

expectable substantial lower within-horse than between-horse variation (Hardeman et al., 2019), 

hence different horses under different situations like during competition of different disciplines, might 

show different thresholds. Nonetheless, other factors must be taken in account in endurance 

competitions, such as progressive fatigue, reported before to induce gait changes in the horses’ trot-

ups (Riber et al., 2006a; b).  

As reported in other studies (Pfau et al., 2020; Reed et al., 2020), except for bilateral similar-in-

magnitude asymmetries, both single limb and multi-limb gait asymmetries can be identified by 

objective gait analysis. The multi-limb lameness patterns suggested by Reed et al. (2020) and the 

withers direction as described by Rhodin et al. (2018) further help to untangle the primary lame limb 

from the compensatory lameness. In our study, the most frequent configuration was primary frontlimb 

gait asymmetry with a secondary contralateral push-off and impact hindlimb lameness.  
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Front versus hindlimb lameness’ classification 

In this study, the frontlimb was more often identified as a cause of gait asymmetry and with higher 

severity than the hindlimb in both subjective and objective evaluations. This indicated a higher 

prevalence of forelimb lameness in our sample, which matches a recent study that identified 77% of 

351 orthopaedic injuries as occurring in the forelimb of endurance horses. 

However, asymmetries were in proportion more often deemed to be sound in the hind than in the front 

limbs in the subjective than in the objective evaluation. Less sensitivity to hind limb lameness in the 

subjective evaluation was reported by other studies (Hammarberg et al., 2016b; Keegan et al., 2010). 

A 25% difference seems to be necessary for the human eye to detect asymmetry in two moving 

objects simulating hindlimb (Parkes et al., 2009); (Starke and Oosterlinck, 2019) versus 15% in the 

front limb(Starke and Oosterlinck, 2019).  

Agreement between observers and repeatability of scores 

Blinded intra-rater gait assessment or repeatability of lameness scoring has been reported to be 

moderate to poor (Hammarberg et al., 2016b; Serra Bragança et al., 2020). Indeed, agreement 

between veterinary observers, as determined by ICC scores, was similar to values obtained from 

racing Thoroughbreds in training when analysed by experienced racetrack veterinarians (Pfau et al., 

2020). Similar to other disciplines, tolerance regarding fitness to compete is interpreted differently by 

trainers and owners, when compared with a purely clinical assessment (Lopes et al., 2018; Pfau et 

al., 2016; Rhodin et al., 2017; Serra Bragança et al., 2020). In fact, subjectivity of gait assessment is 

often questioned by riders, trainers and owners in competitions, eliciting frequent complaints and 

depreciating comments about failing a horse to qualify (de Mira M.C. et al., 2019).  

In a recent study (Serra Bragança et al., 2020), Serra Bragança et al. used Fleiss’ Kappa to assess 

the dichotomous score of fit or not fit to compete in sport horses assessed live and by video, showing 

a poorer inter-rater agreement (ICC: 0.12-0.33) and a higher intra-rater (ICC:0.48) agreement in the 

video analysis when compared to our study. Fleiss’ Kappa and ICC are measures of agreement, 

which values are equivalent under general conditions, e.g. in ordinal scales (Fleiss and Cohen, 1973). 

In our study, raters agreed more often in trot-ups when horses were deemed to be sound or when 

there was a clear lameness (scores of 2 to 3, out of 5). Moreover, the inter-rater agreement for limb 

identification was better in the VGP than the LWP assessments. Horses were reported to be more 

often subjectively classified as sound when a mild lameness was present (<1.5 out of 5) and when 

trot-ups were performed at a higher pace (Keegan et al., 2010; Starke et al., 2013). However, similarly 

to our study, it has been previously demonstrated that a faster speed might improve the agreement 
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in correctly identifying the lame limb in a more obvious lameness (Peham et al., 2000; Starke et al., 

2013). As expected, there was better agreement on the need to call for a panel in VGP in our study, 

with the most common reason being an inadequate presentation, e.g., interfering with the horse’s 

head position by pulling or lifting, and not lameness. This might have contributed to the better inter-

rater agreement in the ABC endurance score for LWP regarding VGP, since often an inadequate 

trotting presentation will be classified as B. This was to be expected as the ABC endurance score 

comprises more than a lameness evaluation, including other factors such as impulsion and 

presentation adequacy (Bennet et al., 2020).  

A good agreement was found in successive measurements using objective readings (Keegan et al., 

2011). However, the horse’s intra-run variability of lameness in repeated trot-ups makes repeatability 

(Sepulveda Caviedes et al., 2018) in a training or monitoring setting (Hardeman et al., 2019) 

cumbersome and needs further investigation. Moreover, videoed trot-ups are known to decrease the 

agreement when compared to live evaluations (Hammarberg et al., 2016a; Leelamankong et al., 

2020; Serra Bragança et al., 2020). A further study performed live during competitions could better 

characterise subjective and objective repeatability. 

Effect of trotting style on subjective assessment 

To the authors’ knowledge, the impact of the trot-up presentation style on subjective lameness 

evaluation in endurance horses had not been reported before. This study confirmed that veterinarians 

grade horses as less lame for the VGP coupled with a higher trotting speed than the LWP style trot-

ups when using both the 0-5 LGS 0-5 and ABC endurance score. The way a horse is handled during 

a trot-up has previously been identified by FEI endurance veterinarians as a major and common 

limitation to lameness identification in competitions (de Mira M.C. et al., 2019). Most professional 

handlers seem to intuitively trot up horses differently in a vet gate than for a lameness workup. All 

handlers in this study were experienced in endurance and promptly acknowledged the difference 

between the two trotting presentation styles and no further instructions were given to avoid undesired 

and biased changes. “Legal” techniques commonly used to minimize lameness identification include 

giving the horse more impulsion, attained by a “cheer up” and a faster pace, but avoiding that a horse 

falls slowly into walk when lame steps could be more obvious caused by the muscular and joint strain 

necessary to dampen the movement inertia. Even if FEI rules clearly instruct handlers to trot on a 

loose lead, other techniques would be pulling and holding the lead rope short or lifting the head to 

avoid a head nod, mostly when the horse trots away so the view is obscured to the evaluator. 

Furthermore, the handlers could exploit the previous definition of lameness in FEI rules as an irregular 

gait consistently observable at the trot, by rendering any perceived lameness as inconsistent as 

possible, for example by jerking the lead rope. A handler effect was registered in our study. Left or 
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right handler position in relation to the horse was considered before to be negligible on limb loading 

measured by a force plate, provided the handler did not interfere (Van de Water et al., 2016). In our 

study, the handler was specifically asked to interfere and to do what they would normally do in a VGP.  

Effect of trotting speed on subjective and objective evaluation 

This study confirmed the anecdotal impression that horses are trotted at a faster pace in the vet gate 

when compared to a regular lameness evaluation. Speed was previously reported to influence mild 

lameness subjective identification (Keegan et al., 2010). Starke et al (2013) reported that there were 

more mildly lame horses declared sound in a straight line at higher speeds by veterinarians in a video-

analysis study. Speeds were determined by a sole handler instructed to trot a slow, preferred and fast 

pace (Starke et al., 2013). In our study, a faster speed coupled with the VGP style was a determinant 

factor for the lower scores. Speed or a trotting style on their own seem not to be decisive for the 

subjective classification. This could be because multiple handlers were used with different running 

abilities. Furthermore, our handlers were adapting the trot-up to a vet gate presentation as conceived 

by them, and not just running faster. The lesser effect of speed in scores could also be explained by 

the fact that raters did not just evaluate the strides that matched the objective analysis, as in Starke 

et al.’s study (Starke et al., 2013), but the complete trot-up. Also, veterinarians were exposed in our 

study to additional factors other than speed, such as acceleration and deceleration during the turn, 

more accurately reflecting a real setting such as competition, which could have influenced their 

decision-making. Conversely, speed can increase the likelihood of a horse being declared sound in 

subtle lameness (Starke et al., 2013), yet the inter-rater agreement in identifying the correct lame limb 

in more obvious lameness was reported to improve at higher speeds (Peham et al., 2000). However, 

since speed can either limit or enhance lameness according to its severity, the effect of speed could 

have been different if analysed in different lameness categories. 

It was recommended by another study that trotting speed should be consistent between trot-ups to 

minimise the influence of the baseline lameness degree when using gait analysis systems, but this 

seems to be more important during trot in the circle (Starke et al., 2013). In our case the overall 

symmetry (OS) value was not significantly affected by the trotting speed or trotting style. Since the 

subjective evaluation in our study seemed to be particularly affected by the trotting style with faster 

speeds but not at slow speed, it should be kept slow to moderate between trot-ups, including those 

performed for the voting panel. It might be recommendable to introduce more specific guidelines for 

the handler in the rules and education resources and avoid handler’s change, as often happens when 

the voting panel is called. 

Moderation effect of speed on the presentation trotting style 
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Trotting style and speed did not show a significant effect on subjective scores unless the interaction 

was introduced in the model. A moderator is described as a third variable that changes the association 

between an independent and an outcome variable. The explanatory variables have not to be 

significant predictors for the outcome but still have an effect as an interaction. Failing to consider its 

effect in the data may lead to an erroneous explanation for an outcome to be missed (Bennett, 2000). 

In our case trotting styles had a different outcome depending on speed, e.g., when speed was low no 

impact or difference was seen on outcome, increasing proportionally to speed. Interestingly speed 

elicited higher scores when horses were trotted in the LWP style. Therefore, speed on its own seemed 

to worsen gait scores provided horses are trotted loose.  

Limitations 

The current study did have several limitations. Video-analysis does not entirely reflect live evaluations 

and is known to generate a lower agreement between raters (Hammarberg et al., 2016b; Keegan et 

al., 2010; Leelamankong et al., 2020; Serra Bragança et al., 2020). The videos’ order was randomised 

when presented to veterinarians, but the selection was according to quality and lame limb distribution. 

On the other hand, handlers order was randomised, but not the presentation styles order performed 

by each handler. Also, some horses might have warmed up or deteriorated during the requested 12 

trot-ups. The trotting surface effect was assessed grouping the horses in each country due to trotting 

lane similarity e.g., a built-in hard versus natural dirt trotting lanes, but ‘country’ may have had other 

subtle differences not accounted for here. The interaction of handler with trotting style could not be 

analysed due to study design, e.g., inequity and size of the sample. The sample size was considered 

adequate for this study, however the threshold found for the 0-5 LGS might not represent the 

population of FEI registered horses worldwide. Our results should be used with caution when 

extrapolating to other populations. The categorization used to classify objectively gait asymmetry, was 

created theoretically in another study (Hammarberg et al., 2016a) and it is not known if it could differ 

from the 0 to 5 lameness grading scale used. How front and hindlimb objective asymmetry scores 

relate or differ in severity regarding subjective grading needs further investigation.  

Conclusions: 

Since gait subjective grading showed a poor agreement between raters and seemed to be significantly 

affected by trot-up presentation style and higher trotting speed, uniformisation of horses’ handling 

should be attempted in competitions, bringing more accuracy to veterinarians’ evaluation and fair-

play between competitors. Moreover, veterinarians seem to have a different interpretation of the ABC 

endurance score in relation to lameness grades in a 0-5 scale. A cut-off value for lameness >1 out 5 
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is proposed by our results to be indicative of absence of fitness to compete, but further studies might 

be needed to support the inclusion of this threshold to distinguish between a B and a C trot-up. 

The IMU objective analysis is more sensitive than the subjective assessment on scoring lameness, 

with one quarter of the trot-ups deemed to be subjectively fit to compete, identified as severe gait 

asymmetry. Moreover, lower scores were given more often in the hind limb when compared with front 

limb lameness, even though the objective scores did not reflect such a difference. Objective gait 

analysis studies in real settings could accelerate its calibration for its inevitable utilization in 

competitions in a near future. 

Guidelines and further educational resources could help to uniformise FEI endurance veterinarian’s 

gait assessment criteria and benefit the endurance community. This would be especially important in 

larger events, such as world championships, where veterinarians from different regions come together 

and whose criteria might differ. Further trot-up guidelines to handlers could also facilitate a more 

consistent gait assessment by veterinarians.  

Manufacturers’ addresses: 

a Lameness Locator ™, Equinosis LLC, Columbia, Missouri, USA 

b Pixio by Move’n See, Brest, France 

c Polar GPS m400, Inc. Kempele, Finland) 

d SPSS, IBM, Armonk, New York, USA 
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Figure S1: Gait assessment in endurance horses’ quiz 

 
We kindly ask you to replay the videos no more THREE TIMES as it is the standard practice in 
competitions. 
 
1. After viewing this video, please assign a score to gait, using a lameness scale from 0 (no 

lameness visible) to 5 (nonweight-bearing lame). 

a. Grade 0 

b. Grade 1 

c. Grade 2 

d. Grade 3 

e. Grade 4 

f. Grade 5 

 
2. Using the FEI endurance scale, how would you grade this trot-up? 

a. A 

b. B 

c. C 

 
3. Would you call for a panel? 

a. No 

b. Yes, because the horse is lame 

c. Yes, because of presentation 

 
4. In this trot-up you see a: 

a. LF lameness 

b. RF lameness 

c. LH lameness 

d. RH lameness 

e. a multiple lameness 

 
5. If you see a multiple lameness, what is your best guess 

a. It's most likely a compensatory lameness 

b. It's most likely a true multiple lameness with more than one limb affected 

c. Can't tell 

 
6. If you think there is a compensatory (false) lameness, which limb do you think it's the 

source of the primary (true) lameness? 

a. LF 

b. RF 

c. LH 

d. RH 

e. Can't tell 

 
7. If you think there is a true multiple lameness, which limbs seem to you to be affected (more 

than answer allowed). 

a. LF 

b. RF 

c. LH 

d. RH



Table S1: Guidelines of different governing bodies for lameness evaluation at endurance competitions, AERA (Australian Endurance Riding 
Conference), AERC (American Endurance Riding Conference), ERASA (Endurance Ride Association of South Africa). 
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 Fit to compete Fail to qualify Further guidance 

AERA 
(2016) 

A= Willing, strong, normal D= Unwilling, no animation, consistently lame 
Suggested criteria for elimination: 
- Consistent irregularity to and from observer 
- Able to identify limb i.e. LF or RH (although 

not necessary) 
 

Displays an irregularity of gait exhibited as, but 
not limited to, a consistent, head bob, hip hike 
or shortened stride or, an irregularity of gait 
that threatens the immediate ability of the 
horse to safely perform athletically. 

Any unusual feature about a horse’s gait that does not remove a 
horse from the ride should be noted on the logbook or vet card, 
especially when detected at the pre-ride inspection.  
 
This allows veterinarians at subsequent inspections to be informed of 
the horse's earlier gait and thus be in a better position to make a 
judgement on the current gait, as any action taken in respect to a gait 
abnormality and/ or injury is determined by any deterioration or 
improvement that has occurred since the previous inspection.  
 
If any noted gait abnormality or injury has not deteriorated, the horse 
will be deemed fit to continue in the ride. 

B= Subtle reluctance 

C= Reluctance, tired, not consistently lame 

AERC 
(2016)  

Grade I= Difficult to observe. Not consistently 
apparent regardless of circumstances(i.e., 
weight carrying, circling, inclines, hard surface, 
etc.). 

Grade III= Consistently observable at a trot 
under all circumstances.  
 
At endurance competitions, this generally 
means consistently observable in both 
directions of a straight out-and-back trot. 
(Note: as a general rule of thumb, “consistent” 
can be defined as observable more than 70% 
of the time.) 

Time pressures require judgments to be rapid and critical.  
 
Grades I and II can usually “go on” with caution. As in the pre-ride 
exam, consider the prognosis of the lameness with work. If the athletic 
future of the horse is threatened then consider disqualifying the horse. 
 

Grade II= Difficult to observe at a walk or 
trotting a straight line; consistently apparent 
under certain circumstances (i.e., weight 
carrying, circling, inclines, hard surface, etc.). 

ERASA 
((2018) 

A= Sound, no signs of unevenness or 
lameness 

C=Lame  

B=Uneven, but not consistently lame 

FEI (FEI 
2020b) 

 

 
A= Willing, strong, normal(FEI 2013) 
 
 
 
 
 

C= Unwilling, no animation, consistently lame-
elimination!!! (FEI 2013) 
 
 

Guidance and definitions from a course provided for FEI1* endurance 
vets (Drs Martha Misheff and Sarah Coombs personal 
communication). Note that these definitions come from experienced 
endurance vets and are not currently included in the FEI endurance 
rules. (Bennet et al. 2020)  
A= Is ok. We don’t say ‘sound’ because that suggests perfect, but on 
the basis of ‘rhythm, elasticity and vigour’ - and I would add 
symmetry- they don’t give cause for concern and are fit to 
continue.(Bennet and Parkin 2020)  

B= Is passable but not as good, maybe the odd inconsistent stride or 
needs to be trotted for a second opinion but passed. Often can be 
indicative of a tired/slightly dehydrated or electro. depleted horse not 
showing itself off very well. 
C= Is clearly lame 

B= Reluctance, tired, not consistently lame-
elimination??(FEI 2013) 
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Table S2: a.) Used guidelines to classify gait symmetry according to Lameness Locator® Instruction 
Manual and Reed et al. (2020).  
a.) 

FRONT LIMB 

 MaxDiff > +|6mm| POS  MaxDiff close to zero 

MaxDiff > +|6mm| NEG - 

MinDiff >|6mm| POS 

+ 

IMPACT RF IMPACT (midstance) RF 

PUSHOFF RF 

MinDiff close to zero 
PUSHOFF RF  

PUSHOFF LF 

MinDiff >|6mm| NEG 

-  

PUSHOFF LF IMPACT (midstance) RF 

IMPACT LF 

HIND LIMB 

 MaxDiff > +|3mm| POS+ MaxDiff close to zero 

MaxDiff > +|3mm| NEG- 

MinDiff >|3mm| 

POS+ 

IMPACT AND PUSHOFF 

RH 
IMPACT RH 

IMPACT RH 

PUSHOFF LH 

MinDiff close to zero 
PUSHOFF RH  

PUSHOFF RH 

MinDiff >|3mm| NEG 

IMPACT LH 

PUSHOFF RH 
IMPACT LH 

IMPACT AND PUSHOFF 

LH 

• FRONT LIMB lameness: when mean head vector sum (square root of [HDmax2 + HDmin2) > 8.5 mm, 

and the SD of HDmin < 120%. MaxDiff.  

• LEFT LIMB= negative value; RIGHT LIMB=positive value 

• IMPACT 1= and with the same sign direction (+,+) or (-,-) 

• IMPACT 2 (midstance)= MinDiff >|6mm| and 

• PUSHOFF 1: MinDiff >|6mm| and MaxDiff > |6mm| with opposite signs (+,-) or (-,+), MinDiff dictates 

the direction of the lameness  

• PUSHOFF 2: MaxDiff > |6mm|, difficult to interpret 
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 b.) Distribution (n) of the objective readings obtained by our study according to multiple limb 
asymmetry patterns as described by Reed et al. (2020) in a population of 1224 equids (numbers in 
brackets represent the ranking order), e.g., Patterns 1.1 (1st) and 1.2 (3)- First law of sides; Pattern 
1.3 (4)- 45% front or 34% hind or in 11% both limbs; Patterns 2.1 (2) and 2.2 (5) - Second law of 
sides. Pattern 2.3 (6) - 2nd law of sides (75% front and 6% hind or 19% both). 3.1 (8)- 20% front +35 
hind +20% both limbs. Pattern 3.2 (7)- 64% front limb, and withers signal interpretation as reported by 

Rhodin et al. (2018). LF (left front). RF (right front). LH (left hind). RH (right hind). 
 

 
[1]Reed, S.K., Kramer, J., Thombs, L., Pitts, J.B., Wilson, D.A. and Keegan, K.G. (2020) Comparison of 
results for body-mounted inertial sensor assessment with final lameness determination in 1,224 equids. 
Journal of the American Veterinary Medical Association 256, 590-599. 
 
[2]Rhodin, M., Persson-Sjodin, E., Egenvall, A., Serra Braganca, F.M., Pfau, T., Roepstorff, L., Weishaupt, 
M.A., Thomsen, M.H., van Weeren, P.R. and Hernlund, E. (2018) Vertical movement symmetry of the withers 
in horses with induced forelimb and hindlimb lameness at trot. Equine veterinary journal 50, 818-824.  

 
LF and WD 

MinDiff POS + 
LF and WD 

MinDiff NEG - 
RF and WD 

MinDiff POS + 
RF and WD 

MinDiff  NEG - 

LH IMPACT + PUSHOFF 
Pattern 1.1 

LF + LH 
Pattern 1.1 

LF + LH 
Pattern 2.1 

RF + LH 
Pattern 2.1 

RF + LH 

LH PUSHOFF 
Pattern 1.2 

LF + LH 
Pattern 1.2 (n=2) 

LF + LH 
Pattern 2.2 

RF + LH 
Pattern 2.2 

RF + LH 

LH IMPACT 
Pattern 1.3LF + 

LH 
Pattern 1.3 

LF + LH 
Pattern 2.3 

RF + LH 
Pattern 2.3 

RF + LH 

RH IMPACT + PUSHOFF 
Pattern 2.1 

LF + RH 
Pattern 2.1 

LF + RH 
Pattern 1.1 
RF + RH 

Pattern 1.1 
RF + RH 

RH PUSHOFF 
Pattern 2.2 

LF + RH 
Pattern 2.2 

LF + RH 
Pattern 1.2 

(n=1)RF + RH 
Pattern 1.2 
RF + RH 

RH IMPACT 
Pattern 2.3 

LF + RH 
 

Pattern 2.3 
LF + RH 

Pattern 1.3 
RF + RH 

Pattern 1.3 
RF + RH 

LH PUSHOFF + RH 
IMPACT 

Pattern 3.1 
LF + LH + RH 

Pattern 3.1 
LF + LH + RH 

Pattern 3.2 
RF + RH + LH 

Pattern 3.2 
RF + RH + LH 

LH IMPACT + RH 
PUSHOFF 

Pattern 3.2 
LF + LH + RH 

Pattern 3.2 
LF + LH + RH 

Pattern 3.1 
RF+RH+LH 

Pattern 3.1 
RF+RH+LH 
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Table S3: Subjective grading of videoed trot-ups’ performed by six 4*FEI (with known identification), 
e.g. ABC endurance scores and 0-5 lameness grading scale, and limb identification, aligned with the 
objective measurement results (degree and asymmetric limbs with the primary limb written in bold). 
Repeated videos for subjective evaluations are written in red. N represents the number of subjective 
evaluations, including the questionnaires with unknown identification. Medians of 0-5 lameness 
grading scale (M0-5) and of ABC endurance scores (Mend) are presented. LWP (lameness work-up 
presentation). VGP (vet gate presentation). NL (non-lame), LF (left front), RF (right front), LH (left 
hind), RH (right hind).The primary gait asymmetry is written in bold. Whenever veterinarians identified 
more than one limb lameness, values are shown between brackets.  
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Trot 

Style H TR N
 V

E
T

S

M
0

-5

M
E

n
d

Horse 1 LWP A 1 0 A A 1 RF B 1 RF C 0 A 0 A Sound
B 1 0 A RF B 1 B 1 B Sound
C 2 1 LF B A 0 A 0 A Sound

VGP A 1 0 A A 0 A 0 A 0 A 0 0 A 0 A Sound
B 2 0 A B 1 RF B 1 B Sound
C 2 1 B 1 B Sound

Horse 2 LWP A 1 3 RH B RF C 3 RF C 2 RF C 2 RF B 2 RF C 2 C Severe RF+LH
3 RH C RF C 2 RF C 1 RF C 2 RF C

B 2 3 LH C LF C 1 RH B 2 RF B 3 RF C 3 C Severe RF+LH
C 1 2 LH B RF B 1 RF B 2 C Severe RF+LH

VGP B 2 0 A RF C 0 A 2 RH C 2 RF B 2 C Moderate RF
3 LH C RF C 1 RF B 2 LH C 2 RF B 2 RF C

VGP C 2 3 LH C 2 C Severe RF+LH
Horse 4 LWP A 1 3 RH B 0 A 2 RH C 1 RH B 3 LH C 2 B Sound

B 1 2 RH B A 2 B Severe LH
C 1 2 RH B A 0 A 1 B Mild LH

VGP A 2 3 RH B LF B 0 A 2 RH B 1 RH B 0 0 B 1 B Sound
VGP B 2 2 RH B LF B 0 A 1 B Mild LH

2 LH B MULT B 0 A 2 RH C 1 RH B
VGP C 1 1 B RF B 1 B 2 RH B 1 B Sound

B A 0 LF-RH A 1 LF C
Horse 5 LWP A 1 3 LF B RF B 2 LF C 3 LH C 1 LF B 2 LF C 2 C Severe LF

B 2 1 B A 0 B Moderate LF
C 1 2 MULT C RF B 1 LH B 3 LH C 0 0 A 2 LH C 1 B Moderate LF

2 B 0 A 2 RF-LH C 0 LF-RH A
VGP A 1 3 LF-RH C RF B 2 C Moderate LF

C 1 1 B 0 A 2 LH B 1 RH B 2 LF C 1 B Moderate LF
Horse 6 LWP A 1 0 A A 0 A 0 A Mild RH

B 2 2 MULT B A 2 RH C 2 LH C 1 RH B 2 LH C 2 C Moderate RH
C 1 0 LF-RF A A 0 MULT B 2 RH C 1 RH B 0 0 A 0 B Mild RH

VGP A 2 0 A A 0 A Sound
0 RF-LH A A 0 A 2 LH (LF-RH) B 1 RH B 0 0 A 0 A Sound
2 LF B A 1 MULT B 2 RH C 0 0 A

C 1 1 A 0 A 1 A Sound
Horse 8 LWP A 1 1 A A 0 A 0 A Sound

B 1 1 B A 0 A 0 A 0 0 A 0 A Sound
C 2 1 B A 0 A 0 A 0 0 A 0 0 A 1 B Severe LF+RH

VGP A 1 3 RF C LF B 0 A 1 LF B 0 0 A 0 A Moderate LF
1 A

VGP B 1 1 LF-RH B A 0 A 1 B Moderate LF
C 1 1 B 0 A Moderate RH

Horse 9 LWP A 2 2 RF C A 0 A Sound
B 2 1 B 0 A 1 B Sound
C 2 1 A RF A 0 A 1 RF B 1 RH B 2 RH B 1 B Mild RH

VGP A 2 0 A A 0 A 0 A Moderate RH
B 2 3 MULT C A 0 A 0 A Mild LF

2 MULT B A 0 A 0 A 0 0 A
VGP C 2 2 MULT B RF-LH A 0 A 2 LH C 0 0 A 0 A Sound

Horse 11 LWP A 1 2 B 1 RF B 3 RF C 1 LF B 2 RF C 1 B Moderate RF+LH
0 A RF C 1 B 1 RF B 0 0 A

B 2 3 LH C RF B 1 C Mild RF
VGP A 2 1 B RF C 3 C Moderate RF

B 2 3 RF C RF C 3 RF C 1 C Severe RF
C 1 3 LF C 3 RF C 3 RF C 2 RF C 3 RF C 3 C Severe RF

Horse 13 LWP B 1 1 B A 0 A 0 B 0 0 A 0 0 A 0 A Sound
VGP B 2 2 LF C LF B 2 LF C 2 LF C 0 0 A 0 0 A 2 C Sound

C 2 2 B A 0 A 0 B 0 0 B 0 0 B 0 B Sound
Horse 17 LWP A 2 0 A 0 A Severe LF

VGP A 2 0 A A 0 A 0 A 0 0 A 0 A Sound

Horse 18 VGP B 3 1 B LF-RF C 1 RF B 1 LF B 0 0 A 1 MULTI B 1 B Mild LH

Horse 22 LWP A 1 0 A LF-RH B 1 LF-RH B 3 MULTI C 1 RF-LH B 2 RF-LH C 1 B Moderate LF+LH

B 1 0 A 0 A Moderate LF+LH
VGP A 1 2 LF B A 1 RH B 0 A Moderate LH

0 A RH B 0 A 1 RH C 2 LH B
B 1 2 B LF B 1 RH B 1 LH B 2 MULTI C 0 LH B 1 B Severe LH

Horse 23 LWP A 1 1 LF B LF B 0 A 0 B Sound
B 1 1 B B 0 A Severe LF
C 2 1 A 0 A 0 A 1 LH B 2 LF B 1 B Severe LF

VGP A 1 3 RF B A 1 B Severe LF
B 1 1 A 0 A 0 A 1 LH B 0 0 A 1 B Severe LF
C 1 1 A LF C 0 A 0 B 0 0 A 0 0 A 0 A Severe LF

Horse 28 LWP C 2 3 MULT C RF C 2 RF(LF-RH) B 3 RF C 2 RF B 0 0 A 2 C Severe RF
VGP B 2 3 MULT C 2 C Severe RF+RH
VGP C 2 0 A RF B 1 B 2 LH C 1 RF B 1 RF B 1 B Severe RF+RH

Horse 29 LWP A 1 2 RF C RF-LH C 2 LF (RF-LH)C 3 RH C 0 0 A 3 MULTI C 3 C Severe RF+LH
B 1 0 A MULT C 1 RF-LH B 2 RF C 2 RH B 2 LH C 1 B Moderate RF+LH

0 A C 1 B 1 RF C 0 0 A
C 1 3 RH B MULT C 1 LH C 2 RF B 2 RF-LH C 3 MULTI C 3 C Severe RF+LH

VGP A 1 2 RF-LH B B 1 B 1 B Severe LH
B 2 1 RF-LH B 1 B Severe RF+LH
C 2 2 C A 0 A 0 C 0 0 B 0 B Moderate RF+LH

Horse 30 LWP A 1 1 B A 0 A 1 RF B 1 RF B 2 MULTI C 1 B Severe RF+LH
B 2 1 B A 1 B Mild
C 2 0 A 0 A 0 A 0 0 A 0 0 A 0 A Mild LH

VGP A 3 1 B A 0 A 0 A 0 0 A 2 RF C 0 A Severe RF
2 B A 0 A 0 A 0 0 A

C 2 0 A A 0 A 2 RF B 0 0 A 2 RF C 0 A Moderate LH
Horse 31 LWP B 2 0 A 0 A Moderate RH

C 2 0 A RF B 0 A 0 A Moderate RF+RH
VGP A 1 2 C RF B 0 A 0 B 0 0 B 1 0 C 0 B Sound

B 2 2 C 1 RF B 2 RH C 1 RF B 2 RF C 2 C Moderate RF
C 1 0 A A 0 A Sound

Horse 32 LWP A 1 1 B A 0 A 0 B 0 0 B 1 RF B 0 B Sound
A 2 2 B A 0 A 1 B Sound
B 1 1 B A 0 A 1 LF B 0 0 A 0 A Moderate RH
C 2 0 A A 0 A 0 B 0 0 B 0 0 A 0 A Moderate RH

1 B B 0 A 0 A 0 0 A
VGP A 2 2 C A 0 A 0 B 0 0 B 1 RF A 0 A Sound

1 B A 0 A C 0 0 A
B 1 2 C A 0 A B 0 0 B 1 RF B 0 B Mild RH

REP

REP

REP

REP

REP

REP

REP

REP

REP

REP

REP

REP

Vet 1 Vet 2 Vet 3 Vet 4 Vet 5 Vet 6

OBJECTIVE RESULTS 

INTERPRETATION

REP

REP
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Table S4: Objective measurements and interpretation of the results. Results in bold indicate the 
primary gait asymmetry. Whenever a multiple limb lameness was found, the pattern was indicated as 
mentioned in Table S2. NL (non-lame), LF (left front), RF (right front), LH (left hind), RH (right hind), I 
(impact), P (push-off). 
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1_A_LWP_1 1 A LWP 1 1,6 14 0,7 1,6 14 0,4 2,7 8,8 325 -4,9 5,6 115 5,6 3,3 6,6 200 -0,4 2,9 808 3,3 6,1 -1,2 8,8 -4,2 8,4 6,1 - - Sound

1_B_LWP_1 1 B LWP 1 1,6 19 0,8 1,6 19 0,3 10,6 15,0 142 -4,4 10,5 241 11,4 4,2 6,9 166 0,2 5,2 3453 4,2 9,9 3 11,2 -28 20,3 9,9 + - Sound

1_C_LWP_2 1 C LWP 2 1,5 20 0,6 1,5 20 0,3 5,2 9,1 175 -1,6 7,6 480 5,4 1,5 8,0 543 -1,3 3,6 271 2,0 4,7 5,9 10,9 -9,1 11,3 4,7 + - Sound

1_A_VGP_1 1 A VGP 1 1,6 17 0,8 1,6 19 0,3 -4,1 7,5 184 1,0 6,2 635 4,2 -3,3 5,6 171 1,2 2,5 215 3,5 5,6 -1,9 11,9 3,9 7,8 5,6 - + Sound

1_B_VGP_2 1 B VGP 2 1,5 24 0,6 1,5 24 0,3 4,3 10,8 252 -1,4 8,0 564 4,5 4,0 7,1 176 0,9 4,3 478 4,1 6,4 -0,2 13 -21,6 15 6,4 - - Sound

1_C_VGP_2 1 C VGP 2 1,5 20 1,2 1,5 22 0,2 2,5 9,1 367 4,3 8,0 186 4,9 0,5 4,4 967 0,3 2,5 915 0,5 3,0 -4,1 13,1 -6,6 8,3 3,0 - - Sound

2_A_LWP_1 2 A LWP 1 1,8 19 1,5 1,8 19 0,4 31,0 16,6 53 19,8 12,4 63 36,8 -9,9 7,4 75 -4,2 5,6 135 10,8 29,2 5,7 8,6 10,7 7,3 29,2 + + Multiple Severe RFI+LHI 2.3

2_B_LWP_2 2 B LWP 2 1,7 22 1,2 1,7 23 0,4 25,3 16,3 65 16,4 11,5 70 30,1 -7,4 5,5 75 -5,4 4,9 91 9,1 24,2 5,9 9,3 7,6 7,7 24,2 + + Multiple Severe RFI+LHI+P 2.1

2_C_LWP_1 2 C LWP 1 1,6 25 1,0 1,6 24 0,4 18,3 11,2 61 11,3 9,5 84 21,5 -6,1 5,6 91 -5,2 4,4 83 8,1 18,8 8,5 9,2 7,7 5,7 18,8 + + Multiple Severe RFI+LHI+P 2.1

2_B_VGP_2 2 B VGP 2 1,7 21 1,1 1,7 21 0,3 17,0 13,7 81 12,5 9,2 73 21,1 -4,4 6,0 138 -3,0 3,5 115 5,3 15,8 10,8 7,8 6,1 6,4 15,8 + + FLame Only Moderate RFI

2_C_VGP_2 2 C VGP 2 1,8 19 1,2 1,8 19 0,4 24,9 12,3 49 19,0 10,7 56 31,3 -4,5 5,7 126 -5,4 5,1 94 7,0 22,7 7,9 10,7 5,5 7,4 22,7 + + Multiple Severe RFI+LHP 2.2

4_A_LWP_1 4 A LWP 1 1,6 20 0,6 1,6 20 0,3 -1,6 9,9 608 6,1 5,5 90 6,3 -2,4 3,3 138 -1,3 4,2 315 2,7 5,9 21,1 14,4 -0,5 6,5 5,9 + -

4_B_LWP_1 4 B LWP 1 1,6 17 1,1 1,6 18 0,6 -6,7 16,2 244 10,3 19,3 187 12,3 -13,2 8,1 61 -3,3 10,1 304 13,6 19,8 11,3 25 1,5 16,4 19,8 + + HLame Only Severe LHI

4_C_LWP_1 4 C LWP 1 1,5 19 0,8 1,5 19 0,3 -0,2 10,8 5415 1,7 11,5 696 1,7 -4,7 4,6 98 1,3 4,6 363 4,9 5,7 19,9 12,2 -3,6 6,5 5,7 + - HLame Only Mild LHI

4_A_VGP_2 4 A VGP 2 1,5 18 0,7 1,5 18 0,4 0,6 6,6 1143 8,8 14,1 159 8,9 -3,4 4,3 126 -2,0 6,3 324 3,9 8,3 19,2 20,4 -5,5 10,4 8,3 + -

4_B_VGP_2 4 B VGP 2 1,5 19 0,6 1,5 20 0,3 -2,0 6,5 322 5,9 8,8 149 6,2 -4,8 3,6 74 -2,0 2,6 133 5,2 8,3 18,9 11,6 0,5 7,1 8,3 + + HLame Only Mild LHI

4_C_VGP_1 4 C VGP 1 1,5 19 0,6 1,5 20 0,2 -5,9 6,3 107 1,9 11,4 592 6,2 -2,4 3,3 139 0,1 4,0 8000 2,4 5,5 23,2 12,7 -5,1 6,1 5,5 + - Sound

5_A_LWP_1 5 A LWP 1 1,6 18 1,0 1,6 20 0,3 -23,3 11,7 50 1,7 8,2 482 23,3 -4,4 8,7 197 0,1 4,5 6457 4,4 16,1 -0,1 9,1 1 8,1 16,1 - + FLame Only Severe LFI

5_B_LWP_2 5 B LWP 2 1,6 18 1,1 1,6 19 0,4 -17,8 19,3 109 0,7 10,3 1580 17,8 -1,2 12,4 1082 -0,7 6,6 905 1,4 10,3 -5,8 9 -0,1 10,3 10,3 - - FLame Only Moderate LFI

5_C_LWP_1 5 C LWP 1 1,6 22 0,9 1,6 22 0,4 -13,1 10,8 83 3,2 11,6 363 13,5 -5,2 6,4 121 -1,2 5,4 468 5,4 12,1 -0,7 8,4 -1,8 8,6 12,1 - - FLame Only Moderate LFI

5_A_VGP_1 5 A VGP 1 1,6 18 1,2 1,6 20 0,4 -14,8 8,0 54 -7,7 12,2 158 16,7 -2,7 9,2 343 4,6 4,7 102 5,4 13,7 -10,3 8,8 -5 10,2 13,7 - - FLame Only Moderate LFI

5_C_VGP_1 5 C VGP 1 1,6 19 0,9 1,6 19 0,3 -12,9 14,6 114 5,7 11,3 199 14,0 -2,5 9,9 402 0,4 7,6 1800 2,5 9,5 -7,9 9,2 -0,3 8,9 9,5 - - FLame Only Moderate LFI

6_A_LWP_1 6 A LWP 1 1,5 22 0,7 1,5 22 0,3 2,9 8,9 310 -1,0 9,7 964 3,0 -2,4 4,8 204 4,5 1,9 42 5,0 6,6 -2,6 17,5 -7,3 5,1 6,6 - - HLame Only Mild RHP

6_B_LWP_2 6 B LWP 2 1,6 18 0,9 1,6 18 0,4 2,0 25,3 1242 -3,9 10,7 273 4,4 1,7 7,9 470 6,7 5,2 78 6,9 9,1 8,8 21,4 -10,2 8,5 9,1 + - HLame Only Moderate RHP

6_C_LWP_1 6 C LWP 1 1,5 19 1,0 1,5 21 0,3 -2,6 15,7 617 -3,7 12,1 332 4,5 -0,4 6,7 1923 3,1 2,6 85 3,1 5,3 2,4 23 -8,6 5,6 5,3 + - HLame Only Mild RHP

6_A_VGP_2 6 A VGP 2 1,5 18 0,8 1,5 19 0,3 6,5 12,6 193 1,8 10,7 597 6,8 0,4 7,0 1669 2,4 3,0 123 2,5 5,8 -4,8 15,8 -6,9 9,9 5,8 - - Sound

6_B_VGP_2 6 B VGP 2 1,5 21 0,7 1,5 21 0,3 3,2 14,6 459 4,4 9,7 218 5,5 -2,3 5,3 233 3,7 3,9 105 4,3 7,1 -6,4 14,2 -10 -4,2 7,1 - - Sound

6_C_VGP_1 6 C VGP 1 1,6 19 1,0 1,6 19 0,2 7,8 22,1 285 1,1 12,7 1164 7,8 0,8 7,3 868 0,5 2,7 569 1,0 4,9 4,4 19,4 -12,4 6,3 4,9 + - Sound

8_A_LWP_1 8 A LWP 1 1,4 23 0,9 1,4 26 0,3 -8,1 7,5 93 -2,0 14,2 712 8,4 -2,0 5,1 259 1,2 4,0 338 2,3 6,5 19,9 10,2 5,8 9,2 6,5 + + Sound

8_B_LWP_1 8 B LWP 1 1,6 19 1,3 1,6 18 0,5 -13,3 22,4 168 0,0 12,4 ##### 13,3 0,3 4,4 1432 4,8 6,0 126 4,8 11,4 -7,6 16,6 -1 8,4 11,4 - - Sound

8_C_LWP_2 8 C LWP 2 1,5 17 1,1 1,5 19 0,3 -22,0 14,0 64 -0,7 21,0 2963 22,0 -2,4 4,8 198 6,2 3,3 54 6,6 17,6 4,8 8,3 -3,2 9,8 17,6 + - Multiple Severe LFI+RHP 2.2

8_A_VGP_1 8 A VGP 1 1,6 17 1,1 1,6 18 0,4 -16,1 14,2 88 3,3 13,1 402 16,4 -2,5 5,4 218 2,4 4,1 170 3,5 11,7 14,4 14,2 5,8 7,3 11,7 + + FLame Only Moderate LFI

8_B_VGP_1 8 B VGP 1 1,6 18 1,1 1,6 18 0,5 -15,1 6,9 45 1,0 9,0 904 15,1 -1,9 6,2 324 4,5 6,0 135 4,9 12,4 3,7 13,4 -2,4 10 12,4 + - FLame Only Moderate LFI

8_C_VGP_1 8 C VGP 1 1,6 20 0,8 1,6 21 0,4 -8,4 12,2 145 -2,5 11,4 464 8,8 -0,6 7,8 1319 6,3 5,0 80 6,3 10,7 8,6 13,4 -5,2 10,4 10,7 + - HLame Only Moderate RHP

9_A_LWP_2 9 A LWP 2 1,5 25 0,7 1,5 25 0,3 -3,5 7,9 226 4,8 9,9 208 5,9 -4,7 6,3 134 -2,2 3,0 136 5,2 8,2 4,6 9,7 7 8,9 8,2 + + Sound

9_B_LWP_2 9 B LWP 2 1,8 18 1,2 1,8 19 0,4 -7,3 10,4 143 -2,0 14,3 732 7,5 -5,1 11,1 217 -0,2 10,8 5375 5,1 8,9 -2,1 5,8 -8,7 8,1 8,9 - - Sound

9_C_LWP_2 9 C LWP 2 1,6 20 0,8 1,6 20 0,4 -0,3 11,3 4178 2,4 9,3 390 2,4 3,5 8,2 237 5,7 3,2 55 6,7 7,9 -0,7 6,3 -5 6 7,9 - - HLame Only Mild RHP

9_A_VGP_2 9 A VGP 2 1,7 19 0,7 1,7 20 0,4 -6,2 11,1 179 2,2 5,7 258 6,6 1,3 7,0 535 6,6 5,6 84 6,7 10,0 0,9 8,2 -5 7,2 10,0 + - HLame Only Moderate RHP

9_B_VGP_2 9 B VGP 2 1,7 14 0,9 1,7 18 0,3 -10,0 7,3 73 -2,0 10,0 492 10,2 -0,7 6,0 853 1,8 4,7 256 2,0 7,1 -0,8 7,1 -3,7 7,5 7,1 - - FLame Only Mild LFI

9_C_VGP_2 9 C VGP 2 1,6 18 0,7 1,6 20 0,3 -1,7 7,8 457 4,0 13,5 334 4,4 -0,1 5,6 6233 -0,8 4,0 474 0,8 3,0 1,7 9,2 -0,1 9,5 3,0 + - Sound

11_A_LWP_1 11 A LWP 1 1,5 23 0,8 1,5 24 0,3 14,0 4,7 34 12,1 6,7 56 18,5 0,1 4,0 3636 -4,0 3,0 75 4,0 13,2 25,1 20,8 8 19,7 13,2 + + Multiple Moderate RFI+LHP 2.2

11_B_LWP_2 11 B LWP 2 1,5 21 0,8 1,5 21 0,2 11,1 4,7 42 12,0 7,9 66 16,3 -2,4 3,4 142 -1,0 3,9 403 2,6 10,7 13,3 9,1 2,9 7,6 10,7 + + FLame Only Mild RFI

11_A_VGP_2 11 A VGP 2 1,6 18 0,7 1,6 19 0,4 12,1 5,9 49 -0,9 7,5 838 12,1 -3,4 10,4 305 -1,2 5,5 451 3,6 9,7 15,6 8,5 -4,1 8,2 9,7 + - FLame Only Moderate RFI

11_B_VGP_2 11 B VGP 2 1,7 18 1,2 1,7 18 0,3 27,1 8,9 33 13,0 9,7 74 30,1 -1,7 5,1 304 -2,6 4,9 187 3,1 18,2 15,2 8,6 -2 5,9 18,2 + - FLame Only Severe RFI

11_C_VGP_1 11 C VGP 1 1,6 20 1,1 1,6 20 0,4 26,2 8,2 31 11,1 5,7 52 28,5 0,9 6,2 717 -2,8 4,2 150 2,9 17,2 13,2 8,8 0,2 5,1 17,2 + + FLame Only Severe RFI

13_B_LWP_1 13 B LWP 1 1,8 10 2,8 1,8 11 0,7 -78,0 96,4 124 15,6 49,5 317 79,5 -14,2 20,1 141 -9,3 19,9 213 17,0 56,8 21,8 21 8,2 23,3 56,8 + + Sound

13_B_VGP_2 13 B VGP 2 1,6 19 1,6 1,6 19 0,3 -14,2 22,8 160 -11,8 12,2 104 18,4 -2,8 5,6 201 1,7 4,1 250 3,2 12,5 10,1 13,1 6,8 7,5 12,5 + + Sound

13_C_VGP_2 13 C VGP 2 1,6 21 2,6 1,6 23 0,3 -3,4 47,3 1380 -3,5 24,3 697 4,9 -5,6 9,0 162 -0,7 6,8 983 5,6 8,1 15,3 15,7 0 11,1 8,1 + 0 Sound

17_A_LWP_2 17 A LWP 2 1,5 23 2,4 1,5 25 0,4 -18,8 11,2 60 17,5 10,2 58 25,7 0,3 -10,2 6 2,8 3,2 115 2,8 15,6 -1,2 8,8 -34,2 4,9 15,6 - - FLame Only Severe LFI

17_A_VGP_2 17 A VGP 2 1,8 21 1,3 1,8 24 0,5 -10,8 16,9 157 10,7 11,0 103 15,2 0,5 -6,4 6 6,0 6,9 114 6,1 13,7 -1,2 8,8 -32,2 4,2 13,7 - - Sound

18_B_VGP_3 18 B VGP 3 1,7 23 1,2 1,7 22 0,3 7,3 14,7 201 -5,2 12,4 240 9,0 -5,2 5,3 8 -2,5 6,3 250 5,7 10,2 -1,2 8,8 -21,2 16,9 10,2 - - HLame Only Mild LHI

22_A_LWP_1 22 A LWP 1 1,5 22 0,9 1,5 24 0,4 -20,0 6,3 31 -2,2 7,5 335 20,1 -1,3 2,5 194 -8,6 4,5 52 8,7 18,7 -3,9 9,2 -9,7 6,1 18,7 - - Multiple Moderate LFI+LHP 1.2

22_B_LWP_1 22 B LWP 1 1,6 20 0,9 1,6 22 0,4 -15,6 12,5 80 6,7 7,0 105 17,0 -2,6 4,1 156 -8,8 3,4 39 9,2 17,7 -1,7 4,1 -8,2 6,6 17,7 - - Multiple Moderate LFI+LHP 1.2

22_A_VGP_1 22 A VGP 1 1,7 18 1,3 1,7 20 0,4 -10,5 15,0 142 0,3 11,5 4600 10,5 -4,7 5,5 117 -8,4 5,1 60 9,6 14,9 -0,8 10,5 -11,7 9,6 14,9 - - HLame Only Moderate LHP

22_B_VGP_1 22 B VGP 1 1,7 18 1,2 1,7 18 0,6 -14,1 21,4 152 -15,0 25,9 173 20,6 -6,7 7,7 115 -14,0 5,8 41 15,5 25,8 6,6 20,9 -13,3 10,4 25,8 + - HLame Only Severe LHP

23_A_LWP_2 23 A LWP 1 1,7 23 1,9 1,7 23 0,4 -48,9 32,2 66 -4,2 14,8 349 49,0 3,8 7,3 192 -4,1 4,2 102 5,6 30,1 -0,4 6,8 0,9 3 30,1 - + FLame Only Severe LFI

23_B_LWP_1 23 B LWP 1 1,6 25 1,7 1,6 24 0,3 -38,4 26,4 69 -0,4 14,9 3911 38,4 4,1 6,3 153 -2,2 3,4 155 4,7 23,8 -6,7 6,5 2 4,3 23,8 - + FLame Only Severe LFI

23_C_LWP_2 23 C LWP 2 1,7 24 1,7 1,7 24 0,3 -49,2 22,5 46 6,5 20,4 313 49,6 4,4 7,1 162 -1,3 6,2 463 4,6 29,3 -1,3 8,1 1 4,9 29,3 - + FLame Only Severe LFI

23_A_VGP_1 23 A VGP 1 1,7 18 1,8 1,7 18 0,3 -45,4 23,5 52 3,3 11,9 356 45,5 3,3 7,5 230 -0,9 7,0 803 3,4 26,1 -7,5 10,9 4,8 4,5 26,1 - + FLame Only Severe LFI

23_B_VGP_1 23 B VGP 1 1,8 18 1,4 1,8 19 0,4 -31,2 15,6 50 5,1 10,2 198 31,7 5,0 8,0 160 -3,1 40,9 1311 5,9 21,7 -2,9 7 4,5 8,5 21,7 - + FLame Only Severe LFI

23_C_VGP_1 23 C VGP 1 1,7 19 2,1 1,7 20 0,4 -33,0 32,1 97 14,1 15,2 108 35,9 4,0 8,3 208 -6,2 8,7 141 7,3 25,3 -3,2 10,4 5,6 7 25,3 - + FLame Only Severe LFI

28_C_LWP_2 28 C LWP 2 1,7 18 1,5 1,7 20 0,3 25,9 11,7 45 22,9 7,5 33 34,6 3,1 4,6 150 -3,1 6,4 209 4,3 21,6 4,9 6,3 1,7 3,9 21,6 + + FLame Only Severe RFI

28_B_LWP_2 28 B VGP 2 1,7 21 1,4 1,7 21 0,3 18,5 8,4 45 12,7 9,0 71 22,5 5,6 3,0 53 -4,5 5,0 111 7,2 18,4 5,3 5,7 -1,2 3,7 18,4 + - Multiple Severe RFI+RHI 1.3

28_C_VGP_2 28 C VGP 2 1,8 17 1,6 1,8 18 0,3 32,4 14,4 44 19,3 8,0 41 37,7 7,3 5,5 75 -3,2 5,2 164 8,0 26,8 5,8 5,4 -0,3 5,6 26,8 + - Multiple Severe RFI+RHI 1.3

29_A_LWP_1 29 A LWP 1 1,5 23 1,1 1,5 23 0,4 21,1 9,6 45 4,9 4,3 87 21,7 -10,4 4,7 45 -5,2 6,9 132 11,6 22,4 16,4 6,2 13,2 3,7 22,4 + + Multiple Severe RFI+LHI 2.3

29_B_LWP_1 29 B LWP 1 1,5 21 0,7 1,5 21 0,42 12,7 12,8 101 2,4 4,8 199 12,9 -9,9 2,4 24 -7,5 4,4 60 12,4 18,9 13,8 6,1 11,1 2,6 18,9 + + Multiple Moderate RFI+LHI+P 2.1

29_C_LWP_1 29 C LWP 1 1,5 21 0,8 1,5 21 0,51 18,2 12,7 70 4,5 6,9 155 18,7 -12,1 4,0 33 -8,9 4,3 48 15,0 24,3 17,4 7,8 12,7 2,2 24,3 + + Multiple Severe RFI+LHI+P 2.1

29_A_VGP_1 29 A VGP 1 1,6 21 1,6 1,6 21 0,56 -8,2 27,3 335 -7,0 18,8 268 10,8 -13,5 8,1 60 -5,9 5,8 99 14,7 20,1 9,1 7,1 11,4 7,4 20,1 + + HLame Only Severe LHI

29_B_VGP_2 29 B VGP 2 1,6 19 1,1 1,6 19 0,46 19,3 14,9 77 3,0 8,8 296 19,5 -8,7 4,9 56 -7,4 7,1 95 11,4 21,2 15,1 7,2 10,9 6,8 21,2 + + Multiple Severe RFI+LHI+P 2.1

29_C_VGP_2 29 C VGP 2 1,6 20 0,9 1,6 20 0,55 13,3 12,1 91 1,1 12,5 1123 13,3 -14,5 6,4 44 -5,4 5,1 94 15,5 22,1 12,2 7,3 15,1 5,8 22,1 + + Multiple Moderate RFI+LHI+P 2.1

30_A_LWP_1 30 A LWP 1 1,5 14 1,1 1,5 17 0,34 20,6 10,3 50 10,2 9,7 95 22,9 -2,5 4,8 188 -5,8 4,3 75 6,3 17,8 6,7 4,1 4,3 9,1 17,8 + + Multiple Severe RFI+LHI+P 2.1

30_B_VGP_2 30 B LWP 2 1,5 19 0,9 1,5 20 0,22 19,2 25,4 133 2,6 12,6 484 19,4 -1,1 3,8 359 -3,6 3,2 87 3,8 13,5 5,0 4,3 -1 5,5 13,5 + - HLame Only Mild LHP

30_C_LWP_2 30 C LWP 2 1,6 15 1,9 1,6 22 0,28 6,8 22,9 339 8,3 7,6 91 10,7 -1,8 6,6 368 -3,8 3,1 81 4,2 9,6 10,6 4,8 0,2 3,5 9,6 + + HLame Only Mild LHP

30_A_VGP_3 30 A VGP 3 1,5 14 2,4 1,5 19 0,53 42,4 29,5 70 15,8 23,0 146 45,3 0,1 16,8 12908 -1,7 12,7 749 1,7 24,3 6,7 11,3 3,7 9,5 24,3 + + FLame Only Severe RFI

30_C_VGP_2 30 C VGP 2 1,6 19 1,4 1,6 19 0,36 13,2 26,2 199 -2,3 22,0 974 13,4 -3,4 4,1 121 -6,7 4,2 63 7,5 14,2 8,1 3,9 2,5 8,3 14,2 + + HLame Only Moderate LHP

31_B_LWP_2 31 B LWP 2 1,6 20 0,5 1,6 20 0,31 4,1 8,6 212 1,6 10,4 659 4,4 2,3 3,8 165 6,9 4,6 67 7,2 9,4 1,4 6,3 9,3 3,2 9,4 + + HLame Only Moderate RHP

31_C_LWP_2 31 C LWP 2 1,7 19 0,8 1,7 19 0,43 13,1 10,2 77 0,1 8,5 8490 13,1 2,8 4,9 173 10,6 4,5 42 10,9 17,5 3,4 4,7 4,2 4,4 17,5 + + Multiple Moderate RFI+RHP 1.2

31_A_VGP_1 31 A VGP 1 1,8 23 1,3 1,8 23 0,53 -7,6 23,8 315 -13,4 17,8 133 15,3 0,1 7,4 6745 2,1 11,6 567 2,1 9,7 7,4 9,5 -2 10 9,7 + - Sound

31_B_VGP_2 31 B VGP 2 1,7 20 1,1 1,7 22 0,42 11,5 14,1 122 -1,1 10,8 967 11,6 -0,8 5,8 729 9,5 7,0 73 9,5 15,3 7 3,9 6,5 5,8 15,3 + + HLame Only Moderate RHP 1.2

31_C_VGP_1 31 C VGP 1 1,7 20 0,7 1,7 20 0,37 0,3 11,5 3371 0,3 8,8 2917 0,5 1,8 4,2 231 3,5 8,3 236 3,9 4,2 8,4 7,7 7,6 4,1 4,2 + + Sound

32_A_LWP_1 32 A LWP 1 1,6 15 2,0 1,6 20 0,47 -5,2 20,4 391 -0,9 8,9 955 5,3 -2,2 3,8 172 8,6 8,7 101 8,9 11,6 -1,2 9,4 -1,8 5,6 11,6 - - Sound

32_A_LWP_2 32 A LWP 2 1,7 17 1,5 1,7 17 0,42 -4,4 23,3 530 -3,1 24,2 794 5,3 -0,7 5,9 903 7,3 7,9 108 7,3 10,0 0,6 8,7 5,5 13,2 10,0 + + Sound

32_B_LWP_1 32 B LWP 1 1,6 16 2,4 1,6 19 0,35 13,3 42,2 316 -4,8 41,1 849 14,2 0,8 5,6 663 8,8 4,3 49 8,8 15,9 4,6 7,9 3,1 11,5 15,9 + + HLame Only Moderate RHP

32_C_LWP_2 32 C LWP 2 1,6 17 1,8 1,6 17 0,39 26,5 34,3 130 -6,6 18,0 274 27,3 -4,6 7,1 156 9,2 4,9 53 10,3 23,9 9,1 9,1 -1,2 10,2 23,9 + - HLame Only Moderate RHP

32_A_VGP_2 32 A VGP 2 1,7 16 2,6 1,7 19 1,26 19,8 36,6 185 22,0 20,6 94 29,6 -9,2 65,4 713 8,9 53,6 605 12,8 27,5 -6,0 47 14,7 15,7 27,5 - + FLame Only RFP

32_B_VGP_1 32 B VGP 1 1,62 15 1,7 1,6 16 0,4 12,31 43,0 349 -7,1 27,7 389 14,2 -4,66 9,8 209,9 5,95 4,86 82 7,56 14,67 7,9 5,4 5,2 8,9 14,67 + + HLame Only Mild RHP
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CHAPTER VII: General Discussion and Conclusions 
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The welfare of horses and objectiveness of human decisions towards animals is increasingly a major 

concern as we progress into the XXI century. This work was devoted to exploring methods that could 

be potentially used during equestrian competitions for their non-invasiveness to improve equine 

athletes’ welfare monitoring and competitor’s equity. Specifically in endurance, recognized as the 

most physiologically challenging equestrian discipline for the horse and therefore intensively 

monitored, horses are often failed to qualify by veterinarians, whose judgment relies mainly on 

subjective parameters. Especially gait assessment that accounts for two-thirds of the horses being 

failed to continue in competition or qualify is increasingly questioned by competitors, for all in a high 

technology era, where trot-ups are easily registered anytime by cameras. Subjective assessment can 

generate type I and II errors, e.g. failing horses that could complete the competition and not failing 

horses that should have been failed. False negatives will impact directly on horses’ welfare and health, 

while false positives impact mainly on competitors, trainers, and owners. Therefore, in the absence 

of objective measures, judgments will mostly err on errors type I, since horse morbidity, or even 

mortality, self-justifies the unbalance since welfare must be protected at all costs. However, there is 

a cost also for horses. First, premature retirement and wastage of horses that could still compete and 

make a career in endurance, as their counterparts do in other disciplines, much more tolerant towards 

gait irregularities. Secondly, a quest for illicit measures to prevent by any means that a horse goes 

lame during competition, as most competitors see gait assessment results as unpredictable, not only 

from the horse’s point of view that can always suffer an injury but also regarding veterinarians’ 

judgment. 

In contrast to gait evaluation, metabolic injuries risk assessment relies on more objective parameters, 

such as heart rate and recovery times, much more intuitive for competitors, generating therefore much 

less opposition when resulting in failure to qualify. 

This work, a preliminary study on non-invasive objective methods that could be used in endurance 

competitions, explored necessity, implementation feasibility, and preliminary results regarding the use 

of a sensor-based method to quantify gait, salivary cortisol, and infra-red thermography. It also 

provided useful evidence-based information that can improve guidelines in rules of ruling organisms 

such as the FEI, including better training of officials and competitors. 

1. Necessity of objective measurements in endurance competitions 

This work identified significant limitations, previously reported only anecdotally, of subjective gait 

assessment during competitions. This evidence-based information is an essential reference for further 

research in gait analysis and riding endurance sport.  
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First of all, it demonstrated that identification of lameness during competitions is not always 

straightforward for most veterinarians (de Mira M.C. et al., 2019). Furthermore, it identified clearly that 

handling of the horse is the main factor interfering with a clear judgement, already limited by the 

logistics’ conditioning factors inherent to a competition. Therefore, this topic was extensively analysed 

in the experimental study “Vet gate trotting style improves subjective gait grading in endurance horses 

when compared to a lameness presentation style (chapter V)”, showing that indeed presentation 

trotting styles coupled with speed can interfere with gait assessment inducing a lower scoring in 

lameness classification.  

Secondly, the interest of veterinarians towards the use of technologies to quantify gait in endurance 

competitions was demonstrated, with less than one-third of the 157 surveyed FEI officials refuting its 

use (de Mira M.C. et al., 2019). Interestingly, a recent study performed with a more generalist 

population of veterinarians produced similar results (Hardeman et al., 2021). Moreover, competitors 

showed receptivity to a sensor-based quantifying system even in high-level competitions after a trial 

in qualifying endurance rides (Lopes, 2018).  

2. Implementation feasibility 

The trial using a sensor-based gait quantifying system performed in the vet gates of qualifying 

endurance rides competitions showed its feasibility in endurance competitions (Lopes, 2018). 

Furthermore, the study showed that only one back-and-forth trot-up is necessary for the objective 

readings, even if the 25 recommended strides are not attained. 

Moreover, the potential interference with measuring the two heart rates needed to calculate the 

Cardiac Recovery Index (CRI) was demonstrated to be innocuous (de Mira et al., 2020). Still, even if 

validated to be used in a medium term in competition settings, the cost and personnel needed to 

instrument the horses make the use of existent gait quantifying systems prohibitive.  

3. Preliminary results 

Significant preliminary results of using non-invasive objective methods to quantify gait (Lopes, 2018) 

and stress (de Mira et al., 2021) were presented in this work. In a first moment, it was shown that 

thresholds in use to detect clinical asymmetry with sensor-based systems are too strict to be used in 

competitions. Only when thresholds were doubled, an agreement could be found between the 

veterinarian’s subjective and the objective assessment. However, this could also be explained by the 

human eye’s lower sensitivity, especially to horses trotted at competitions, since handlers will make 

every effort to hide any potential lameness at a vet gate. Actually, and probably the most crucial result 
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presented by this work is the demonstration that a vet gate trot-up presentation style coupled with 

increased speed can lower the subjective lameness scores. However, preliminary results 

(unpublished) have shown that this is not the case with objective gait analysis.  

Salivary cortisol and infrared thermography eye temperature are known to stress biomarkers that will 

naturally increase with effort and are difficult to distinguish from competition-induced morbidities. 

Unfortunately, we did not have a large enough sample to compare finishers with horses failing to 

qualify to assess a significant difference. Nevertheless, we could show that starting a competition with 

high cortisol levels in the most inexperienced group might enhance performance. Furthermore, a 

higher eye temperature variation might be indicative of endurance ability in horses. 

4. Guidelines’ improvement 

This work might improve the governing bodies’ guidelines, namely the FEI, regarding the sport’s 

ruling. One example was the results of our study (de Mira et al., 2020) that brought to the FEI attention 

that the guidelines given to veterinarians of how to perform the procedure (FEI, 2019) did not match 

the original explanation (Ridgeway, 1991). However, we showed evidence that the original form 

elicited less variability in the results, and the rules were changed accordingly (FEI, 2020).  

Other important contributes:  

- Caution not to over-interpret the CRI when the first heart rate is lower than 60 bpm or closer 

to baseline as in re-inspections, since a rise more than 4bpm might be physiological should 

be transmitted to endurance veterinarians (de Mira et al., 2020) 

- The impact of trot-ups presentation to the already challenging task of gait assessment in 

competitions should be addressed in the rules with clear guidelines to the handlers and 

videoed based training material for all involved in the competition 

- Pointing to the future of the mid-term role of objective gait analysis in competitions and the 

necessary FEI support for studies in real setting competitions. 
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Annex I – Ethics approval and consent to participate. The department of animal welfare of the 
Portuguese Directorate-General for Food and Veterinary Affairs with the number 0421/000/000/2016 
approved this project. Written owner’s consent was obtained for all horses participating in this study. 
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Annex II- FEI guidelines for endurance veterinarians as published in Bennet ED, Hayes ME, Friend 
L, Parkin TDH. The association between clinical parameters recorded at vet gates during Fédération 
Equestre Internationale endurance rides and the imminent risk of elimination. Equine Vet J. 2020 
Nov;52(6):832-840. doi: 10.1111/evj.13264. Epub 2020 Apr 17. PMID: 32219883. 
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Annex III – Fatalities in endurance competitions a.) Occurrence in general and b-) broken down by 
cause in FEI endurance competitions published at 
https://inside.fei.org/sites/default/files/FEI_Endurance_Report_2019.final.pdf 

a.) 

 

 

b.) 
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