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Underwater pulsed ultrasound in animal model osteochondral
Injury
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ABSTRACT

Objective: To study changes in an osteochondral
surface, submitted to a standardized mechanical lesion
analyzing the use of pulsed ultrasound with a
frequency of 1MHz, at 20%, with frequency
modulation of 16Hz, 0.5 W/cm2 of intensity, and
application time of 5 minutes in these lesions. Method:
Sixteen white, male, New Zealand rabbits
(Oryctolagus cunicullus) less than six months old,
with weight ranging from 1,540 grams (g) to 2,450

1 INTRODUCTION

with standardized lesions in femoral condyles were
used. They were submitted to daily application of
pulsed ultrasound at a frequency of 1MHz, at 20%,
with frequency modulation of 16Hz, 0.5 W/cm2
intensity and application time of 5 minutes in two
groups with two and four weeks of osteochondral
lesion. Result: The animal model selected and the
formatting of the histological analysis were adequate
for the proposed research. The use of pulsed
ultrasound with frequency of 1MHz, at 20%, with
frequency modulation of 16Hz, 0.5 W/cm2 of
intensity and application time of 5 minutes in acute
osteochondral lesions showed similar statistical
significance in chondral regeneration compared to the
Control Group. In the application of USPSA
(UNDERWATER PULSED ULTRASOUND) in the
proliferative phase (third and fourth week) of acute
osteochondral lesions there was a decrease in
osteoblastic proliferation and formation of immature
bone. Conclusions: There was an improvement in
osteochondral regeneration with the use of the method,
but ultrasonic emission parameters applied in the
treatment of acute osteochondral lesions must
continue to be studied, as these presented here
constitute only one of the numerous therapeutic
possibilities of this modality.

Keywords: osteochondral lesion, underwater pulsed
ultrasound.

Methods of restoration and replacement of joint defects represent a major contribution of medicine to
the 20th century®! , and it is stated that surface restoration is fundamental to the use of the joint in a
physiologically appropriate manner? .

The greatest difficulty is not to diagnose the cartilaginous lesion, because both clinically and through
complementary examinations the destruction of the articular cover can be identified and classified- It is the cure
or the best management of the lesion that brings apprehension to the therapist.

In today's society it is estimated that 60% of people over the age of 35 report symptoms of joint pain,
and the deterioration of joint structure not only decreases quality of life but also has a significant economic

impact, especially as the population of a country ages® .
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There is a strong association between joint degeneration and age. In some populations, 60% to 90% of
people over the age of 65 have been shown to have osteoarthritis, compared to less than 5% of people between
the ages of 15 to 44 years and 25% to 30% of people between the ages of 45 to 64 years. Authors have calculated
that 95,000 total knee arthroplasties and 41,000 other procedures to repair cartilage defects are performed each
year in the United States of America (USA) .*

In Brazil, the prevalence of osteoarthrosis is 16.19%, responsible for 30 to 40% of consultations in
rheumatology outpatient clinics, according to data from the INPS/INAMPS, and is also the cause of 7.5% of
all work absences. It is the second disease among those that justify initial assistance with 7.5% of the total,
second also in sickness assistance (in extension) with 10.5% and fourth in determining retirement with 6.2%" .

Although the cause of osteoarthritis is often unknown and there is no cure for it, early diagnosis and
treatment can help minimize symptoms and help patients maintain an active life.

Despite the frequency and impact caused by degenerative joint disease, it is being considered as an
inevitable consequence of aging. Research is always looking for ways to slow the progression of osteoarthritis
in more diverse ways .°

Several experimental studies have been conducted in order to clarify the different aspects related to joint
biological responses’® .

Recently, the use of ultrasound applications has been reported as a resource capable of promoting the
restoration of cartilaginous articular surfaces® , but the literature has not yet presented elements capable of

supporting such statements on an objective and consistent basis.

2 OBJECTIVE
The present work aims to evaluate whether the application of underwater ultrasound has a positive effect

on the restoration of injured articular cartilaginous surfaces.

PATHOPHYSIOLOGY OF JOINT INJURIES
Changes in Cartilage

Physiologically the self-repair of articular cartilage comes from the intermediate zone being an
interactive process that adds the biomechanical adhesive property to a subordinate molecular cellular healing
process™! .

During chronic degeneration, the scarring process produces, for superficial deposition, type | collagen
associated with fibronectin and tenacin forming fibrocartilage, a structure that is stiffer than the original
cartilage'? . The closest visible signs of osteoarthritis are localized fibrillation or disruption of the most
superficial layers of articular cartilage (Blade 5).

As the disease progresses, more parts of the joint surface become wrinkled and uneven, and the

fibrillation extends deeper into the cartilage until it reaches the subchondral bone.
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When the cracks in the cartilage grow, the superficial edges of the fibrillated cartilage wear away,
releasing fragments and decreasing the thickness of the cartilage. At the same time, enzymatic degeneration of
the matrix can further decrease the volume of the cartilage. Eventually, the progressive loss of articular cartilage
leaves the bone exposed (Blade 5).

Many of the mechanisms responsible for the progressive loss of cartilage remain unknown, but the
process can be divided into three overlapping phases: that of cartilage damage, that of chondrocyte response,
and that of the decline in chondrocyte response.

In the first phase, the macromolecular frame matrix breaks down and the aqueous content increases.
The concentration of type Il collagen remains constant, but decreases in aggregation and proteoglycan
concentration generally accompany the increase in aqueous content. These changes increase the permeability
and decrease the stiffness of the matrix, changes that may increase its vulnerability to further damage.
Chondrocytes detect tissue damage, possibly as a result of changes in osmolarity, charge density, or pressure
applied across the cell membrane, tethered to the matrix molecules.

Once the chondrocytes detect tissue damage, they release mediators that stimulate the tissue response.
Nitric oxide likely plays a role in this response, since chondrocytes produce this molecule in response to a
variety of mechanical and chemical stresses. Nitric oxide diffuses rapidly and can induce the production of IL-
1, which stimulates the expression of metalloproteases that degrade matrix macromolecules. Fibronectin
fragments of IL-1 or other molecules from damaged tissue can promote IL-1 production. Degradation of type
IX and XI collagens and other molecules can destabilize the fibrillar cross-linkage and type 1l collagen,
allowing aggregate expansion and increasing water content. A decline in aggregation, and in particular an
associated loss of aggrecan, could increase pressures on the remaining collagen fibril network and
chondrocytes, with joint overload. Enzymatic degeneration also eliminates damaged matrix components and
may release anabolic cytokines, previously encased in the matrix, that stimulate synthesis of matrix
macromolecules and chondrocyte proliferation. Shells or clones of the cells, which proliferate surrounded by
the newly synthesized matrix molecules, constitute one of the signs of the chondrocyte reparative response to
cartilage degeneration. This response counters the catabolic effects of proteases and can stabilize or, in some
circumstances, even restore the tissue.

The failure to stabilize or restore the tissue leads us to the third phase of degeneration, namely the
decline in chondrocyte response, which may be irreversible. This decline may result from mechanical damage
or death of chondrocytes long unprotected and stabilized by the functional matrix, but this also appears to be
related to or initiated by down-regulation of the chondrocyte response to anabolic cytokines. It may occur as a
result of synthesis or accumulation of molecules in the matrix that bind to the anabolic cytokines.

The injury and reparative response is distributed into three classes'® :

1- Cartilage damage, but with intact surface (internal chondral damage and possible subchondral damage)
2- Mechanical tearing of the articular surface limited to the thickness of the cartilage
3- Mechanical tearing of articular cartilage and subchondral bone
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An epidemiological study, describes that subchondral sclerosis determines changes in bone replacement
further accelerating the osteoarthrosis process'* .

The described evidences lead us to believe that any experiments that are performed, aiming to restore
articular surfaces, must have them previously injured, under penalty of not having a local situation similar to

the one that would be presented by an injured joint.

Figure 1 - Articulation and Articular Changes

Articulagao e mudancas articulares Articulagdo e mudangas articulares (continuagao)
Articulagao normal e superficie articular

Cartilagem articular &
espago articular

PHYSICAL PRINCIPLES OF ULTRASOUND
WAVES

Ultrasound is a form of mechanical energy that consists of high-frequency vibrations. Ultrasonic
waves are longitudinal and cause oscillations in the particles of the medium in which they propagate. The
frequencies of ultrasonic waves range from 20,000 to 20,000,000 cycles per second (1 cycle/second = 1
Hertz) and are inaudible to human hearing, whose sensitivity ranges from 20 to 18,000 Hz.

The medical frequency for diagnostic imaging ranges from 5,000,000 to 20,000,000 Hz, i.e. 5 to 20
megahertz (MHz), and the therapeutic from 0.7 to 3 MHz.

WAVE PRODUCTION
Ultrasound was originally produced by a quartz crystal vibrating when subjected to a high frequency
current discovered by LANGEVIN in 1917. This vibration drives the particles in the medium, producing
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waves by compression and decompression called the piezoelectric effect. Any material that transforms one
energy into another is called a transducer.

Currently we have synthetic ceramic crystals as transducers, and the metal alloy composed of lead,
zirconium, and titanium (ZTC = Zirconate-titanate of lead) is the most commonly used for its durability

and efficiency in converting electric current into mechanical vibrations.

EFFECTS OF ULTRASOUND ON INJURY REPAIR

if used correctly and at the appropriate time after injury has occurred, ultrasound can be a very
powerful therapeutic modality. "Correctly" means using the lowest intensity possible to obtain the desired
result (intensities above 1 W/cm2 should not be necessary), and the "appropriate time after injury occurs”
means during the inflammatory phase of repair. Clinicians should take advantage of the numerous wound
assessment techniques that currently exist in order to test the efficacy of their therapies'® . Finally,
ultrasound can be dangerous if employed incorrectly; thus, users should fully understand the mechanisms
of how this modality works.

It is proven active in the Inflammatory, Proliferative and Remodeling stages of chondral lesions® .

3 MATERIAL AND METHODS

MATERIAL

Sixteen white, male rabbits (Oryctolagus cunicullus), less than six months old, of the New Zealand
lineage, with weight varying from 1,540 grams (g) to 2,450 g, were used. They came from and were housed at
the Coelhario do Colégio Agricola Federal Senador Gomes de Oliveira (CAFSGO) in Araquari, Santa Catarina,
in an agreement with the Universidade da Regido de Joinville-UNIVILLE.

The rabbits were kept in metal cages measuring 0.81 meter (m) X 0.60 m X 0.45 m, with a maximum
of three per cage, in a protected environment, isolated from noise, fed with food suitable for the species and
water at will.

The choice of breed was only made for greater homogeneity of the sample, as well as the choice of
males to avoid hormonal variability and, in the case of mixed housing, crossbreeding.

The animals were submitted to veterinary follow-up and operated on in a specially built surgical
environment under specific standards of disinfection and asepsis.

We followed the Animal Ethics Protocol governed by Federal Law 6.638/79

The instruments used to make the lesion were designed by Biologica-GMReis Campinas - Brazil and
the ultrasound equipment used in the study was the AVATAR V model from KLD Amparo - Brazil. The

collected material was sent for histological analysis.
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4 METHODS

The procedures were carried out in four distinct steps:

PROCEDURE 1 (ONE) performing the surgeries to produce the osteochondral lesions according to Schueda

et al's Animal Model .16

PROCEDURE 2 (TWO) Application of SUBAQUATIC PULSED ULTRASOUND in the Animal Model in
groups A and B.

PROCEDURE 3 (THREE) Collection of material for analysis.
PROCEDURE 4 (FOUR) Histological analysis.

All procedures from preoperative, anesthetic induction, anesthesia, antisepsis, surgery, immediate and
late postoperative care as well as euthanasia were performed in the Experimental Surgery Laboratory of
CAFSGO. The rabbits were maintained with water and appropriate feed at will until the moment of the

operation (Figure 2).

Figure 2 - Photograph of the rabbit room with conditioning of the animals and procedure on knees after anesthesia and placement of
fields.

PROCEDURE ONE

After weighing, the animals were submitted to pre-anesthetic medication with acepromazine 1%,
intramuscular (IM) in the régio glutea (gluteal region), at a dose of 0.2 milligrams (mg) per kilogram (kg) of
body weight (0.2mg.kg™ ).

After fifteen minutes they received, as anesthetic medication, xylazine 10mg.kg™? and ketanine
25mg.kg? , by the same route and place of the pre-anesthetic medication.

The standard procedure was followed, producing the osteochondral lesions (fig. 3) and then closing the

surgical wound by layers.
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Figure 3 - Photograph of the production of the lesion in the Medial Femoral Condyle.

PROCEDURE TWO

The 16 operated rabbits were divided into two groups of 8 animals:
GROUP A - Application of SUBAQUATIC PULSED ULTRASOUND (USPSA) in the first two weeks
postoperatively with a daily application.
GROUP B - Application of SUBAQUATIC PULSED ULTRASOUND in the third and fourth postoperative
weeks with a daily application.

The groups were subdivided in such a way that the Peer rabbits received USPSA application on the
Right knees (D) while the Unpeers received it on the Left knees (E) (Organogram 1).

The untreated knees remained as Control Group

Chart 1 - Distribution of the groups and subgroups for the study.

16 RABBITS

GROUP A GROUP B
8 ANIMALS 8 ANIMALS

PARES IMPARES PARES IMPARES

D-HEEL KNEE AND D-HEEL KNEE AND

Based on the previous theoretical foundation, the frequency, intensity, mode, duration, and treatment
interval were formatted through calculations of tissue thickness in the rabbit knee region. The parameters used
in the equipment were: frequency of 1MHz, 0.5 W/cm? intensity, pulsed mode at 20% with modulation
frequency of 16Hz and application time of 5 minutes, totalizing 10 applications.

Indirect contact was chosen as the ultrasound application technique, through the underwater way (Figure
4).
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Figure 4 - Photograph of underwater pulsed ultrasound application.

PROCEDURE THREE

After the second week in Group A and after the fourth week in Group B, the animals were euthanized
with an intravenous injection of 3 milliliters (ml) of 10% potassium chloride.

The knees were exposed using a number 15 scalpel blade and after total removal of soft tissue, right

and left femoral supracondylar osteotomy was performed with an oscillatory saw (Figure 5).

Figure 5 - Photograph of the femoral condyles after completion of the experiment.

They were placed in identified flasks with 10% formaldehyde (Figure 30) and sent to the CEDAP
Laboratory (Centro de Diagnostico Anatomo Patoldgico) for the preparation of blocks, slides and histological

analysis of the samples with sections tangential to the lesions.

PROCEDURE FOUR
Hematoxylin and Eosin (HE) and Masson's stain were used to analyze the samples.
All slides were analyzed by two experienced histologists, who answered the predetermined

questionnaire, and these professionals did not know the Group to which the slides belonged.
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STATISTICAL EVALUATION
The variables were represented by absolute (n) and relative (%) frequency.

The comparison between the two groups regarding the distributions of the
The proportions of YES or NO answer was done by the Chi-square test. The
Differences were located by the Chi-square Partition test.

The two groups were compared to the distribution of scores using the Studant's T method. A
significance level of 0.05 (a = 5%) was adopted, and descriptive levels (p) below this value were considered

significant and represented by *.

5 RESULTS
HISTOLOGICAL ANALYSIS
GROUP A - treated in the first two weeks
Control Group

Histological analyses of the injured condyles in Group A (Fig. 6) revealed the presence of different
amounts of hyaline cartilage and fibrocartilage irregularly distributed throughout the lesion area. They also
reveal immature bone, osteoblastic proliferation and other regenerative changes described above. There is
an invasion of healthy tissues around the injured area, but no complete regeneration of the osteochondral
architecture neighboring the lesion.

The different tissue regenerations organized in Table | were measured in a semi-quantitative way.

Masson's staining differentiated proportionally the amount of hyaline and/or fibrous cartilage
present.

The intensity of immature bone tissue formation and osteoblastic proliferation, cartilaginous tissue
as well as subchondral vessel formation and remodeling were quantified.

The scar response of structuring a chondrogenic layer, cartilaginous matrix and chondrocyte nests

were grouped together and assessed as to whether or not they appeared in a summation of signs.

Figure 6 - Photomicrographs at 40x magnification of H&E stained MASSON stained knee cartilage sample from animal
belonging to the control group of two weeks w

v .
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With application of pulsed underwater ultrasound

Microscopic examination of the samples taken from Group A revealed the presence of different
amounts of hyaline cartilage and fibrocartilage irregularly distributed throughout the lesion area. Similarly,
there is an invasion of healthy tissue around the lesion area. By applying Masson's staining, the amount of
existing hyaline and/or fibrous cartilage and the other histological alterations present were differentiated

proportionally (Fig. 7).

Figure 7 - Photomicrography at 40x magnification of a knee cartilage sample stained by H&E and by MASSON from an animal
belonging to group a with two weeks of underwaer pulsed ultrasoun_d application

~ o W -
2 o :

Table | was associated with the evaluation of the group of knees submitted to the application of

ultrasonic treatment.

Table 1 - Distribution of histological alterations found in group A

0-2 WEEKS W/US 01 02 03 04 05 06 07 08 AVERAGE
FIBER REACTION 1 1 4 1 4 2 2 1 2
HYALINE REACTION 4 4 1 4 1 3 3 4 3
IMMATURE BONE 3 2 4 2 3 4 4 4 3,25
PROLIF. OSTEOB. 4 2 4 4 4 4 4 3 3,625
C.C.+ M.C.+N.C. 4 4 1 4 4 4 4 3 3,5
VESSELS 3 2 2 2 2 3 2 2 2,25
REMODELING 1 1 2 2 4 2 3 4 2,125
0-2 WEEKS WITHOUT 01 02 03 04 05 06 07 08 AVERAGE
FIBER REACTION 3 1 1 3 4 1 4 3 2,5
HYALINE REACTION 2 4 4 2 1 4 1 2 2,5
IMMATURE BONE 2 2 4 2 4 2 2 2 2,5
PROLIF. OSTEOB. 2 3 4 3 4 3 3 3 3,125
C.C.+M.C.+N.C. 4 2 4 4 4 4 2 4 3,25
VESSELS 3 3 2 4 2 2 3 3 2,75
REMODELING 3 1 2 4 1 3 3 4 2,625
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Comparison between Groups with and without USPS application on treated lesions in the first two

weeks

Group A with and without application were compared (fig. 8), considering the presence of

fibrocartilage, hyaline cartilage, and other scar parameters.

Group B - Treated at the third and fourth week post injury
Without applying underwater pulsed ultrasound

The microscopic examination of the samples taken from Group B revealed the presence of different
amounts of fibrocartilage, hyaline cartilage (Fig. 8) distributed irregularly throughout the lesion. There was
invasion of healthy tissue around the injured area, but no complete regeneration of the osteochondral
architecture surrounding the lesion.

By applying H&E and Masson's staining, the amount of hyaline and/or fibrous cartilage formed was

differentiated proportionally.

Figure 8 - Photomicrography at 100x magnification of a Masson-stained knee cartilage sample from an animal belonging to
group B without and with application of underwater pulsed ultrasound showing area of fibrocartilage

B )
. —

The intensity of immature bone tissue production, osteoblastic proliferation, cartilaginous tissue, as
well as subchondral vessel formation and remodeling, were quantified as shown in the table above.

The scar response of chondrogenic layer structuring, cartilaginous matrix and chondrocyte nests
were grouped and assessed as to whether or not they appeared in a summation of signs.

By collecting data from the group, we formatted Table 2, which evaluates the responses from the

site subjected to the injury.
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Table 2 - Distribution of histological alterations found in group B

3-4 WEEKS WITH US 1 2 3 4 5 6 7 8 AVERAGE
FIBER REACTION 3 4 1 4 4 3 1 4 3
HYALINE REACTION 2 1 4 1 1 3 4 1 2.125
IMMATURE BONE 2 3 2 2 2 2 3 2 2.25
PROLIF. OSTEOB. 3 3 2 2 2 2 3 2 2.375
C.C+M.C.+N.C. 3 1 4 1 1 4 4 3 2.75
VESSELS 3 4 3 2 3 3 3 4 3.125
REMODELING 2 4 1 3 2 2 3 1 2.25
3-4 WEEKS WITHOUT US 1 2 3 4 5 6 7 8 AVERAGE
FIBER REACTION 4 4 4 3 1 1 3 4 3
HYALINE REACTION 1 1 1 2 4 4 2 1 2.375
IMMATURE BONE 4 3 4 3 3 2 3 2 3
PROLIF. OSTEOB. 4 3 4 3 3 3 3 3 3.25
C.C+M.C.+N.C. 4 1 1 2 4 4 4 2 2.75
VESSELS 3 4 4 2 2 4 3 3 3.125
REMODELING 2 4 2 4 2 3 2 2 2.625

With application of pulsed underwater ultrasound

Microscopic examinations of the fragments taken from the group reveal the presence of different
amounts of hyaline cartilage and fibrocartilage irregularly distributed throughout the lesion area. Similarly,
there is an invasion of healthy tissue around the injured area. Masson's staining was applied to differentiate
proportionally the amount of existing hyaline and/or fibrous cartilage and the other histological alterations
present.

Table 2 shows the evaluation of the group of knees submitted to ultrasonic treatment.

STATISTICAL ANALYSIS OF GROUP A - TREATED IN THE FIRST TWO WEEKS

FIBROUS REACTION W/ US

FIBROUS REACTION W/O US

AVERAGE 1,75 2,5
VARIANCE 1,071428571 1,714285714
REMARKS 8 8
STANDARD DEVIATION 1,0034556 1,027316256
HYALINE REACTION W/ US HYALINE REACTION W/O US
AVERAGE 3,25 25
VARIANCE 1,071428571 1,714285714
REMARKS 8 8
STANDARD DEVIATION 1,0034556 1,027316256
IMMATURE BONE W/ US W/O US IMMATURE BONE
AVERAGE 3,25 25
VARIANCE 0,785714286 0,857142857
REMARKS 8 8
STANDARD DEVIATION 0,988014305 0,992322093
PROLIF. OSTEOB W/ US PROLIF. OSTEOB W/O US
AVERAGE 3,625 3,125
VARIANCE 0,553571429 0,410714286
REMARKS 8 8
STANDARD DEVIATION 0,970864639 0,956482416
C.C+M.C.+N.C. W/ US C.C+M.C.+N.C. W/O US
AVERAGE 35 35
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VARIANCE 1,142857143 0,857142857

REMARKS 8 8
STANDARD DEVIATION 1,006698908 0,992322093
VESSELS W/ US W/O US VESSELS
AVERAGE 2,25 2,75
VARIANCE 0,214285714 0,5
REMARKS 8 8
STANDARD DEVIATION 0,925869251 0,965936329
REMODELING W/ US W/O US REMODELING
AVERAGE 2,375 2,625
VARIANCE 1,410714286 1,410714286
REMARKS 8 8
STANDARD DEVIATION 1,017353663 1,017353663

IN NONE OF THE ABOVE TESTS WERE THERE SIGNIFICANT DIFFERENCES BETWEEN THE MEANS P>0.05. STATISTICAL
TEST USED: studant's t.

GROUP B - TREATED IN THE THIRD AND 4TH WEEKS

FIBROUS REACTION W/ US FIBROUS REACTION W/O US
AVERAGE 3 2,875
VARIANCE 1,714285714 1,553571429
REMARKS 8 8
STANDARD DEVIATION 1,027316256 1,022272225

HYALINE REACTION W/ US HYALINE REACTION W/O US
AVERAGE 2 2,125
VARIANCE 1,714285714 1,553571429
REMARKS 8 8
STANDARD DEVIATION 1,027316256 1,022272225

THERE WERE NO SIGNIFICANT DIFFERENCES BETWEEN MEANS P>0.05. STATISTICAL TEST USED: studant's t in the above
tests

IMMATURE BONE W/ US IMMATURE BONE W/O US
AVERAGE 2,25 3
VARIANCE 0,214285714 0,571428571
REMARKS 8 8
STANDARD DEVIATION 0,925869251 0,972407047

THERE WAS SIGNIFICANT DIFFERENCE BETWEEN THE MEANS P>0.05. STATISTICAL TEST USED: studant's t.

PROLIF. OSTEOB W/ US PROLIF. OSTEOB W/O US
AVERAGE 2,375 3,25
VARIANCE 0,267857143 0,214285714
REMARKS 8 8
STANDARD DEVIATION 0,936257181 0,925869251

THERE WAS SIGNIFICANT DIFFERENCE between means p>0.05. Statistical test used: t-student.

C.C+M.C.+N.C. W/ US C.C+M.C.+N.C. W/O US
AVERAGE 2,625 2,75
VARIANCE 1,982142857 1,928571429
REMARKS 8 8
STANDARD DEVIATION 1,03480078 1,033384127

NO SIGNIFICANT DIFFERENCE BETWEEN MEANS P>0.05. STATISTICAL TEST USED: studant's t.
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VESSELS W/ US VESSELS W/O US

AVERAGE 3,125 3,125
VARIANCE 0,410714286 0,696428571
REMARKS 8 8
STANDARD DEVIATION 0,956482416 0,982073131

THERE WAS NO SIGNIFICANT DIFFERENCE BETWEEN THE MEANS P>0.05. STATISTICAL TEST USED: studant's t.

REMODELING W/ US REMODELING W/O US
AVERAGE 2,25 2,625
VARIANCE 1,071428571 0,839285714
REMARKS 8 8
STANDARD DEVIATION 1,0034556 0,991278054

THERE WAS NO SIGNIFICANT DIFFERENCE BETWEEN THE MEANS P>0.05. STATISTICAL TEST USED: studant's t.

6 DISCUSSION

Despite humanity's great technical and scientific advances until the beginning of the 21st century,
an ideal and definitive treatment for cartilage injuries has not yet been found. For more than three centuries,
authors, such as Hunter since 1743, have cited the difficulties in the healing of articular cartilage. In all eras
there has been, and still is, interest in the study of cartilage regeneration, a tissue of vital importance,
because when injured, the main symptom is pain, and the limitation may lead to functional loss, leading
many individuals to abandon their work or sports activities, regardless of age. experimental studies, with
several species of animals, show the regeneration of hyaline cartilage after injuries, depending on the
injured site and the size of the injury*®1°20

In the Control Group analyzed by us, there was no healing of the injured areas; we only found a
small percentage of hyaline cartilage in the peripheral region of the lesion. Whenever the subject of cartilage
injury was approached, we thought of a probable hypothesis about the existence of some compensation
mechanism of load transfer to the non-injured compartment, in an attempt to "save™ the injured side. once
the cartilage is injured, there is no load transfer; therefore, it is necessary to search for an effective treatment
of this area! . In our study, since we only injured one condyle, we did not expect this transfer to compromise
the uninjured cartilage.

Experimental studies are fundamental for us to understand all the stages of repair or regeneration,
and rabbits are the animals of choice for several authors due to their ease of handling and low
aggressiveness, being, for these reasons, an animal that offers no risks, besides being extremely easy to be
anesthetized'® .

The choice of a single breed was made for greater homogeneity in the sample, as well as the choice
of males avoided hormonal variability and crossbreeding in the case of mixed housing.

The care is more related to the drugs used. Ketamine was used as an anesthetic, agreeing with several
authors?2232425 for the safety of the drug in maintaining the anesthetic plan that was good for the duration
of the experiments. Acetpromazine 1%, a phenothiazine tranquilizer, a potent neuroleptic, was used in all

animals with expected results obtained®® . We used the association of ketamine and xylazine, such
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association provides a safe anesthesia in the animals as soon as it is administered, ending its effect in time
for the performance of the procedures®’ . It enabled a good surgical time for a low level of discomfort to
the animal .2

All animals survived the anesthesia and surgery procedures.

In an animal model, to produce a lesion that does not regenerate spontaneously, besides compromising
the basal layer, it must reach the subchondral region. Its diameter must exceed 3 mm to 4 mm?22-282930  Qur
Model adopted this care® . The rabbits operated on were less than 6 months old because the durability of the
reparative scar in these animals decreases with their maturation . 3

We preferred that our rabbits remained without immobilization to effect the regenerative potential of
active joint mobility, as well as operated both knees could not restrict the use of the injured?? .

The histological exams proved that the lesion had a recent regenerative character, showing moderate
structural disorganization. The chondrocytes were arranged in sparse groups, irregularly distributed in the
middle of the hyaline matrix, in agreement with observations by authors®® .

It provided a regenerative lesion, according to the animal model chosen, leaving a joint with an
osteochondral lesion prepared for the desired therapeutic test, with good articular exposure, after laterally
dislocating the patella, as shown in other studies?3334

We used a semi-quantitative and gradual histological scale of cartilage repair, by means of sagittal
histological sections, thus being able to graduate the filling of the lesions® . We modified in our histological
analysis the regeneration qualification because we needed more accuracy in measuring the osteochondral
response to lesions being or not stimulated through the application of electrotherapy, as we would analyze
different regenerative reactions.

Based on theoretical basis, the ultrasound equipment model AVATAR V of the company KLD
Biosistemas was used, as it is micro processed, meets the international and national safety standards,
INMETRO and ISO 9001 certification. It offers a variety of frequencies (1 and 3 MHz) and a head with 1,

3 and 5 cm of ERA (effective radiation area), meeting the requirements of this study. The underwater
application technique is considered the best for presenting similar acoustic impedance to the soft tissue,
reducing reflection.

Due to the depth of the lesion we opted for a frequency of 1LMHz. The intensity used was 0.5 W/cm2,
for the treatment of acute lesions using low intensities, since the high ones could be harmful to the tissues.
The pulsed mode was chosen for also being indicated in the treatment of acute lesions, for presenting
minimized thermal effects, and the work cycle in 20% with frequency modulation of 16Hz contemplated
the use in both groups.

The application time of 5 minutes has been standardized so that the treatment time is at least 1
minute for an area of 1 cm2. Areas no larger than the size of the head should be treated for a few minutes

(3 to 5) using the semi-static method. The frequency of daily treatment was chosen, because in acute cases
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they must be treated daily. The period of ten days is due to the fact that this is the minimum number of
sessions performed in physical therapy services.

Pulsed ultrasound has a significant therapeutic effect in stimulating tissue regeneration and bone
tissue repair.

In our study that analyzed chondral behavior with USPSA using 0.5 W/cm2 / 1 MHz the
cartilaginous response found showed similarity in the results of the treated group and the control group in
the first weeks.

The same authors found that if the treatment was delayed until the third or fourth week, the
ultrasound would stimulate chondrogenesis. In our study there was statistical similarity between the groups
with respect to all measurements of chondral production at the third and fourth weeks. This was confirmed
in our study by the decrease in immature bone formation and osteoblastic proliferation in the USPSA treated
group.

Our model, which investigated hyaline or fibrous chondral regeneration, found a tendency to form
hyaline cartilage over fibrocartilage in knees submitted to USPSA therapy, but did not have statistical
correspondence. And in our study of osteochondral region, the vascular proliferation parameter did not
show statistical significance.

The presence of differentiated organization in terms of remodeling as well as by the presence of
chondrocyte layer, cartilaginous matrix and chondrocyte niches were similar in both Group A and Group
B with and without the application of USPSA.

7 CONCLUSIONS

The animal model selected and the formatting of the histological analysis were appropriate for the
proposed research.

The use of pulsed ultrasound with a frequency of 1MHz, at 20%, with frequency modulation of
16Hz, 0.5 W/cm?2 of intensity, and an application time of 5 minutes in acute osteochondral lesions showed
similar statistical significance in chondral regeneration compared to the Control Group.

In the application of USPSA in the proliferative phase (third and fourth weeks) of acute
osteochondral lesions there was a decrease in osteoblastic proliferation and immature bone formation.

The parameters of ultrasonic emission applied in the treatment of acute osteochondral lesions should
continue to be studied, as these presented here constitute only one of the numerous therapeutic possibilities

of this modality.

Principles and Concepts for development in nowadays society - Underwater pulsed ultrasound in animal model
osteochondral injury

16



REFERENCES

SPEER D. P., CHVAPIL M., VOLZ R. G., HOLMES M.D. Enhancement of Healing in Osteochondral
Defects by Collagen Sponge Implants, Clin Ortop v.144, p. 326-335, oct 1979.

BUCKWALTER J.A.,, MANKIN H.J.: Articular cartilage: degeneration and osteoarthritis, repair,
regeneration and transplantation. AAOS Instructional course Lectures 47: 487-504, 1998.

BUCKWALTER, J.A., MARTIN, J. Degeneration Articular Clinical Symposia 1999-47 v.2; 4-8

FRENKEL, S.R., DI CEZARE, P.E. Degradation and repair of articular cartilage. Front Biosci 1999
Oct.15;4: D671-85

SEDA, H.; SEDA, A.C.. Arthrosis (Arthrosis). Available at:
http://www.reumatologia.com.br/reumatologia/reumatologia/principaisDoencas.asp? IDPrincipalDoenca=
6. Accessed on: 10/29/2008.

ANANIAS, J., UBILLA, D., IRARRAZAVAL, S., ORTIZ-MUNOZ, L. Is pulsed ultrasound an
alternative for osteoarthritis? . Medwave. 2017 Dec 26;17(9):e7109. doi:
10.5867/medwave.2017.09.7109.PMID: 29286351

SHAPIRO F, KOIDE S, GLIMCHER MJ. Cell origin and differentiation in the repair of full-thickness
defects of articular cartilage. J Bone Joint Surg Am. 1993;75(4):532-53

WANG, K.H., WAN, R., CHIU, L.H., TSAI, Y.H., FANG, C.L., BOWLEY, J.F.,, CHEN, K.C., SHIH,
H.N., LAI, W.F.T. Effects of collagen matrix and bioreactor cultivation on cartilage regeneration of a full-
thickness critical-size knee joint cartilage defects with subchondral bone damage in a rabbit model. PLoS
One. 2018; 13(5): e0196779.

QINGLY, L., SHUANQQUAN, J., ZHIMI, L., TAO, H., SIGIN, F. Effects of ultrasound therapy on the
synovial fluid proteome in a rabbit surgery-induced model of knee osteoarthritis Biomed Eng Online. 2019;
18: 18.

MAZHUGA, P.M. Sources of nutrition and structural regeneration of articular cartilage.
Morfologial999;115(1):43-50

ALSAN, T., SAH, R.L. Biomechanics of integrative cartilage repair. Osteoarthritis Cartilage 1999
Jan;7(1):29-40

PFANDER, D., RAHMANZADEH, R., SCHELLER, E.E. Presence and distribution of collagen II,
collagen I, fibronectin,and tenascin in rabbit normal and osteoarthritic cartilage. Rheumatol1999
Feb:26(2):386-94

NOONAN, K. J., E. B. NESSLER, J. BUCKWALTER, J. A Changes in Cell, Matrix Compartment,and
Fibrillar Collagen volumes between Growt-Plates Zones. J. Orthop. Res 1998 Jul.16(4):500-8

BURR, D.B. The importance of subchondral bone in osteoarthosis.Curr Opin Rheumatol 1998
may;10(3):256-62

TER HAAR, G., DYSON, M., OAKLEY, E.M. The use of Ultrasound by physiotherapist in Britain,
1985. Ultrasound Med Biol. 1987 Oct;13(10):659-63.

Principles and Concepts for development in nowadays society - Underwater pulsed ultrasound in animal model
osteochondral injury

17


https://pubmed.ncbi.nlm.nih.gov/29286351/
https://pubmed.ncbi.nlm.nih.gov/29286351/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5945026/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5945026/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6387552/

SCHUEDA, M.A. & Colls, Animal model of osteochondral injury in rabbits. Brazilian Journals of
developmen

MENG, X., ZIADLOU, R., GRAD, S., ALINI, M., WEN, C., LAI, Y., QIN, L., ZHAO, Y., WANG,
X., Animal Models of Osteochondral Defect for Testing Biomaterial. Biochem Res Int 2020; 2020:
9659412.

SHANDS JR. A.R.: The regeneration of hyaline cartilage in joints. An experimental study. Archives of
Surgery 137-178, 1930

CALANDRUCCIO, R.A.; GILMER, W.S. Proliferation, regeneration and repair of cartilage of immature
animals. J Bone Joint Surg, 1962; 44:431-44

CHEN, F., CHAQO, Y., SHANG, Q., Advances in the research on repairing cartilaginous defects of synovial
joint. Chung Kuo Hsiu Fu Chung Chien Wai Ko Tsa Chih 1998 Sep;12(5):297-300

HALL M.C.: Cartilage chenges after experimental relief of contact in the knee joint of the mature rat.
Clinical Orthopedics and Related Research, 64:64-76, 1969.

LIPMAN, N.S., MARINE, P.R., ERDMANN, S.E. Acomparison of Ketamine/ Xylasine and
Ketamine/Xylasine/Acepromazine anesthesia in rabbit.Lab. Anim. Sci.1990;40:395-8

WAKITANI S, GOTO T, PINEDA SJ, et al: Mesenchymal cell-based repair of large, full-thickness defects
of articular cartilage. J Bone Joint Surg 1994; 76A:579-592.

PEREZ-MARTINEZ A., GONZALVEZ-PINERA J., MARCO-MACIAN A , CARPINTERO-
MORENO F., MOYA-MARCHANTE M.: Propofol en perfusion continua como anestésico en cirurgia
experimental del conejo. Rev. Esp. Anestesiol. Reanim. 42:253-256, 1995.

MENCHE D.S., FRENKEL S.R., BLAIR B., WATNIK N.F., TOOLOAN B.C., YAGHOUBIAN
R.S., PITMAN M.I.: A comparison of abrasion burr arthroplasty and subchondral drilling in the
treatment of full-thickness cartilage lesions in the rabbit. - Journal Arthroscopic and Related Surgery
12:280-286, 1996.

McCORMICK, M.J., ASHWORTH, M.A. Acepromazine and methoxyflorane anesthesia of immature
New Zealand white rabbits.Lab.Anim.Sci.1971;21:220-3

WYATT, J.D.; SCOTT, R. AW.; RICHARDSON, M. E.The effects of prolonged Ketamine - xylazine
intravenous infusion on arterial pH blood gases, meanarterial blood presure, heart and respiratory rates, rectal
temperature and reflexus in the rabbit. Lab.Anim. Sci.,1989;39:411-6

LOVASZ, G., LLINAS, A., BENYA, P.D., PARK, S.H., SARMIENTO, A., LUCK, J.V.JR. Cartilage
changes caused by a coronal surface stepoff in a rabbit model Clin Orthop1998 Sep;(354):224-34

LIN, P.P.,, BUCKWALTER, J.A.,, OLMSTEAD, M., CATERSON, B. Expression of proteoglycan
epitopes in articular cartilage repair tissue. lowa Orthop J. 1998;18:12-8

KANIA, R.E., MEUNIER, A., HAMADOUCHE, M., SEDEL, L., PETITE, H. Addition of fibrin sealant
to ceramic promotes bone repair:long-term study in rabbit femoral defect model. J Biomed Mater Res 1998
Spring;43(1): 38-45

WEI X., MESSNER K.: Maturation-dependent durability of sponteneous cartilage repair in rabbit knee
joint. - John Wiley & Sons, Inc.

Principles and Concepts for development in nowadays society - Underwater pulsed ultrasound in animal model
osteochondral injury 18




MORAN, M.E., KIM, H.LK.W. , SALTER, R.B., Biological resurfacing of full-thickness defects in patellar
articular cartilage of the rabbit J Bone Joint Surgery 1992 Sept 74B (5)659-667

GRANDE D.A., PITMAN M.I., PETERSON L., MENCHE D., KLEIN M.: The repair of
experimentally produced defects in rabbit articular cartilage by autologous chondrocyte transplantation.
Journal Orthopaedic Research 7:208-218, 1989.

BRITTBERG M., NILSSON A., LINDAHL A., OHLSSON C., PETERSON L.: Rabbit articular
cartilage defects treated with autologous cultured chondrocytes. Clinical Orthopaedics 326:270-283,
1996.

PINEDA S., POLLACK A., STERVENSON S., GOLDBERG, V., Caplan: A demiquantitative scale
for histologic grading of articular cartilage repair. Acta Anathdmica p. 338-340, 1992.

Principles and Concepts for development in nowadays society - Underwater pulsed ultrasound in animal model

osteochondral injury 19




CHAPTER 2

Remdesivir: a strategy to confront the COVID-19 virus
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a possible candidate for the treatment of Sars-Cov-2.
Given these assumptions, this paper aims to highlight
the current evidence on the mechanism of action of
this drug in cells infected with COVID-19 through a
literature review. Remdesivir is defined as a
nucleoside analog prodrug substituted with 10-cyano.
Its main function is to inhibit viral replication by
competing with endogenous nucleotides for viral RNA
incorporation. In a randomized double-blind study,
intravenous Remdesivir had no efficacy on time to
clinical improvement, mortality, or time to viral
clearance in patients with severe COVID-19. In
another study patients who received Remdesivir had a
10-day faster recovery compared to those who
received placebo. It is concluded that one study was

Evaluation PPGAAS-UFG able to satisfactorily demonstrate the use of

Remdesivir in patients with COVID-19, as patients
had a short recovery time compared to placebo.
However, more studies are needed to prove the
efficacy of the drug in combating coronavirus.

ABSTRACT

December 2019, a new type of coronavirus was found
to have emerged and the World Health Organization
declared a state of public health emergency. In view of

this Remdesivir was pointed out in many countries as Keywords: Coronavirus, medicines, drug reuse.

1 INTRODUCTION

In December 2019, in the city of Wuhan, belonging to Hubei Province, located in China, a new type
of coronavirus was found to have emerged: Sars-Cov-2. In late January 2020, the World Health
Organization (WHO) declared a state of public health emergency of international importance. To combat
the transmission of the virus and the contagion of the disease among humans, a number of measures have
been indicated and adopted, such as,social isolation and lockdown (CDC, 2022; HUI, 2017; PARK, 2020;
WU et al., 2020).

In the absence of a cure for this new virus, the world's healthcare systems have collapsed. In the
quest to find a solution, researchers have focused on drastic measures to understand, monitor, and control
the replication and spread of the virus and to seek timely and cost-effective therapeutic strategies in order
to suggest promising treatment for hospitalized patients and those in critical states (LOU; SUN; RAO 2014;
FDA, 2020)

Scientists found that Remdesivir (GS-5734) could be promising in the treatment of Sars-Cov-2
(COVID-19), as it is an antiviral/antimalarial that was originally developed for the treatment of Ebola virus
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and targets viral proteins that block the viral replication machinery and consequently inhibit polymerase.
According to Warren et al. (2016), Remdesivir was not yet approved, but even so, on May 1, 2020 it was
the first to receive Food and Drug Administration (FDA) clearance for emergency use, a fact that
demonstrates the importance of having more studies on this drug.

Given these theoretical assumptions, this paper aims to highlight the current evidence on the
mechanism of action of this drug in cells infected by COVID-19 and its therapeutic performances against

the novel SARS-CoV-2 coronavirus.

2 METHODOLOGY

This work is a literature review in the Scielo, PubMed and Lilacs article databases. For the search
the following terms and key words were used: Remdesivir, COVID-19, Pharmacology and Efficacy. After
reading the titles and abstracts of the articles found, as selection criteria articles that contained relationships
between Remdesivir and efficacy in the application against COVID-19 were used.

3 RESULTS AND DISCUSSION

Remdesivir (previously GS-5734) (Figure 1) is defined as a monophosphoramidate prodrug of a 10-
cyano substituted nucleoside analog (GS-441524). Its main function is to inhibit viral replication by
competing with endogenous nucleotides for viral RNA incorporation via RNA-dependent RNA polymerase
(RdRp). The RdRp nonstructural protein (nspl2) is intensely conserved in coronaviruses, making it an
attractive target for broad-spectrum antiviral drugs. Upon entering cells, GS-5734 undergoes rapid
metabolic conversion action by intracellular kinases into its active nucleoside triphosphate metabolite (GS-
443902); rate-limiting step for activation of nucleoside analogues and the generation of nucleoside
monophosphate (SIEGEL et al., 2017).

Figure 1. Chemical structure of Remdesivir and its metabolites (JORGENSEN, et al. , 2020).
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Nucleoside phosphoramidates are monophosphate biosomers and therefore are able to bypass this
rate-limiting step, but need to be administered as prodrugs to mask the charged phosphonate group and
allow rapid entry into cells. The negative charge of Redemsivir is characterized by 2-ethylbutyl and L-

alanine groups that are rapidly removed by intracellular esterases that exhibit high non-structural RdRp
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(divergent RNA-dependent RNA polymerases) selectivity when compared to human polymerases (SIEGEL
etal., 2017).

The triphosphate form of the inhibitor (RDV-TP) is used as a substrate and competes with its natural
counterpart ATP; incorporation of the nucleotide analog was significantly more efficient. Once added to
the growing RNA chain, the inhibitor does not cause immediate chain termination. The presence of the 3'-
hydroxyl group allows the addition of three more nucleotides until RNA synthesis is stopped at the i+3
position. Therefore, the main possible mechanism of action is delayed RNA chain termination (GORDON
et al., 2020).

The typical coronavirus (CoV) genome is a single-stranded, non-segmented RNA genome of
approximately 26 to 32 kb. (Figure 2). It contains 5'-methylated caps and 3'-polyadenylated tails and is
arranged in the order of 5', replicase genes, genes encoding structural proteins (spike glycoprotein (S),
envelope protein (E), membrane protein (M) and nucleocapsid protein (N)), polyadenylated tail and then
the 3' end. The open reading frame 1a/b of the partially overlapping 5' terminus (ORF1a/b) is within the 5'
two-thirds of the CoV genome and encodes the large replicase polyprotein 1a (ppla) and pplab (GORDON
et al., 2020).

These polyproteins are cleaved by papain-like cysteine protease (PLpro) and serine protease type
3C (3CLpro) to produce nonstructural proteins, including RNA-dependent RNA polymerase (RdRp) and
helicase (Hel), which are important enzymes involved in CoV transcription and replication. The one-third
3' of the CoV genome encodes structural proteins (S, E, M and N), which are essential for virus-cell-receptor
binding and assembly of the virion, and other non-structural proteins and accessory proteins that may have
immunomodulatory effects 297 (PEIRIS, SM, GUAN et al., 2004).

Figure 2. Genome and structures of Sars-Cov-2 and MERS-Cov (ZUMLA, et al., 2016).
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Coronaviruses (CoVs) enter the host cell via the endosomal pathway and/or the non-endosomal cell
surface pathway. The entry of CoVs into endosomal cells is facilitated by low pH and pH-dependent
endosomal cysteine protease cathepsins. CoVs then dissimulate intracellularly to release the nucleocapsid
and viral RNA into the cytoplasm for translation of ORF1a/b into the large replicase polyprotein 1a (ppla)
and pplab and for replication of the genomic RNA. The full-length positive strand genomic RNA is
transcribed to form a full-length negative strand template for synthesis of new genomic RNAs and
overlapping subgenomic negative strand templates. The subgenomic mRNAs are then synthesized and
translated to produce the structural and accessory proteins. The helical nucleocapsid formed by the
assembly of the nucleocapsid protein (N) and genomic RNA interacts with the other structural proteins to

form the assembled virion, which is then released by exocytosis into the extracellular compartment (Figure
3) (ZUMLA, et al., 2016).

Figure 3. Virus- and host-based treatment options targeting the coronavirus replication cycle (ZUMLA, et al., 2016).
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Wang et al. (2020) conducted a randomized double-blind, placebo-controlled study on 255 eligible
patients in hospitals in Hubei, China, with oxygen saturation of 94% and stratified according to respiratory
support level (no oxygen support, and or high flow oxygen) with symptom onset up to twelve (12) days,
with radiological evidence of pneumonia. Remdesivir, was administered intravenously with single daily
infusions, starting with 200mg on day 1, 100mg between days 2-10.

The study showed that intravenous Remdesivir had no efficacy on time to clinical improvement,
mortality, or time to virus clearance in patients with severe COVID-19 were similar to the placebo group,
but there was a 5-day reduction in mean time to clinical improvement. The study did not reach the
predetermined sample size because the COVID-19 outbreak was controlled in China, future studies are
needed to understand its efficacy and potential (Wang et al. , 2020).

Goldman et al. (2020) conducted a multicenter phase 3 open randomized trial, there were 408
critically ill patients with COVID-19 screened for eligibility, hospitalized patients with confirmed SARS-
COV2 infection, with oxygen saturation of 94% or less while breathing on room air and radiological
evidence of severe pneumonia. Patients were randomly assigned in a 1:1 ratio to receive intravenous
Remdesivir for 5 days or 10 days, at a dose of 200 mg on the first day and 100 mg on the remaining days.

No significant difference in efficacy was found between the 5- and 10-day Remdesivir groups. After
adjusting for baseline imbalances in disease severity, the results were similar as measured by several
endpoints: clinical status on day 14, time to clinical improvement, recovery, and death from any cause.
However, these results cannot be extrapolated to critically ill patients on mechanical ventilation, since few
of the patients in the study were on mechanical ventilation before starting Remdesivir treatment. Without
placebo control, however, the magnitude of the benefit cannot be determined (Goldman et al., 2020).

Spinner et al. (2020) presented a randomized, open-label trial of hospitalized patients with
confirmed coronavirus 2 (SARS-CoV-2) infection of severe acute respiratory syndrome and COVID-19-
moderate pneumonia (pulmonary infiltrates and room air oxygen saturation > 94%). Of the 612 patients
who consented and were screened for eligibility, 596 were randomized and 584 started the study: 193 started
a 10-day course of Remdesivir, 191 patients started a 5-day course of Remdesivir, and 200 continued
standard treatment.

Beigel et al. (2020) conducted a randomized, double-blind, multicenter, placebo-controlled study
with patients randomly chosen from multiple sites; with intravenous Remdesivir in adults hospitalized with
COVID-19, the starting dose used was 200mg on the first day and on the others 100mg for 9 days or until
they were discharged or died. They used a sample of 1,062 people. Those who needed mechanical
ventilation, supplemental oxygen, and if the measured oxygen saturation was 94% or less while breathing
on room air, or if they had tachypnea, were considered to be in critical condition.

Patients who received Remdesivir had 10 days faster recovery compared to those who received

placebo who had recovery in 15 days. In the severe disease stratum (957 patients), the average recovery
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time was 11 days compared to 18 days. The benefit of Remdesivir was greatest when administered early in
the disease, although the benefit persisted in most analyses of symptom duration. With regard to mortality,
the Remdesivir group showed significant compared to the placebo group estimates for day 29 were 11.4%
and 15.2% in the group without Remdesivir, respectively. The differences in mortality between groups
varied considerably according to initial severity (Beigel et al., 2020).

Patients in the Remdesivir group had shorter time to discharge, the initial length of stay was shorter
in the Remdesivir group than in the placebo group. Among the 913 patients who received oxygen at
enrollment, those in the Remdesivir group continued to receive oxygen for fewer days than patients in the
placebo group, and the incidence of new oxygen use among patients who did not go on to receive oxygen
at enrollment was lower in the Remdesivir group than in the placebo group. For the 193 patients who
received noninvasive ventilation or high-flow oxygen at enroliment, the average duration of use of these
interventions was 6 days in the Remdesivir and placebo groups. Among the 573 patients who were not on
noninvasive ventilation, high-flow oxygen, invasive ventilation, or Extracorporeal Membrane Oxygenation
(ECMO) therapy at the start of the study, the incidence of new noninvasive ventilation or high-flow oxygen
use was lower in the Remdesivir group than in the placebo group. Among the 285 patients who were on
mechanical ventilation or ECMO at enrollment, patients in the Remdesivir group received these
interventions for fewer subsequent days than those in the placebo group (Beigel et al., 2020).

5 CONCLUSIONS

Remdesivir was first created for the Ebola Virus, but treatment was discontinued due to the high
rate of side effects in patients. However, in 2020 it returned as a protagonist for the treatment of COVID-
19. The first studies did not demonstrate its effectiveness, some of them not completed due to the control
of the outbreak, limitation of protocols, viral load not evaluated, open studies and methods that interfered
with the final result of the work.

However, one study was able to satisfactorily demonstrate the use of Remdesivir in patients with
COVID-19. It showed a short recovery time compared to placebo, an average of 10 to 15 days,
hospitalization and discharge times had significant results with an average of 12 to 17 days, and mortality
showed relevant data from 11.4% to 15.2%, i.e. Remdesivir was effective in COVID-109.

Therefore, more studies on the drug are needed to ensure safety and quality of life for the patients

who use it.
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ABSTRACT

Introduction: In 2019, the SARS-Cov-2 virus emerged
in Wuhan province, China, causing the pandemic of
COVID-19 (R. MOJICA-CRESPO et al, 2020). In
Brazil, the first confirmed case of COVID-19 was
recorded on February 26, 2020 (MINISTERIO DA
SAUDE, 2020). In an effort to reduce the spread of
this virus and end the pandemic, scientists around the
world have worked to develop efficient and safe
vaccines in record time to combat the pathogen. At the
time of writing, 104 vaccines are under development,
8 approved by the World Health Organization (WHO,
2020) (KNOLL M D ET AL, 2020) and 4 approved by

1 INTRODUCTION
HISTORY OF THE PANDEMIC

Brazil's National Health Surveillance Agency
(ANVISA, 2020).

Objective: To determine the difference in
susceptibility to develop the severe form of the disease
in people who had Covid and were vaccinated,
compared to those who were not vaccinated in Brazil.
Material and Methods: The review was based on
articles published in national and international
databases, such as Scielo and PubMed, as well as
websites of the World Health Organization, Pan
American Health Organization, Ministry of Health,
National Health Surveillance Agency, among others.

Final Considerations: The present literature review
concluded that the four vaccines approved by
ANVISA have proven efficacy in fighting the
development, but mainly in aggravating the clinical
picture of the new coronavirus disease, with certain
exceptions of some vaccines in pregnant women and
children due to the lack of data collected from these
two specific groups. Thus, besides all the biosafety
protocols recommended by the health agencies during
the pandemic scenario, it can be seen that vaccination
was responsible for controlling the number of new
cases of the disease in Brazil and that it brought
significant improvement in the lives of those infected
by the new coronavirus, avoiding the worsening of the
clinical picture and reducing the mortality rate.

Keywords: vaccines, COVID-19, Astrazeneca,
CoronaVac, Janssen, Pfizer,

In 2019, the SARS-Cov-2 virus emerged in Wuhan province, China, causing the pandemic of

COVID-19. Such a virus had zoonotic origin, from wild animals and spread rapidly by direct route through

contact with the viral particles present in saliva droplets or in aerosol suspension (R. MOJICA-CRESPO et

al, 2020).

When these viral particles are able to bind, via the spike protein, to cells (Hosseini et al, 2020), the

body can react causing mild symptoms such as body aches, nasal congestion, headache, conjunctivitis, sore

throat, diarrhea, loss of taste or smell, skin rash, or discoloration of fingers or toes (PAHO, 2020). In
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addition to these mild symptoms COVID-19 can cause more severe symptoms such as Middle East
respiratory syndrome (MERS-CoV) and severe acute respiratory syndrome (SARS-CoV) (PAHO, 2020).

In Brazil, the first confirmed case of COVID-19 was recorded on February 26, 2020 (MINISTERIO
DA SAUDE , 2020). However, on November 15, 2021, at 17:20, there were already 21,960,766 confirmed
cases and 611,346 deaths from infection with the new coronavirus (PAINEL CORONAVIRUS, 2021). This
rapid dissemination not only caused damage to the health of the population, but also socioeconomic
problems such as: difficulty in the economic support of the financial system and the population; mental
ilIness of people in times of confinement and fear for the risk of infection and death; and obstacles in access
to essential goods such as food, medicines, transportation, among others (PORTAL FIOCRUZ, 2020).

In the quest to reduce the spread of this virus and stop the pandemic, scientists around the world
have worked to develop efficient and safe vaccines in record time to combat the pathogen. At the time of
writing, 104 vaccines are under development, 8 approved by the World Health Organization (WHO, 2020)
(Knoll M D et al, 2020) and 4 have been approved by Brazil's National Health Surveillance Agency
(ANVISA, 2021). These are the Oxford/Astrazeneca, Janssen, CoronaVac and Pfizer vaccines, each with

a specific mode of action, efficacy and different costs.

2 HISTORY OF VACCINES

The history of vaccines began in the late 18th century, with the idea of attenuation of virulent
infections, developed by physician Edward Jenner, to combat smallpox. It is worth mentioning that, by the
end of the 1800s, Europe was living with frequent episodes of smallpox outbreaks. At that time, therefore,
the medical class was already mobilized to combat this recurring pathology. However, it was only when
English doctors realized that patients affected by the human variant of smallpox, who had already been
infected by the bovine variant (cowpox), presented clinical pictures that were notoriously more attenuated
and much less aggressive, that a great leap forward in smallpox control was effectively taken. It should be
noted that the disease in bovine hosts was called vaccinia, which directly influenced the nomenclature of
the new discovery (LARROCA, 2000).

Jenner's conclusion allowed the understanding of two fundamental points: not only an animal
variation of the pathology was able to protect humans from severe infections of the human variation, but
also the deliberate inoculation of the attenuated pathogen in healthy human individuals could induce future
protection without severe manifestation of the disease (CONTI, 2021); this last conclusion was derived
from the process called variolization. Variolization consisted in collecting secretion from the skin wounds
of patients infected with a mild variation of the disease and infecting healthy humans, with the aim of
activating the protective response (known today as immune response). Soon after, it was concluded that
this process was analogous to using small amounts of poison to make a person immune to the toxic effects,
since the results of the experiments proved to be very efficient and promising. The development of this

technique was crucial for the evolution of vaccines, but when Jenner published "An Inquiry into the Causes

Principles and Concepts for development in nowadays society - COVID-19 Vaccines: A Literature Review

28



and Effects of the Variolae Vaccinae", the work suffered strong criticism and discredit from the medical
academy, but undeniably, when it proved effective, about two years after its publication, it became one of
the greatest references on the study of immunization at the time.

Therefore, Jenner realized that the use of an animal virus (probably smallpox) could prevent the
disease, based on the idea that a virulent agent external to the healthy individual could be inoculated in an
attenuated form in humans (PLOTKIN ET AL, 2014) in order to generate a protective response against the
aggravation and classic manifestation of the disease. Therefore, a technique that would revolutionize health
practices, epidemic control and collective health in Europe and, later, in the world, was born.

Still in the late 18th century and early 19th century, Pasteur had an important contribution to the
development of new vaccine techniques, especially in the field of developing the understanding of the
protection process against external agents. In fact, the author Tania M. Fernandes (2010) argues that lies,
in this specific point, the big difference between the understanding of Jenner and Pasteur:

The central idea, introduced by Jenner, that the smallpox vaccine produced a disease was, as we
have already pointed out, accepted by Pasteur. According to this idea, it was not the smallpox virus that
was present in the vaccine, but a similar virus modified by dissemination in cattle. Although supporters of
the same understanding of the vaccine - as a disease -, there are quite profound differences in the
understanding that both assumed about this process, which, for Pasteur, was justified by the presence of a
specific etiological agent, whose action was controllable.

That is, in the 19th century, with the advance of technology, but especially the development of
microbiology headed by Pasteur, vaccines started to be developed in laboratories and this allowed
discovering that immunogenicity could be maintained if bacteria, in particular, were carefully killed by heat
or chemical treatment. Importantly, Pasteur's work on pathogen attenuation paved the way for the creation
of the first vaccine with live attenuated organisms and inactivated vaccines. Inactivation was first applied
to pathogens that cause diseases such as typhoid fever, plague, and cholera bacilli (PLOTKIN ET AL,
2014).

In the early 20th century, the contribution of Pasteur's legacy unfolded further with the work of his
pupils Albert Calmette and Camille Guérin, who together were responsible for producing the Bacillus
Calmette-Guerin Vaccine, better known as BCG, which was decisive in controlling and combating the
dreaded tuberculosis infection.

Already in the first half of the 20th century, there was a major revolution with the discovery that
cells could be grown in vitro and used as substrates for viral growth. Enders, Weller and Robbins were
responsible for showing that several viruses could be grown in cell cultures. Then, through the selection of
clones by passage in cell cultures in vitro, it was possible to create the vaccines against measles, rubella,
mumps and varicella. Furthermore, in this period, with the beginning of bacteriology, it was discovered
that many of these pathogens were surrounded by a polysaccharide capsule and that antibodies against the

capsule were able to promote phagocytosis. Using this information it was possible to develop the
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meningococcal polysaccharide vaccine by Artenstein, Gottschlich and collaborators (PLOTKIN ET AL,
2014).

In addition, in the late 20th century, the genetic engineering revolution had a major impact on
vaccine development. The first fruit of this revolution was the hepatitis B vaccine (PLOTKIN ET AL,
2014). Furthermore, this revolution gave rise to new techniques, which are much more efficient in
production and economical in manufacturing, such as split product, subunit, isolated protein, peptide,
marker vaccine, live vector, and nucleic acid approaches (FRANCIS MJ ET AL, 2018). Soon, one can see
how the evolution of genetic engineering and vaccines has been crucial for the development of mankind,
especially in the field of fighting and preventing infectious diseases, since the principle of vaccination is to
induce protection against a pathogen by mimicking its natural interaction with the human immune system
(CANOUI ET AL, 2019).

Currently, in the middle of the new coronavirus pandemic, the world and the scientific community
have been striving, through vaccines, to minimize the impacts of the virus on individuals and try to re-

establish a minimally normal life, as in the pre-pandemic scenario.

3 ASTRAZENECA
3.1 VACCINE PRESENTATION

The ChAdOx nCoV-19 vaccine, better known by the name of its developers and producers: the
University of Oxford and the pharmaceutical company AstraZeneca (Oxford-AstraZeneca), is produced
using the viral vector model. In Brazil, there is a production partnership with the FioCruz Institute (KNOLL
et al, 2021).

3.2 MEANS OF ACTION - OPERATION

The Oxford-AstraZeneca vaccine comprises a single replication-deficient recombinant chimpanzee
adenovirus vector expressing the S glycoprotein of SARS CoV-2. After administration, this glycoprotein
is expressed on site, stimulating neutralizing antibodies and the cellular immune response (Vaccine
Bulletin).

3.3 RESEARCH

Initially, 4 randomized clinical trials were done in 3 different countries: UK, South Africa and
Brazil. These studies reported on the safety and efficacy of this vaccine in adults 18 years of age and older.
After the results of phase 1 it was concluded that a booster dose would be required 28 days after the first
dose.(Knoll et al, 2021). But due to logistical constraints, the interval between dose 1 and dose 2 ranged
from 3 to 28 weeks (VACCINE BULLETIN).
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3.4 EFFICIENCY

Interim results from the studies that took place in the UK and Brazil showed that in approximately
4 months of follow-up of 11,636 participants (18-55 years old) no hospital admissions for COVID occurred
in the participants who received this vaccine, while in the control group 10 participants went to hospital
because of the virus (KNOLL et al, 2021).

3.5COST
According to the TCU (Federal Audit Court) the unit price of the Oxford-AstraZeneca vaccine
produced by Fiocruz is R$19.87.

3.6 TRANSPORTATION

This vaccine must be conserved under refrigeration (2 to 8°C), it must not be frozen and it must be
kept in its original package in order to protect from light. After the withdrawal of the first dose, keep the
vial at room temperature (up to 30°C), and use it within 6 hours or, store it under refrigeration (2 to 8°C)
and use it within 48 hours (VACCINE BULLETIN).

3.7 CONTRAINDICATIONS AND ADVERSE REACTIONS

Contraindications are: hypersensitivity to the active ingredient or to any of the excipients of the
covid-19 (recombinant) vaccine, patients who have suffered significant venous and/or arterial thrombosis
in combination with thrombocytopenia after vaccination with any covid-19 vaccine, and individuals who
have had previous episodes of Capillary Extravasation Syndrome (see the Warnings and Precautions
section) (VACCINE BULLETIN).

Adverse reactions of vaccination can be divided by frequency: Very common as headache, nausea,
myalgia, arthralgia, injection site tenderness, injection site pain, injection site heat sensation, injection site
pruritus, injection site ecchymosis, fatigue, malaise, fever, chills; Common: Vomiting, diarrhea, pain in
extremities , swelling at injection site, erythema at injection site, induration at injection site, pyrexia ,
influenza-like symptoms; Uncommon: Hyperhidrosis, pruritus, rash, urticaria, abdominal pain, dizziness ,
drowsiness, decreased appetite, lymphadenopathy. In the elderly (> 65 years of age), these reactions were
generally milder and less frequently reported (Vaccine Bulletin).

3.8 PEDIATRIC, ADOLESCENT AND PREGNANT USE

The use of AstraZeneca vaccine in pregnant women has not been extensively researched; animal
studies have not indicated any direct or indirect harmful effects on pregnancy, embryofetal development,
parturition or postnatal development. Therefore, as a precautionary measure, vaccination with AstraZeneca

vaccine is not recommended during pregnancy (VACCINE BULLETIN).
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The safety and effectiveness of covid-19 (recombinant) vaccine in children and adolescents (less

than 18 years of age) have not been established.

4 CORONAVAC
4.1 VACCINE PRESENTATION

CoronaVac (developed by Sinovac Life Sciences, Beijing, China) is presented as an injectable
suspension, and can be monodose or multidose (with two or ten doses). One dose is composed of 0.5 mL
containing 600 SU of inactivated SARS-CoV-2 virus antigen each and should be administered
intramuscularly.

Excipients: aluminum hydroxide, disodium hydrogen phosphate, sodium dihydrogen phosphate,

sodium chloride and water for injections.

4.2 MEANS OF ACTION - OPERATION

CoronaVac is a vaccine that works with inactivated, i.e. Killed, virus. In immunizers of this type,
the virus reaches this state through the use of chemicals (those used in CoronaVac are formaldehyde - which
prevents the growth of microorganisms in various products - and beta-propiolactone. These compounds
lead the virus to death), which make up the method used in the production of CoronaVac, although there
are other means, such as irradiation or heat (BUTANTAN, 2021).

Inactivated virus vaccines are more stable, easy to transport and store, and because the virus is dead,
they produce few adverse events, as opposed to attenuated virus vaccines, in which the virus remains alive
(BUTANTAN, 2021).

4.3 RESEARCH

CoronaVac, an inactivated whole virus SARS-CoV-2 candidate vaccine developed by Sinovac Life
Sciences (Beijing, China), has been in phase 3 trials since mid-2020 in Brazil, Indonesia, Chile, and Turkey.
On April 28, 2021, it was approved in 22 countries for emergency use.(TANRIOVER, MINE DURUSU et
al, 2021)

4.4 EFFICIENCY

A large phase 3 study in Brazil showed that two doses, given 14 days apart, had efficacy of 51%
[95% confidence interval (CI): 36%-62%] against symptomatic SARS-CoV-2 infection, 100% (95% CI:
17%-100%) against severe COVID-19, and 100% (95% CI: 56%-100%) against hospitalization, starting
14 days after the second dose of vaccination. No COVID-19-related deaths occurred in the vaccinated
group; there was one COVID-19-related death in the placebo group. Vaccine efficacy was maintained in
groups with and without comorbidities and regardless of prior SARS-CoV-2 infection. The mean duration
of follow-up was 73 days (PAHO, 2021).
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4.5 COST
According to the TCU (Tribunal de Contas da Uni&o), the unit cost of the CoronaVac vaccine is
R$58.20.

4.6 TRANSPORTATION
The vaccine must be stored and transported under refrigeration, between +2°C and +8°C, protected from
light and must not be frozen. If kept under appropriate conditions, the vaccine is valid for 12 months from

the date of manufacture (Vaccine Bulletin).

4.7 CONTRAINDICATIONS AND ADVERSE REACTIONS

The vaccine is contraindicated for people allergic to any components of the product, described in
item 4.1, besides individuals with fever, acute illness and acute onset of chronic diseases (VACCINE
BULLETIN).

Adverse reactions are divided according to age (adults and elderly), frequency of cases, and whether
it is a local or systemic symptom.

In adults (18-59 years old), up to 7 days after the administration of the second dose, it is very
common to have, as systemic adverse reactions, headache and fatigue; and locally, pain. Moreover, it is

common to have as systemic reactions: nausea, diarrhea, myalgia, chills, loss of appetite, cough, arthralgia,

pruritus, rhinorrhea, and nasal congestion; and locally: erythema, swelling, induration, and pruritus. Finally,

it is uncommon _to_have systemic reactions such as vomiting, fever, exanthema, allergic reaction,

oropharyngeal pain, odynophagia, sneezing, asthenia, dizziness, abdominal pain, somnolence, malaise,
flushing, pain in the extremities, upper abdominal pain, back pain, vertigo, dyspnea, and edema; as well as
hematoma locally.

In the elderly (over 60 years old), up to 7 days after the administration of the second dose, it is very

common to have local pain. It is also common to have, as systemic reactions, nausea, diarrhea, headache,

fatigue, myalgia, cough, arthralgia, pruritus, rhinorrhea, odynophagia, and nasal congestion; and, as local

reactions, pruritus, erythema, local edema, and induration. Finally, it is uncommon to have systemic

reactions such as vomiting, chills, decreased appetite, allergic reaction, asthenia, dizziness, ecchymosis,

hypothermia and discomfort in the limbs, and hematoma as a local reaction (Vaccine Bulletin).

4.8 PEDIATRIC, ADOLESCENT AND PREGNANT USE

There are no results from studies conducted with covid-19 (inactivated) adsorbed vaccine in the
pediatric population.

CoronaVac has been shown to be well tolerated with a good safety profile in subjects 18 years and
older in phase 1/2 trials, and provided a good humoral response against SARS-CoV -2 (TANRIOVER,
MINE DURUSU et al, 2021).
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The WHO recommends the use of the Sinovac-CoronaVac vaccine in pregnant women when the

benefits of vaccination for pregnant women outweigh the potential risks (PAHO, 2021).

5 JANSSEN
5.1 VACCINE PRESENTATION

Johnson & Johnson pharmaceuticals' Ad26.COV2.S vaccine, known as Janssen, is produced using a
recombinant adenovirus vector and was derived from the first clinical isolate of the Wuhan strain in
China.(SADOFF et al, 2021)

5.2 MEANS OF ACTION - OPERATION

The vaccine produced by Johnson & Johnson uses the technique of introducing a recombinant
adenovirus. According to Freire (2020), the adenovirus has specific programming for human cellular
infection and, precisely for this reason, works as a kind of carrier of genetic material external to the
individual to be infected. Thus, the technique is effective by removing adenoviral genes, which attribute
infectious and harmful characteristics to humans, and replace them by known viral genes. In the case of the
Janssen vaccine, the removed gene prevents the adenovirus from replicating itself and any pathological
manifestations of the virus from developing. The gene allocated in the adenovirus, on the other hand,
belongs to Sars-CoV2 and is responsible for encoding the full length stabilized SPIKE proteins, of the new
coronavirus (SADOFF, 2021).

In this way, the technique creates an adenovirus vector that will be deployed in the healthy human
organism. The vector then delivers the adenovirus, loaded with the gene that produces the SPIKE protein,
to the antigen-presenting cells, which, by means of their own cellular machinery, will produce messenger
RNA (mRNA) for translation of the proteins (antigens). Already metabolized, the antigens will be directed
to the lymphatic system, to be exposed to the auxiliary T cells. This process triggers the neutralizing
humoral immunity in an extremely potent way and cellular immunity, which was polarized towards the Thl
subpopulation, producer of IFN-y (BOS et al, 2020).

5.3 RESEARCH

The randomized clinical trials started on July 22, 2020, at 12 centers in Belgium and the United
States. Randomization was performed via an interactive web response system and stratified according to
site with the use of randomly permuted blocks. Participants and investigators remained unaware of trial
group assignments throughout the trial. Trial participants included healthy adults aged 18 to 55 years and
those aged 65 years and older, with the trial divided into three groups, the youngest in cohort 1a with a
target recruitment of 375 participants and cohort 1b an exploratory cohort for in-depth immunogenicity

analysis with a target recruitment of 25 participants. The oldest age group was included in cohort 3, with a
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target enrollment of 375 participants. Cohort 2 was responsible for collecting long-term data, comparing a

single-dose regimen with a two-dose regimen (SADOFF et al, 2021).

5.4 EFFICIENCY
Results showed that neutralizing antibodies against wild-type virus were detected in 90% or more

of all participants on day 29 after the first dose of vaccine, regardless of vaccine dose or age group, and
reached 96% on day 57 with a further increase in titers in cohort 1la. Titers remained stable until at least
day 71. A second dose provided an increase in titer by a factor of 2.6 to 2.9. On day 15, CD4 + T cell
responses were detected in 76 to 83% of participants in cohort 1 and in 60 to 67% of those in cohort 3, with
a clear bias toward type 1 helper T cells. CD8 + T cell responses were robust overall, but lower in cohort 3
(SADOFF et al, 2021).

No participant stopped the study because of an adverse event. Five serious adverse events occurred:
one case of hypotension that was considered by the investigator to be unrelated to the vaccine due to a
history of recurrent hypotension; one case of bilateral nephrolithiasis in a participant with a history of
kidney stones (unrelated); one case of legionella pneumonia (unrelated); one worsening of multiple
sclerosis, which remained undiagnosed for approximately 8 to 10 years based on MRI findings (unrelated);
and one case of fever that resulted in hospitalization for suspected Covid-19. In the latter case, the
participant recovered within 12 hours and the fever was subsequently considered by the investigator to be
vaccine related (SADOFF et al, 2021).

55COST
According to the TCU (Tribunal de Contas da Unido), the unitary price of the Janssen vaccine is
R$56.30.

5.6 TRANSPORTATION

The conservation of this vaccine must be done as follows: before the first puncture of the vial-
ampoule it must be conserved between 2 °C and 8 °C and protected from light. And, after the first puncture
of the vial-ampoule, you must use the doses of the vial immediately or keep the vial-ampoule between 2 °C

and 8 °C for up to 6 hours.

5.7 CONTRAINDICATIONS AND ADVERSE REACTIONS

The contraindication for this vaccine is only for patients with a history of hypersensitivity to the
active substance or to any of the excipients that are part of the formulation.

The most common adverse reactions of this vaccine are pain at the injection site (48.6%), headache
(38.9%), fatigue (38.2%), myalgia (33.2%), and nausea (14.2%). Cough, arthralgia, and pyrexia are
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common (<10%). Tremor, sneezing, skin irritation, hyperhidrosis, muscle weakness, back pain, asthenia,

and malaise are uncommon (<1%) (Vaccine package insert).

5.8 PEDIATRIC, ADOLESCENT AND PREGNANT USE
The use of this vaccine in pregnancy is not fully evidenced. In animal studies, there is no indication
of any direct or indirect harmful effects related to pregnancy. Therefore, the researchers and doctors who
developed the vaccine do not advise giving it to pregnant women. Unless indicated by a doctor or dentist.
The safety and effectiveness of Janssen vaccine in children and adolescents (less than 18 years of
age) have not been established.

6 PFIZER
6.1 VACCINE PRESENTATION

Produced by the US laboratory Pfizer, in partnership with the German laboratory BioNTech, the
Pfizer-BioNTech COVID-19 vaccine (BNT162b2) is a formulated, lipid nanoparticle of nucleoside-
modified mMRNA encoding the pre-fusion peak glycoprotein of the SARS-CoV-2 causing disease COVID-
19. Vaccination consists of 2 doses (30 pg, 0.3 mL each) administered intramuscularly, 3 weeks apart
(OLIVER, SARA et al. 2020).

6.2 MEANS OF ACTION - OPERATION

The nucleoside-modified messenger RNA is formulated in lipid nanoparticles, allowing the non-
replicating RNA to enter host cells to allow transient expression of the SARS-CoV-2 virus S antigen. The
MRNA encodes the integral membrane-bound S protein, with two point mutations in the central helix.
Mutation of these two amino acids to proline locks the S protein into an antigenically preferred pre-fusion
conformation. The vaccine induces cellular immunity and production of neutralizing antibodies against the
spike (S) antigen, which may contribute to protection against COVID-19. (VACCINE GUIDE)

6.3 RESEARCH

A total of 43,548 participants underwent randomization, of which 43,448 received injections:
21,720 with BNT162b2 and 21,728 with placebo. There were 8 cases of Covid-19, with onset at least 7
days after the second dose, among participants assigned to receive BNT162b2 and 162 cases among those
assigned to receive placebo; BNT162b2 was 95% effective in preventing Covid-19 (95% credibility
interval, 90.3 to 97.6). Similar vaccine efficacy (generally 90 to 100%) was observed in subgroups defined
by age, sex, race, ethnicity, baseline body mass index, and presence of coexisting diseases. Among the 10
cases of severe Covid-19 with onset after the first dose, 9 occurred in placebo recipients and 1 in a
BNT162b2 recipient. The safety profile of BNT162b2 was characterized by mild to moderate short-term
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injection site pain, fatigue, and headache. The incidence of serious adverse events was low and similar in
the vaccine and placebo groups (POLACK et al., 2020)

6.4 EFFICIENCY

Pfizer-BioNTech 2-dose COVID-19 vaccination performed 21 days apart showed 95% efficacy
with respect to symptomatic disease prevention and was measured 7 days after the second dose. In addition,
the vaccine was shown to be effective in all age, racial and ethnic groups.(BANERJI, ALEENA et al.2021).

People previously infected with COVID-19 exhibited robust immune response with the presence of
SARS-CoV-2 specific antibodies after one dose of the vaccine, while individuals who had not had the
infection before showed similar levels of SARS-CoV-2 specific antibodies to previously infected
individuals after the second dose of the vaccine. Possibly this is due to previously infected individuals
having acquired natural immunity and the first vaccination acting as a recall injection to their immune
system (KHEHRA, NIMRAT et al. 2021).

Since Pfizer began global distribution of the BNT162b2 vaccine in December 2020, the UK was
the first to delay the second dose to the maximum 12-week interval in order to conduct research on the
efficacy of a single dose of the BNT162b2 vaccine. While a single dose may be effective within 21 days, a
second dose within the maximum 12-week interval is still highly recommended and necessary to provide
more durable / long-lasting protection (KHEHRA, NIMRAT et al. 2021).

6.5 COST

According to the TCU's (Federal Audit Court) Monitoring Report, the unit cost of the
CORMINATY vaccine® , produced by the American laboratory Pfizer, in partnership with the German
laboratory BioNTech is R$56.30.

6.6 TRANSPORTATION

Tozinameran vaccine is transported in dry ice containers and stored at approximately -70°C. The
vaccine is distributed as a frozen suspension in a 0.45 ml volume, preservative-free, multi-dose vial. After
dilution with 1.8 ml of 0.9% sodium chloride injection, each vial contains up to 6 dosages of 0.3 ml. Once
thawed, the vaccine should not be frozen again (PADDA, INDERBIR S. et al. 2021).

6.7 CONTRAINDICATIONS AND ADVERSE REACTIONS

The adverse effects reported were Injection site tenderness/pain, Injection site swelling, Injection
site redness, Fever, Fatigue, Headache, Muscle pain, Chills, Joint pain, Nausea, Malaise,
Lymphadenopathy, Severe allergic reaction (rare) and Temporary unilateral facial tilt (rare) (PADDA,
INDERBIR S. et al. 2021).
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Allergic reactions to vaccines are attributed to the inactive ingredients or excipients. They are
necessary and added for specific purposes, and represent the main contributor to immediate and specific
IgE-mediated reactions associated with vaccines. Patients who have an immediate or severe allergic
reaction to the vaccine should not receive a second dose (BANERJI, ALEENA et al.2021).

6.8 PEDIATRIC, ADOLESCENT AND PREGNANT USE
6.8.1 Use for pregnant women
Pfizer's vaccine received final registration from Anvisa on February 23, 2021 (ANVISA, 2021).
Studies indicate that the two doses of the BNT162b2 vaccine produced satisfactory immune response
against SARS-CoV-2 virus although SARS-CoV-2 IgG levels are lower in pregnant women than those
observed in non-pregnant women. The results of adverse reactions in the population vaccinated with the
two doses of this vaccine do not indicate any safety concerns (BOOKSTEIN PERETZ, S. et al. 2021).

6.8.2 Use for adolescents aged 12 to 15 years

Anvisa authorized the application of the vaccine for people over 12 years old on June 11, 2021
(ANVISA, 2021).

Studies indicate that the BNT162b2 vaccine has a favorable safety profile and produced a more
efficient immune response in this age group than the immune response produced by this same vaccine in
young adults, 16 to 25 years of age (FRENCK, JR. RW et al ).

6.8.3 Use for children from 5 to 11 years old

To date, Anvisa has not authorized application of the vaccine for children under 12 years old in
Brazil, but the laboratory requested on 11/12 that the agency include this age group in the vaccination
campaign. At the production date of this article, the request is still under analysis (ANVISA, 2021). By
way of comparison, in some countries, such as the USA, the use for children between 5 and 11 years of age
IS permitted.

For this age group, the vaccine is supplied in a vial with an orange cap and an orange border label.
This vial should not be used in individuals 12 years of age and older. When preparing the multiple-dose
vial as described, the content should be diluted with a sterile 0.9% sodium chloride injection (Health Care
Provider Information Sheet, 2021).

7 FINAL CONSIDERATIONS

The present literature review concluded that the four vaccines approved by ANVISA have proven
efficacy in fighting the development, but especially in worsening the clinical picture of the new coronavirus
disease, with certain exceptions of some vaccines in pregnant women and children due to the lack of data

collected from these two specific groups. Thus, besides all the biosafety protocols recommended by the
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health agencies during the pandemic scenario, it can be seen that vaccination was responsible for controlling
the number of new cases of the disease in Brazil.

However, it should be noted that at the time of writing, the Covid-19 Pandemic has not yet ended, so
much of the fundamental data for a more in-depth and robust analysis has yet to be generated, collected,
and analyzed. Despite this academically unfavorable scenario for definitive conclusions, this work is in line
with the view of author Gordon Ada (2007), of the Immunology and Genetics division at the Australian
National University, who has analyzed an extensive list of infectious diseases and how the number of cases
of infected people increased or decreased after the use of vaccines. In his work, he compares data from past
epidemics, before and after vaccines were developed. The result, according to the author himself, in his
quantitative tables and graphs, demonstrates the effectiveness of immunizers in effectively decreasing the
number of infected people, at a rate of over 99%, with outcomes ranging from encouraging to
extraordinarily good.

Therefore, anchored in the solid literature review on vaccines and the pathologies they control
throughout the research process, this paper, although it still needs more concrete data that have not yet been
fully processed around the world, tends to affirm that mass vaccination has brought significant
improvement in the lives of those infected by the new coronavirus, avoiding the worsening of the clinical
picture and reducing the mortality rate.

It is also noteworthy that, for the sake of this necessary search for a better understanding of the
virus, the Ministry of Health started in May 2021 a survey on the prevalence of infection by SARS-COV-
2 in Brazil (PrevCQOV). This survey will be the most comprehensive on the subject in the world, as it will
involve 27 capital cities and their metropolitan regions and 62,097 households in 274 municipalities, the
equivalent of 211,129 people. The objective of this study is to show the magnitude of virus circulation in
Brazil and how and in which states, capitals and metropolitan regions SARS-CoV-2 infection has been
more intense. With this study, the Ministry of Health will be able to monitor vaccination data, indicating
whether the population has taken the first and second dose of vaccines offered (PAHO, 2021). This research
is still in progress, but it will be important to provide subsidies to improve public policies to confront the
pandemic by health authorities (PAHO, 2021).

Moreover, additional information has been gathered on the effectiveness of the vaccines, such as
the mechanism of action, the process until the proof of effectiveness, the cost, transportation,
contraindications, adverse reactions, and specificities of the use of each one in children and pregnant
women, in order for the reader to have a more comprehensive notion of each immunizer.

Finally, the low number of studies on the use of vaccines in pregnant women and children was

verified as a limitation of the research.
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ABSTRACT

Background: Vogt—Koyanagi—Harada (VKH) disease
is an inflammatory and autoimmune condition
characterized by  panuveitis, serous retinal
detachments and extraocular manifestations of the

1 INTRODUCTION

auditory, integumentary and central nervous systems.
Patients with VKH can have good final outcomes if
treated promptly with immunosuppressive agents and
thus avoid complications. The purpose of this article is
to report the evolution of the acute uveitis phase of
VKH.

Case Report: We report a case of a 58 years old
women who presented to ophthalmology emergency
room with a 10-day history of a severe headache and
progressive low visual acuity in the left eye (LE).
After seven days she developed low visual acuity
(VA) in other eye and important tinnitus in her left ear.
Ophthalmological examination showed best-corrected
visual acuity (BCVA) of 20/200 in both eyes; direct
and consensual motor reflexes decreased bilaterally;
anterior chamber reaction with 2+ cells in both eyes.
At Fundoscopy: bilaterally hyperemic optic discs,
serous retinal detachment, retinal folds in the
papillomacular bundle and Dalen-Fuchs nodules.
Angiofluoresceinography (AGF) showed bilateral
macular  hyperfluorescence (pinpoints). Optical
Coherence Tomography (OCT) showed bilateral
subretinal fluid and loss of foveal depression. Oral
prednisone 1,2mg/kg/day and topical dexamethasone
were introduced with progressive tapering for 9
months with complete improvement in VA of the right
eye and partial improvement in VA of the left eye.
Conclusion: VKH can cause vision loss and
blindness. Early diagnosis and adequate treatment
with immuno-suppressive agents may halt disease
progression and prevent recurrences and vision l1oss.

Keywords: panuveitis, corticosteroid, retinal
detachment, tinnitus.

Vogt-Koyanagi-Harada (VKH) disease is an immune-mediated disorder affecting both eyes.

Although the exact cause of Vogt-Koyanagi-Harada disease is unclear, the most accepted mechanism

involves a viral-triggered, T-cell-mediated autoimmune response against melanocyte-associated antigens

in a genetically vulnerable individual. This typically manifests in several different stages during the disease

course: the prodromal phase, acute uveitic phase, convalescent phase and chronic recurrent phase!?=.
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Several sets of diagnostic criteria have been proposed. The Revised Diagnostic Criteria (RDC) are
widely used at present and are highly sensitive and specific. The RDC divide VKH disease into 3
categories— complete, incomplete, and probable — and do not allow a decision concerning a definite
diagnosis for patients without any extraocular manifestation*®. It is required bilateral ocular involvement,
characteristic neurological/auditory and dermatological involvement without ocular trauma or surgery, and
no other clinical or laboratory evidence to suggest an alternative diagnosis*®’.

There have been trials of multiple different treatment regimens over the years, but the vest evidence
for effectiveness in both short and long term is with early and aggressive high-dose systemic corticosteroids
with a slow oral taper over at least 6 months. Rapidly stopping corticosteroids increases the chance of

recurrencel.

2 CASE REPORT

A 58 years old Caucasian women who presented to the ophthalmology emergency room of the
Irmandade da Santa Casa de Misericordia de Sdo Paulo — ISCMSP with a 10-day history of a severe
headache and progressive low visual acuity in the left eye. After seven days she developed low visual acuity
(VA) in other eye and important tinnitus in her left ear. She denied use of tobacco smoking, alcohol and
substance abuse. The patient denied ocular trauma, previous eye surgery, medication use, arthralgia, skin
lesions and genitourinary symptoms.

The ophthalmological examination showed best-corrected visual acuity (BCVA) of 20/200 in both
eyes. Direct and consensual motor reflexes decreased bilaterally. At anterior segment biomicroscopy:
anterior chamber reaction with 2+ cells in both eyes. At Fundoscopy: bilateral hyperemic optic discs,
diffuse serous retinal detachment, changes in the vitreoretinal interface, retinal folds in the papillomacular
bundle and presence of Dalen-Fuchs nodules.

Additional tests were requested: retinography of the right eye (Figures 1A and B) and left eye
(Figures 2A and 2B) showed bilateral hyperemic optic discs, serous retinal detachment, retinal folds in the
papillomacular bundle and Dalen-Fuchs nodules; angiofluoresceinography (AGF) of the right eye (Figure
3A) and left eye (Figure 3B) evidenced diffuse hyperfluorescence in the initial phase, macular
hyperfluorescence points (pinpoints) with contrast leakage at a late stage and diffuse accumulation of
contrast mainly in the left eye below the macula; optical coherence tomography (OCT) of the right eye
(Figure 4) and left eye (Figure 5) showed loss of foveal depression and presence of subretinal fluid (serous
retinal detachment); and serological tests with negative results.

Oral prednisone 1,2mg/kg/day (100mg/day) and 01 drop every 8 hours of topical dexamethasone
0,1% in both eyes were introduced. After 15 days of treatment BCVA of 20/50 in right eye and 20/70 in
left eye with partial improvement of the optic disc hyperemia and serous retinal detachment (Figures 6 and

7). Slow tapered of dexamethasone dose to 01 drop every 08 hours and maintained oral prednisone dose.
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At 30 days of treatment BCVA of 20/20 in the right eye and 20/30 in the left eye with complete
improvement of the optic disc hyperemia of the right eye (Figure 8) and partial improvement of the optic
disc hyperemia of the left eye (Figure 9), and complete resolution of the serous retinal detachment of both
eyes (Figures 10 and 11). Slow tapered of dexamethasone dose to 01 drop every 12 hours and oral
prednisone to 1,0mg/kg/day (80mg/day).

After 30 days of treatment, tapered 10mg of prednisone per month and suspended dexamethasone.
Patient had BCVA improvement to 20/20 in the right eye and 20/25 in the left eye and sustained without

corticosteroid after 9 months of treatment.

Figure 1A — Retinography of the right eye: hyperemic optic disc, serous retinal detachment and retinal folds in the papillomacular
bundle

Figure 1B — Retinography of the right eye: Dalen-Fuchs nodules
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Figure 2A— Retinography of the left eye: hyperemic optic disc, serous retinal detachment and retinal folds in the papillomacular
bundle.

Figure 2B — Retinography of the left eye: Dalen-Fuchs nodules.

Figure 3A — Angiofluoresceinography of the right eye: diffuse hyperfluorescence in the initial phase, macular hyperfluorescence
points (pinpoints) with contrast leakage at a late stage and diffuse accumulation of contrast below the macula.
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Figure 3B — Angiofluoresceinography of the left eye: diffuse hyperfluorescence in the initial phase, macular hyperfluorescence
points (pinpoints) with contrast leakage at a late stage and diffuse accumulation of contrast below the macula.

Figure 4 — Optical coherence tomography of the right eye: loss of foveal depression and presence of subretinal fluid (serous
retinal detachment).

Figure 5 — Optical coherence tomography of the left eye: loss of foveal depression and presence of subretinal fluid (serous retinal
detachment).

Figure 6 — Retinography of the right eye after 15 days of treatment: partial improvement of the optic disc hyperemia and serous
retinal detachment
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Figure 7 — Retinography of the left eye after 15 days of treatment: partial improvement of the optic disc hyperemia and serous
retinal detachment.

Figure 8 — Retinography of the right eye after 30 days of treatment: complete improvement of the optic disc hyperemia.

Figure 9 — Retinography of the left eye after 30 days of treatment: partial improvement of the optic disc hyperemia.
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Figure 10 — Optical coherence tomography of the right eye: foveal depression and complete improvement of subretinal fluid
(serous retinal detachment).

Figure 11 — Optical coherence tomography of the left eye: foveal depression and complete improvement of subretinal fluid
(serous retinal detachment).

V|

3 DISCUSSION

There are no laboratory tests that diagnose VKH; rather, the diagnosis is clinical®. As such, several
sets of diagnostic criteria have been proposed*>°1° The Revised Diagnostic Criteria for VKH Disease
classify patients as having complete VKH, incomplete VKH, and probable VKH?*. Criteria 1 to 4 were filled
up as the patient developed a severe headache, low visual acuity in both eyes, important tinnitus in her left
ear and the ophthalmological examination showed hyperemic optic discs, serous retinal detachment, Dalen-
Fuchs nodules and hyperfluorescence points (pinpoints).

VKH disease classically has four clinical phases including prodromal; acute uveitic; chronic
convalescent; and chronic recurrent stage. The prodromal phase usually lasts few days and patients typically
complain of neurological and auditory symptoms. Optic disc swelling is rare in this early prodromal phase.
However, during the acute uveitic phase, optic disc hyperemia is a frequent find- ing. In this stage
impairment of vision occurs due to diffuse choroiditis and multiple serous retinal detachments. Several
weeks later, the disease progresses to the convalescent phase, which is characterized by depigmentation of
the choroid *‘sunset glow fundus”’. In this phase, the optic disc may appear pale>!1. We report a case of
women in acute uveitis phase: headache, hyperemic optic discs, serous retinal detachment and tinnitus. She
did not develop integumentary findings (alopecia, vitiligo or poliosis) because these symptoms occur in the
convalescence phase'?. Therefore, the patient would probably fulfill all the criteria being classified in

complete VKH* when in the convalescence phase.
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The goal of treatment in VKHD is to suppress active ocular inflammation, prevent disease relapse
and avoid sight- threatening complications. As such, early diagnosis and rapid commencement of treatment
are important in preserving vision in these young patients'®. Because VKHD can involve multiple organs,
the mainstay of treatment is based on high-dose systemic corticosteroids**°.

Oral prednisone at a dose of 1-2 mg/kg/day started early in the course of the disease followed by
slow tapering to avoid recurrences is the generally accepted regimen. Slow tapering of the corticosteroid
dose, with frequent follow-up examinations, is warranted in order to avoid recurrence of posterior segment
inflammation. Therefore, the patient used 1,2mg/kg/day of oral prednisone at the diagnosis and slow
tapered in the following 9 months.

4 CONCLUSION

It is very important to recognize Vogt-Koyanagi-Harada disease early and to start appropriate
treatment—most commonly high-dose of corticosteroids— since preventing long-term visual loss and other
potential complications depends on starting treatment early. The prognosis is generally good with continued

immunosuppression. Follow-up is important to identify and act on any complications.
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ABSTRACT

With the implementation of its first Hospital Class in
2015, the state of Pernambuco took the first step
towards the inclusion of children and adolescents
towards ensuring schooling for students in a state of
illness and hospitalized for health treatment. The
thesis brought a qualitative research, of the case study
type, associated with a theoretical-scientific survey in
the hospital context, having carried out an analysis
with the objectives of seeking to understand Hospital
Pedagogy as a distinguished proposal in the
construction of knowledge, through contexts of
learning for teacher training, the inclusion and
schooling of the student/patient inserted in the special
education section of the Municipal Teaching Network
of Recife. With the purpose of accessing this

1 INTRODUCTION

environment through science teaching, we learned to
learn with Semear by examining the collected
material, using discursive textual analysis as an aid to
understand the phenomena investigated in the Class.
Backed by theoretical references, the work clarifies
the development of this teaching modality in the
Pernambuco State, the legal bases that guides it in
Brazil, its discussion on special and inclusive
education, and the character of specialized teacher
training that should comprise this space of health and
schooling as a space for interdisciplinary humanized
care, bringing results where the role of science
education is promising for the understanding of the
world of students and their daily relationships, woven
by behavioral attitudes towards the facts of life, made
possible by the humanization characteristic of the
Class, which enables the generation of meaningful
learning for students/patients. In conclusion, the
relevance of educational inclusion for children who
need care should permeate education and health, a
binomial of inclusion in the Hospital Class throughout
the State of Pernambuco.

Keywords: hospital class, teacher training, pedagogy,
sickness.

In Brazil, the educational pedagogical service to students in health treatment is performed differently

than in a regular class, and the pedagogue together with a multidisciplinary team, through hospital classes,

performs the important task of teaching. To guarantee this service, there are several legal devices, such as

the Federal Law no. 13.716, of 09/24/2018, one of the latest regulations that seek to guarantee the service.

The management of elementary school and child education is, in priority, responsibility of the

Municipalities, according to our Federal Constitution, while the states are responsible, fundamentally, for

high school and elementary school. The consolidation process of the Hospital Class has been occurring in

a scenario where social movements are militating in favor of children's rights, through public policies

created in the process of re-democratization of the country.
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The first hospital class in Pernambuco, implemented in March 2015 by the Municipal Education
Network of the Recife City Hall, in partnership with the Support Group for Children with Cancer - GAC/PE,
at the Pediatric Onco-Hematology Center of the Oswaldo Cruz University Hospital - CEONHPE/HUOC,
enables the continuity of schooling for patients undergoing cancer treatment. The first hospital class in
Pernambuco, implemented in March 2015 by the Municipal Education Network of the Recife City Hall, in
partnership with the Support Group for Children with Cancer - GAC/PE, at the Pediatric Onco-Hematology
Center of the Oswaldo Cruz University Hospital - CEONHPE/HUOQOC, enables the continuity of schooling
of patients under cancer treatment.

The History of Science as a field of study, Martins (2005) reveals to us, presents influences of two
causal types: an internalist approach that concerns the concepts, theories, and facts that compete and
reinforce each other, and an externalist approach that concerns the social, political, and economic aspects
of the space-time to which science was and is exposed.

Science teaching, when adequately worked on in the school environment, provides students with
the construction of answers to the several questions, leading them to the permanent reasoning exercise,
when the question comes: why? Curious by nature, they are curious to know the origin of things and their
causes, exploring what seems to be different and intriguing.

Teaching Science for Rodrigues (1987),

must demonstrate that science is one of the forms of production of human reality, because, by
opposing natural and spontaneous knowledge, it developed This knowledge and this mastery
opens the door to the construction of a new reality and a new world in the natural order. This
reality is produced by the incorporation and transformation of nature, according to human
needs (RODRIGUES, 1987, p. 106).

The hospital class teachers need to develop skills for their interaction with these children, being
predisposed to affective exchanges, with sensitivity to the physical and emotional behaviors found in the
environment. This special look may guarantee a better condition to actively articulate learning and
overcoming relationships during the illness phase.

It is necessary to invest in teacher training, permanently seeking a progressive training for the

educator, to which Paulo Freire referred to so much:

It is extremely important to deal with Hospital Pedag'ogy because of its relevance to school success.
We point out that the hospital environment, by its nature, becomes more humanized when there is an
eminent partnership among family, school, and professionals from the several areas involved, who aim at
a single objective: to benefit the patient's (student's) well-being during the hospitalization period.

According to the policy of the Ministry of Education (MEC) of Brazil, the presence of teachers in
hospitals is essential for the schooling of hospitalized children and youngsters, according to the patterns of
regular school, contributing to reduce school failure and the high rates of dropout and repetition that affect

them, "[...] Hospital Class is a hospital environment that enables the educational care of hospitalized
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children and youngsters who need special education and who are under hospital treatment”. (BRASIL,
1994, p. 20).

The public policies defined for social and school inclusion of citizens with special needs in Brazil
arise to correct a situation still present in society, the segregation that curtails rights and hinders the full
development of the educatee, since, until the beginning of the century, the Brazilian educational system
provided a regular school and another special school.

In Brazil, as early as 1961, with the promulgation of the Law of Directives and Bases for National
Education n®4.024/61, which in general terms condemned or fought against any unequal treatment, whether
for philosophical, political, or religious convictions, as well as any class or race prejudice, it indicated the
need for Special Education services, stating in the Article 88 that “the education of the exceptional must,
as much as possible, fit into the general education system, in order to integrate them into the community".

The educational system that recognizes and values their processes and differences have inclusive

education projects:

A school is distinguished by a quality education, capable of forming people in the standards
required by a more evolved and humanitarian society, when it is able to: bring students closer
to each other; treat subjects as means to get to know the world and the people around us better;
and have families and the community as partners in the elaboration and fulfillment of the
school project (Mantoan, p. 34, 2003).

With the restructuring of the State Department of Education as of 1971, the Department of Special
Education was created, giving priority to administrative and pedagogical issues, directed to activities such
as prevention, identification, screening, evaluation, and educational assistance, with the function of
regulating, coordinating, promoting, and disseminating specialized education as a consequence of law no.
5.692/71 (BRASIL, 1971).

In this meantime, it is verified that the exceptionality, in the condition in which the education of
people with disabilities does not fit into the general system, should constitute a specialized one, becoming
a subsystem at the edges, indicating a space to be occupied, for Mantoan (2003) it implies a conception of

partial insertion, when the system foresees the integration of educational services.

The integration process occurs in an educational structure that offers the student the

opportunity to move within the school system - from regular class to specialized education - in

all its forms of attendence: specialized schools, specialized classes in regular schools, itinerant

education, resource rooms, hospital classes, home schooling, and more ( Mantoan, p. 18, 2003).

The Statute of the Child and Adolescent, Brazil (1990), better known as ECA, recognizes the
importance of the right to education. We highlight the creation of the Statute of Hospitalized Children and
Adolescents, Brazil (1995), through Resolution no. 41 of October 1995, referenced by the Brazilian Society
of Pediatrics (SBP) and by the National Council of Children and Adolescents (CONANDA), containing

twenty subjects aiming to guarantee the Rights of hospitalized children and adolescents, among them the
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right to education, highlighting (our emphasis) the monitoring of the school curriculum during their hospital

permanency:

1. The right to the protection of life and health, with absolute priority and without any form
discrimination. 2. The right to be hospitalized for treatment when it is necessary, without
distinction of social class, economic condition, race or religious belief. 3. The right to not be
or remain unnecessarily hospitalized for any reasons other than the best treatment of his illness.
4. The right to be accompanied by the mother, father or guardian during the entire period of
the hospitalization, as well as to receive visitors. 5. The right to not be separated from the
mother at birth. 6. Right to receive breastfeeding without restrictions. 7. Right to do not feel
pain, when there are means to avoid it. 8. The right to have proper knowledge of their illness,
of the therapeutic and diagnostic care to be used, of the prognosis, respecting their cognitive
phase, as well as to receive psychological support, when necessary. 9. Right to enjoy some
form of recreation, health educational programs, monitoring of school curriculum,
during their hospital stay. 10. The right for parents or guardians to actively participate in the
prognosis, treatment, and prognosis, receiving information on the procedures that will undergo.
11. Right to receive spiritual and religious support as practiced by your family. 12. The right
not to be subjected to clinical trials, diagnostic and therapeutic tests, without the informed
consent of the parents or guardians and of their own, when they have the discernment to do so.
13. Right to receive all available therapeutic resources for cure, rehabilitation, and/or
secondary and tertiary prevention. 14. The right of protection against any form of
discrimination, neglect or mistreatment. 15. The right to be respected for their physical,
psychological, and moral integrity. 16. Right to the preservation of their image, identity,
autonomy of values, personal space and objects. 17. The right not to be used by the media,
without the expressed will of their parents or guardians, or their personal will, in an ethical
manner. 18. The right to confidentiality of their clinical data, as well as the right to be informed
of the data stored in the institution for the period of time stipulated by law. 19. The right to
have their constitutional rights and those contained in the Statute of the Child and Adolescent
fully respected by hospitals. 20. The right to a dignifying death, along with their relatives, when
all available therapeutic resources have been exhausted. (BRAZIL, 1995).

The Brazilian educational system is regulated by the Federal Constitution of 1988, with the
Constitutional Amendment no. 14, of 1996, and the Law of Directives and Bases of National Education
(LDB), established by law no. 9394, of 1996.

According to LDB 9394/96, Brazilian education is composed by two levels: basic education and
higher education.

Basic education, defined in Article no. 21, is presented in three stages. Its purpose, according to
Article no. 22, is the development of the student, ensuring the indispensable education required for the
exercise of citizenship, and providing the means to succeed at work and in further studies:

Early Childhood Education - kindergartens (0 to 3 years old) and preschools (4 and 5 years old) -
Free, but not compulsory. It is the competence of the municipalities.

Early Childhood Education - daycare centers (0 to 3 years old) and pre-schools (4 and 5 years old)
- Free, but not compulsory. It is under the jurisdiction of the municipalities.

Elementary School - early years (1st to 5th grade) and final years (6th to 9th grade) - Compulsory
and free of any charge. The LDB establishes that, gradually, municipalities will be responsible for all
elementary education. In practice, the municipalities are responsible for the early years and the States for

the final years.
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High School - The former secondary school (from 1st to 3rd grade). It is under the responsibility of
the States. It can be a vocational technical course, or not.

Brazilian education also has some educational modalities, which permeate all levels of national
education; among these is Special Education, which attends to students with special needs, preferably in
the regular education system.

The method of Hospital Class teaching is part of the Special Education group coverage, regulated
by specific legislation. The Law of Curricular Directives and Bases of National Education 9.394/96, in its
Article 4-A brings: it is assured educational services, during the hospitalization period, to the basic
education student hospitalized for health treatment in a hospital or home care regimen for a prolonged time,
as provided by the Public Power in regulation, in the extent of its federative competence (Included by Law
no. 13.716/18).

When referring to special educational needs, it is clear that there is a broad perspective of public
care to be contemplated by the policy; among these are the students who are unable to attend school due to
illness or convalescence.

Such policies go through several stages, where according to Saraiva (2006, p. 33), "the actors, the
coalitions, the processes and emphases are different”. These stages meet the peculiarities of the students,
emphasizing that their development does not occur in a successive and linear manner, but in several
different ways that shape their development.

The National Guidelines for Special Education in Basic Education, established by Resolution No.
2, of September 11, 2001, in Article 3, has defined the special education as a modality of school education,

as an educational process:

defined by a pedagogical proposal that ensures special educational resources and services,
institutionally organized to support, to complement, to supplement and, in some cases, to
replace common educational services, in order to guarantee the school education and to
promote the development of the students potential with special educational needs, in all of the
stages and forms of basic education (BRAZIL, 2001).

The broad dimension of the special educational needs proposed in the special education policy is
reinforced by the contribution of the Resolution CNE/CEB n° 02/2001, which in its article 13, proposes the
principle of intersectoriality with guarantees of access to education for the hospitalized student:

The educational systems, through integrated actions with the health systems, must organize
specialized educational services for students who are unable to attend classes due to health
treatment that requires hospitalization, ambulatory care, or long-term permanence at home
(BRASIL, 2001).

In this document, the concepts of hospital classrooms and home care are used for the first time, in

paragraph 1 of 13, summarizing their functions and objectives:

The hospital classes and home care services must provide continuity to the development
process and the learning process of students enrolled in basic education schools, contributing
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to their return and reintegration into the school group, and develop a flexible curriculum with
children, young people, and adults who are not enrolled in the local educational system, thereby
enabling their subsequent access to the regular school (BRAZIL, 2001).

In this way, the Resolution defines the legal bases that support the institutionalization, in the public
sphere, of hospital classes. The document entitled HOSPITAL CLASSES AND PEDAGOGICAL HOME
CARE - STRATEGIES AND GUIDELINES of the Ministry of Education - Secretary of Special Education,
2002, is now mandatory, and establishes political actions for organizing the educational care system in
hospital and home environments, in order to ensure basic education access and attention to special
educational needs, due to the health problem that makes it impossible for the student to attend school or to
be in special homes, support homes, nursing homes, or other structures of society.

Considering the particularities of pedagogical work in hospital classes, the teacher who will work

in the hospital classes must be qualified:

to work with human diversity and different cultural experiences, identifying the special
educational needs of students unable to attend school, defining and implementing strategies for
curricular flexibility and adaptation. It must also propose didactic-pedagogical procedures and
alternative practices needed for the teaching-learning process of the students, as well as being
available for team work and advice to schools, regarding the inclusion of students who are
away from the educational system, whether in their return or for their entrance. (BRAZIL,
2002, p. 22).

The challenge of this teaching modality is to make the intercession between the two rights:
education and health, considering what is specific in each area, to develop a work in a perspective of
integrated actions, and mutual contributions.

Becoming ill is a transitory event, but it can leave scars, since the legislations that guide this matter
are new. In Pernambuco, with the implementation of the Decree No. 29.914/06 and in the city of Recife,
with the Decree No. 28.622/15, new perspectives emerge regarding public policies for the interaction
between education and health.

The Hospital Class presents itself as one of the alternatives to make a scientific connection between
teaching, caring, and learning, combining interests, allowing education, care, and health to go beyond
technicism, creating interactions that originate from this context, enabling the insertion of the hospital class
for an inclusive education.

In this sense, Fonseca (1999, pg. 33), reflects that hospitalization may repress the social interactive
relationships of the student, which are fundamental to make learning possible, and in this perspective, the
absence of learning relationships mediated by the teacher may lead hospitalized children and adolescents
to the loss of educational opportunities.

As we go through the educational moment by Science Teaching, we come across the motto "School
for All", a school that must recognize and respect the differences of students, that is, that understands that

everyone can learn, thus becoming inclusive. And in this perspective, using Krasilchick's reflection (2004,
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p. 89): "students begin to study scientific content relevant to their lives, in order to identify problems and
seek solutions to them.

The formal space is only one of the places where teaching, languages, and explanations are reflected.
The student, the subject of his learning, brings his own referential, as well as that of the social group to
which he belongs, through languages, concepts, and explanations. And from this perspective, it is necessary
that the teacher builds a close relationship with the student/patient before the pedagogical work, thus
gaining the student's trust and performing a dialogical journey that seeks to establish affective bonds and
generate safety in the coexistence.

In this way, supported by trust and understanding, the educator establishes the teaching and learning
process, a fact that makes the educator not only a teacher, but also a friend, a comrade, and a partner in this

educational process.

It is worth remembering that the education of the ill child is not an exclusive responsibility of
the hospital, it is, rather, a task that is done in partnerships. The hospital establishes the
construction of dialogic spaces between the family and the school; exercising, with a mediator
posture, the recognition of the outstanding role of each link of this articulation to accomplish
the attendance to the child's needs (ORTIZ; FREITAS, 2005, p. 59).

Supported by the concern to offer advances in the area of special education, Brazil (2020), in the
National Plan for Special Education, emphasized that:

Basic education students enrolled in the education system (public or private) who are unable
to attend school due to (public or private) health treatment have the right to educational care in
hospital classes or in home care (including support homes), whether or not they are part of the
target audience for special education.

These students should receive from each school system, public or private, specific learning
support services, according to their singularities and demands, through teachers and
multiprofessional teams, according to the assumptions of equitable and inclusive education,
based on the text of Law No. 13.716, 2018, which amends Law No. 9.394, 1996, (Law of
Directives and Bases of National Education), to ensure educational care to basic education
students hospitalized for health treatment in a hospital or home regime for an extended period
of time. (BRASIL, 2020, p. 80).

This Law No. 13.716, changed the text of the LDB to article 4-A, Brazil (2018), bringing the

following statement:

It is ensured educational care, during the period of hospitalization, to the student of basic
education hospitalized for health treatment in a hospital or home regime for an extended period
of time, as provided by the Public Power in regulation, in the sphere of its federative
competence. (BRASIL, 2018).

As a result, if a basic education student is hospitalized for health treatment, he or she is guaranteed
the right to educational care, it is worth mentioning that the specialized service that characterizes special
education, is taken to the student in the hospital class, when dealing with a child affected by retinoblastoma
of the eye, a disease that is more common in childhood, that can lead to blindness, for example, also

requiring specialized care.
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Such linkages have brought a dubious character of special education into the education system, that
although it indicates the specific service that takes into account the differences and needs of the students,
there are no references in these instruments to the specifics of the education to be provided to students with
disabilities, and there is no determination regarding its mandatory nature.

Learning to learn, in Masetto's (2000) reflection, is supported in the sense of learning that makes us,
or makes us capable of building and transforming information into knowledge, into life, everything you
learn, apprehend and do, totally modifying life perspectives previously unknown and now present, where

for the author:

The concept of teaching is more directly linked to a subject (which is the teacher) who, through
his actions, transmits knowledge and experiences to the student who is obliged to receive,
absorb and reproduce the information received. The concept of learning is more directly linked
to the subject (which is the learner) who, through his actions, involving himself, other
colleagues and the teacher, seeks and acquires information, gives meaning to knowledge,
produces reflections and knowledge of his own, researches, dialogues, debates, develops
personal and professional skills, ethical attitudes, political attitudes, changes behavior,
transfers learning, integrates theoretical concepts with practical realities, relates and
contextualizes experiences, giving meaning to the different practices of everyday life, develops
critical thinking and the ability to consider and look at facts and phenomenons from different
perspectives, compares positions and theories, solves problems. In a word, the learner grows
and develops. And where does the teacher stand in this process? Does he or she disappear?
Absolutely. He has the opportunity to fulfill his true role: that of mediator between the student
and his learning, the facilitator, the motivator of this learning (MASETTO, 2000, p. 139-140).

2 MATERIALS AND METHODS

The main objective of this research was to analyze, based on science teaching, the contributions of
different pedagogical practices to the inclusion and education of students/patients, and the consequent
teacher qualification, in the Semear Hospital Class, which was implemented by the Recife City Hall, at
CEONHPE/HUOC.

In chart 1, we present the methodological path through which we have built our investigation: the
choices, the definition of the research object, the main concepts and utilized categories, attempting to
dialogue with the theoretical perspectives that have guided the analysis that we aim to accomplish in this
work.

The first challenge was to understand methodology as a dynamic relationship between the real world
and the subject, with its identity and potentialities, with an inseparable link between the objective world
and subjectivity, which often can not be expressed in numbers (MINAYO, 2007).

We based our methodology on the qualitative research approach, believing in a greater theoretical
and methodological freedom, associated with the theoretical and scientific survey of information about
qualification, the pedagogical practice of the hospital class, the guarantee of schooling, humanization, and

inclusion.
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Chart 1: Methodological course of the research.

Carater Exploratério: —
Abordagem Natureza: g . Procedimento Técnico
e Estudo Bibliografico do Tipo
Qualitativa Pesquisa Exploratoria Estudo de Caso
Estado da Arte —_—
ETAPA 2 - Elaboragéo de Bancos

de Dados ETAPA 1 - Mapeamento da Produgdo Académica
CH SEMEAR

Referencial ETAPA 3 - Analise Critica e —‘f
Tedrico Epistemoldgica da Produgio Biblioteca Digital de Teses e Dissertagdes — BDTD

Repositario de teses, artigos cientificos, resumos,
| monografias, dissertages e livros.

Ecologia da Unidade de Andlise
Aprendendo a Andlise Resultados da Pesquisa
Aprender Epistemoldgica Produtos

Source: Elaborated by the Author, 2021.

e QUALITATIVE APPROACH (ABORDAGEM QUALITATIVA)

e NATURE: EXPLORATORY RESEARCH (NATUREZA: PESQUISA EXPLORATORIA)

e EXPLORATORY CHARACTER: STATE OF THE ART BIBLIOGRAPHICAL STUDY
(CARATER EXPLORATORIO: ESTUDO BIBLIOGRAFICO DO TIPO ESTADO DA ARTE

e TECNICAL PROCEDURE (PROCEDIMENTO TECNICO)
CASE STUDY (ESTUDO DE CASO)

e STEP 1 — MAPPING OF THE CH SEMEAR ACADEMIC PRODUCTION (ETAPA 1 —
MAPEAMENTO DA PRODUCAO ACADEMICA CH SEMEAR)

e DIGITAL LIBRARY OF THESES AND DISSERTATIONS - BDTD
THESES REPOSITORY, CIENTIFICAL ARTICLES, RESUMES, MONOGRAPHS,
DISSERTATIONS AND BOOKS
(BIBLIOTECA DIGITAL DE TESES E DISSERTACOES - BDTD

REPOSITORIO DE RESES, ARTIGOS CIENTIFICOS, RESUMOS, MONOGRAFIAS,
DISSERTACOES E LIVROS)
e STEP2-DATABASE ELABORATION (ELABORACAO DO BANCO DE DADOS)
STEP 3 - CRITICAL AND EPISTEMIOLOGICAL ANALYSIS OF THE PRODUCTION
(ANALISE CRITICA E EPISTEMIOLOGICA DA PRODUCAO)
THEORETICAL REFERENCE (REFERENCIAL TEORICO)
ECOLOGY OF THE ANALYSIS UNIT (ECOLOGIA DA UNIDADE DE ANALISES)
LEARNING TO LEARN (APRENDENDO A APRENDER)
EPISTEMOLOGICAL ANALYSIS (ANALISE EPISTEMIOLOGICA)
RESEARCH RESULTS (RESULTADOS DA PESQUISA)
PRODUCTS (PRODUTOS)

We analyzed the research produced in the Semear Hospital Classroom starting in 2015, year of its
creation, seeking subsidies for further study, concomitant to the subjects studied in the national scenario,
once that in the local scenario there is little information related to this service. The choice of this locus was
previously explained and justified in this project. We highlight the fact that it is the only one in the state of

Pernambuco.
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In this respect, Martinelli (1999) points to the possibilities of seeking more than indexes,
measurements, descriptions, but rather seeking interpretations, more than the gathering of information,
seeking individuals and their stories.

Minayo (2016) complements the question when he states that this type of research seeks to answer
particular questions, it works with the universe of meanings, motives, aspirations, beliefs, values, attitudes,
which corresponds to a deeper space of relationships, processes and phenomena that cannot be reduced to
the simple operationalization of variables.

In the attempt to better understand the elements used in the research, we treat data qualitatively,
conducting a bibliographic research and a single case study, having as locus the Semear Hospital Class, of
exploratory-descriptive character, characteristic of participant research in the search to know and act to find
an action of change in benefit of the group studied.

After the first contacts with the scientific works about the theme in the universe of the hospital class,
we went on to the next stage of the research cycle, characterized by the field work. According to Minayo
(2007), the field is understood as the comprehensive space of research, where the work allowed the
researcher to approach reality and consequent interaction with the object and its subjects.

We carried out our field observation exploring the hospital classroom and its common spaces,
inserted in the hospital complex which comprises the Universitary Hospital Oswaldo Cruz/HUOC of the
University of Pernambuco/UPE, the Center of Pediatrical Oncohematology/CEONHPE, the Support Group
for Children in Need with Cancer in Pernambuco/GACPE and the Semear Hospital Class, implemented in
this complex by the Recife City Hall.

Despite the choice for the qualitative analysis of the research, one must consider that the two
modalities are not excluding the other, it is just that they only differ because they have specific functions,
where in the specific case the researcher's goal was not the study of the sum of the narratives, not based on
the numerical criterion, defining the total number of research subjects based on the saturation of the
empirical content researched, based on the objectives listed at the time of proposing the research,
considering the disagreements, differences and specificities represented in the statements of the various
representations (MINAYO, 2007)

We made use of the field diary with the purpose of recording our actions to be developed, and
contributions in this process of pedagogical care in the hospital, understanding that the field diary is an
instrument of (in) formation, a tool that allows to consult recorded ideas. According to Oliveira (2014,
p.13), "the field diary constitutes a place of research information and training for the research subject”.

The field diary was written from our impressions extracted during the visits in the hospital class, in
particular at the times of data collection through the surveys, when we will be closer to the research
participants.

The Semear Hospital Class works with a multi-serial class, providing pedagogical care in the

hospital bed and in the classroom, for students hospitalized in oncologic treatment, with ages ranging from
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04 to 14 years old. The students who are not enrolled in their school of origin, but are at school age to attend
the classes of Children's Education - Groups 4 and 5 and Elementary School - Early Years, also have this
right guaranteed, and their parents and/or guardians are encouraged to have them registered in the class.

The class currently has 3 education professionals, teachers from the Recife Municipal Education
Network, only one of whom is a specialist in this modality (Hospital Class) and 35 students/patients, and
the multi-professional team will be made up of the professionals who will be attending these patients at
CEONHPE.

For data collection, a semi-structured survey was used with the teaching staff, the guardians and the
multiprofessional team inserted in the hospital context: social worker, psychologist, nutritionists, medical
team, recording in the field diary our impressions during the time the survey was being conducted in order
to identify the repercussion of this moment when we were closer to the environment.

As Minayo (2007) states, the interview is a source of information with the objective of providing
primary and secondary data and it is through this interview that research based on life stories and their
narratives is carried out, proving to be very effective for the achievement of the objectives proposed for our
research.

From a qualitative approach, we present data captured in loco, with observation of the space destined
to the pedagogical practice and its relations in the environment involving student x teacher, teacher x
teacher, teacher x hospital staff, and other interaction with the family. This observation considers the
teaching and learning process of the hospitalized children that interfere, in an important way, in the
pedagogical practices of the hospital class teachers.

As for the technique of qualitative data analysis of the research, we will categorize the data obtained,
from the reading and understanding of its analisys corpus from the interviews, surveys, field diary and other
observations obtained in the process, transforming them into valid elements for decision making relevant
to the modality.

The participants were divided into 04 (four) groups, being: teachers (03); students/patients (10);
parents/guardians (10) and the multiprofessional team (07), the students/patients invited were those in a
stable clinical condition and able to study in the classroom, on the 4th floor of CEONHPE, thus, the
parents/guardians of these students/patients, therefore, were invited, and the survey was applied at different
and subsequent times for these.

The Multi-professional Team (EM), a number of 07 professionals, is composed of physicians,
nurses, psychologists, social workers, and nutritionists, and were chosen among those who were available
on shift at CEONHPE, being any of the professionals from the "EM" who were on shift, which, in
partnership with the teachers, could define the convenience of the presence of the researcher to conduct the
interview, based on the clinical and psychological conditions of the student/patient.

The researcher carried out the interviews, with each group, through a survey about the daily routine

in the hospital class, and was applied in the classroom, destined for the hospital class on the 4th floor of
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CEONHPE, and that lasted an average of 15 to 30 minutes per participant, with a maximum of 04 (four)
interviews per day, with a schedule in common agreement with the participants.

The researcher provided paper, colored pencils, and erasers for the children to use, with the purpose
of drawing or writing during the activity to answer the survey, as well as pens for the other participants. To
answer the questionnaire, we read the questions to everyone, clarifying any doubts that arose.

For the children, besides this reading, we tried to interact with playfulness, observing their
understanding condition ( alphabetized or not), respecting the limits for this activity (without suggesting
them). Recognizing the importance of play, present in various stages of our lives, an extremely important

factor for socialization, observation of behaviors and values.

3 RESULTS AND DISCUSSIONS

The University Hospital - HUOC, through the CEONHPE, receives children and adolescents in a
state of illness, in various periods of schooling, when, due to the circumstances of the illness, they will be
away from the classroom, from their school of origin, for a short or long period of time. To Costa (2008),
this fact will lead to prejudice to their schooling development, bringing negative consequences to their
psychological state, as well as to their social and family relationships, causing other series of possible
ilnesses, such as stress, which may harm their recovery.

As far as education is concerned, these children and adolescents may have difficulties in keeping up
with the school subjects when they return to school, and if they return, the activities during the health
treatment, which may keep them away from the classroom, possibly leading them to fail or to abandon their
studies.

From our observations, transcribed in our field diary, it was possible to verify, within CH, that the
teaching practice is based on the humanized look of its professionals (multidisciplinary team), in dealing
with students/patients, in an environment where health and education converge.

In the diary, we tried to document everything we heard and saw, as well as what we felt and
experienced during the field activity. Some notes were recorded in the research setting, others were
"digested" on the way from the studied space to our home and/or destination of the day, when, a few hours
after the activity, they were documented.

For the research, the field diary became an important tool to seek the success of the data collection
process, keeping memories of the presentation of the information that researchers obtain along the way. For
Meihy (2005, p. 205), "it should work as an intimate journal in which are recorded even the problems of
acceptance of the interviewees' ideas, as well as any theoretical reflection arising from debates on aspects
of the subject".

The production of knowledge comprises primarily the dialogicity between teachers and their
students, the investigation, diagnosis and treatment of children or adolescents in a state of hospitalized

iliness, align in a logical and permanent way this dialogism between the health team and their patients, for

Principles and Concepts for development in nowadays Society: Building a pedagogical practice: learning to
learn with science teachina in the Semear Hosbital Class

63



Matos and Mugiatti (2009, p. 85), "they do not overlap, because they have very different rules and
characteristics according to their purposes and functions to which they are addressed, through each of the
selective activities that are integrated in their respective professions".

In this context, we notice common elements involved in the different proposals, whether in the
pedagogical action of teaching and learning for the student, or in the cure or recovery of patients, proposals
that interact without being confused. Through this dialogical perspective, between both types of
communication that present themselves in different ways, once their specificities, moments, and demands,
transit with peculiar distinctions translated in the will or search for learning and/or healing of the body.

In the Semear Hospital Class, the pedagogical time is different because of the particularities of the
students, according to one of the CH teachers. One hour is the period of permanence in the classroom. The
pedagogical activities with the student in school start at 9am. However, before that, the teacher goes around
the ambulatory to get information about the names of the students who will be able to attend class either in
class or in bed. This is an important task that can change at any time if there are complications in the clinical
condition of these students/patients.

When the care is performed in the bed of the infirmaries, the activities are more playful and involve
painting and storytelling, always respecting the environment, but building an atmosphere of playfulness in
order to captivate the attention for the promotion of teaching and learning. Huoc's pediatric oncology unit
has 24 beds, occupying two floors.

In the perception of one of the doctors who assist these children, "The child's story does not end
with the diagnosis. The class brings a huge gain in treatment. I'm not just talking about getting well. I'm
talking about offering humanization. The ideal is to serve everyone, but we can't put the older ones in the
class because there is no agreement with the state, which is responsible for high school."

Semear attends to students in a state of illness and hospitalized in HUOC, in the pediatric oncology
sector who attend early childhood education (group 4 and 5) and elementary school years (first to fifth
year), linked (enrolled) in the Municipal Education Network of Recife, in the Municipal School Citizen
Herbert de Souza, being the Semear hospital class an extension of this School Unit.

In the second semester of 2014, it was made possible by the municipal education network the
assignment of the first CH teacher in the Cidad&o Herbert School to contribute to the process of
implementation of the hospital class, then coordinated by the Support Group for Needy Children with
Cancer of Recife - GAC/PE.

The Hospitalization Schooling for Matos and Mugiatti (2012, p. 49), "pointed solutions, which
represents the conciliation of interests of the public policies of health and education: bringing it, in its
context, the sense of overcoming the contradictions that maintain the problem in evidence", being essential
for the execution of the project the participation of the public power, in the guarantee of ensuring a
pedagogical space in a room inside the hospital, guided by legal criteria instructed from the existing

legislations for the effectiveness of the hospital class considering the possibilities for this teaching modality.
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It is worth emphasizing the importance of assuring in the implementation of the hospital class all
the administrative and pedagogical bureaucracy, official documentations for the school bond, strengthening
the responsible relationship between education and health, each one contributing from its specificities that
permeate this policy.

According to one of the CH teachers, each student has its own portfolio, with information about the
activities performed and its cognitive development. "Based on this documentation and written tests, sent by
the schools of origin, the students are evaluated. In addition, we fill out the online class diary, which is
linked to the city hall.”

The online Class Diary, is a tool that allows teachers to organize their annual projects, time grids
separated by class, class records, among other resources that will facilitate the record of the activities of
each professional.

Starting from the premise that the students/patients are in the CH to ensure their regular education
before the educational right and the right to health, this will imply the incorporation, in this environment,
of a proper ecology according to Fonseca (2008), of new knowledge and socio-educative practices, that
transcend the formal dimension already established, converging health, family and social development
Issues.

In the Hospital Class the student/patient is not treated differently, the charges inherent to education
are formalized and adjusted between the parts, such relationship between "educate” and "care" is related to
the teacher's performance in the interface of the teaching action that will be given as a teacher's competence.

The relationship is personal, named, ethical, whether with students or with parents and/or guardians,
treated with respect, sometimes individually, with specificity, in the classroom or in bed, without trauma

or suffering for these students.

4 CONCLUSIONS

The life stories that are told in our daily experiences do not conclude with medical diagnoses; there
Is a space x time that mediates this relationship, this life process. Even more so when you are a child, and
the child you are talking about is still affected by cancer. The students hospitalized in the Semear Hospital
Class build their stories every day. We only have to look at their struggle to live, to learn, and to relate
socially. This is the only way to understand the importance of a classroom inside a hospital, which although
it is a right of every hospitalized child, Semear is the only hospital class in the state of Pernambuco.

The pedagogical listening in the planning of activities in the CH, presented itself as another factor
that enables humanization in this environment, as it is a process that makes possible the change of
conceptions and postures of the multidisciplinary team involved in the process and in this context of
analysis, the understanding of the condition of the student/patient from the educational intervention,

concomitant to the hospitalization process.
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It is found that the teachers of the Semear Class, fulfill a role more than that of educator, but with
the authority built in the relationship with the entire multidisciplinary team, they advise and guide the
parents and/or guardians of these students/patients, in the teaching and learning process to which they are
submitted, always very careful in the practices and medical recommendations for each student/patient,
working together with the other employees who are part of the hospital team.

By analyzing the data presented, it is possible to notice that, to work in the hospital class, the teachers
needed to seek a preparation not available in the initial training, and two of the three teachers of the class
took the Improvement Course in Educational Service in Hospital and Home Environment, and the third is
taking the Specialization Course in Hospital Pedagogy, in order to meet the peculiarities as to practices and
methodologies linked to hospital care.

It is worth mentioning that the formation constitutes a favorable environment for the discussions
and reflections as to the teacher's performance, moment in which they boost their growth from the practices
and experiences acquired in the formation, in the particular case, in a pedagogical environment, especially
when it comes to the hospital class.

Reflecting on the Common National Curricular Base/BNCC, we have several challenges for
teaching in special education, but also the possibility of renewing their methods, building them in a more
meaningful way for the student's life. From this perspective, teacher training will need to undergo a
substantial transformation in the training proposals so that so many demands can be met and have an effect
in today's society. We understand that even today, teacher formation does not enable teachers to meet all
the requirements that the BNCC proposes.

The great discussion on the Hospital Class today tends to have a reflection on the contextual signs
regarding its insertion in the modality of special or inclusive education, the fact is that in practice special
education is organized to support the development of students, taking place in the opposite shift to the
common class, in the school or specialized educational center. Inclusive education, on the other hand,
differs from special education in that it is an educational and social process, at the same time, when, in fact,
the Hospital Class takes place in environments in the circumstance of hospitalization, as traditionally
known, or in the circumstance of outpatient care, during regular school hours.

The Hospital Class is an important concept in the current social context, in which teaching and
health are joined, as a right, and as such, it must reflect the changes that society requires, understanding
from the needs of curricular adjustments to the teachers' training that attend this teaching modality,

according to the current historical moment that provokes and challenges our teachers.
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CHAPTER 6

A look at the approach to corruption in Argentina
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1 INTRODUCTION

In 2004, the United Nations pointed out the seriousness of the problems and threats posed by
corruption to the stability and security of societies by undermining the institutions and values of democracy,
ethics and justice. Although the term corruption is frequently heard, a clear definition is not always
presented for its understanding, since its understanding is related to both the moral aspect, of the values
established by society, and the legal aspect, especially with social customs, theft, robbery, illicit enrichment,
improper favoring, kickbacks, bribery, etc. (Mileski, 2011; Martinez Céardenas and Ramirez Mora, 2020;
Katz et al, 2017). Several studies indicate that corruption, as well as violence and greed, is a condition of
human nature influenced by the environment: family, religion, education, culture, training, etc., generating
changes in the human condition, which generally tend to self-benefit (Batista, 2005). Sefia (2002), points
out that corrupt acts are those, carried out by two parts, which involve the violation or transgression in an
active or passive way of a positional duty or of the function it fulfills. The author points out that this occurs
under a normative system that serves as a reference, and are linked to an extra positional benefit, whose
acts are generally performed under discretion or ignorance of society.

In this sense and according to the Corruption Perception Index 2018 (CPI) prepared by the
Transparency International (T1) Organization, Argentina improved in recent years its location which can
be attributed to the "Anti-corruption laws in force". While in the 2019 CPI, the country again increased its
score, 49% of citizens indicated their position on an increase in corruption in the country in the last 12
months; 13% indicated that they experienced sexual extortion or know someone who went through this
situation; 19% paid some bribe for services; 21% indicated that they were offered bribes in exchange for
votes (Coralie Pring, 2019). In the CPI 2020, Argentina worsened its score, attributing this - as in most

countries - to the social perception regarding the management of the health crisis exposed by the Covid-19
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pandemic (Transparency International, 2020). Therefore, in this article we will analyze the phenomenon

of corruption and its consequences in democratic societies.

2 METHODOLOGICAL STRATEGIES OR MATERIAL AND METHODS

The information was obtained by accessing different sources of information from databases such as
Scielo, Google Scholar and Redalyc, as well as from legislation, theses and digital journals. The words used
as descriptors for the search were: corruption, public sector, causes and consequences of corruption. The
information was compiled without time limit or geographic coverage, selecting documents related to the
subject. The bibliography was categorized in order to cover the topic from its generalities to its

consequences.

3 RESULTS AND DISCUSSION
3.1 GENERAL PRINCIPLES OF CORRUPTION

The notion of corruption is generally associated with the violation of the official's duty of probity
in his personal enrichment, which does not only include economic enrichment. It can be defined as the
deviation of the conduct of a public official, who deviates from the established norms to serve private
interests (Huntingto, 1972). The way in which public power is distributed and exercised is an understood
function of public administration, which must be dynamic and objective so that it is distributed equitably
and correctly among citizens, taking into account their fundamental rights.

However, the actors of corruption involve the exchange between two wills, the transgression of a
relationship of trust or the existence of a certain power of discretion on the part of whoever executes the
corrupt behavior, in generally they are internal, proper to the system or assimilated by the system and its
officials regardless of the position (Ferreira, Ruiz Diaz and Kunert, 2019). For Orellana, (2003) there are
six different forms of corruption: micro-corruption, which is corruption carried out by officials (e.g., theft
of office supplies); corruption carried out by managers (e.g., appropriation of public funds entrusted to them
for administration); corruption carried out by a criminal association involving managers and officials;
corruption carried out by an association between users and officials; corruption carried out by an association
between users and managers; and finally, corruption carried out by an association between users, officials
and managers.

The typology of corrupt practices is summarized by Gilli (2014), who mentions bribery, influence
peddling and co-optation of the State, as some of them. In addition, the author citing Sautu, (2004), provides
a broader classification of corrupt acts mentioning patrimonial transfers, granting of privileges, abuse of
power, favoritism and clientelism, bribery, extortion, arrangements, fraudulent market alterations, use of
and privileged information, among others. Knowledge of corrupt practices is a necessary but not sufficient

condition for combating systemic corruption, being necessary to recognize criminal schemes and identify
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their weaknesses in order to operate on them, with very few convictions in this regard (Labarqui, 2003;
Piana and Arevalo, 2019).

3.2 FACTORS THAT INFLUENCE CORRUPTION

Among the factors that influence corruption and that theory points out as relevant are culture, level
of development, degree of social conflict and political and economic institutions, which were addressed by
Labarqui (2003). The author sought to verify the explanatory power of these factors and, in particular, to
analyze the relationship between the type of regime and the level of corruption, as well as the relationship
between economic freedom and corruption. He found that the level of development strongly conditions the
quality of the state bureaucracy in terms of recruitment, professionalism, stability and level of remuneration.
In addition, he points out that democratization does not necessarily imply an automatic reduction in
corruption, since democracy may initially be associated with increased corruption, whether this is an
appearance resulting from the greater freedom of the press in democracies, or whether it is a real increase
resulting from activities inherent to democracy that may give rise to acts of corruption (such as electoral
campaigns). However, he points out that countries that integrate tools such as transparency, accountability,
citizen participation and economic freedom in their governance would effectively lead to a drop in
corruption levels, reducing opportunities for corruption. He also points out that geographic-cultural
differences are relevant in terms of corruption, since countries that have recently transitioned from
authoritarianism to democracy and that have highly market-regulated economies have higher levels of
corruption.

Miranzo Diaz (2018), points out among the subjective causes of corruption vanity, selfishness,
personal satisfaction, craving for power or even social recognition. These behaviors lead to the loss of
confidence in the public function, since whoever exercises the corrupt act lacks ethical values, honesty,
responsibility, or the sense of public interest and of the Administration as a safeguard of the rights and
interests of citizens, and which can also be explained from psychology (Julian and Bonavia, 2020).
Furthermore, corruption is a risky behavior (Ackerman and Palifka, 2016), since the person who engages
in it must dodge obstacles such as legal restrictions, internal and external controls, the possibility of being
betrayed by colleagues or other people involved in the process, etc., and may or may not have the expected
result of the act carried out (Fernandez Rios, 1999). In relation to this high rate of reiteration observed in
workers who ever commit this type of irregularities, it is precisely a strengthened feeling of impunity, of
being above the laws, institutions, and the rest of the elements of state control, as to lack of effective control
and previous obstacles to corruption (Miranzo Diaz, 2018). An example of this can be extortion, whereby
extra payments are demanded from taxpayers, extra payments to provide public services, such as, for
example, the issuance of passports, and from the heads of officials who charge "rents” to their own
subordinates by requiring them a certain fixed amount per month or week. Another example is the abuse of

bureaucratic discretionary power, among which are carried out by ministers who "sell" their power; officials
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who pocket percentages of government contracts, transferring the money to bank accounts abroad; officials
who obtain government contracts for themselves, and political parties that use the prospect of coming to
power and obtaining "rents"” from international business in exchange for government contracts (Wainstein,
2003).

The strength of the regulatory framework in which corruption operates is an essential factor in
achieving the eradication of corruption from the Public Administration in general and from public contracts
in particular, so that a weakly constructed regulatory system enables, and even favors, irregular behaviors
(Simancas Simancas, 2010). Moreover, for criminal law to fulfill its preventive functions, it must have
sufficient motivational capacity to deter those who are willing to affect the assets that the legislator
considers worthy of protection (Sefia, 2016). The weakness of institutional procedures and mechanisms,
with weak and incomplete procedures, with no basis in the principles of publicity and transparency, mean
that, even if a State has exhaustive administrative and criminal laws to sanction and prevent corruption,
these are not respected, making efficient institutional mechanisms for control, monitoring and good
governance vulnerable.

The low professionalization of the public sector, that is, of those in charge of designing, directing
and participating in a public contract or other administrative procedures, is one of the major doors to
corruption. This is mainly due to the politicians' specific lack of specific knowledge of public management
required in complex administrative processes such as public procurement, and additionally, they tend to be
more exposed to conflicts of interest, being more easily affected by partisan or private interests (Kiltgaard,
2009). Also, the lack of technical or human resources in small public entities means that the civil servants
or public employees in question do not have the capacity to specialize in a subject, while the number of
people in charge of managing the procedures is reduced. This facilitates the participation of the political
classes in a direct way, and on the other hand, the practice of bribes, favors, etc., due to the ease of detecting
the center of decision in the development of a procedure, since it is enough to bribe one or two people in
which the decision-making power is centralized. So the existence of an administrative body of public
professionals, with permanence character, constitutes one of the best means for the prevention of corruption
(Villoria Mendieta and Izquierdo Sanchez, 2016).

The lack of independence of managers and control bodies, given by an excessive dependence on
their superior bodies, especially senior politicians, prevent their proper functioning, causing great legal
insecurity and instability in public managers. This can seriously condition the controls carried out by figures
internal to the Administration, who are in charge of evaluating certain activities of the entity beforehand.
In addition, the lack of technical and human resources can hinder the tasks of intervention and auditing, as
well as the obligations of transparency and publicity. Also, the lack of legal mechanisms that provide clarity
and tools to the different actors within the contracting process, and that facilitate an integral performance
of the same and an effective control, and not only formal control of the actions of public entities, represent

a serious setback in the fight against corruption (Sefia, 2016).
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The decentralization of public spending, towards privatization and decentralization of political,
democratic and economic management, affects the management of public funds, so that the decision-
making power of the public function is found in a multitude of contracting entities of different sizes, which
are responsible for awarding contracts and distributing public spending, assimilating more to a business
model than to the traditional hierarchical line of the Administration (Bautista, 2007). This creates new
incentives and general localist interests, giving rise to an agency contract situation in which the agent (the
contracting authority) may differ in its interests from those of the principal (the State, other public
administrations, etc.) and may give rise to conflicts of interest. Decentralization of the Public
Administration also generates a "loss of control™ of the activity of the contracting authorities - due to the
difficulty in controlling public activity caused by the multiplication of entities to be audited, affecting the

power and capacity to control and monitor the agent's decisions (Bardham and Mookherjee, 2006).

3.3 THE CONSEQUENCES OF CORRUPTION

Corruption is a phenomenon that reproduces itself in the face of the precariousness and fragility of
the public sphere and of the sense of belonging to it, which is not only perceived in the administration of
public resources, but also in all democratic and social processes (Arteaga, 2005). Rodriguez Arana (1996)
states that possibly the most perverse effect of corruption is the distortion of the democratic system itself
and the consolidation of a way of life rather distant from the habits and virtues proper to democracy, since
it affects principles of objectivity, legality, transparency and accountability (Diez Getino and Torija
Herrero, 2016).

Corrupt practices create an alternative channel for the processing of different administrative
procedures and files, which, through the abuse of public funds, the acquisition of undue privileges and the
generation of new rules of the game, replace and destroy the legal-democratic procedural framework,
directly attacking the rule of law and governmental efficiency (Villoria Mendienta, 2006; Bautista, 2007).
It also affects the very process of creation and planning of public policies and can culminate in an effect on
the electoral behavior of voters, since it leads to disaffection and loss of confidence in the institutions, in
the Government, and in the Public Sector in general (Lizcano Alvarez and Villoria Mendieta, 2013). The
emergence of political ideals and with them the so-called politics of trust, in favor of the credibility,
truthfulness and honesty of politicians, regardless of the ideology they profess, increases the population's
trust in the Administration, as well as in their political representatives, institutions and public management
(Thompson, 2001).

On the other hand, the World Bank has stated that corruption is one of the greatest obstacles to
economic and social development, given that it weakens the rule of law and the institutional foundations
on which growth depends (Mccarthy, 2015). Corruption has devastating effects on the market and market
efficiency (Salinas Jiménez and Salinas Jiménez, 2001). In this sense, corruption can directly impact the

citizen through price increases in goods and services produced by companies immersed in corruption (Diez
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Getino and Torija Herrero, 2016). It also affects decision making in public spending strategy. In this way,
unnecessary services and infrastructures are contracted, guided by corrupt interests -generally large
infrastructures that are difficult to evaluate and control (Mauro, 1998). There is, in short, a loss of
opportunity for society and for general interests, since these funds, invested in unnecessary aspects, ceased
to be used to cover other essential needs of the Welfare State (Holmes, 2015).

4 CONCLUSION OR FINAL CONSIDERATIONS

Corruption is a phenomenon that has undeniably negative consequences, both from a utilitarian and
ethical perspective, as it is a betrayal of duty, honesty and integrity in public functions. It undermines the
foundations of civilization itself, of the rule of law and of the current democratic and economic system. The
search for effective methods to combat corruption is essential for the promotion of economic development,
quality of democracy and social justice. Structurally, the effects of corruption are accentuated in the
economic development of the country, even more so for a sustainable economic development, since it also
affects the incentive institutions.

Corruption represents an obstacle to the achievement of the public purposes pursued in a Social
Constitutional State of Law, affecting economically the state patrimony and socially the general interest,
due to its negative and destructive impact upon the quality of life of the population and human, social and

economic rights.
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The Circular Economy and the Corporate Social Responsibility
in Brazil
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ABSTRACT

The main objective of this paper is to examine the
relationship between the Circular Economy (CI) and
Corporate Social Responsibility (CSR) in Brazil. The
work is structured as follows: in a first point the
objective, the working hypothesis and the
methodology used are defined and problematized,
second, both concepts are defined and problematized,
including the state of the art on CD and CSR, and are
linked to each other, establishing the particularities of

the advances achieved in QE and CSR in Brazilian
society and economy are exposed and subjected to
criticism, in addition to examining how the two
variables are linked; Finally, the results reached in the
research are presented and discussed, and both the
limitations of the work and possible lines of research
are exposed.

Keywords: Circular Economy, Corporate Social
Responsibility, Brazil.

each of them; thirdly, in the central part of the work,

1 INTRODUCTION
1.1 OBJECTIVE AND STUDY HYPOTHESIS
e The research presented here includes the following categories:
e Entrepreneurship and Entrepreneurial Behavior;
e Organizational Strategy;
e People Management and Workplace Relationships;
e Marketing;
e and, lastly, Organizations and Organizational Behavior.

The main objective of the work is to study the reality of the relationship between, on the one hand,
the Circular Economy (CE) and, on the other hand, Corporate Social Responsibility (CSR) in Brazil. The
working hypothesis, which will be confirmed or refuted in the end, is as follows: the CE is advancing in
Brazil thanks to CSR policies, although the existence of the Greenwashing technique, a category that we
will define in section 3 of this paper, is observed in relation to the CE, and there is still a political and
legislative framework that is not well developed, articulated and harmonized to serve as an impulse and

guarantee for new business practices.

2 METHODOLOGY

This work makes use of qualitative methodology, mainly the systematic and critical bibliographic
review of both primary and secondary sources. To gather the information, access was gained to Google
Scholar and Dialnet repositories, as well as to articles that appeared in the general and economic press, and
to documents from public and private organizations related to CE and CSR in Brazil and the rest of the

world.
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The research is structured as follows: first, a review is made of the state of the science of CE and
CSR, after defining both concepts and certain issues that may be of interest; then, the main analysis of the
work is carried out, trying to integrate the greatest possible amount of information available to us; after
that, the results of the research are presented and discussed in relation to the main objective and the working
hypothesis; and, finally, two lines of future research are presented that are considered relevant for future

research, our own or that of other colleagues.

3 CIRCULAR ECONOMY AND CORPORATIVE SOCIAL RESPONSABILITY.STATE OF THE
ISSUE

The concepts of CE and CSR have been widely discussed and presented not only in the specialized
and scientific literature, but also in the mass media in general, for several decades. However, given that
they are sometimes used inappropriately, we should first define and characterize both concepts.

Let us begin with CE. At the institutional level, circularity has been defined as that which is a
production and consumption model that involves sharing, renting, reusing, repairing, renewing and recycling
existing materials and products as often as possible to create added value. In this way, the life cycle of products
is extended (paragraph 3).

The Foundation for the Circular Economy (2017), itself, refers to the essential aspect of CE: "the
intersection of environmental, economic and social aspects” ( paragraph 9). This is the first key point: the
environmental or ecological, economic and social planes constitute lines that cut across each other, one
dimension not being able to be separated from the other.

Similarly, Portugal's Ministry of Economy and Digital Transition (2022) considers CE to be

a strategic concept based on the reduction, reuse, recovery and recycling of materials and
energy. Replacing the end-of-life concept of the linear economy with new circular flows of
reuse, restoration, and renewal in an integrated process, the circular economy is seen as a
fundamental element to promote the decoupling of economic growth from increased resource
consumption, a relationship that until now has been seen as inexorable (p. 1)

As shown in Image 1, CE forms a chain whose links feed back into each other, constituting a circuit
in which the first element, the extraction and processing of raw materials, gives way to a series of phases

until the residual waste is once again reincorporated into the new production flow.
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Image 1. Cycle of the Circular Economy
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Source: EFE Verde (2021).
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In Brazil, the Industry Portal (2022) defines CE as "a concept that associates economic development
with better use of natural resources, through new business models and optimization in manufacturing
processes with less dependence on virgin raw materials, prioritizing more durable, recyclable and
renewable inputs” (paragraph 1)

Therefore, the consulted sources highlight the following strong ideas when referring to the concept
of CE:

Tabla 1. CE strength ideas
It is not only a production model, but also a distribution and consumption model.

It is not a matter of recycling for the sake of recycling, or reusing for the sake of reusing,
but of doing so in order to generate value from all these materials that would previously
have been simply discarded (thus, CE is inseparable from the logic of capitalist

accumulation, which is why we can speak of green capitalism).

The main objective is to extend the product life cycle as long as possible.
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Just as one cannot separate the sphere of production from the sphere of
consumption, neither can one dissociate the economic from the social and
environmental, hence the Foundation for a Circular Economy (2017) speaks of

intersection

The three foundations of CE are economic, social and environmental or ecological.

One of the key aspects of CE is the use of as few new raw materials as possible.

CE is radically opposed to the paradigm of the linear economy: the process of the new

economy must be circular.

Source: own elaboration.

In any case, it is worth bearing in mind, as Gonzalez and Vargas-Hernandez (2017) expose, that the
principles of CE had a series of precursors, even prior to the postulates and reports of the OECD and other
international organizations, including Mollison and Holmgren, at the end of the 1970s, with the practice of
permaculture; Industrial Ecology, which had great theoretical exponents, such as Frosch and Gallopoulos
(1989); the movement known as The Natural Step, by Robeért (1989); the model called "Cradle to Cradle"
(C2C), whose main representatives were McDonough and Braungart, in the 90's; the philosophy of
Regenerative Design, by Lyle (1994) and others; the model known as Natural Capitalism, by L. H. Lovins,
A. Lovins and Hawken (2007); the philosophy of Performative Economics, by Stahel (2010) and others;
the Blue Economy model, represented mainly by Pauli (2011); or, finally, the Biomimicry approach,
defended by Benyus (2012), who relies on the principles of nature as a model, as a measure and as a mentor
or guide. All these precedents and precursors helped shape the philosophical and business core of CE. For
example, these models have helped the CE to put forward the novel idea of Ecodesign, based on five pillars:
increasing the useful life of the product (greater durability, greater loyalty, greater repairability), reuse,
recovery and reinsertion in the renewal, reconditioning and remanufacturing circuits; partial recovery
(disassembly, standardization and reuse of parts) and, finally, recycling of raw materials (Gonzalez and
Vargas-Hernandez, 2017).

Problematizing now the concept of CE, we consider that it is not easy to know to what extent the
CE proposal assumed by benchmark companies in Brazil and the rest of the world responds to a marketing
strategy or, on the contrary, is a sincere bet that seeks to minimize the negative externalizations on the
environment and the reduction of social and economic rights of the majority of society. This is where we
can cite the controversial concept of Greenwashing, which we define as a marketing practice that adulterates
the original nature, means and ends of CSR and CE.

Let us now look at how CSR is defined, a concept that has its own particularities but which, as we
shall see, is also inseparable from the CE paradigm. The idea of CSR began to be used in the 1970s. It was
the Organization for Economic Cooperation and Development (OECD, 1976) that sketched out the main
lines of what would later be considered CSR; years later, the OECD (2001, 2004) expanded and clarified
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the concept of CSR. Indeed, it was the OECD that emphasized the importance of companies considering
human rights, concern for the environment, respect for labor rights and the involvement of companies in
the communities in which they operate in their corporate philosophies and strategies. The baton was picked
up by the UN (1987), which produced the Brundtland Report, which stressed the importance of global
corporations making a commitment to protect the environment.

As for the core principles of CSR, the Global Compact for Corporate Social Responsibility (2021)

outlined what can be known as the decalogue of CSR, substantiated by the following elements:

e Respect for the protection of fundamental human rights.

e Corporations should not be complicit in the violation of human rights.

Companies have the obligation to guarantee the right to union assembly and association of
workers. Companies must also put an end to all forms of forced labor.

Corporations have an obligation to contribute to ending child labor.

Companies must put an end to discriminatory employment practices.

Companies must maintain a preventive approach that favors and protects the environment.
Corporations should promote initiatives that encourage greater environmental responsibility.
Companies should encourage the development and diffusion of environmentally friendly
technologies.

e Finally, companies have to make a great effort in the fight against corruption in all its forms.

Let us now review, very briefly, the problematic and complex relationship established between CE
and CSR, drawing on the work of Gonzélez and Vargas-Hernandez (2017). If CSR is based, fundamentally,
on the triple principle of respect for the environment, sustainable economy and respect for social, labor and
human rights, CE is mainly related to the first and second element; however, these are three spheres that
cannot be separated.

For example, the creation of a green economy, characterized by the circular model, is inseparable
from socially and environmentally responsible commitment. However, the main problem has to do with the
clash that occurs, as we shall also see in the Brazilian case, between theory, between the principles of CE
and CSR, on the one hand, and reality, the concrete, transparent and measurable applicability of corporate
policies that tend to coincide with the fundamentals of CSR and CE.

Thus, if, on the one hand, companies generally tend to conceive, design, produce and sell products
that seek to maximize profits and the shortest possible durability, how is it then possible to comply with the
fundamental principle of CE: to achieve the longest possible durability and reuse of products, goods and
services for sale?

This is certainly one of the most problematic issues when it comes to critically analyzing the real
impact and applicability of CE and CSR policies in today's global economy. And the case of Brazil is no

exception, as we will try to demonstrate below..
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4 THE CIRCULAR ECONOMY AND CORPORATE SOCIAL RESPONSIBILITY INBRAZIL: A
REALITY AS PROBLEMATIC AS IT IS PROMISING

The reality of CE and CSR in Brazil is complex; it is not easy to define and problematize, since it
includes both very advanced aspects and a reality that has nothing to do with the fundamental principles of
a circular and socially and environmentally responsible economy. There are, therefore, contrasts that need
to be critically examined.

Let us first look at the most problematic Brazilian reality in terms of CE and CSR; aspects that are
not always officially disclosed and which, therefore, need to be compared with documents and data that
help to understand a reality that is to some extent hidden.

One of the biggest problems facing countries in which the principles of CE and CSR are
progressively being implemented is to determine to what extent the desire to achieve a more sustainable
economy coincides with reality. This is where the phenomenon of Greenwashing comes in, which can be
defined as greenwashing, a marketing tactic that is actually a fraudulent practice and distorts the real
meaning of a socially and environmentally responsible, resilient and sustainable economy.

In the Brazilian case, reports presented by Market Analysis (2015) and GLOBAL 3000 (2022) leave
no room for doubt regarding the fact that in 8 out of 10 products sold in Brazil the practice of Greenwashing
has some kind of impact or influence. In particular, the GLOBAL 3000 (2022) study shows how even in a
sector such as hydropower there are possible negative externalities that are not always taken into account
in official discourses. The problem with this marketing practice is that it generates a false and prefabricated
image of environmental responsibility, thus also obscuring the real positive effects of responsible policies
on the part of companies. Once again, the terrain in which we are moving is difficult, complex and highly
problematic, and always involves discerning what is merely marketing from what is part of a genuine, far-
reaching and long-term change.

In this regard, the Federative Republic of Brazil has recently been included in the list of countries
in Latin America and the Caribbean, along with the Dominican Republic, Mexico and Jamaica, which
imported highly toxic hazardous waste from Europe, although there have also been cases in which the
Brazilian authorities banned the export of hazardous batteries from French Guiana. With regard to batteries,
it should be noted that, at the legislative level, the Federative Republic of Brazil has a regulatory framework
for the handling and management of batteries (ECLAC, 2021), one of the great current workhorses of the
circular and socially and environmentally responsible economy. In fact, Brazil currently has the following
laws regarding CSR and CE in batteries and batteries, electrical and electronic equipment, packaging,
vehicles, tires, lubricating oils and other products: Law No. 12305 (2010), which sanctioned CE through
reverse logistics and created the National Solid Waste Policy, and Decree No. 10240 (2020), in addition to
Bill No. 7535 on incentives to promote the recycling industry (2017) (Antinez et al., 2021; ECLAC, 2021).

In this regard, we fully agree with researchers Porcelli and Martinez (2018) when they state that
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in order to move towards a circular economy, it is necessary to have a regulatory framework
that regulates the extended producer responsibility, that encourages the collaborative
economy, that regulates the management of plastic, electrical and electronic waste, that
obliges the manufacturer and producer to always incorporate a portion of recycled material
in each product. (p. 1100).

As for the other side of CE and CSR in Brazil, the promising facet presented by CE and CSR policies
in the Latin American country, it is worth mentioning first of all the fiscal framework related to reverse
logistics (i.e. the different links that are part of the chain of productive and ecological reuse), which includes
a series of incentives such as tax reductions for the circulation of goods and services for recycled inputs.
(CEPAL, 2021). We start from the premise set out by the United Nations Environment Programme Finance
Initiative (2020) and the research of Antunez. (2021), according to which circular businesses in the United
States are currently in the initial stages of development and are mainly focused on the following sectors:
agriculture (regeneration and restoration practices), construction (innovative use of buildings, raw materials
and city planning) and the manufacture of electrical and electronic equipment (in which logistical
collaboration and residency are decisive).

Companies and organizations operating in Brazil such as Petrobras, ENGIE Brasil, BAT Brasil,
CTG Brasil, Brookfield Brasil and Eletrobras, among many others, have a formal commitment to the fight
against climate change (Teixeira, 2021), one of the priority objectives of both CE and CSR. Other
companies are also standing out as leaders in the development of a new economy within the framework of
the Sustainable Development Goals, as is the case of FEMSA, committed in practice to the responsible use
of water resources; all of them are integrated into regional regions for the promotion of CE and CSR, such
as Forum Empresa and RedEAmérica. (Kowszyk y Maher, 2018). It is also important to bear in mind that
Brazil has recently created the Brazilian Center for Circular Economy (Hub-EC), led by Exchange 4 Change
Brasil (EC4B), which brings together sixteen Brazilian companies and organizations (such as Tomra,
Covestro, Equipa Group, Rhein Advogados, the Institute for Technological Development of Brazil or the
Center for International Relations of Brazil) and is the first experiment of its kind in Latin America and the
Caribbean. Brazil is also the host country of Ball Corporation, the first CE laboratory to be founded in
South America (EFE Verde, 2021; ComunicarSe, 2021). In the paper sector in Brazil, for example, highly
innovative projects have also been developed that, beyond their quantitative relevance, are of enormous
qualitative significance as a business model that other companies based in the Latin American country can
emulate (Veolia, 2022).

Regarding water reuse, there are studies, such as the one by Da Silva and Pasold (2019), which
confirm that Brazil is progressively becoming a country that gives importance to this field of CE, something
outstanding if we take into account that the Federative Republic of Brazil constitutes the first country in the
world in terms of water availability in rivers, although much remains to be done in this regard, especially

in terms of equitable access of the population to water sources, and there are important gaps in legal matters,
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as exemplified by the fact that Brazilian legislation "still does not expressly provide a way to make
wastewater reuse processes more efficient”. (Da Silva and Pasold, 2019, p. 160).

Despite this, as shown by Da Silva and Pasold (2019), there are many opportunities in the country
in terms of water reuse, a resource that is not only relevant and vital for agriculture, but for all industries
and the service sector. Precisely because Brazil is the world's leading country in terms of water resources,
it is even more important to raise awareness for a better use of such a strategic resource. In any case, the
study cited by Da Silva and Pasold (2019) shows a large number of examples that suggest that Brazil has a
promising future in this regard, as seen in the cases of Jardim do WTC, Elma Chips, the multinational
Nestlé in the ibero-American nation and a long etcetera.

In addition, the project known as Family Biowater, developed by Enel Green Power in the
northeastern part of the state of Bahia, is an important example of a sustainable and circular economy,
especially in its use of the country's water resources. (Enel Green Power, 2019).

Another encouraging element in the development of a green and socially responsible economy in
Brazil has to do with the existence of biogas from landfills, as well as an extraordinarily high tire recovery
rate of almost 100%, second only to China, and above countries such as India, Japan, South Korea, the
United States, Mexico, Argentina and Nigeria. Brazil has a system of extended producer responsibility
(EPR), including reduction targets, which has undoubtedly contributed to achieving very ambitious targets
in terms of CE and respect for the environment, not only in tires, but also in the energy sector, cement kilns,
granulators, electrical and electronic waste (of which Brazil is the main producer in the Latin American and
Caribbean region), batteries and all kinds of batteries, and a long etcetera (Schroder et al., 2020; ECLAC,
2021).

Furthermore, as can be seen from the comprehensive study by ECLAC (2021), the Federative
Republic of Brazil, together with Barbados, Paraguay, Bolivia, Belize, etc., has a system of responsibility
for single-use plastics, which ensures the reuse of one of the most used and most polluting materials in the
world economy today. Regarding plastics, Brazil has introduced, in Law No. 6528/16, an express ban on
microplastics in personal care and hygiene products, which are one of the most consumed products in the
country. Brazil is one of the few countries in Latin America (along with Brazil, Uruguay, Barbados, Peru,
Cuba and Bolivia) that has clear plastic recycling mandates and a very clear federal legal framework for
the recycling of plastic bags. However, currently only half of this material is recycled after use, while
around 17% of plastic materials are not recycled properly, sometimes ending up burned in the open air or
in landfills, with no control over their productive reuse. Of the 80 million tons of waste generated per year,
only 4% is recycled (Schroder et al., 2020; United Nations Environment Programme Finance Initiative,
2020; ECLAC, 2021; PLAS-ICT, Technologies and Information for the Circular Economy, 2021).

Another very promising aspect about the reality of CE and CSR in Brazil has to do with the fact that

it is the only Latin American country that enjoys a very prominent presence in terms of boosting scientific
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production regarding a circular economic model, counting in 2019 with up to 77 publications (ECLAC,
2021).

Although we believe that the Brazilian economy is far from having fully and consistently adopted
the principles of the CE and CSR, cases such as Natura and Cattle suggest that the country is gradually
moving towards a green economy model. However, even in these two cases, there is clear resistance and
obstacles to advancing the paradigm of a socially and environmentally responsible economy. As research
by Romis and Coslovsky (2019) and Grazzi (2020) have shown in the case of Natura, the introduction of
green technologies in Brazil's production processes currently implies an increase in costs that not all
companies are able or willing to assume; the case of the cosmetics company Natura is illustrative of the
broad possibilities that a company in an economic sector can have if it assumes both CE and CSR, which
are ultimately inseparable: Thus, Natura offers refillable packaging for its hygiene, personal care and beauty
products, in addition to using recycled materials, such as recycled PET and glass, or fully recyclable
materials for its packaging, such as green plastic made from sugarcane.

It must also be said that consumers, in general, are not willing to see the products they consume
become more expensive because they support a green economy. This is obviously a problem that all
companies and economies around the world face. The difference is that not all of them can bear the same
burden of abandoning less economically costly forms of production (at least directly, if we do not take into
account the negative externalities, which can be very costly in the long term), but more harmful from the
point of view of sustainability. In spite of this, references in Brazil such as Natura and Cattle show that the
path is already mapped out and that it will depend on many social, cultural, political and, of course,
economic variables whether these types of business models become the majority in the Brazilian republic.

For example, again referring to the fiscal framework, the fact that in the Federative Republic of
Brazil recycled materials are taxed twice (Schroder et al., 2020) is the opposite of an incentive to a new
green economy, something that clearly discourages many producers not to stop using virgin materials. This
brings us back to the point we made above: if the State does not become the architect of change, it should
at least be an agent that does not further hinder the process of converting the linear economy into a circular,
sustainable and resilient model.

In any case, again following Romis and Coslovsky (2019), it is already a present reality that Cattle,
Natura and so many other companies in Brazil have not only carried out innovations of a technological
nature, but also of leadership, management, organization and marketing. This aspect reinforces our thesis
that compliance with both CE and CSR involves a holistic approach in which all the elements, dimensions,
variables, parameters, etc., must be connected, articulated and overlapping. Clearly, in this whole process
the public actor, public administrations, is called upon to play a central role, if not as a guide and organizer
of the process, then at least as a generator of a political, legal and fiscal framework that encourages the
proliferation and consolidation of companies that combine the principles of CE and CSR in practice. Cases

such as the 2016 Rio de Janeiro Olympic Games facilities, during which the modular design and integration
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of shared transport services in the real estate offers made it possible to increase efficiency both for building
and for transporting hundreds of thousands of people (Schrdder et al., 2020), are also a demonstration that
for the metamorphosis of the economy to take place it is essential that all the links in the economic chain
are involved and articulated.

In our view, it is a matter of ensuring that all actors with a leading role or potential interest see that
they need to jJump on the bandwagon of a new, more sustainable economic model. Otherwise, the discourse
of CE and CSR will remain mere phraseology, with no real applicability or concreteness. But this also
means progressively overcoming the extractivist model (or transforming it in the sense of a circular model
in terms of waste management and its productive reuse, with a view to minimizing the negative impact of
this type of activity), on which many Latin American economies are still dependent to a greater or lesser
extent, Brazil, which currently has the fourth largest mining sector in the world and is one of the world's
leading exporters of strategic materials such as niobium, iron, manganese, tantalum, graphite and bauxite,
with all the environmental and ecological implications this entails, is partly a case in point:

Mining activities involve high water and energy consumption. In addition, the use of toxic
substances as part of mineral and metal extraction processes - such as the use of mercury to
extract gold - has serious consequences for the health of workers and local communities,107

as a result of soil and water contamination by mining waste (known as tailings) containing
hazardous substances (Schroder et al., 2020, p. 33).

At this point we note, as a new variable to be problematized, the complex issue that within the
framework of the capitalist economy there is no necessary coupling or harmony between the fact that a
powerful economy such as China's, for example, can develop a circular network for a fundamental
commodity such as steel and that, at the same time, Brazil can continue to enjoy its position as a major
supplier-exporter of iron ore. (Schroder et al., 2020). In other words, in our view, the transformation
towards a green economy may require overcoming the current production premises not only in a specific
country, not only in a specific node within the world-system, but in the entire global economic network. In
this regard, the new approaches expressed in the 2030 Agenda and its seventeen Sustainable Development
Goals, whose fundamental aims are universal in nature, have had a strong impact on the application of the
principles of CE (Antinez et al., 2021), inseparable, as we have said, from the postulates that have to do
with CSR.

With regard to technological innovation processes, the reality is that the Brazilian economy and
society have managed to become one of the main world references in terms of research, innovation and
development of technologies and production processes related to forms of green economy such as the so-
called Agriculture 4.0, in which the Ibero-American nation stands out, along with Costa Rica and Chile, as
one of the leaders in Latin America and the Caribbean, with all that this implies in terms of digital inclusion
and employment in a circular economy (Schréder et al., 2020). This shows that Brazil's economy, although
it has not yet developed its full potential in terms of resilient and socially, economically and
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environmentally sustainable economy, has encouraging and promising assets that allow us to foresee a
future in which sustainability as a guiding principle will have a decisive specific weight. In any case, and
to problematize this issue, this in no way means that we can speak here of a kind of automatism in the
development of a green economy; if the main actors involved in this change (companies, civil society,
public administrations) are not willing to transform the roots of the linear and unsustainable model of
economy that currently prevails, the elements of innovation to which we are referring will remain minority
and somewhat anecdotal examples, or at least without real capacity to determine the economic, social and

environmental course of a giant like Brazil..

5 CONCLUSION

Results: with respect to the main objective, it was found that there is a close relationship between
the principles of CE and the postulates of CSR, in such a way that the insertion and consolidation of the
principles of both should occur simultaneously, within the same development paradigm; sustainability is
the element that links the two categories.

The National Solid Waste Policy of the Federative Republic of Brazil is a clear exponent of the
intersectionality between circularity and CSR, since this policy is the expression of the synthesis between
circular business models and the sustainability of the entire Brazilian society. One of the strong theses that
we conclude is that sustainability is inseparable from circularity, so that if a certain model of sustainable
development is not implemented, it is impossible to transcend the current paradigm of linear economy. It
is also concluded that the process of implementing a circular and socially and ecologically responsible
economy in Brazil, which is still in its initial stage of development, will necessarily be slow and will have
to overcome a wide range of obstacles and inertia at the social, business, cultural and political levels. Hence
the substantive importance of public awareness programs, and how the private sector will assume them and
even be creative in generating and disseminating its own programs. But, in any case, the role and specific
responsibility of the public authorities will be part of a fundamental variable for both CE and CSR to
develop in Brazil from a quantitative and, above all, qualitative point of view..

With regard to the working hypothesis, it is confirmed that, in the context of the peculiar process of
development of CE and CSR in Brazil, the circular economy model is advancing in the country, driven by
the strategic lines proposed by the CSR paradigm, although it is confirmed that the country faces three
essential problems, starting with the abuse of Greenwashing, and finally the low level of development of
public programs to raise social awareness of the need to overcome the linear model of the economy, which
is highly unsustainable not only from an environmental, but also from an economic and social point of
view.

As for future lines of research, we propose the following two: first, to critically analyze the
awareness programs being carried out in Brazil by public administrations to bring CE and CSR to fruition,

also analyzing their inconsistencies, shortcomings and incongruities; second, we propose to researchers to
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delve deeper into the involvement of public authorities in fraudulent practices that distort the true spirit of

CE and CSR, as corroborated by the aforementioned practice of Greenwashing.
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ABSTRACT

Working with Digital Terrain Models (DTM) or
Geographic Information Systems (GIS), Triangular
Irregular Networks (TINs) is one of the most used
ways to represent surface topology. Given this form or
representation, this article investigates one initial
probabilistic demonstration to quantify up to which
accuracy o (sigma) can be consider what is ambiguous
from the topological point of view in 2D Delaunay
triangularizations. To achieve it, we designed an initial
demonstration that there is a maximum precision for
which the network topology remains constant in a new
Delaunay triangulation, at each point individually and
in the Triangular Irregular Network as a whole. The
methodological approach was experimental. Various
mathematical experiments were carried out using the
pseudorandom Monte Carlo Simulation method. First,
for each point of the Network, and then for all network
points for varied . The experiments culminate in

1 INTRODUCTION

helping solve the problem of the existence of
maximum ¢ for which the probability of occurrence in
constant triangular irregular network topology is
100%. The mathematical results gave rise to the
following: Considering a TIN generated by Delaunay
Triangulation, if any point of coordinates (x;,y;) in a
triangular irregular network is disrupted (has its place
altered), according to a Normal distribution N (i, 62),
then, exists a value g, 4, (Sigma maximum) for which
the topology of the Network remains constant. For
example, it was found that g,,,,, 1 Of point 1 exists and
is obtained by g,,4,1 = 0.30866, and in point 2,
Omax.2 = 0.2. The results also indicate the following
for Triangulated Irregular Networks: Every two-
dimensional irregular triangular Network generated by
the Delaunay Triangulation has a value o, (sigma
asterisk) to which the network topology remains
constant. In this work, simulating the worst case of
irregular triangular Network: o, = 0.2. Finally, it is
concluded that the ¢ maximum for each point exists,
as well as for the Network as a whole. However,
results need to be tested in more extensive networks to
prove (or not) if it always happened. We advance the
knowledge on the Triangular Irregular Networks
combining simulation techniques and network
topology.

KEYWORDS: Triangular Irregular Network, Monte
Carlo Simulation, Topology. Delaunay triangulation

Geospatial sciences work with geometric and Geo-graphic Database (GDB) aspects. In

geometric data acquisition, triangulation (Hegeman et al., 2014; Kas-trisios and Tsoulos, 2018;

Kim et al., 2010) and/or trilateration (Cheng et al., 2004; Mazuelas et al., 2009) are important

methods employed for populating these GDBs. These methods allow the generation of
Triangular Irregular Networks (TIN) (Kastrisios and Tsoulos, 2018; Reuter et al., 2007) used

in Geographic Information Systems (Kamel Boulos and Geraghty, 2020; Mollalo et al., 2020).

This processing of Irregular Triangle Networks for the generation and extraction of geo-

metrics in GIS is influenced by the errors inherent in each vertex (Florinsky, 2002). In geodetic
(Kastrisios and Tsoulos, 2018; Martinez et al., 2005; Sharp et al., 2019; Wang et al., 2000) and
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topographic (Florinsky, 2002; Li et al., 2006) triangulations, the distances between vertices are
very large, indicating that probably the interference in triangle generation is very small due to
the relationship between point accuracy and edge length. However, in a TIN with smaller edges
these errors further influence the generation of the triangles, which may vary as the vertex
precision is reduced. Such errors indicate the mathematical and physical rigidity of their
triangles.

Considering in this context the acquisition of geometries for GIS from triangulation
networks, this research aims to understand the following question: to what extent a change in
the quality of adjustment, i.e. increasing or decreasing the accuracy in the points, the
triangulation would still be considered stable. To attend to this research question, we develop
an initial demonstration to show that, there is a maximum precision for which the network
topology remains constant after a new Delaunay Triangulation. First simulated at each point
initially and then on the TIN as a whole. From these initial experiments, it is possible to
recognize patterns capable of generating new TINs with similar triangulation, same topology
and same statistical quality as the original.

This article aims to contribute to results that quantify to what accuracy the o (sigma)
can consider what is topologically ambiguous in an Irregular Triangulated Network. We
advance the knowledge about the topology of Triangulated Irregular Networks using Monte
Carlo simulation techniques (Carmel et al., 2009; Gugiu and Dumitrache, 2005; Walgdzik and
Mandziuk, 2018).

2 THEORETICAL FUNDAMENTATION
Theoretical content about the definition of Triangular Irregular Networks (TIN) by
means of Delaunay Triangulation, topology of a TIN, and Monte Carlo simulation method are

essential aspects for the understanding of this work.

2.1 THE CREATION OF AN TRIANGULAR IRREGULAR NETWORK

There are several algorithms for generating a Triangular Irregular Network (TIN) from
a dot mesh. Among them, Delaunay Triangulation (Kastrisios and Tsoulos, 2018; Zeiler, 1999;
Felgueiras and Goodchild, 1995; Tsai, 1993; Fernandes and Menezes, 2005) allows generating
triangles as homogeneous and close to an equilateral triangle as possible, optimizing the
represented surface. In addition, it is the most popular used for this conversion, and is present

in virtually all Geographic Information Systems. Thus, TIN is a vector data format defined by
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a triangulation from a set of sample points irregularly distributed in coordinates (X,y), with
respective z values, usually referring to altimetry, which allow mathematical modeling of a

surface through a network.

2.2 TOPOLOGY OF A TRIANGULAR IRREGULAR NETWORK

The geometric topological vector relationship in an Triangular Irregular Network is the
core of this article. According to Casanova et al (2005), topology is the part of mathematics that
investigates the properties of configurations that remain invariant in transformations of rotation,
translation and scale. These are spatial relations that are independent of geometry, but rather of
the elements of topological vector relationships. These elements are generically: connectivity,
adjacency, and contingency. Erciyes (2013), defines the connectivity or connectedness of a
graph as follows: “A graph is connected if there is a path between any pair of vertices v1 and
v2." The adjacency is the neighborhood information of spatial objects, where an edge
determines the left and right polygon. Finally, contingency is information about the inclusion
of a spatial object within another spatial object. Of these elements of the topological vector
relationship, connectivity is essential to the present study, as far as TIN is concerned. The
topology of an triangular irregular network is considered constant if, with changing the
coordinates of the vertices, the triangles remain the same after a new Delaunay Triangulation.

2.3 MONTE CARLO SIMULATION

Another aspect essential to the understanding of this paper is the Monte Carlo method
(Me-tropolis et al., 1953; Amar, 2006; Mark and Mordechai, 2011), named after the Monte
Carlo Casino in the principality of Monaco. It is an application of inferential statistics. Amar
(2006) describes some of the algorithms that have been developed to perform Monte Carlo
simulations. In this paper, Monte Carlo simulation is used in experimentation on the effect of

random errors on each coordinate of an original point in the Triangular Irregular Network.

3 METHOD
In the first stage the initial mathematical modeling is defined. The two-dimensional

point being

4=1y)
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In which:

(Vx, Ex)(3y, € Y)((le’l) € mz)

Your errors being oy, € o, associated with the coordinates in x and y; and its tendencies
Ty, € Ty, associated to the coordinates in x e y. Mathematically, it starts from the premise of

uncertainty associated with the geometric coordinates of each point in a Geographic Database.
Therefore, analogously, also associated to line and polygon geometries. From this statement,

the true Cartesian coordinate of a point A can be defined by:

oo B KRR B o

So generically the uncertainty of a two-dimensional point can be written as:

B = xl+rx+0x] [ Ty +[0xi]
l i+ Tyt ~ 9y,

As this research does not aim to study tendencies, we considered T = 0.

From these initial definitions, we considered some sets of randomized experiments with
disturbance (coordinate changes) of each point in the network, called local experiments or
simulations. For the purposes of this text, the terms disturbance, noise and point oscillation are
used synonymously. The term simulation refers to the triangular irregular network whose points
are being disturbed. Furthermore, from the experiments we sought to recognize whether there
is and to what accuracy o (sigma) the topology produced by the triangulation can be considered
constant. With this, an algorithm was implemented to compare topologies of triangular irregular
networks.
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FIG. 1 Example of topology simulation of an triangular irregular network, triangulated by the Delaunay method,
by changing points V1 and V4.
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Figure 1 presents two simulation examples with constant topology. The first graph
shows the original Delaunay Triangulation, in red; the second graph shows the disturbance at
point 1 (V1), with the simulated triangulations in blue; and the third graph shows the
disturbances at point 4 (V4), with the simulated triangulations also in blue.

The experiments were performed on a simulated network with 4 points and a lozenge
configuration, in order to allow testing the methodology and the local behaviors for, in later
stages of the research, applying it to triangular irregular networks with more vertices. Random
mathematical experiments were performed using the Monte Carlo method.

For the simulation, at each point a noise was inserted k times, in such a way as to
simulate the disturbance of the original point. The point disturbance was performed by
generating noise according to the standardized normal distribution, which has mean zero and

variance equal to 1, therefore:

The formula was rewritten in x and y by:

g = x;—x(ponto) __ yi—y(ponto)
xXi — o Yi — o

In the simulations it was done:

0.z =X — x(ponto) e 0.z = y — y(ponto)
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Therefore,

2, = (0.2) + x(ponto); §; = (0.2;) + y(ponto)

In which X; e y; are the new coordinates obtained by perturbing each original point and
i =1, ..., k. For the generation of normally distributed pseudo-random numbers the Marsaglia
and Tsang Ziggurat method was chosen, described in Marsaglia and Tsang, 2000.

Initially, oscillations were performed for each point in the network in an isolated

manner. Each vertex was initially disturbed with o,, = o, = 1, generically modeled on the

form:
V= X; £ Oy, ] [ + [O'xi]
Vi yi £ Oy, — [Ty,

Then the simulation was performed on the network for varied ¢. The first simulated

network was composed of 4 points V; = [y‘_], forming a rhombus of coordinates V; = [yﬂ =
l

(2)] v, = [(1)] V; = [_02] v, = [_01] This network was chosen initially because it is the

smallest amount of points that allows for different triangulations during its disturbance. The

choice in rhombus shape was motivated by being a simple geometry for the initial analyses.

4 RESULTS

The results of the Monte Carlo simulations are presented at each point in the network
separately, followed by an analysis of the results. The figures show the simulations performed
at point V; (figura 2 e figura 3) and in point V, (figura 4 e figura 5). All analyses concerning the

points V5 e I/, are analogue, since they are symmetrical.
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FIG.1 Simulated experiments for k = 10, 50, 100 e 1000, all with ¢ = 1.0.

T T

The figure (FIG. 2) shows the representative figures of all simulated Delaunay
Triangulations: (i) Without topology comparison, i.e., keeping the k disturbances referring to
the original point 1. In it, the simulated triangulations are shown in blue; (ii) The triangulations
with constant topology, i.e., krc < k, in which k. is the amount of disturbances with constant
topology (TC), also in blue; and (iii) The resulting convex closure of the points with noise that
allowed generating Delaunay Triangulations with the same topology as the original network,
shown in green. Random experiments were performed for k = 10, 50, 100 e 1000, presented

each in a row with the 3 graphs described, initially with o = 1. It has been shown necessary to
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identify for other ¢ what is the behavior of the region through which point 1 can oscillate and

yet remain with constant topology.

FIG. 2 Local convex closures of the disturbed point for simulations with ¢ = 0.1, 0.3, 0.5 and 1.0; each one with
k = 10, 100, 500, 1000.
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Figure 3 shows the points and convex closures that bound the constant topology region
with different simulations, changing the value of 6 to 0.1, 0.3, 0.5 e 1.0; each one with k = 10,
100, 500, 1000. In the figure are shown in each line k = 10, 100, 500, 1000 parac =0.1; k =
10, 100, 500, 1000 to ¢ = 0.3; and so forth.
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FIG.1 Simulationsto k = 10, 50, 100 e 1000, with ¢ = 1.0.
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In the second simulation we performed disturbances at the point V,. As in vertex 1,
experiments were carried out at point 2 with k = 10, 50, 100 e 1000, with o = 1.0. Afterwards

(FIG. 1), experiments allow recognizing behavior patterns when o is variable.
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FIG. 2 Experiments for the convex closure of the points with simulations for ¢ = 0.1, 0.3, 0.5 e 1.0; each one

with k =10, 100, 500, 1000.
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Likewise, in order to identify the pattern of behavior for various ¢ when the topology
remains unchanged, simulations were performed for values of o= 0.1, 0.3, 0.5, and 1.0; each
experiment with perturbations k=10, 100, 500, 1000. Figure 5 presents these results, such that

to each row of graphs are shown all experiments of a given o, with k in increasing order.

5 DISCUSSIONS

Monte Carlo simulation is used to solve the problem of identifying the existence of
maximum o for which the probability of constant topology occurring in the irregular triangular
network is 100% after a new triangulation by Delaunay's method. The mathematical results
gave origin to the following statements.

Consider a Triangular Irregular Network (TIN) generated from Delaunay Triangulation.
If any point of coordinates (x;, y;) is disturbed (has its place changed), according to a Normal
distribution N(, 62), then there is a value o, (Maximum sigma) to which the TIN topology

will remain constant
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Demonstration: To find the maximum sigma a,,,,, for which the topology remains

constant, we performed thousands of disturbances at point 1 as follows: ¢ varying from0.1a 5

with intervals of 0.1; 0.01; 0.001; 0.0001; ...; 0.000001; according to Table 1.

TAB. 1 Simulation results with ¢ varying from 0.1 a 5 with intervals of 0.1; 0.01; 0.001; 0.0001, ...; 0.000001

Variation intervals

Results of 6,,,4x1

Results of 6,01

of o toP(TC=1)=1 toP(TC=1)<1
0.1:0.01:0.5 o =0.38000 o =0.39000
0.1:0.001:0.5 o =0.35100 o = 0.35200
0.1:0.0001:0.5 o =0.30920 o =0.30930
0.1:0.00001:0.5 o =0.30866 o =0.30867
0.1:0.000001:0.5 o =0.30909 o =0.30909

With this, it is verified that a,,,,, Of point 1 exists and is obtained by 6,41 =

min(o,,4,) = 0.30866. For point 2, in order to find g4, » the simulations were performed as

shown in Table 2.

TAB. 2 Simulation results with ¢ varying from 0.1 a 5 with intervals of 0.1; 0.01; 0.001; 0.0001; ...; 0.000001

Variation intervals Results of 6,452 Results of 6,,in.2
of o toP(TC=1)=1 toP(TC=1)<1
0.1:0.1:0.5 o = 0.20000 o = 0.30000
0.1:0.01:0.5 o = 0.26000 o = 0.27000

0.1:0.001:0.5 o = 0.25700 o = 0.25800
0.1:0.0001:0.5 o = 0.25190 o = 0.25200
0.2:0.00001:0.5 o = 0.20240 o = 0.20241

With this, it was identified that 6,4, , = 0.2.

6 CONCLUSIONS

From the analysis of the simulated experiments performed using Monte Carlo
Simulation, the following can be proposed regarding the maximum oscillation of the points in
the Triangular Irregular Network.

Every Triangular Irregular Network (TIN) generated from two-dimensional Delaunay
Triangulation has a value o, (sigma asterisk) for which the network topology will remain

constant, obtained by:

0, = min(maxai) = min(amax.l' Omax.2 ---'O-max.n)

Principles and Concepts for development in nowadays Society: Monte carlo simulation in triangular

irregular networks 2




Demonstration: Generalizing, making the worst case triangular irregular network as:
0, = min(Gygy 1) Omax2) = Min(0.30866,0.2) = 0.2.

Note that, although the Monte Carlo method is computationally inefficient, being
dependent on a large number of disturbances (changing the coordinates of the points) to obtain
the probabilistic results, it proved to be adequate for this type of demonstrative research.

Finally, it is possible to conclude, for the simulated cases, that there is a maximum o for
each point of the irregular triangular network triangulated by the Delaunay criterion, as well as,
there is a maximum o for which the network as a whole remains with its topology constant. It
is suggested that in future work, simulated experiments with multiple irregular triangular
networks with multiple sizes be performed, in addition to simulations on real networks to prove

(or not) the statements proposed in this paper.
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CHAPTER 9

CASE OF STUDY:
THE WINDMILL OF EL PASICO: ALIVE CULTURAL

HERITAGE
7 Crossret &) 10 56238/pacfdnsv1-009
ABSTRACT
José Antonio Martinez-Pando The Campo of Cartagena counts on an excellent rural
Degree in social and Cultural Anthropology (UNED) heritage not only for its monumental and landscaping
Social Sciences (Anthropology) PhD student (UCAM) values but also for its material and immaterial heritage.
Current Instituion:. UCAM (Universidad Catdlica de Of all of these monuments, the windmill of El Pasico
Murcia). Address: Av. de los Jeronimos, 135, 30107 highlights for its wonderful state of conservation, for
Guadalupe de Maciascoque, Murcia being a symbol of its proud town and for being a

E-mail: ppcart@hotmail.com cultural, touristic and leisure resource.

Keywords: Windmills, Rural Heritage, Campo de
Cartagena, Industrial Heritage, Social Anthropology

1 INTRODUCTION

The geographical area of Campo of Cartagena was once densely populated by windmills which were
used to grind cereals, salt and to get water from beneath the soil. Those machines became useless due to
the sudden overcome of power and combustion engines: what was an essential tool in everyday life became
a relic of older times. Their abandon has led them to ruin in most of the cases.

Just a few of them are still standing. This is thanks to public funds that subsidise the owners and
public entities to recuperate them. Nevertheless, the immense majority of them are in an appalling state and
dozens of them have already disappeared

However, the Asociacion de Molinos de Torre-Pacheco, with the inevitable help of the Town Hall
of this town, work in unison to maintain these buildings, its tradition and give them a use as a touristic asset.

Of all of these windmills, the case of the windmill of El Pasico is unique. This windmill is open to
the public and is carefully maintained with it original structure, although some elements needed to be
reincorporated due to their disappearance or bad state, especially parts of its wooden machinery.
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Besides, it is frequently used as a touristic attraction very popular among the inhabitants of the town,
people of nearby towns and holidaymakers from coastal and golf resorts.

Despite the phenomenal tangible and intangible heritage, the public institutions have not been able
to promote its importance to the owners that have inherited them and see them as a nuisance in the middle
of their extremely productive lands dedicated to a very valued intensive agriculture that export millions into
EU countries (Lujan Ortega, Garcia Martinez, 2007).

What used to be a rural self-subsistence life has become a factory vegetable-maker way of
production, thanks to the water coming from the canal Tajo-Segura which has transformed completely the
economic intake but also the whole society and its customs. (Roméan Cervantes, 2004).

The recent meetings of experts in rural industrial heritage and the biannual organisation of Congreso
Internacional de Molinologia have given the windmills a new interest for the general public. As a good
example of it, it can be mentioned the latest X1l Congreso Internacional de Molinologia that took place in

Alcaléd de Henares in November 2021.

2 THEORICAL FRAMEWORK

Just behind the city of Cartagena that counts on 152 windmills, it is the town of Torre-Pacheco that
second with a higher number of these giants in their lands.

The town of Torre-Pacheco has a total of fourteen windmills; eight are for grinding cereals and six
for water supply. All of them have been considered as elements under protection (Bien de Interés Cultural2)
regardless of their state of conservation. All the windmills of Campo de Cartagena are included in the Red
Book from the UNESCO dedicated to heritage endangered to extinction3.

The water supply from the canal of Tajo-Segura brought a profound agro-industrial change which

led to even sharper economic and social changes (Martinez Menchén, Melchor Sennet 2007). Groups like
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Asociacion de los Molinos de Viento de Torre-Pacheco have promoted the protection and conservation of
windmills as an industrial and cultural heritage (Sanchez Conesa, 2008).

The traditional agricultural practices have been overtaken by the new technologies and together with
this, traditions and customs have been modified (Aguilar Rocha, Irving Samadhi, 2021). This leads to a
change in the identity of the dwellers and due to this in the whole social structure of the society.

2) http://www.patrimur.es/web/patrimonio-cultural/bienes-de-interes-culturall

3)https://listarojapatrimonio.org/ficha/molinos-de-viento-del-campo-de-cartagena/

Of all these windmills that inhabit the region, there is no other like the windmill of El Pasico. Being
the only one that keeps its full wooden machinery, it still works as it used back in the XIX century. This
windmill has become the most significant cultural symbol for the town of Torre-Pacheco.

The main characteristic of the windmills in Campo de Cartagena are their sails that have the same

shape of a sail of a Latin sail boat.

Despite of other towns in the surrounding that have an important patrimonial heritage or are sited
very near from the sea, the town of Torre-Pacheco have very little patrimonial assets to become a touristic
town. This is the reason why the windmills have become for this town a key aspect of their idiosyncrasy.
Most of its inhabitants feel proud of their windmills especially of those that are placed in the middle of the
town. This interest for the windmills have made that they are present everywhere in the town. There is a

playground for children in which the main attraction is a slide with the hape of a windmill.
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Every road that leads to Torre-Pacheco shows a sign with a windmill painted on it. These are just

two examples of how the presence of the windmills is mixed with the everyday tasks of these dwellers.
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=)
! TORRE PACHECO

OUTLET de HIERROS
“PERFILES DE CIE

Most surely the windmill of EI Pasico could be the only one that has a musical event annually. The
wind orchestra, Union Musical de Torre-Pacheco, celebrates a concert in July, with great enthusiasm from
public, since 2017.

This event is hugely celebrated in the whole town because the Town Hall provides all the elements
to celebrate the concert at the same time that they provide the possibility to a theatrical visit with actors
dressed up as millers. All this, while the windmill is grinding cereals, the tourist guide explains the history,
society and functions of the windmill.

This event has been cancelled during the last two seasons due to the pandemic of Covid-19.
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Although it was also cancelled during the pandemic, the Romeria of San Miguel which is celebrated
on the same date that the Fiesta de los Molinos, by the end of September is a means of promoting the
windmills and the rural customs currently disappeared. These celebrations were created by the Asociacion
de Molinos de Torre-Pacheco. and it gathers a mixture of traditional food, music, clothing... a combination
of tradition and heritage that is very welcome by the people present.

Also, it is important to highlight the case of the Dutch Kinderdijk7, which was declared by the
UNESCO as World Heritage. This consists of nineteen windmills in perfect state of conservation that are
the most important touristic attraction in The Netherlands. If this have been achieved there, it is an example
to follow and consider that taking care of the local heritage is also a good means of promotion and business.

7) https://www.kinderdijk.com/discover/the-story/
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3 METHODOLOGY

The methodology used for this piece of research is based on qualitative methods being the interview
and the participant observation the most used ones.

Besides, the Town Hall of Torre-Pacheco promotes several events at the windmill which is also
center of exhibitions for locals and foreigners interested in windmills.

On the one hand, Mr. Pepe Nieto, the miller, and the tourist guide from the town hall has given
profound explanations of the functions of the windmill.

On the other hand, it has been possible to talk about the thoughts of the visitors to the windmill
through informal conversations that are full of different opinions from local and foreigners.

Also, there are acts that occur every year as the Romeria of San Miguel that takes place every 29th
of September and these events have also been used to gather information.

This event is rather significate because it is not only centered in the windmill but also in traditional
food including wine, desserts and ancient folk music.

It is worthy to remind that all these events were called off for two years due to the pandemic, Covid-
19

4 CONCLUSIONS

1. - It is proposed to maintain and promote activities like the Fiesta de los Molinos and Romeria de
San Miguel which supposes a loudspeaker to raise consciousness about heritage protection, apart from
empowering all the other activities attached to it such as popular games, popular dance and music, peasants’
gastronomy, liturgical acts, etc.

2. - With no doubt, the most remarkable act due to the fact that it is unique, is the music festival
celebrated yearly. It is proposed to continue with its celebration which carries a great assistance of public,
visits to the windmill and awareness about the past cultural heritage, as well as the nowadays and past music
culture.

3. - Itis proposed to study the phenomenon of Kinderdijk8 in Holland that has made that a group of
windmills has become one of the most important touristic spaces not only in Netherlands but in the whole
European continent. For this, the recovery of all the windmills should be an essential must for politicians
and owners.

4.- 1t would be advisable to study the industrial use of these constructions for those persons who
aim to go back to a more natural life. However, this can only be done after the approval of the Food Security
authorities.

5. It is proposed to work on the possibility to use the monument as a rural hotel for short stay that it
is estimated that it would become of great interest for locals and visitors to the nearby coastal towns

8)https://www.holland.com/global/tourism/destinations/provinces/south-holland/the-windmills-

os://www.kinderdijk.com/discover/the-story/
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ABSTRACT

Through cataloged data from studies already carried
out, it was seen that Burnout has a set of symptoms for
the syndrome. Those are assessed in three dimensions
for its diagnosis within the labor and sporting scope.
Therefore, it was visualized in the studies by
Gustafsson that among 980 athletes from 58 different
modalities, a considered part of them suffered with
levels below the moderate of symptoms of the Burnout
Syndrome. According to Goodger, 73 percent of the
studies collected were from women who showed high
levels of anxiety, tension and stress. It was also noted
that part of the characteristics of Burnout Syndrome
are physical and psychological problems that
influence the physiology and may even develop
symptoms of overtraining syndrome, preventing
athletes from performing their potential in certain
competitions or not progressing accordingly in
training.

Keywords: Burnout, Physical Education, Psychology,
Sport.

The importance of physical activity to promote both physical and mental health has been well

emphasized in researches (Vilela & Gomes, 2015). Unfortunately, in some situations and in some cases the

sport practice professional athletes can go through major episodes of stress and frustration that can cause
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defeats and even, in more serious cases, drive them away from the sport that is practiced (Turner & Jones,
2014).

According to Giglio & Rubio (2013), throughout the career of professional athletes it may occur
that the professional or professionals, suffer influence in several ways, either by the media or even by the
interests of their fans. There are those athletes who manage to live well a condition of being treated as
celebrities and kept in evidence for longer, however, they are exceptions to the rule, since the vast majority
cannot deal with this type of exposure. It is known that in the current high performance practice, an athlete's
success can be defined from the public support, participations and mentions in sport programs and in reports
that the media makes both on TV and social networks.

All the aforementioned factors influence the life of a professional athlete, regardless of the sport he
or she practices, leading to possible millionaire contracts, which will cause great professional demands,
stresses and charges in their lives. The stress caused by the media exposure, the overload during the daily
work routine, the external demands and other factors cause an athlete to reach professional exhaustion
(Giglio & Rubio, 2013).

For Oliveira et al. (2021), then arises a term Exhaustion Syndrome that comes from the psychology
of work, which began to be inserted in the mentioned area, which is the Burnout Syndrome (BS). Although
it is considered in the literature as a concept that is relatively new, its studies emerged, therefore, in the
mid-1970s, but for psychology it is a subject that has been debated for a long time.

In general, the first author to mention BS in the sphere of general psychology was Freudenberg
(1974; 1975), he was responsible for defining this syndrome as an exhaustion that comes from the excess
demands of energy, strength or resources. The author also states that when working in a community clinic
responsible for providing voluntary services to people who were in a condition of social risk, one realized
that Burnou's state of exhaustion could be identified and discussed by the workers of the area. Due to the
responsibility of meeting all the needs of people, a greater pressure and involvement arose that needed to
be well managed so that both the professional and the volunteer would not be affected by Burnout.

Although the literature states that Freudenberg (1974; 1975), to this day, is considered to be the
precursor of the scientific literature on Burnout, Maslach & Jackson (1981) are considered to be the
protagonists of the first studies, as they were responsible for conceptualizing BS as a syndrome responsible
for causing a process of both emotional exhaustion and cynicism, often occurring in individuals who
perform certain work for other people. Subsequently, the authors developed a specific questionnaire for this
syndrome, validating it as a measurement instrument, being called Maslach Burnout Inventory (MBI), used
until today to measure levels of Bournout. After performing a factor analysis, the authors were responsible
for finding three dimensions or, also, denominated as being subscales responsible for explaining what is
Burnout, considering emotional exhaustion, personal accomplishment and depersonalization.

Therefore, according to the definition of Malasch & Jackson (1981), one can define BS as being a

reaction to the process of emotional tension, considered as a consequence of an excessive and direct contact
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with other people. Thus, the worker was worn out in such a strenuous way that he/she gave up or could no
longer stand such tensions, going into Burnout. The authors also point out that this syndrome could be
considered by means of a multidimensional evaluation as previously mentioned, causing the worker to lose
involvement with the activities he/she performs.

Therefore, in general terms, Burnout can be defined as a significant loss of energy or complete
burnout. Therefore, this is considered a syndrome in which the individual has lost the sense for the
realization of things around him, nothing else matters, where any effort he makes, becomes useless.

Regarding the concepts, one can address conceptions that are more prominent in the literature
regarding BS. Initially, the definition of Farber (1991) is highlighted, mentioning that BS can be considered
as a work-related syndrome, originating in the discrepancy between the individual perception and between
the effort and the consequence, a perception that can be influenced by several factors, individual, social and
organizational.

In both the national and international literature, there are several concepts related to BS. Although
these concepts are differentiated, depending basically on the authors, when analyzing them all, there is a
consensus among them that this syndrome is considered a response to a daily stressor and an overload that
is imposed on the individual. Several areas are affected by BS, including the educational and health areas,
as a result of the impossibilities of the tasks that are required from these professionals, the great demands
that are imposed on them and how much they are charged, which gradually make individuals come to
collapse and thus develop this syndrome (Codo & Vasques-Menezes, 1999).

In the high performance or professional sports scenario, BS can be defined as a psychosocial
syndrome which is responsible for involving feelings of emotional and physical exhaustion, devaluation of
the sports practice and a low sense to perform a task (Gustafsson et al., 2008).

Seeing these symptoms and that high performance sports is framed as work, the athletes are at risk
of developing BS. Freudenberg (1974/1975), makes it clear that what fits to be part of Burnout is to be
within a labor context, i.e., to work and be working.

For this reason, BS is a phenomenon that may affect athletes, members of the technical committee,
coaches and other players involved in the sport. However, its identification needs further investigation by
the scientific and sports community, since knowing how to identify and distinguish BS in just one bad
moment in an athlete's career is still complex, since BS is a process that is increasingly more present in the
sports environment than one can imagine.

Thus, this work has the following guiding question: How does BS impact the career of high
performance athletes and members of technical committees?

To answer this question, the general objective of this work is to investigate through literature how
the establishment of BS and its consequences for athletes occurs.
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2 METHODOLOGY

This research is configured as a narrative review in which it is supported by the exposure of ideas
and points of view based on the bibliographic reference that relates to a given topic. According to Rother
(2007), narrative review articles are appropriate publications to describe and discuss the development of a
given topic, considering the theoretical and/or conceptual point of view.

Thus, the texts addressed constitute an analysis of scientific literature, interpretation and critical
analysis of the author. It is important to consider that, despite its scientific evidence being considered lower
than other types of reviews due to the impossibility of reproducing its methodological path, narrative
reviews bring the possibility of contributing to the debate on certain issues, pointing out issues to be raised
and collaborating in the production and updating of the literature (ROTHER, 2007).

The process of collecting the material presented in this study occurred in a non-systematic manner,
using the scientific databases Scielo and Google Académico with the following descriptors: "Burnout
Syndrome in Sports” and "Burnout Syndrome in Athletes". The materials were read in their entirety,

grouped into categories and critically analyzed.

3 BIBLIOGRAPHIC REVIEW
3.1 BURNOUT SYNDROME: THEORETICAL CONCEPTS
In the area of sport, BS may be defined as a condition that causes physical and emotional exhaustion,
which is associated with intense demands of training and competitions, as well as symptoms that vary from
person to person. The author Raedeke (1997) presents and explains that BS may be considered, through the
dimensions of "emotional and physical exhaustion"”, capable of “reducing the sense of accomplishment of
the sports practice" and, consequently, a "sports devaluation”.
According to this definition, burnout is a syndrome, that is, a set of symptoms, and is based on three
dimensions: emotional exhaustion (characterized by feelings of extreme fatigue); depersonalization
(negative feelings towards clients, illustrated by impersonal, disconnected and careless behavior

towards them) and, finally, reduced job satisfaction (negative evaluations about oneself, particularly
with reference to the ability to succeed in working with clients) (RAEDEKE 1997, p. 397).

Exhaustion of physical and emotional capacities is understood as an association of intense demands
of training and competitions that cause reactions such as anxieties, tensions and stresses that will cause high
levels of physical and psychological fatigue. With regard to reducing the sense of accomplishment of the
sport practice, as being a dissatisfaction that is related to a sport ability and skill that may be defined by a
lack of progression in athletic performance and perceptions about the lack of success and the absence of a
particular talent, finally with regard to sports devaluation, it may be considered that it is an association with
a negative and indifferent attitude by means of some important event in a given domain manifested mainly
by the occurrence of lack of desire, lack of interest and absence of caring about the sporting activity (Raedek
& Smith, 2001).
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According to Oliveira et al. (2021), one of the main symptoms of BS during its initial phase is a
vertiginous drop in performance, which is a sign that the athlete is affected by this syndrome and, this
worsens even more with pressure on the athlete. In many cases, the athlete needs to win in order to continue
to compete and to make correct plays to acquire confidence. However, the impossibility of accomplishing
it, only causes an increase of tensions, where the results considered positive do not appear and his/her
performance starts to fall, his/her trainings start to be demotivated and BS is installed. Such situation begins
to repeat itself in a rampant manner and, as a final result, the complete giving up occurs. In addition, an
extremely relevant factor is the identity loss, an important alteration that has a direct relationship with the
athlete's involvement (Vissoci, et. al., 2020).

In this sense, it is essential that professionals working in Physical Education and sports in general
know how to deal with BS, being able to identify and develop prophylactic measures throughout their
activities. Therefore, the distinction of this syndrome from other problems that may affect the professional
life of a sportsperson should be considered as an important factor to the main skills of Physical Educators
who work with high performance athletes (Oliveira et al., 2021).

In his literature review, the author Oliveira et al. (2021) concluded that there are several factors that
can cause exhaustion in an athlete and, subsequently, cause the withdrawal from practicing a certain
modality, such as overtraining, overreaching, and fatigue, among others. However, all these phenomena
should not be confused with BS, which is an event that occurs after these phenomena. Therefore, the authors
mention that there is a confusion in the literature of concepts and definitions regarding these phenomena
and, however, it is necessary to note where each one of them arose in order to differentiate them, taking
care with the idea that everything that is occurring with an athlete will be considered Burnout, because
some athletes who leave the sports practice, who no longer have it as the objective of their lives and start
to perform another activity, this event does not represent BS.

Another preponderant factor in an athlete's career is external pressures. The demands of winning,
excessive demands by parents or coaches, comparisons between family members or even those made with
technically better athletes in the same group, and the demands of performing a certain modality with
exquisite perfection all contribute to the emergence of BS.

The consequence is that the athlete ceases to exercise his profession for pleasure, where the game
is characterized in the search of a victory and the winning must occur at any cost. In addition, sport
managers and technical committees, in their majority, only have eyes for the victory and forget that the
athlete is and should also be treated as a human being, who may be affected by psychic, physical and even
emotional variables, and with this, they end up forgetting the pleasure, that same one, in a day, was one of
the responsible factors for making them start in the sport practice. In sport, the importance given to a
competition overrides any need (Benevides-Pereira, 2002).

All this overvaluation related to victory can be linked to another event that is referred to

overtraining. According to the authors Jones and Hardy (1990), a competitive performance is basically
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dependent on the association of three factors which are the technical, physiological and psychological.
Regarding psychological factors, stress is considered as one of the most important and, several times, it is
responsible for determining a success in relation to sport performance.

Jones and Hardy (1990) say that sport training that is carried out continuously causes stimuli
considered as being permanent, promoting successive adaptations of psycho-physiological nature in the
athlete's organism. All these adaptations are considered as positive, i.e., they are able to strengthen the
physical and psychological body to face the demands that in turn end up being even more rigorous.

However, physical stress in excess produces consequences that are not always positive, and may
cause overtraining that, according to Gould et al. (1997), may be considered as a precursor to the origin of
BS.

This excessive training load and the excessive competitions can also harm the social part of the
athlete. Due to the high demand, he has no time to enjoy his family, friends or any other activities that can
provide him pleasure and, it is implied, especially in athletes with less age, because their childhood will
end even earlier, due to the enormous accumulation of responsibility that, in most cases, the athlete is not
yet fully prepared to face these challenges. Thus, he ends up entering in a process known as Burnout, where
there is the desire to have a "normal life", that is, to do what his friends of the same age do. Therefore, it is
mentioned that professionals should let children get involved from activities outside the competition and
training environments. They should let the children be children. By no means a young athlete can be
confused with the young athlete (Gould et al., 1997).

All these analyses were important to combat the process of early specialization in sporting activities.
This is common to observe in younger athletes that are subjected to great loads of trainings more and more
specialized that aim only at results and accomplishment of immediate objectives. According to Paes (1992),
the whole process of an increasingly precocious specialization needs to be postponed, because it becomes
something harmful for the development in a harmonic way, with respect to learning the sport techniques,
besides the moral values, where such importance needs to be worked and, mainly, stimulated with the
students. The process of earlier and earlier specialization may be considered as being only one more of the
several factors that are correlated to the unleashing of Burnout, leading the athlete to give up the sport
earlier and earlier. This is because, the earlier this specialization occurs, the worse the consequences will
be because young people end up leaving the sport modalities early due to the demands imposed on them.

A recent study suggests that both age and gender did not show any difference in the development
of BS. However, according to the same author (Rodrigues, et al., 2021) athletes practicing individual sports,
BS is even higher when compared to those who practice collective sports. For Smith (1986), this fact occurs
due to the fact that they are more competitive, which allows them to have a greater physical and
psychological demand due to its repetitive and monotonous nature and with less social support during
training. However, according to De Rose (2001), in a study about the stress of adolescents in the modalities

of basketball, soccer, swimming and tennis, it was observed that the female athletes had higher significant
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levels of stress in comparison with the male athletes. Still in relation to the mentioned study, among all the
sportive modalities that were studied, it is considered that tennis was the one that presented a high level of

stress when compared to the others due to being an individual sport with enormous pressure.

3.2 BURNOUT SYNDROME: INSTRUMENTS TO ANALYZE BS

As regards the inventories to analyze BS in athletes, Silvério (1995) was responsible for developing
the Burnout Inventory for Athletes (IBA), being responsible for investigating six factors that in the author's
view are considered the main ones to evaluate the exhaustion of athletes, which are discouragement,
absence of energy, expectations of inefficiency, the amount of exhaustion, lack of interest in the sport
practice and excitability. This is an inventory, formed by 27 questions, which are answered by means of a
Likert type scale with five alternatives that vary from "totally disagree™ to "totally agree". The author states
that it is very important to have inventories to measure and assess the state of BS development in athletes
and that it should not be based only on common sense, but rather, to seek concrete, safe and reliable
information through science.

In addition to the aforementioned inventory, it may be mentioned that in the sports sphere, the most
used instrument to measure Burnout is the Athlete Burnout Questionnaire (ABQ) (Raedeke & Smith, 2001).
This inventory consists of 15 questions that are responsible for assessing the frequency of feelings that are
related to the syndrome. In each item, it refers to one of the following three dimensions of Burnout in
athletes, which are physical and emotional exhaustion, reduction in the sense of accomplishment of the
sport practice and sport devaluation (RAEDEKE, 1997).

In this questionnaire, the answers are provided based on the Likert type scale, with five points,
ranging from 1- "almost never"; 2- "rarely"; 3- "sometimes"; 4- "often"; and 5- "almost always". Regarding
the results, they are measured from an arithmetic mean of the answers that were given for the five criteria
that correspond to each dimension. The total Burnout score is given by the average of all fifteen items
present in the inventory. The interpretation of the scores must be performed from the variation of the
frequency related to the feelings, that is, if the athlete has an average of 2.8 in the dimension of sport
devaluation, it may be considered that this athlete has feelings related in this subscale with a frequency
from "rarely"” to "sometimes" (Raedeke & Smith, 2001)

The whole process of identifying such syndrome cannot be performed only by psychological
instruments. It is recommended that the direct contact with the coaches and other professionals of the
technical committees who experience the day to day of the trainings also provide evidence of the occurrence
of BS. To be able to make such a finding, it is necessary that the professional in question has knowledge
about what the BS is, how it is established and how it develops. However, it is necessary to mention a
caveat in the sense that there is a lack of literature on studies on the subject, therefore, it becomes more
complicated to present which are the characteristic signs and symptoms of such syndrome. Therefore, the

biochemical measurements are considered as indirect demonstrators of the factors responsible for limiting
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the sports training, as is the case of overtraining, which may result in the occurrence of BS. Authors
Weinberg and Gould (2001) consider as emotional symptoms of BS loss of interest and absence of desire
to play, mental exhaustion, absence of concern, symptoms of anxiety, depression, stress, fear, among others.

Thus, several strategies need to be used to prevent or reduce the likelihood of the onset of BS.

3.3 CAUSES AND CONSEQUENCES OF BURNOUT SYNDROME

Verkhoshanski (2001), a scholar in the field, in the early 1990's, pointed out some aspects of that
moment of sport development, implying in problems and challenges that may be overcome, thus giving rise
to new understandings on the preparation process, culminating in procedures supported in a precision of
technological follow-ups and in methods of high demand. The author listed five requirements. The first of
them is related to a constant increase in the levels of the sportive results, forcing the athletes and technicians
to have the capacity of exploring more and more the limits of the performance of high level of demand,
what will reflect in a methodological-organizational process. The second one is related with a tension that
is promoted from the obtaining of results and an increase in the amount of athletes that need to obtain results
of very high level, what is responsible for promoting increases regarding quality, stability and performance
in technical and tactical aspects, as well as in the inter and intrapersonal capacities. The third question is
related to a difficulty in making a progression in the intensity levels of the preparations, which demands a
constant exploration in the items that can mean an increase in the effectiveness of the special physical
training. The fourth one is related to the constant increase of training volumes, which promotes the
appearance of problems related to the investigation of the relations considered to be the most effective
among the loads of the most different orientations of the special physiology and in the combinations of
cycles related to the loads preparation, among others. Finally, the fifth requirement is the importance that
must be given to the science of processes related to training due to the high levels of demand that are
recommended in training and, later, in competitions, which must have a high level of quality for the
performance of its participants. The athletes started to be demanded in their functional systems with
enormous relevance what needs scientific knowledge (Verkhoshanski, 2001).

The causes of Burnout are related, in particular, to relationship difficulties with the coaching staff
and/or coaches, with the greater competitive demands, with the monotony of training, with the absence of
sporting skills, with the feeling of disappointment of initial expectations with the final results that were
obtained, with financial interests, be of the entrepreneurs or even of the parents, with the absence or in the
reduction of the personal life out of the sport, with the absence of family support or friends, in the excessive
demands of energy and time, with isolation feeling by means of the technical team and, finally, with the
lack of positive efforts in the obtained results (Garcés de Los Fayos & Vives,2002).

On the other hand, the consequences of such a syndrome reach the physical dimensions, causing
reductions in energy levels and an increase in susceptibility to illnesses and sleep-related disorders, with

the behavioural dimension that gives rise to feelings of depression, anger and abandonment (Smith, 1986)
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and, finally, with the cognitive dimension that promotes perceptions of overload, abandonment and low
achievement in the face of boredom (Fender, 1989).

Burnout is not a syndrome that affects only athletes, but also members of technical committees. In
a study conducted by Weiberg and Gould (2001), they reported that the syndrome in members of technical
committees and technicians involved in professional sports modalities, as well as academy teachers,
administrators and physical education teachers, are affected.

Weinberg and Gould (2001) consider as the main stressors for professionals the differences between
genders, the pressures that are imposed to win, parental and/or administrative interference or indifference,
indiscipline problems, responsibility in developing multiple roles within the training of an athlete, travel
commitments, intense personal involvement, differences related to age, experience, training styles, social
support, among others.

As far as professional athletes are concerned, external pressures are also important for determining
their lives. The demands for victories, whether from parents or coaches, comparisons with siblings or better
players in the group, and demands regarding perfection are factors that can contribute to the emergence of
stress and what used to be a passion becomes a nightmare due to psychological discomforts (Caruzzo et.
al. 2020).

In this sense, athletes stop playing for the simple pleasure of competing and seeking victory.
Winning starts to have a connotation of obligation, i.e., it becomes necessary to win at any and all costs.
Along the search for the causers of the pressures regarding the athlete, it is common to find in the literature
culprits in a direct way. Such condition is installed in a common sense that the sport managers and technical
committees demand from the athletes only the victory and disregard what may cause physical and
psychological disturbances in the athletes, forgetting, thus, the pleasure that is to accomplish the trainings
and to participate in the competitions that one day were responsible for initiating the sport practice.

The importance of the competitions and of the victories stand out to the needs of obtaining the
pleasure that is the practice of sport, then, it can be observed, also, the media as a great influencer, because
at times it makes an athlete idol and, when the same is in a bad phase, fails or causes the loss of an important
competition, the media disappears, no longer considering it as useful, starting to ignore its existence. In
other words, in sport, one day you have basically everything, invitation to events, high fees, television
programs, exposure on the Internet and, the next, the athlete no longer has any of this, being simply
forgotten (Oliveira et al., 2021).

Apart from that, it can be observed that excessive training loads and, consequently, of competitions,
are also important in the sense of coming to cause damages to the social part of the life of an athlete. This,
because due to the commitments that the athlete has with his professional life, he no longer has his social
conviviality or time to perform satisfactory activities, which cause him pleasure (Oliveira et al., 2021).

The act of losing the social life, especially for the youngest athletes, implies in a process of reduction

of childhood and youth, accumulating a responsibility that in most of the times, they cannot deal with
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certain subjects that effectively belong to the individuals who are adults. In this context, this fact is
determined as one of the causes for the occurrence of Burnout (Oliviera et al., 2021).

For the author Smith (1986), Burnout, needs to be considered responsible for involving an escape,
be it in the psychological or emotional sphere and, in some cases, physical, due to pleasurable acts as a
form of responding to the excessive level of stress or dissatisfaction. It is known that the absence of pleasure
and the valorization of their performance are for the athletes the primordial alterations presented, are the
responsible for causing prolonged periods of stress, leading, in many cases, to the exhaustion of the athlete
(Gould et al., 1997).

In the sport considered as professional or high performance, excellence is always sought as a
fundamental piece to obtain success. Thus, the occurrence of diseases that may delay or interrupt the
professional life of high performance athletes is not allowed, as it needs to be healthy and long lasting.
Attention must also be directed to people who practice a given sport as a way of avoiding a sedentary life,
given that they cannot be run over by these ills while they seek a better quality of life for their daily lives
(Gould et. al. 1997).

The process of overvaluing the victories may cause another event, an over training, as alerted by the
authors Jones and Hardy (1990). Competitive performances depend basically on the combination of
technical, physiological and psychological factors. One may mention that among the psychological factors,
stress is considered to be one of the most important and, several times, it is responsible for determining the
success or failure of the performance. The sportive training that is accomplished in a continuous way, causes
permanent stimuli, promoting successive psycho-physiological adaptations in the individuals' organisms,
where such adaptations are considered as positive, because they are responsible for strengthening the
organism physically and psychologically so that it can face the demands that are increasingly considered
as being rigorous.

Therefore, the BS that is present in the world of sports must already be considered as one of the
factors responsible for limiting the development of athletes, especially the youngest ones. It is very common
for athletes who reach the professional level to give up the sport practice, abandon their careers for not
being able to withstand the excessive pressure and the very high level of demand. If they do not have
psychological accompaniment, they will not be able to "survive" in the sporting world (Gould et al., 1997).

The relationship between stimuli, reactions and all the adaptations of the organism are represented
by stress. However, excessive physical stress has its consequences, which are not always considered
positive. The excess of physical stress can cause overtraining. According to Gould et al. (1997), it can be

considered as a precursor of BS.

Principles and Concepts for development in nowadays society - Burnout Syndrome in Sports

118



According to Hellstedt (1995, p: 117),

The interferences social inter-relationships are also fundamental aspects for the establishment of an
environment in favorable conditions for the process of formation of the athlete. For it is at home that
the youngster develops his identity and this will reflect in his sport career. The successful career of
an athlete can reflect of the conduct of the family towards this, the encouragement of the family,
acquisition of values, besides the love and support necessary during the whole career.

Besides the aforementioned factors, the family can also have interferences, unfortunately, negative
for a career of certain athletes, because the family bosom that would be responsible for all the support,
becomes the center of demands, charges and comparisons considered quite unnecessary that are capable of
causing expectations that are unrealistic and frustrate the athletes. Therefore, Burnout in athletes is a process
that originates more markedly through the incompatibility of their plans and their initial goals with the sport
modality. Due to the chronic socio-psychophysical demands that sport requires, one of the most striking

characteristics that can occur is the abandonment of the sport modality (Oliveira et al., 2021).

3.4 MAIN THEORETICAL MODELS OF BS THAT ARE USED IN SPORT

In order to help explain the Burnout phenomenon, there are some theoretical explanatory models
aimed at explaining this syndrome, which help to understand how this syndrome developed in people and,
knowing how this process occurs, one can think of ways to combat and prevent it (Chiminazzo &
Montagner, 2004).

The first model addressed was proposed by Smith (1986, p. 37), known as the Cognitive-Affective
model. For the author, Burnout is considered to be "a reaction to chronic stress". According to the author's
point of view, this syndrome is responsible for having physical, mental and behavioral components,
presented from a remarkable characteristic that is the psychological, emotional and, several times, physical
saturation of an activity that was previously sought after and very pleasant and with time ceased to be so.

Based on this model, in cases in which the athlete can no longer continue in the modality and leaves
it due to interests in other activities of social nature or even in another sport, it is not configured as being a
Burnout. In the occurrence of such syndrome, there is an elevation in the stress that is caused by training
and competitions. As rewards, one can mention the satisfaction, the achievement of goals, the social
prestige and the financial gains promoted by the sport remain at the same level, the athletes make the option
to interrupt the sports and competitive career to pursue other activities (Smith, 1986).

In the theory of the Cognitive-Affective model proposed by Smith, there are some stages. The first
stage is related to the situational demands, that is, the high demands that are imposed on the athletes, such
as great training loads or even enormous pressure to achieve victory in a certain match and/or competition.
When such demands of a certain situation have the capacity to overcome the potential resources, the stress
phenomenon occurs. In the second stage, cognitive evaluation, individuals are responsible for evaluating

and interpreting the situations in which they are inserted. The third stage, investigates the physiological
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responses that appear according to the stress found in a situation that may be harmful or threatening, which
may cause the athlete to increase tension levels, developing greater irritability and fatigue. Finally, in the
fourth and last stage, the physiological responses appear according to the stress verified in a situation that
is considered as harmful or threatening, which may cause some alteration in the behavior of control and of
the task, with a reduced performance, having difficulty in the interpersonal relationships and eventual
retraining of the activities (Weinberg; Gould, 2001).

On the other hand, the theoretical model of Coakley (1992) is responsible for having an essentially
social perspective. In this Burnout originates because it is a consequence of a social structure responsible
for associating an identity and dimension of the athlete's "I", directed solely and exclusively to the sport
modality he/she exercises. Therefore, only by acquiring new experiences and life experiences, will the
athlete be able to prevent or even reverse the Burnout condition. For this fact to really happen, a huge
transformation along the sport social scenario is required. Literature considers that this model is of a more
sociological nature.

The author Coackley (1992) argues that the Burnout process can be described as a simple tuning
and that its cause, especially in athletes of younger ages, is directly related to the social organizational
structure of high performance sport and its effects regarding questions about the process of identity and
control. Still according to the author's reflection, this syndrome occurs due to the structure of sports that
are highly competitive, which does not allow young athletes to develop an identity considered as normal,
and thus, they cannot spend enough time with their peers outside the competitive environment. In the
present study, the author also reports that the prevention of this syndrome would be to have the ability to
increase a power of the young athletes, so that it can eliminate the two dependencies.

Finally, another model elaborated to explain the Burnout phenomenon is the Model of Negative
Stress Responses to Training, which was constituted by Silva with the intent of promoting explanations
regarding the Burnout phenomenon, focusing more on responses to physical training, although they
recognize the importance of psychological factors. According to the author of this theory, Burnout may be
defined as a psychophysiological response to exhaustion that comes to be displayed as the result of frequent
efforts that are sometimes considered extreme, but in general are ineffective in dealing with the excessive
training of high performance and the demands of a given competition (Silva, 1990).

Along this theory, the author Silva (1990), suggests that the physical training is one of the factors
responsible for stressing the professional athletes in a physical and psychological way, which may cause
both positive and negative effects. The positive effects are those that are frequently observed in the trainings
as the improvement of the physical part, of the abilities, among others, being desirable results of a training
process. On the other hand, excessive training can be harmful because it develops a negative adaptation
response, resulting in overtraining, which can cause Burnout as a final product.

According to Paes (2002, p. 96), "at school or out of it, sport for children and youngsters must be

proposed in the educational context”. Thus, this becomes the greatest concern of physical education
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teachers. Those who may wish to work with sport should not only be concerned with the technical level
issues, with the motor and sportive gesture, with the motor skills of each one of their athletes, but they
should also be concerned with the values and principles that guide and are inserted within the sport.

According to Paes (2002, p. 96), when working, for example, with younger athletes, the sport has
to assume its function as a means to assist in the process of formation of the full development of the
individual, a citizen possessing the full capacities to exercise its citizenship. Therefore, it is important to
develop a formation of values, among them, highlighting trust, autonomy to take decisions, cooperation
that contribute to avoid that the young athlete or even the professional athlete who practices a certain
modality becomes affected by BS.

3.5 UNDERSTANDING OF PHYSICAL EDUCATION PROFESSIONALS AND SPORTS
COMMUNITY REGARDING BURNOUT SYNDROME

In contemporary times, the demands related to sports go beyond a simple repetition and learning of
the sportive gesture. In the same proportion and in the same evolution, the professional of the area of
Physical Education, who has his/her function, goes beyond those ideas that he/she is a professional
dedicated solely and exclusively to the technical training of athletes. It is known that the coach should be
much more than an individual capable of teaching and training the specific sportive gesture of a certain
modality. If it was like this, it was not necessary studies to become a coach, it would be enough just to have
been a practitioner of the modality in which he/she wants to act (Chiminazzo; Montagner, 2004).

Therefore, the professional of the area of Physical Education, besides having all the theoretical
training, must possess the capacity to be a professional that extracts values, forming integrated human
beings, who are capable to preserve to the maximum their physical, psychic and mental health with
satisfactory levels of quality of life. What it is observed in the current times is that it is not enough only to
form athletes world champions at 14-15 years of age and that with 18 years of age they are abandoning
certain sport, or in worse cases, along all this time, the athlete has not been guided, not receiving the due
formation that he/she should to exercise his/her sport practice with quality. According to Paes (2002, p.
91), it is important that "the Physical Education professional understands sport and pedagogy in a broader
way, turning them into facilitators in the education process of children and youngsters".

It can be verified that even working with sports at school, it becomes important that professionals
trained in Physical Education have the ability to work with the sport, this because it will not always be in
the sport and yes in the one who can work with it. It becomes fundamental that the professional has an
ability to teach all the technical gesture, but it is as important to teach the values that are developed with
the sport practice. Therefore, the education of young people needs to be directed to the world, forming
citizens, so that they can exercise their role in society with integrity, active and always respecting the rights
and duties (Paes, 2002).
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In a professional sport sphere, it is also necessary that the physical educator has the ability to
recognize the values and aggregating principles to sport and that they can be worked on continuously. In
sport, to win is important, however, not primordial, the primordial is the development of individuals more
and more integrated, who are capable of living in society, knowing how to respect the others and the social
environment of which he/she participates, it becomes fundamental. In certain cases, the athletes are treated
as if they were machines, not receiving any education besides the one that is considered necessary to be a
winner. This reality needs to be altered, because one works with human beings, and one cannot allow them
to be affected by problems of overtraining and episodes of BS that lead to a desistance of practicing certain
modality (Chiminazzo & Montagner, 2004).

Another important factor to be considered is all the influence that the Physical Education
professional comes to have with his athletes. It is very common that athletes reflect the personality of their
coaches, that is, students fail to develop their own abilities and personality by mirroring themselves in the
coach's figure. Therefore, it becomes important that the professional of Physical Education has the capacity
to recognize the degree of its importance in the athletes' lives, since many times the time spent with the
professional and the athlete is a much bigger time than the athletes spend with their families, especially
with their parents (Chiminazzo & Montagner, 2004).

It becomes important, not only to inform the future Physical Education Professionals about the
possibilities of the occurrence of BS in their athletes, but it becomes necessary that the professional is able
to study the occurrence of such syndrome, its implications and, thus, the Physical Education Professional
will be able to extend and to deepen its characterization seeking to know what their athletes think and feel,
so that one can work not only the prevention of these problems, but preferentially, the promotion of a
healthy global development of the already formed athletes and of the athletes in formation that are involved
in the practice of the sportive activities (Chiminazzo & Montagner, 2004).

According to Gould et al. (1997), if coaches, parents and sport psychologists are familiar with all
the characteristics of BS, they will be able to identify athletes who are suffering from Burnout and help
them.

Finally, it is important to remember that the professionals who work in the area of Physical
Education, whether they are educators, teachers and/or coaches are susceptible to suffering by BS.
Therefore, it is very important that they come to know what is BS, that they can identify and fight and,
mainly, prevent the emergence of such syndrome. The studies, researches and all materials need to be
expanded in the literature, since the looks directed to BS are still scarce. For such a serious subject, there is
a lack of studies. This syndrome has existed for a long time, but with a nomenclature that appeared recently,
therefore, the national studies do not begin to crawl considering that the phenomenon plagues, for a long
time, several athletes and sports professionals (Chiminazzo & Montagner, 2004).
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4 FINAL CONSIDERATIONS

Burnout emerges as a response at a psychophysiological level, causing high exhaustion, many times
at extreme levels resulting from excessive demands related to training and competitions. Therefore, such
phenomena involve aspects of psychological and emotional levels and lead athletes to give up their
objectives, that is, to perform a certain activity as a way to respond to stress levels or lack of satisfaction
for performing a certain function. Thus, this syndrome can be characterized by a reaction to stress at a
chronic level and its development represents a complex interaction between the environment, the personal
and individual characteristics of each athlete.

The search through the literary material showed the most diverse motivations that lead a
sportsperson to reach the extreme level, i.e., to exhaustion and, subsequently, to give up practicing what
was his or her life for years, due to factors such as fatigue and overtraining. Therefore, it is essential that
Physical Educators and Sport Educators in general, associated with the knowledge from psychology, know
the concepts related to BS, know how to identify it and know how to deal with it along its emergence.
Having the ability to differentiate and define such syndrome from other physical, social and psychological
ills that may affect the life of a sportsperson becomes one of the physical educators' competences.

Considering the importance of the theme and the great relevance of information in this scope, both
for the academic community and for the professional practice and athletes' health, it is still necessary and
indispensable more studies about the Burnout Syndrome in high performance sport. In addition, subjects
that involve a discussion about gender and the age range of the athletes are still scarce and can bring
important elucidations, since it seems that there is a greater charge in female athletes and in athletes in

formation.
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