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SUMMARY: This study aimed to characterize the anthropometric profile and functional performance of elite competitors in
different categories in the world championship of the ABADA-Capoeira School. Fifty high level male athletes were dividewdocord
their weight categories, being: light category (VIOIsA76.9 kg; n = 15); intermediate category (MEDIO: > 77.0 kg &n®5.9 kg; n
= 25) and heavy category (GUNGA:86.0 kg; n = 10). Two evaluation batteries were performed: 1) anthropometry and somatotype
determination; 2) physical performance in tests of push-up, sit-up, sit-and-reach, quadrant jump test, squat jump (S3grand cou
movement jump (CMJ). The “endo-mesomorph” classification predominated in the three categories. There was a difference in the
quadrant jump test between VIOLA and GUNGA subgroupg (F 4.299; p = 0.019). Endomorphism had a negative correlation (p <
0.01) with the performance in the sit-up (r = -0.51), push-up (r =-0.39), SJ (r =-0.45), and CMJ (r = -0.49). Male dttocoatghe
international level, regardless the weight category, have a predominance of the mesomorphic component of the somatotgpe. Moreov
all capoeira athletes were classified as excellent for the sit-and-reach, sit-up, and push-up, and the latter wereqrosligitezlyndth
mesomorphism. However, endomorphism was inversely associated with the sit-up, push-up, SJ, and CMJ. In this way, tbdyresent st
assists coaches in the formulation of appropriate training programs aiming the development of an ideal physical compdsivih, wh
be associated with high-level performance in capoeira.
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INTRODUCTION

Capoeira is considered a martial art and it is one @6 dance, fighting, acrobatics, education, artistic, and
the most important popular manifestation in Brazil (Sarfelkloric (Aradjo, 1997).
tos, 2001). Capoeira is defined as an athletic performance
comprised of jumps, landings, spins, and attack and defense  Capoeira is managed by different associations,
movements, which mainly requires body agility, dynamicommonly denominated groups or schools. The schools
postural balance, flexibility, motor coordination, and musclbave similarities in attacks and defenses movements,
power and endurance (Santos; Moreiral., 2016, 2018). however, they differ regarding organizational
Moreover, capoeira is the one sport manifestatiotharacteristics, graduation system, and competitions (Viei-
recognized by the UNESCO (United Nations Educationaia & Assuncéo; Moreira, 2017). From this perspective,
Scientific and Cultural Organization) as intangibléhe ABADA-Capoeira School was founded in Rio de
humanity heritage, and it is currently practiced in more thal@neiro in 1989 and it has more than 40 thousand members
150 countries across the five continents and by differedistributed in more than 60 countries around the world
social groups (Vieira & Assuncao, 2008). This martial afMoreira). The ABADA-Capoeira School organizes
has been influenced by several historical periods since thiennially its world championship, which classifies the
16" century, and it englobes several aspects in its play, suzst athletes from an integrated methodology evalyatin
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batteries of different rhythms in the capoeira modalityMATERIAL AND METHOD
Moreover, this competition divides the athletes by their
technical level and body weight (BW).

Study participants. The study included males’ competitors

The body shape and composition has becondd the highest technical level (category A) in thé \Mbrld

increasingly distinct among sports but similar in each @hampionship of the ABADA-Capoeira School. Athletes
them, thus their quantification is crucial to understand theho were not qualified to the competition were excluded.
requirements and characteristics of a sport modality. Hedtor this cross-sectional study, fifty apparently healthy
and Carter (Carter, 2002) proposed the somatotype technigtieletes voluntary signed an informed consent and were
to define the current body shape of an individual, and tlessessed in August 2017 at the Mestre Bimba Educational
somatoype quantification can be obtained anthropometricall;enter in the province of Rio de Janeiro. Based on the
by photographs, or by the combination of both (Carterzompetition rules of the ABADA-Capoeira School, the
Somabtype is expressed by three-number rating in theample was divided into three weight categories: 1) light
following order: 1) endomorphy; 2) mesomorphy; 3kategory (VIOLA:< 76.9 kg; n = 15); 2) intermediate
ectomorphy, which represents relative fatness, relativategory (MEDIO: > 77.0 unt# 85.9 kg; n = 25), and 3)
muscleskeletal robustness, and relative linearity arteavy category (GUNGA= 86.0 kg; n = 10). All
slenderness, respectively. A value between 1/2¥fd2 participants pertained to the category A, which composes
considered low, 3-5 moderaté’?%o 7 high, and above’7 the upper rope graduation in the competition (purple,
remarkably high (Carter). purple-brown, brown, and brown-red). Two evaluation

batteries were set up: 1) anthropometry and somatotype

The somatotype of athletes from different martial artgletermination; and 2) execution of physical performance

such as jiu-jitsu (Andreatet al, 2012), judo (Franchirét tests. The two evaluation batteries were executed during
al., 2014), taekwondo (Bridget al, 2014), boxing (Nolet the preliminary phase of the competition, which corres-
al., 2014), karate (Sanchez-Puccatial, 2014), mixed ponded to the three-first days of the world championship.
martial arts (Marinhcet al, 2016), and greco-roman In this way, it was possible to ensure that the participants
wrestling (Neogiet al, 2019) is well documented in thewere not fatigued from the competition and were ready to
literature, in which the mesomorphic component (MESQ)o through the evaluation batteries. The present study was
predominates. Importantly, the physique of athletes has bemnducted in accordance with the requirements stipulated
shown to be associated with physical performance, in whiahm the Declaration of Helsinki and all study procedures
performance in combat sports is positively correlated witlvere approved by the Research and Ethics Committee of
mesomorphism, but negatively correlated witlthe Federal University of Vale do Sao Francisco (protocol
endomorphism (Pieter & Bercades, 2009; Marieh@l, 2.210.868 CEDEP).
2011). Considering that the physical abilities demanded in
the modality of capoeira is similar to the ones encounterédchthropometric evaluation. The anthropometric
in the aforementioned combat sports, elite capoeira athlemsluation followed the guidelines of the International
would present predominantly the mesomorphic componei@ociety for the Advancement of Kinanthropometry
Nevertheless, studies are still necessary for the evaluatidarfell-Jonest al, 2012). BW was measured by a digital
of the anthropometry and functional profile of capoeiracale (EKS 9824) with a variation of 0.1 kg. Height and
athletes. Therefore, the present study aimed to charactetize circumferences of waist, hip, thigh, leg, relaxed arm,
anthropometrically and functionally the profile of eliteand flexed arm were measured by a flexible steel tape with
athletes, from different categories, competitors in the workkquential scale, resolution in millimeters, with 2 meters
championship of the ABADA-Capoeira School.long and 6 mm wide (Cescorf, Porto Alegre/RS, Brazil).
Furthermore, this study aimed to correlate the anthropometBody mass index was then calculated by weight (kg) /
and functional variables. The current study hypothesized tHaight-squared (frand the waist-to-hip ratio through the
anthropometry and somatotype would differ between BWaist-hip equation. The skinfolds of the triceps brachii,
categories. However, the overall functional performance stibscapular, supraspinal, abdominal, medial thigh, chest,
competitors pertaining to heavier weight categories woukhd calf regions were evaluated in triplicate using a skinfold
be similar compared to participants in lighter weightaliper with sensitivity of 0.1 mm, total amplitude of 85
categories, since all athletes are at their highest-level perm, and pressure of 10ngn? (Cescorf/Mitutoyo, Porto
formance in the modality. Such information will inform theAlegre/RS, Brazil). The biepicondylar humerus and femur
morphofunctional characteristics in the capoeira modalitpreadths were measured once by a stainless-steel bone
which will provide information to coaches that wouldcaliper, with 16 cm in length, and resolution in millimeters
contribute to a better formulation of training programs. (Cescorf, Porto Alegre/RS, Brazil). Body density was
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obtained from the Jackson and Pollock’s predictive The sit-and-reach test evaluated the range of motion
equation (Jackson & Pollock, 1978) and body fadf the joints of the posterior muscle chain (triceps sural,
percentage (BF) was computed from Siri Equation (Sifhamstrings, gluteal, and spinalerectors). The sit-and-reach
1993), which was posteriorly corrected for the Cescolfox proposed by Welss (Sanny®, Curitiba/PR, Brazil) was
skinfold caliper (Okanet al, 2008). Lastly, somatotype used for this test. The dimensions of the box were 30.5 cm
was determined and represented in the somatochaB0.5 cm x 30.5 cm with 26.0 cm long scale in its extension.
following the guidelines of Heath and Carter (Carter). The zero point was at the closest extremity to the subject
and the 26 cm coincided with the place that the feet were
Functional performance evaluation.Immediately after supported. The participants were instructed to sit on the
the anthropometric measurements, several motor tests wgireund and position their feet on the indicated place of the
set up to measure key physical abilities of capoeira athletbex with knees extended. During the execution hands were
The functional tests were conducted in the following ordeoverlapped and elbows extended, and knees were kept ex-
one-minute push-up test (push-up), one-minute sit-up teéehded by the investigator. The objective was to flex the
(sit-up), sit-and-reach test, squat vertical jump performantrenk while exhaling in order to advance the hands as much
test (SJ), countermovement vertical jump performance test possible in the measurement scale (Rilegiab, 2010).
(CMJ), and quadrant jump test (QJT). The participants
performed one repetition to familiarize with each test Two vertical jump tests were performed to measure
before its initiation and their performance were not hiddethe participants’ explosive and elastic forces of the lower
from other participants. The participants were instructdombs’ muscles, and a specific jump plate (Cefise®, S&o
to execute their best performance, without been verbaRaulo/SP, Brazil) with an interface to a microcomputer and
encouraged, and they were barefoot in the executionthre Jump System Pro v. 1.0 software were used to measure
each of the tests beforementioned as an attempt to miqump height (cm) and relative power (watts/kg). The SJ
the competition conditions. The push-up and sit-up wereere conducted first to evaluate the explosive force of the
performed once, whereas the sit-and-reach test, SJ, CMdver limbs’ muscles. For this test, the participants held a
and QJT were performed three times with a 30-secosdmi-squat position while maintaining their hands position
interval between each trial. The maximum value waat their waist region for three seconds before executing the
considered for the evaluation. vertical jump. After the three trials of the SJ, the participants
were instructed to execute the CMJ to measure the elastic
The push-up evaluated the muscular endurancefofrce of the lower limbs’ muscles. For this test, the
the upper limbs’ muscles. The participants were placed participants performed the jump starting from the standing
the ventral decubitus positions, with their hands aligngmbsition going to a semi-squat using the stretch-shortening
with the pectoral region and 1-2 centimeters away froaycle. Lastly, the elasticity index (EI) was computed by
the shoulders. The initial position consisted with the elbowviise following equation proposed by Latal (2006):El
extended and the repetition was considered when thgCMJ - SJ + SJIx 100.
participant approached the chest to the ground and returned
to the initial position. The participants were instructed to The QJT was used to evaluate agility, in which the
inhale in the eccentric phase and to exhale in the concenparticipants had to displace themselves on a cross marked
phase of the movement. The objective was to perform thdhesive tape on the ground, with one meter of length by
maximum number of repetitions in one minute (Pollock &ne meter of width. The participants jumped through the
Wilmore, 2009). quadrants as quickly as possible for 10 seconds with their
feet together. Each displacement from one quadrant to
The sit-up test evaluated the muscular enduraneaother without touching the adhesive tape was considered
of the abdomen muscles. The participants positioned a correct jump and the maximum value was considered
themselves in the dorsal decubitus position. Their feet we evaluation (Johnson & Nelson, 1969).
supported and fixed on the ground by the investigator. The
knee and hip articulations were 90° flexed with the arn&tatistical Analysis.Data are expressed as mean, standard
crossed and hands resting on the shoulders. The participa®giation, coefficient of variation, minimum and maximum
were instructed to perform a trunk flexion until the elbowsalues. The Shapiro-Wilk test was used to test normality
touched the anterior portion of the thighs. The participandésd the Mauchly's test was applied to verify the sphericity
were instructed to inhale in the eccentric phase and to @fthe data. The Greenhouse-Geisser correction was adopted
hale in the concentric phase of the movement. The objectifsphericity was violated. To compare the anthropometric
was to perform the maximum number of repetitions in orend functional values from the study subgroups the one-
minute (Pollock & Wilmore). way ANOVA was used and the Tukey Post Hoc was applied
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to identify the pairs of differences. The F-radind degrees There was a significant difference with a small effect
of freedom were reported. Partial eta squarg#l)(was size between the VIOLA and GUNGA subgroups for the
calculated to determine the effect size with a value of 0.QJT ( =4.299; p = 0.01%Qp* = 0.16). Table II.
0.5; 0.8 indicating a small, medium, and large effect size,
respectively. Pearson's linear correlation coefficient was Table Il shows the values corresponding to the
calculated to quantify the degree of association betwesomatotype and the mean values were (2.8-6.0-1.3 / 3.3-
anthropometric and functional performance variables. Tl&e5-1.0/ 3.5-7.8-0.6) for the VIOLA, MEDIO, and GUNGA
alpha level was set at 5 % and all the statistical analysisbgroups, respectively. The “endo-mesomorph”
was conducted in the SPSS software (version 22.0 fdassification was found in the three subgroups in spite of
windows. IBM Corp., Armonk, NY). differences that occurred in the MESO when comparing the
subgroups VIOLA and MEDIO with GUNGA Qin =7.617;
p = 0.001;np? = 0.25) and in the ectomorphic component
RESULTS (ECTO) when comparing the subgroup VIOLA with
GUNGA (F, ;= 3.899; p = 0.02hp* = 0.14).

':[2‘47]

2.47]

Table | shows the general characteristics and Figure 2 shows the correlation between somatotype
anthropometry of the elite capoeira athletes. Statisticahd functional performance of elite capoeira athletes. There
differences were found among the three categories witlwas a negative correlation between the endomorphic
moderate effect size for BW [£E71 = 57.577; p < 0.001; component (ENDO) and the performance in the sit-up (p <
np? = 0.71) and BMI (§,, = 17.650; p < 0.00Iyp*> =  0.001), push-up (p = 0.004), SJ (p = 0.001), and CMJ (p <
0.43). For the height, the VIOLA subgroup presented low&:001). In addition, the performance in the push-up test
values compared to the MEDIO and GUNGA subgroupgsositively correlated with the MESO (p = 0.009) and

(F[Z.M}] =10.435; p < 0.00Inp? = 0.31). negatively with the ECTO (p = 0.005).
Table I. General characteristics and anthropometry of elite capoeira athletes in the three categories (n=50).
VIOLA (n=15) MEDIO (h = 25) GUNGA (n=10)
X+SD Range cv X+SD Range cv X+SD Range cv
(%) (%) (%)
( Age | RET2 (19040 30 3353 (240490) 16  36.1+48  (300460) 13
years)
(y;Trs) 20.746.2 (11.0-35.0) 9 21.3+4.6 (15.0-35.0) 22 24.3+6.3 (18.0-33.0) 21
(Bk\g’) 71.1+6.3* (57.3-76.9) 4 81.8+2.9t (77.0-85.9) 5 93.6+6.0 (86.0-106.9) 7
Height
(cm) 168.0+7.1* (1550-184.0) 8 174.0+4.5 (167.0-182.0) 3 1780+4.4  (170.0-184.0) 2
BMI
(kgim?) 25.0+1.9* (21.6-28.5) 8 27.0+1.5t (24.0-29.0) 6 29.4+1.9 (26.0-33.3) 7
WHR 0.88+0.03  (0.83-094) 4 0.86+0.03 (0.81-095) 3 0.86:0.02 (0.83-0.90) 3
BF
%) 9.8+3.4 (4.9-15.6) 35 11.9+3.6 (6.7-20.0) 30 12.545.9 (58-20.8) 47

Note: X =mean; SD = standard deviation; CV = codfficient of variatiion; PT = practi ce time; BW =body we ght; BMI = body mass
index; WHR = waist-to-hip ratio; BF = body fat. * p < 0.05 to MEDIO and GUNGA. T p < 0.05 to GUNGA

DISCUSSION
capoeira athletes present a predominance of the MESO,
regardless the weight categories. Furthermore, the functional
According to our knowledge, the current study is thperformance was similar between the VIOLA, MEDIO, and
first to investigate anthropometric characteristics associat€&UNGA subgroups, and all athletes were classified as
with functional performance of male capoeira competitorsxcellent for the push-up, sit-up, and sit-and-reach tests
at international level. The main findings show that elitéPollock & Wilmore).
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Table Il. Functional performance of elite capoeira athletes in the three categories (n=50).

VIOLA (n=15) MEDIO (n = 25) GUNGA (n = 10)
cv cv cv
+ + +
X+SD Range %) X£SD Range %) X+SD Range %)
Push-up
rend 37.0:112 (200640) 30  306:91  (22057.0) 23  389+124 (23.0-50.0) 32
?:;JS';’ 412466  (250520) 16 41688  (2L0530) 21 346487  (22.0-50.0) 25
S't'a?:r;]r)ead] 30848  (335490) 12 404450  (32050.0) 12 38563  (28.0-485) 17
QJT
e 323:45  (230410) 14  305:34 (240385 11  27.6¢38  (20.5335) 14
(S,i) 35162  (25547.4) 18 331357 (245488 17  326+88  (22.647.1) 27
cMJ
o 37.8:57  (300493) 15  363:54  (280504) 15 3594102 (23.0-5L6) 29
s
watskg D522 (29209 9 25421 (215303 9 4328  (06:208 12
cMJ 265:22  (238305) 8  265:18  (230:30.8) 7 254431  (21.8312) 12
Wattskg) 542, 8-30. 51, 030, 443, 831
(';')) 84+85 (26302 101 104+63  (-31-237) 60 100409  (-L5306) 99

Note: X =mean; SD = standard deviation; CV = coefficient of variaion; QJT = quadrant jump test; SJ = squat verticd jump; CMJ=
countermovement jump; El = elasticity index. * p <0.05 to GUNGA.

Table Ill. Somatotype and its classification of the elite capoeira athletes in the three categories (n=50).

VIOLA (n=15) MEDIO (n=25) GUNGA (n =10)
Ccv Ccv Ccv
+ + +
X+SD Range (%) X+SD Range ©) X+SD Range %)
Endomor phy 2.810.7 (15-4.0) 26 3.3t1.0 (1.8-6.4) 31 35+15 (1.4-6.0) 44
Mesomor phy 6.0+1.2* (39-7.9) 21 6.5+1.2* (4.6-9.0) 19 7.8+0.6 (7.0-9.0) 8
Ectomor phy 1.3+0.8* (02-3.2) 60 1.0:0.6 (0.2-23) 64 0.6x0.4 (0.1-1.7) 71
Classification Endo-mesomorph Endo-mesomorph Endo-mesomorph

Note: X = mean; SD = standard deviation; CV = cogfficient of varidion. * p<0.05to GUNGA.
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Capoeira athletes presented the predominance of
the MESO, and they had similar BF and endormophy
despite divergences in BW and BMI across the three
categories. In line, a study conducted by Nahal
compared the somatotype of elite boxing athletes, and all
boxers pertaining to the light middleweight, middleweight,
and the heavyweight category showed the predominance
of the MESO. In addition, all categories had similar values
for the ENDO and the heavyweight category had a higher
value for the MESO. This evidence together suggests that
the higher weight observed in the heaviest category was
accounted by increased muscle mass rather than body fat.

Fig. 1. Predominance of the MESO among other somatotype
components for the sample analyzed. The black circle representing
the somatotype mean of all sample.
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Fig. 2. Correlation between somatotype and functional performance of elite capoeira athletes.
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Nevertheless, Franchiet al showed that elite judo athletesthe assessments were conducted depending on the athlete’s

pertaining to heavier weight categories had greater not ordyailability. Thus, the athletes were tested at different times

the MESO, but also the ENDO compared to lighteof the day. In addition, the water and food intake before the

categories. The divergence across studies may be caused\stuation tests were not assessed. Therefore, the results from

different functional performance requirements within eactine functional tests may be influenced by the energy intake

modality, which requires further investigation. previous to the tests and by the circadian rhythm, and the
latter is known to have an influence on alertness and physical

Greco-Roman (Neogt al), karate (Sanchez-Puccini performance (Harrisoet al, 2007). Furthermore, future

etal), judo (Franchinét al), boxing (Notet al), tackwondo studies should also compare the somatotype and functional

(Bridgeet al), and mixed martial arts athletes (Mariré¢to profiles of international capoeira competitors with their

al., 2016) have the predominance of the MESO. Importantigpunterparts at the lower levels of competitions for a better

top level athletes present higher MESO while beingnderstanding on how the MESO, ENDO, and ECTO differ

compared to ordinary practitioners in a combat spobetween these athletes.

modality. For instance, Nadt al compared the somatotype

of elite male boxing athletes pertaining to different weight

categories to boxing practitioners, and showed that the latfePNCLUSION

category had lower MESO and higher ENDO. In addition, a

review article suggested that international tackwondo athletes ] . ] ]

were predominantly classified as MESO and had lower _ Elite male competitors at international level of the

values for the ENDO compared to athletes from nationABADA-Capoeira School show predominance of the MESO

and recreational level (Bridge al). The present study did in the somatotype regardless the weight category. Moreover,

not compare top-level capoeira athletes with the®ll capoeira gthletes were classified as excellent for thg sit-

counterparts at national and recreational levels, howevapd-reach, sit-up, and push-up, and the latter were positively

there was an inverse association between the ENDO wftArélated with the MESO. However, the ENDO was

the performance in the push-up, sit-up, CMJ, and SJ, alyersely associated with the sit-up, push-up, SJ, and CMJ.

the MESO was positively associated with the push-up.

Therefore, it is reasonable to hypothesize that capoeira

athletes competing at international level are likely to ha®CKNOWLEDGEMENT

higher MESO and lower ENDO compared to their
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reducuop added to the_malntenance_and gain of musc_ula d;% mundialesnt. J. Morphol., 39(4969-976, 2021.
are crucial for the achievement of high performance in the
capoeira modality. Therefore, the anthropometric profile and RESUMEN: Este estudio tuvo como objetivo caracterizar
functional performance demonstrated have practical perfil antropométrico y el desempefio funcional de los competi-
applications for coaches in the formulation of appropriatéores de élite en diferentes categorias en el campeonato mundial de
training programs aiming the development of an idedf Escuela de Capoeira ABADA. Cincuenta deportistas masculinos

: . : : ; : . nde alto nivel se dividieron segun sus categorias de peso: categoria
hysical composition, which will be associated with high= s i
Ipev)tlel performgnce in capoeira 9 ligera (VIOLA: < 76,9 kg; n = 15); categoria intermedia (MEDIO: >

77,0 kg hasta 85,9 kg; n = 25) y categoria pesada (GUNGA:
86,0 kg;n = 10). Se realizaron dos baterias de evaluacion: 1)
In the present study, the anthropometric angntropometria y determinacion del somatotipo; 2) rendimiento fi-
functional evaluations batteries started at 8 am and finisheido en pruebas de flexiones, abdominales, sentadillas y
at 6 pm during the preliminary phase of the competition amgtiramientos, prueba de salto en cuadrante, salto en cuclillas y
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pan = 4,299; p = 0,019). EI endomorfismo tuvo una correlacio oreira, S. R. Movimentag&do basica na capoeira: uma anélise da no-

. o~ . _ _menclatura entre diferentes grupBsnsar Prat., 2@, 2017.
<0. = - :
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