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Abstract

Purpose This study aimed to analyze the health-related body composition and muscle strength performance in male and
female Brazilian Jiu-Jitsu (BJJ) practitioners and to verify the upper and lower limbs bilateral asymmetry in these individuals.
Methods Forty-three BJJ practitioners participated of this study, 20 men and 23 women. The individuals performed anthro-
pometric measurements (body mass, height and body fat), neuromuscular lower limb assessments (countermovement jump—
CMJ, squat jump—SJ and sit-and-reach test), and upper limb assessments (handgrip strength test—HGS test and Kimono
Grip Strength Test—KGST).

Results The main results demonstrated that most practitioners (both men and women) were classified as normal body fat,
regular performance in CMJ and HGS, however, with poor flexibility. Higher performance in neuromuscular tests (CMJ,
SJ and HGS) and KGST was reported in men compared to women, while women presented better flexibility and the use of
elastic energy during the jump compared to men (p <0.05). Additionally, higher values of HGS in the dominant hand than
the non-dominant was observed only in women (p=0.001), and no significant difference was observed in the unilateral CMJ
between the limbs for both women (p =0.29) and men (p =0.06).

Conclusion The recreational BJJ practice seems to induce improvements in body composition and muscle strength in the
upper and lower limbs, without provoking bilateral asymmetries in the lower limbs. Men presented higher physical perfor-
mance than women in most neuromuscular tests, but both showed poor flexibility.
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Introduction

The health benefits of decreasing body fat and enhancing
muscular strength are well established in literature, as it is
associated a significantly decrease of several risk factors
(e.g. cardiovascular disease events, physical function limi-
tations, and nonfatal diseases) [1]. The sport practice may be
an interesting way to improve health-related strength, espe-
cially in martial arts or combat sports that require endur-
ance strength and power in upper and lower limbs during the
practice [2—4]. In addition, the decrease in body fat may be
accentuated due to the aerobic and anaerobic characteristics
of most martial arts, mainly the grappling modalities, as
judo, Brazilian Jiu-Jitsu (BJJ) and wrestling [3, 5].

In the past decade in particular, there has been a significant
rise in the popularity of BJJ, as a grappling sport. BJJ combat
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by age, body weight and belt ranks. The match-time limits
vary according to the category, ranging from 5 to 10 min in
adults, and the main goal was to achieve the opponent’s desist-
ance mainly through the submission (i.e. arm locks, choke or
pressure techniques) or through scores by the referee’s deci-
sion [8]. These characteristics require that the training sessions
reproduce the demands of the competitions, generating spe-
cific physical, physiological and biochemical adaptations [9].

The BJJ practice requires high levels of isometric hand-
grip strength and muscle power of the lower limbs to per-
form takedowns, escapes, holding, and applying submission
techniques [10, 11]. Previous investigations have shown
that advanced BJJ athletes presented higher performance in
upper and lower limb strength assessments (e.g. maximal
dynamic strength, maximal isometric handgrip strength and
vertical jump) than non-advanced counterparts [12-14],
indicating a sport-dependent influence. A recent systematic
review showed that BJJ athletes have also great flexibility
in the lower limbs and low body fat [3]. Thus, some benefits
are also apparent in BJJ practitioners, as shown by Schwartz
et al. [15], who identified moderate body fat, high values of
maximal handgrip strength, endurance strength (abdominal
test), cardiovascular responses and flexibility. In this per-
spective, Queiroz et al. [4] verified improvements in upper
and lower limb strength in elderly men after 12 weeks of
BlJ-specific training. Therefore, it seems that the BJJ prac-
tice is a good alternative to improve health-related aspects.

The literature on the health-related physical fitness profile
in BJJ is limited to men and athletes [4, 14—16], who present
different physical and morphological characteristics than
women. In addition, studies investigating strength/power
parameters did not consider the dominant and non-domi-
nant sides. It is already known that bilateral asymmetries
increase the risk of injury [17]. Thus, quantifying and moni-
toring changes in asymmetry could be deemed important
to both maximize physical performance and monitoring
neuromuscular rehabilitation programs [18]. Based on this
perspective, this study aimed to analyze the health-related
body composition and muscle strength performance in male
and female BJJ practitioners and to verify the upper and
lower limbs bilateral asymmetry in these individuals. We
hypothesized that the BJJ practitioners will present good
health-related physical fitness (considering health guide-
line parameters), without inducing bilateral asymmetries in
upper and lower limbs.

Methods
Design

This is a cross-sectional study that seeks to describe the
body composition and physical profile of BJJ practitioners
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according to sex. The assessments were performed on two
occasions separated by 48 h. On the first day, anthropometric
measurements (body mass, height and body fat) and neuro-
muscular lower limb tests (countermovement jump—CM]J,
squat jump—SJ and sit-and-reach test) were conducted; on
the second day, upper limb tests (maximal isometric hand-
grip strength—HGS and Kimono Grip Strength Test—
KGST) were performed. Each physical test was separated
by a 20-min interval.

Participants

Forty-three recreational BJJ practitioners, 20 males (age:
28.1+7.1 years, range 20-48 years) and 23 females (age:
23.6 +5.3 years, range 18-36 years) volunteered and partici-
pated in this study. The main characteristics are described
in Table 1. The practitioners had participated in at least
one year of regular BJJ training, and all had participated in
regional (n=30) or state (n=13) tournaments. They were
regularly training 2-3 times a week during the evaluation
period. The practitioners were white (men n=15, women
n=21) and blue belts (men n=5, women n=2), with
4.6+ 1.2 years of BJJ practice. Some participants reported
practicing other physical activities, such as strength train-
ing (n=31), surfing (n=9) and dancing (n=6). Participants
were instructed not to take alcohol or drugs for at least 24 h
before the evaluations and were maintaining normal diets.
Ethical approval was obtained by the local university (num-
ber 1,957,840) in accordance with the Declaration of Hel-
sinki. All participants signed the informed consent form
before the evaluations.

Body composition assessment

To describe the body composition of the practitioners,
anthropometric measurements of body mass and height were
collected using a Toledo® digital scale with 100 g preci-
sion and a stadiometer with 1 mm precision, respectively.
The body mass index (BMI) was calculated for male and
female individuals. A Cescorf® adipometer with a precision
of 1 mm was used to measure the body thickness. Triceps,
subscapular, supra iliac and middle calf measurements were
collected for men and women and equations proposed by
Petroski and Pires-Neto [19] were used to estimate the body
density. The Siri equation was used to estimate the body fat
percentage [20]. We also calculated the fat-free mass (FFM)
and fat-free mass index (FFMI) by the following equations
[21]:

body fat
FFM = body mass (kg) X <1 - La(%))

100 M
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Sit-and-reach test

The flexibility was measured through the sit-and-reach test
and was performed in the Wells and Dillon [22]. The indi-
vidual was in a seated position, with the knees extended, the
feet touching the bench, and the hands over-lapping each
other. Three attempts were performed, with one-minute
interval and the highest value was used as a performance
variable. The intraclass correlation coefficient (ICC) showed
values of 0.96 between the trials, indicating excellent
reliability.

Vertical jump assessments

Before the vertical jump assessments, the participants per-
formed a familiarization/warm-up period involving 30 s of
hopping on a trampoline, three series of ten hops on the
ground, and five submaximal countermovement vertical
jumps. After a 3-min resting period, individuals performed
three maximal trials of CMJ and SJ on a piezoelectric force
platform (model 9290AD; Kistler, Quattro Jump, Winter-
thur, Switzerland), which measures the vertical ground
reaction sampling at 500 Hz. CMJ and SJ were performed
randomly, with 3-minute interval between protocols and
1-minute interval between attempts.

To perform the CMJ protocol (bilateral and unilateral),
the individuals started from a static standing position and
were instructed to perform a countermovement (descent
phase), followed by a rapid and vigorous extension of the
lower limb joints (ascent phase). Participants were also
asked to flex their knees at 90° in the transition between the
eccentric—concentric phases. During the jump, participants
were asked to maintain their trunk as vertical as possible,
whereas their hands remained on their hips. The individuals
were then instructed to jump as high as possible. In the SJ,
individuals started the jump from a static position with the
knees at an angle of about 90°, the trunk as vertical as pos-
sible, and the hands on the waist. The jump was performed
without any countermovement, and there was only the con-
centric action of the agonist muscles involved in the move-
ment. Verbal feedback was provided for the participants dur-
ing the test to encourage them to maintain a knee angle of
approximately 90° and maximum performance until the end
of the test. We used the mean value (within the three trials)
of the jump height (CMJ}; and SJy;) and the mean power out-
put normalized by body mass as performance variables. The
reliability of the vertical jump variables was tested through

three trials of the CMJ and SJ, showing an ICC ranging
from 0.97 to 0.99 for the jump height and power output. The
pre-stretch augmentation (PSA) index was also calculated to
identify the stretch—shortening cycle (SSC) utilization in the
lower body muscles using Eq. 3 [23]:

CMJ,, — Sl
PSA = [ — 271 ) % 100. 3)
ST,

Handgrip strength protocol

Before the assessment, individuals performed familiariza-
tion with a handgrip dynamometer (Carci® 225, SH 5001
model) through two submaximal trials. Afterwards, par-
ticipants were instructed to perform the grip with maximal
effort during 5 s for the dominant and non-dominant hand,
performed alternately, with one-minute intervals between
attempts. The evaluation was performed with participants
in a standing position with the shoulder flexed at 90° (in
accordance with the gripping phase—kumi-kata) and the
elbow was fully extended. They performed three trials and
the highest value was considered the performance variable.
The ICC was calculated with the three trials and showed
values of 0.97 and 0.94 for the dominant and non-dominant
hand, respectively.

Bilateral asymmetry index

Bilateral asymmetry was quantified as the percentage dif-
ference between the stronger and weaker limb for HGS and
unilateral CMJy; through the equation proposed by Impel-
lizzeri et al. [24] (Eq. 4):

. Stronger limb — Weaker limb
Bilateral asymmetry = % 100.

Stronger limb

“

Kimono grip strength isometric test (KGST)
assessment

The participants were familiarized with the KGST by per-
forming one sustained attempt of 2-3 s grasping a kimono
suspended on an elevated horizontal bar. The KGST con-
sisted of sustaining a predefined position of elbow flexion
for a maximum time period. Athletes performed only the
isometric version of the KGST (KGSTgp). The chronometer
begins with a verbal command and was stopped when the
participants could no longer maintain the original position.
The reliability of the KGST has been assessed in a previous
study, presenting an ICC of 0.97 [25].

@ Springer
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Statistical analysis

Data are reported as the mean, standard deviation (SD) and
absolute and relative frequencies. The Shapiro—Wilk test was
used to verify data normality. Thus, t-test for independent
samples was used to compare the physical variables between
male and female practitioners, as well as to compare the
dominant and non-dominant limbs. In addition, the effect
size (ES) was calculated and the Hopkins [26] criteria was
used to classify the ES: 0.0-0.2 trivial, 0.21-0.6 small,
0.61-1.2 moderate, 1.21-2.0 large, and 2.1-4.0 5 very large.
The level of significance was set at 5%. These analyses were
performed in the statistical package for the social sciences
(IBM SPSS Statistics, USA).

Results

Table 1 shows the mean and SD of anthropometric char-
acteristics of male and female BJJ practitioners. The men
presented higher body mass, height, BMI, FFM, FFMI and
lower body fat compared to women (moderate to very large
ES).

The findings in Table 2 shows that jump height and power
output in CMJ and SJ (unilateral and bilateral), HGS (domi-
nant and non-dominant hand) and KGST performance were
higher in men compared to women (moderate to very large
ES). Otherwise, women presented better flexibility and
the use of elastic energy (PSA) during the jump compared
to men (moderate ES). Higher values were verified in the
HGS in the dominant hand compared to the non-dominant
for women (p=0.001, ES =0.49, small), but not for men
(p=0.23, ES=0.10, trivial). However, no significant dif-
ference was observed of unilateral CMJ between the limbs
for women (p=0.29, ES=0.11, trivial) and men (p =0.06,
ES=0.22, small).

The Fig. 1 shows the asymmetry index of unilateral
CMJ (women: 7.7 +5.6%, men: 10.3+9.8%, ES =0.28,
small) and HGS (women: 12.1 +8.1%, men: 8.9 +7.0%,

Table1 Body composition characteristics of women and men BJJ
practitioners

Women (n=23) Men (n=20) p ES
Body mass (kg) 61.1+9.1 76.6+10.1 <0.01 1.61
Height (cm) 1653+7.4 176.4+72 <001 1.52
Body mass index 222+1.9 246423 <001 1.13
(mkg™)
Body fat (%) 233+2.9 166+57 <0.01 148
FFM (kg) 46.7+5.6 63.4+58 <0.01 2.92
FFMI (kg m™2) 17.0+0.9 204+14 <0.01 2.88

FFM fat-free mass, FFMI fat-free mass index, ES effect size
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Table2 Physical test performance in upper and lower limbs in
women and men BJJ practitioners

Women (n=23) Men (n=20) p ES
Sit-and-reach test 29.9+8.3 24.4+95 0.05 0.61
(cm)
CMJy (cm) 31.1+4.5 38.5+7.1 <0.01 1.24
CMJ, (W kg™ 19.2+3.4 232+3.6 <0.01 1.14
SJy (cm) 28.8+4.12 37.8+584 <0.01 1.78
SJp (W kg™ 149+2.0 19.0+2.4 <0.01 1.85
PSA index (%) 8.2+4.7 54+33 0.01 0.68
CMJy p (cm) 204+29 25.5+45 <0.01 1.34
CMJy np (cm) 19.7+3.4 26.0+4.6 <0.01 1.55
HGS, (kgf) 27.2+4.94% 43.1+7.13 <0.01 2.59
HGS\p (kgf) 24.8+4.82 42.3+9.05 <0.01 241
KGSTigg (5) 19.5+12.46 29.4+18.68 0.04 0.62

CMJ, countermovement jump height, CMJp, countermovement
jump power, SJy squat jump height, SJ, squat jump power, PSA pre-
stretch augmentation, HGS;, handgrip strength of dominant hand,
HGS)y, handgrip strength of non-dominant hand, KGST;s, Kimono
Grip Strength Isometric Test, ES effect size. *Significant difference
between women and men, *significant difference between dominant
and non-dominant hands

2 p=0.12 p=0.09
20 1
I Women
189 0 Men
16 4
Q
X 144
S
2
Q
é 10 4
%‘
< 84
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24
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(oVij HGS
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Fig. 1 Asymmetry index of CMJy and HGS in women and men BJJ
practitioners

ES =0.42, small). No significant differences were observed
in both variables between the sexes.

Table 3 summarizes the absolute and relative frequency
of classification levels for body composition and physical
test performances in men and women. Most women were
classified as ‘normal’ for BMI and men as ‘normal’ and
‘overweight’. Most individuals were classified as ‘recom-
mended’ range for body fat and as ‘needs improvement’
for the sit-and-reach test. In addition, most practitioners
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Table 3 Absolute and relative (%) classification of body composition
and physical tests performance in BJJ practitioners

Classification Women Men
BMI (kg m™2)* Underweight 0(0) 0(0)
Normal 22(95.7) 11(55)
Overweight 1(4.3) 9 (45)
Obesity 0(0) 0(0)
Body fat (%)* Essential 0(0) 0(0)
Low/athletic 3(13) 0(0)
Recommended 20 (87) 18 (90)
Overfat 0(0) 1(5)
Obese 0(0) 1(5)
Sit-and-reach test (cm)*  Excellent 3(13) 1(5)
Very good 3(13) 3(15)
Good 2 (8.7) 3(15)
Fair 6 (26.1) 3(15)
Needs improvement 9 (39.1) 10 (50)
CMly (cm)® Excellent - 1(5)
Good - 2 (10)
Regular - 8 (40)
Poor - 5(25)
Very poor - 4(20)
HGS (kgf)° High 14.3) 2 (10)
Typical 14 (60.9) 10 (50)
Low 8 (34.8) 8 (40)

“Normative data according to American College of Sports Medi-
cine—guideline for exercise testing and prescription [27]

"Branco et al. [28] with correction proposed by Dias et al. [29] for
CM I assessment in force platform

‘Fukuda [30]

were ‘regular’ for CMJ; (only men) and ‘typical’ for HGS
(men and women).

Discussion

The aim of this study was to analyze the health-related body
composition and muscle strength performance in male and
female BJJ practitioners and to verify the upper and lower
limbs’ bilateral asymmetry in these individuals. We accept
our hypothesis, as the BJJ practitioners present normal val-
ues (considering health guideline parameters) of body com-
position (BMI and body fat) and muscle strength for men
and women in upper and lower limbs (with the exception
of flexibility). The women showed slight asymmetry in the
HGS, but no bilateral asymmetry in the lower limbs (unilat-
eral CMJ) was identified in both men and women.

The anthropometric characteristics showed that men pre-
sent higher body mass, height, BMI, FFM, FFMI and lower
body fat than women. These findings were already expected
and possibly, the higher BMI in men was due to the higher

FFM compared to women, as the body fat was lower in the
men. The use of BMI for individuals who practice sports is
not very advisable, as these individuals may have lean mass
greater than the general population and result in very high
BMI values [31]. Thus, the FFMI has been an interesting
alternative, combining the three components—body mass,
body fat and height [21]. We could not properly classify
our individuals according to the FFMI due to the lack of a
normative table in the current literature. The body fat clas-
sification showed that most men and women presented val-
ues within the ‘recommended’. The body fat was similar to
what was observed in previous studies with male BJJ [15]
and female practitioners [32], but higher compared to BJJ
athletes [33, 34].

With regard to the flexibility, the women’s scores were
better in the sit-and-reach test than men, which is in agree-
ment with the literature [35, 36], as women present different
anatomical features mainly related to spine and hip mobil-
ity. The men presented values close to another study with
BIJ practitioners [15], but lower than BJJ high-level athletes
[14]. For most of the men and women, the set-and-reach
test performance was classified as ‘needs improvement’.
The flexibility is considered a very important capacity for
BIJ success, as it has been related to specific techniques of
attacks or defenses [3], in addition to being an important
component of the heath-related physical fitness [27]. In this
sense, improvements in the mobility are expected, especially
in spine and hip, with the practice BJJ.

Adequate levels of muscle strength and power in upper
and lower limbs are important during the adulthood, espe-
cially considering the age-specific recommendation for
health improvements and quality of life [1, 27]. We observed
that men showed higher levels of muscle power in lower
limbs (CMJ and SJ performance) compared to women, prob-
ably due to morphologic features evidenced in our study
(e.g. higher body mass, FFM, FFMI and lower body fat),
that are related to greater muscle strength [37]. Most male
practitioners were classified as ‘regular to excellent’ for CMJ
height, showing acceptable values of muscle power in lower
limbs [28]. In women, it was not possible to analyze this var-
iable due to the lack of normative classification. Although
BIJ practice is in most part performed on the ground, high
levels of muscle power in lower extremities is important to
perform takedowns and escapes, holding, as well as apply-
ing submission techniques [10, 11]. An interesting result is
that women presented better use of SSC compared to men,
despite the worst CMJ performance. Previous studies have
already found that the women may be able to utilize a greater
portion of the stored elastic energy in jumping activities [37,
38].

The men showed also higher performance in HGS than
women, but most of them (men and women) were classified
as ‘typical’, showing acceptable values of maximal isometric
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strength in the forearm muscles [30]. The values of HGS
obtained for males were similar to those observed in the
literature for BJJ practitioners [34]. No data were found in
the literature for HGS in BJJ female practitioners or athletes.
The KGST is a BJJ-specific endurance strength test and has
been widely used to assess BJJ male athletes/practitioners
[25, 39, 40], but not yet evidenced in women. The values in
males within our study were similar to those observed by
Silva et al. [39] for BJJ practitioners. It is worth mentioning
the importance of dynamic and isometric strength actions
during BJJ matches (e.g. to control the opponent and per-
form attacks) [41] and for health benefits, as lower risk of
developing physical function limitations and cardiovascular
diseases [1, 27].

The women in our study presented slightly higher values
of HGS in the dominant hand compared to the non-domi-
nant one, with an asymmetry index of 12%. Both men and
women did not show differences of unilateral CMJ between
the limbs, but the asymmetry index was at the acceptance
threshold for men (10.3%). When comparing men and
women, no difference in the bilateral asymmetry was iden-
tified in upper and lower limbs. It has been reported that
values above 10% of asymmetry indicate a possible risk of
injury during sports practice [42]. Therefore, although the
recreational practice of BJJ does not seem to induce major
muscle imbalances, it is recommended that specific actions
be performed bilaterally (e.g. takedowns, escapes, holding,
submission techniques, etc.) to reduce the asymmetry and
consequently the muscle-related disorders.

Finally, it is important to highlight that this is a cross-
sectional study that described the health-related body com-
position and muscle strength parameters in men and women
who practiced recreational sessions of BJJ for at least 1 year.
We did not control the BJJ training routines of the practition-
ers, which is a limitation in our study. However, we provided
data showing that recreational practice of combat sports may
be a strategy to enhance physical fitness and health in men
and women. Thus, it is recommend to monitor body com-
position and physical fitness in BJJ practitioners to verify
health-related physical fitness parameters. Additionally, the
inclusion of bilateral and especially unilateral assessments
(e.g. HGS and unilateral CMJ) may be an important strategy
to prevent muscle-related disorders and risk of injuries even
in recreational practitioners.

Conclusion

We conclude that the recreational practice of BJJ (2-3 times
per week) contributes to improvements in the health-related
physical fitness in men and women, particularly in the body
composition and muscle strength in upper and lower limbs,
with exception to flexibility. In addition, the BJJ practice
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seems no induce bilateral asymmetries in the lower limbs in
women and in the upper and lower limbs in men.
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