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Abstract
The purpose of the present study was to describe the physiological, perceptive and performance responses across Brazilian 
jiu-jitsu (BJJ) match simulation and compare them between winning and losing athletes. Fourteen male adult BJJ athletes 
(age: 25.8 ± 3.4 years; height: 174.8 ± 9.2 cm; body mass: 79.6 ± 12.4 kg; training experience: 7.0 ± 2.5 years), 6 brown 
and 8 black belts participated in this study. All athletes performed a combat simulation of 10 min. Heart rate (HR), rat-
ing of perceived exertion (RPE) and maximal isometric handgrip strength (MIHS) were evaluated before the combat and 
during the combat after the 2nd, 4th, 6th, 8th, and 10th minutes, while blood lactate ([La]) was measured before and after 
the combat simulation. Results indicated that, irrespective of the match outcome (i.e. winner or loser), significantly higher 
(P < 0.05, partial η2 = 0.346–0.922, large) values of [La], HR, RPE, and MIHS were observed after the combat simulation 
when compared to before the combat. However, no significant differences between the winner and loser athletes were found 
(P > 0.05). These results suggest that the effort performed and the physiological and perceptual responses are similar among 
BJJ athletes competing against each other.
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Introduction

Brazilian jiu-jitsu (BJJ) is a grappling combat sport prac-
ticed worldwide, which has as a fundamental principle the 
use of the opponent’s force against himself/herself, also 
known as “ju” or softness. The main goal during official 
BJJ matches is to control the opponent aiming at a submis-
sion through the application of strangle, pressure, or joint 

lock techniques (International Brazilian Jiu-Jitsu Federation, 
2018). Although official matches start in the standing posi-
tion, most of the combat is developed on the ground, and the 
typical effort–pause ratio is 6:1 during official matches [1] to 
7:1 in simulated matches [2]. The typical sequence is com-
posed of 117 s of effort and 20 s of pause [1] to 214 ± 84 s 
of effort and 69 ± 40 s of pause in 10-min simulated matches 
[2]. During the combat phase, BJJ athletes perform differ-
ent actions varying in intensity and duration. In a 10-min 
simulated match, BJJ athletes typically engage in 16 ± 3 
high-intensity actions lasting a total of 47 ± 8 s, interspersed 
by 17 ± 2 low-intensity actions lasting a total of 553 ± 8 s. 
Consequently, a high-intensity to low-intensity effort ratio 
of 1:11 was observed in BJJ matches [3]. Thus, this ratio 
seems to provide enough time for recovery and may allow 
the BJJ athletes to perform high-intensity actions up to the 
end of the match.

Physiological measurements (e.g. oxygen uptake (VO2), 
blood lactate concentration, [La]; heart rate, HR) during 
BJJ official matches are difficult to conduct due to the close 
contact between the athletes [4]. Thus, several studies have 
measured physiological responses before and after single [5, 
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6]—including matches with different durations [7, 8]—and 
multiple simulated or official BJJ matches [9–12]. These 
studies allowed a partial characterization of the physiologi-
cal responses in different phases of the matches and of the 
competition. Moreover, these studies assessed physiologi-
cal (e.g. [La], HR), rating of perceived exertion (RPE) and 
performance (e.g. maximal isometric handgrip strength 
(MIHS), strength endurance and muscle power) responses 
to these different conditions. [La] has been used to indi-
cate the glycolytic activation during the match and HR as 
an indicator of the cardiovascular solicitation caused by the 
match, whereas RPE has been considered an indication of 
the overall exertion perceived by the athlete [9, 10]. Addi-
tionally, handgrip maximal strength and strength endurance 
constituted the most assessed performance variables because 
the execution of BJJ techniques demands the grip on the 
opponent’s uniform (gi) [8]. Thus, an understanding of vari-
ations in these variables can provide relevant information 
about the physical demand of the BJJ matches.

In addition, Olympic-level judo athletes presented lower 
[La] in response to a simulated judo match compared to non-
elite judo athletes [13] and Olympic-level judo athletes pre-
sented lower HR values during uchi-komi (technique repeti-
tion), nage-komi (technique repetition throwing the partner) 
and match simulation compared to national-level ones [14]. 
These studies suggest that higher-level athletes may have 
lower physiological responses compared to lower-level ones 
when performing a given task. However, no study measured 
the physiological, perceptive and performance responses 
in different times of a single match and compared these 
responses between the winner and loser BJJ athletes. Thus, 
the main objective of the present study was to describe the 
physiological, perceptive and performance responses across 
one BJJ match simulation and compare them between the 
winner and loser athletes. Given that BJJ is a very techni-
cal combat sport and the principle of “ju” associated with 
its practice, we hypothesized that winners would present a 
lower physiological, perceptive and performance decrement 
along the match compared to loser BJJ athletes.

Materials and methods

Study design

BJJ athletes (brown and black belts) who were training 
more than four times per week (90–120 min per session), 
for longer than 4 years, and free from injury were recruited 
to take part in the present study. They performed a single 
10-min BJJ simulated match against an opponent of the 
same weight category, grade, and experience. Athletes 
from different BJJ clubs were matched to increase com-
petitiveness. Physiological (HR), perceptive (RPE), and 

performance (MIHS) responses were measured before and 
during the match (at second, fourth, sixth, eight, and tenth 
minutes), whereas [La] response was measured immedi-
ately before, 1, and 3 min after the match. The match was 
finished only by time, and if a submission occurred they 
were instructed to restart in the standing position. The BJJ 
athlete with higher scores was considered the winner. An 
experienced BJJ referee officiated all the matches. The BJJ 
athletes were instructed to prepare for the match simulation 
as they typically prepared for a competition. Briefly, they 
were instructed to avoid high-intensity physical efforts 24 h 
before the match simulation, to avoid alcohol and caffeine 
intake, to have their regular competition breakfast. The only 
change compared to a regular competition was the recom-
mendation to the BJJ athletes to not engage in any weight 
loss procedure 1 week before the simulation. Matches were 
conducted during the morning, in an official competition 
area. All matches were performed on the same day, at a tem-
perature of 24 °C and 53% of humidity. All BJJ athletes were 
in their competitive period and instructed to behave as in an 
official competition.

Participants

Fourteen male adult BJJ athletes (mean and standard devia-
tion; age: 25.8 ± 3.4 years; height: 174.8 ± 9.2 cm; body 
mass: 79.6 ± 12.4 kg; training experience: 7.0 ± 2.5 years) 
took part in the present study. They were ranked as brown 
(n = 6) and black belt (n = 8), had more than 4 years of BJJ 
training experience, and were competing stately and nation-
ally. Exclusion criteria comprised athletes using rapid 
weight loss procedures, taking supplements, or injured. This 
study was approved by the local ethics committee (process 
2011/32) and all participants gave their written informed 
consent prior to the start of the study.

Body mass and height measurements

Body mass was measured in a calibrated Filizola scale (Sao 
Paulo, Brazil), with 0.1 kg precision, and height was meas-
ured using a portable stadiometer (Seca 222, New York, 
USA), with 1 mm precision, in accordance with Heyward 
[15].

Match simulation

The match simulation was 10-min long and was not finished 
in case of a finalization technique to guarantee that all BJJ 
athletes would be exposed to the same match duration, a pro-
cedure used in other studies [10, 11]. Athletes were paired 
based on their grade, weight category, and technical level. 
Before the match, athletes conducted their usual warm-up 
for 10 min and a 5-min interval was used between the end of 
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the warm-up and the beginning of the match simulation. An 
experienced referee officiated all matches. The outcome (i.e. 
determination of winner and loser athletes) of each match 
was recorded based on the total score of each athlete. A 30-s 
interruption was inserted at 2nd, 4th, 6th, and 8th minutes 
to allow the HR, RPE, and MIHS measurements. HR, RPE, 
and MIHS were also measured at the 10th minute, using the 
same 30-s period, whereas [La] was measured before, 1 and 
3 min after the match.

Maximal handgrip strength measurements

Before the match, the MIHS was measured three times on 
the dominant hand, with a 1-min interval between attempts, 
and, in each one, the athlete was instructed to generate the 
greatest possible force during 3–5 s, in a standing position, 
with fully extended elbow and self-selected wrist positions. 
However, the hand or arm could not touch the body during 
the test execution. Measurements were conducted using a 
Jamar dynamometer (model J00105, Lafayette, LA, USA), 
with a 1 kgf precision. The highest value was used for this 
moment. Additionally, a single attempt was conducted at 
the 2nd, 4th, 6th, 8th, and 10th minutes. For values meas-
ured during the match percentage values in relation to the 
maximal value were calculated. The dynamometer were set 
according to each athlete’s hand length, following the rec-
ommendations of the American Society of Hand Therapy 
[16]. A previous study from our laboratory [9] demonstrated 
that this test was reliable (intraclass coefficient correla-
tion = 0.72, P < 0.05) when BJJ athletes were tested under 
similar conditions as used in the present study.

Heart rate measurements

HR measurements (Polar Pace, Polar, Kempele, Finland) 
were conducted at the 2nd, 4th, 6th, 8th, and 10th minutes, 
before the MIHS measurements to avoid that interfering with 
the HR results.

Blood lactate measurements

Blood samples were collected at the earlobe to determine 
[La] using the Accutrend equipment (Roche Diagnostics, 
Mannheim, Germany), before, 1, and 3 min after the match 
simulation. The highest value was considered the peak [La].

Statistical analyses

Statistical analyses were performed using a Statistica for 
Windows software (Statisoft, version 8, Tulsa, USA). Data 
are presented as mean and standard deviation. An independ-
ent Student’s t test was used to compare age, body mass, 
height, BJJ experience, and MIHS of winning and losing 

BJJ athletes. A two-way (match outcome and time of meas-
urement) with repeated measurements in the second factor 
was used to compare [La], HR, RPE and MIHS along the 
match simulation. A Mauchly test was used to confirm the 
assumption of sphericity of the data and no correction was 
needed for these variables. Cohen’s d was calculated for 
comparisons between groups for age, body mass, height, BJJ 
experience, and MIHS, and classified according to Hopkins 
et al. [17], with values of ≤ 0.2, > 0.2 and < 0.6, > 0.6 and 
< 1.2, > 1.2 and < 2.0, and ≥ 2.0 considered as trivial, small, 
medium, large, and very large effects, respectively. Partial 
eta squared (partial η2) was used as effect size for multiple 
comparisons, and classified according to Cohen [18], with 
the 0.0099, 0.0588, and 0.1379 effect sizes considered as 
small, medium, and large, respectively. The significance 
level was set at 5%.

Results

Table 1 presents the main characteristics of BJJ athletes from 
the winning and losing groups.

Winner and loser groups did not differ concerning 
age (t12 = − 1.19, P = 0.257, d = − 0.63, medium), body 
mass (t12 = − 0.04, P = 0.969, d = − 0.002, trivial), height 
(t12 = 0.74, P = 0.473, d = 0.40, small), BJJ experience 
(t12 = − 1.25, P = 0.233, d = − 0.66, medium), and MIHS 
(t12 = 1.77, P = 0.103, d = 0.87, medium).

Figure 1 presents the maximal handgrip strength response 
along the match simulation for the winner and loser groups.

There were no main effect of match outcome on absolute 
(F1,12 = 1.97, P = 0.186, partial η2 = 0.141, large) or relative 
MIHS (F1,12 = 0.22, P = 0.651, partial η2 = 0.018, small). 
However, a main effect of time was found for both abso-
lute (F4,48 = 8.19, P < 0.001, partial η2 = 0.406, large) and 
relative (F4,48 = 7.76, P < 0.001, partial η2 = 0.393, large) 
MIHS, with higher values in the 2nd minute compared to 
the 6th, 8th, and 10th minutes (P < 0.001 for all compari-
sons for both absolute and relative values), and higher val-
ues in the 4th compared to the 10th minute (P < 0.05 for 

Table 1   Age, body mass, height, Brazilian jiu-jitsu (BJJ) experience, 
and maximal isometric strength in winning and losing BJJ athletes in 
a match simulation

Values are mean and standard deviation

Winners (n = 7) Losers (n = 7)

Age (years) 24.7 ± 2.8 26.9 ± 3.9
Body mass (kg) 79.5 ± 14.7 79.8 ± 10.9
Height (cm) 176.6 ± 11.1 172.9 ± 7.2
BJJ experience (years) 6.2 ± 1.9 7.9 ± 2.9
Maximal isometric handgrip 

strength (kgf)
63 ± 9 54 ± 10
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both absolute and relative comparisons) of match simula-
tion. Moreover, no significant interactions were observed for 
absolute (F4,48 = 0.99, P = 0.419, partial η2 = 0.077, medium) 
or relative MIHS (F4,48 = 1.05, P = 0.394, partial η2 = 0.080, 
medium).

There was no main effect of outcome (F1,12 = 1.33, 
P = 0.272, partial η2 = 0.099, medium). However, [La] 
was affected only by time (F1,12 = 142.62, P < 0.001, 
partial η2 = 0.922, large), with peak post-match values 
(8.79 ± 2.34 mmol L−1) being higher (P < 0.001) than values 
pre-match (2.19 ± 0.55 mmol L−1). Moreover, no significant 
interaction was observed for [La] (F1,12 = 4.54, P = 0.055, 
partial η2 = 0.274, large).

Figure 2 presents HR and RPE responses during the 
match simulation for winner and loser BJJ athletes.

There was no main effect of outcome (F1,12 = 0.28, 
P = 0.608, partial η2 = 0.023, small). However, HR was 
affected by time (F4,48 = 6.36, P < 0.001, partial η2 = 0.346, 
large), with lower values in the 2nd minute compared to the 
6th, 8th, and 10th minutes (P < 0.01 for all comparisons) of 
the match simulation. Furthermore, no significant interac-
tion was observed for HR (F4,48 = 0.12, P = 0.975, partial 
η2 = 0.010, small).

There was no main effect of outcome for RPE 
(F1,12 = 2.59, P = 0.133, partial η2 = 0.178, large). However, 
RPE was also only affected by time (F4,48 = 16.34, P < 0.001, 
partial η2 = 0.577, large), with lower values in the 2nd min-
ute compared to the 6th, 8th, and 10th minutes (P < 0.001 
for all comparisons) and lower values in the 4th compared to 
the 8th, and 10th minutes (P < 0.001 for both comparisons) 

Fig. 1   Absolute (A) and relative (B) maximal isometric strength 
along a Brazilian jiu-jitsu (BJJ) match simulation in winning and los-
ing BJJ athletes. Values are mean and standard deviation; a = main 
effect of moment of measurement, different from the 6th min 

(P < 0.05), b = main effect of moment of measurement, different from 
the 8th min (P < 0.05); c = main effect of moment of measurement, 
different from the 10th min (P < 0.05)

Fig. 2   Heart rate (A) and rating of perceived exertion (B) during 
Brazilian jiu-jitsu (BJJ) in winning and losing BJJ athletes. Val-
ues are mean and standard deviation; a = main effect of moment of 
measurement, different from the 6th min (P < 0.05), b = main effect 

of moment of measurement, different from 8th min (P < 0.05); 
c = main effect of moment of measurement, different from the 10th 
min (P < 0.05)
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of the match simulation. Moreover, no significant interac-
tion was observed for RPE (F4,48 = 0.10, P = 0.982, partial 
η2 = 0.008, small).

Discussion

The main hypothesis of the present study that winners would 
present a lower physiological, perceptive, and performance 
decrement along the match compared to loser BJJ athletes 
was not confirmed, as no significant difference was observed 
between winner and loser BJJ athletes in any of the meas-
urements conducted in the present study (i.e. MIHS, [La], 
HR and RPE). However, a decrease in MIHS was observed 
along the match, as well as increases in [La], HR, and RPE.

MIHS is considered a relevant physical component 
for BJJ athletes [1, 7–9]. In our study, maximal handgrip 
strength at the 10th minute was approximately 20% lower 
compared to maximal values obtained pre-match, indicating 
that the match resulted in an important decrease in this varia-
ble, although no difference was observed between the winner 
and loser BJJ athletes. Former investigations on the effect 
of BJJ match on MIHS indicated 13% and 16% decreases 
in the right and left handgrip strength after official regional 
BJJ matches lasting approximately 5 min [1], 10% decrease 
in the dominant hand after an official regional match [6], 
and approximately 9% decreases in the dominant and non-
dominant hands after the first of four 10-min BJJ simulated 
matches [9]. Thus, the decrease in the present study was 
more accentuated than that previously reported in the litera-
ture. The difference in strength decrease magnitude between 
the current study and the previous studies [1, 6, 9] seems to 
be due to a higher match intensity. Another possible explana-
tion for this difference can be the subsequent measurements 
conducted along the match in our study, i.e. the repetition 
of maximum attempts summed to the match demand may 
have resulted in an additional decrease in maximal strength. 
Indeed, all other investigations analysed simply pre- versus 
post-match values. Only Andreato et al. [8] included shorter 
match durations, which were conducted using long intervals 
between them and avoided the potential negative influence 
of subsequent maximal strength test repetitions. We only 
found one study [8] that analysed the MIHS decrement in 
2-min, 5-min, 8-min, and 10-min simulated BJJ matches, 
but these authors reported no change when durations were 
compared. Thus, this emphasizes that the use of the maximal 
strength tests along the match may have contributed to the 
higher decrease observed in our study. Therefore, this can 
be considered a limitation of the present study.

[La] measurements before and after BJJ matches were 
conducted in several studies [1, 5–7, 10] and all reported 
increases after the matches, with post-match values vary-
ing from 6.2 ± 2.3 to 11.9 ± 5.8 mmol L−1 when matches 

longer than 5 min were performed. Thus, our simulation 
resulted in a similar glycolytic activation as reported in the 
literature. However, it is important to emphasize that in our 
study no difference was found between the winner and loser 
BJJ athletes. This differs from the observation that elite judo 
athletes finished their match with lower [La] compared to 
non-elite judo athletes [19]. Nevertheless, that study with 
judo athletes [19] did not pair the opponents considering 
athletes’ competitive level (i.e. matches were disputed by 
elite versus elite, elite versus non-elite, and non-elite versus 
non-elite judo athletes), whilst in the present investigation 
we compared winner and loser BJJ athletes who contested 
the same match. Additionally, Da Silva et. [20] did not find 
any difference in [La] between advanced and non-advanced 
BJJ athletes playing three consecutive matches (each group 
disputed against athletes from the same level). Thus, the 
glycolytic activation does not seem to vary between BJJ 
athletes contesting the same match. However, future studies 
could explore the [La] responses in BJJ athletes from differ-
ent competitive levels contesting between them to verify if 
more advanced or elite BJJ athletes would present a lower 
glycolytic activation when playing a match against lower 
level BJJ athletes.

HR has been used as a measurement to infer the cardio-
vascular solicitation of BJJ matches [5, 7, 10], all report-
ing increases from pre-match to post-match, and values 
achieving 165 ± 17 bpm to 169 ± 6 bpm, which is slightly 
lower compared to the values achieved in the 10th minute of 
our combat simulation. Andreato et al. [7] reported values 
after 2-min (159 ± 12 bpm), 5-min (159 ± 11 bpm), 8-min 
(166 ± 98 bpm) and 10-min (167 ± 15 bpm) matches, but 
contrary to our findings, they did not find any difference 
between the different durations. Conversely, our data suggest 
that the first 2 min resulted in lower cardiovascular solicita-
tion compared to the 6th minute up to the end of the match. 
This HR response seems to be related to the typical transi-
tion from rest to exercise [21]. The small increase after the 
4th minute was probably due to the controlled effort con-
ducted by the BJJ athletes, who normally use the beginning 
of the matches to obtain information about their opponents 
and, thus, avoid high-intensity efforts, unless an opportunity 
to end the match is presented [7].

RPE was also lower at the 2nd minute compared to the 
6th, 8th, and 10th minutes, confirming the strategy of effort 
control at the beginning of the combat. This response can 
be related to the fact that RPE response is also affected by 
time [22], and even if the BJJ athletes were performing at 
the same intensity along the match, their RPE would be 
lower at the first few minutes of the match. Indeed, Andre-
ato et al. [8] found that BJJ reported higher RPE values at 
8-min (14 ± 2 a.u.) and 10-min (15 ± 2 a.u.) matches com-
pared to 2-min matches (12 ± 2 a.u.), which is quite similar 
to that observed in our study. Another important finding was 
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that BJJ achieved mean values around 14 at the end of the 
match, suggesting that they set a comfortable exertion to 
avoid extreme fatigue negatively affecting their decision-
making. Andreato et al. [9] reported that, during a com-
petition simulation, as BJJ athletes became more fatigued, 
their defensive actions were less effective. Thus, it is likely 
that experienced BJJ athletes, as those who took part in 
the present study, would avoid high-intensity effort unless 
a clear opportunity to score is noted. Investigations that 
registered RPE responses to BJJ matches reported values 
around 12 (i.e. “light”) in simulations [5], 16 (i.e. hard) in 
simulated competition [9], and 15 [1] and 16 (i.e. “hard” for 
both) during regional tournaments [6]. Therefore, the value 
observed in the present study was very close to that reported 
in regional competitions. Bridge et al. [23], when analyz-
ing RPE responses to international taekwondo competition, 
suggested that a possible explanation for the submaximal 
RPE during combat can be related to the decision-making 
process during the physical effort, which could decrease the 
sensation of effort. Accordingly, Andreato et al. [9] reported 
that in grappling combat sports, there is substantial visual, 
proprioceptive and kinesthetic data processing, factors that 
could contribute to a lower RPE.

The main limitation of our study was the need to stop 
the match to conduct the measurements. It is important to 
consider that the match was stopped only every 2 min and 
by a period similar to the pauses normally called by the ref-
eree. However, the execution of the maximal strength tests 
along the match may have contributed to a higher decrease 
in MIHS observed in our study.

In conclusion, regardless of the combat outcome, MIHS 
decreased along the BJJ match, whilst [La], HR, and RPE 
increased. When considering winner and loser BJJ athletes 
apart, no significant differences were observed in all the 
undertaken measures. This suggests that the effort performed 
and the physiological responses are similar among BJJ ath-
letes competing against each other.

Compliance with ethical standards 

Conflict of interest  The authors declare no conflict of interest.

Ethical approval  This study was conducted in accordance with the the 
1964 Declaration of Helsinki and its 2013 amendment.

Informed consent  All participants gave their written informed consent 
prior to the beginning of the study.

References

	 1.	 Andreato LV, Franchini E, de Moraes SM, Pastorio JJ, da Silva 
DF, Esteves JV, Branco BH, Romero PV, Machado FA (2013) 

Physiological and technical-tactical analysis in Brazilian jiu-jitsu 
competition. Asian J Sports Med 4(2):137–143

	 2.	 Andreato LV, Follmer B, Celidonio CL, Honorato AS (2016) Bra-
zilian Jiu-jitsu combat among different categories. Strength Cond 
J 38(6):44–54. https​://doi.org/10.1519/ssc.00000​00000​00025​6

	 3.	 Andreato LV, Lara FJD, Andrade A, Branco BHM (2017) Physical 
and physiological profiles of Brazilian jiu-jitsu athletes: a sys-
tematic review. Sports Med Open 3(1):9. https​://doi.org/10.1186/
s4079​8-016-0069-5

	 4.	 Ovretveit K (2018) Anthropometric and physiological characteris-
tics of Brazilian jiu-jitsu athletes. J Strength Cond Res 32(4):997–
1004. https​://doi.org/10.1519/jsc.00000​00000​00247​1

	 5.	 Andreato LV, Moraes SMF, Esteves JV, Pereira RRA, Gomes 
TLM, Andreato TV, Frachini E (2012) Physiological responses 
and rate of perceived exertion in Brazilian jiu-jitsu athletes. Kine-
siology 44(2):173–181

	 6.	 Andreato LV, Moraes SMF, Esteves JV, Miranda ML, Pastorio 
JJ, Pastorio EJ, Branco BHM, Frachini E (2014) Psychologica, 
physiological, performance and perceptive responses in Brazilian 
jiu-jitsu combats. Kinesiology 46(1):44–52

	 7.	 Andreato LV, Esteves JV, Julio U, Panissa VLG, Hardt F, Pastorio 
EJ, Moraes SMF, Franchini E (2016) Metabolic, muscle damage 
and heart rate responses in Brazilian jiu-jitsu matches of varied 
duration. Kinesiology 48(2):182–192

	 8.	 Andreato LV, Esteves JV, Julio U, Panissa VLG, Hardt F, Moraes 
SMF, Franchini E (2017) Physical performance, time-motion, 
technical tactical analyses, and perceptual responses in Brazilian 
jiu-jitsu matches of varied duration. Kinesiology 49(1):30–39

	 9.	 Andreato LV, Julio UF, Goncalves Panissa VL, Del Conti Esteves 
JV, Hardt F, Franzoi de Moraes SM, Oliveira de Souza C, Fran-
chini E (2015) Brazilian jiu-jitsu simulated competition part II: 
physical performance, time-motion, technical-tactical analyses, 
and perceptual responses. J Strength Cond Res 29(7):2015–2025. 
https​://doi.org/10.1519/jsc.00000​00000​00081​9

	10.	 Andreato LV, Julio UF, Panissa VL, Esteves JV, Hardt F, de 
Moraes SM, de Souza CO, Franchini E (2015) Brazilian jiu-jitsu 
simulated competition part I: metabolic, hormonal, cellular dam-
age, and heart rate responses. J Strength Cond Res 29(9):2538–
2549. https​://doi.org/10.1519/jsc.00000​00000​00091​8

	11.	 Detanico D, Dellagrana RA, Athayde MS, Kons RL, Goes A 
(2017) Effect of a Brazilian Jiu-jitsu-simulated tournament on 
strength parameters and perceptual responses. Sports Biomech 
16(1):115–126. https​://doi.org/10.1080/14763​141.2016.12061​43

	12.	 Moreira A, Franchini E, de Freitas CG, Schultz de Arruda AF, 
de Moura NR, Costa EC, Aoki MS (2012) Salivary cortisol and 
immunoglobulin A responses to simulated and official jiu-jitsu 
matches. J Strength Cond Res 26(8):2185–2191. https​://doi.
org/10.1519/JSC.0b013​e3182​3b870​2

	13.	 Franchini E, Takito MY, Yuzo Nakamura F, Ayumi Matsushigue 
K, Peduti Dal’Molin Kiss MA (2003) Effects of recovery type 
after a judo combat on blood lactate removal and on perfor-
mance in an intermittent anaerobic task. J Sports Med Phys Fit 
43(4):424–431. https​://doi.org/10.1007/s0042​1-009-1134-

	14.	 Arruza JB, Alzate R, Valencia JG (1996) Esfuerzo percibido y 
frecuencia cardiaca: el control de la intensidad de los esfuerzos 
en el entrenamento de judo. Revista de Psicologia del Deporte 
9(5):29–40

	15.	 Heyward VH (1997) Advanced fitness assessment and exercise 
prescription, 3 edn. Human Kinetics, Champaign

	16.	 Mathiowetz V, Weber K, Volland G, Kashman N (1984) Reli-
ability and validity of grip and pinch strength evaluations. J Hand 
Surg Am 9(2):222–226

	17.	 Hopkins WG, Marshall SW, Batterham AM, Hanin J (2009) Pro-
gressive statistics for studies in sports medicine and exercise sci-
ence. Med Sci Sports Exerc 41(1):3–13. https​://doi.org/10.1249/
MSS.0b013​e3181​8cb27​8

https://doi.org/10.1519/ssc.0000000000000256
https://doi.org/10.1186/s40798-016-0069-5
https://doi.org/10.1186/s40798-016-0069-5
https://doi.org/10.1519/jsc.0000000000002471
https://doi.org/10.1519/jsc.0000000000000819
https://doi.org/10.1519/jsc.0000000000000918
https://doi.org/10.1080/14763141.2016.1206143
https://doi.org/10.1519/JSC.0b013e31823b8702
https://doi.org/10.1519/JSC.0b013e31823b8702
https://doi.org/10.1007/s00421-009-1134-
https://doi.org/10.1249/MSS.0b013e31818cb278
https://doi.org/10.1249/MSS.0b013e31818cb278


235Sport Sciences for Health (2019) 15:229–235	

1 3

	18.	 Cohen J (1969) Statistical power analysis for the behavioural sci-
ences. Academic Press, New York

	19.	 Franchini E, Takito MY, Bertuzzi RCM, Kiss MAPD (2004) Nível 
competitivo, tipo de recuperação e remoção do lactato após uma 
luta de judô. Revista Brasileira de Cineantropometria e Desem-
penho Humano 6:07–16

	20.	 Silva BVC, Júnior MM, Monteiro GGFS, Junior LOS, Simim 
MAM, Mendes EL, Mota GR (2013) Blood lactate responses 
after Brazilian jiu-jitsu simulated matches. J Exerc Physiol Online 
16:63–67

	21.	 Borresen J, Lambert MI (2008) Autonomic control of heart rate 
during and after exercise—measurements and implications for 
monitoring training status. Sports Med 38(8):633–646. https​://
doi.org/10.2165/00007​256-20083​8080-00002​

	22.	 Eston R (2012) Use of ratings of perceived exertion in sports. Int 
J Sports Physiol Perform 7(2):175–182

	23.	 Bridge CA, Jones MA, Drust B (2009) Physiological responses 
and perceived exertion during international taekwondo competi-
tion. Int J Sports Physiol Perform 4(4):485–493

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.2165/00007256-200838080-00002
https://doi.org/10.2165/00007256-200838080-00002

	Performance, rating of perceived exertion and physiological responses during a Brazilian jiu-jitsu match: comparisons between winning and losing athletes
	Abstract
	Introduction
	Materials and methods
	Study design
	Participants
	Body mass and height measurements
	Match simulation
	Maximal handgrip strength measurements
	Heart rate measurements
	Blood lactate measurements
	Statistical analyses

	Results
	Discussion
	References


