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Abstract

The aim of this study was to analyze the acute effects of energy drink (ED) ingestion on CrossFit® 
performance in a randomized, double-blind, cross-over study, with 8 CrossFit®-trained (26.5 ± 2.7 years; 
70.2 ± 13.0 kg; 1.7 ± 0.09 m; 23.0 ± 3.2 kg/m2; ∑ skinfold thickness: 34.1 ± 6.9 mm; body fat: 13.3 ± 3.0 
%), that were randomly allocated to 2 groups and underwent 2 trials separated by a 7-day washout 
period. Participants ingested either a dose of 300 mL of ED or Placebo (soda), 30 minutes before the 
start of tests of muscular strength (MS), 10 and 12 maximum repetitions (MRs) in barbell bench press 
(BBP) and barbell squat (BS), respectively and localized muscular endurance (LME) using Workout of 
the Day (WOD) selected. The rating of perceived exertion (RPE) and the rating of perceived pain (RPP) 
were evaluated immediately after the tests. The total volume of repetitions (TVR) was evaluated to 
each test. The TVR was significantly higher after consuming the ED (p = 0.012) and of the Placebo 
(p = 0.027). There was a reduction in the rate of RPE after the consumption of both drinks (p = 0.023 
and p = 0.024). The consumption of ED significantly reduced the rate of RPP (p = 0.017). Acute ED 
ingestion improved CrossFit® performance by increased the TVR and the pain tolerance.

Keywords: Exercise; Exercise movement techniques; Exercise test; Physical fitness; Physical endurance.

Energy drinks (ED), typically formulated with a 
mixture of caffeine (about 32 mg), taurine (about 400 
mg), glucuronolactone (about 240 mg), inositol (about 
20 mg), B-complex vitamins (40%) 100% of daily 
requirements) and carbohydrates (about 11 g) in every 
100 mL of the product1 or any substance that acts as a 
central nervous system stimulant, first appeared in the 
U.S. in 1949, and nearly 40 years later in Europe, with 
claims to improve physical and cognitive performance 
as ergogenic resources2.

The speculation proposed by manufacturers and 
physical activity/athlete consumers regarding the 
effects on human performance by ED, although widely 
consumed worldwide today, has been rarely studied3-5, 
and studies performed are inconclusive, leaving gaps 
in the specialized literature regarding these products, 

including the non-approach of the subject in the 
current guidelines6, 7.

In this context, such products may be sought by 
practitioners of vigorous physical activities, such 
as CrossFit® (CrossFit, Inc., Washington, DC, 
USA), which consists of aerobic exercise, Olympic 
weightlifting, gymnastic movements with high-speed 
repetitions, and limited or no recovery interval between 
sets, characteristics that have generated debate about 
risk of injury and overtraining8. Thus, CrossFit® 
training incorporates both, high-intensity and resistance 
exercises. In theory, athletes could benefit largely from 
the supplementation of ED. However, to date, there 
are no studies examining the influence of ED on 
performance in CrossFit®.

To address this problem, in the present study, we 
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proposed a acute dose ED regimen. We aimed to 
examine the effects of ED on CrossFit® performance by 
the rating of perceived exertion (RPE) and the rating of 
perceived pain (RPP) and the total volume of repetitions 
(TVR), in tests of muscular strength (MS), 10 and 12 

maximum repetitions (MRs) in barbell bench press 
(BBP) and barbell squat (BS), respectively and localized 
muscular endurance (LME) using Workout of the Day 
(WOD) selected. The hypothesis of this study is that 
the ingestion of ED improves CrossFit® performance.

Methods

Participants

The sample size calculation was based on an alpha 
value of 5%, and power of 80% and effect size of 0.5 
using crossover ANOVA. These parameters generated 
a sample size of 12 subjects. Fifteen participants were 
initially enrolled in this study. However, 8 (3 women, 
5 men; mean ± SD:  age: 26.5 ± 2.7 years; baseline 
values of body mass: 70.2 ± 13.0 kg; body height: 1.7 
± 0.09 m; Body Mass Index [BMI]: 23.0 ± 3.2 kg/
m2; ∑ skinfold thickness: 34.1 ± 6.9 mm; body fat: 
13.3 ± 3.0 %) completed the entire study protocol 
and were included in analyses. The participants 
were recreationally and regularly training 
CrossFit® at the CrossFit® Alaia (6 participants) 
and CrossFit® Blumenau (2 participants) clubs 
in Blumenau, Brazil, chosen for convenience 
from prior institutional ties and considering 
the availability of personnel and materials. The 
criteria for qualifying for the study, among 
others, included good health condition9, a valid 
and up-to-date medical certificate confirming the 
athlete’s ability to practice sports, at least three 
months of CrossFit® training experience, and a 
minimum of 3 workout sessions a week in the 
practiced CrossFit® discipline.

The studies were conducted from May to 
June 2016. All athletes declared that they 
had not introduced any changes in their 
lifestyles, elements of training, nutrition or 
supplementation, and that they had not been 
using any medications and supplements with 
potential ergogenic effects, other than those 
supplied by the authors of this study.

Those who did not meet the inclusion criteria 
asked to withdraw their participation in the 
research, and did not show physical or intellectual 
conditions to meet the evaluation protocol were 
excluded from the analysis. Therefore, of the 15 
recruited subjects, 7 did not meet the inclusion 
criteria, 4 did not have a medical certificate and 
3 did not have the required practice time.

Ethical aspects

The research related to human use has complied 
with all the relevant national regulations and 
institutional policies, has followed the tenets 
of the Declaration of Helsinki10, and has been 
approved by the Committee of Ethics and 
Research on Human of the Catarinense Federal 
Institute under opinion No. 1.768.851/2016. 
Informed consent has been obtained from all 
individuals included in this study.

Procedures

FIGURE 1 show the study protocol, that 
consisted of two 15-day experimental trials separated 
by a 7-day washout period in a randomized double-
blind Placebo-controlled cross-over manner. 
Anthropometric measures were obtained on the 
preliminary visit (1st session). The participants 
were familiarized with the testing procedures, 
protocols, and equipment used before beginning 
the study (2nd and 3rd sessions). After being 
qualified for the study, participants were subjected 
to a randomization procedure and assigned either 
to the group receiving first a ED preparation or to 
the group receiving Placebo. The randomization of 
participants was obtained by computer-generated 
numbers, and the allocation and administration of 
products centrally generated by an independent 
person (nutritionist) who was not responsible 
for determining participants eligibility, had no 
information about participants and did not 
participate of the other stages of the research.

The main study protocol involved another 
6 sessions (4th to 9th) in tests of MS, 10 and 
12 MRs in BBP and BS, respectively and LME 
using WOD selected, after consensus of the 
CrossFit® coaches certificates the of two clubs, 
previously on the begin to the study, with verbal 
command stimulus and with the technique and 
form of execution for each exercise standardized 
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and continuously monitored in an attempt to 
ensure the quality of execution. During trials, 
the participants ingested at a dose of 300 mL 
either ED (Mormaii EnerGETico®), supplied 
by Wild+Amazon Flavors, or Placebo (Guarana 
Antarctica Black®), supplied by the Americas 
Beverage Company (AMBEV S/A), 30 minutes 
before the start of standardized exercises. Both 
drinks have a similar amount of sugar.

The participants were instructed to complete 
the anthropometric measurements and testing 
sessions between 5.30 and 9.00 PM and avoid 
strenuous exercise for the 24 hours prior to each 
test session. However, three hours before the 
tests, participants consumed standardized small 
meals. In addition, the participants were asked 
to maintain the same dietary intake and training 
load throughout the study protocol.

Immediately after each test, RPE and RPP 
were measured using the Borg scale11, adapted 
by Foster et al.12 and the visual analogue scale 

for pain13, respectively.

Supplementation

Four participants were randomly allocated to 
the “Energy drink - Placebo” group and four to 
the “Placebo - Energy drink” group.

Placebo and ED were administered in similar 
containers preventing visual recognition and 
always immediately after consumption of one 
extra-strong menthol (Halls® mini) artificial 
hard taste drop supplied by Cadbury Adams 
Brazil, to hinder identification of the drinks, 
according to the nutritionist, with no chance 
that it can have any effect on the performance 
results. For the purpose of double blinding, 
neither the researchers nor the participants knew 
whether ED or Placebo was administered. Only 
the nutritionist had access to information on 
randomization, which was revealed only after 
cessation of the protocol.

FIGURE 1 - Experimental design.
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Anthropometric measurements

Participants underwent anthropometric assessment 
individually at an appropriate location in each CrossFit® 
club between 5.30 and 9.00 PM. Height was measured 
with a stadiometer at an accuracy of 0.1 cm (Sanny®, 
São Paulo, Brazil). Body mass was determined with 
a mechanical scale at an accuracy of 100 g (Welmy®, 
São Paulo, Brazil). Subscapular (SS), triceps (TR), 
supra-iliac (SI), and medial calf (MC) skinfolds were 
measured with an adipometer at an accuracy of 0.1 
mm (Sanny®, São Paulo, Brazil). Body density was 
estimated through Petroski14. Once the body density 
was determined, fat percentage was calculated using the 
Siri equation15. BMI was defined as the body mass in 
kilograms divided by the square of height in meters and 
used according to the cutoff points of the classification 
adapted by the World Health Organization16. All 
anthropometric measurements were collected by a level 
3 anthropometry-certified physical education teacher 
from the International Society for the Advancement 
of Kinanthropometry (ISAK), three times by (non-
consecutive) rotation, and the mean was used as the 
measure, with an intra-evaluative estimated technical 
error of measurement (TEM) for skinfold thickness of 
up to 5%, and 1% for other measurements, according 
to ISAK recommendations17.

Exercise tests

All participants were submitted to the in tests of MS, 
10 and 12 MRs in BBP and BS, respectively, and LME 
using WODs selected, with techniques and executions, 
following the procedures of Rodrigues and Rocha18 
and CrossFit®19, respectively, by the total number of 
repetitions with no interval between exercises, separated 
in categories by training time: Beginner (3-6 months) 
[WOD-A: Overhead Lunge (OL), 20 kg; Abmat Sit-
up (AS); and Burpee (B)]; Intermediate (7-18 months) 
[WOD-B: Wall Climbing (WC); Wall Ball (WB), 
10 lb for Women; 20 lb, for men; and Box Jump 
(BJ)]; Advanced (19 months or more) [WOD-C: 
Handstand Push-up (HP); Overhead Squat (OS), 40 
kg; and Kipping Pull-up (KP)]. In each test of MS, a 
maximum of three attempts were allowed to reach the 
load for 10 and 12 MRs with an interval of 5 minutes 
between attempts and 20 minutes between exercises. 
The load used in the first attempt in each test of MS 
was determined by the subject (subjective) based on 
their training experience, the increase in load between 
attempts was at least 1 kg and 2.25 kg for BBP and 
BS exercises, respectively. The subjects were instructed 

to perform a maximum of 10 and 12 repetitions per 
attempt even if the load allowed more, the attempt in 
which the volunteer performed 10 and 12 repetitions 
with the maximum load possible, when concentric or 
eccentric failure occurs, before the twelfth and twelfth 
retry to be achieved, the attempt was discarded. All 
tests were video recorded to allow precise counting of 
all technically-well performed repetitions. Coaches, 
with CrossFit® certificates, verbally counted repetitions 
(WODs), but only if the participant completed a full 
range of motion required for each exercise. Repetitions 
that did not meet movement standards were not 
counted, and participants were provided with feedback 
to meet the movement standards.

Statistics

Descriptive statistical analysis was used adopting 
the frequency and percentage for categorical variables 
and mean ± standard deviation (SD) for continuous 
variables. The nine exercises were aggregated into 
a single variable (WOD Z score) to reduce type 
I error and allow comparison of WOD exercise 
performance, as follows: the number of repetitions of 
each participant in each WOD exercise was added; 
thus, each participant had one result per assessment 
day, and then each participant received a Z score for 
their performance. A negative score meant performance 
below their mean performance, while a positive score 
reflected performance above their mean performance. 
Data normality was tested using the Shapiro-Wilk 
test. Student’s t-test for independent samples was 
employed to assess the appropriateness of participant 
randomization in the baseline Placebo and ED groups.

Standard methods for two-period two-treatment 
crossover designs were used to evaluate the effect of 
supplementation20. The mixed linear regression model 
for longitudinal data, together with the restricted 
maximum probability method, was used to assess the 
impact of ED on the variables analyzed during the 
experimental protocol. The correlated random effects 
model was used for the evaluated participants, and 
the assessment period as a repeated effect in a model 
with correlated residuals within random effects, given 
the possibility of the correlation between repeated 
measures decreasing in strength in the most distant 
periods (weeks) over time, an autoregressive 
residual covariance structure was adopted. When 
the significant result was found the Cohen’s 
D was used for the effect size calculation and 
classified as “trivial” (<0.19), “small” (0.20–0.49), 
“moderate” (0.50–0.79), and “large” (>0.80)21. 
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TABLE 1 - Mean ± standard deviation of the results of the Workout of the Day and the lifted loads (kilogram) in 
the barbell bench press and barbell squat, n = 8.

Energy drink - Placebo Placebo - Energy drink

Baseline Wave 1 Wave 2 Baseline Wave 1 Wave 2

BBP

RPE 7.7±2.2 9.1±0.6 8.7±0.9 9.0±0.8 8.2±1.5 7.8±1.1

RPP 6.1±1.9 7.3±0.4 7.5±0.5 6.1±2.9 6.3±1.0 6.6±3.2

10MRs 56.5±26.2 54.5±28.3 54.5±29.7 53.0±32.2 54.0±31.1 55.0±31.3

BS

RPE 7.7±0.5 8.2±1.7 8.5±1.0 9.2±0.9 9.0±0.8 9.0±0.8

RPP 5.8±1.4 6.5±1.5 6.2±0.9 6.7±2.2 7.5±1.4 6.7±2.2

12MRs 64.5±30.1 62.5±36.2 67.0±36.5 57.5±32.1 62.5±29.5 62.0±27.9

WOD

RPE -0.07±1.0 -0.1±0.6 0.2±1.0 -1.1±0.03 0.6±0.1 0.5±0.2

RPP -1.0±0.1 0.3±0.5 0.6±0.5 -0.3±0.8 0.7±0.4 -0.4±0.7

TVR -0.7±0.5 0.4±0.9 0.3±0.5 -0.3±0.8 -0.1±0.9 0.4±0.8

BBP = barbell bench 
press; 
BS = barbell squat; 
MRs = maximum 
repetitions; 
RPE = rating of 
perceived exertion; 
RPP = rating of 
perceived pain; 
TVR = total volume of 
repetitions; 
WOD = Workout of 
the Day.

Results

TABLE 1 shows the results as mean and SD 
for the variables RPE, RPP, and TVR in the 
nine exercises of the three WODs, in Z score, 
RPE, RPP, and the lifted loads (kg) in exercises 
BBP and BS, during the experimental protocol. 
Adequacy of randomization and wash-out period 
was demonstrated, since the former showed 

no significant differences in baseline between 
the analyzed variables (age, anthropometric 
characteristics, RPE, RPP, and TVR in the nine 
WOD exercises, RPE, RPP and the loads raised in 
kg in BBP and BS) (p > 0.05), and in the latter, 
the carry-over effect was not significant in any 
of the analyses (p > 0.10).

FIGURES 2, 3 and 4 shows the effects on RPP, 
TVR, and RPE in Z-score for the nine exercises of 
the three WODs when compared to the baseline in 
all experimental sessions.

ED consumption (p = 0.017) and baseline (p < 
0.001) resulted in significantly lower RPP values 
when compared to Placebo consumption. However, 
ED consumption compared to baseline showed no 
significant differences in RPP (p = 0.218).

ED and Placebo showed significantly higher 
results when compared to baseline in TVR and RPE 

(p = 0.012 and p = 0.023; p = 0.027 and p = 0.024, 
respectively), although no significant differences 
were found when comparing the consumption 
of ED with Placebo to TVR (p = 0.745) and 
RPE (p = 0.982).

All significant results, whether comparing groups 
or baseline, show an effect size between 0.5 and 0.7, 
that’s means a medium effect size.

The results of the mixed linear model indicate 
that ED consumption had no significant effects on 
the other variables analyzed (p > 0.05).

The significance level was p ≤ 0.05 for the 
training effect and p ≤ 0.10 for the carry-over 
effect, and all statistical analyses were performed 

using Statistical Package for the Social Sciences® 
(SPSS) (PASW Statistics for Windows, Version 
18.0. Chicago: SPSS Inc.).
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FIGURE 2 - Ergogenic effect of energy drink (ED) on rating of perceived pain (RPP), Z-score, Workout of the Day 
(WOD) exercises in all experimental sessions. *p < 0.05. **p < 0.001.

FIGURE 3 - Ergogenic effect of energy drink (ED) on total volume of repetitions (TVR), Z-score, Workout of the 
Day (WOD) exercises in all experimental sessions. *p < 0.05.

FIGURE 4 - Ergogenic effect of energy drink (ED) on rating of perceived exertion (RPE), Z-score, Workout of the 
Day (WOD) exercises in all experimental sessions. *p < 0.05.
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Discussion

This study aimed to analyze the acute effects 
of ED on CrossFit® performance by the RPE and 
RPP and the TVR, in tests of MS, 10 and 12 
MRs in BBP and BS, respectively and LME using 
nine selected exercises proposed by CrossFit® 
(WOD-A: OL, AS, B; WOD-B: WC, WB, BJ; 
and WOD-C: HP, OS, KP).

The hypothesis of this study was partially 
confirmed, as there were effects on RPP, TVR, 
and RPE, in Z-score, for the nine exercises of 
the three WODs in all experimental sessions, 
with the consumption of the ED and baseline, 
showing significantly lower RPP results when 
compared to Placebo consumption, and both 
drinks showing significantly higher TVR 
and RPE results when compared to baseline, 
probably partly due to the stimulating action 
of caffeine, taurine, and B vitamins, the first 
two for their synergistic action on mood and 
alertness modulation, and the other for playing 
an essential role in metabolism22,23.

The effects of ED, or of its isolated ingredients, 
on performance during high-volume muscular 
endurance workouts that tax multiple muscle 
groups with limited recovery (e.g., CrossFit®) 
remains unknown. However, the caffeine, one 
of the main ingredients in ED, with “good 
evidence” establishing its ergogenicity across a 
variety of exercise protocols and muscle groups, 
was analyzed in two randomized, double-blind, 
crossover studies24,25, but caffeine’s ergogenic 
effect were not present during the CrossFit® 
workout, performanced by CrossFit®-trained men 
CrossFit®. Fundamentally, the limited evidence 
from the sports nutrition community exists 
regarding the utility of dietary supplementation 
for CrossFit® performance.

The results of studies related to the use of ED 
are controversial, with variations in experimental 
designs and sample characteristics, pointing from 
the promotion of positive effects on cognition 
and mood26, level of optimism negatively 
correlated with the frequency of consuming27, 
to the association with unhealthy behaviors28,29, 
including excessive or alcohol consumption30, 
which may exert ergolytic effect (decreased 
physical performance)7, also contributing to 
commendations for safer use of energy drinks1,31.

The mechanism of the effect of ED on 
human performance is not yet clear. Although 

cyclists showed improved performance after 
ingestion of this type of drink22,32, however, 
the ergogenic effect was not proven in the set 
of sprint repetitions, changes in heart rate and 
RPE, in female field soccer players33. Moreover, 
so far, no national or international studies that 
investigated the acute ergogenic effect by RPE 
and RPP and TVR due to the administration 
of ED and Placebo on human performance in 
tests of participants recreationally and regularly 
training CrossFit® have been found.

CrossFit® is part of functional training, 
with demands on motor skills such as balance, 
coordination, gait, agility and proprioception, 
aimed at improving the strength and stability of 
the muscles of the central region of the body34. A 
tendency of the fitness segment in the world over 
the last decade35, characterized as another variant 
of sports performance (training the body as 
required in competition), as well as recreational 
and general training (performing movements that 
mimic those in daily living)9. The method has 
increasingly more adherents around the world, 
despite the scarce scientific evidence concerning 
its efficacy or harm8, and its practitioners may 
consume indiscriminately ergogenic substances, 
mainly with nutritional inadequacy concerning 
micronutrients and macronutrients36, such as 
ED, to improve recovery, as occurs for dietary 
supplements37, offered as the only response to 
better performance in various sports modalities 
and practices, since insufficient rest periods can 
promote high levels of exercise-induced stress38,39.

The results of this study did not show significant 
effects of treatment (ED) when compared with Placebo, 
except in RPP, in most of the analyzed variables, 
in participants recreationally and regularly training 
CrossFit®, in MS and LME tests, with experimental 
design and strict methodological control, with adequate 
randomization and wash-out period. But the tonnage 
increased with ED and Placebo. It is speculated that 
the improvements in RPE and TVR, in Placebo, may 
have happened due to the verbal command stimulus.

However, further specific studies are required 
to investigate the BBP and BS tonnage responses 
(BBP volume x load lifted + BS volume x load 
lifted) as different TVRs have been associated 
with distinct acute responses40,41. Furthermore, 
the RPE is dependent on the overload used42,43, 
however, no consensus on the RPP.
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Methodological limitations focus on the 
results of this study, especially regarding the 
small sample size of the analyzed volunteers, 
the cross-sectional design, which does not allow 
cause-and-effect interpretation, the application 
of the results to other exercises, extrapolation to 
other populations, the lack of testing isolated 
components of ED and Placebo, collection 
of biochemical markers of fatigue and greater 
controls on daily routines throughout the study, 
including diet, recovery rate between sessions 
and stress analysis of athletes that may have 
influenced different RPE/RPP, and the use of 
the three Z-score WODs for the analysis of RPE, 
RPP and TVR. Another limiting factor is the 
rare scientific evidence on CrossFit® training44 

and investigations that sought to prove the 
effectiveness of supplementation in practitioners 
of this sport45,46.

The results of this study evidence that 300 mL 
dosages of ED (Mormaii EnerGETico®) and  Placebo 
(Guaraná Antarctica Black®) 30 minutes before the 
start of the standardized exercises, in experimental 
sessions with an interval of a minimum of seven 
days of the same test and 24-48h of the different 
tests, did not significantly improve the production 
of isotonic strength of the upper and lower limbs, 
but participants recreationally and regularly training 
CrossFit®, aiming for as many repetitions as possible 
in WOD exercises without intervals and recovery 
between each other, may have higher pain tolerance 
and tonnage increase, with distinct training time.

Resumo

Efeito agudo da ingestão de bebida energética no desempenho do Crossfit®: um estudo cruzado, 
randomizado, duplo-cego.

O objetivo deste estudo foi analisar os efeitos agudos da ingestão de bebida energética (BE) no desem-
penho do CrossFit® em um estudo cruzado, randomizado, duplo-cego, com 8 treinados no CrossFit® 
(26,5 ± 2,7 anos; 70,2 ± 13,0 kg; 1,7 ± 0,09 m; 23,0 ± 3,2 kg/m2; ∑ espessura de dobras cutâneas: 34,1 
± 6,9 mm; gordura corporal: 13,3 ± 3,0 %), que foram alocados aleatoriamente em 2 grupos e foram 
submetidos a 2 ensaios separados por um período de washout de 7 dias. Os participantes ingeriram 
uma dose de 300 mL de BE ou Placebo (refrigerante), 30 minutos antes do início dos testes de força 
muscular (FM), 10 e 12 repetições máximas (RMs) no supino reto (SR) e agachamento com barra (A), 
respectivamente, e resistência muscular localizada (RML) usando o Workout of the Day (WOD) sele-
cionado. A percepção subjetiva de esforço (PSE) e a percepção subjetiva de dor (PSD) foram avaliadas 
imediatamente após os testes. O volume total de repetições (VTR) foi avaliado para cada teste. O VTR 
foi significativamente maior após consumir a BE (p = 0,012) e o Placebo (p = 0,027). Houve redução da 
taxa de PSE após o consumo de ambas as bebidas (p = 0,023 e p = 0,024). O consumo de BE reduziu 
significativamente a taxa de PSD (p = 0,017). A ingestão aguda de BE melhorou o desempenho do 
CrossFit® por aumentar o VTR e a tolerância à dor.

Palavras-chave: Aptidão física; Exercício físico; Resistência física; Técnicas de exercício e de movimento; 
Teste de esforço.
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