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Abstract – The aim of this study was to investigate the acute effect of intra-set antagonist static 
stretching (hamstrings) on the performance of maximum repetitions of knee extensors adopt-
ing muscle endurance training zone. The sample consisted of 15 healthy male volunteers with 
experience in strength training (23.7 ± 4.3 years, 81.9 ± 15.0 kg, 1.8 ± 0.1 m). Two experimental 
protocols were conducted: protocol without static stretching (PT) and antagonist stretching 
protocol (PAA) in the knee extension exercise. The results showed that there was no differ-
ence between protocols or interactions between protocols and sets in maximum repetitions 
performance (PT, set1 – 21.3 ± 3.4; set2 – 16.1 ± 1.9; set3 – 13.5 ± 1.3 / PAA, set1 – 21.0 
± 2.0; set2 – 16.7 ± 2.6; set3 – 13.7 ± 2.2) (p ≤ 0.05) (p ≤ 0.05). Therefore, antagonist static 
stretching does not influence performance of maximum repetitions of knee extensors over 
multiple sets focused on muscle endurance.
Key words: Exercise; Quadriceps; Stretching; Strength.

Resumo – O objetivo do presente estudo é investigar o efeito agudo do alongamento estático (AE) dos 
músculos antagonistas (isquiostibiais) intra-série no volume de repetições máximas dos extensores de 
joelho no exercício cadeira extensora. A amostra foi composta por 15 homens voluntários, saudáveis, 
com experiência em treinamento de força (23,7 ± 4,3 anos, 81,9 ± 15,0 kg, 1,8 ± 0,1 m). Foram 
realizados dois protocolos experimentais, protocolo sem alongamento estático prévio (PT) e protocolo 
de alongamento dos antagonistas (PAA). Os resultados demonstraram que não houve diferença entre 
os protocolos ou interações entre protocolos e séries no desempenho de repetições máximas (p ≤ 0,05). 
Não havendo também decréscimos no desempenho de força muscular. Conclui-se que é provável que o 
AE não influencie um maior desempenho de repetições máximas quando aplicado em faixa de repetições 
voltadas à resistência muscular.
Palavras-chave: Alongamento; Exercício; Força; Quadríceps. 
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INTRODUCTION

Flexibility is considered a physical valence that can provide numerous 
beneficial health effects, such as improved functional capacity in daily 
activities, maintenance and gain of joint amplitude, as well as improve-
ments in postural stability and balance1. According to Coelho2, flexibility 
is related to the viscoelastic properties of muscles, ligaments, and other 
connective tissues, which will provide movement of one or more joints 
through range of motion.

Scientific literature presents three types of stretching methods most 
commonly used: static, ballistic and proprioceptive neuromuscular fa-
cilitation3-5. Static stretching (SS) is considered efficient to produce acute 
increase in range of motion6,7. However, there are studies pointing out 
that strength and power deficit and maximum force production capacity 
are dependent on the stretching volume. High stretching volumes, such 
as approximately 360 seconds, are sufficient to influence this deficit8-10. 
However, when performed at submaximal intensity and low volume, they 
may not compromise strength and power performance11-13.

According to previous studies, the application of SS before exercise has 
been questioned. Some evidence suggests that SS is unlikely to prevent inju-
ries14. On the other hand, several studies indicate that pre-exercise SS can sig-
nificantly reduce performance in muscle strength tests15-17. Other studies have 
found that muscle stretching do not reduce muscle strength performance18.

Paz et al.3 conducted a study with sixteen young women with previous 
experience in strength training applying the proprioceptive neuromuscular 
facilitation (PNF) technique to the antagonist muscles before a set of 10 
maximum repetition loads in sitting open rowing exercise and observed 
a significant increase in the number of repetitions performed and in the 
electromyographic signal (EMG) of agonist muscles (latissimus dorsi and 
biceps brachii), compared to protocol without antagonist pre-activation 
via PNF stretching. As in the study by Miranda et al.19, conducted with 
eleven recreationally trained individuals, who performed knee flexion and 
biceps curl exercises, a significant improvement in the muscle performance 
of agonists with increased maximum repetitions after static stretching of 
antagonist muscles in both protocols.

In a study by Miranda et al.20 performed with ten recreationally trained 
subjects with previous experience in strength training, the effects of passive 
static stretching of 40 seconds of the pectoralis major muscle, antagonist 
in the sitting row exercise were verified. During the interval between sets 
in the performance of seated row repetitions, the results demonstrated 
significant improvement in the volume of maximal repetitions completed 
after SS of antagonist muscles.

There is little evidence associated with the application of static stretch-
ing to knee extensor (hamstring) antagonist muscles in the performance of 
maximal repetitions in the intra-set leg extension machine; however, the 
potential effects of applying muscle stretching of antagonists are not yet clear 
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in literature21,22. Thus, scientific evidence related to the potential effects of 
antagonist pre-activation on muscle performance and muscle activation in 
dynamic actions under ecological conditions similar to the practical reality 
of strength training may assist professionals of training and rehabilitation-
related areas in prescribing and evaluating muscle performance by applying 
protocols involving reciprocal actions of agonists / antagonists.

Therefore, the aim of the present study was to investigate the acute 
effect of static stretching of the intra-set antagonist (hamstring) muscles 
versus passive recovery interval on the maximum repetition volume of knee 
extensors in the leg extension machine. One of the hypotheses considered 
is that there is an increase in the performance of repetition volume in the 
exercise prformed in the leg extension machine for agonist muscles (knee 
extensors) after the application of static stretching in antagonist muscles 
(knee flexors) compared to protocol without stretching.

METHOD

Research Characterization
This is an experimental crossover research23,24. This research model con-
sists of an experiment conducted with randomly formed groups, with the 
objective of researching the response level due to specific manipulation in 
the dependent variables for a brief period of time.

Sample
The sample consisted of 15 male healthy volunteers with previous experi-
ence in strength training aged 23.7 ± 4.3 years. Inclusion criteria were: 
a) to practice strength training for at least one year; b) to have previous 
experience in the proposed exercise; c) to have no history of osteomioar-
ticular injury; d) negative PAR-Q.

Exclusion criteria were: a) to exercise the muscle groups involved in 
the research exercise up to 48 hours before the experiment; b) to have 
performed flexibility training in these muscles up to 48 hours before data 
collection; c) individuals with joint limitations that may interfere with the 
proposed exercises.

Research Ethics
All individuals signed the free and informed consent form, according to 
National Health Council Resolution 466/2012, and were instructed on 
protocols, experimental risks and equipment used, and were instructed not 
to perform training 48h before sessions. The research project was submitted 
to the Ethics Committee of Research Involving Human Beings of UFRJ 
and duly approved according to protocol: 08657113.0.0000.5257.

Procedures
On the first visit, the participant became familiar with test procedures. 
Familiarization was performed in the leg extension machine with a series 
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of 12 repetitions and in the hip flexor stretching with knee extended 
with 30 seconds of passive static stretching for each limb. One day after 
familiarization, participants performed 20 maximum repetitions in the leg 
extension machine (20RM) to determine the maximum load. To confirm 
loads, 48 ​​hours after the 20RM test, 20RM retest was performed. After 
determining the 20RM loads, the test protocols were randomly performed 
with minimum interval of 72h between test protocols.

20RM test on the leg extension machine 
Individuals were submitted to load determination to the 20 maximum 
repetition test (20 RMs), that is, the highest weight obtained in both days 
(test and retest) was verified, with difference less than 5% between them. 
In the event of a larger difference, subjects would be asked to perform a 
new test so that this difference could be recalculated.

To minimize possible errors in the application of 20RMs tests, the 
following strategies were adopted: (a) all subjects received standardized 
instructions of the data evaluation routine and exercise technique to be 
applied before the test, (b) the technique of exercise during all test sessions 
was monitored and corrected as necessary and (c) all subjects received ver-
bal encouragement during the test. During the 20RMs test, each subject 
performed a maximum of three exercise attempts with a 5-minute interval 
between attempts. Standard exercise techniques were followed. No pause 
was allowed between eccentric and concentric phases of one repetition 
or between repetitions. For a repetition to be successful, a full range of 
motion, as is usually defined by the exercise, would have to be completed.

Exercise Standardization
The knee extension exercise in the leg extension machine was described 
by Monteiro and Simão26 as follows: The initial position was made with 
individual in the sitting position, with arms along the body holding the 
support of the apparatus, with trunk inclination at 70° and knee flexed at 
90° with head in the Frankfurt plane; and the development of the exercise 
was performed from the initial position, the full extension of legs was 
performed. After the end of extension, legs returned to the initial position.

Traditional Protocol (PT)
Initially, a specific warm-up of a set of 12 repetitions with 60% of the load 
was performed. After warm-up, 3 sets with 20-RMs load were performed 
until concentric failure with passive interval of 2 minutes between each set.

Antagonist Stretching Protocol (PAA)
In the protocol with antagonist stretching (PAA), specific warm-up of a 
set of 12 repetitions with 60% of the load was performed. After warm-up, 
3 sets with 20 RMs load were performed until concentric failure where 
stretching was performed immediately before and at intervals between sets. 
As antagonist stretching protocol, 2 sets of 30 seconds passive stretching 
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were adopted for each limb with total duration of 2 minutes. The tension 
time in each set and protocol was recorded in the leg extension machine.

Static Stretching
Subjects were positioned in supine position and the evaluator passively 
performed hip flexion with knee extended, keeping the other lower limb 
resting on the ground27. According to ACSM1 recommendations, 10 to 
30 seconds of tension is recommended, resulting in a total volume of 60 
seconds for each muscle stretching exercise performed from 2 to 4 sets. 
Therefore, two sets of passive static stretching were used in this study, be-
ing unilaterally performed alternating sides without pauses between sets 
and sustaining the tension position for 30 seconds in each limb, resulting 
in a total time of two minutes.

Statistical treatment
Statistical treatment was performed using SPSS software version 20.0 
(Chicago, IL, USA). Statistical analysis was initially performed using the 
Shapiro-Wilk normality test and homoscedasticity test (Bartlett criterion). 
All variables presented normal distribution and homoscedasticity. The in-
traclass correlation coefficient (ICC = (MSb - MSw) / [MSb + (k-1) MSw) 
was calculated to verify the reproducibility of test and retest of 20RM. 
Two-way repeated measures ANOVA (2 x 4) followed by Bonferroni post 
hoc was applied to determine whether significant difference or interaction 
occurred between type of training (traditional versus antagonist stretch-
ing) and between sets (1-4) in relation to the performance of maximum 
repetitions and time under tension. P value ≤ 0.05 was adopted for all 
inferential analyses.

RESULTS

ICC for the 20RM test and retest in the leg extension machine was 0.94. 
The sample characteristics can be observed in Table 1.

Table 1. Mean (standard deviation) of the sample characteristics

Age (years) Body mass (kg) Height (m) BMI 20-RM load (kg)

23.7 (4.3) 81.9 (15.0) 1.8 (0.1) 26.1 (3.8) 73.7 (16.2)

Note. BMI - Body Mass Index; RM - Maximum Repetition 

Regarding performance of the maximum repetition (Table 2), there 
was no difference between protocols or interactions between protocols and 
sets (p ≤ 0.05). On the other hand, significant differences were observed 
between intra-protocol sets (F = 75.342; p 0.0001).

Regarding time under tension (Table 3), there was no difference 
between protocols or interactions between protocols and sets (p ≤ 0.05). 
On the other hand, significant differences were observed between intra-
protocol sets (F = 42.359; p 0.0001).
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Table 2. Mean (standard deviation) of the maximum repetition performance

Set 1 Set 2 Set 3

Traditional Protocol 21.3 (3.4) 16.1 (1.9)* 13.5 (1.3)*†

Antagonist Stretching 21.0 (2.0) 16.7 (2.6)* 13.7 (2.2) *†

Table 3. Mean (standard deviation) of time under tension (seconds)

Set 1 Set 2 Set 3

Traditional Protocol 26.7 (5.3) 20.1 (3.3) * 17.4 (2.8) *†

Antagonist Stretching 25.5 (5.3) 20.6 (3.6) * 16.3 (1.8) *†

DISCUSSION

The results showed that in this study, there was no significant difference 
in the number of maximum repetitions between PT and PAA protocols. 
Thus, the initial hypothesis raised of a possible performance increase in 
the repetition volume in the leg extension machine exercise for agonists 
(knee extensors) after SS application in antagonist muscles (knee flexors) 
compared to PT protocol was not confirmed. However, it is important to 
observe that there was no deleterious effect of strength observed through 
the number of maximum repetitions in the present study, as observed in 
previous studies that demonstrated reduction in strength and muscle power 
after muscle stretching7-10.

Similar studies using antagonist stretching techniques have resulted in 
improved maximal repetition performance3,19,20,28. The results of the present 
study regarding the number of maximum repetitions did not corroborate the 
study by Miranda et al.19 who verified the acute effect of static stretching 
on antagonists on the maximal repetition test for agonist muscles of eleven 
individuals with previous experience in strength training. Two sets of 40 
seconds of static stretching were performed on each limb of the follow-
ing movements, knee flexion and shoulder abduction with flexing elbow. 
Immediately after stretching of knee extensors, leg extension exercise was 
performed, and immediately after stretching of biceps antagonists, biceps 
curl exercise was performed. There was significant increase in the number 
of maximal repetitions of agonists in the SS protocol compared to protocol 
without stretching in the leg extension and biceps curl exercises. Another 
study that investigated the effects of passive static stretching during interval 
between sets on the performance of repetitions and muscle activation in 
the sitting row exercise resulted in a 12 to 15% increase in the performance 
of maximum repetitions for the proposed exercise20.

In the study by Sandberg et al.4 conducted with sixteen trained men, 
three 30-second sets of SS of the hamstring muscle group were performed 
and isokinetic knee extension test was performed at two speeds, fast and 
slow; in addition, 3 series of 30 seconds of SS of hip flexors and dorsiflexors 
and the vertical jump test were performed. There was a considerable im-
provement in agonist performance in vertical jump and extensor isokinetic 
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torque. According to the authors, some aspects such as accumulation of 
elastic energy and morphological alterations (reduction in the muscle spin-
dle trigger point and relaxation in the activation of Golgi tendon organs) 
favored by the application of SS to the antagonists may be correlated to the 
results verified. However, the studies did not find significant differences 
in muscle activity through EMG signal, that is, the increase in maximal 
repetitions cannot be correlated with a possible reduction in SS-induced 
coactivation of antagonists4,20.

Robbins et al.21 conducted a study with sixteen trained men, and found 
no significant difference in the effect of antagonist pre-activation on long-
bar rowing exercise on agonist muscle power using bench press with 40% 
of 1RM compared to protocol without pre-activation, and the authors 
considered as one hypothesis the fact that pre-activation using 4-RM did 
not favor changes in the three-phase activation pattern (agonist-antagonist-
agonist), a fact that may have occurred in the present study due to the non-
occurrence of significant differences between protocols for the 20-RM load.

In this study, no significant differences in time under tension were 
observed between PT and PAA protocols, a result similar to that obtained 
by Santiago et al.29, who verified the effect of SS on extensor and flexor 
muscles of the knee prior to exercise in the Leg Press.

Reduction in intra-protocol maximum repetitions was observed in this 
study, a fact found in literature by Miranda et al.30, who observed a con-
siderable reduction in performance in a resistance training session using a 
1-minute interval compared to 3-minute interval. For the authors, longer 
rest intervals between sets and exercises may provide higher stimulus of total 
repetitions performed with a given load and, consequently, higher training 
volume. This reduction found in the volume of repetitions in this study may be 
associated with the shorter proposed two-minute rest interval between sets, 
which was probably not sufficient for complete recovery of energy systems.

The present study had limitations because it did not evaluate the 
neuromuscular responses of the investigated stimuli through the use of 
instruments such as electromyography. The flexibility levels of individu-
als participating in the sample were not previously measured. In addition, 
another limitation was the reduced sample size, since larger sample could 
have obtained different results.

Moreover, this study is relevant because the mechanisms responsible 
for the increase of strength through the stretching of antagonist muscles 
verified in previous studies are not clear3,4,16,19,20, and even though no signifi-
cant difference was found between PT and PAA protocols, no decrease in 
strength performance was observed, and the potential effects of SS through 
an equipment commonly found in training centers and gyms (leg extension 
machine) were evaluated in this study, which enables the reproducibility 
of protocols used in the present study. Further studies should use different 
stretching protocols and antagonist pre-activation, application of protocols 
used in different muscles, use of larger samples and use of equipment to 
evaluate neuromuscular responses.
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CONCLUSION

Given the above, the results of the present study did not show significant 
improvement in the maximal repetition performance of agonists by apply-
ing static stretching to antagonists in the leg extension exercise. However, 
there was no decrease in strength performance. As studies in the range of 
repetitions investigated in this study were not found in literature, it is likely 
that SS does not influence the performance of maximum repetitions when 
applied in the range of repetitions focused on muscular endurance. These 
results suggest that during the elaboration of a strength training program, 
SS would not be an alternative aiming to improve muscle performance in 
maximum repetitions. Future studies should investigate the neural and 
morphological mechanisms that influence this relationship.
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