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ABSTRACT
Background. Stretching exercises are commonly used in warm-up routines before 
sports practice. However, there is a lack of evidence regarding the optimal intensity 
at which passive stretching should be performed in soccer players. This study investi-
gated the acute and chronic effects of different static stretching intensities on the knee 
ROM, passive torque and functional performance of amateur soccer players. 
Methods. Forty-one male amateur soccer players were allocated into four groups: no 
stretching (NS, n = 10), comfort level stretching (CLS, n = 11), mild discomfort level 
stretching (MDLS, n = 10) or pain level stretching (PLS, n = 10). Three 30-second 
sessions of static passive hamstring muscle stretching were performed 3 times a week, 
totaling 10 sessions. Intensities were established according to the scale of perceived 
effort in flexibility. Passive and active knee extension ROM, passive peak torque 
(PPT), PPT angulation, viscoelastic stress-relaxation and modified shuttle run were 
measured at baseline, post 1st session (acute effect), and 48 h after the 10th session 
(chronic effect). Discomfort/pain and affective responses were recorded after each 
session and at the end of training, respectively.
Results. No intergroup differences were observed after the 1st session. However, 48 
h after the 10th session, the MDLS and PLS groups exhibited a similar significant 
increase in active and passive knee extension ROM compared to the NS (P < 0.01, 
effect size = 1.8 to 2.6) and CLS (P < 0.01, effect size = 1.5 to 2.4). There were no inter-
group differences for the other outcomes. 
Conclusions. Static stretching exercises do not need to be prescribed at pain-tolerated 
intensity for knee flexibility gains in amateur soccer players. 
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BACKGROUND
Adequate physical conditioning is essential for sports and 
muscle flexibility is a basic component of performance 
(1). In soccer, for instance, players need good flexibility to 
perform repeated high-intensity movements such as explo-
sive sprints and powerful kicks (2). Shortening of multi-
joint lower limb muscles such as the hamstrings might 
cause muscle imbalance, which may lead to severe postur-

al consequences and pain (3) in addition to compromising 
player performance (4). 
Although recent studies have suggested that flexibility defi-
cits are minor risk factors for hamstring injury (5) improv-
ing range of motion (ROM) may influence the performance 
of soccer players (6, 7). After four weeks of static stretch-
ing (4 days/week), young elite soccer players showed an 
improvement in 35-m speed, explosiveness and agility (6), 
while 7 weeks of static stretching (6 days/week) had a posi-
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tive effect on linear sprinting in a similar group (7). Thus, 
it is reasonable to assume that appropriate hamstring flexi-
bility is important for training and rehabilitation protocols 
in this population.
Several parameters can elicit gains in joint flexibility (8), 
primarily stretch intensity, which represents the magnitude 
of force generated during the maneuver and may influence 
tissue response (8). To increase ROM, previous studies 
have suggested using higher intensity (i.e. stretching to the 
point of pain) rather than longer duration in clinical popu-
lations (9). However, soccer players are already subject to 
daily workloads (10) and high-intensity stretching to the 
point of pain may cause damage and, ultimately, be count-
er-productive (11). Thus, it may be beneficial to minimize 
overload during stretching as long as it remains effective.
From this perspective, low or high-intensity hamstring 
stretching may promote similar acute (one stretching 
session) gains in ROM (12, 13). On the other hand, chronic 
training (repeated stretching for > 3 weeks) (13) compar-
ing different stretching intensities is scarce. A recent study 
found that long-term hamstring training by stretching at 
low or high-discomfort intensities promoted similar ROM 
gains in untrained men (14). In addition, no difference in 
flexibility was observed after static stretching training to the 
point of pain or discomfort in physically active women (11).
No previous high-quality methodological studies were 
found that assessed the acute and chronic effects of 
different stretching intensities on the ROM and func-
tional performance of soccer players. Given that stretch-
ing is often prescribed for these individuals, determin-
ing the minimum stretching intensity needed to generate 
effects on ROM will contribute to better flexibility training 
prescription. Moreover, passive torque, which is the total 
resistance of the muscle-joint complex during movement 
(15), perceived discomfort/pain and affective responses to 
stretching at different intensities have yet to be investigated 
in soccer players.
Thus, the main objective of this study was to investigate 
the acute and chronic effects of different static stretching 
intensities on the knee ROM, passive torque and func-
tional performance of amateur soccer players. Discom-
fort/pain perception and affective responses to stretching 
at different intensities were also assessed. It was hypothe-
sized that stretching to the point of mild discomfort would 
be sufficient to result in an acute and chronic increase in 
ROM compared to no stretching, stretching to the point of 
comfort or to the point of pain. In addition, passive torque 
and functional performance would not be altered, regard-
less of the intensity applied, and stretching to the point of 
pain would result in worse subjective perception outcomes. 

MATERIALS AND METHODS

Study design and ethical considerations
This was a randomized clinical trial with concealed alloca-
tion and assessor blinding, carried out at the Neuromuscular 
Performance Analysis Laboratory. It was approved by the 
relevant ethics committee prior to data collection (number: 
1.883.129) and conducted according to the guidelines of the 
Muscles, Ligaments and Tendons Journal (16) and Consol-
idated Standards of Reporting Trials (CONSORT). Before 
the study, the players were informed of the procedures and 
those who agreed to participate provided written consent. 
The trial was conducted according to the Helsinki State-
ment and prospectively registered at Clinical-Trials.gov 
(NCT03150563). 

Participants
Forty competitive male soccer players were recruited through 
flyers, athletic trainers, coaches, and/or team physicians. A 
priori sample calculation was performed using G*Power 
(version 3.1; University of Trier, Trier, Germany) with previ-
ous published knee ROM data. Based on a previous study 
with 26 participants (11), α = 0.05, power (1-β) = 0.8, correla-
tion coefficient = 0.5, and effect size = 0.28 were adopted. 
According to these values, it was estimated that a total of 36 
participants were needed. Considering a likely dropout rate 
of 15%, 40 participants were targeted (10 per group). Indi-
viduals were included if they were aged ≥ 18 years, engaged 
in soccer training sessions at least 3 times a week and had 
limited range of motion (15° of active knee extension) (17). 
The ROM limitation of 15° was needed because the players 
had to have the primary indication of stretching maneuvers. 
Potential players were excluded if they met any of the follow-
ing criteria: acute injury or disorders that prevented them 
from undergoing the assessments or training sessions; prior 
lower limb or torso surgery; and taking drugs at the time of 
the evaluation that could cause muscle relaxation (17).

Procedures
All participants were randomly allocated (http://www.
randomization.com/) to one of the following groups: no 
stretching (NS), comfort level stretching (CLS), mild discom-
fort level stretching (MDLS) and pain level stretching (PLS). 
The randomization process was conducted by an indepen-
dent researcher (first researcher) who was not involved in 
other study procedures, using a computer-generated random 
numbers program. Each participant’s random allocation 
was revealed just before the intervention. Another blind-
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ed researcher (second researcher) with clinical expertise in 
the musculoskeletal area assessed the dependent variables 
during the study period. The primary outcome was the active 
and passive knee extensions (AKE and PKE) evaluated with 
a goniometer. The secondary outcomes were passive torque 
measurements (passive peak torque (PPT), PPT angulation 
and viscoelastic stress-relaxation) obtained during an isoki-
netic dynamometer test. Viscoelastic stress-relaxation is the 
decline in passive tension over time when the muscle-tendon 
unit is held in a lengthened position (18). In addition, modi-
fied shuttle run (time in seconds), feeling of discomfort/pain 
(Visual Analogue Scale (VAS)) and affective valence (Feeling 
Scale) were measured. 
The first evaluation was carried out at least 24 hours before 
(baseline) the start of the training or control period. Partic-
ipants performed the tests in the following order: ROM, 
passive torque and shuttle run test. ROM and passive peak 
torque measurements were performed with the non-domi-
nant limb. The dominant limb was defined as the preferred 
leg used to kick a ball (15, 17). The participants assigned to 
the training groups (CLS, MDLS and PLS) participated in a 
hamstrings-targeted stretching program on both legs 3 times a 
week until completing 10 sessions. The following assessments 
occurred post 1st session and 48 h after the 10th session. Partici-
pants from the NS group underwent the same assessments, but 
did not undergo any intervention. During the training period, 
participants of all groups were asked to refrain from stretch-
ing, resistance and strength training outside the program. 

Outcome measures

Range of motion
ROM was measured with the players in the supine position 
on a stretcher and their non-dominant hip on the support at 
90° flexion. The contralateral limb and pelvis were immobi-
lized with a strap to avoid compensations (15). A goniometer 
(Carci®; unit: degrees) was placed beside the leg and ROM 
recorded according to a previous study. Three AKE and 
PKE were performed, with a 30-second rest period between 
each trial. Maximum tolerable pain was used as the limit of 
movement for PKE. The average of the three repetitions was 
used for each outcome. Test-retest reliability was previously 
demonstrated to be excellent (ICC: 0.91-0.99) (19).

Peak passive torque measurements 
Passive resistance to stretching was defined as the PPT of 
the hamstring muscle group during passive knee extension 
using an isokinetic dynamometer (Biodex Medical System 
3 Pro, Shirley, NY, USA) at 5°/s-1 (18). The dynamometer 
was calibrated before each assessment session. Participants 

sat on the dynamometer chair according to the manufactur-
er’s instructions, with the hip flexed 110°. The axis of rota-
tion was aligned with the lateral epicondyle, and the dyna-
mometer lever arm fixed on the distal third of the subject’s 
leg, approximately 5 cm above the lateral ankle malleolus. 
To avoid changes in position, participants were stabilized 
with straps in the pelvic and thoracic region, as well as on 
the thigh of the non-dominant limb. All passive torque 
measurements were gravity corrected. 
The participants were asked to relax during the test while 
the non-dominant leg was passively extended. When they 
reached the maximum tolerable pain point, they pressed the 
‘stop’ button, and the device recorded both PPT and PPT 
angulation. The player’s leg was secured for 30 seconds in this 
position and the percentage (%) mean change ((final PPT ÷ 
initial PPT) × 100) was calculated to measure the viscoelastic 
stress-relaxation (18). This procedure was performed only 
once. Absence of active resistance during evaluation was 
determined through qualitative analysis of the PT chart. If 
any noise was detected within the graph, the test was repeat-
ed. The reliability of the PPT measurements was previously 
published, with ICC scores of 0.59 and 0.93 (18).

Modified shuttle run test 
Functional analysis was carried out applying a modified 
20-m sprint test, as previously described (17). This is a reli-
able (ICC: 0.99) (17), inexpensive and easy-to-perform test, 
with movements similar to those executed by soccer players, 
such as acceleration, deceleration, and change in direction. 
The subjects ran the first 10 meters as fast as possible, went 
around the cone (180° change in direction on the side of the 
nondominant limb), and returned to the starting line (total 
= 20 m). The players were familiarized with the test before 
undergoing 2 trials with 2-minute intervals between repeti-
tions, and the fastest trial was used for data analysis. 

Feeling of discomfort/pain 
The subjective perception of discomfort/pain caused by 
passive stretching was recorded at the end of each session 
using the VAS (20). The scale consists of a 100-milimeter 
ruler, with ‘‘no discomfort/pain’’ (0 mm) written at one end 
and ‘‘maximum discomfort/pain’’ (10 mm) at the other. The 
average of the 10 sessions was used for analysis in each inter-
vention group. VAS test-retest reliability has been shown to 
be high, with ICC scores of 0.88 and 0.92 (20). 

Affective valence
The affective responses to training were determined using 
a Feeling Scale (15, 21), consisting of an 11-point bipolar 
scale ranging from + 5 (‘‘very good’’) to − 5 (‘‘very bad’’). 
A previous study showed a strong correlation between the 
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scale (r: 0.89-0.97) and ratings of perceived exertion (21). 
Participants indicated their affective relationship with the 
stretching program at the end of the intervention (48 h after 
the 10th session), according to the numbers on the scale. 

Stretching protocols
A third researcher conducted lower limb stretch training on 
an individual basis. Passive static stretching protocols for 
hamstring muscles were performed with the player in the 
supine position on a stretcher (17). One limb in full exten-
sion was stabilized with a strap, while the other limb was 
stretched. Three 30-second sets of passive static stretching 
were carried out three times a week until completing 10 
sessions, using the same rest period. The scale of perceived 
effort in flexibility (PERFLEX) was used to establish the 
sensation limits at each intensity (22). This scale consists 
of five stages of sensations for the different intensities, each 
referring to a level of ROM. Players from the experimen-
tal groups underwent the same protocols, differing accord-
ing to stretching intensity: the CLS group performed each 
maneuver at the “forcing” intensity (31-60 on PERFLEX); 
the MDLS group stretched at the “discomfort” intensi-
ty (61-80 on PERFLEX); and the PLS group stretched at 
“bearable pain” (81-90 on PERFLEX). In order to estab-
lish the sensation for each group and determine the limit for 
each level, the limb was stretched to the intensity level imme-
diately above the one previously established for the group, 
and then moved to the desired sensation limit. Before the 
start of the protocol, all the players were instructed on the 
correct use of the scale during stretching. 

Statistical analyses 
A fourth researcher who was not involved in the study 
conducted all analyses using commercial software. A para-
metric test was applied given that all the data were normally 
distributed (Kolmogorov-Smirnorv test), exhibiting homo-
geneous variances (Levene test). A two-way mixed-model 
ANOVA was performed for ROM, peak torque measure-

ments and the modified shuttle run, with group (NS, 
CLS, MDSL and PLS) and time (before and after the 1st 
session, and 48 h after the 10th session) interaction. One-way 
ANOVA was carried out to compare intergroup sensation 
of discomfort/pain and affective valence. Tukey’s test was 
used for post-hoc analysis to identify possible differences. 
The magnitude of the differences was calculated by testing 
Cohen’s d. Significance was set at 5% for all analyses and the 
data expressed as mean ± SD. Data were analyzed using the 
Statistical Package for the Social Sciences (SPSS; Chicago, 
IL, USA, Version 22.0). 

RESULTS
Demographic characteristics of participants at baseline were 
similar for the four groups (table I). A total of 51 partici-
pants were screened and 9 were excluded for the reasons 
described in figure 1. Thus, 42 players underwent the 1st 
intervention and were assessed immediately afterwards. 
One player from the PLS group was excluded due to injury 
and 41 participants completed all interventions (figure 1). 

Post 1st session 
Intragroup analysis showed that athletes from all groups 
obtained a statistically significant increase in active and passive 
knee extension ROM (p < 0.05); however, only the PLS group 
exhibited a large effect size (ES = 1.3; ∆ = 7.4° (2.1, 12.6)) for 
passive knee extension post 1st intervention (table II). More-
over, PPT (ES = 0.4) and PPT angle (ES = 0.7) displayed a 
statistically significant increase in the MDLS group and PT 
angle rose in the CLS (ES = 0.2) group after a single stat-
ic stretching session (P < 0.05, table II). Intergroup analysis 
revealed no significant difference post 1st session for any of 
the outcomes (P > 0.05, table III). However, there was a large 
effect size for active (ES = 0.9; ∆ = 5.0° (- 2.6, 12.7)) and passive 
(ES = 1.2; ∆ = 7.3° (-0.7, 15.3)) knee extension ROM in the 
PLS group compared to their NS counterparts (table III), and 
for viscoelastic stress-relaxation in the MDLS compared to the 
CLS group (ES = 1.0; ∆ =  6.5% (- 0.9, 13.9)) (table III). 

Table I. Demographic data. 

NS (n = 10) CLS (n = 11) MDLS (n = 10) PLS (n = 10)

Age, mean (SD), years 23.8 ± 4.1 24.7 ± 4.8 24.7 ± 4.8 22.8 ± 2.1

Weight, mean (SD), kg   76.9 ± 12.2 79.2 ± 8.9 79.2 ± 8.9 72.6 ± 9.3

Height, mean (SD), cm   1.8 ± 0.1   1.8 ± 0.1   1.8 ± 0.1   1.8 ± 0.1

Body Mass Index, mean 
(SD), kg/m2

23.9 ± 2.8 24.7 ± 1.4 24.7 ± 1.4  22.8 ± 2.1

NS: no stretching; CLS, comfort level stretching; MDLS: mild discomfort level stretching; PLS: pain level stretching. 
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Figure 1. CONSORT flowchart.  NS: no stretching;  
CLS: comfort level stretching; MDLS: mild discomfort level stretching; PLS: pain level stretching; SS: static stretching; ROM: range of motion; PT: peak torque.
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48 h after the 10th session
Intragroup analysis showed that athletes from all groups exhib-
ited a statistically significant increase in active knee exten-
sion ROM, and only the PLS and MDLS groups increased 
passive knee extension ROM (P < 0.05). A large effect size 
was observed for both outcome measures in the MDLS (active 
extension, ES = 2.1, ∆ = 10.9° (8.7, 13.1); passive extension, 
ES = 2.0, ∆ = 5.5° (3.2, 7.9)) and PLS groups (active, ES = 
2.1, ∆ = 12.6 (10.3, 14.7); passive, ES = 2.9, ∆ = 6.0 (3.6, 8.3)) 
48 h after the 10th session (table II). Moreover, PPT showed 
a statistically significant increase in the MDLS (ES = 0.5) and 
PLS (ES = 0.1) groups (P < 0.05), and PPT angle in all the 
groups (P < 0.05, ES = 0.7 to 0.8), except the PLS (P = 0.10, 
ES = 0.6) (table II). Intergroup analysis demonstrated a rise 
in active and passive knee extension 48 h after the 10th session 
(P ≤ 0.0001). Planned pairwise comparisons showed that the 
MDLS and PLS groups had similar (P > 0.05) and significant 
increases in active and passive knee extension ROM compared 
to the NS (P < 0.01, ES = 1.8 to 2.6) and CLS groups (P < 
0.01, ES = 1.5 to 2.4). In addition, the MDLS group experi-
enced a large increase in both ROM variables compared to 
CLS participants (P < 0.01; ES = 1.5) (table III). 
Figure 2 shows the individual data and the change 48 h 
after the 10th session in relation to baseline values for active 
(figure 2 A) and passive (figure 2 B) knee extension ROM 
in all the groups. There were no intergroup differences for 
any of the other outcomes after 10 sessions of passive static 
stretching (P > 0.05, table III). 

VAS score and affective valence 
The mean VAS score was different for the intervention 
groups (p ≤ 0.0001). The PLS group obtained the highest 

scores (79.6±8.4 mm), followed by their MDLS (64.7 ± 12.5 
mm) and CLS counterparts (34.2 ± 20.1 mm, table IV). 
Affective valence showed similar (P > 0.05) and higher (p ≤ 
0.001) positive responses for the PLS (3.4 ± 1.4) and MDLS 
(3.4±1.2) compared to the CLS group (0.3 ± 1.6) after the 
static stretching protocol (table IV).  

DISCUSSION
This is the first study to investigate the acute and chron-
ic effects of different static stretching intensities on the 
knee ROM, passive torque and functional performance of 
amateur soccer players. The main finding was that passive 
static stretching training at the point of mild discomfort or 
pain, but not to the point of comfort, resulted in significant 
active and passive ROM improvements. Our results under-
score that athletes do not need to experience pain during 
stretching maneuvers, since stretching with mild discomfort 
was sufficient to improve hamstring flexibility, with high 
magnitude effect sizes. 
Our findings agree with previous studies conducted in 
different populations. In physically active women, a 4-week 
static and active hamstring stretching program (4 days/
week) to the point of pain or discomfort (according to the 
PERFLEX scale) showed a similar increase in hip flexion 
ROM (11). In another study, 12 weeks of hamstring stretch-
ing (3 days/week) at low or high discomfort (1-2 and 9-10 on 
the Verbal Numerical Scale, respectively) promoted similar 
active extension ROM gains in untrained men (14). In these 
studies, improved flexibility was attributed to the subjects’ 
increased tolerance to stretching, since passive torque (i.e., 
muscle-tendon length) did not change after the protocols. 

Figure 2. Individual data showing the change 48h after the 10th session in relation to baseline (mean ± stan-
dard deviation) for active (A) and passive (B) knee extension (AKE and PKE, respectively) ROM in all groups.  
NS: no stretching; CLS: comfort level stretching; MDLS: mild discomfort level stretching; PLS: pain level stretching. ‡p < 0.01 NS or CLS groups vs MDLS 
and PLS groups.
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Given that passive torque measurements (PPT, PPT angu-
lation and viscoelastic stress-relaxation) were unchanged 
in our study, the ROM improvement was likely mediated 
by increased player tolerance to stretching, even at mild 
discomfort intensity. Several mechanisms are believed to be 
responsible for adapted tolerance, such as mechanoreceptor 
stimulation during the stretching maneuver, thereby inhibit-
ing nociceptive signal transmission, and adaptation of noci-
ceptive nerve endings, which play a role via neurotransmitter 
modulation or the gate control theory (8, 23).
By contrast, some authors have reported a decrease in PPT, 
and resulting changes in the torque-angle curve, after a 
static stretching regime (24, 25). These discrepant results 
may be due to the different parameters used in the studies. 
According to a recent review, higher average total stretching 
time (i.e., 1880s/week) is an important factor in decreasing 
passive joint stiffness (23). Furthermore, it appears that high 
stretching intensities associated with an extended program 
(in weeks) reduce passive stiffness. In healthy students, an 
8-week high-intensity static stretching protocol (5 days/
week, 1 × 450 s), more than five times that adopted in the 
present study, increased the fascicle length of knee flexors 
(25). In another study, a decrease in viscoelastic stress-relax-
ation was observed after 10-weeks of high-intensity (70-75% 
torquemax) static hamstring stretching (4 days/week, 6 × 30 
s) in adult men (24). Although different stretching inten-
sities were tested in the present study, the frequency and 
duration may not have been sufficient to affect connective 
tissue structures. Moreover, it is reasonable to assume that 
playing soccer may lead to hamstring muscle adaptations 
(i.e., musculotendinous stiffness), which may influence the 
response of connective tissue to stretching.
With respect to acute effects, a single passive static stretch-
ing session did not significantly alter the aforementioned 
outcomes, regardless of the intensity used. Although it is 
known that an acute bout of static stretching can increase 

ROM (12), the magnitude of this effect may be partly due 
to controllable variables, such as stretching intensity, dura-
tion, type and position (8). In this study, the last three 
aforementioned parameters remained fixed and only inten-
sity varied among the intervention groups. Regardless of 
stretching intensity, there were no significant differences in 
acute ROM between the experimental groups and controls. 
However, there was a larger effect size for active and 
passive knee extension ROM in the PLS versus NS group 
after the 1st session. Given that stiffness (i.e., passive torque 
measurements) did not decline in the groups, corroborating 
previous studies (12, 13), the change in ROM may also be 
due to greater load tolerance before the end of the stretch 
(i.e., stretch tolerance). On the other hand, although the 
expression “no pain, no gain” is prevalent among athletes 
when it comes to stretching exercise, there are reasons to 
be cautious about passive stretching to the limits of pain 
because of the risk of soft tissue damage. A previous study 
found that acute muscle stretching to 90% of maximum 
ROM (pain perception) significantly increases systemic 
inflammation when compared to 30 and 60% of maximum 
ROM (gentle stretch intensity). Similarly, higher-intensity 
stretching might cause some muscle damage, which may 
reflect in delayed onset muscle soreness (11). In our study, 
there was no evidence of impaired functional performance 
(i.e., modified 20 m sprint run test). However, since muscle 
tissue damage after stretching maneuvers was not our 
focus, we cannot advise amateur soccer players to stretch 
to the point of pain to improve acute ROM. Additional-
ly, considering that sports performance is the main focus 
of players and our stretching protocols did not enhance 
sprinting time, the intervention studied here should not 
be recommended for this purpose. Previous studies have 
also obtained controversial results on the effects of static 
stretching on sprint performance in soccer players (7, 17). 
Clearly, further research is needed to establish the influence 

Table IV. Visual analogue scale and affective valence for experimental groups. 

OUTCOME CLS¶ MDLS¶ PLS¶ 
VAS score, 0-100 mm 34.2 ± 20.1 64.7 ± 12.5 79.6 ± 8.4

Affective Valence, + 5, -5 0.3 ± 1.6# 3.4 ± 1.2 3.4 ± 1.4

Intergroup differences in score change (∆) and effect size (ES, Cohen’s d)
OUTCOME MDLS - CLS groupƗ PLS – CLS groupƗ PLS - MDLS groupƗ

VAS score, 0-100 mm ∆ =30.5 (11.6, 49.4)*
ES =1.5 (0.5, 2.4) 

∆ =45.4 (30.9, 59.9)*
ES =2.9 (1.58, 4.1)

∆ =14.9 (0.4, 29.4)*
ES =1.0 (0.0, 1.8)

Affective Valence, + 5, -5 ∆ =3.1 (1.7, 4.4)*
ES =2.2 (1.0, 3.2)

∆ =3.1 (1.7, 4.5)*
ES =2.1 (0.9, 3.0)

∆ =0.0 (-1.2, 1.2)
ES =0. (-0.8, 0.8)

CLS: comfort level stretching; MDLS: mild discomfort level stretching; PLS: pain level stretching; VAS: visual analogue scale. ¶Values expressed as mean ± 
SD. ƗValues in parentheses are 95% confidence intervals. #Statistical difference between CLS and MDLS or PLS groups (P < 0.05). *Statistical difference 
between both groups (p ≤ 0.00).



545Muscles, Ligaments and Tendons Journal 2021;11 (3)

R. R. V. Melo, M. S. CeRqueiRa, G. M. BaRBoSa, et.al.

of static stretching intensity on force-generating capacity 
involving other skills and specific sport movements.
Finally, one of the possible tools for assessing pleasure/displea-
sure with stretching programs is the feeling scale (14, 15). 
In this study, amateur soccer players who stretched at mild 
discomfort and pain intensities did not differ in their affective 
responses. However, the acceptance of both protocols was 
higher than for stretching at the comfort level. By contrast, 
a recent trial in untrained men found no differences in affec-
tive responses when stretching maneuvers were performed at 
low or high discomfort intensities (14). Although the authors 
reported that the feeling of pleasure/displeasure in relation 
to the degree of stretching discomfort was not affected by 
intensity, this response may depend on the population under 
study. In amateur soccer players, stretching to comfort level 
intensity seems not to be the best strategy to achieve a better 
affective response and an increase in ROM.
The results of this study appear to be consistent because we 
used robust methods, such as true randomization, concealed 
allocation, assessor blinding and quantification of stretching 
intensity. Moreover, the strongest point of the study is the 
sample of amateur soccer players. No previous research has 
investigated the effects of different stretching intensities on 
ROM and functional performance in this group. The present 
investigation, however, has some limitations. For instance, 
our sample did not include female athletes, or different clin-
ical conditions and sports, thereby precluding extrapolation 
of the results. It would also be interesting to monitor muscle 
damage after the stretching program, since functional perfor-
mance does not reveal whether different stretching intensi-
ties can alter muscle tissue. Additionally, assessing passive 
lengthening using the same posture as the static stretching 

intervention, as well as monitoring hamstring electromyo-
graphic activity with a view to ensuring muscle relaxation 
during the evaluation of passive torque, should be consid-
ered in future studies. Finally, given that responses to stretch-
ing may occur primarily due to increased load tolerance (8), 
we suggest that future research investigate stretching proto-
cols that more closely reflect the athlete’s reality, with period-
ic load adjustments (i.e., variations in stretching intensity in 
the same group), as opposed to only testing protocols with 
fixed training variables during the entire program. 

CONCLUSIONS
Static stretching exercises do not need to be prescribed at 
pain-tolerated intensity for knee flexibility gains in amateur 
soccer players. Mild discomfort level stretching is effective 
for increasing ROM and does not compromise function-
al performance. From a practical point of view, this infor-
mation can help athletes, coaches and clinicians prescribe 
stretching in a more targeted manner. 
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