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Abstract  
The aim of this study was to investigate the acute effects of 
unilateral ankle plantar flexors static- stretching on surface 
electromyography (sEMG) and the center of pressure (COP) 
during a single-leg balance task in both lower limbs. Fourteen 
young healthy, non-athletic individuals performed unipodal 
quiet standing for 30s before and after (stretched limb: immedi-
ately post-stretch, 10 and 20 minutes and non-stretched limb: 
immediately post-stretch) a unilateral ankle plantar flexor static- 
stretching protocol [6 sets of 45s/15s, 70-90% point of discom-
fort (POD)]. Postural sway was described using the COP area, 
COP speed (antero-posterior and medio-lateral directions) and 
COP frequency (antero-posterior and medio-lateral directions). 
Surface EMG (EMG integral [IEMG] and Median fre-
quency[FM]) was used to describe the muscular activity of 
gastrocnemius lateralis. Ankle dorsiflexion passive range of 
motion increased in the stretched limb before and after the 
static-stretching protocol (mean ± SD: 15.0° ± 6.0 and 21.5° ± 
7.0 [p < 0.001]). COP area and IEMG increased in the stretch 
limb between pre-stretching and immediately post-stretching (p 
= 0.015 and p = 0.036, respectively). In conclusion, our static- 
stretching protocol effectively increased passive ankle ROM. 
The increased ROM appears to increase postural sway and 
muscle activity; however these finding were only a temporary or 
transient effect. 
 
Key words: Balance, postural stability, stabilometry, motor 
control. 
 

 

 
Introduction 

 
Ankle sprains continue to occur frequently in athletes 
despite advances in prevention protocols to improve 
strength, flexibility, proprioception, and neuromuscular 
control (Beynnon et al., 2002; McKeon and Hertel, 2008). 
Previous evidence suggests that longer durations of static 
stretching negatively impact performance, whereas dy-
namic stretching either has no impact or can improve 
performance (Behm et al., 2001; 2004; Behm and 
Chaouachi, 2011; Behm and Kibele, 2007; Kokkonen et 
al., 1998; Young et al., 2006). However, making compari-
sons between studies is difficult, as the stretching proto-
cols and acute variables of performance are often not 
similar (Behm and Chaouachi, 2011; Shrier, 2004). In 
addition, the necessary change in flexibility to indicate a 
clinically meaningful increase in the joint range of motion 

or muscle length after the stretching protocol is not agreed 
upon and is absent in the literature. 

Those who support the practice of static stretching 
prior to athletic activities often include stretching as a 
way to slowly prepare the body as it transitions from a  
state of rest to one of activity, in order to increase the 
range of movement of joints and the flexibility of soft 
tissues such as muscles and tendons and to potentially 
reduce the risk of injury (Rubini et al., 2007). However, 
recent studies have reported static stretch-induced im-
pairments in human performance (i.e., force, power, and 
coordination) attributed to effects on several biological 
systems (i.e., neurological, structural, cellular, and hor-
monal) (Avela et al., 2004; Behm et al., 2001; 2004; 
Behm and Chaouachi, 2011; Behm and Kibele, 2007; 
Pacheco et al., 2011; Rubini et al., 2007; Shrier, 2004; 
Thacker et al., 2004). Findings of altered human perform-
ance after static stretching may be related to changes in 
the musculo-tendinous unit (i.e., stiffness and torque-
length characteristics), neural activity  (i.e., mechanore-
ceptors of the skin and joints, Ia afferents, and Golgi 
tendon organs) and proprioception (Avela et al., 2004). 
Yet, the acute effects of a standardized static stretching 
protocol in increasing passive ankle range of motion and 
concurrent results in changes in performance measures 
such as postural sway remain unclear.   

The control of posture while standing is a funda-
mental task achieved by a complex integration of the 
neuromuscular, vestibular, visual, and somatosensory 
systems  (Horak, 2006; Jancová, 2008), and measures of 
postural sway while standing on one limb are repeatable 
and reliable measures (Muehlbauer et al., 2011). Ankle 
plantar flexors are considered postural tonic muscles and 
can affect postural control by managing ankle strategy 
(Gribble and Hertel, 2004). High volume of static stretch-
induced can inhibit both afferent and mechanical re-
sponses, consequently negatively affecting postural con-
trol by reducing balance. Behm et al. (2004) analyzed the 
effects of a static stretching protocol on static balance 
using a 5-min warm-up followed by 3 x 45s at the dis-
comfort point, with 15s rest periods, for the quadriceps, 
hamstrings, and plantar flexors of male university stu-
dents and a control group. A significant impairment in 
balance was observed only for the stretch condition. 
Whether isolated stretching of the plantar flexors results 
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in altered standing balance measures of the center of pres-
sure (COP) remains unknown. Considering the positive 
cross-correlation between electromyography (sEMG) and 
COP (Kohn, 2005), measuring plantar flexor muscle ac-
tivity while obtaining COP variables before and after the 
static stretching protocol could provide evidence regard-
ing whether a neuromuscular change exists after stretch-
ing. Therefore, the purposes of the present study were to 
evaluate the acute effects of unilateral ankle plantar flexor 
static-stretching (1) on superficial electromyography 
(sEMG), passive range of motion (ROM), and COP 
measures of the stretched lower limb during single-leg 
balance tasks; (2) on the time course of sEMG and COP 
measures of the stretched lower limb. 

 
Methods   
 
Subjects 
Based on a statistical power analysis derived from the 
COP area from our pilot study, ten subjects would be 
necessary to achieve an alpha level of 0.05 and a power 
(1-β) of 0.80 (Eng, 2003). Therefore, we recruited 14 
young, healthy, non-trained individuals (seven males, age: 
25 ± 3 years, height: 1.74 ± 0.05 m, and weight: 76 ± 8 kg 
and seven females, age: 22 ± 3 years, height: 1.64 ± 0.05 
m, and weight: 59 ± 6kg) to participate in this study. The 
participants in the study had no previous surgery on the 
lower extremities; no history of injury with residual 
symptoms (e.g., pain, “giving-away” sensations) in the 
lower extremities within the last year; no evidence of a 
leg-length discrepancy (difference in distance from the 
anterior superior iliac spine to the superior surface of the 
most prominent aspect of the medial malleolus) of more 
than 1 cm; and no evidence of balance deficits (deter-
mined by oral questioning regarding falls). This study was 
approved by the research ethics committee of the Method-
ist University of Piracicaba, Brazil (Protocol #74/12). 
 
Procedures 
Prior to the data collection, the subjects were asked to 
identify the preferred leg  for kicking a ball (Maulder and 
Cronin, 2005), which  was then considered the dominant 
leg. Of the 14 subjects, 13 were right-leg dominant. The 
experimental protocol consisted of  (1) a brief warm-up; 
(2) maximal voluntary isometric contraction (MVIC); (3) 
a pre-stretching evaluation (passive ROM and three trials 
of single-leg balance tasks for each lower limb); (4) ankle 
plantar flexor static-stretching protocol (only for domi-
nant lower limb); (5) immediate post-stretching evalua-
tion (passive ROM and three trials of single-leg balance 
tasks for each lower limb); and (6) post-stretching evalua-
tion of the stretched lower limb (three trials of single-leg 
balance tasks after 10 and 20 minutes of the stretching 
protocol), considering the mechanical stress imposed by 
the static-stretching protocol only on that particular limb. 
All tasks were randomized among subjects and lower 
limbs, and all measures were performed at the same hour 
of the day, between 9 and 11 AM.  

Single-leg balance task: The subjects were asked 
to keep one leg on the force plate and the other leg ele-
vated, aligned with the contralateral malleolus and with 

the arms crossed on the chest. The subjects were in-
structed to stand as still as possible, with their eyes open, 
while concentrating on a point about 2-m away, at eye 
level. Each subject performed three trials of quiet stand-
ing for 30s followed by 60s of rest in the pre- and post-
conditions of the static- stretching protocol; however, for 
the data analysis, we considered only the first trial for all 
post conditions, to avoid a wash-out effect. To measure 
the effects of unilateral ankle plantar flexor static- stretch-
ing of each lower limb during the single-leg balance task, 
we acquired force data from one force plate (Kistler 
model 9286A, Winterthur, Switzerland) and sEMG of the 
gastrocnemius lateralis (GL). The subjects performed the 
single-leg balance task before and after the unilateral 
ankle plantar flexor static- stretching protocol (only for 
the dominant lower limb). Using a 400-Hz sampling fre-
quency, we recorded the ground reaction forces and mo-
ments from the force plate and used these data to calculate 
COP area, COP speed, and COP frequency. We chose 
those variables because they are considered the standard 
for measuring balance while standing (Jancová, 2008; 
Riemann et al., 1999).   
 
Measures 
Ankle Range of Motion (ROM): The subjects remained 
lying down with the lower limbs aligned and the ankle 
joint positioned in a neutral position (90º to the ground). 
Then, a researcher passively moved the ankle to the max-
imal ROM of the dorsiflexion movement. The maximal 
passive ankle ROM was evaluated before and after the 
static-stretching protocol with a fleximeter (Sanny, Bra-
zil). 

Surface electromyography (sEMG) recording: 
The participants’ skin was prepared before placement of 
the EMG electrodes. Hair at the site of electrode place-
ment was shaved and the skin was cleaned with alcohol. 
Bipolar passive disposable dual Ag/AgCl snap electrodes 
1cm in diameter for each circular conductive area and 
2cm center-to-center spacing were placed bilaterally over 
the longitudinal axes of the GL in the direction of the line 
between the head of the fibula and the heel, according to 
the SENIAM/ISEKI protocol (Hermens et al., 2000). The 
sEMG signals of the GLs of both lower limbs were re-
corded by an electromyographic acquisition system 
(FREEMG 300; BTS Bioengineering, Milan, Italy) during 
MVIC and for the entire 30s of all single-leg balance 
trials. The sEMG signals were recorded with a preampli-
fier (gain 1,000x), common mode rejection >-85 dB; the 
sampling frequency was 1000 Hz. The criterion to nor-
malize the sEMG data was the peak of the root mean 
square (RMS) of the MVIC data. To measure MVIC, the 
subjects were kept standing with their ankles positioned in 
a neutral position, and they were asked to perform three 
MVICs for 5s against a fixed resistance training device.  

 
Intervention 
Unilateral ankle plantar flexor stretching protocol: 
During the stretching protocol, the subjects remained 
lying down with the knee extended; the static- stretching 
protocol consisted of a passive dorsiflexion stretch of the 
dominant lower limb only. The subjects performed six 
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stretches of 45s with 15s rest periods in between. The 
intensity was 70-90% of the point of discomfort (POD), 
where 0="no stretch discomfort at all" and 100%="the 
maximum imaginable stretch discomfort" (Behm and 
Chaouachi, 2011; Behm and Kibele, 2007). The POD 
intensity was required from the subjects during all 
stretches and the ROM was readjusted at 70-90% POD as 
necessary. The static- stretching protocol was applied and 
controlled (POD) by the same strength and conditioning 
researcher. During the rest periods, the subjects remained 
seated on a chair (10 and 20 minutes).  

 
Data analysis 
All of the force plate and sEMG data were analyzed with 
a customized Matlab routine (MathWorks Inc., USA).  

Center of pressure (COP) analysis: To remove 
the offset of the COP data, the mean was subtracted from 
each time series. For the single-leg balance trials, the 
COP data were filtered with a fourth-order 10Hz low-pass 
zero-lag Butterworth filter. Using the data of the single-
leg balance trial, we computed the COP area and the fol-
lowing variables in the anteroposterior (a-p) and me-
diolateral (m-l) directions: COP speed and COP fre-
quency. The COP area was estimated by fitting an ellipse 
that encompassed 95% of the total COP data (Duarte & 
Freitas, 2010; Freitas, Prado, & Duarte, 2005). The COP 
speed was calculated by dividing the COP resultant dis-
placement by the total 30s period of the trial in each di-
rection (a-p and m-l). The frequency of the COP dis-
placement in each direction (a-p and m-l) was calculated 
by determining the frequency at which less than 80% of 
the COP spectral power occurred. The 80% cutoff value 
was chosen based on previous work (Baratto et al., 2002) 
that suggested this value is a superior discriminator for 
COP data compared to other spectral measurements. The 
power spectral density was estimated by the Welch perio-
dogram of the detrended data, with a resolution of 0.039 
Hz (Baratto et al., 2002; Duarte and Freitas, 2010).   

Surface electromyography (sEMG) analysis: The 
digitized sEMG data was first band-pass filtered at 20-400 
Hz using a fourth-order Butterworth filter with a zero lag. 
We then removed the first and last seconds of sEMG data 
and evaluated the entire 28 seconds of the balance tasks. 
For the time domain analysis, we calculated the RMS 
(150ms moving window) of the sEMG data and MVIC. 
The RMS data was then normalized by the mean of the 
RMS peak from the three MVICs, and the RMS data was 
integrated (IEMG). For the frequency analysis, the sEMG 
data was analyzed by a short-time Fourier transform and 
the median frequency (MF) of the spectrum was com-
puted. 
 
Statistical analyses 
The normality and homogeneity of variances within the 
data were confirmed with the Shapiro- Wilk and Levene 
tests, respectively. To compare the effects of the ankle 
dorsiflexion passive ROM, we used a paired t-test before 
and after the static- stretching protocol. To test whether 
the static- stretching protocol resulted in postural sway 
[COP area, COP speed (a-p and m-l directions), frequency 
(a-p and m-l directions)] and muscle activity differences 

(IEMG and MF), a repeated- measures two-factor ANO-
VA was used, with factors being the lower limb (stretched 
and non-stretched) and conditions (pre-stretching and 
immediately post-stretching). Another one-way ANOVA 
was completed to test whether prolonged changes in pos-
tural sway and sEMG variables continued over time (pre, 
immediately post, and after 10 and 20 minutes of the 
static- stretching protocol) for the stretched lower limb. 
Post- hoc comparisons were performed with the Bon-
ferroni test. Cohen’s formula for effect size (ES) was 
calculated, and the results were based on the following 
criteria: <0.50 trivial effect; 0.50-1.25 small effect; 1.25-
1.9 moderate effect; and >2.0 large effect, for untrained 
according to Rhea (2004). An alpha of 5% was used for 
all statistical tests. 
 
Results 
 
The results of flexibility measured by passive ROM re-
vealed significant increases between the measurements 
taken before and those taken after the static- stretching 
protocol (mean ± SD: 15.0 ± 6.0° and 21.5 ± 7.0°, respec-
tively [p < 0.001, ES = 0.95, ∆% = 30.2]). Regarding 
balance variables (Table 1), immediately after the static- 
stretching protocol, the COP area of the stretched limb 
was larger (p = 0.015, ES = 0.63, ∆% = 23.5) (Figure 1a).  

There were increases in balance test IEMG be-
tween pre-stretching and immediately post-stretching of 
the stretched lower limb (p = 0.036, ES = 0.58, ∆% = 
25.9) and between the lower limbs immediately post-
stretching (p = 0.043, ES = 0.95, ∆% = 39.8) (Figure 1b). 
Table 1 shows all sEMG and COP variables, without 
significant differences.  
 
Discussion 
 
This study demonstrated that the acute effects of unilat-
eral ankle plantar flexor static- stretching significantly 
increased ankle dorsiflexion passive ROM, GL muscle 
activity, and COP area in the stretched limb compared 
with the non-stretched limb when tested immediately after 
the static- stretching protocol. However, these changes 
were no longer significantly different after 10 minutes of 
resting.    

Importantly, our combination of total volume 
(270s) and level of intensity (70-90% POD) of the present 
static- stretching protocol of the ankle plantar flexors was 
effective at increasing the ankle passive ROM by 30.2% 
in the ankle joint, thereby changing the balance measures 
and GL muscle activity.  

In the balance results, the subjects displayed an al-
teration of their postural control in the stretched lower 
limb only, and the balance changes were observed only 
immediately after the static- stretching protocol. We only 
observed an increase in the COP area immediately after 
the ankle plantar flexor static- stretching protocol in the 
stretched lower limb. Our subjects’ increased COP area 
during the single-leg balance task suggests impaired bal-
ance performance [i.e., characterized by the ability to 
minimize postural sway (Hrysomallis, 2011; Paillard et  
al. 2006;  Zverev,  2006)].  These  stretch-induced  results 
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Figure 1. Mean and standard deviation of the (a) COP area and (b) IEMG before and after static- stretching protocol for 
stretched and non-stretched lower limbs. * Significant difference between pre- and post-stretching in the stretched limb, p < 0.05. + Signifi-
cant difference between lower limbs to the same post-stretching condition, p < 0.05. 
 

Table 1. Means (±standard deviations) of the sEMG and COP variables before and after static- stretching pro-
tocol for stretched and non-stretched lower limbs.  

Conditions 
Post-Stretching 

Measure Variable Lower 
Limb Pre-

Stretching Immediately 10 min. 20 min. 
STR 90.3 (17.0) 89.4 (18.0) 89.7 (18.0) 84.0 (22.0) sEMG Median Frequency 

(Hz) NSTR 88.1 (14.0) 83.6 (13.7) - - 
STR 28.1 (5.7) 29.9 (10.3) 26.5 (5.7) 25.1 (7.1) Speed (a-p) 

(mm·s-1) NSTR 26.2 (6.3) 28.5 (9.8) --- --- 
STR 23.2 (5.3) 26.6 (14.6) 22.5 (6.2) 21.7 (4.69) Speed (m-l) 

(mm·s-1) NSTR 21.1 (3.8) 21.9 (5.1) --- --- 
STR 1.06 (.24) .87 (.16) .96 (.20) .84 (.23) Frequency (a-p) 

(Hz) NSTR 1.1 (.28) .82 (.18) --- --- 
STR .65 (.23) .62 (.25) .72 (.36) .59 (.19) 

COP 

Frequency (m-l) 
(Hz) NSTR .51 (.19) .74 (.28) --- --- 

                     STR = stretched lower limb; NSTR = non-stretched lower limb.  
   
might be related to changes in both peripheral neural 
(proprioception) and mechanical output (musculo-
tendinous unit or stiffness) affecting the ability to adapt 
adequately to the stability challenges (Behm et al., 2004). 
The prolonged static- stretching protocol may have re-
duced the stiffness of the joint, fascia, and musculo-
tendinous unit, thus hindering balance during the single-
leg balance task. These changes might affect the muscle 
afferent input to the central nervous system and the mus-
cle output during balance (Avela et al., 2004; Behm et al., 
2004). However, the absolute mean change in the COP 
area from pre- to immediately post-stretching values in-
creased in both the stretched and non-stretched lower 
limbs.  

During the single-leg balance task, both the gas-
trocnemius (medialis and lateralis) and the soleus were 
active in maintaining balance (Tokuno et., 2007; Tole-
Hodson et al., 2013), and the triceps surae was involved 
in reducing plantar flexion and stabilization of the ankle 
complex in the sagittal plane (Kinugasa et al., 2005). 

Tokuno et al. (2007) observed no statistical differences 
between two muscles (soleus and gastrocnemius medialis) 
during balance, indicating that differential control be-
tween them is not required. Therefore, it seems that both 
muscles (soleus and gastrocnemius) are recruited during 
low-intensity tasks such as quiet standing (Jacono et al., 
2004). Regarding muscle activation after the static- 
stretching protocol, the sEMG of the GL showed in-
creases in the activation pattern only for the stretched 
lower limb immediately after the static- stretching proto-
col. Several factors could possibly affect muscle activa-
tion after passive stretching, such as neuromuscular feed-
back responses [Golgi tendon reflex, mechanoreceptor 
(type III afferent)] and mechanical changes [muscle stiff-
ness, force-length relationship] (Avela et al., 2004; Behm 
et al., 2001; 2004; Behm and Chaouachi, 2011; Behm and 
Kibele, 2007; Pacheco et al., 2011; Rubini et al., 2007; 
Shrier, 2004; Thacker et al., 2004). Acute static- stretch-
ing protocols can change the length and stiffness of the 
musculotendinous unit, the sEMG responses, the trans-



The effects of stretching protocol on postural control 
 

 

 

568 

mission of forces, the rate of force transmission, and the 
electromechanical delay and provide a change in an opti-
mal cross-bridge overlap (Behm and Kibele, 2007).  

During the single-leg balance tasks, our findings 
showed an increase in sEMG after the static- stretching 
protocol, which was not in agreement with previous stud-
ies that observed a reduction in the muscle activation after 
static- stretching protocols (Avela et al., 2004; Behm et 
al., 2001; Behm and Chaouachi, 2011; Bley et al., 2012; 
Fowles et al., 1997; 2000). The changes in muscle length 
might alter the relationship between joint kinematics and 
muscle activation that together can produce a certain level 
of force considering a specific joint angle (Fowles et al., 
2000). Therefore, after the static- stretching protocol, the 
length-force relationship might be altered, influencing 
proprioceptive feedback and coordination. The effects of 
prolonged and intense static- stretching on the joint recep-
tors might lead to inhibitory effects on motoneurons, and 
their greatest effects can remain for 5-10 minutes (Behm 
and Kibele, 2007). That finding supported the results of 
our study that the time of the static- stretching protocol 
affected muscle activation (GL activity) only immediately 
after the experimental protocol. However, Fowles et al. 
(2000) showed a reduction in force and sEMG after static- 
stretching, as well as recovery to the initial values over 
time (30 minutes). This may be due to the combination of 
high characteristic variable loads (135s of 13 stretches 
over 33 min). It is possible that the level of muscle activa-
tion during specific ankle joint positions in the single-leg 
balance task was changed after the static- stretching pro-
tocol, and that the subsequent demand for muscle activa-
tion for joint stabilization and to keep the same joint posi-
tion became higher.   

We recognize that this study has some limitations. 
The placement of the sEMG electrodes over the GL might 
have led to cross-talk from adjacent muscles, such as the 
soleus, tibialis, and peroneal muscles. Foot type (pronated 
or supinated foot) can affect postural control during the 
balance task, as considered by Hertel et al. (2002)  and 
Cote et al. (2005). The feet touching on the floor during 
the resting period might affect the static dorsiflexion 
stretching effect. We analyzed only the open-eye condi-
tion; however, the subjects were instructed to keep their 
eyes fixed on a specific point (Nagano et al., 2006). We 
chose to use the most progressive static- stretching proto-
col in the literature that included subjective information 
about the stretching intensity (Behm and Chaouachi, 
2011). However, we do recognize that the intensity of the 
stretching might not be commonly utilized during warm-
ups to activity or during the rehabilitation processes. In 
addition, we can relate the high variability of the data 
(COP and sEMG) with the inter-subject differences of the 
stretching protocol intensity.  

We also used a healthy, non-athletic population, 
and our results are not generalizable to other conditions, 
populations, and diseases. However, the study will inform 
sport scientists, strength and conditioning coaches, physi-
otherapists, and athletic trainers about the effects of an 
intense static- stretching protocol and its effects on bal-
ance and muscle activity, as well as the time needed for 
these changes. When considering whether or not to stretch 

prior to athletic activities, one must consider the potential 
effects of increased bony congruency with increased an-
kle dorsiflexion motion with the potential deleterious 
effects of increased sway and muscle activity during a 
simple balance task or as part of the rehabilitation proc-
ess. 

 
Conclusion 
 
In conclusion, our static- stretching protocol effectively 
increased passive ankle ROM. The increased ROM ap-
pears to increase postural sway and muscle activity;  
however these finding were only a temporary or transient 
effect (less than 10 minutes after the static- stretching 
protocol applied). Whether the increased ankle ROM and 
subsequent increase in COP area and muscle activity 
influence the risk of ankle injury and instability remains 
unknown.  
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Key points 
 
• The postural control can be affected by static- 

stretching protocol.  
• The lateral gastrocnemius muscle action was in-

creased after the static- stretching protocol. 
• The static- stretching effects remain for less than 10 

minutes. 
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