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ceepiee a Purpose: Postural control preserves organs and body parts in a proper biomechanical stance

which exists in two forms: static and dynamic. Fatigue is one of the factors that affects postural
control. This study aimed to compare the electromyography (EMG) activity of the lower
extremity muscles before and after fatigue.

Methods: This study was descriptive correlational and based on the research type a field study.
Study sample comprised 20 male students majored in physical education; they were purposefully
selected by non-accidental all-accounted method. Surface EMG activities of lower extremity
muscles before and after fatigue were evaluated by electromyogram. To create fatigue in lower
extremity muscles, we used fatigue protocol by the Biodex system. Data analysis was carried out by
using SPSS 21. The paired t test was used for statistical analysis with a significance level of P<0.05.

Results: The paired t test results indicated that the activity level of the rectus femoris, hamstrings,

tibialis anterior, and gastrocnemius muscles significantly changed before and after fatigue. The

study results also supported that lower extremity muscle fatigue had a negative effect on the

activity of the muscles around the knee joint. Furthermore, there was a significant relationship

between the postural control and the activity level of rectus femoris and tibialis anterior muscles

on pretest. However, there were no significant relationships between postural control and activity
Kevywords: : level of lateral hamstrings and gastrocnemius muscles on pretest and posttest, nor the activity
] ¢ level of rectus femoris and tibialis anterior posttest.

Electromyography,

Postural control, Fatigue, :  Conclusion: Muscle fatigue increases joints vulnerability. These results can be used in designing
Y balance, Lower :  athlete’s rehabilitation programs and trainings to prevent injuries or changes in biomechanical
extremity muscles :  parameters of walking.
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1. Introduction

ostural control is the key factor and es-
sential for daily activities and exercises.
It maintains the organs and different body
parts in an appropriate biomechanical
stance which exists in the two forms of stat-
ic and dynamic [27]. Postural control is the quantitative
measurement of neuromuscular control that plays an
important role in the dynamic joint stability and keeping
the body away from the injuries [38]. Postural control is
achieved through biomechanical and sensorimotor pro-
cesses. It results from contribution of three systems; vi-
sual, vestibular, and somatosensory. The cooperation of
these systems leads to postural control and balance [32].

The research indicates that the muscles of the lower ex-
tremity have a very important role in maintaining postural
control, especially in single-leg movements. Inefficiency
or weakness of these muscles during dynamic movements
may disturbs the dynamic postural control, affects the sta-
bility of the posture, and leads to imperfect movements.
Performing daily activities and exercises considerably
depends on keeping balance which is defined as the abil-
ity to maintain or return the body center of mass within
the support base or control and keep the body position in
space to achieve stability and orientation. Balance is the
most important factor in doing exercise [15]. It is a com-
plicated skill which describes the dynamic posture of the
body in preventing from falling [13]. Various factors af-
fect the person’s ability in keeping and recovering the pos-
tural control of the body; the most important of them are
nervous system injuries, inefficiency of the optic nerves,
stress, vestibular system defects, and fatigue. To study the
effects of these factors on the body control system, special
laboratory, equipment, and field tools are used [17].

Muscular fatigue decreases the performance of the meta-
bolic and neuromuscular systems which results in persis-
tent muscle contraction and reduction in its steady activity.
Thus, muscle contraction cannot continue for a long time
[3]. This is an unpleasant phenomenon which may happen
after a short- or long-term activity (maximal or submaxi-
mal) [4]. Research indicates that muscle fatigue increases
postural sway and reduces the ability to keep the balance
[16]. Fatigue is a transient disability in keeping the muscle
strength to perform consecutive contractions [25].

With respect to the nervous system, fatigue is catego-
rized into central and peripheral types. Lack of activa-
tion and sending impulses from central nervous system
to the muscles and their inability for producing proper
tension and response are defined, respectively, as the

main causes of the central and peripheral fatigue [1].
Because most exercises are done in a dynamic condi-
tion, dynamic balance is one of the most important fac-
tors of fitness and doing sport activities [10].

Gribble and Hertel (2004) demonstrated that thigh
muscle fatigue can impair postural control in sagittal and
frontal planes and affect body functions [14]. Di Giulio et
al. (2009) reported a high correlation between EMG ac-
tivity of the tibialis anterior muscle and body sway (as a
function) in the standing position. These results indicated
a relationship between the EMG activity of the lower ex-
tremity muscles and displacement of the body center of
the gravity. They have also reported a moderate relation-
ship between the EMG activities of the gastrocnemius and
soleus muscles with body sway in standing position [9].

Most sport injuries occur near the end of the sport activi-
ties and competitions. Thus, the negative and accumulative
effects of fatigue, especially near the end of the competi-
tions, on the neuromuscular control can lead to dangerous
movement strategies and an increase in the risk of injury.
The results indicated that fatigue not only decreases the
muscle capacity in producing energy but also deeply af-
fects the coordination of movements, motor control acuity,
muscle reaction time, and proprioception ability, which
causes a significant reduction in muscle performance [24].
This negative effect is important with regard to injury pre-
vention because muscles, besides contraction, have other
duties, such as reduction of impact forces, bending forces
on bones, and increasing joint stability. If muscles per-
form their functions well, they can support body against
injuries. Any changes in muscle function due to fatigue
reduces muscle ability to prevent sport injuries [36].

Today, the electromyography (EMG) is widely used in all
areas of medicine, rehabilitation, and sport. EMG is an ex-
perimental technique in which the electrical signals of the
muscle are detected, recorded, and analyzed. It has several
advantages which “monitoring the electrical activity of the
muscle directly and without intermediaries” might be its
most important advantage [22]. This study aimed to exam-
ine the relationship between lower extremity muscle activ-
ity with using tests of lower limb performance and postural
control and also the effect of fatigue by using EMG. In this
study, the Y Balance Test was used to assess the dynamic
postural control. This test is a valid and reliable instrument
to quantify the dynamic postural control [25].

2. Materials and Methods

This research is a descriptive correlational and field
study. The research design is intragroup with pretest
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and posttest of the study variables; EMG activity of the
lower limb muscles and postural control before fatigue
and after administering fatigue protocol.

Study participants

The present study was conducted on the male students
of the Faculty of Physical Education and Sport Scienc-
es University of Isfahan who enrolled in the academic
year 2013-2014. The study subjects were 20 male stu-
dents (mean (SD) age: 24.9(2.44) y, mean (SD) weight:
69.16(7.51) kg, mean (SD) height: 175.05(4.54) cm)
who were chosen purposefully. Subjects with a history
of neuromuscular disorders, fracture or surgery of the
lower limbs during the past six months, ankle sprains
in the past year, lower limb abnormalities such as val-
gus deformity, flat foot and arch foot, and vestibular
impairment were excluded from the study. All tests
were performed in the laboratory of Isfahan University,
Faculty of Physical Education. Before the study, the
experimental protocol was explained to all participants
who all signed informed consent forms.

Study procedure

The Y Balance Test was used to measure the dynamic
balance of the participants. This is a test based on the star
excursion balance test (SEBT) which Grybl et al. (2012)
considered it as a valid test for the evaluation of dynam-
ic balance [5]. SEBT is a reliable and validated test to
predict lower extremity injuries, determine the dynamic
balance impairments in people with lower extremity in-
juries, ascertain the effects of fatigue on the balance, and
also the effects of exercise to improve balance.

Anterior Anterior

Posterior-Exterior Posterior-Exterior  Posterior-Exterior

Standing on the left leg Standing on the right leg

Figure 1. Y Balance Test.
A: Schematic view of Y Balance Test.

B: The subject performing the Y Balance Test.

Posterior-Exterior
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Taking this test needs power, flexibility, neuromuscu-
lar control, core stability, proprioception, and balance;
therefore, it is an excellent-test for evaluating pre-sea-
son and medical assessments [5]. Plisky et al. (2009)
designed the Y Balance Test to evaluate dynamic bal-
ance and to standardize SEBT assessment [35]. In this
test, three directions (anterior, posteromedial, and pos-
terolateral) are drawn at an angle of 135° to each other.
Because of significant correlation of this test with leg
length, to perform this test and normalize the data, the
leg length was measured from the anterior superior ili-
ac spine to the medial malleolus in the supine position
while the subject lying on the ground [6].

To run the test, each subject with one leg (the dominant
one) practiced the test 4 times to learn test procedure
(the subject with right dominant leg performed the test
in the counterclockwise direction, and the subject with
the left dominant leg did it in the clockwise direction).
The subject stood at the center of the test on one leg and
with the other leg, in the direction which the examiner
chose, performed the error-free maximum-reach perfor-
mance and then returned to the normal position. To elim-
inate the effect of learning, each subject practiced each
direction, 4 times with 15-second intervals rest. After a
5-minute break, the subject started the test in the direc-
tion that the examiner had chosen randomly (Figure 1).

The examiner measured the subject’s leg location to
the center of the test in centimeter. The test was repeat-
ed 3 times for the subjects. The best record was divided
by the leg length, and then multiplied by 100 until the
reach distance in terms of leg length was obtained. If an
error occurred during the test such as subject’s stance
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leg moved out the center or his balance was disrupted,
the subject would be asked to repeat the test [35].

Data collection
The measurement procedure can be divided into 5 steps:
+ Filling out the questionnaire and warming up;
* Preparing subjects and electrode placement;

* Measuring lower extremity EMG activity by us-
ing tests of lower extremity function under nor-
mal conditions (without exhaustion);

* Administering lower extremity muscle fatigue
protocol by using Biodex system; and

* Measuring lower extremity EMG activity by us-
ing lower extremity function test after the fatigue
protocol.

Filling out the questionnaire and warming up

At the beginning of each session, the researcher ex-
plained to each subject the purpose of the research, its
measuring instruments, and the process. After provid-
ing this information and subject’s willingness to par-
ticipate in this study, a questionnaire was handed to the
subject to provide the required information. After fill-
ing out the questionnaire, he was asked to participate
in the test with sport clothes. Participants’ leg length
and height were measured and recorded by the tape
and a digital scale, respectively. The dominant leg of
the subject was determined by the examiner. Next, the
researcher taught the participants how to do the lower
extremity function in the test.

Preparing samples and electrode placement

Since much information about the range of EMG vari-
ables in this study was related to lower limb muscles,
subjects’ preparation and installation of surface elec-
trodes were conducted in the following way. First, ac-
cording to the instructions provided by the examiner,
each subjects shaved all the skin appendages, coarse and
fine hairs over electrode placement areas on the quad-
riceps, hamstring, tibialis anterior, and gastrocnemius
muscles by using a disposable personal razor blades.

To reduce ohmic resistance of the skin surface, a spe-
cial, gentle, and soft sandpaper was used to scrub the
skin. Then, by using 5% isopropyl alcohol, the scrub
residuals and skin sweating were wiped out to provide

a proper condition to place the electrode pads on the
skin surface. Next, the electrode pad placement on the
muscles was determined according to SENIAM Euro-
pean Protocol [39].

After specifying the desired muscles, the places of the
electrode positions were determined as follows [18]:

* Rectus femoris muscle: In the middle of the line
between the anterior superior iliac spine and up-
per part of patella;

+ Lateral hamstring muscle: In the middle of the
line between the ischial tuberosity and the lateral
epicondyle of tibia;

* Tibialis anterior muscle: Upper third on the line
between tip of fibula and ankle; and

* Medial gastrocnemius muscle: The most pro-
truding part.

In addition, to ensure the location of the muscle, the
isometric muscle contraction proposed by the Kendall
was used to determine the bulk muscle in all cases [44].
After determination of the electrode pad placements,
they were put and attached on the specified places.
Lower extremity EMG activities were measured by
using tests of lower extremity function under normal
conditions (without exhaustion).

Performing the experiment to record the EMG
activity

To record the EMG activity of the lower extrem-
ity, the function tests included the Y Balance Test. At
first, the test method was explained to each subject
and asked him to perform the test with his maximum
power and speed, upon hearing the command of “ready,
g0” (which was simultaneous with the start of electro-
myogram). During the test, the subject stood on one
leg at the center of the test and moved the other leg
in the direction chosen by the experimenter to achieve
maximum error-free reach and then returned to normal
condition. If an error occurred during the test such as
subject’s stance leg moved out the center or his balance
was disrupted, he would be asked to repeat the test [37].
For Y Balance Test, the distance was calculated by a
tape meter; the examiner permitted the start move by
holding the EMG instrument.

After finishing the test, the memory card from the
surface electromyogram was transferred to the com-

Mongashti Joni Y, et al. The Effect of Lower Extremity Muscle Fatigue on Dynamic Postural Control Analyzed by Electromyography. Physical Treatments. 2016; 6(1):37-50.




PHYSICAL TREA | MENTS

April 2016. Volume 6. Number 1

5 6 7 8
PHYSICAL TREA | MENTS

Figure 2. A view of the EMG diagram recorded during the execution of the Y Balance Test.

puter and the recorded EMG waves were analyzed. The
electrodes were not detached from the subject’s body to
repeat the test in case of any mistake found in recording
the waves. After being ensured of the correctness of the
EMG waves recording, the electrodes were separated
from the subject’s body and their places were cleaned
with water and alcohol.

Lower extremity muscle fatigue protocol

Among the various methods of evaluating and creat-
ing fatigue, voluntary contraction, has been always the
first choice and criterion to quantify the fatigue. Fur-
thermore, using the maximum voluntary contraction
has been considered as a gold standard [42]. In the cur-
rent study, administering fatigue protocol to reach 50%
of maximum torque repeated contractions, provides the
study feedback, and moreover, it is a reproducible and
standardized measure. However, the administration of
the motioned fatigue protocol in some similar and pre-
vious studies has caused significant changes in balance
control indices [18, 38].

To administer fatigue in the targeted muscle groups,
the Biodex system was used. For this purpose, first the
maximum torque of knee flexor and extensor muscles
was recorded. To administer fatigue in knee area, the
angle of the trunk and knees flexion were set at 110°
and 90°, respectively (at the start). To avoid involving
other muscles in the test, subject’s trunk, hip, and knees
were fixed to the Biodex system by seat belt.

At the beginning of the program, to warm up muscles
and familiarize subjects with the movements in the sys-

tem, some submaximal movements were performed.
Then to record the maximum torque of each subject,
three knee flexion and extension moves (to record for
maximum muscle torque knee) were carried out with
maximum effort and the average of three movements
was recorded as the maximum torque. During the study
on knee muscles area, the selected contraction was iso-
kinetic with concentric/concentric type. Also, the con-
traction speed for extension and flexion movements of
knee was 360° per second. It was assumed that when
subject’s torque after three consecutive moves reduced
to less than 50% of maximum torque (recorded during
the first movement), then he would experience fatigue
[18]. Lower extremity EMG activities were measured
using lower extremity function test after administering
the fatigue protocol (Figure 2).

Final processing of EMG data

Because 4 electrodes were connected to target muscles
of each subject, we received 4 raw EMG wave for each
subject. To analyze raw EMG waves, RMS computing
method was used. Di Fabio algorithm was used to show
the muscle activity during functional tests as well as
starting and finishing moves of RMS EMG data [8]. On
the rest part of the algorithm, a t, point was randomly
selected to mark the onset of contraction. Time t, was
set 3 to 5 ms after the time t. Then, mean RMS be-
tween t, and t, was calculated and recorded as the start
time. Also, to measure the end of contraction time, on
the rest part at the end of the algorithm, a t, point was
randomly selected, then t, time was set 3 to 5 ms after
the time t,. Finally, the average RMS was recorded as
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Figure 3. A view of the RMS EMG diagram recorded during the execution of Y Balance Test.

the end of the contraction. In addition, to normalize the
data of the start and finishing time, the formula

Th=EMG,, +3SD,

was used. Next, the mean RMS between the begin-
ning and end of each sample’s contraction was used as
the raw score for each subject [41].

Raw EMG signals were entered in MegaWin 3.0.1 to
calculate the level of muscle activity. With regard to the
nature of the RMS signal, there was no need to unidirec-
tionalize the signals first. RMS was also calculated from
maximum voluntary isometric contraction data recorded
by the Biodex system. For this purpose, RMS was also
calculated from raw EMG signal data, which were record-
ed by the Biodex system. Then, by dividing the amount of
obtained activity for each muscle on the MVC and multi-
plying the resulting number by 100, the percentage of each
muscle activity was determined (Figure 3) [2].

Each isometric maximal voluntary contraction was
divided on the RMS data to be normalized and pre-
sented. Such analyses were performed on all EMG data
obtained from all subjects.

Statistical methods

After data collection, the subjects’ characteristics, in-
cluding age, height, and weight were analyzed with de-
scriptive and inferential statistics using SPSS 21. Excel
2013 was used to draw the study charts and the graphs.
The Kolmogorov-Smirnov test was used to be ensured
of the data normality. Also, paired t-test was used to
examine the mean difference of the functional tests re-

5/5 6/5 75 8/5
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sults before and after the fatigue. Finally, the Pearson
correlation coefficient was also used to examine the re-
lationship between the activity of lower limb muscles
and postural control before and after the fatigue. All
data analyses were done at confidence level of 95%.

3. Results

Demographic characteristics of study subjects, in-
cluding their mean and standard deviation of height,
weight, and age are presented in Table 1. Descriptive
information (mean and standard deviation) of the mea-
sured variables in the study group before and after the
fatigue are presented in Table 2. To investigate the
changes in each variable, the results of analysis for re-
peated data are provided in Table 3.

Features of the variables

In this study, the level of postural control is the predic-
tor variable measured by function tests. Also the level of
EMG activities of the lower limb muscles (quadriceps,
biceps femoris, tibialis anterior, and gastrocnemius) were
the criteria variables assessed before and after fatigue.
The features of these variables are presented in the fol-
lowing tables. To investigate the difference between the
average level of the lower limb muscle activities of the
subjects before and after the fatigue, the paired t-test was
used. The results of this test are presented in Table 4.

Paired t-test results indicated a significant difference
between the activity level of rectus femoris muscles,
hamstrings, tibialis anterior, and medial gastrocnemius
(P<0.01, P<0.01, P<0.01, P=0.02, respectively) before
and after the test.
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Table 1. The study participants’ characteristics including age, height, and weight.

Subjects’ Characteristics Mean SD
Weight (kg) 69.16 6.99
Height (cm) 175.05 3.74

Agely) 24.11 1.88

PHYSICAL TREA | MENTS

Table 2. The mean and SD of Y Balance Test results, before and after fatigue.

Before Fatigue

After Fatigue

Mean

SD

Mean SD

Y, cm 80.85

8.76

76.85 10.40

PHYSICAL TREA | MENTS

Table 3. The mean and SD level of the muscles” activities before and after fatigue (mV) during Y Balance Test.

Y Test Results
Before Fatigue After Fatigue
EMG Activity of Muscles Mean SD Mean SD
Rectus femoris 0.507 0.116 0.427 0.120
Lateral hamstring 0.525 0.086 0.404 0.141
Anterior tibialis 0.530 0.095 0.415 0.076
Medial gasterocnemius 0.600 0.093 0.438 0.119

The results of the correlation coefficient indicated sig-
nificant relationships between the rectus femoris and tibi-
alis anterior muscle activity levels with subjects’ postural
control before the fatigue stage (P=0.02, P=0.04, respec-
tively). However, there were no significant relationships
between the activity level of lateral hamstring and medial

PHYSICAL TREA | MENTS

gastrocnemius muscles and subjects’ postural control be-
fore the fatigue (P=0.34, P=0.48, respectively). Also, there
were no significant relationships between the rectus femo-
ris, hamstring, tibialis anterior, and medial gastrocnemius
muscles with the subjects’ postural control after fatigue
(P=0.94, P=0.61, P=0.35, P=0.09, respectively) (Table 5).

Table 4. Paired t-test results of lower extremity muscles before and after fatigue in the Y Balance Test.

t SD Sig.

Rectus femoris 2.61 0.11 0.02
Lateral hamstring 1.66 0.18 0.00
Tibialis anterior 4.31 0.08 0.00
Medial gastrocnemius 4.07 0.14 0.00

PHYSICAL TREA | MENTS
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Table 5: The Pearson correlation coefficient examining the relationship between the postural control and lower limb muscles

activities before and after fatigue.

R P R P
Rectus femoris 0.61 0.02 0.02 0.94
Lateral hamstring 0.20 0.48 0.14 0.61
Tibialis anterior 0.64 0.04 0.33 0.35
Medial gastrocnemius 0.27 0.34 0.46 0.09

4. Discussion

The study results indicated that after lower extremity
muscle fatigue protocol, the electrical activity of muscles
and the Y Balance Test scores significantly reduced in all
directions. Therefore, lower extremity muscle fatigue had
anegative effect on dynamic balance of study participants.

Lower extremity besides being the body base and sup-
port, moves the body as well. Therefore, the muscles in
this part aside from providing stability of the lower ex-
tremity in the standing position, affect the body move-
ments in dynamic conditions [30]. The muscles of the
lower extremity help pelvic stability and kinetic chain
during functional activities. When these muscles work
well, they properly generate and distribute the maxi-
mum power with minimal compression and shear forces
in kinetic chain joints. They also provide optimal con-
trol of the movements and absorb properly impact forc-
es during landing due to ground reaction forces [23].

The dynamic balance decline caused by fatigue of
lower extremity muscles can be justifiable. Fatigue can
decrease the ability in generating forces, neuromuscular
coordination, the exact kinetic control, proprioception,
muscles stability, and co-contraction of the muscles. It
can also increase the reaction time which its main result
would be reduction in the muscles performance [31].
Gribble et al. (2004) considered some factors such as
power, flexibility, neuromuscular control, core stabil-
ity, proprioception, and joint range of motion, effective
in successful execution of SEBT. They considered this
test as a proper test to analyze the effects of the fatigue
on the dynamic balance. Considering the negative ef-
fects of the fatigue on the muscles which are major
players in performing the SEBT, the reduction in the
test results seems reasonable [9].

However in this study, the Y Balance Test (which
is based on SEBT) was used. To perform the Y Bal-
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ance Test, the subject, instead of 8 directions in SEBT,
performs only three directions of the anterior, postero-
medial, and posterolateral. The Y Balance Test is con-
ducted in closed kinetic chain and thigh muscles play
an important role in the function and lower extremity
alignment during closed kinetic chain activities [42].

Studies have shown that thigh muscles are extremely
influential to maintain balance [26]. Hart et al. (2006)
observed a reduction in the function of quadriceps mus-
cles after fatigue in trunk extensor muscles of healthy
people and sick ones suffering from backache [23, 24].
On the other hand, the results of an EMG study showed
the quadriceps muscles are active during all directions
of SEBT [10]. Therefore, the reduction in the balance
test scores can be attributed to the muscle tiredness due
to the fatigue protocol of the lower extremity muscles.

Quadriceps muscles are very important in generat-
ing proper torque and controlling knee joint [7]. During
standing on one leg, the quadriceps muscles are con-
tracted in an eccentric way to control the lowered cen-
ter of the body and at the same time reduce the import-
ed loading contacts [26]. Gribble (2004, 2009) reported
that the changes in the proximal muscle activities due
to the fatigue could reduce the range of knee and hip
joints motion and finally reduce the reach performance
in SEBT [19, 20].

Filipa et al. (2009) also believed that muscle coordi-
nation and proprioception on performing the SEBT and
loss of neuromuscular coordination of the body due to
fatigue can negatively affect the stability of lower ex-
tremity muscles [15]. When a person tries to maintain
the posture, the corrective contractions happen con-
stantly in response to small joints disturbances. Since
fatigue can decrease the nerve conduction velocity, the
ability to make contractions around the muscles may
be reduced which results in the neuromuscular control
weakness and more changes around joints. The further
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changes in joints range of motion may reduce the bal-
ance in the absence of corrective actions of the muscles.

Our study results indicated that after administration
of fatigue protocol, the activity of the rectus femoris
muscle reduced significantly. The quadriceps muscles
with their concentric contractions control the knee flex-
ion and are ready to open knee and support the body
weight. Low muscle activity leads to less torque and
impaired control of knee flexion, as well as support of
the body weight. Therefore, it may cause problems in
body posture. Di Giulio et al. (2009) reported a strong
relationship between the EMG activities of tibialis
anterior muscle and postural sway (as a function) in
standing position. These results indicated a relationship
between the EMG activity of the lower extremity and
displacement of the body center of gravity.

According to what was said, reduction in the tibialis an-
terior muscle activities, after administration of the fatigue
program, can impair the sensory receptors and balance
corrections in this area. Therefore, applying the fatigue
protocol can be more influential in postponing balance
corrections and as a result, obtaining a shorter reach dis-
tance during the Y Balance Test compared to that distance
before fatigue. Thus, the lower extremity muscle activ-
ity can reduce the reach distance and weaken dynamic
balance because the subject must rely on neuromuscular
control around the muscles of lower extremity for reach-
ing longer distances which in the case of untimed start
of the balance corrections and lack of generating enough
forces, would cause problems for muscles around joints
in performing the optimum movement.

According to the study findings, to maintain an optimum
dynamic balance during sport activities, the proper level
of the muscle activities around lower extremity joints, es-
pecially in the anterior region of the leg is very important.

Our study results indicated that the level of the ac-
tivities in hamstring muscle decreased. Fatigue of the
quadriceps muscles may probably affect the co-con-
traction pattern of the hamstring muscle [12], and thus
reduces hamstring muscle activities. Similarly, Parijat
(2008) reported the reduction in the hamstring muscle
activities during heel contact phase, but he attributed
the hamstring muscle activity reduction in walking
phase to increase in the speed of heel contact after local
fatigue in the quadriceps muscles [42].

Base on the study results, the EMG activities of all
studied muscles decreased. The study results were
consistent with some other studies like Pincivero et
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al. (2006) [44]. The reason for a significant difference
between the levels of the activity in the lower extrem-
ity muscles, before and after fatigue, may be attributed
to the fatigue that causes problems in the sensory re-
ceptors and balance corrections. Therefore, applying
the fatigue program can have a more significant role
in postponing the balance corrections and as a result,
reaching a shorter distance during the Y Balance Test
compared to that distance before the fatigue.

Also, with regard to more obvious effects of adminis-
tering fatigue protocol by the Biodex system, one can
point to the received massages to the brain from sen-
sory receptors of all parts of body due to the exhaus-
tion. Because applying the fatigue program to the ex-
haustion stage sends messages from sensory receptors
of nearly all muscles to the central nervous system to
reduce activities and prevent any injuries.

Therefore, to increase the dynamic balance and de-
crease the effects of fatigue, and consequently, the
probable injuries after physical activities, it is suggest-
ed that trainers pay special attention to muscular endur-
ance exercises in planning sport programs and physical
fitness, especially in the lower extremities and their an-
terior part. In summary, fatigue in the lower extremity
muscles of the body, probably through a negative effect
on neuromuscular coordination, motion control acuity,
stability of the proximal joints, and the transfer of such
destructive effect to the distal joints, causes functional
impairment in chain kinetics [26]. Finally, poor balance
decreases the ability in performing skilled activities
and limits the functional movements [39].

Also, other findings of this research indicated a signifi-
cant relationship between the activity levels of the rec-
tus femoris and tibialis anterior muscles with subjects’
postural control before fatigue, but there was no such
significant relationship after fatigue. Earl and Hertel
research indicated that in all directions of SEBT, there
were coordinated contractions of the quadriceps and
hamstring muscles. Rectus femoris muscle was active
during three excursions of the test. To do anterior excur-
sion, the subject lean back and the trunk extension helps
maintaining balance. The gravity exerted to the upper
body leads to a great momentarily flexion in the knee
which must be controlled by the momentarily extension
generated by the quadriceps muscles [39].

The study results indicated high activities of the rec-
tus femoris muscle during three directions of the Y
Balance Test which had a significant relationship with
reach level in different directions of the test. That is be-
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cause during performing the test, the subject must rely
on the neuromuscular control around lower extremity
muscles to reach for the maximum distance. To this
end, the person must lean backward and the trunk be
in the extension position to keep the balance. In this
position, the force of gravity acting on the upper part of
the body causes a high torque of knee flexion that must
be controlled by the extension torque generated by ec-
centric contraction of quadriceps muscles.

The study results indicated that after applying the
fatigue protocol, the activities of quadriceps muscles
significantly reduced. Quadriceps muscles of the thigh
with a concentric contractions control the knee flexion
and are ready to open the knee and support of the body
weight [58, 59]. The reduction in the muscles activities
lowers generated torque, disturbs knee flexion control
and body support [42], and consequently may lead to
problems in the postural control.

By all accounts, decline in the tibialis anterior muscle
activity after applying fatigue, will impair the sensory
receptors and balance corrections in this area. Low ac-
tivity of lower extremity muscles will result in decreas-
ing reach distance and dynamic balance, as during the
reach process, the subject must rely on the neuromuscu-
lar control around lower extremity muscles to reach the
maximum distance and without balance correction at the
start point and lack of generating enough forces around
muscles, there will be problems in performing the proper
mentioned movements. Based on the study findings, for
maintaining an optimum dynamic balance during sport
activities, the level of the proper activities of the per-
forming muscles around lower extremity joints especial-
ly in the anterior region of the leg is of most importance.

According to the above mentioned topics, the research-
er assumed that if the lower extremity muscles get tired
and weak, and lower extremity functional tests are under-
taken at this stage, a significant relationship may be found
between the level of the muscles activities and postural
control. However, the research results indicated that the
mentioned relationship was not significant at the time of
fatigue. At the present study, the relationship between the
muscles activities and postural control differed after fa-
tigue compared to normal condition before fatigue.

In most cases, there was a stronger relationship be-
tween postural control and the rectus femoris and tibialis
anterior muscle before fatigue, but this relationship was
not significant between postural control and activities of
the lateral hamstring and medial gastrocnemius muscles.
In other words, it did not follow any specific and fixed

pattern to deduce a correlation. With regard to previous
discussions, because the Y Balance Test is conducted in
a closed kinetic chain, the produced changes resulted
from fatigue in proximal parts affect the distal parts and
reduce the Y Balance Test scores. Therefore, the func-
tion of the lower extremity muscles influences the dy-
namic balance of male university athletes in this study.

Postural control is the key factor for performing the
daily activities and exercises. With regard to the effects
of strength, range of motion, and neuromuscular con-
trol over the lower body while performing special tasks
in sports, the factors that change the postural control
in doing these tasks can affect the performance or the
demands on the muscles. The study results indicated
a significant relationship between the postural control
and the level of the lower limb muscles (rectus femoris
and tibialis anterior) activities in the normal condition,
but after fatigue, no significant relationship was ob-
served in any lower limb muscles. Also, fatigue in the
lower limb extremity muscles significantly reduced all
functional test scores and the level of the muscles activ-
ities of the sportsmen. Considering the negative effect
of fatigue on lower limb muscles, it can be concluded
that lower limb muscles functions and their fatigue af-
fect the lower limb performance.

The study has some limitations too. One of them is
lack of a control group and randomly-chosen samples
that can negatively affect the results. The other limita-
tion of the study was lack of control over participants’
mental conditions, skill level, and their motivation.

With regard to the negative effects of fatigue on the
function of lower body muscles, also considering that
the devastating effects of fatigue is modifiable, exer-
cises that improve and facilitate the contraction of the
muscles of the lower extremity muscles and increase
their ability to cope with fatigue could be used by train-
ers to prevent lower limb function loss caused by fa-
tigue during prolonged exercise activities. Also for a
better understanding of biomechanical differences be-
tween before fatigue phase and after that, we suggest
that the kinematic, kinetic, and EMG characteristics of
these two phases be compared.
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