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Abstract

Objectives: Squat is known as a common and functional exercise for strengthening the lower limb muscles. However, researchers
put it in the category of exercises with high risk of injury. So, the purpose of this study was to investigate the effect of three different
techniques of squat on electromyographic response of trunk and lower limb muscles in athletes and non-athletes.
Methods: Twenty subjects including 10 amateurs and 10 professional athletes ranging from 22 to 27 years old participated in the
study. Three different techniques of squat were analyzed using electromyography (EMG) assessment. EMG was recorded from vastus
lateralis, vastus medialis, semitendinosus, biceps femoris, adductor longus, transversus abdominis and multifidus muscles during
squatting. Independent-Samples t-test and multivariate analysis of variance (MANOVA) were used to analysis the data.
Results: The finding indicated that there was no significant difference between the two groups in all of the muscles activities (P ≤
0.05). During lunge squat, the semitendinosus had more muscle activity in comparison with two other techniques (P = 0.023). How-
ever, the transversus abdominis and multifidus muscles revealed a less significant muscle activity during lunge squat (P = 0.001).
Conclusions: Given the results of this study indicating that lunge squat is more suitable for strengthening the semitendinosus
muscle and the parallel and plie squat technique seem to be better suited to strengthen the transversus abdominis and multifidus
muscles, it can be argued that these movements can be used to strengthen the hamstring and spinal muscles respectively.
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1. Background

Squat is one of the most popular exercises used by ath-
letes during resistance training to strengthen lower limb
muscles (1). Physicians and sports practitioners use squat
movement during rehabilitation to train and empower leg
muscles (2). It is believed that exercises such as squat that
move in the closed kinetic chain (the movements that dis-
tal extremity is fixed on the ground) are more effective in
improving the strength of the knee muscles (3, 4). In this
regard, Giminiyani et al reported that closed-chain move-
ments, reduce the risk of injury and lead to joint stabil-
ity due to increased contraction around the joint (3). The
closed-chain movement exercises are more attractive to
coaches and therapists than open-chain motor exercises
because of their high resemblance to daily activities, acti-
vation of more muscle fibers, reduced pressure on the lig-
aments and reduced scissors force on the joints (5). Ath-
letes and patients in rehabilitation classes use different
exercises and methods such as squat to strengthen lower

limb muscles. Several studies have demonstrated the ad-
vantage of squat’s movement for knee rehabilitation after
injury (6, 7). Factors such as the level of sitting (knee and
thigh flexion), the position of the legs (standing width),
the angles of legs, and the way the barbell is placed on
the back, can create a variety of different ways to perform
squat movements (8). The various types of squat’s move-
ment include Parallel, Plie and Lunge squat. Vitoro et al. ar-
gued that performing Lunge squat movement, due to the
recruitment for a large number of movement fibrils, is an
appropriate exercise to strengthen the muscles of profes-
sional athletes (9). Fliming et al. reported that lunge squat
movement had a great deal of pressure on the knee sur-
faces and it was a serious cause of injury (10). Although
there are different ways to perform Squat’s movement (Par-
allel, Plie and Lunge squat), selecting a type of squat to fur-
ther strengthen a specific muscle is a key concern of ath-
letes and rehabilitation specialists. There are also many
questions for athletes and coaches in this subject such as:
Which squat movement is recommended for beginners?
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What types of movements are recommended for profes-
sionals? What kind of squat movement is less risky and can
be used during rehabilitation?

In spite of a variety of previous studies that have been
conducted to assess neuromuscular activity of athletes
and non-athletes during squat, no research was found re-
garding the study of electromyography activities of lower
limbs in squat movement n connection with diffident lev-
els of physical fitness. Therefore, the aim of this study was
to evaluate the response of selected trunk and lower limb
muscles in athletes and non-athletes when performing
squat movements in three ways: Parallel, Plie and Lunge
squat. The research hypothesis was based on the difference
in muscle activity when performing various squat move-
ments. It was also assumed that athletes have less muscu-
lar activity than not-athletes when performing squat.

2. Methods

The population of this study included all male ath-
letes and non-athletes from Guilan University ages rang-
ing from 22 to 27 years old. Of these, 10 athletes whose
lower limb were active in sports activities (running and
football) for at least 3 years, 3 sessions a week and 10 non-
athletes who had no regular excercise in the last 3 years,
were selected based on convenience sampling method. In-
clusion criteria were physical and mental health. Subjects
were excluded if they had pain in one of the organs, his-
tory of surgery, fracture in the lower limbs, and also history
of neuro-musculoskeletal disorders. The subjects were ad-
vised to have no intensive training within the two days
prior to the tests and to avoid taking any food or medicine
supplement. Before the test, the procedure of study was ex-
plained to the subjects. They were asked to fill out a sport-
medical questionnaire, personal information and consent
form. In order to record the electromyography variables,
the Muscle Tester ME 3000, made in Finland, was used. Six-
teen bipolar surface electrodes with 20 mm center to cen-
ter distance were used. At the points of the body where
the electrode was to be laid, the hair was shaved to reduce
the skin’s resistance (11). Then the skin was cleaned with
alcohol and cotton for setting electrodes. Reference elec-
trode was set on the scapular acromion. The intervened
frequency was 2000 Hz. the signals between 10 and 500 Hz
was used for frequency cut and the Notch filter was used to
remove noises generated by urban electricity. The location
and direction of the installation of electrodes were based
on the SENAIM European protocol (12).

After 10 minutes of exercise and stretching, one max-
imum repetition (1RM) was done to perform any of the
three techniques; Parallel, Plie and Lunge squat. Then af-
ter 15 minutes of rest, while the activity of the muscles

was recorded by an electromyographic device, the subjects
were asked to have a weight of 60% 1RM parallel, plie and
the lunge squat (Figure 1).

Between the implementation of each technique, ten
minutes rest was considered for the subject in order to
minimize the fatigue mediator variable (13). The order
of the techniques was chosen randomly for each individ-
ual. During the procedure, the activity of vastus lateralis,
vastus medialis, semitendinosus, biceps femoris, adduc-
tor longus, transversus abdominis and multifidus muscles
were recorded for the superior leg of the subjects.

In the data analysis level, the information that ob-
tained from the moment a person stood from a 90-degree
flexion position (upward phase), was considered as a phase
of movement. Finally, the data of this range was evaluated
by the Mega-Win software and computerized by means of
an electromyographic device as RMS index. Using the MVIC
(Maximum valentry isometric contraction) method, mus-
cle activity was normalized for each individual (14).

The normal distribution of data was proved using
the Shapiro-wilk test for parametric tests. The vari-
ance errors of variables were investigated by Levene test.
Independent-Samples t-test was used for comparison of
athletes and non-athletes. The multivariate analysis of vari-
ance (MANOVA) was used to compare the activity of the
lower limb and trunk muscles in the course of various
squat exercises. The analysis was performed using SPSS
software version 22. Significance level was P ≥ 0.05.

3. Results

Characteristics of the subjects is shown in Table 1.
The results showed that the effect of the group factor

on the level of electromyographic activity of all muscles
was not statistically significant (P = 299, F = 1.143) (Figure
1).

It was also found that the effect of type of movement on
the total activity of electromyography of the muscles was
not statistically significant (P = 0.637; F = 0.431) (Figures 2
and 3).

As seen in Table 2, the activity of the semitendinosus
muscle in the lunge movement was significantly higher
than that of parallel (P = 0.023) and plie squat (P = 0.031),
However, there was no significant difference between par-
allel and plie squat (P ≥ 0.05). The activity of transverse
abdominal muscle was higher in parallel (P = 0.001) and
plie squat (P≥ 0.01) in comparison with lunge movement.
Also, multifidus muscle activity was higher in parallel (P≥
0.01) and plie squat (P ≥ 0.01) compared to lunge squat.
However, there was no significant difference in the activ-
ity of these two muscles at the time of parallel and plie

2 Int J Sport Stud Hlth. 2018; 1(2):e79463.

http://intjssh.com


Taheri B et al.

Figure 1. Performing the squat movement; A, parallel; B, plie with the outboard paw; C, squat lunges (scissors).

Table 1. General Characteristics of Subjects

Groups Age, y Height, cm Weight, kg BMI, kg/m2 Practice Record, y

Athlete 23.6 ± 1.3 176.9 ± 6.6 68.4 ± 9.4 21.9 4.8 ± 1.1

Non athlete 24.9 ± 1.5 177.8 ± 5.6 72.5 ± 4.8 22.9 0

50

40

30

20

10

0

%
 M

V
IC

Group

Athlete Non-athlete

Figure 2. Comparing the rate of electromyography activity of in groups

squat (0.05 ppm). There was no statistically significant dif-
ference in the level of electromyographic activity of other
muscles (biceps femoris, vastus lateralis vastus medialis,
adductor longus, and gluteus medius) (P ≥ 0.05).

4. Discussion and Conclusions

The results of this study showed that the activity of
quadriceps muscles was not significantly different in squat
movement with differentiated methods. The quadriceps
muscles (including the muscles of vastus medialis, Rectus
Femurios, vastus intermedius and vastus lateralis) as knee
joint extensors, are the muscles that are present in most
of the daily motor activity, especially in athletic skills with
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Figure 3. The effect of the type of movement on the electromyographic activity

weight tolerance with continues pressure and fatigue (15-
18). As a result, strengthening these muscles is very impor-
tant. A number of previous researches have studied the
extent of electromyographic activity of the muscles when
performing squat movement in different positions of the
legs (standing width) (1, 3). The results of this study showed
that there is no significant difference in the level of activ-
ity of the quadriceps muscle in different positions of the
legs during squat movement. In this regard, the results of
this study were consistent with the mentioned research.
Closed-chain movement exercises are used in rehabilita-
tion more than movements of the open-chain because of
much similarity with daily activities and the greater inter-
action of the muscles in the joints (especially in the knee
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Table 2. Different Muscles Activities in Three Squat Movements

Muscles Parallel Pllie Lunge

Biceps femoris 15.5 ±12.4 16.9 ± 17.6 14.3 ± 5.5

Semitendinosus 12.5 ± 4.8a 13.0 ± 5.3b 16.3 ± 8.4a , b

Vastus lateralis 91.5 ± 39.6 90.0 ± 38.5 88.6 ± 28.2

Vastus medialis 92.3 ± 44.4 88.1 ± 41.6 87.5 ± 38.2

Gluteus medius 14.7 ± 9.8 14.3 ± 10.9 14.3 ± 10.8

Adductor longus 27.1 ± 19.9 24.6 ± 19.3 29.0 ± 17.8

Transversus abdominis 21.3 ± 12.4a 19.9 ± 10.4b 16.3 ± 8.7a , b

Multifidus 52.8 ± 21.5a 49.2 ± 17.2b 39.4 ± 17.1a , b

aSignificant difference between the plie and lunge.
bSignificant difference between the parallel and lunge.

joint due to lower tibia movement, lower pressure on the
ligaments and a decrease in shear force on the joint) (10,
19). Since these three movements are considered to be part
of the closed-chain practice, it is important to recognize
their superiority on how to rehabilitate different patients.
However, the results of this study showed that there is no
statistically significant difference between the three move-
ments in total muscle activity. Comparison of muscle ac-
tivity in the three squat methods during the considered
phase showed that the muscle activity of semitendinosus
in lunge squat was significantly higher than the two other
movements. The ratio of hamstring muscle strength to
quadriceps is one of the important indicators for predict-
ing knee injuries, including damage to the anterior cruci-
ate ligament (20). Therefore, since the semitendinosus is
part of the hamstring muscle group, the increase in the ac-
tivity of the hamstring muscle group in patients with an-
terior cruciate ligament injury is very important (21, 22).
Consequently, the results of this study indicate that lunge
squat is a better practice for the activation of quadriceps.
Since the present study showed that lunge squat improves
semitendinosus muscle more than the other two move-
ments, this movement can be used as an appropriate prac-
tice therapy to prevent the complications. The results of
this study showed that transversus abdominis muscle ac-
tivity is higher in both parallel and plie squat moves com-
pared to lunge squat. As the parallel and plie squat tech-
nique led to an increase in the activity of transversus abdo-
minis muscle, it can be argued that the disk and the artic-
ular of the spine are less likely to be injured in these move-
ments. Hides et al reported that the weakness of the multi-
fidus muscle resulted in increased Lumbar arch and subse-
quently pain in the lumbar region (23). Because the results
of the present study indicate more increase in the activity
of multifidus muscle in parallel and plie squat than lunge
squat, this type of squat training is recommended for peo-

ple with weak spinal muscles to strengthen these muscles.
Previous studies have shown that athletes with higher

physical fitness have less muscle activity than non-athletic
individuals (24-26). However, the results of this study
showed that athletes and non-athletes have almost the
same (non-significant) muscle activity when performing
squat movement. Since the intensity of muscle activity
was normalized by MVIC technique for each muscle itself,
and squat was performed by 60% of the individual 1RM, it
cannot be said that the subjects of two groups performed
equal task. In this regard, the results of the pilot tests
of the present study showed that athletes chose heavier
weights for doing squat, which indicated that they were
doing more tasks. The study limitations included: a) not
using both male and female subjects b) low number of sub-
jects C) although the first technique was the parallel squat,
the subjects took distance of legs up to the width of the
shoulders, when performing the technique. In fact, this
was done to prevent the pressure on the Patella when go-
ing down to outward and preventing knee injury (27). Fi-
nally, it should be noted that the present study showed that
lunge squat is more suitable for strengthening the semi-
tendinosus muscle than the parallel and plie squat move-
ment. Unlike lunge squat, parallel and plie movements
seem to be better suited to strengthen the transversus ab-
dominis and multifidus muscles.
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