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Objective: The purpose of this study is to show the effectiveness of performing squat exercises at various angles to show the max-
imum muscle activity of the Vastus Medialis Oblique (VMO) and Biceps femoris (BF).

Design: Cross-sectional study.

Methods: A total of seventeen healthy young adults (8 males and 9 females) voluntarily participated in the study. All subjects ran-
domly performed three different squat variations as follows: A squat performed with the ankle joint at 0° of incline, a squat per-
formed with the ankle joint at 5° of incline, and a squat performed with the ankle joint at 10° incline. Muscle activity was measured
using surface electromyography. Electrodes were placed on the VMO and BF to measure the muscle activity on the various ankle
angles for comparison analysis.

Results: There was a significant increase in bilateral VMO muscle activation at 10° of incline compared to 0° and 5° (»p<0.05).
Greater increases in muscle activation and exercise effect was observed with increasing incline angles of the board. Changes in bi-
lateral BF muscle activity were found; however, none were found to be significant.

Conclusions: Bilateral VMO activity was found to be significant when the squats were performed at an ankle angle of 10° of in-
cline when compared to at an ankle angle of 0° and 5° of incline. Squats performed on an incline can be recommended as an effec-

tive method to facilitate lower extremity muscle activities.
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Introduction

Modern society has led a convenient and enriching life
through the development of science and technology, how-
ever a lack of physical activity due to sedentary lifestyles is
related to obesity [1] and related to various adult diseases.
Many people in today’s society are turning to a fitness center
to solve their lack of exercise in a convenient way, and
weight training is one of the easiest methods to increase
fitness. Weight training has been associated with increased
muscle strength, increased bone mass, hypertrophy of con-
nective tissues, and decreased back pain, injury to the joints,
and fractures [2]. Weight training is the most effective tool

for improving muscle strength. It not only improves muscu-
lar strength, muscular power, muscular hypertrophy, and
specific muscle endurance, but also improves adaptation,
balance, and coordination of the nervous system and im-
proves body fat content with dramatic effect [3].

The lower body exercises of weight training are used in
many ways such as calf raise, leg adduction, leg press, and
squat exercise. Among these, the squat is the most important
and fundamental exercise for lower body training as well as
strengthening the bone density, ligaments, and tendons as
well as training the important muscles for running, jumping,
and lifting. The squat exercise is the most representative ex-
ercise for effective muscle development because it is an ex-
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ercise using the upper body muscle as well as the lower body
[4,5]. In addition, Vianna et al. [6] reported that the
half-squat exercise was significantly higher in energy ex-
penditure than the other exercises such as bench press, tri-
ceps extension, and lat pull down.

Squat movement is a good example of closed-chain
movement, which simultaneously induces ankle flexion,
knee joint, and hip flexion, and it is reported that stress on the
anterior cruciate ligament is minimized by reducing shear
force of the tibia through joint compression [7].

Closed chain movement efficiently stimulates the internal
structures of the joints and specific mechanical receptors
around the open chain movement and increases the stability
of the joints, creating load axes during weight bearing.
Because most of the closed chain movement is performed in
the weight-bearing posture, it promotes co-contraction of
the main and antagonistic muscles and promotes dynamic
stability [8]. It is reported that the typical exercise of a closed
chain movement is the squat movement, which not only im-
proves the function in daily life, but also improves the ath-
lete’s records and prevents injuries [9].

Kongsgaard et al. [10] reported an increase in muscle ac-
tivity of the knee extensor muscle during a squat when the
ankle joint angle was increased to 25° compared to doing a
squat with the ankle joint angle at neutral. A gradual increase
of the ankle joint is helpful for rehabilitation of the knee joint
in training of athletes [11]. In the squat movement, when the
upper body is leaned forward, it was found that the muscle
activity of the erector spinae, gluteus maximus, and biceps
femoris (BF) increased [12]. Also Marchetti ef al. [13] re-
ported that the quadriceps muscle activity of during a squat
was the highest at the knee angle of 90°. The squat move-
ment consists of co-contraction of the quadriceps and the
hamstrings muscles [14] and is a movement that strengthens
the femoral muscle through eccentric and concentric
contraction.

Research on the squat has been actively conducted on the
angle of each joint. Studies on muscle activity according to
ankle angle have only been carried out to reduce the ankle
angle, however, research on the activity of muscle of the fe-
mur has not yet been carried out. Therefore, in this study, we
investigated the changes of muscle activity of the BE, which
is most directly influenced by squat movement according to
the change of ankle angle during squat exercise, and which
affect knee joint lesion. And an effective squat movement
from the physical therapy point of view will help prevent
knee joint damage.

Table 1. General characteristics of the subjects (N=17)

Characteristic Subject

Sex
Male 8
Female 9

Age (yr) 21.58 (2.64)

Height (cm) 167.35 (8.10)

Weight (kg) 62.82 (11.87)

Values are presented as number only or mean (SD).

Methods
Subjects

This study is aimed at college students who understand
and want to participate in the study actively enrolled in
Sahmyook University. Seventeen total subjects who signed
consents were randomly selected to each group. Eight men
and nine women, who did not exercise in extreme a week be-
fore the experiment were included. The exclusion criteria
are those who have been diagnosed with back pain and prior
medical history of lower limb injury, musculoskeletal in-
juries, and those who have been medically diagnosed where
exercising can cause damage. All subjects were instructed
not to drink alcohol and/or caffeine on the day before and on
the day of the experiment. They were all selected as subjects
with no other chronic diseases or diseases related to the mus-
cles to be measured (vastus medialis oblique [VMO], BF) or
significant features (Table 1).

Procedures

The maximum voluntary isometric contraction (MVIC)
was measured after the electrodes were attached to the VMO
and the BF of the subject. Before the experiment, the re-
searchers gave sufficient explanation about the squat move-
ment to the subjects and the subjects were able to understand
the experimental method by pre-practicing each posture at
least 3 times. The squat postures were as follows, repeated
three times each in a random order.

General squat: neutral ankle angle

With the feet flat, the feet are spread out shoulder width,
and in the erect posture, the arm is extended to the height of
the shoulder and held at shoulder width. The arms are
stretched forward in movement parallel with the floor, and
the waist and knee are bent so that the head and knee do not
cross the toes while bending the knees up to 95° in flexion
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Figure 1. General squat exercise.

[15] (Figure 1).

Incline 5° ankle angle

While standing on an incline wedge of 5°, the feet are
spread out shoulder width, and in the erect posture, the arm
is extended to the height of the shoulder and held at shoulder
width. The arms are stretched forward in movement parallel
with the floor, and the waist and knee are bent so that the
head and knee do not cross the toes while bending the knees
up to 95° in flexion (Figure 2).

Inline 10° ankle angle

While standing on an incline wedge of 10°, the feet are
spread out shoulder width, and in the erect posture, the arm
is extended to the height of the shoulder and held at shoulder
width. The arms are stretched forward in movement parallel
with the floor, and the waist and knee are bent so that the
head and knee do not cross the toes while bending the knees
up to 95° in flexion (Figure 3).

Procedures

All subjects were instructed to keep the knee flexed to 95°
for 5 seconds after the knee flexed.

Each condition was repeated three times and the subjects
were allowed to take one minute rest between conditions.
The experiment was carried out in random order.

To assess muscle activity during the squat exercise, the
TeleMyo 2400 G2 Telemetry electromyography (EMG) sys-
tem (Noraxon Inc., Scottsdale, AZ, USA) was used. The
sampling rate of the EMG signal was set to 100 Hz and the
frequency bandwidth was set to 10 to 450 Hz. The electrodes
were attached to the medial fascia at 2 cm in the medial 60°

Figure 3. 10° incline board squat.

diagonal direction from the knee and at the femoral biceps 5
cm above the medial side of the knee [14].

Before the experiment, MVIC was measured and the con-
traction values of BF and medial fascia were obtained for 5
seconds. The BF was examined by the therapist fixing the
thighs and lifting the legs in the lying down position, and the
medial femoralis was examined by fixing the thigh in the sit-
ting position and lifting the leg forward [15].

Data and statistical analysis

Muscle EMG signals measured in this study were proc-
essed by full wave rectification using the MyoResearch XP
Master Edition 1.07 XP software (Noraxon Inc.), and we
used the method of dividing by MVIC value and using
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%MVC value converted by percentage for the root mean
square. For each condition, the knee was flexed and the knee
angle was measured at 95° for 5 seconds [16]. After repeated
measurements of three times under all conditions, the mean
value was normalized to the MVIC value.

The collected data was analyzed using PASW Statistics
ver. 19.0 (IBM Co., Armonk, NY, USA). The general char-
acteristics of the subjects were analyzed by descriptive sta-
tistics, and one-way repeated measures analysis of variance
was performed to examine the effect of muscle activity on
the trunk and lower limb. The least significant difference
was used for the post-test to see if there was any difference
in the body and leg muscle activity between the different an-
kle angle posture conditions. All data were statistically sig-
nificant (p<0.05).

Results

Comparison of intrinsic light muscle activity of squat
posture with angle of incline

Bilateral VMO activity of the squat at 10° of incline was

significantly larger than that of the squat performed at the
normal squat and incline 5° (p<0.05). There was no differ-
ence between the bilateral VMO activity of the squat in the
incline 5 and the activity of the general squat (Table 2,
Figures 4, 5).

Comparison of squat posture activity of biceps muscle
with angle of incline

The activity of the BF muscle in the squat performed at
10° incline increased from that of the squat performed at the
normal squat and the incline 5°, but was not statistically
significant. There was no difference in the activity of the
quadriceps femoris muscle during a squat performed at 5° of
incline (Table 2, Figures 6, 7).

Discussion

The purpose of this study was to compare the muscle ac-
tivity of the VMO and the BF using EMG in order to inves-
tigate the effect of the ankle joint changes on the muscle ac-
tivity of the femoral head.

Table 2. Comparison of activities of lower extremity muscle in squat exercise (N=17)
Vastus medialis olique Biceps femoris
Right side Left side Right side Left side
GSE (%MVIC) 45.83 (21.27) 50.55 (23.37) 23.90 (27.77) 25.75 (28.86)
5SE (%MVIC) 45.08 (22.38) 50.14 (2168) 23.51 (26.45) 26.18 (29.39)
10SE (%MVIC) 61.42 (24.63)‘“’b 64.79 (20.53)3’b 35.35(25.22) 36.38 (27.60)
F(p) 11.73 (0.01) 10.12 (0.00) 3.24 (0.68) 3.01 (0.80)
Values are presented as mean (SD).
GSE: general squat exercise, SSE: squat exercise on the 5° incline board, 10SE: squat exercise on the 10° incline board.
*Statistically significant difference with GSE (p<0.05), bStatistically significant difference with 5SE (p<0.05).
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Figure 4. Right vastus medialis oblique muscle activities. GSE:
general squat exercise, SSE: squat exercise on the 5° incline board,
10SE: squat exercise on the 10° incline board.

Figure 5. Left vastus medialis oblique muscle activities. GSE:
general squat exercise, SSE: squat exercise on the 5° incline board,
10SE: squat exercise on the 10° incline board.
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Figure 6. Right biceps femoris muscle activities. GSE: general
squat exercise, SSE: squat exercise on the 5° incline board, 10SE:
squat exercise on the 10° incline board.

The movement of the squat has been reported to cause si-
multaneous movement of the ankle joint, knee, and hip joint
[17,18], and different muscle activity depending on the an-
gle of flexion of the knee joint [19]. In addition, the body an-
gle increases with increasing instability [20]. The squat
movement on the unstable support surface improves the bal-
ance of core muscles and enhances the function of the joints
and increases the muscle activity of the lower extremity
muscles [15].

In the present study, it was found that a squat at 10° of in-
cline angle at the ankle joint increased the muscle activity of
the VMO more than that of the squat performed at neutral or
the squat performed at 5° of incline angle at the ankle joint.
The BF muscle activity increased, but no significant differ-
ence was found. This is due to the instability due to the
movement and reduction of the base of support during the
squat movement as the angle of the base plane increases, and
the muscle activity of the VMO muscle is increased to over-
come this [21]. In addition, increasing the ankle angle causes
co-contraction of the muscles to maintain balance due to the
instability of the support surface, resulting in muscle con-
traction of the BF to overcome instability [22]. In addition,
Spanu and Hefzy [14] studied the ankle joint angle at 20°.
The incline at 10° limited the ankle dorsiflexion to 50%, re-
sulting in instability of the ankle, and co-contraction of the
muscles. To overcome instability, the biceps muscle activity
increased [23].

The squat movement is a complex exercise in which not
only the femoral muscle, but also the whole muscles of the
trunk and lower limbs. An incline of 10° reduced the move-
ment of the ankle joint by narrowing the support surface,
thereby limiting muscle activity of the calf muscles during
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Figure 7. Left biceps femoris muscle activities. GSE: general
squat exercise, SSE: squat exercise on the 5° incline board, 10SE:
squat exercise on the 10° incline board.

the squat exercise, thus substituting the knee joint, which in-
creased the muscle activity of the medial lateral muscles.

In this study, it was confirmed that the squat movement at
10° of incline significantly increased the muscle activity of
the BF than the squat at neutral or at 5° of incline. It is con-
sidered that the increase of the base angle causes the limi-
tation of the movement of the ankle joint, which causes the
center of gravity to move backward and this also causes the
increase of the muscle activity of the medial side.

Na [24] confirmed the muscle activity of the lower limb
according to the position of the foot during squat exercise,
but the activity of the inner and outer muscles was high in the
toe-in and toe-out position. This is thought to be due to the
reduction of the base plane of the sagittal plane. As a result,
the squat performed at an increase of the angle of the base
plane can provide an efficient squat movement suitable for
the subject.

In this study, the number of subjects is small and normal
healthy adults are targeted. There are limits to the fact that
only two muscles of the femur are analyzed and other mus-
cles of the trunk and lower limbs are not identified.
Therefore, in future studies, it would be necessary to study
the muscle activity of the trunk muscle and various muscles
in consideration of these limitations. Through training re-
search rather than a cross-sectional study, muscle strength-
ening, thickness change and muscle fatigue were evaluated
as well as the effects on the lower limbs.

This study demonstrated that the increase in angle of in-
cline in healthy normal adults affects muscle activity of fem-
oral head. This study suggests that this method of inter-
vention can be an effective method of improving the health
and strength of the lower limbs of normal and athletes.
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