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Objective: The purpose of this study was to compare the effects of performing squats and kneeling squats on trunk and lower extremity muscle activity in persons with stroke.
Design: Cross-sectional study.
Methods: Ten persons with stroke (3 male and 7 female) were recruited. The subjects were instructed to randomly perform the 4
different squat conditions: squat with 30 degrees of knee flexion, squat with 60 degrees of knee flexion, squat with 90 degree of
knee flexion, and the kneeling squat. During the squat performance, surface electromyograms (sEMG) was used to assess muscle
activity of the erector spinae (ES), gluteus maximus (Gmax), gluteus medius (Gmed), and biceps femoris (BF) muscles.
Results: Muscle activation of the ES and BF were significantly increased with the kneeling squats compared to the general squats
with 30 degrees and 60 degrees of knee flexion (p<0.05), and muscle activation of the Gmax and Gmed were significantly increased with the kneeling squats compared to all other squat conditions (p<0.05).
Conclusions: The results suggest that the kneeling squat is an effective exercise to strengthen the proximal muscles of the lower
extremities. Rather than applying a difficult general squat to the stroke population, the kneeling squat may be applied as a safer
method for training the proximal muscles.
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Introduction
The majority of persons with stroke experience muscle
weakness and movement disorders due to lesions in the descending motor pathway [1] and decreases in skeletal muscle activation [2]. As a result, due to asymmetric posture,
body imbalances, and reduced weight shifting abilities, it is
difficult for stroke survivors to perform functional activities
[3].
In general, many stroke survivors tend to shift their center
of gravity towards the paralysis side in order to compensate
for limited movement and muscle weakness.

Many stroke survivors tend to have a lack of ability to produce adequate voluntary muscle contractions and are unable
to perform exercises normally or maintain balance due to the
inability to coordinate the timing and the intensity of muscle
activity during contractions [4]. Ineffective weight shifting
onto the affected side leads to sustained weakness [5]. Thus,
strength training performed on the affected side can improve
the functional movement of persons affected with stroke [6].
Hwang and Kim [7] lower limb muscle strength training on
the paralyzed side and non-paralyzed side increases weight
support rate in stroke patients. Park and Chung [8] lower
limb muscle Strength training improves balance in stroke
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patients. Jung et al. [9] the weight-bearing training on the
paralyzed side improved gait and balance. Clinically applied
squat exercises are often used for lower limb muscle training
for stroke survivors. They are also used for motor control
learning in nervous system rehabilitation through movement of the affected and unaffected [10]. Since squat exercise produces upper and lower body movements as well as
flexion and extension of the hip, knee, and ankle joints, they
are considered to be effective in improving muscle function
[11] according to study Cho et al. [12]. 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.
There have been recent studies involving squat movements and the stroke population.
A study by Gray et al. [10] included squatting at a high
speed and it was suggested that the squat movement should
be accompanied by the kinetic energy and speed, which are
components of the force. Choi et al. [13] compared the muscle activity between the affected and unaffected sides of
stroke survivors and found that squats performed at higher
speeds exhibited increased muscle activity of the rectus
femoris. Ki et al. [14] did a study on stroke survivors and
found that modifying the squat by changing the inclination
of the ankle joint of one foot to 15° showed greater muscle
activity of the vastus lateralis and vastus medialis when
compared to performing the squat movement in the neutral
state of the ankle joint and when the foot was flexed.
As shown in previous studies, research based on squat
movements for the stroke population are actively being implemented, however, research on modified squat movements are insufficient. In particular, there are no studies performed that includes the squats performed while standing on
the knees.
Therefore, this study was designed to investigate the effect of performing squats while standing on the knees and
squats according to various knee joint angles, as well as to
determine whether the modified squat movement is effective on the body and leg muscle activity. In such cases where
squatting is difficult for the stroke survivor, the existing
squat exercise can be modified so that it can be more easily
applied within the clinical setting. This study is also an attempt to provide basic data in introducing an effective exercise method.

Table 1. General characteristics of subjects
Characteristic
Sex
Male
Female
Age (y)
Height (cm)
Weight (kg)
Onset (mo)
Affected side
Right
Left
MMSE-K

(N=10)

Subjects
3 (30.0)
7 (70.0)
41.60 (11.53)
166.60 (7.56)
67.00 (11.46)
14.80 (6.77)
5 (50.0)
5 (50.0)
26.20 (1.95)

Values are presented as n (%) or mean (SD).
MMSE-K: Korean version of the Mini-Mental State Examination.

Methods
Subject
This study is a cross-sectional study design. A total of 10
persons admitted at the IM Convalescent Hospital in
Gyeonggido who were diagnosed with stroke and hemiplegia, were receiving physical therapy treatment, had met
the study conditions and had agreed to participate in the
study were included. The inclusion criteria for the participants were presence of hemiplegia due to stroke, the ability
to walk more than 10 m independently without assistance, a
score of 24 points or more on the Korean version of the
Mini-Mental State Examination, and no visual defects or abnormalities in the vestibular system. Those who did not have
orthopedic disease in the trunk and bilateral legs were selected, and those who experienced falls or trauma or pain
during the past 6 months were excluded. The characteristics
of the participants are as follows (Table 1).
The experiment was implemented after the experimental
conditions and procedures of the study were fully explained
and after the agreement to participate was obtained by the
subjects. This study was approved by the research Sahmyook University Life Science ethics committee (2-7001793AB-N-012019020HS) and informed consent was obtained.
Procedures
With electrodes applied onto the erector spinae, gluteus
maximus, gluteus medius, and biceps femoris muscles, the
peak muscle activation values were assessed while the subjects performed squats with three different knee flexion angles as well as while standing on the knees. Prior to the experiment, the researchers explained about the squat move-
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Figure 1. Guide line.

Figure 2. Kneeling position.

ment using three different knee flexion angles as well as in
the standing posture of the knee, and the subjects were allowed to practice the squats more than 3 times in order to enable them to fully understand the experimental method. The
squat movement was performed in four ways as stated
above. In order to prevent the influence of order that the
squats were performed, each type of squat was performed
three times each, in random order.
The descriptions of peforming the squat movement while
standing on the knees and with various knee flexion angles
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Figure 3. Squat posture.

are as follows.
The squats with use of various knee flexion angles and
while standing on the knees were performed while following
the guidelines that have been attached vertically onto the
wall to enable the upper body to move down along with the
knee flexion angles and in order to control the movement of
the torso (Figure 1).
When performing the squats with use of various knee angles and while standing on the knees, the distance of the
squat postures from the wall was defined as the distance
from the palm and extended fingers of the unaffected side
running parallel along the acromion process. During the
squat movement, the feet were placed shoulder-width apart
and were positioned so that the acromion process was placed
vertically along the lateral malleolus.
During the performance of the squats while standing on
the knees, the knees were positioned so that the acromion
process and the femur were placed along a vertical line, and
the legs were placed in parallel position with the knee and
ankle joints aligned (Figure 2).
The knee flexion angle of the squat was set at 30°, 60°,
and 90° using a goniometer (Baseline FEI Baseline Ss 360
Degree Goniometer; Fabrication Enterprises, Inc., White
Plains, NY, USA).
The stationary arm of the goniometer was positioned parallel along the longitudinal axis of the femur while the moving arm was placed parallel along the long axis of the fibula
(Figure 3).
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A 1-cm thick yoga mat was used to prevent knee pain during the performance of the squats while standing on the
knees. In addition, a certain amount of knee flexion was established in order to prevent the buttocks from touching the
heels (Figure 4).
While the subjects performed the squats according to various bending knee flexion angles and while standing on the
knees, their muscle activation was assessed for 10 seconds
total, and was repeated 3 times. Out of the 10 seconds, only
data from the middle 8 seconds was used for analysis. To
prevent muscle fatigue, a one minute rest period was provided between measurements.

Measurement
Collection of EMG materials
The Telemyo 2400 G2 Telemetry electromyograms
(EMG) system (2011; NORAXON USA Inc., Scottsdale,
AZ, USA) was used to asses the muscle activation of the
erector spinae, gluteus maximus, gluteus medius, and biceps
femoris muscles.
The surface EMG signal used in this study was set to a
sampling rate of 1,000 Hz and a bandpass filter of 10 to 450
Hz. After bandpass filtering, rectification was performed
and the root mean square was applied [15].
For the surface electrode (Ag/AgCl, Single Electrode
T246H; Bioprotech, Wonju, Korea), asingle-use adhesive
electrodes were used. The electrode site was removed of
hair, the stratum corneum of the skin using masking sandpaper, and disinfected with alcohol swabs prior to the application of the electrodes. For the erector spinae, the surface
electrode was attached along the horizontal line between the
iliac crest and the third lumbar vertebrae and 2 cm laterally
from the abdomen, for the gluteus maximus, the electrodes
were attached in the center between the area inferior to the
posterior superior iliac spine and the greater trochanter, for
the gluteus medius, the electrodes were attached in the center of the area between the greater trochanter and the anterior
superior iliac spine, and for the biceps femoris, the electrodes were attached on the area 15 cm inferior to the ischial tuberosities [16].
Data and statistical analysis
Nonparametric tests were used for the collected data. The
Friedman test was used to compare the muscle activity of the
squat movement according to various knee flexion angles
(30°, 60°, and 90°) and standing on the knee.
To determine the differences between the groups, the

Figure 4. Kneeling squat posture.

Table 2. Comparison of muscle activity during squat knee angles and kneeling squat
Condition
ES (μV)
GMx (μV)
Gme (μV)
BF (μV)

30S
13.50 (7.03)
3.77 (2.62)
2.48 (2.51)
3.86 (1.41)

60S
15.21 (9.54)
3.41 (1.80)
2.23 (1.62)
4.58 (1.49)a

90S

(N=10)
χ² (p)

KS
a,b

19.15 (9.28)
4.27 (2.01)
2.42 (1.10)
6.25 (1.60)a,b

a,b

20.06 (8.33)
6.93 (2.21)a,b.c
4.31 (1.39)a,b.c
6.47 (2.78)a,b

22.280 (<0.001)
21.240 (<0.001)
15.960 (0.001)
20.520 (<0.001)

Values are presented as peak (μV) or mean (SD).
30S: knee flexion 30° squat, 60S: knee flexion 60° squat, 90S: knee flexion 90° squat, KS: kneeling squat, ES: elector spinae, GMx: gluteus
maximus, GMe: gluteus medius, BF: bicep femoris.
a
Statistically significant difference with 30S (p<0.05). bStatistically significant difference with 60S (p<0.05). cStatistically significant difference
with 90S (p<0.05).
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Figure 5. Erector spinae muscle activities. 30s: knee flexion 30 degree squat, 60s: knee flexion 60 degree squat, 90s: knee flexion 90
degree squat, Ks: kneeling squat.

Figure 7. Gluteus medius muscle activities. 30s: knee flexion 30
degree squat, 60s: knee flexion 60 degree squat, 90s: knee flexion
90 degree squat, Ks: kneeling squat.

Figure 6. Gluteus maximus muscle activities. 30s: knee flexion 30
degree squat, 60s: knee flexion 60 degree squat, 90s: knee flexion
90 degree squat, Ks: kneeling squat.

Figure 8. Biceps femoris muscle activities. 30s: knee flexion 30
degree squat, 60s: knee flexion 60 degree squat, 90s: knee flexion
90 degree squat, Ks: kneeling squat.

Wilcoxon Signed-Rank test and the Bonferroni correction
was used for post-hoc analysis. The SPSS Statistics for
Windows, Version 20.0 (IBM Co., Armonk, NY, USA) was
used for statistical processing and the significance level was
set at p<0.05.

posture squat movement (p<0.05).

Results
The differences in muscle activity on the affected side
while performing the squat movement according to various
knee angles and while standing on the knees is as follows
(Table 2).
There was a significant difference in the erector spinae,
glulteus maximus, gluteus medius, and the biceps femoris
muscle activity depending on the method of the squat movement according to the knee joint angle and the knee standing

Post hoc Analysis Results
Performing squats while standing on the knees and with
90° of knee flexion were significantly different in the erector
spinae muscle activity from that performing squats with 30°
and 60° of knee flexion (p<0.05) (Figure 5).
There was a significant difference in the gluteus maximus, gluteus medius muscle activation between the standing on the knee squats and squats performed with 30°, 60°,
and 90° of knee flexion (p<0.05) (Figures 6, 7).
Biceps femoris muscle activity was significantly different
when performing squats with 60° of knee flexion compared
to 30° of knee flexion (p<0.05). Squats performed at 90° of
knee flexion was significantly different from 30° and 60°
(p<0.05) (Figure 8).

Shim and Chung: Comparison of the kneeling squat and squat movement in stroke patient

Discussion
The purpose of this study was to investigate the effect of
squat movement on the body and leg muscles when comparing the squat movement with the three knee joint flexion
angles.
The results of this study showed that muscle activation
while performing squats while standing on the knees and
squats with 90° of knee flexion were higher than when performing squats with 30° and 60°. The squat movement performed while standing on the knees produced significantly
greater muscle activation than the squat movement performed using three various knee joint flexion angles.
In other words, peak value of the proximal muscle activity
involved in the squat movement while standing on the knees
was similar or higher than when performing a normal squat
movement.
Balance strategies include the ankle strategy, which
moves the center of gravity of the body by ankle joint movements, and the hip strategy, which relocates the center of
gravity by movement of the hip joints [17].
The squat movement simultaneously uses the joints of the
ankle, knee, and buttock, and uses the ankle joint strategy
[18]. The standing on the knee task is considered to be a developmental process and is the posture that prepares for
movement and walking. The characteristics of the standing
on the knees posture are that it is not possible to use an ankle
strategy, and it is necessary to control to maintain the knee
posture [19].
This can explain the clinical relevance of training while
standing on the knees, which requires the trunk and hip
strategies.
According to a study by Kurayama et al. [15], the muscle
activity of the rectus abdominis, erector spinae, gluteus
medius, hamstring, and rectus femoris muscle activity was
higher when walking on the knees compared to the general
gait within the general population. A study by Gallagher
[20] investigated the changes in muscle activity and torque
in the standing posture compared to standing on the knees
and showed that the strength of the back and shoulder in
standing posture was significantly lower than in the standing
on the knees posture, which was not consistent with the results from previous studies.
This study showed that there was greater muscle activation during the squat movement when performed while
standing on the knees. This suggests that the squat movement in the posture of the knee in the single-joint movement
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requires stronger muscular activation in the proximal part in
order to produce an elongation torque, such as a general
squat movement, and it is considered that the part of the
body used to maintain the posture is different depending on
which part of the body is being supported by the floor.
This study had a few limitations in that the sample size
was small, the results cannot be compared with the unaffected side since the muscle activation of the affected side
was investigated, the muscle activation was not normalized
but rather the peak values were obtained. In addition, since
the subjects performed 4 movements at one time the learning
effect could not be completely prevented.
This study compared the squat movement while standing
on the knees and the squat movement performed according
to the various knee flexion angles in persons with stroke and
showed that it is possible that there may be differences in
muscle activity of the proximal part of the muscle. It is possible for stroke survivors to perform the squat movement safely by standing on the knees rather than performing the general squat movement, and it can be applied as a training
method to improve the proximal muscle activity.
Further studies that will examine the muscle activity of
the affected and unaffected side during the squat movement
while standing on the knees in stroke survivors are warranted.
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