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The Effects of Clam Exercise on the Trunk Control and Balance 
of Stroke Patients
Jin Park

Department of Physical Therapy, Drim Sol Hospital, Jeonju, Republic of Korea

Purpose: The purpose of this study was to verify the effect of applying clam exercise on improving trunk control and balance ability in 
stroke patients. Based on this, we tried to provide clinical information.
Methods: In this study, 18 patients with chronic stroke were recruited from a rehabilitation hospital. The patients were divided into two 
groups: a clam exercise group (9 patients) and a control group (9 patients). After 30 minutes of neuro-development therapy, they per-
formed clam exercise or bridge exercise for 3 weeks, 5 times a week for 30 minutes. A trunk impairment scale (TIS) and a postural assess-
ment scale for stroke patients-trunk control (PASS-TC) were performed to evaluate the subjects’ ability to control trunk before and after 
intervention. Balance ability was measured by Balancia before and after intervention.
Results: After the training periods, area 95% COP and weight distribution of the affected side were significantly different from the clam 
exercise group compared to the control group (p<0.05).
Conclusion: Based on the results of this study, in can be seen that the clam exercise is effective in improving the balance ability com-
pared to the bridge exercise. Maintaining the standing posture requires muscle strength of the hip abduction and extension, which is the 
result of the clam exercise selectively strengthening these muscles. Therefore, if you want to provide intervention to improve the balance 
of stroke patients, it is recommended to perform a clam exercise.
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INTRODUCTION

Stroke causes hemiplegic symptoms in which the opposite side of the 

brain is affected, causing abnormal movement, coordination, and control 

problems owing to loss of perceptual and cognitive functions and delay-

ing the recovery of long-term motor skills.1,2 The delay in recovery of mo-

tor ability causes asymmetric postures of the affected and unaffected 

sides, making it difficult to maintain an independent standing posture.3-5 

This requires a reaction to adjust posture to external stimuli in various en-

vironments, but causes problems in living a daily life owing to a decrease 

in balance ability.6

The balance ability of stroke patients should be harmonized with sen-

sory such as visual, vestibular, and somatosensory, and musculoskeletal 

system such as muscle strength, muscle tension, and flexibility.7,8 In par-

ticular, the trunk control ability is important because it is central to the 

movements of the upper and lower extremities. In addition, trunk control 

and balance ability are important factors for functional movement in vari-

ous environments.9,10 In clinical practice, to improve the trunk control 

ability in stroke patients, exercises are performed to strengthen the trunk 

muscles in various postures.11-14 Among them, the bridge exercise proven 

to be effective for the balance ability by eliciting the activity of the abdomi-

nal muscles involved in trunk control and improving the muscle strength 

of the trunk muscles.15,16 However, stroke patients have limited abdominal 

muscle contraction owing to their asymmetric posture.17

In order to improve this point, it is possible to apply the clam exercise 

that can improve the trunk control ability and lead to selective strengthen-

ing of the abductor and extensor hip joints. Clam exercise is a movement 

that allows the trunk, pelvis, and legs to be aligned in a sidelying position, 

bends the hip joint 45°, bends the knee joint 90° and involves hip abduc-

tion 20°.18 Willcox and Burden19 reported that by performing clam exer-
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cise in general adults, muscle activity of the abdominal and hip abduction 

and extension muscles involved in balance ability improved. Koh et al.20 

reported that muscle activity of the hip extensor and abdominal muscles 

improved by applying clam exercise to patients with low back pain. A 

study by Chan et al.21 also reported that clam exercise applied to young 

adults can elicit activity of the abdominal muscles. Through this, it was 

verified that the application of clam exercise is an effective method to im-

prove the activity of the abdominal and lower extremities involved in bal-

ance. In addition, since it is possible to selectively contraction of the hip 

abductor and extensor through the clam exercise, it can reduce the com-

pensation effect in the trunk, so it is an effective exercise method for sub-

jects who have a compensation effect in the trunk due to weakness of hip 

muscles, such as a stroke patient.

However, previous studies have conducted clam exercise for the general 

public to verify only the improvement in muscle activity of the abdominal 

muscles and hip joints. Few studies have verified the effectiveness of clam 

exercise in subjects with reduced trunk control and balance ability, such as 

in stroke patients. The bridge exercise is often performed in clinical prac-

tice, but due to the asymmetric posture and compensatory action, the 

trunk control ability and selective strengthening of the hip joint muscles 

on the affected side are limited. Therefore, in this study, the clam exercise 

was performed on stroke patients to verify the effect on the trunk control 

ability and balance ability, and to provide clinical information based on 

this.

METHOD

1. Subjects

Among stroke patients receiving rehabilitation exercise therapy at Jeonju 

D Rehabilitation Hospital, 20 subjects who agreed to understand the pur-

pose of the study and agreed to participate in the study were conducted 

after obtaining consent from the Helsinki Declaration. Two of them were 

eliminated from the study subject due to discharge and pain, and the 

study was conducted with a total of 18 subjects. The selection criteria of 

the study subjects were as follows. A person who is 6 months or older and 

less than 2 years after the onset of stroke, who has a Korean version of 

mini-mental state examination (K-MMSE) score of 24 or higher, and can 

follow the therapist’s instructions, who were able to stand up indepen-

dently, those who did not have vision and hearing impairments, and who 

had a score of 3 or higher for the manual abduction muscles of the hip and 

extension muscles of the hip. Those with neurological disorders other 

than stroke, which could affect balance, were excluded.

Subjects who participated in this study were randomly assigned to two 

groups, which paired subjects with similar physical abilities, by using the 

Berg balance scale (BBS). The clam exercise group consisted of 9 subjects 

(CE group) and the bridge exercise group consisted of 9 subjects (control 

group). Table 1 summarizes the subjects’ general characteristics. 

2. Procedures

In both groups, after 30 minutes of neuro-developmental therapy, clam 

exercise or bridge exercise were performed 30 minutes, 5 times a week for 

a total of 3 weeks, to control the trunk and strengthen the lower extremity. 

Before and after training, the change of trunk control and balance of the 

subjects was measured.

1) Clam exercise

The group who performed the clam exercise had a sidelying position on 

the treatment bed with the affected side facing upward. The trunk, pelvis, 

and legs were aligned, and the hips were bent at 45° and the knees at 90°, 

and both heels were placed together. After this, the target bar was installed 

to open the knee of the affected leg located on the upper side so that the 

hip abduction angle was 20°, and it was possible to keep the height con-

stant from touching the knee. It was maintained for 5 seconds in an ab-

duction state, and repeated 10 times, with rest for 1 minute to minimize 

muscle fatigue. At this time, the elastic bands were connected between the 

femurs and the strength of the hip abduction muscles was strengthened, 

and resistance was gradually increased by applying yellow, red, and green 

colors for each week. The therapist provided instructions to avoid body 

collapse from the side (Figure 1A).

Table 1.�General�characteristics�of�subjects

CE�group�(n=9) Control�group�(n=9)

Age�(yr) 53.6±9.2 51.9±10

Gender�(M/F) 7/2 7/2

Time�since�stroke�(month) 11.2±3.8 11.4±3.9

Type�of�lesion

Hemorrhagic 7 2

Infarction 2 7

Side�of�lesion�(Rt/Lt) 2/7 4/5

Height�(cm) 169.7±9.9 168.2±9.7

Weight�(kg) 63.9±15.4 64.1±7.3

FMLE�(score) 24.2±2.6 23.3±2.8

Mean±standard�deviation.
CE�group:�Clam�exercise�group,�FMLE:�Fugl-meyer�assessment�of�lower�extremity.
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2) Bridge exercise

Subjects were asked to supine position on the treatment bed. In order to 

prevent pressing the ground with both hands, it was placed on the chest. 

After flexing the hips 60° and the knees 90°, the lower limbs were separat-

ed by shoulder width. The pelvis was lifted so that the angle of the hip 

joint was 0° and maintained for 5 seconds, repeated 10 times, and rested 

for 1 minute to minimize muscle fatigue. At this time, the elastic band was 

used to connect between the femurs and maintain the power of hip ab-

duction, and resistance was gradually increased by applying yellow, red, 

and green colors for each week. The therapist instructed the body not to 

collapse from the side (Figure 1B).

3. Assessment

1) Trunk control

A trunk impairment scale (TIS) and a postural assessment scale for stroke 

patients-trunk control (PASS-TC) were performed to evaluate the subjects’ 

ability to control trunk before and after intervention. The trunk impair-

ment scale is a method for evaluating disorders in stroke patients and has 

proven reliability and validity.22 It consists of three items: static sitting pos-

ture item, dynamic sitting posture item, and coordination evaluation item. 

This scale consists of a minimum of 0 points and a maximum of 23 points. 

The higher the score, the better the trunk control ability. Postural assess-

ment scale for stroke patients-trunk control is a method for evaluating the 

balance of stroke patients and posture control ability of the trunk. It is 

performed in three postures: lying down, standing, standing, and the 

higher the score, the better the trunk control ability. This scale consists of 

a total of 15 points, with a minimum of 0 points and a maximum of 3 

points per item.

2) Balance

The balance ability measurement equipment (Balancia software, Minto-

sys, Korea) was used to analyze the balance ability of the subjects. This 

equipment is analyzed by collecting information on the center of pressure 

(COP) of the subject while providing it to the computer program (Balancia 

software) via Bluetooth while the subject is standing on the Wii balance 

board. The variables used in this study are the velocity average of the mov-

ing distance of the COP divided by the time, the path length of the mov-

ing distance of the COP, and the area 95% COP area formed in the shape 

of an ellipse around the center and weight distribution of the affected side.

Subjects took off their shoes, climbed on a pressure plate, put their arms 

down and measured in a comfortable standing position. The measure-

ment was conducted in 1 minute, and the average value was used by re-

peating the measurement 3 times. Researchers assisted at close range to 

prevent falls during the measurement.

4. Statistical analysis

All statistical analyzes of this study were conducted using the Korean ver-

sion of SPSS 22.0 (SPSS Inc., Chicago, IL, USA), and a normality test was 

performed by Kolmogorov Smirnov test.  To examine the differences in 

general and the medical characteristics between the two groups, the inde-

pendent t-test were used. The Wilcoxon matched-pairs signed-ranks test 

was conducted to examine the changes in the TIS and the PASS-TC in 

each group. In addition, a paired t test was conducted to examine the 

changes before and after the balance ability of each group. The Mann-

Whitney U test was conducted to examine the difference in the amount of 

change between the groups in the TIS and the PASS-TC. In order to inves-

tigate the difference in the amount of change in balance ability between 

groups, the pre-intervention value was set as a covariate and analysis of co-

variance was performed. The significance level was 0.05.

A B

Figure 1.�Exercise�program.�(A)�Clam�exercise,�(B)�Bridge�exercise.
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RESULTS

1. General characteristics

There was no statistical difference between groups for general characteris-

tics (p> 0.05)(Table 1).

2. Trunk control

Among the trunk control, the results of a comparison before and after the 

training showed that both group’s TIS and PASS-TC statistically signifi-

cantly increased (p < 0.05). After the training, no statistically significant 

differences were observed between the two groups (p> 0.05)(Table 2).

3. Balance

The results of a comparison before and after the training showed that both 

group’s velocity average, path length, area 95% COP statistically signifi-

cantly decreased (p < 0.05). The weight distribution of the affected side sig-

nificantly increased after intervention only in the CE group (p < 0.05). Af-

ter the training, the results of a comparison between the two groups 

showed that the CE group’s area 95% COP and weight distribution of the 

affected side statistically significantly difference compared to the control 

group (p < 0.05)(Table 3).

DISCUSSION

This study was conducted to verify the effect of performing clam exercise 

to improve the trunk control and balance ability of stroke patients and to 

provide clinical information based on this.

The TIS and PASS-TC, which were used to investigate changes in trunk 

control ability, showed statistically significant improvement after inter-

vention in both groups. Thus trunk control ability can be effectively im-

proved by performing clam and bridge exercises. Chan et al.21 reported 

that when clam exercise was performed, core muscle activity and hip ex-

tensor and abductor activity improved. A study by Koh et al.20 also verified 

that the activity of the abdominal and lower extremity muscles improved 

with clam exercise. In particular, the activities of the abductor and exten-

sor muscles of the hip joint are related to the stability of the trunk, which is 

a result of the improvement of the core muscle activity to secure the stabil-

ity of the trunk during the activities of the hip abductor and extensor 

muscles through clam exercise.23 During clam exercise, when the affected 

lower limb moves, activity of the abdominal muscle occurs to limit abnor-

mal pelvic rotation, and based on this, it is thought that the trunk control 

ability improves after clam exercise. Bridge exercise is an exercise to im-

prove muscle contraction of lower extremity muscles involved in stabiliza-

tion of the body against gravity. Lehman et al.24 adopted mobilization of 

lower extremity muscles involved in trunk stability through bridge exer-

cise. It was verified that it is an effective method for muscle activity. In this 

study, it was found that the trunk control ability improved after the inter-

vention in the group that performed bridge exercise. This is thought to be 

the result of the improvement in the activity of the muscles involved in 

Table 2.�Comparison�of�pre�and�post�training�outcome�measures�of�
trunk�control�ability�within�and�between�groups

CE�group�(n=9) Control�group�(n=9) p

TIS�(score)

Pre 13.56±4.67 15.67±3.77 0.15

Post 15.78±4.52 17.00±3.28

p 0.01* 0.02*

PASS-TC�(score)

Pre 11.44±2.07 11.89±1.62 0.11

Post 13.33±1.32 12.78±1.30

p 0.02* 0.04*

Mean±standard�deviation.
CE�group:�clam�exercise�group,�TIS:�Trunk�Impairment�scale,�PASS-TC:�Postural�
assessment�scale�for�stroke�patients-trunk�control,�significant�difference�between�
pre�and�post�intervention�within�the�group.
*p<0.05.

Table 3.�Comparison�of�pre�and�post�training�outcome�measures�of�
balance�ability�within�and�between�groups

CE�group�(n=9) Control�group�(n=9) p

Velocity�average�(cm/s)

Pre 2.71±0.48 2.58±0.52 0.95

Post 2.54±0.55 2.39±0.66

p 0.03* 0.02*

Path�length�(cm)

Pre 81.22±14.41 77.32±15.68 0.75

Post 76.29±16.64 71.16±18.30

p 0.03* 0.01*

Area�95%�COP�(cm2)

Pre 4.35±2.45 3.16±1.16 0.04†

Post 2.11±1.35 2.34±1.13

p <0.001* 0.04*

Weight�distribution�(%)

Affected

Pre 45.92±1.84 46.85±2.54 0.01†

Post 48.74±1.47 47.49±1.38

p <0.001* 0.34

Mean±standard�deviation.
CE�group:�Clam�exercise�group,�significant�difference�between�pre�and�post�in-
tervention�within�the�group,�significant�difference�between�the�change�values�
among�the�groups.
*p<0.05,�†p<0.05.
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trunk stabilization.

As a result of measuring the balance ability, the velocity average and 

area 95% COP were statistically significantly decreased after intervention 

in both groups. This indicates that both groups are effective methods for 

improving balance ability after intervention compared to before interven-

tion. In order to adjust balance, harmony of the nerve sensory system and 

musculoskeletal system is required. In particular, muscle strength and 

trunk control ability are important factors in balance control.8 In this 

study, it was found that both clam and bridge exercises improve trunk 

control ability after intervention. Based on these results, both groups were 

considered to show improved balance ability with trunk ability improve-

ment after the intervention.

As a result of comparing the weight distribution of the affected side, 

only the CE group showed improved results after intervention. This 

means that clam exercise is an effective way to improve the weight distri-

bution of the affected side. It was reported that clam exercise among stroke 

patients was effective in improving the strength of the hip abduction and 

extension muscles of the lower extremities.25 Chan et al.26 reported that 

the lower gluteus maximus can be strengthened through clam exercise. 

The main role of the lower gluteus maximus is external rotation, but it is 

reported that it can selectively strengthen the hip extensor because it con-

tains a larger moment arm for hip extension. Therefore, the clam exercise 

is an effective exercise method for selective activation of the abduction and 

extension muscles of the hip joint. The hip abduction and extension mus-

cles are important factors in maintaining a static standing posture. In par-

ticular, it is necessary to improve muscle strength in order to increase 

weight distribution to the affected side. In this study, it is thought that the 

results of improving the muscle strength of the abduction and extension 

muscles of the affected hip joint by repeatedly performing the clam exer-

cise, and accordingly, the weight distribution of the affected side im-

proved. 

In the comparison between groups, the CE group showed the area 95% 

COP reduction and an improved weight distribution of the affected side 

compared with the control group. It was thought that the decrease in area 

95% COP was associated with increased weight distribution on the affect-

ed side compared with the bridge exercise. Stroke patients have a high risk 

of falls due to asymmetric weight distribution between the affected and 

unaffected sides. In order to reduce the sway area, the weight distribution 

of the affected side is an important factor. In order to improve the weight 

distribution, the role of the abductor and extensor muscles of the affected 

hip joint is important. Because clam exercise is performed in a posture 

against gravity, it is an effective method to improve the muscle activity of 

the abductor and extensor muscles of the hip joint compared with bridge 

exercise performed in the supine position.26 Therefore, the results of this 

study are thought to be that the muscle strength of the hip abductor and 

extensor muscles improved through clam exercise, the weight distribution 

of the affected side improved, and the area 95% COP was reduced by the 

improved control ability of the trunk. When performing a bridge exercise 

on a stroke patient, it is limited in strengthening the hip abductor and ex-

tensor muscles on the affected side because it may depend on the unaf-

fected side. However, the clam exercise can selectively strengthen the hip 

abductor and extensor muscles on the affected side and reduce compensa-

tory movement. Based on this, the weight distribution to the affected side 

increases, resulting in improved balance ability.

In this study, to evaluate the trunk control ability, a trunk impairment 

scale and postural assessment scale for stroke patients’ trunk control was 

performed, and a balance ability measuring instrument was used to mea-

sure changes in balance ability. However, these methods were difficult to 

test for changes in kinematics to trunk control or balance. Both groups 

were treated with neuro-development therapy for 30 minutes before inter-

vention, but there were limitations in controlling factors that may affect 

balance. In addition, since it was applied to some stroke patients admitted 

to the hospital, there is a limit to generalize to all stroke patients. Therefore, 

in the future, it is necessary to measure the kinematics changes in trunk 

control ability and balance ability after intervention in more subjects.

Clam exercise to improve the trunk control and balance ability of 

stroke patients was found to be an effective method to reduce the sway 

area and improve the weight distribution of the affected side compared 

with bridge exercise. Therefore, in order to elicit improved results of trunk 

control and balance ability in stroke patients in clinical practice, it is rec-

ommended to perform clam exercise.
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