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Effect of Scapular Stabilization Exercise during Standing on Upper
Limb Function and Gait Ability of Stroke Patients
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INTRODUCTION

ﬂémiplegic patients often present the abnormal
gait patterns due to weakness in paretic side.

ABSTRACT

Background: The purpose of this study was to determine the effect of scapular
stabilization exercise during standing on a paretic side on upper limb function
and gait ability of stroke patients. Methods: This study was a hospital-based,
randomized controlled trial with a blinded assessor. A total of 17 patients with
hemiplegic diagnosis after stroke were divided into two groups (9 patients in a
study group and 8 patients in a control group). The study group received physical
therapy and scapular stabilization exercise on a paretic side. Participants were
subjected to initial evaluation before the treatment. Subjects were subsequently
re-evaluated 4 and 8 weeks later to compare the changes. Measurements of
hand function and gait ability were performed. Results: Based on multivariate
analysis of variance for repeated-measures, there was a significant time
effect for Timed Up and Go test (TUG) (£ = 13.816, P = 0.000), Functional
Gait Assessment (FGA) (F = 18.613, P = 0.000), and manual function
test (MFT) (F = 16.777, P = 0.000). The group x time interaction effect was also
significant for FGA (F = 4.966, P = 0.024) and MFT (F = 6.946, P = 0.003), but
not for TUG test (F = 3.343, P = 0.069). Conclusion: Results of the present study
indicated that scapular stabilization exercise during standing on a paretic side for
8 weeks had an effect on hand function and gait ability of hemiplegic patients
after stroke. Further studies are needed to find the most proper exercise for stroke
patients who have gait disability and upper limb dysfunction.
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for this adjustment because the upper body segments
can affect dynamic stability.®! The upper body uprights
the trunk while walking. Body stability through the
movement of the upper body is +1.5° of movement of the

Development of functional gait ability plays a crucial role
in achieving functional independency for these patients.!

Many stroke patients cannot use their impaired upper
limb properly despite long-term intensive therapy because
damage to the upper limb after stroke is one of the most
common and severe stroke side effects.”)’ The hand
function of the upper limb is the most highly damaged
one in brain-damaged patients. This is because betz cell
is the most abundant cell in the cerebral cortex. It is
responsible for the control of hand.’! Adjustment to a
specific pattern is required for segments between the
neck and the body to maintain the stability of the upper
body during walking."! Arbitration is particularly required
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body during walking. This can enhance the stability of the
head and reduce improper signals from an otolith and the
vestibular system.l® With the dynamic regulation of the
scapular, stable muscles can make scapular effectively
positioned to obtain ideal postural control on body weight
load. In addition, when setting the position of the right
shoulder blade, dynamic control capability on the scapular
thoracic joints are reacquired. Shoulder stabilization
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exercises are focused on the recovery of balanced ability
to control between shoulder stabilizers. Recently, closed
kinematic chain exercises have frequently been used in
therapeutic exercises of the upper extremities.”? Walking
is also a complicated motor act requiring the coordination
of trunk and limb muscles involving many joints.®! Tt
is a basic prerequisite of daily life. It is also one of the
most automatic daily activities. It is the functional result
of interactions among biomechanical, neurophysiological,
and motor control systems. The desire to regain walking
ability after neurological dysfunction is often the primary
goal of rehabilitation. A lot of time and energy are
devoted to retrain walking after stroke.’'”) Asymmetric
gait patterns are often related to compensatory movements
of both the paretic side and the nonparetic side.'! This
compensation may contribute to limited functional
recovery.l'l Therefore, fall prevention and improvement of
walking ability are often the major focus of rehabilitation
for stroke patients.[']

The effects of scapular stabilization exercise during
standing have been demonstrated in the previous studies.
714181 However, the effects of scapular stabilization
exercise during standing on a paretic side on gait ability of
hemiplegic patients after stroke remain unclear. Therefore,
the objective of this study was to determine the effects of
scapular stabilization exercise during standing on a paretic
side on the gait ability of hemiplegic patients after stroke.

METHODS

Participants

This study was conducted at B Hospital located at S city,
Gyeonggi-do. A total of 17 patients who were admitted to
inpatient rehabilitation center were selected as the study
group. The inclusion criteria were those who have been
diagnosed with hemiplegia for more than 6 months;!%
those who were able to respond properly from a sensory
stimuli given by the examiner with over 24 points in Mini—
Mental State Examination;* those who were able to carry
out instructions given by verbal command;"” those who
were independent in ambulation with or without a walking
aid;*! those who were able to fire the dorsiflexor more
than 5° in knee extension;?” and those who understood
the content of study and agreed to participate actively.

Experimental procedures

Seventeen participants were randomly assigned with
computer lottery study group (scapular stabilization
exercise) (n = 9) and control group (simple scapular
exercise) (n = 8). The scapular stabilization exercise
applied in this study was a revised version of that used
in a previous study.* First, maximum shoulder external
rotation at 45° abduction was performed in the supine
position and gradually extended as long as there was
no pain. Then, stretching was performed at 90° of the
shoulder in a sitting position and gradually extended as

| Assessed for eligibility n = 35 |

| Randomized (n = 24) |

Study group (scapular
stabilization exercise) (n = 12)

30 min per session
Three sessions per week
— for a period of 8 weeks

Two sessions per day
30 min per session
for a period of 4 weeks

Scapular stabilization exercise

Conventional physical therapy

Completed the follow-up
assessments (n = 9)

- Not completing study (n = 3)
due to personal issue

I
Analyzed (n = 9)

Figure 1: Flow of participants through the exercise program

Control group (Simple
scapular exercise) (n = 12)

Simple scapular exercise
30 min per session
Three sessions per week
for a period of 8 weeks
Conventional physical
therapy

Two sessions per day

30 min per session

for a period of 4 weeks

Completed the follow-up
assessments (n = 8)

- Not Completing study (n = 4) due to
discharge before completing study

I
Analyzed (n = 8)
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long as there was no pain. Finally, the subjects reached
toward the ground with their palms, with the shoulder
and elbow extension in the sitting position, gradually
extending their reach as long as there was no pain.

Strengthening exercise on scapular stabilization used for
functional scapular instability stroke patients in the study of
Awad et al."® was used in this study with proper revision.
Briefly, participants received 30 min of strengthening
exercise on scapular stabilization in the supine and sitting
posture. Exercise was conducted 3 times per weeks for a
total of 8 weeks. Participants in the control group (simple
scapular exercise) received 30 min of shoulder movement
exercise (flexion, extension, abduction, adduction, internal
rotation, and external rotation) in the supine and sitting
posture. All the participants in both groups received
30-min sessions of conventional physical therapy for
10 times per week for 4 weeks. The main reasons for 7
dropouts from the study were a personal issue [Figure 1].

Outcome measurement

Timed Up and Go test (TUG) is functional flexibility
test invented by Podsiadlo and Richardson.?¥ It was
designed as a quick measure of basic balance and
mobility skill of elderly people. The time taken for
subjects to rise from an armchair, walk 3 m, turn, and
return to the chair is measured in seconds.

Functional Gait Assessment (FGA) is used to evaluate
postural stabilization during gait. It was initially invented
for the elderly who had great risk of falling down. In this
study, the original form of FGA was properly revised
with an addition of three items in Dynamic Gait Index.*”

Manual function test (MFT) is an upper limb function
assessment for hemiplegic patients after stroke. It
measures eight motions with respect to the movement of
the shoulder. A score is obtained for each item with an
average of 32-point.¢

Statistical analysis

This study used SPSS version 18.0 (SPSS (IBM
Co., Armonk, NY, USA)) for statistical analysis of
all measured data. To find general characteristic and
normal distribution between the two groups, Chi-square
distribution was applied to all participants. Analysis
of variance (ANOVA) was used to distinguish the
study group from control group. ANOVA was also
used to compare the categories in each group. Normal
distribution was implemented for the results of the study
groups and control groups. Differences between the
two groups were analyzed using multivariate ANOVA
for repeated-measures (MANOVA-RMs). Pearson’s
correlation analysis was performed to determine the
correlations between balance ability and gait ability.
Statistical significance was considered when P < 0.05.

Table 1: General characteristics of participants (n=17)
Characteristics Study Control 72 (P)
group (n=9) group (n=8)

Gender

Male/female 8/1 2/6 17.00 (0.386)
Paretic side

Left/right 6/3 6/2 17.00 (0.386)
Age (year), mean+SD  51.22+7.80 55.50+17.71 221.00 (0.256)
MMSE (score), 26.77+2.68 27.75£2.86  68.00 (0.343)
mean+SD
Height (cm), mean=SD  169.0+£6.98 162.0+£7.59 204.00 (0.263)
Weight (kg), mean+SD  64.67+4.35 6.013+£7.37 187.00 (0.271)
After onset (month), 12.89+5.08  11.884+4.7 119.00 (0.308)
mean+SD

Mean+SD. MMSE: Mini-mental state examination, SD: Standard
deviation

RESuULTS

This study enrolled 17 patients, including 9 in the study
group and 8 in the control group. In the study group,
six patients had left hemiplegia while three patients had
right hemiplegia. In the control group, six patients had
left hemiplegia, and two patients had right hemiplegia.
All patients had similar height, age, and weight.
Characteristic of subjects were summarized in Table 1.

After scapular stabilization exercise on a paretic side,
MANOVA-RM was performed. Results are presented
in Table 2. There was a significant time effect for TUG
(F =13.816, P = 0.000), FGA (F = 18.613, P = 0.000),
and MFT (F = 16.777, P = 0.000). The group x time
interaction effect for these variables was also significant
for FGA (F = 4.966, P = 0.024) and MFT (F = 6.946,
P =0.003), but not for TUG test (F = 3.343, P = 0.069).

DISCUSSION

Scapular stabilization is particularly affected by scapular
stability during movement in cardinal planes. The
previous studies on recovery of upper extremity function
have investigated the effects of balance, upper limb
function, and gait speed in poststroke patients.[-14-18]

Movement disorders can bring about limitations to
muscle control and motion functions or mobility. They
can also result in degradation of balance control abilities.
Hemiplegia is accompanied by increased posture
instability, asymmetrical weight bearing, impairment of
body weight transfer capabilities, and decreased postural
stability.?7-28]

According to Eng and Chu,™! gait abilities of paretic
and nonparetic lower limbs are not identical. In addition,
the paretic side is less competent in weight-bearing
ability. In particular, slow gait velocity and reduced gait
endurance may cause many difficulties in the recovery
of gait ability. Overcoming these difficulties is a crucial
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Table 2: Comparison of upper limb function and gait ability between groups (n=17)

Parameters Study group (n=9) Control group (n=8) Time, F (P) Group x time, F (P)
TUG (s)
Pretest 24.01 (7.90) 26.67 (11.61) 13.816 (0.000)* 3.343 (0.069)
Posttest 21.43 (6.87)* 25.73 (11.02)
Follow-up 18.95 (5.95)* 24.95 (10.00)
FGA (score)
Pretest 16.00 (6.08) 15.00 (7.39) 18.613 (0.000)* 4.966 (0.024)"
Posttest 17.33 (6.55)* 16.13 (6.68)
Follow-up 19.78 (6.88)* 16.38 (6.84)
MEFT (score)
Pretest 9.67 (9.40) 14.13 (10.41) 16.777 (0.000)* 6.946 (0.003)*
Posttest 11.00 (8.83)* 14.38 (10.15)
Follow-up 12.56 (8.50)* 14.75 (10.44)

Values are mean (SD). *P<0.05: Significant difference within group, 7P<0.05: Significant difference between groups, P<0.01: Significant
difference between groups. TUG: Timed up and go test, FGA: Functional Gait Assessment, MFT: Manual function test, SD: Standard deviation

objective of stroke patient rehabilitation.l*®! Many studies
have reported treatment methods for improving the gait
ability of stroke patients.*!) Stroke patients suffer from
deficits in functional ambulation capacity, balance,
walking velocity, cadence, stride length, temporal gait
pattern, and muscular activity pattern.

In general, stroke patients show decreased walking
velocity, which can result in decreased paretic stance
phase but increased paretic swing phase.F

According to Hill et al.,B¥ gait speed and shoulder
girdle strength are improved (P < 0.05) after 8 weeks
of training for stroke patients. In the study group of this
study, gait speed (TUG test) was changed from 24.01
to 18.95 s. In addition, FGA scores were changed from
16.00 to 19.78 points after 8 weeks of training.

Upper extremity hemiparesis can impair the performance
of many daily activities such as dressing, bathing,
self-care, and writing, thereby resulting in reduced
functional independence. Therefore, stroke survivors
need to participate in rehabilitation programs to
achieve functional independence.*® Approximately,
one-third of all stroke survivors have significant residual
disability. The severity of upper extremity hemiparesis
is a significant determinant of poststroke disability and
quality of life.®>) Hemiparesis of the upper extremity
is often the most severe one in the most distal regions.
Although proximal muscles and joints may be the least
affected ones, purposeful movement requiring precise
control of the proximal segments is slow, inaccurate,
and poorly coordinated.¢!

Postural control of the trunk is also a critical component
of independent performance of activities of daily living.
Hsieh et al. have investigated the relationship between
trunk control and comprehensive activities of daily
living.B”! A paretic arm can change scapular orientation

because scapular stabilizers are often so impaired by
muscle weakness that they cannot overcome arm weight
or maintain anatomical characteristics. The weakness of
scapular stabilizers has been shown to increase motor
impairment of the upper extremities and consequently
affect many stroke survivors to achieve independent daily
livings.*® The efficacy of scapular stabilization exercise
in improving balance and performance of daily activities
by stroke patients was also investigated in this study.
An important finding of this study was a statistically
significant improvement in the function of the paretic
upper extremity after the scapular stabilization exercise.
However, in the study group, MFT was changed from
9.67 to 12.56 points. For upper limb function, there was
a significant time effect on MFT (F = 16.777, P = 0.000)
and group X time effect on MFT (F = 6.946, P = 0.003).

Gait ability showed statistically significant differences
in group x time effect in both groups. This study was
focused on the effect of scapular stabilization exercise
on a paretic side on balance and gait in hemiplegic
patients. We assumed that compensate movement was
intervened through the training. It played a major role
for TUG, FGA, and MFT tests score improvement.

CONCLUSION

Results of the present study indicated that scapular
stabilization exercise during standing on a paretic
side for 8 weeks had an effect on the gait ability of
hemiplegic patients after stroke. Further studies needed
to find the most proper exercise for stroke patients with
gait disability and upper limb dysfunction.
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