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Abstract

Background: Stroke is one of the major leading causes
of morbidity and mortality worldwide. Hemiparesisis one
among the major impairments after stroke. It significantly
affects gait performance. Patients use less affected side over
the affected side. This differentiated the transverse rotation
of trunk and pelvis. Some researchers found that arm sling
has positive effects in enhancing gait patterns especially
during gait training sessions in hemiparetic patients who have
excessive motion of COG. Some studies suggested that pow-
erful swing of upper extremities instead of natural movement
is more helpful for improving weight shifting of the trunk,
and gait kinematics. However, the upper limb swing function
during walking has not yet been clarified, and still subject of
debate.

Aimof Sudy: To compare between effect of bilateral
reinforced arm swing versus single arm restraining on the
affected single limb support time in chronic hemiparetic stroke
patients to take it into our consideration during gait rehabili-
tation after stroke.

Patients and Methods: Thirty male patients with chronic
stroke with an average age of 54.96+4.5 years participated in
this study. All patients performed overground 10-MWT without
any assistive devices over a 15-m walkway at self-selected
speed in 3 different conditions: Normal arm swing, affected
arm restraining using arm sling and bilateral reinforced arm
swing randomly for 3 trails each to calculate average walking
speed. The same speed cal culated was set on the treadmill of
Biodex Gait Trainer 2TM system in meter per second (m/sec.)
subjects performed a 3-minute walk under each of the previous
conditions randomly with time interval 20 minutes between
tests for recording of average time on affected side during
gait cycle.

Results: The mean difference in time on the affected side
between normal and sling conditions was —0.37%. There was
no significant difference in time on the affected side between
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normal and sling arm condition (p=1). The mean difference
in time on the affected side between normal and powerful

conditions was —3.2%. There was a significant increase in
time on the affected side in powerful compared with normal

arm swing condition (p=0.04). The mean differencein time
of the affected side between sling and powerful conditions
was —2.83%. There was a significant increase in time on the
affected side in powerful compared with sling arm condition

(p=0.2).

Conclusion: The results suggest that powerful arm swing
significantly increased the percent of weight bearing on
affected side in chronic hemiparetic stroke patients. Hence,
it is recommended to motivate the patient to swing his arm
powerfully as much as he can during gait training sessions.

Key Words. Stroke — Hemiplegia — Gait — Arm swing — Arm
ding.

Introduction

STROKE isone of the major leading causes of
morbidity and mortality worldwide [1] . Survivors
are suffering from several neurological deficits as
hemiparesis, cognitive deficits, communication
disorders, or visuospatial disorders [2] . It also can
cause difficulty in ADL [3].

Human locomotion involves the smooth ad-
vancement of COG with the least amount of me-
chanical and physiological energy expenditure.
This natural movement requires interaction between
lower limbs, trunk, and therefore the upper limbs
4.

Arm swing is considered a distinctive apparent
characteristic of human walking. Our arms tend to
swing out of phase with our legs. It has several
positive effects as improving metabolic efficiency
by generating a torque that opposes the contralateral
swing leg [5], and enhancing balance, equilibrium,
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and postural control for smoothing the walking
motion [g].

Hemiparesisis significantly affecting gait per-
formance. Slow velocity, decreased cadence, pro-
longed swing duration on the paretic side, pro-
longed stance duration on the nonparetic side, and
step length asymmetry are the most common spa-
tiotemporal patterns of hemiparetic gait compared
with healthy subjects [7].

It had reported that the active movement of
affected upper extremitiesis limited in hemiparetic
patients and trunk was not rotated effectively during
gait [8] . Patients use less affected side over the
affected side. This differentiated the transverse
rotation of trunk and pelvis [9].

Some researchers found that arm sling has
positive effects in enhancing gait patterns especially
during gait training sessions in hemiparetic patients
who have excessive motion of COG. It can increase
walking speed, stance period of the paretic side,
and reduces double support time of the paretic side
[10].

Other studies suggested that powerful swing
of upper extremities instead of natural movement
is more helpful for improving weight shifting of
the trunk, and gait velocity [11] because of the
activation of latissimus dorsi muscle and gluteus
maximus that are connected by the thoracolumbar
fascia. Thislinkage can make it possible to transfer
the force and enhance trunk rotation and reduce
vertical displacement of the pelvis on the most
affected side [12].

This study was designed to clarify if arm swing
can improve gait kinematics to take it into our
consideration during gait rehabilitation after stroke.

Material and Methods

The study was conducted on thirty male patients
with chronic hemiparesis due to cerebral infarction
or cerebral hemorrhage. The patients were diag-
nosed and referred from a neurologist. CT scan
and/or MRI was used to confirm the diagnosis.
The patients were selected from Outpatient Clinic
of Faculty of Physical Therapy, Cairo University
and from El-Kasr El-Ainy Hospital in the period
from 24 June 2020 to 31 December 2020.

Inclusion criteria for the patients were:
1- Common age from 45 to 60 years old.

2- Duration of illness from 6 monthsto 2 years
post stoke.

3- Patients with sufficient cognitive abilities that
enables them to understand and follow instruc-
tions.

4- BMI <30.

5- Able to perform over a 10-meter walk independ-
ently on an even surface with no walking aid.

6- MAS for upper and lower limbs 1 and 1+.

7- Brunnstrom stage of recovery for upper and
lower limbs1V, V.

Patients wer e excluded from the study if they had:

1- Neurological diseases that affect gait other than
unilateral stroke (e.g.: Multiple sclerosis, pe-
ripheral neuropathy .... etc.).

2- Musculoskeletal disorders affecting gait kine-
matics such as severe arthritis, knee surgery.
.. etc.

3- Cardiovascular problems or medical contraindi-
cations to performing treadmill walking.

4- Shoulder subluxation.
5- Visual, auditory problems.
6- Cognitive impairment.

All the patients signed an informed consent
form after receiving information on the study
purpose, procedure, possible benefits and risks,
privacy and use of data then the following assess-
ment steps were applied: All the patients perform
overground 10-MWT without any assistive devices
over a15-m wakway. 2,5 meters were provided
prior to and following the timed portion to allow
acceleration and deceleration to occur outside the
timed region (10 meters) at self-selected speed in
3 different conditions. Normal arm swing, affected
arm restraining with arm sling and bilateral rein-
forced arm swing randomly for 3 trails each to
calculate average walking speed (m/s). The same
speed calculated was set on the treadmill of Biodex
Gait Trainer 2TM system in meter per second
(m/sec.) The participants walked on the treadmill
for three minutes to familiarize themselves with
treadmill walking. Treadmill walking speed was
adjusted if the participant feels that the speed was
not the comfortable walking speed. Subjects per-
formed a 3-minute walk under each of the previous
conditions randomly with time interval 20 minutes
between tests for recording of average time on
affected side during gait cycle.

Satistical methods:

Descriptive statistics in form of mean, standard
deviation, median, interquartile range and frequency
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was conducted for the subjects characteristics.
One-way MANOV A with repeated measures was
conducted to compare the average time on affected
lower limb between the normal arm swing, with
arm sling and bilateral reinforced arm swing. Sig-
nificant results were followed by Bonferroni cor-
rection test for pairwise comparison. The level of
significance for all statistical tests was set at p<0.05.
All statistical tests were performed through the
Statistical Package for Social Studies (SPSS) ver-
sion 22 for windows. (IBM SPSS, Chicago, IL,
USA).

Results

Participants characteristics:

Thirty male subjects with chronic stroke par-
ticipated in this study. 11 (37%) subjects had the
right side affected and 19 (63%) subjects had the
left side affected. 10 (33%) subjects had grade |
spasticity and 20 (67%) subjects with grade I+ in
upper limb while 15 (50%) subjects had grade |
and 15 (50%) subjects had grade I+ for lower limb.
Table (1) showed the participant characteristics of
the study group.

Comparison of time on the affected side between
normal, sling and powerful arm swing:

The mean difference in time on the affected
side between normal and sling conditions was
—0.37%. There was no significant differencein
time on the affected side between normal and sling
arm condition (p=1). The mean difference intime
on the affected side between normal and powerful
conditions was —3.2%. There was a significant
increase in time on the affected side in powerful
compared with normal arm swing condition (p=
0.04). The mean difference in time of the affected
side between sling and powerful conditions was
—2.83%. There was a significant increase in time
on the affected side in powerful compared with
sling arm condition (p=0.1).
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Fig. (1): Mean time on the affected side at normal, sling and
powerful arm swing.
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Table (1): Basic characteristics of participants.

Mean £SD Minimum Maximum

* Age (years) 54.96+4.5 46 60

» Weight (kg) 80.23+7.12 70 0

* Height (cm) 170.4+5.06 160 179

* BMI (kg/m?) 27.61+154 2491 29.76

e Duration of illness  14.77+3.92 8 22
(months)

SD: Standard Deviation.

Table (2): Comparison of time on the affected side between
normal, sling and powerful arm swing.

Time on the affected side (m)
X + SD o p

value value Sig.

Normal Sling Powerful

45.76+6.73 46.13+6.81 48.96+579 5.68 0.008 S

Multiple comparison
(Bonferroni test)

MD p-value Sig.
Normal vs. sling -0.37 1 NS
Normal vs. powerful 32 0.04 NS
Sling vs. powerful —2.83 0.01 S
% Mean. p-value : Probability value.
SD : Standard Deviation. S : Significant.
MD : Mean difference. NS - Non Significant.

Discussion

The present study was conducted to compare
between effect of bilateral reinforced arm swing
versus single arm restraining on average time on
affected limb during gait cycle in chronic hemi-
paretic stroke patients to take it into our consider-
ation during gait rehabilitation post stroke. Thirty
mal e patients with chronic hemiparesis due to
cerebral infarction or cerebral hemorrhage were
participated in this study. The 10-MWT was used
to measure self-selected spontaneous walking speed
for the patients participated and average time on
affected limb will be measured using the Biodex
gait trainer 2 TM system.

The duration of illness was more than 6 months
to make sure that the participants can walk inde-
pendently without using assistive devices. 65% to
85% of stroke patients learn to walk independently
after six months post stroke [13].

Theresult of current study revealed a significant
increase in the average single support time on
affected lower limb during walking with bilateral
powerful arm swing in comparison with walking
with normal arm swing or during walking with
affected arm restriction using arm sling. This means
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that powerful arm swing is one of the methods that
could be used to improve weight bearing on affected
side in chronic hemiparetic stroke patients by
increasing duration of its stance.

This result agreed with the results of Kim JS
and Kwon OH [g] study, June-Seok M. and Hyun-
Joo K. [14] study and Punt M. et a. [15] study. Kim
JS and Kwon OH [g] reported that affected single
support time, and non-affected single support time
were significantly increased in emphasis arm swing
when compared with both self-selected arm swing
and constraint arm swing (p<.05) in chronic hemi-
paretic stroke patients. June-Seok M. and Hyun-
Joo K. [14] believed that the one-leg standing phase
was increased by moving COG (Center of Gravity)
forward when patients with stroke powerfully
swing their upper extremitiesin intention. Punt M.
et al. [15] confirmed that excessive arm swing
significantly increases local dynamic stability of
human gait in the Medio-Lateral direction. In-
creased sagittal plane arm movement out-of-phase
with the ipsilateral leg reduces whole body angular
momentum around the vertical axis. Thisimplies
that corrective torques around the hip of the stance
leg could be lower when arm movement is more
vigorous. Thus, reduced need to produce transverse
plane torques around the hip of the stance leg might
positively affect frontal plane balance as well given
the anatomy of the hip musculature leading to
increased time of single limb stance.

In this study, it was thought that increased
single support time on affected side during powerful
bilateral arm swing could be due to increased
stability around hip and knee joints through in-
creased firing of lower limb muscles by two dif-
ferent fascial connection. First, intended arm swing
of affected side leading to significant increase of
firing or activation of latissimus dorsi and gluteus
maximus muscle which are connected through
thoraco-lumbar fascia [12] leading to increased
affected lower limb hip extension stability during
stance. Second, powerful arm swing of non-affected
side may increase firing of affected side knee
extensors anatomically through spiral line of fascial
connections to the rhomboids major and minor,
the lower part of the serratus anterior, the external
oblique, and the opposite of the internal oblique
[16]leading to increased stability around knee dur-
ing single limb stance on affected side.

Thisresult contradicted with Cavan S. et al.
[17]study. He reported that significant relationship
between arm swing and walking ability in hemi-
plegic patients was not found in his study during
different walking conditions. The discrepancy

between the present and Cavan S. et al. [17] study
may be due to smaller sample size, different degrees
of spasticity and stages of recovery for the patients
who represented the sample of his study.

Theresult of current study revealed that there
was no significant difference in the percent of
stance time on affected side during walking with
single arm restriction using arm sling or waling
with normal swinging of arms p-value=1. This
result agreed with the results of Yavuzer G. and
Ergin S. [18] study, Koo HM and Lee SY [19] study
and Cavan S. et a. [17] study. The able-bodied
personsin Yavuzer G. and Ergin S. [18] study did
not show any differencesin gait kinematic param-
eters between trials with and without arm sling.
Koo HM and Lee SY [19] found that step time and
single limb support did not show significant dif-
ferences during walking with normal arm swing,
dominant side constrained or non-dominant arm
constrained using arm sling in young adults. Cavan
S. et al. [17] reported that there is no significant
difference in gait kinematics during walking with
arm sling or with normal arm swing in hemiplegic
patients. He al so suggested the usefulness of using
arm slings.

Thisindicates that there is no need to wear arm
sling to control affected limb in order to increase
dynamic gait stability or to enhance affected leg
percent of weight bearing during gait cycle. There-
fore, this study supported many other physical and
occupational therapists who do not want hemiparet-
ic patients to use walking aids such as canes or
arm slings during daily life or during therapy
sessions because they interfere with functional
activities and enhance the flexor synergy of the
upper extremity [20] .

This result contradicted with Yavuzer G. and
Ergin S. [18] and Fayez E. & El-Wishy A. [10].
Both confirmed that the percentage of stance phase
on paretic side was increased with wearing arm
sling aiming to support paretic side during walking
leading to significant improving of gait pattern.
The discrepancy between the present and their
studies may be due to criteria of patients selected
as duration from the onset of stroke, degree of
spasticity and history of shoulder pain or subluxa-
tion. In this study chronic hemiparetic patients
with mild spasticity were included. Patients were
excluded if they have shoulder pain or subluxation.

Conclusion:

The results suggest that powerful arm swing
significantly increased the percent of weight bearing
on affected side in chronic hemiparetic patients.
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Hence, it is recommended to motivate the patient
to swing his arm powerfully as much as he can
during gait training sessions.
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