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Variations in Stroke Patients’ Muscle Activity during Head
Rotation in Non-Paretic-Side Weight Bearing
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Purpose: This study aimed to determine the interaction among the neck, trunk, and lower extremities on the non-paretic side in head
rotation along with non-paretic-side weight shifting of stroke patients. To compare stroke patients’ ability to control posture through
muscle activity variation related to pertubation during head rotation along with the non-paretic limb.

Methods: We tested 15 hemiplegic patients and 15 normal individuals. Each group’s muscle activity was measured by electromyography
in neutral head position and head rotation position. We compared each group's resu It based on measured values in patients' non-paretic
neck muscles, trunk muscles, and lower limbs muscles activation.

Results: The study showed that muscle activity increased in the sternocleidomastoid muscle (102.26%, 53.00%), splenius capitis muscle
(97.93%, 54.93%), erector spinae muscle (241.00%, 127.60%), external oblique abdominal muscle (256.66%, 152.00%), and internal
oblique abdominal muscle (252.80%, 152.6%), peroneus longus muscle (117.53%, 137.13%) and gastrocnemius muscle (119.06%,
137.20%), while the results for the sternocleidomastoid muscle, splenius capitis muscle, erector spinae muscle, external oblique abdomi-
nal muscle, internal oblique abdominal muscle, peroneus longus muscle, and gastrocnemius muscle showed a statistically significant dif-
ference (p<0.05).

Conclusion: It is hard for stroke patients to engage in normal movement control under suggested conditions because of the insufficient
movement against gravity on the stroke patient's non-paretic side and impaired cooperative patterns. To solve these problems, patients

need their bodies to improve through effective movement, resulting in advanced control of their effective and functional activity.
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INTRODUCTION

Visual stimulation during daily activities when searching the sur-
rounding environment requires balance in the standing position"*
and horizontal visual movement is related to movements of other
objects in the retina and results in controlled agitation.* Movements
through synchronization between the eyes and head are transterred
into the neck and trunk, thereby enabling coordination in the mo-
tions of the four limbs, and include muscles in neck and head.**
Stroke patients experience changes in movements and stability
through coordination of the head, trunk, and pelvis, which are re-

quired to move the body’s weight,*® dominant use of the non-paret-

ic side due to a lack of balance control ability results in asymmetrical
body weight support.

Postural control provides stability, as it gives a reference frame to
move the head or four limbs selectively® and control between con-
nected segments is highly important for balance. Stroke patients
have asymmetric body and muscle tone sclerosis, as well as sensory
and motor nerve deficiencies.” Damage to motor and sensory func-
tions is a general symptom of stroke, representing a great obstacle to
postural control and task-oriented activities."” Due to the damage
they have sustained, stroke patients have considerable difficulties in
controlling balance in the standing position, along with motion,

sensory, and cognitive problems; moreover, they face difficulties in
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moving the body weight to the non-paretic side during balance and
gait performance.” Dault et al.”* discovered that postural sway was
found in the forehead of acute stroke patients and medial-lateral
sway was related to asymmetry in chronic stroke patients. Further-
more, Anouk et al.” showed a significant difference in postural
control of voluntary head movements in the standing position be-
tween normal persons and stroke patients. In addition, Nicolas et
al" and Geiger et al.” studied sway characteristics due to asymmet-
ric weight support and found that participants had more load on the
non-paretic side.

As described above, most previous studies have focused on pos-
tural control on the paralyzed side against sway motion, as well as
asymmetry in stroke patients. Thus, this study aimed to determine
the interaction among the neck, trunk, and lower extremities on the
non-paretic side in head rotation along with non-paretic-side weight

shifting of stroke patients.

METHODS

1. Study subjects

The subjects of the present study were 15 patients with hemiplegia
due to stroke who satistied the study criteria, selected from patients
who were admitted and treated with physical therapy in K Hospital
in Daegu, Korea, and 15 normal persons whose ages were similar to
those of the stroke patients. The subjects were informed about the
test objectives and tasks and gave consent prior to the test. No signif-
icant differences in homogeneity and normality tests were found
between the groups of subjects (p>0.05) (Table 1). The motor func-
tion and cognitive function of the subjects indicating Berg Balance
Scale (BBS), Motor Assessment Scale (MAS), and Minimal Mental
State Examination-Korean (MMSE-K) were as follows (Table 1).

Table 1. General characteristics of the subjects

Division Normal Paretic p
Male/female 8/7 10/5 0.38
Weight (kg) 62.80+6.44 63.00+£12.11 0.61
Mean age 53.80+8.46 55.70+6.56 0.84
Height (cm) 167.10+7.57 164.90+4.15 0.46
BBS 46.67+4.92 38.33+6.78

MAS 41.87+2.72 40.60+2.95

MMSE-K 27.00+£1.60 25.00+£1.89

Mean £SD: Mean Standard Deviation.
BBS, Berg Balance Scale; MAS, Motor Assessment Scale; MMSE-K, Minimal
Mental State Examination-Korean.
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The selection criteria for the subjects were as follows: (1) patients
with hemiplegia due to cerebral infarction and cerebral hemor-
rhage; (2) patients who could walk at least 10 m independently with-
out other assistance; (3) patients who had no orthopedic diseases of
the pelvis and both lower extremities; (4) patients who could main-
tain standing balance with both feet together for at least 15 seconds;
(5) patients who could understand and follow the researchers’ in-
structions; (6) patients without vestibular disorder; and (7) patients

without unilateral neglect.

2.Measurement tools and procedures

1) Surface electromyography

To measure muscle activity, surface electromyography (SEMG; MO-
TION LAB System Inc., LA, USA) was used. Data obtained as sub-
jects rotated their heads were filtered and processed using WinDAQ
software (DATAQ Instruments System Inc., OH, USA). A sample
rate of EMG signals was set to 14,000 Hz, and a 60 Hz notch filter
was used to measure muscle activity. Root mean squares (RMSs)
were calculated from the data obtained as described above and

compared with each other.

2) Muscle activity measurement region and method

To determine muscle activity in the neck, trunk, and lower ex-
tremities during head rotation, recording electrodes were placed
on muscles including the sternocleidomastoid (SCM), splenius cer-
vicis (SP), external obliquus abdominis (EOB), internal obliquus
abdominis (IOB), erector spinae (ES), peroneus longus (PL), and
gastrocnemius (GCM)."*" First, locations where recording elec-
trodes should be placed were determined and electrode attachment
regions were thoroughly cleansed with alcohol and shaved. For the
muscle activities in the neck measured during head rotation while
in a static standing position, In the trunk, lower extremities mea-
sured during maintained their heads in the neutral position during
non-paretic-side weight shifting with both feet on the ground, a
value in the reference voluntary contraction (RVC) test for each
muscle was used.

Subjects rotated their heads to the sound actively and maintained
the position for 5 seconds while the muscle activities in neck, trunk,
and lower extremities were recorded. The subjects’ arms were resting
comfortably on the greater trochanter of the femur. Every motion

was performed three times iteratively to measure muscle activity.
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The muscle’s tension was measured and recorded as EMG signals for
5 seconds. The signals of the first and last seconds were removed and

only the middle 3 seconds of the EMG signals were taken as data.

3. Statistics

The data acquired in this study were statistically processed using
SPSS Version 14.0. The general characteristics of the study subjects
were analyzed via descriptive statistics and an independent sample
t-test was used to determine differences in muscle activities of the
neck, trunk, and lower extremities between stroke patients and nor-
mal individuals. Furthermore, the Pearson correlation coefficient
was used to determine correlation between muscle activities in the
neck, trunk, and lower extremity on the non-paretic side of stroke

patients. The statistical significance level, a, was set as p < 0.05.

RESULTS

1. Comparison of muscle activities between groups during
head rotation

To compare muscle activities in the neck, trunk, and lower extremi-

ties during head rotation, muscle activities in SCM, SP, EOB, IOB,

ES, PL, and GCM were measured. Muscle activities on the non-pa-

retic side were measured for the group of patients with hemiplegia,

while muscle activities on the dominant side were measured for the

normal group and their %RVC values were compared.

1) Comparison of muscle activities in the neck between groups

The normal group showed increases in muscle activities in the SCM
and SP of 102.26% and 97.93%, while the hemiplegia group exhibit
increases of 53.00% and 54.93%, and there were statistically signifi-
cant differences in both the SCM and SP compared to the normal

Table 2. The comparison of neck, trunk, lower limb muscle activation

in each groups (%/unit)
Normal (N=15) Paretic (N=15) t p
SCM 102.26+35.13 53.00+£25.01 -4.43 <0.001*
SP 97.93+24.47 54.93+24.39 -4.82 <0.001*
ES 241.00£129.28 127.60+£41.21 -3.26 <0.001*
EOB 256.66+14498 152.00+£62.37 -2.57 0.02*
10B 252.80+49.77 152.60%£64.15 -4.78 <0.001*
PL 117.53+13.23 137.13+17.93 3.41 <0.001*
GCM 119.06+10.10 137.20+18.61 3.32 <0.001*

SCM, Sternoclaviculomastoid; SP, Splenius; ES, Elector spinae; EOB, External
oblique; OB, Internal oblique; PL, Peroneus longus; GCM, gastrocnemius.
*p<0.05.

J Kor Phys Ther 2015:27(3):159-163

JKPT

group (p<0.05) (Table 2).

2) Comparison of muscle activities in the trunk between groups

The normal group demonstrated increased muscle activities in the
ES, EOB, and IOB of 241%, 256.66%, and 252.80%, while the hemi-
plegia group had increases of 127.6%, 152% and 152.6%; statistically
significant differences compared to the normal group were seen in

all of these muscles (p < 0.05) (Table 2).

3) Comparison of muscle activities in the lower extremities between
groups

The normal group exhibited increases in muscle activities in the PL

and GCM of 117.53% and 119.06%, while the hemiplegia group

showed increases of 137.13% and 137.20%. The differences between

the hemiplegia group and normal group were statistically signifi-

cant (p <0.05) (Table 2).

2. Comparison of the correlation with muscle activities on the
non-paretic side of hemiplegic patients

During the muscle activity measurement using EMG, muscle activi-
ties on the non-paretic side of hemiplegic patients were measured to
compare correlations with muscle activities in the neck, trunk, and
lower extremities. The results showed that SCM and ES had a statis-
tically significant correlation of 0.46, while SP and ES had a statisti-
cally significant correlation of -0.47. They also showed that the
GCM and ES in the trunk and GCM and EOB had statistically sig-
nificant correlations of 0.52 and 0.59, respectively (p < 0.05) (Table 3).

DISCUSSION

This study aimed to determine variations in stroke patients’ muscle

Table 3. The comparison of correlation between muscle activation in
paretic group

Paretic group

SCM SP ES EOB I0B PL GCM
SCM 1 0.25 046 0.14 -0.06 0.09 -0.17
SP 1 -047+ 022 0.23 0.25 -0.24
ES 1 0.37 -0.43 -0.01 0.52*
EOB 1 -0.07 -0.05 0.59%
OB 1 -0.33 -0.45
PL 1 0.28
GCM 1

*p<0.05.
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activity in the neck, trunk, and lower extremities during head rota-
tion while non-paretic-side weight shifting. We assumed that stroke
patients would have postural control problems not only on the pa-
retic side, but also on the non-paretic side; thus, we aimed to com-
pare postural control abilities that maintain body balance against
sways caused by weight shifting through the non-paretic side of
stroke patients.

In this study, muscle activities in the neck during head rotation
while weight shifting exhibited a greater increase than head rotation
in the standing position. For example, the SCM in the neck demon-
strated increases in muscle activity of 102.26% in the normal group
and 53.00% in the hemiplegic group, while the SP showed increases
in muscle activity of 97.93% in the normal group and 54.93% in the
hemiplegic group. This result indicated that although the hemiple-
gic group had lower muscle activity than the normal group, the role
of their neck muscles had changed, where they had become stabiliz-
er muscles to increase resistance against sway. Furthermore, this re-
sult indicated that muscle activity around the neck to support the
head during daily activities in the standing position compensated
for the instability of body balance by means of increases in muscle
activity and co-contraction in neck. This result is consistent with a

1.16

study by Alessander et al.'* who proposed that although it was diffi-
cult to predict the direction and extent of head sway in medial-later-
al sway, it was clear that stiffness of the neck increased in resistance
against sways.

Brown et al.”® reported the importance of coordination between
trunk muscles during sudden trunk sways, while Kim et al."” re-
ported that the trunk stability of stroke patients had a positive effect
on subjects” dynamic balance ability. The present study indicated
increased muscle activities in the ES, EOB, and IOB during head ro-
tation of 241.66%, 256.66%, and 252.80% in the normal group and
127.60%, 152.00%, and 152.60% in the hemiplegic group. Through
the above results, increased muscle activities in rotation muscles in
normal and hemiplegic groups during head rotation helped to sta-
bilize participants’ trunks. This result was similar to those of a study

20

by Duarte® that reported unstable trunk control in stroke patients,
as well as a study result by Roby-Brami et al.*' claiming that ineffi-
cient postural movements were caused by the limited range of mo-
tion of joints, as well as loss of appropriate coordination in trunk.
However, in this study, muscle activities in the trunk due to head

rotation in the stroke group were lower than those in normal group,
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and the reason for this seemed to be the promotion of inefficient
muscle activities on the non-paretic side caused by the flexion pat-
tern of trunk and biomechanical characteristics of the anterior pel-
vic tilt, which are commonly observed in stroke patients, although
they were not measured in this study.

In this study, muscle activities on the medial side of the PL and
GCM in the lower extremities were measured to determine the
control abilities of internal and external muscles in the ankle joints
during weight shifting to the non-paretic side. The results showed
that the muscle activities during head rotation increased by 117.53%
and 119.06% in the normal group, while those in the hemiplegia
group increased by 137.13% and 137.20%, respectively. Internal and
external muscle activities in the ankle joints were higher in the
hemiplegia group due to weakening of the pelvic mechanism than
in the normal group, and this result indicated a trend of dominant
use of the flexor and adductor in hip joints due to a reduction in
control of tonic muscles required for postural control and an at-
tempt to control the lower extremities via an inefficient approach
that was dependent on biomechanical stability. This result is consis-
tent that of Nicolas et al."* who found that increased movements in
the center of pressure (COP) mainly found along the medial and
lateral axes could be seen as weakening the pelvis mechanism and
controlled by internal and external muscles in the ankle joints.

The hemiplegic patients exhibited decreases in postural control
muscles due to problems in balance and coordination, as well as
asymmetric body support. This study aimed to determine the body
control ability of hemiplegic patients against gravity through inter-
action of muscles in the head, trunk, and lower extremities during
weight shifting to the non-paretic side. In terms of the relationship
between muscles of the neck and trunk, the study showed that the
SP and IOB had a statistically significant correlation (p < 0.05), and
the relationships between muscles of the neck and lower extremities
showed that the SP and PL, as well as the SP and GCM, had statisti-
cally significant correlations (p < 0.05). In the trunk, the ES and IOB,
as well as the IOB and EOB, showed statistically significant correla-
tions with each other (p<0.05). The above results are consistent
with those of a study by Shumway-Cook et al.** in which instability
was compensated for by minimizing motions of the head and
trunk; as well as those of a study by Roby-Brami et al.* who showed
that compensating postural control of muscles in the lower extremi-

ties and trunk can be expected due to sway applied directly to the
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head. Accordingly, the use of ankle joints—which are related to ver-
tical stability in a static standing posture—incurs increases in lower
extremity sensory inputs and muscle activities on the non-paretic
side due to the reduction in muscle activities in the trunk during
body sway, thereby representing a method that can be used to
achieve postural control easily in standing position.

In this study, stroke patients had various postural control prob-
lems in the neck, trunk, and lower extremities on the non-paretic
side due to muscle strength weakness, lack of body schema, and vi-
sual compensation. Moreover, stroke patients induced co-contrac-
tion by increasing muscle activities in the neck during sway and
tended to compensate for postural instability through limited
movements of the head by means postural stabilizing muscle rather
than dynamic muscle function. Furthermore, appropriate coordi-
nation abilities on the non-paretic sides of stroke patients were re-
duced, and their postural control in the neck, trunk, and lower ex-
tremities during head rotation was different compared to that of the
normal group.

The limitations of this study are as follows: The study result can-
not be generalized to all stroke patients due to the small number of
subjects. Moreover, comparison of muscle activities and changes in
motion analysis between the paretic and non-paretic sides during
weight shifting were not measured. These limitations will be over-

come in future studies.
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