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Purpose: The purpose of this study was to compare the activities of the abdominal and neck flexor muscles of children with
and without cerebral palsy (CP) while lifting the head in a supine position.

Methods: The subjects were eight children with CP and eight children without the disease. The activities of the external
abdominal oblique (EQ), internal abdominal oblique (I0), rectus abdominis (RA), sternocleidomastoid (SCM), and RA/SCM muscles
were collected by surface electromyography (EMG) when the children lifted their heads. A Mann-Whitney U test was used to
compare the activity of each muscle during the head-lifting exercise. Statistical significance was accepted at p<0.05.

Results: The activities of the EO, 10, and RA, and RA/SCM muscles differed significantly between the children with and without
CP, but there was no significant between-group difference in the activity of the SCM muscle.

Conclusion: These findings suggest that the abdominal muscles are not employed as much in the activities of children with CP
compared to those without the disease. Additionally, those with CP were more dependent on the neck flexor muscle during the

head-lifting exercise in a supine position.

Key Words: Abdominal muscle, Cerebral palsy, EMG

l. Introduction

Cerebral palsy (CP) is a motor disorder associated with
movement, posture, and balance problems that is caused
by nonprogressive brain damage at an early stage of
development, * Interference with the normal development
of muscles results in abnormalities of muscle tone, reflexes,
and movement patterns, all of which cause muscle weakness
and imbalance. These neuromotor and musculoskeletal
disorders change over time,** Another problem is that deficits
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in postural control in children with CP.5 One of the primary
goals of postural control is to stabilize the head in space.’
Children with CP are unable to adequately stabilize their head
in space during dynamic tasks and this may be related to
immature or abnormal patterns of trunk muscle activation,’
Stabilization of the head s position in space is one of the
motor strategies used to establish a stable frame of reference
during movement,®

A healthy infant is able to control its neck muscles by the
time it is 3 or 4 months, By the time the infant is about 5
months, the trunk muscles have developed into a coordinated
postural pattern, In an 8—month—old infant who can sit
independently, the neck and trunk muscles are coordinated
when the infant’ s body sways forwards or backwards,”" One
example of spontaneous motor behavior of an infant that can

be eagily observed during the first year of life, particularly
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between 6 and 9 months of age, is active head lifting from
supine. ! The abdominal muscles play a particularly important
role in providing stability for movement and adjustment
of the head by fixing the chest during head movements,
The abdominal muscles consist of the rectus abdominis
(RA), internal abdominal oblique (I0), external abdominal
oblique (EO, and transverse abdominis (TA), These muscles
primarily play a role in bending the trunk.” However, they
are sometimes involved in helping to stabilize the trunk while
lifting the head," Core stability refers to the ability to control
the location and movements of the trunk on the pelvis, and
it is regulated by the interaction of the greater and lesser
muscles, ™ These trunk muscles provide stability for the
spine by maintaining the correct alignment of the body while
standing or sitting, They are an essential element in functional
performance and provide a basic support mechanism for
moving the limbs or maintaining balance, *

Children with CP have poor trunk stahility due to the low
muscle tone of the trunk and proximal muscles and muscle
weakness."® They find it difficult to maintain sufficient
stability of the head when performing dynamic tasks due to
the instability of the trunk muscles.”” The lack of head control
and trunk stability makes it impossible for them to maintain
a correct posture and leads to problems with posture., As
a result, an abnormal pattern of muscle activity occurs,
resulting in various problems, such as muscle imbalance,
weakness, and atrophy, in addition to motor coordination
disorders, ™" In particular, the weakening of the abdominal
muscles in those with CP interferes with the stability of the
trunk and leads to secondary dysfunction of the arms and
legs,"™® Children with CP often struggle with head and trunk
stability, even during functional tasks.”

Quantitative data on the activities of the abdominal muscles
during neck exercises to stabilize the trunk in children with
CP are lacking, Studies are needed that compare the patterns
of muscle activation of the trunk in children with and without
CP. We believe that such objective data can enhance the
understanding of the physical characteristics of children with
cerebral palsy, Therefore, the objective of this study was to
compare the activity of the abdominal and neck flexor muscles
of children with and without CP during head lifting in a
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supine position,

Il. Methods

1. Subjects
Eight children with CP aged 7 to 14 who were in B hospital in
Daejeon and eight children without the disease were recruited
for this study. All the subjects and their guardians voluntarily
signed written consent forms, The inclusion criteria were
children with spastic diplegia CP who could lift their heads
from the floor, children who had no fear, children who did
not show an adverse reaction to the surface electromyographic
equipment, and children who had no musculoskeletal diseases
that could affect the outcome, In the group of children with
CP could not walk without assistive devices and had limited
self—mohility (GMFCS levels IV and V). The degree of disability
for children with CP are described by the GMFCS (Gross
Motor Function Classification System), a 5—level system
in which GMFCS level I indicates minimal impairment and
children at the GMFCS level V cannot sit upright or ambulate
independently, 22 We also excluded other impairments in
cognition, attention, or sensory making them unable to follow
direction and uncorrected visual impairments and recent
njection of botulinium toxin, surgery, or any planned medical
or surgical interventions to modify effects of CP during the
period of the study,

Bight children without CP who had no neurological,
developmental, or musculoskeletal diseases were also included,
and the consent of their parents or guardians was obtained,

2. Experimental procedure

After taking off their shirt, the child lay down in a comfortable
position, and the electrode and the ground electrode were
attached to the child s body. The electrodes were placed at
the midpoint of the muscle length for the sternocleidomastoid
(SCM) muscle and at the muscle belly 2 ecm outward from the
umbilicus for the RA muscle, The electrodes for the EO were
placed halfway between the anterior superior iliac spine and
the lower rib, parallel to the muscle fibers, The electrodes for
the 1O were placed in the middle between the anterior superior
iliac spine and midline of the body, just above the inguinal
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ligament, The electrodes ran parallel to the muscle fibers and
were placed 2 cm apart to minimize any confusion between
the muscles,” After checking that the subject was in a stable
state in a supine position, the subject was instructed to raise
his/her head from the ground as quickly and as high as
possible, Electromyographic signals were collected while the
subject held up his/her head for 5 sec, and the mean value
of two measurements was compared, Optimal stabilization
has been considered to be increased muscle activation of the
abdominal muscles when compared with the neck flexor, "'
To determine the synergistic relation between the muscles in
this experiment, we calculated the ratio of the RA and SCM
muscle activity,

3. EMG measurement

In this study, a 16—channel electromyograph (Telemyo 2400T,
Noraxon, USA) was used to measure the activities of the EO,
10, RA, and SCM muscles during the head—lifting exercise,
Each surface electromyography (EMG) electrode was attached
to the muscle according to the method of Cram et al.” The
ground electrode was attached to the anterior superior iliac
spine on the dominant side, Prior to the EMG measurements,
dead skin was removed with sandpaper after hair removal
to minimize any resistance of the skin that may occur at the
point of the electrode attachment, The skin was disinfected
with alcohol, and disposable Ag/AgCl electrodes (Red Dot ,
3M, USA) were attached to the skin,”

The sampling rate of the surface EMG measurement was at
1024 Hz, and the measured signals were amplified 1785 times,
An 80—250 Hz band—pass filter was used to remove noise
caused by the surrounding environment during the surface

EMG measurements, To compare of activity of different

Sung-Jin Choi, et al : Abdominal and Neck Muscles of Cerebral Palsy

muscles and the activity of these between individuals, EMG
signal are normalized, Typically, a normalized EMG signal
is expressed in relation to a reference value obtained from
maximal voluntary isometric contraction (MVIC) or reference
voluntary contraction (RVC). In CP, the muscle activity during
rest or passive movement can be used as a reference value, 25
Therefore, we measured the resting muscle activity in supine
position and the muscle activity values during resting for
%RVC, and they were compared and analyzed by normalizing
the data for each subject. The collected EMG data were
analyzed with the MyoResearch (Master 1,07 XP, Noraxon,
USA) program,”

4, Statistical analyses

The collected data were statistically processed using SPSS
version 18,0, The general characteristics of the subjects
were analyzed using descriptive statistics, and the means
and standard deviations were calculated for each group.
The activity of each muscle during the head—lifting exercise
was compared with a Mann—Whitney U test, The statistical
significance level for all the analyses was set at p<0.05.

lll. Results

The general characteristics of the children with and without
CP are presented in Table 1, There were no significant
between—group differences in the ages (z=—1.33, p=0.19),
weights (z=0.53, p=0.60), or heights (t=—0.58, p=0.56) of the
children,

The activities of the EO, 10, and RA muscles were
significantly lower in the children with CP than in those
without the disease during the head—lifting exercise (p<0.05).

Table 1. Ground reaction forces and distances moved by the shoulder at four chair heights.

Normal children (n,=8)

Children with CP (n,=8)

Gender (Male/Female)
Age (years)
Weight (kg )

Height (cm )

5(62.5)*/3(37.5)
89+ 3.2
24.6 + 9.0

26.8 = 12.6

7(87.5)/1(12.5)
10.8 + 3.1
26.8 + 12,6

1225+ 16.3

*Number (%), "Mean + SD
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Table 2. Comparison of abdominal muscles and neck flexor muscle

Normal children (n,=8) Children with CP (n,=8) z
EO (%) 693.70 + 361.74* 197.77 + 47.14 337"
10 (%) 1352.58 + 845.89 561.90 + 197.84 -2.74"
RA (%) 4027.66 + 1392.97 1023.54 + 444.64 -3.37"
SCM (%) 2513.99 + 1542.67 2168.61 £+ 1425.18 -0.63

EQ: External oblique, 10: Internal oblique, RA: Rectus abdominis, SCM: Sternocleidomastoid

*Mean £ SD, +p<O.05

Table 3. Comparison of the activity ratio of RA to SCM muscle

Normal children (n,=8)

Children with CP (n,=8) z

RA/SCM 2.68 £ 2.93*

0.56 + 0.31 274"

RA/SCM: The activity ratio of rectus abdominis to sternocleidomastoid muscle

“Mean =+ SD, 'p<0.05

The activity of the SCM muscle did not differ significantly
between the two groups (Table 2).

The activity ratio of the RA to SCM muscle was significantly
lower in the children with CP than in those without CP (p<0.05)
(Table 3).

IV. Discussion

This study used surface EMG to determine whether the
activities of the abdominal and neck flexor muscles of children
with and without CP differed, This study found that the
activities of abdominal muscles in children with CP while
lifting the head in a supine position were significantly lower
than in those without CP.

In the previous study, Hwang” reported that the ability
of muscle contraction was different during head lift between
cerebral palsy and healthy children, In particular, muscle
onset time differences between SCM and RA during head
lift in supine position were significantly shorter in healthy
children than in children with CP, They also demonstrated
that the difference in muscle contraction capacity was
expected to work hard to lift head from a supine position with
cerebral palsy, Similarly, our study showed that the muscle
activity of neck flexor and abdominal was different during
head lift between cerebral palsy and healthy children, In the
case of those without CP, the activities of the RA, EO, and
10 increased up to 40,27 times, 13.52, times and 6,93 times,
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respectively, when the subjects lifted their heads as compared
with when they were lying down to the starting position, The
large muscles located in the superficial area generated greater
muscle activities, demonstrating that the superficial muscles of
the abdomen worked to provide stability when performing the
head-lifting exercise in a supine position, As reported earlier,
the RA and other superficial abdominal muscles play a role in
providing stability when the limbs are required to move.” In
contrast, the activities of the RA, EO, and IO in the children
with CP increased only by 3,93 times, 3,51 times, and 2,40
times, respectively, Thus, they were substantially lower than
healthy children, illustrating that the CP children experienced
decreased mohbilization and difficulties with co—contraction of
the superficial abdominal muscles while lifting their heads,

On the other hand, there were no significant between—
group differences in the activity of the SCM muscle and
the neck flexor muscle, The activity ratio of the RA to the
SCM muscle was 0,56 in the children with CP and 2,68 in
those without CP, Thus, the muscle activity ratio of those
with CP was significantly reduced (up to about five times),
demonstrating that the activity of the abdominal muscles
decreased compared to that of the neck flexor muscle during
the head—lifting exercise in the children with CP,

The abdominal muscles play an important role in providing
trunk stability, preventing the trunk from twisting or
distorting and improving functional movement,” However,
in children with CP, the abdominal muscles do not perform
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properly because the co—contraction of the proximal
muscles, including the trunk muscle, is insufficient during
movements of the head and trunk, Thus, the development of
the abdominal muscles tends to decline and be less active in
children with CP than in healthy children,

Therefore, the stability of the trunk is insufficient in
children with CP. Functional movement is difficult in the
absence of trunk stability.® As a result of compensatory
action, abnormal changes occur in the musculoskeletal system,
thereby disturbing normal development,® Therefore, in the
therapeutic approach to children with CP, the co—activation
of the abdominal muscles should be taken into account to
improve the stability of the trunk during movements of the
head and limbs, Children with CP are known to have deficits
in trunk stability during dynamic tasks,” Our results confirm
and expand these findings by providing evidence that children
with CP while walking difficult have deficits in abdominal
muscles stability for head stability and deficits in trunk control
during head lifting in a supine position, However, conventional
treatment methods do not focus on the activity of the
abdominal muscles following the head movement, Through
this study, will be able to try the therapeutic approach of
abdominal and neck muscles,

The present study contains a number of limitations, which
affect the interpretation of the results, The small number of
subjects may limit the generalization of the results, Further,
the activities of the abdominal muscles were evaluated only
during one motion: lifting the head, The motion of lifting the
head is the basic motion to the functional movement in the
development process of children with CP and one of the basic
training activities performed in the supine position in general,
However, the results of muscle activity patterns in one
direction (i.e., head lifting) cannot be translated to those in
other directions, Future studies of a larger number of subjects
are needed to evaluate the activities and the recruitment of

muscles in various motions,
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