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Abstract.
BACKGROUND: Trunk-pelvic mal-alignment and postural control deficit are common problems facing children with cerebral
palsy (CP).
OBJECTIVE: The aim of this study was to investigate the relation of trunk and pelvic alignment with postural control in children
with diplegic CP.
METHODS: Seventy seven children with spastic diplegic CP, aged from 6 to 8 years with level II on Gross Motor Function
Classification System, participated in this study. Trunk imbalance, lateral deviation of the spine and pelvic tilt were evaluated by
using Formetric instrumentation system while postural control was assessed by using Pediatric Balance Scale.
RESULTS: The results showed that there was a moderate negative correlation of trunk imbalance, lateral deviation of the spine
and pelvic tilt with postural control (−0.44, −0.59 and −0.57, respectively).
CONCLUSIONS: Increased trunk imbalance, lateral deviation of the spine and pelvic tilt may be associated with decreased
postural control ability in children with diplegic CP.

Keywords: Cerebral palsy, diplegia, postural control, trunk and pelvic alignment

1. Introduction

Cerebral palsy (CP) is a group of disorders in move-
ment and posture, which is caused by non-progressive
lesion in the developing brain and leads to activity lim-
itation [1]. The characteristics of motor disorders of
CP include: contraction, spasticity and hyperreflexia as
well as impairment of motor control, poor balance and
muscle weakness [2]. One of the most clinical subtypes
of CP is spastic diplegia. It nearly represents about one
third of all spastic types [3]. In children with diplegic
CP, motor impairment in lower limbs is more than up-
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per limbs and weakness of the trunk muscles is one of
their common features [4]. Diplegic children are not
able to move their legs independently because they are
unable to dissociate the movement between the parts of
their bodies, e.g. legs from the pelvis and pelvis from
the trunk [5].

Postural control is the ability to control the position
of the body in space to maintain stability and postural
orientation [6]. It is a complex process that results from
the interaction of different systems (e.g. peripheral, vi-
sual and vestibular) and neuromuscular response [7,8].
The upright posture requires proper orientation of each
body part and spinal segments with the adjacent part
and with the trunk [9]. The primary injury of the brain
in children with CP leads to deficits in postural, mo-
tor and perceptual networks. Perceptual network is in-
fluenced by the dysfunction in vestibular, propriocep-
tive, tactile and visual systems. The deficits in these
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networks cause postural instability [10]. Balance reac-
tions and postural control are inadequate in children
with CP. They utilize alternative patterns of muscle co-
ordination which result from the interaction between
brain damage and postural instability [11].

Children with CP often have an abnormal alignment
of the spine in comparison to normal developing chil-
dren. Spinal development and alignment may be influ-
enced by primary impairment such as abnormal muscle
tone and secondary impairment which includes skele-
tal anomalies in the lower extremities [12]. Standing
and walking balance in children with CP might be
affected by trunk imbalance and pelvic obliquity. It
may also lead to sitting intolerance in wheelchair pa-
tients [13,14]. Several studies concentrated on postu-
ral control and balance in children with CP, such as
the study conducted by Fahimi et al. [15], who studied
reactive postural control in children with CP, and the
study by Karabicak et al. [16], who investigated the ef-
fect of postural control and balance on femoral antev-
ersion in children with CP. The studies that focus on
the relation between trunk and pelvic alignment with
postural control are still limited. Therefore, the main
purpose of this work was to study the relation of trunk
imbalance, lateral deviation of the spine and pelvic tilt
with postural control in children with diplegia.

2. Materials and procedures

2.1. Subjects

Seventy seven children with diplegic CP of both sex
between 6 to 8 years old participated in this study, as
shown in Fig. 1. They were recruited from the Out-
patient Clinic of the Faculty of Physical Therapy at
Cairo University from May 2017 to September 2017.
The children were diagnosed with diplegia, as could be
read in their medical records, which was supported by
radiological examination such as magnetic resonance
images or computed tomographyscan. The degree of
spasticity ranged from 1 to 1+ according to Modified
Ashwarth Scale [17], with level II on the Gross Motor
Function Classification System (GMFCS) [18]. Their
average heights were one meter or more to meet the
prerequisites for assessment on the Formetric system.
Participants were excluded if they had visual or au-
ditory problems, fixed deformity related to any joints
of the lower extremities, and/or perceptual or cogni-
tive disorders and other cardiovascular or neurologic
deficits. At the beginning of the current study, parents

Fig. 1. Flow chart for patient selection.

signed consent forms concerning participation of their
children in this work. The study was approved by the
Ethical Committee of the Faculty of Physical Therapy
at Cairo University (PT/REC/012/001585). It was hy-
pothesized that there was no relation between trunk im-
balance, lateral deviation of the spine and pelvic tilt
with postural control in children with diplegia.

2.2. Study design

Correlational study design.

3. Materials of evaluation

3.1. Formetric instrumentation system

It is a valid and reliable method used for three-
dimensional analysis of the spine with the advantage
of no exposure to radiation [19]. Also it documents
the spinal image of each patient and compares between
recent and old data [20]. It consists of the follow-
ing components: computer, scan system, laser printer
and black ground screen. The back surface is plot-
ted on the printer after its analysis as a graph. Each
graph contains different parameters which are deter-
mined from specific anatomical land marks. There are
several spinal and pelvic parameters that are measured
through one capture, such as: trunk length, trunk im-
balance, lateral deviation, surface rotation, pelvic tilt,
pelvic torsion and trunk inclination [21].
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3.2. Pediatric balance scale

Pediatric balance scale (PBS) was developed to as-
sess daily functional activities of children between 5
to 15 years old with mild to moderate motor impair-
ment. It is a reliable scale and can be applied easily.
The scores of PBS are ranging from 0 to 56, better pos-
tural control meaning higher scores [22]. The PBS con-
sists of 14 items which are related to everyday tasks.
These items include: sitting to standing, standing to
sitting, transfers, standing unsupported, sitting unsup-
ported, standing with eyes closed, standing with feet
together, standing with one foot in front, standing on
one foot, turning 360 degrees, turning to look behind,
retrieving object from floor, placing alternate foot on
stool and reaching forward with outstretched arm [23].
Each item is based on 5 point scales (0, 1, 2, 3 or 4),
with zero score meaning inability of the child to per-
form the activity without assistance and four score de-
noting the ability to do the activity independently. The
score is based on the time for maintaining the position,
the distance which the upper limb is reached to it in
front of the body, and the time needed to complete the
task [24].

4. Procedures of evaluation

4.1. Trunk and pelvic alignment evaluation

The steps of evaluation procedure were clarified for
each child through verbal instructions. The software
program was prepared before the child was positioned.
Subsequently, the child’s data of name, sex, height,
weight and date of birth were entered to the system.
Each child was asked to stand with bared trunk either
on the ground or on the block (according to his/her
height) at a distance of two meters away from the
scan system and in front of the black ground screen.
The inferior angles of scapulae should lie above the
green horizontal line of scan system (which appears
on the computer screen when the camera is ready for
recording) to avoid overlooking the axillary points in
which its overlooking will interfere with the record-
ing of spinal image. The examiner asked each child
to breathe normally to avoid the forced breathing be-
cause it will affect his balance then he/she was asked
to hold on his breath during the capture for about 40
millisecond. A slightly forward bend position of the
neck was preferable during the capture of the image to
improve the presentation of the vertebral prominence,
finally three-dimensional analysis of back surface was

done, recorded and printed out for each participant of
the study.

4.2. Postural control evaluation

The evaluation of postural control was carried out
using PBS in a quiet and comfortable room. Visual and
verbal instructions were provided to each child to en-
sure that he or she understood the tasks. Furthermore,
each child was informed to maintain his balance dur-
ing the performance of each task. Each item of PBS
was scored based on the 0 to 4 scale and the total score
for each child was determined by adding the scores of
all items that the child achieved it. One trial was al-
lowed for each item. A second trial was allowed when
the child was unable to understand the directions with
verbal and visual instructions were given to clarify the
task. If the child achieved the maximum score of 4 on
the first trial, no need for the second trail to be given.

5. Data analysis

Pearson Correlation Coefficient was conducted to
determine the correlation between postural control and
trunk and pelvic alignment. The level of significance
for all statistical tests was set at p < 0.05. All statis-
tical analysis was conducted through SPSS (statistical
package for social sciences, version 19).

6. Sample size

The appropriate sample for the present study was de-
termined based on an expected correlation coefficient
that was calculated from analyzing the measures of
postural control and pelvic tilt for the first seven chil-
dren enrolled in the study. The analysis yielded a cor-
relation coefficient equal 0.386, the probability for re-
jecting the null hypothesis (α = 0.05), and a power
(1 − β = 0.80). These assumptions created a sample
size of at least 50 children and we recruited up to 77
children.

7. Results

7.1. Subject characteristics

Table 1 shows the mean ± SD age, weight, and
height of participants.
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Table 1
Mean age, weight, and height of participants

Mean ± SD Minimum Maximum
Age (years) 7.27 ± 0.6 6 8
Weight (kg) 16 ± 0.97 13 17
Height (cm) 122.98 ± 5.76 110 130

SD, standard deviation.

Table 2
Correlation between trunk imbalance, lateral deviation of the spine,
pelvic tilt and postural control

r value p value
Postural Trunk imbalance (mm) −0.44 0.0001∗∗

control Lateral deviation of spine (mm) −0.59 0.0001∗∗

Pelvic tilt (mm) −0.57 0.0001∗∗

r value, correlation coefficient value; p value, probability value;
∗∗significant.

Fig. 2. Correlation between postural control and trunk imbalance.

Fig. 3. Correlation between postural control and lateral deviation of
the spine.

Fig. 4. Correlation between postural control and pelvic tilt.

7.2. Correlation between trunk and pelvic alignment
with postural control

A moderate negative linear relationship was found
between trunk imbalance, lateral deviation of the spine
and pelvic tilt with postural control (Table 2, Figs 2
to 4).

8. Discussion

The purpose of the current study was to evaluate
the relation of trunk and pelvic alignment with pos-
tural control in children with diplegic CP. The results
showed that there was moderate negative correlation
of trunk imbalance, lateral deviation of the spine and
pelvic tilt with postural control.

The focus of the present study was on postural con-
trol and trunk-pelvic alignment because the participa-
tion of children with diplegia in daily activities is af-
fected by postural control deficit and mal-alignment
of trunk and pelvis. This is supported by Cook and
Wollacott [25], who found that children with diplegia
are prone to have neuromuscular deficits which hin-
der the postural control development. Children with
diplegic CP suffer from poor balance and bad align-
ment of the trunk which interfere with their daily life
activities [26].

Postural control process depends on neuromuscu-
lar subsystem through the motor process that includes
three components; force generation, coordination and
high level planning. Force generation process happens
in motor neurons and muscles [27]. In children with
CP, motor network is affected by spasticity, muscle
weakness and decreased muscle recruitment and this
can result in deficits of postural control and postural
stability [10]. Chale’at-Valayer et al. [28], explained
that the pathological alignment of trunk and pelvis
in children with CP usually caused by hypertonia or
weakness in the muscles of the trunk, pelvis and hip.

The deficit in the motor process in children with
CP, which appears in the form of spasticity or mus-
cle weakness, causes deficit in postural control. This
may explain the current relation of our study as the mo-
tor deficit may be the main cause of abnormal align-
ment of spine and pelvis. In light of this study, the
current relation between trunk imbalance and postu-
ral control may be due to weakness of trunk muscles
which causes trunk imbalance and dysfunction in pos-
tural control. This is supported by Graham [26], who
illustrated that in children with diplegic CP, trunk im-
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balance may be caused by weakness of trunk muscles
and mal-alignment of trunk, pelvis and legs.

The alteration in pelvic alignment, e.g. pelvic tilt
in children with CP, is a common problem caused by
tightness of iliopsoas muscle and weakness of hip ex-
tensors and trunk flexors [29]. Therefore, the tightness
and weakness in the previously mentioned muscles that
lead to pelvic tilt may cause disturbance in the motor
network and indirectly lowering the postural control
ability. This may explain the current relation between
postural control and pelvic tilt.

The trunk has an essential role in keeping postu-
ral control, so any deficits in its alignment or control
may lead to dysfunction of postural control mecha-
nism. This is supported by Van der Heide et al. [30],
who stated that trunk has an essential role in keeping
the mechanism of postural control and organizing bal-
ance reaction. Gage [31], Quinby and Abraham [32],
demonstrated that trunk control is important for sta-
bility and execution of functional activities for upper
and lower limbs. In children with CP the control and
stability of the trunk are affected which cause inade-
quate balance and postural control ability. Panibatla et
al. [33], assessed the relation of trunk control with bal-
ance in children with CP by using trunk control mea-
surement scale and PBS. They found high positive re-
lation between trunk control and balance, meaning that
children with CP with good trunk control will have a
better balance ability. These findings may support our
results because the trunk and pelvic alignment is af-
fected by trunk control. On the other hand, the study
conducted by Karabicak et al. [16], who evaluated the
relation of balance and postural control with femoral
anteversion (FA) in children with CP. They found a
relation between FA and dynamic trunk activities but
there was no relation between FA with balance, static
sitting, and control of the trunk.

9. Limitation

The current study was limited by the length of time
needed for each child to understand the evaluation pro-
cedure.

10. Conclusion

Based on the results of the current study, the postu-
ral control is negatively related with trunk imbalance,
lateral deviation of the spine and pelvic tilt. Therefore,

the mal-alignment of trunk and pelvis is related to pos-
tural control deficit. So it is important to all medical
team members, and physical therapists in particular,
to understand that mal-alignment of trunk and pelvis
and postural control deficit need to be evaluated objec-
tively and treated appropriately to improve the func-
tional ability in children with diplegic CP. Further re-
search is needed to study the relation of postural con-
trol with other parameters of spine and pelvis such as
trunk inclination, surface rotation and pelvic torsion.
Similar studies should also be conducted on other types
of CP.
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