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مادختسابنزاوتلاتابيردتةيلعافةنراقملةساردلاهذهفدهت:ثحبلافادهأ
نزاوتلاةجيتنىلعيديلقتلانزاوتلاجمانربب“سكدويب”نزاوتلازاهج
.يجنشتلاجودزملاللشلابنيباصملالافطلألةيلامجلإاةيكرحلاتاراهملاو

للشلاباباصملافط٤٨ىلعةيئاوشعلاةساردلاهذهتيرجأ:ثحبلاقرط
٨ىلإ٥نمحوارتيرمعيف)ةلفط٢٢ولافط٢٦(جودزملايجنشتلايغامدلا
نوثحابلاىرجأ.نيتيواستمنيتعومجمىلإايئاوشعلافطلأاعيزوتمت.تاونس
“غريب”سايقممادختسابلفطلكلةيلامجلإاةيكرحلافئاظولاونزاوتلامييقت
لبق)“يإ”و“د”داعبلأا(٨٨-ةيكرحلاةفيظولاسايقميلامجإولافطلأانزاوتل
يوقملا٣سكدويبةطساوبيبلسلاعضولاةداعإسايقمت.جلاعلاجمانربدعبو
جلاعلاجمانربوسكدويبنزاوتلازاهجببيردتلاةساردلاةعومجمتقلت.يكرحلا
يديلقتلانزاوتلاببيردتلاةطباضلاةعومجملاتقلتنيحيفيديلقتلايعيبطلا
.اعوبسأ١٢ةدملايعوبسأتارم٣يديلقتلايعيبطلاجلاعلاجمانربىلإةفاضلإاب

ةنراقمبنيتعومجمللتاسايقلاجئاتنعيمجيفاريبكانسحتةظحلاممت:جئاتنلا
يفاريبكانسحتجئاتنلاترهظأ،كلذىلإةفاضلإاب.جلاعلادعبولبقةسيئرلاميقلا
.سكدويبزاهجببيردتلاةعومجمحلاصلجلاعلادعبةسيئرلاميقلا

ىلعسكدويبنزاوتلازاهجمادختسابنزاوتلاتابيردتتقوفت:تاجاتنتسلاا
ةيكرحلافئاظولاونزاوتلاىلعةردقلانيسحتليديلقتلانزاوتلاببيردتلا
.جودزملايجنشتلاللشلاويغامدلاللشلابنيباصملالافطلأادنعةيلامجلإا

نزاوتلا؛يغامدلاللشلا؛سكدويبزاهج؛غريبنازيم:ةيحاتفملاتاملكلا
يجنشتلاجودزملاللشلا؛يديلقتلا
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Abstract

Objective: The purpose of this study was to compare the

effectiveness of balance training using the Biodex balance

system and a conventional balance training programme

on balance score and on gross motor skills of children

with spastic diplegia.

Methods: A randomized controlled study was conducted

on 48 spastic diplegic children with cerebral palsy (26

boys and 22 girls) in the age range of 5e8 years. The

children were randomly allocated to two equal groups.

The investigators performed balance and gross motor

function assessments for every child using the paediatric

Berg balance scale and the gross motor function mea-

sure �88 scale (dimensions D and E) before and after the

treatment programme. Passive repositioning sense was

measured by a Biodex III isokinetic dynamometer. The

study group received Biodex balance training and tradi-

tional physical therapy programme training, whereas the

control group received conventional balance training in

addition to the traditional physical therapy programme

training, 3 times per week for 12 weeks.

Results: Significant improvement was observed in all

outcome measures of the two groups, comparing their

pre- and post-treatment mean values. Furthermore, the

results revealed a significant (P < 0.05) improvement in

mean post-treatment values for the Biodex balance

training group.

Conclusion: Balance training using the Biodex balance

system is superior to conventional balance training for
y. This is an open access article under the CC BY-NC-ND license
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improving the balance abilities and gross motor functions

of children with cerebral palsy and spastic diplegia.

Keywords: Berg balance; Biodex; Cerebral palsy; Conven-

tional balance; Spastic diplegia

� 2017 The Authors.

Production and hosting by Elsevier Ltd on behalf of Taibah

University. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
Introduction

Cerebral palsy (CP) is a term used to denote a group of
chronic, non-progressive neurodevelopmental disorders

caused by brain damage ormalfunction originating early in life
and persisting throughout the lifespan. CP affects posture,
volitional movement and the ability to produce coordinated
and purposeful movements. The wide spectrum of disorders

affect motor skills, sensation, communication skills, cognitive
abilities, perception and psychosocial behaviour.1 Molina
et al.2 reported that motor imagery impairment is prevalent

in children with diplegic CP and is spatially constrained by
the covered distance, but that in general, children with CP
tend to perform worse than typical children. Balance

disorders constitute a major challenge for children with
spastic diplegic cerebral palsy (SDCP) and cause difficulties
in attaining and maintaining stability.3,4 Children with SDCP

tend to have a limited capacity for perceptual neuromotor
control, poor performance of stance stability under
challenging sensory environments,5 delayed anticipatory
adjustment and inconsistent preparatory activation.6,7

Lack of neuromotor control has been reported as a possible
cause of poor performance in balance control,5e7 but it seems
that conventional balance training falls short of adequately

addressing the neuromotor aspect of balance disorders.
Children with CP require multidisciplinary management to
address the wide spectrum of cognitive and motor

disabilities.8 Long-term muscle imbalance results in several de-
formities that increase disability with age.9 Moreover, children
with spastic diplegia always have proprioception disorders.
Knee joint proprioception disorders can be attributed to the

increase in muscle tone and abnormal firing of muscles, in
addition to abnormal weight bearing and posture.10

Researchers have used several conventional balance ap-

proaches to improve balance and motor abilities and recover
stability in children with cerebral palsy.3,4,11 However,
none, to the best of our knowledge, have investigated and

compared the Biodex balance system with the conventional
balance approach for improving balance and motor control
in children with SDCP. Therefore, this study was designed

to examine the effect of using the Biodex balance system
for improving the balance scores and gross motor
functions of children with SDCP.

Materials and Methods

Forty-eight children with spastic diplegic CP (26 boys and

22 girls) were recruited from the outpatient clinic of the
ase cite this article in press as: El-gohary TM, et al., Biodex balance traini
urnal of Taibah University Medical Sciences (2017), http://dx.doi.org/10.101
rehabilitation centre, Almadinah Almunawwarah. Ethical
Approval (approval No. CMR-PT-2016-007) was obtained

from the College of Medical Rehabilitation, Taibah Uni-
versity, which is operated according to the Saudi regulations
of the national bioethics committee and according to the

Declaration of Helsinki. Inclusion Criteria: Children aged
from 5 to 8 years who are able to independently maintain the
standing position for balance training using the Biodex bal-

ance training system, who have a grade 1 to 1þ spasticity
according to the modified Ashworth scale,12 who have a
minimum height of one metre, and who are able to follow
verbal commands were included in the study. Exclusion

Criteria: Children with cognitive disorders, perceptual,
visual or auditory problems, or significant tightness at any
joint of the lower limbs were excluded from the study.

Children were randomly allocated to group A (n ¼ 24) and
group B (n ¼ 24).

Evaluative and therapeutic tools

We used the Paediatric Berg balance scale and the gross
motor functional measure scale (GMFMS), in addition to
the Biodex Isokinetic Dynamometer (Biodex medical system,
Shirley, New York, USA) which was used for assessment of

knee proprioception. The Biodex balance training system
was used for balance training. It is a unique system that
allows the researcher to set the movable balance platform at

variable degrees of instability.

Evaluation procedures

The researcher explained the study protocol to the parents

or legal guardians. Written informed consent was obtained
after deciding to participate. The children’s demographics
were collected. The Pediatric Balance Scale is a modified
version of the Berg balance scale, which is designed to eval-

uate balance in children with mild to moderate motor
impairment. Fifty-six points is the maximum score.13,14 This
scale evaluates performance of fourteen activities common in

everyday life.

Gross motor function

Gross motor functional performance was evaluated with

GMFM-88.15 It includes 88 items that cover 5 dimensions,
from lying and rolling to walking and running. We
only assessed dimensions D (standing) and E (walking). A
4-point scale was used and scores are expressed as

percentages.

Knee proprioception testing (Passive angle reproduction)

Passive angle reproduction was performed using a Biodex

Isokinetic Dynamometer. The system uses an electro-
goniometer that is sensitive to 1� increments. The right limb
was tested while subjects were blindfolded. After sitting with

hips in 90� flexion, the tester passively drove the leg from 90�
to 45� knee flexion and maintained the leg at the target angle
for 10 s before returning to the initial position. The tester
used 15�/s. angular velocity and paused for 5 s before

repeating the cycle. Subjects pushed the button once they felt
ng versus conventional balance training for children with spastic diplegia,
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Assessed patients for eligibility 

n= 64 

Excluded n= 8 

Not meeting inclusion criteria n= 7 

Declined to participate n= 1 

Group B (Study Group) 

PT Program+ Biodex Balance System, n= 27 

Group A (Control Group) 

PT Program, n= 27 

Completed the training: 24 

Included in the final analysis: 24 

Completed the training: 24 

Included in the final analysis: 24 

 Randomized n= 56 

Withdrew at baseline n= 2

Withdrew, n= 3 

Reasons: Surgery (n= 1) 

Hospital Admission (n= 2) 

Withdrew, n= 3 

Reasons: Respiratory problems (n=1) 

Hospital admission (n= 2) 

Figure 1: Flowchart of children’s retention and recruitment.
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the target angle. The tester recorded the time elapsed and
identified the angle. The average of three readings was
calculated using the absolute difference between the
perceived- and the target-angle.
Treatment procedures

The control group

Children were given a traditional physical therapy pro-

gramme in addition to postural control exercises. The ther-
apist used a one-hour session, 3�/wk for three successive
months. A number of therapeutic activities were used, as

stated in Appendix A.
A conventional balance training programme includes

static and dynamic balance training. Static balance training
Table 1: Characteristics of participants in the study.

Age

P > 0.05

Gender Weight

P > 0.05

Height

P > 0.05

Group A 8.63 SD 0.71 11 F

13 M

29.2 SD 0.97 131 SD 1.

Group B 8.93 SD 0.55 10 F

14 M

27.9 SD 1.1 129 SD 2.

Please cite this article in press as: El-gohary TM, et al., Biodex balance trainin
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includes maintaining a quadruped position, kneeling,
standing, and shifting weight to balance on one limb. Dy-
namic balance training measures the ability to control the
body when the support surface is unstable. The researcher

used a gym ball to train automatic postural reactions. Dy-
namic disturbance prompts an equilibrium reaction on one
side and a protective reaction on the other side, in addition to

righting reactions on the axial body.

The study group

Children in the study group received dynamic balance
training using the Biodex balance system, in addition to
traditional physical therapy programme. After familiariza-

tion, each child was instructed to stand with both legs on the
“locked” platform. The researcher advanced the platform to
an unstable state while instructing the child to focus on the
Orthotics Assistive devices MAS

4 cm 12 using AFO

4 using KAFO

8 using med. shoes

12 using walker 1þ Ten

1 Fourteen

1 cm 9 using AFO

5 using KAFO

10 using med. shoes

3 using walker 1þ Thirteen

1 Eleven

g versus conventional balance training for children with spastic diplegia,
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Figure 2: Pre- and post-intervention mean values of the Paediatric

Berg balance scale.

Figure 4: Pre and post treatment values of GMFMS (walking

dimension) for both groups.

T.M. El-gohary et al.4
visual feedback screen. Arms were free at the side of the body
and not grasping handrails. A stability level of 6 was suitable
for the majority of the children as a starting training level.

Fourteen children were trained starting with a stability level
of 8, while 10 were trained starting with a stability level of 6.
The transition between levels was based on the progress of

balance capability.
Statistical analysis

Using the ShapiroeWilk test, the Paediatric Berg balance
scale data were normally distributed, while those of the
GMFMS were not. Descriptive statistics, including

mean � standard deviation, were calculated for the Berg
balance scale data for both groups. A paired sample t-test
was used to ascertain within group differences. The unpaired

sample t-test was used for between group differences in all
post-intervention outcome measures. For GMFMS,
Figure 3: Pre and post mean values of d

Please cite this article in press as: El-gohary TM, et al., Biodex balance traini
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comparison within and between groups was performed using
a Wilcoxon signed rank test and a ManneWhitney U-test.

SPSS 22 was the software used for all data analysis. Statis-
tical significance was set at alpha level �0.05.
Results

The total number of children studied, from screening to
analysis, is shown in (Figure 1). The paired sample t-test was
carried out to check for any differences between pre- and

post-mean values of the paediatric Berg balance scale.
Children’s mean values are included in (Table 1). The mean
values of the pre- and post-balance training scores for the

control and study groups are shown in (Figure 2). All post-
treatment mean values were significantly greater than the
imension D (standing) of GMFMS.

ng versus conventional balance training for children with spastic diplegia,
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Table 4: Mean ± SD of dimension E (walking) of gross motor

function measures within and between the Biodex and conven-

tional balance training groups.

GMFMS

“E” (%)

Mean � SD Z-value P value

Pre Post

Group A 66.50 � 3.7 72.05 � 3.70 �4.33 0.000*

Group B 67.75 � 4.93 75.67 � 4.99 �4.27 0.000*

U 246.00 152.5

P value 0.385 0.005

*Significant difference; P value: probability value; SD: standard

deviation.

Table 5: Pre and post mean values of angular error of the knee

for the control and study groups.

Group Mean � SD t-value P value

Pre Post

Control group 13.1 � 1.803 11.000 � 1.685 14.685 0.000

Study group 13.5 � 1.316 9.95 � 0.945 11.461 0.000

Biodex balance training versus conventional balance training 5
pretreatment mean values for both the study and the control
groups (P < 0.05) (see Figures 3 and 4).

The unpaired sample t-test was carried out to determine
the difference in the post-treatment mean values of both
groups. Children in the study group had mean values of

40.04 � 2.17 compared with 38.70 � 2.25 for the control
group. This difference indicates superior improvement of the
study group. The post-treatment mean value of the study

group was significantly greater than the post-treatment mean
value of the control group (P < 0.05).

Regarding GMFMS, the pre-test scores of both groups
displayed no statistical significant difference (P > 0.05),

which established baseline equivalency. In the study group,
the difference in the mean from the pre-test to post-test was
statistically significant (P < 0.05). In the control group, the

improvement was statistically significant with P< 0.05. Both
groups displayed a statistically significant improvement, with
P values less than 0.05 (Table 2). In the post-treatment

groups, the results showed statistically significant differ-
ences between the groups, with the Biodex training group
favoured (see Tables 3e5).
t-value 0.100 2.430

P value 0.05 0.02

Discussion

Cerebral palsy is one of the most prevalent and often
encountered health conditions that can benefit from physical
therapy intervention. It has also been extensively studied,

based on evidence in the current literature.16 In the present
study, children in the study group who received balance
training using the Biodex balance system in addition to the

traditional physical therapy programme showed more
improvement as measured by post-treatment mean values
than the control group who received the conventional bal-
ance training in addition to the traditional physical therapy

programme. The progress can be described and illustrated by
improvements in: first, neuromotor planning strategy;
Table 3: Mean± SD of dimension D (standing) of gross motor

function measures within and between the Biodex and conven-

tional balance training groups.

GMFMS

“D” (%)

Mean � SD Z-value P value

Pre Post

Group A 73.54 � 5.28 78.00 � 4.67 �3.87 0.000*

Group B 73.08 � 4.53 81.042 � 3.544 �4.31 0.000*

U 264.00 191.5

P value 0.618 0.04

*Significant difference; P value: probability value; SD: standard

deviation.

Table 2: Continuous variables of the paediatric Berg balance

scale scores for both groups.

Paediatric Berg

balance scale

Mean � SD t-value P-value

Pre Post

Group A 36.58 � 2.20 38.70 � 2.25 �7.647 0.000*

Group B 35.91 � 1.74 40.04 � 2.17 �13.621 0.000*

*Significant difference, P value: probability value, SD, standard

deviation.

Please cite this article in press as: El-gohary TM, et al., Biodex balance trainin
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second, sensory-perceptual motor integration; and third,
neuromusculoskeletal functional capabilities.

First, children with spastic diplegia have different
recruitment patterns compared with non-disabled children,
and tend to have a limited capacity to modulate postural

activity.17 Kane and Barden6,7 reported that postural control
difficulties may be associated with delayed anticipatory
adjustment and inconsistent preparatory activation.

Biodex balance training might subtly have modulated the

recruitment pattern and the anticipatory adjustment
mechanisms through targeting the somatosensory and
neuromuscular aspects of balance control. The labile support

surface disturbs balance, which prompts the child to main-
tain the centre of gravity within the base of support. The
instantaneous feedback while training on the Biodex system

helps the child to relate body parts and repeat the motion as
well as restore kinaesthetic sense for proper body positioning
to maintain balance. This result is in harmony with the

finding reported by Zadnikar and Kastrin8 who showed that
adequate anticipatory postural adjustments, which precede
active movement, are essential to having coordinated
volitional movement.

Second, children with cerebral palsy tend to have balance
impairments.18 Consequently, they rely on visual input to
enhance their control, which may reflect impairments in

proprioception.19 Wingert et al.10 examined joint-position
sense and kinaesthesia in children with CP and in age-
matched controls. Their results showed that participants

with cerebral palsy have proprioception impairments in all
limbs.

The Biodex balance training system might have

improved the integration of different types of sensory in-
formation, promoting better balance and postural control
through providing gradual challenges to the children to
improve their motor abilities to meet the demands of

motor control in sensory conflict conditions. Children with
g versus conventional balance training for children with spastic diplegia,
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SDCP tend to stand on tiptoes. The perturbation of the
balance base allows the feet to touch the platform while

the children look at the peripheral visual signals. The
central nervous system incorporates the peripheral so-
matosensory, visual and vestibular inputs, integrates them,

and selects the most appropriate muscular responses to
control body posture.

Biodex balance system training could also have influ-

enced the process of integration between the central and
peripheral nervous systems to have a meaningful body
control response.20,21 This concept is in agreement with the
findings of Mawase et al.,22 who reported a larger postural

sway when there was loss of somatosensory feedback
information from the feet.,Additionally, it is supported by
the findings of Tomita et al.,23 who showed that sensory-

perceptual motor training for children with SDCP had a
measurable, significant effect that was greater than that of
the controls.

Third, SDCP children tend to suffer frompoor posture and
poor balance.24 Poor posture results in poor kinematics, trunk
instability25,26 and poor coordination.8,9 Ju et al.27 reported
that trunk instability is exhausting for children with SDCP.

Borstad et al.28 revealed that exhaustion and muscle fatigue
contribute to the poor kinematics and are potential risk
factors for the continuation of the poor mechanics

associated with the physical disorder. El-gohary et al.29

found measurable differences in muscle endurance ability at
different ranges of spine kinematics. Heyrman et al.26 added

that children with SDCP tend to show significantly higher
kinematic parameters than typically developing children.

The Biodex balance training systemmight have improved

the neuromusculoskeletal functional abilities through
decreasing postural mal-alignment and improving spinal
kinematics with subsequent improvement in balance con-
trol. The findings of the present study coincide with the

findings of Bahramizadeh et al.30 and El-shamy and Abd El
kafy11 who recorded progress in postural control after
balance training. They added that postural adjustment

plays a substantial role in quality of movement by creating
a stable foundation during the active movement of
extremities. Lacoste et al.31 added that maintenance of

adequate postural stability is the foundation for functional
motor activities. Liao et al.19 agreed with the role of
functional strengthening exercises for improving functional

motor abilities in SDCP children. Auld and Johnston32

showed that children with cerebral palsy had significant
improvement in balance and strength even when practising
low doses of group exercises. Artilheiro et al.33 and Liao

et al.19 concluded that functional muscle strength
correlates with gross motor skills in children with mild
spastic diplegia.

The improvements in the passive reproduction of move-
ment could be attributed to the relaxation and the control of
spasticity when using Biodex balance training. This finding is

in harmony with Chrysagias et al.,34 who studied
kinaesthetic ability in a group of children with spastic
cerebral palsy, compared with a control group. Researchers
found a difference in outcome measures that was attributed

to the kinaesthetic deficits in children with cerebral palsy.
Promoting relaxation helps to control muscle tone, which
has a significant relationship to improvement in passive

reproduction of movement.
Please cite this article in press as: El-gohary TM, et al., Biodex balance traini
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In essence, the labile standing surface of the Biodex bal-
ance training system is more likely to simulate the unstable

nature of a walking terrain. Moreover, Biodex balance
training provides a gradual, step-by-step functional training
simulation.

Conclusion

In conclusion, the Biodex balance training system is an
effective and efficient tool that can be used to improve bal-

ance and gross motor capabilities in children with SDCP.
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