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Abstract  

Background:  Spastic diplegia is one of the most common  
clinical subtypes of cerebral palsy regardless of birth weight  
and gestation. It is used when there is motor impairment in  
the upper extremities as well as the lower extremities, although  

it is milder in the upper extremities than the lower one.  
Children with spastic diplegia may exhibit clumsiness and  
frequent falls during regular motor activities or may not be  
able to maintain standing position independently.  

Aim of the Study:  The purpose of this study was to inves-
tigate the effect of neuromuscular electrical stimulation of  
abdominal and back muscles on balance in spastic diplegic  

children.  

Material and Methods:  Thirty children with spastic diple-
gic CP of both sexes were selected, ranging in age from 4 to  
8 years. They were classified randomly into two groups of  
equal number (A & B). Evaluation of children balance was  
performed before and after 6 weeks of treatment using Biodex  
stability system. Group (A) received traditional physical  
therapy program based on neurodevelopmental approach used  
for rehabilitation of such patients and Group (B) received the  

same traditional physical therapy program applied on Group  
(A) in addition to 30min neuromuscular electrical stimulation  
of abdominal and back muscles.  

Results:  No significant difference in Overall Dynamic  
Stability Index, Antero/Posterior Stability Index and, Medio/  
Lateral Stability Index (ODSI, APSI, and MLSI) was recorded  
between the two groups before treatment, significant improve-
ment was recorded in ODSI, APSI, and MLSI in each group  
after treatment. Significant differences in ODSI, APSI, and  
MLSI were recorded between the two groups after treatment  
in favor of Group (B).  

Conclusion:  From the obtained results of this study,  
supported by the relevant literature it can be concluded that  
neuromuscular electrical stimulation of abdominal and back  
muscles can be added to the physical therapy program to  
improve the balance in spastic diplegic children.  
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Introduction  

CEREBRAL  Palsy (CP) is the most common cause  
of physical disability in childhood, with an esti-
mated incidence of 2.11 per 1000 live births [1] .  

Cerebral palsy is an umbrella term covering a  
group of non-progressive, but often changing,  
motor impairment syndromes secondary to lesion  
or anomalies of the brain arising in the early stage  

of its development [2] .  

Spastic diplegia is the common term applied  
to a variation of spastic quadriparesis in which the  
lower limbs are more affected than upper limbs.  
It accounts for approximately 50% of total CP  
population  [3] .  

The children with diplegic CP may not have  
trunk control because they have spasticity and  
weakness in their trunk muscles. Coordinated  
activation of extensors and flexors of trunk favors  
for well-balanced sitting posture [4] .  

Neuromuscular Electrical Stimulation (NMES)  

is a promising therapy for strengthening muscles  
in patients with CP [5] . Neuromuscular Electrical  
Stimulation (NMES) is the application of an elec-
trical current of sufficient intensity to elicit muscle  
contraction. Two strengthening mechanisms are  
proposed for the therapeutic effects of NMES: (1)  
The overload principle, resulting in greater muscle  

strength by increasing the cross-sectional area of  
the muscle; and (2) Selective recruitment of type  
II fibers (fast-twitch, large diameter fibers), causing  
improved synaptic efficiency of the muscle [6] .  
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For individuals with CP, NMES has been rec-
ommended for the stimulation of muscles in the  
limbs and trunk and can lead to significant im-
provements in muscle strength and range of motion  

as well as the modulation of excessive muscle tone  

and enhanced coordination [7] .  

NMES has been previously studied in CP chil-
dren and found to be effective on trunk control. It  
has also been reported that it is more effective  

when NMES is combined with other conventional  
rehabilitation methods [8] .  

Subjects and Methods  

This study was conducted during period from  

November 2016 to June 2017 in the outpatient  

clinic at the Faculty of Physical Therapy, Cairo  
University to investigate the effect of neuromus-
cular electrical stimulation of abdominal and back  
muscles on the balance in spastic diplegic children.  

Thirty spastic diplegic C.P children of both  
sexes have participated in this study. Their ages  
ranged from 4 to 8 years. All subjects were recruited  

from out-patient clinic, Faculty of Physical Therapy,  
Cairo University. Children were assigned randomly  
to two groups of equal number 15 patients each:  

Group A:  Received traditional physical therapy  
program.  

Group B: Received traditional physical therapy  
program as in Group A in addition to 30  
minutes neuromuscular electrical stim-
ulation of abdominal and back muscles.  

Ethical consideration; the purpose, nature and  
potential risks of the study were explained to all  

patients. All patients and their families signed a  

consent form prior to participation in the study.  

All children were required to meet a strict set of  

inclusion criteria: Children height was one meter  

or more to be able to see the screen, able to under-
stand and follow simple orders, not using any  
orthotic device or support and they had balance  

problems collected from child history of repeated  

and frequent falling especially when increasing  
speed or walking on uneven surface as chief com-
plain of parents.  

Exclusion criteria:  

Exclusion criteria were as follows: Children  
with history of epileptic fits, receiving anti spastic  
drugs, have visual or auditory defects; have fixed  

deformities in the lower limbs.  

Evaluation procedures:  

Assessment procedure was performed for all  

patients in the two groups before and after six  

weeks of treatment.  

- Modified ashworth scale:  
Used to quantify the degree of spasticity for  

the selection of the patients (grade 1 and 2 were  

selected).  

- Standard weight and height scale:  
Weight in kilogram (kg) and height in centim-

eter (cm) were recorded for each subject before  

starting the evaluation.  

- Biodex stability system:  

The Biodex stability system (Biodex medical  
system, Shirley, New York) is a unique dynamic  
postural control assessment and training system.  

The Biodex stability system consists of a movable  
balance platform which can be set at variable  

degrees of instability. This system is interfaced  

with computer software monitored through the  

control panel screen and is supplied with Cannon  
Bubble Jet printer to print the test results [9] .  

This test was performed to test the subject's  
ability to control the platform angle of tilt.  

At the end of each test, a printout report was  
obtained. This report included information as  
regard to:  
- Overall dynamic stability index:  Represents the  

subject's ability to control their balance in all  

directions.  

- Anterior/posterior stability index:  Represents the  
subject's ability to control their balance in front  
to back directions.  

- Medial/lateral stability index:  Represents the  
subject's ability to control their balance from  
side to side. High values represent that subjects  

have difficulty.  

Treatment procedures:  
Neuromuscular electrical stimulation:  

The neuromuscular electrical stimulator used  

was the phyaction 787, manufactured in Nether-
lands by Unify BV, the NMES delivered over the  

abdominal and back muscles at the following pa-
rameters: Intensity was 25-30mA, pulse width  

250  t sec, frequency 35Hz with 10 sec on and 12sec  
off interval for 30 minutes per session for 3 days  
a week for 6 successive weeks. The intensity was  

adjusted to the tolerance of the child, which was  
kept at the intensity of muscle contraction felt and  
seen. Neuromuscular electrical stimulation was  
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delivered over the abdominal and back muscles  

simultaneously via eight surface electrodes, four  

applied on rectus abdominus of both sides and four  

applied on erector spinae muscles of both sides.  

Physical therapy tools:  
Mats, balls, rolls, wedges of different size and  

balance boards were used to conduct the regular  

physical therapy program.  

Traditional physical therapy program:  

The two groups received the physical therapy  

treatment program for three times per week, every  

other day for 6 successive weeks as follows:  

1- Neurodevelopmental approach directed to-
wards inhibiting abnormal muscle tone and abnor-
mal postural reflexes and facilitation of normal  

movement patterns of postural control through  
reflex inhibiting positions using proximal and distal  
key points of control.  

2- Approximation as proprioceptive training  

applied in a slow and rhythmic manner for upper  
limbs, lower limbs and trunk to modulate spasticity  

and stimulate the joint mechanoreceptors from  

semi reclined and quadruped positions.  

3- Training for active trunk extension to improve  
postural control and balance.  

4- Balance training from different positions,  

from quadruped position, kneeling, half kneeling  

and standing position on mat and tilting board.  

5- Facilitation of righting and equilibrium re-
actions to improve postural mechanisms via variety  

of exercises applied on ball and balance board  
through tilting from different positions in forward,  

backward and sideways.  

6- Facilitation of protective reactions by apply-
ing fast and large amplitude of the stimulus to train  
saving reactions from sitting on roll and from  

standing position by pushing the child to enhance  

the child to take protective steps either forward,  

backward or sideways to regain balance.  

7- Facilitation of standing from supine and  
prone and facilitation of single limb support while  
standing facing the stand bar by the therapist and  

by using blocks.  

8- Hand weight bearing exercises and approx-
imation to improve the hand function. Facilitation  

of reaching, grasping and release according to the  

child abilities.  

9- Stretching exercises to maintain the length  
and the elastic properties of the muscles which are  

liable for shortening especially Achilles tendon,  

hamstrings and hip flexors while in the upper limbs  

the shoulder internal rotators, elbow and wrist  

flexors, pronators and ulnar deviators.  

10- Gait training activities also were applied  
as important elements for balance training includ-
ing:  

- Sideway and forward walking between the parallel  
bars in front of a large mirror and walking training  
using stepper.  

- Walking in open environment by placing obstacles  
across walking tract as rolls of different diameter  
and wedges of different heights.  

- Training of walking on different floor surfaces  
(Spongy and hard surfaces) on mat, on the floor  

and on the carpets.  

Statistical analysis:  
To compare improvement after the intervention  

in each group, the independent t-test was used to  
compare demographic and clinical characteristics  

of the patients in both groups, 2 X 2 mixed design  
MANOVA was used to compare the tested variables  

of interest at different tested groups and measuring  

periods. A significance level of P-value less than  
0.05 was considered.  

Statistical analysis was conducted using SPSS  
for windows. The current test involved two inde-
pendent variables. The first one was the (tested  

group); between subject factor which had two  

levels (Group A receiving the regular physical  

therapy program for such cases and Group B re-
ceiving the regular physical therapy program in  

addition to neuromuscular electrical stimulation  
of abdominal and back muscles). The second one  
was the (measuring periods); within subject factor  

which had two levels (pre, post). In addition, this  
test involved four tested dependent variables (over  

all stability index, AP stability index, ML stability  
index).  

Results  

A total of 30 spastic diplegic children were  

divided into two groups: Group (A) consisted of  

15 children with mean age values of 6.4± 1.71  
years. Group (B) consisted of 15 children with  
mean age values of 6.4± 1.64 years. As indicated  
by the independent t-test, there were no significant  

differences (p>0.05) in the mean values of age  
between both tested groups (Table 1). The sex  
distribution of Group A revealed that there were  
5 females with reported percentage of 33.3% and  
10 males with reported percentage of 66.7%. The  
sex distribution of Group B revealed that there  



Pre test  
Mean ±  SD  

Post test  
Mean ±  SD  MD  p - 

value  
% of  

change  

2.91±0.36  
2.9±0.38  
0.01  
0.923  

2.45±0.39  
2.06±0.37  
0.39  
0.009*  

0.46 
 

15.8 ↓ 
 

0.0001*  
0.84 
 

28.9↓ 
 

0.0001*  

MD  p - 
value  

% of  
change  

2.30±0.44  
2.22±0.45  
0.08  
0.602  

1.95±0.41  
1.52±0.37  
0.43  
0.005*  

0.35  15.2↓  0.0001*  
0.7  0.0001*  31.5↓  

MD  p - 
value  

% of  
change  

2.29±0.68  
2.28±0.71  
0.01  
0.959  

1.92±0.60  
1.28±0.42  
0.64  
0.002*  

0.37  16.15 ↓  0.006*  
1  0.0001*  43.8↓  
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were 5 females with reported percentage of 33.3%  
and 10 males with reported percentage of 66.7%  
with no significant differences between both groups  
in sex distribution (p>0.05) as shown in (Table 1).  

Statistical analysis using 2 X 2 mixed design  
MANOVA was carried out to examine the differ-
ences between and within the two groups before  
and after the treatment. Results showed that before  
treatment, there was no significant difference be-
tween the two groups in all parameters (over all  

stability index, AP stability index, ML stability  

index),while significant improvement in the meas-
uring variables of both the control and study groups  
was recorded when comparing the pre and post  
treatment mean values of each group. However,  
significant difference was recorded between the  
two groups when comparing the post treatment  
mean values of the two groups in favor to Group  
(B).  

Overall stability index:  
As presented in (Table 2) within group's com-

parison revealed that there was significant reduction  

of overall stability index at post treatment in com-
pare to pretreatment in both groups while between  
groups the multiple pairwise comparison tests  
revealed that there was no significant difference  
of mean values of the "pre" test significant differ-
ence of the mean values of the "post" test between  
both groups with (p=0.009*) and this significant  
reduction in favor to Group B.  

AP stability index:  
As presented in (Table 3) within group's com-

parison revealed that there was significant reduction  

of AP stability index at post treatment in compare  
to pretreatment in both groups while between  
groups the multiple pairwise comparison tests  
revealed that there was no significant difference  
of mean values of the "pre" test significant differ-
ence of the mean values of the "post" test between  
both groups with (p=0.009*) and this significant  
reduction in favor to Group B.  

ML stability index:  
As presented in (Table 4) within group's com-

parison revealed that there was significant reduction  

of ML stability index at post treatment in compare  
to pretreatment in both groups while between  
groups the multiple pairwise comparison tests  
revealed that there was no significant difference  
of mean values of the "pre" test significant differ-
ence of the mean values of the "post" test between  
both groups with (p=0.009*) and this significant  
reduction in favor to Group B.  

Table (1): Demographic and clinical characteristics of the  
patients in the two groups.  

Items  Group A  
Mean ±  SD  

Group B  
Mean ±  SD  

Comparison  

t-value  p-value  S  

Age (yrs)  6.4± 1.71  6.4± 1.64  0.642  0.525  NS  

Sex distribution N (%)  

Group A  Group B  χ 2  p-value  NS  

Female  
Male  

5 (33.3%)  
10 (66.7%)  

5 (33.3%)  
10 (66.7%)  

0.000  1.00  NS  

: Standard Deviation.  
: Probability.  
: Significance.  
: Non-Significant.  

Table (2): Mean ±  SD and p-values of overall stability index  
pre and post test in the two groups.  

Overall  
stability  
index  

Group A  
Group B  
MD  
p-value  

: Significant level is set at alpha level <0.05.  
: Standard Deviation.  
: Mean Difference.  
: Probability value.  

Table (3): Mean ±  SD and p-values of AP stability index pre  
and post test in the two groups.  

Post test  
Mean ±  SD  

Group A  
Group B  
MD  
p-value  

: Significant level is set at alpha level <0.05.  
: Standard Deviation.  
: Mean Difference.  
: Probability value.  

Table (4): Mean ±  SD and p-values of ML stability index pre  
and post test in the two groups.  

Post test  
Mean ±  SD  

Group A  
Group B  
MD  
p-value  

: Significant level is set at alpha level <0.05.  
: Standard Deviation.  
: Mean Difference.  
: Probability value.  

*SD  
p  
S  
NS  

*  
SD  
MD  
p-value  

AP  
stability  
index  

Pre test  
Mean ±  SD  

*  
SD  
MD  
p-value  

ML  
stability  
index  

Pre test  
Mean ±  SD  

*  
SD  
MD  
p-value  



Nour El-Hoda M. Ahmed, et al. 1097  

Discussion  

The present study included spastic diplegic  

type of cerebral palsy that constitutes a major  

classification among spastic types. This finding  
was reported by Thorogood [10]  who stated that  
spastic diplegia accounts about nearly one-third  
of all spastic cerebral palsied cases as a result of  

brain lesion.  

Children with CP may show a delay in the  

acquisition of various motor skills such as gross  

and fine motor functions. They often lack adequate  
stability due to impaired postural control and  

abnormal muscle tone resulting in defective or  
improper gait pattern [11] .  

The present study was conducted to investigate  
the effect of neuromuscular electrical stimulation  
on abdominal and back muscles in the balance of  

spastic diplegic children in addition to regular  

physical therapy program for such cases.  

All patients were assessed before and after the  

treatment program by using the Biodex stability  
system to measure "overall stability index, antero-
posterior stability index and mediolateral stability  
index" this comes in agreement with Finn et al.,  
[12] , who reported that Biodex stability system is  
becoming more widely available as means of ac-
curately measuring balance as provides valid,  
reliable and repeatable objective measures of  

patient's ability to balance on stable and unstable  
surfaces and documents neuromuscular control in  
safe environments. During static and dynamic  
stability exercise and testing, the Balance System  

provides visual biofeedback of a patient's ability  
to control their Center of Gravity (COG).  

The pre-treatment mean values of the dynamic  
balance test obtained from both groups regarding  

the measuring variables revealed non-significant  

statistical difference in the measuring variable.  

These findings clearly demonstrate the homogeneity  

between the two groups before starting the study  

reflecting the validity of the sample collection and  

random classification of children between the two  

groups. The pre-treatment results of the present  

study were consistent with those reported by Rose  

et al., [13] , who concluded that high stability indices  
on the Biodex balance system indicate a lot of  

movement during the test (greater platform motion)  
and therefore less stability.  

The post-treatment mean values of the study  
group revealed highly significant improvement  

and a significant difference in all variables in its  
favor which may be attributed to the effect of the  

neuromuscular electrical stimulation of abdominal  

and back muscle which provided better trunk con-
trol and stability which is essential for balance and  
functional activities.  

This comes in agreement with Verheyden et  
al., [14] , who reported that trunk stability is an  
essential core component of balance, and it is  

necessary for coordinated extremity use in daily  

functional activities and performance of higher  
level motor tasks.  

The improvement in trunk stability may be  
attributed to the increased muscle strength of  

abdominal and back gained by neuromuscular  

electrical stimulation and this was in agreement  

with Cholewicki et al., [15] , who stated that trunk  
stability requires appropriate muscle strength and  

neural control as well as adequate position sense  

to provide a stable foundation for movement.  

Verheyden et al., [16] , also have addressed the  
trunk as the central key point of the body, and the  
control of movement proceeds from proximal to  
distal body regions. Motor control literature sug-
gests that if an improved level of proximal trunk  

control gains were attained, a better distal limb  

control might be anticipated during balance and  
functional mobility.  

The significant improvement in balance showed  
in reduction of overall, anteroposterior and medi-
olateral stability index may be attributed to the  

effect of neuromuscular electrical stimulation on  
abdominal and back muscles in improving trunk  
control, this agrees with Karthikbabu et al., [17] ,  
who stated that the trunk is the central key point  

of the body; proximal trunk control is a prerequisite  

for distal limb movement control, balance, and  

functional activities.  

The NMES has been reported to improve vol-
untary muscle activation and prevent muscular  

disuse atrophy in different populations including  
CP. The most likely explanation is that NMES has  

the same effect as normal voluntary muscle con-
traction in causing a temporary increase in muscle  
metabolism and greater blood flow and facilitating  
more spinal motor neuron pools, stimulating blood  
flow to atrophied muscles to deliver growth factors  
and nutrients necessary to improve muscle structure  

and function [18] .  

Conclusion:  

From the obtained results of this study, it can  

be concluded that neuromuscular electrical stimu-
lation of abdominal and back muscles can be used  
to improve the balance of spastic diplegic children;  
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so, it can be added as an additional therapeutic  

modality to assist in the rehabilitation program of  
such children.  
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