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Abstract
Background: Cerebral palsy (CP) is the common movement disorder in children associated with life-long 
disability and multiple impairments. Their clinical manifestations vary among children and have a broad 
spectrum. Numerous physical therapy techniques are currently used for treatment as kinesio taping (KT) 
and electrical stimulation (ES) program training for anterior tibial group muscles. 
Purpose: This study aimed to evaluate and compare the outcomes of using those techniques on balance in 
cerebral palsy children. 
Methods: Sixty spastic CP children, their age ranged from four to six years were randomized and split 
equally between the diplegic CP group (15 received KT; eight boys, seven girls with mean±standard 
deviation 4.9±0.60 years and 15 received ES; six boys, nine girls with mean± standard deviation 4.92±0.78 
years), and hemiparetic CP group (15 received KT; eight boys, seven girls with mean±standard deviation 
4.83±0.49 years and 15 received ES; six boys, nine girls with mean age 4.49±0.37 years).Participants were 
evaluated with the Biodex system before and after six months of treatment.
Results: Significant improvement was observed in the measured variables of the two groups when 
comparing their pre and post treatment mean values, significant improvement in comparing post treatment 
results in favor of KT in diplegic children and in favor of ES in hemiparetic children. Conclusion: Kinesio 
taping and electrical stimulation can be useful options to promote balance of children with CP with more 
pronounced effect of KT in diplegic type and ES in hemiparetic type.
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Introduction
Pediatric cerebral palsy (CP) is a non-progressive neurological 
disorder occurring in the immature brain, and is one of the most 
common causes of disability among children [1].

Cerebral cortical or sub-cortical insults occurring during 
the first year of life are clinically presented as a wide variety of 
disorders in CP, and it is considered as the most prevalent cause 
of persisting motor function impairment [2]. The prevalence of 
CP was reported to be 2.5% per 1000 live births globally, and 

this abnormality varies with its involvement distribution [3]. 
Prevalence studies revealed that 3 to 4 CP children were recorded 
per 1000 in the United States [4].

Abnormal muscle tone, postural reflexes and motor de-
velopment are the primary characteristics of cerebral palsied 
children, as well as co-contraction, weakness or loss of move-
ment control, defects in sensory integration, unsteady gait and 
impaired balance [5,6].

Children with cerebral palsy have associated impairments in 
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cognition, behavior, epilepsy and problems with perception, 
vision, and hearing, urinary incontinence, and constipation, 
which lead to restrictions in the ability to perform basic activi-
ties of daily living [7,8].

A traditional classification of children with spastic CP includes 
topographical classification (hemiplegia , diplegia , and qua-
driplegia) or other classifications based on motor function 
as spastic and non-spastic (including athetoid, ataxic, and 
dystonic) [9,10].

Based on the International Classification of Functioning sys-
tem , CP affects the body structures e.g. limbs , body function 
e.g. intellectual function , activities (e.g. standing, walking, bal-
ance), and participation( e.g. sport). As a result of these deficits, 
some disabilities including impairments, limitation in function, 
and restriction in participation are subsequently occurring [11]. 
      Children with CP have static and dynamic balance reactions 
that are less efficient when compared with those of typically 
developed children. As balance skills are an integral part of 
gross motor abilities, poor balance causes difficulty in perform-
ing functional tasks involved in activities of daily living [12].

The common standing pattern of children with spastic 
diplegia is characterized by ankles plantar flexion and hip 
medial rotation and adduction which considerably narrow 
the child’s base of support (BOS). This narrowing of BOS leads 
to the accentuation of the impact of external perturbations, 
as it becomes more difficult to maintain the center of gravity 
inside a narrow base of support [13].

Children with CP have varying levels of deficits in balance, 
particularly in hemiplegic type, where one limb is predomi-
nantly affected. Asymmetrical behavior of the lower limbs 
is clinically manifested as gait asymmetry and it may be as-
sociated with a number of negative consequences which are 
challenges to control balance [14].

Rehabilitation of the patients with CP consists of a variety 
of commonly used therapeutic options including occupa-
tional and physical therapy [15]. Rehabilitation focuses on 
the restoration of muscle balance, proper alignment of joints 
and establishment of correct posture in the line of gravity. 
The success of any therapeutic program cannot be attained 
without achievement of these goals [16].

Kinesio tap (KT) is used for enhancing the activity, helps 
proprioception training as well as improves the muscle im-
balance [17]. Although, the use KT with pediatric populations 
is not well studied, but studies showed that KT can further 
improve recovery in children with CP when applied in adjunct 
with traditional therapy interventions such as stretching, 
neurodevelopment therapy, practicing functional tasks [18].

Neuromuscular electrical stimulation (NMES) has been 
shown to be useful in the rehabilitation of neurological pa-
tients. It is used to strengthen the weak muscles and increase 
range of motion [19]. Although NMES is a therapeutic resource 
directed specifically to one muscle or muscle group, its results 
can be reflected in overall improvements in function [20,21]. 
Evaluation of balance by Biodex stability system provides a 

mode to assess levels of motor control that are mediated by 
lower extremity. It is considered a valid and reliable balance 
assessment. Biodex system is a unique device designed to 
stimulate joint mechanoreceptors and assess neuromuscular 
control by quantifying the ability to maintain dynamic postural 
stability [22,23].

The aim of this study is to investigate and compare the 
effects of kinesio tape and electrical stimulation on balance 
in diplegic and hemiparetic CP children. 

Materials and Methods
Study design 
Randomized controlled clinical trial.
 
Subjects
Spastic diplegic CP children and hemiparetic childern from 
both sexes , participated in the study, their ages ranged from 
4 to 6 years. The study was held in the out-patient clinic of 
National Institute of Neuromotor System. Recruitment began 
after approval was obtained from the Ethics Committee of the 
Faculty of Physical Therapy, Cairo University.

Inclusion criteria for participation in the study included (a) 
A diagnosis of CP with Gross Motor Function Classification 
System (GMCFS) levels I and II [24]. (b) The degree of spasticity 
ranged from 1 and 1+ according to the Modified Ashworth 
scale [25]. (c) Their height ranged between 100 and 113 cm. 
(d) They could understand and follow orders. (e) They were 
able to walk independently with frequent falling.

Exclusion criteria included (a) A diagnosis of a genetic syn- 
drome; (b) Children with any medical condition that would 
severely limit their participation in the study as vision or 
hearing loss, (c) Cardiac abnormalities or musculoskeletal 
disorders (d) Fixed deformities of lower limbs.

Initially, sample size estimation was done based on a Post 
-hoc test , a sample size of total 100 subjects would be required 
(GPower 3.0.9.2 program). 

After fulfilling the eligibility criteria and the initial evalu-
ation, the participants were distributed according to their 
diagnosis into a diplegic CP children (within it, 2 groups ; KT 
and ES ) and hemiparetic CP children (within it, 2 groups ; KT 
and ES). Random process of assigning subjects to either the 
KT group or ES group was done by an assistant (physical thera-
pist) who was not involved in any part of the study via using 
sealed opaque envelopes with code number for each patient 
in every group to help allocation of children in the groups. 
 The distribution of subjects into the two groups at the end 
of the study was as follows ; the diplegic CP group (15 in KT 
group ; eight boys , seven girls) and (15 in ES group; six boys  
nine girls) and hemiparetic CP group (15 in KT group; eight 
boys, seven girls) and (15 in ES group; six boys, nine girls).

Instrumentation
Assessment instruments
In baseline assessment for sample selection, GMFCS was used 
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to assess severity of functional limitation/disability in children 
with cerebral palsy [24]. Modified Ashworth scale was also 
used for selection of subjects with 1 and 1+ degrees [25]. 

Biodex Balance System was used to assess balance, it consists 
of a movable balance platform, which provides up to 20 de-
grees of surface tilt in 360 degrees range. The system provides 
various degrees of surface instability which ranges from a 
completely firm surface; stability level (8) to a very unstable 
surface stability level (1) [26].

Treatment instruments
- Kinesio tape: It is latex-free with 100% cotton fibers, with an 
anti-allergic adhesive layer that allows for evaporation and 
quick drying. These properties make it resistant and wearable 
for a long period, and it is also water resistant. It is applied for 
the anterior tibial group muscles [27,28]. 

- Electrical stimulator (Intelect advanced electro therapy 
system, model 2755CS, USA - Chattanooga group). It is used 
for the anterior tibial group muscles [29]. 

Assessment procedures
- Children were selected to be on level I and II based on GMCFS 
for Cerebral Palsy, children with motor problems classified on 
Level I, can generally walk without restrictions, but tend to 
be limited with regard to more advanced motor skills. Those 
classified on Level II, exhibit gait limitation in the outdoor 
environment [24].

Spasticity was assessed using the Modified Ashworth Scale. 
It measures the intensity of hypertonia, quantifying it as 0 
(normal tonus) to 4 (rigidity) based on the degree of resistance 
the tested muscle offers to passive movement performed by 
the examiner. Assessment was done via testing tonus of the 
triceps surae during passive dosiflexion of the ankle with the 
knee flexed and extended.

Diplegic and hemiparetic CP children are selected if the 
degree of spasticity ranged from 1 to 1+ according to this 
scale [25].

- Children’ heights and weights were measured. 
All parents had been informed about the study procedures. 

After signing a written consent form, instructions about evalu-
ative procedures were explained for each child before the 
testing session to make sure that all children are familiarized 
with the equipment and the test. Evaluation for each child’s 
balance by Biodex balance system was conducted in a warm 
and quiet room before and after six months of treatment. At 
first, certain parameters were fed to the device as child’s age , 
height and weight (as measured using height scale SH-8024).

When the default testing protocol is performed (5 trials x 
20 seconds, 30 seconds rest) the reported Overall Stability 
Index can be compared to age related Predictive Values that 
were developed at the University of Southern Connecticut. 
The results of the five trials are collected and averaged by 
the software and displayed to the right of the age related 
Predictive Value. The Stability Index represents the variance 

of platform displacement in degrees from level in both the 
anterior/posterior and medial/lateral directions. A high num-
ber is indicative of poor neuromuscular control, which may 
increase the potential for orthopedic injury or falling.

The protocol used is as follows: 
Test duration: 20 seconds , trials: 5, rest between trials: 30 

seconds, and stance: bilateral [30].
When assessment of children began, stability level was 

selected to be 5 (moderately stable) based on protocol of 
assessment in previous studies on CP children [31], The child 
was instructed to achieve a centered position on slightly un-
stable platform by shifting his feet position until keeping the 
cursor (which represents the center of the platform) centered 
on the screen while standing in a comfortable and upright 
position. Once centering was achieved and the cursor was 
adjusted in the center of the display target, instruction was 
given to the child to maintain his feet position till stabilizing 
the platform. This was followed by recording heels coordinates 
and feet angles from the platform. During postural stability 
testing, the child’s ability to control the platform’s angle of 
tilt is quantified as a variance from center. A large variance 
is indicative of poor neuromuscular control [32]. At the end 
of each test trial, a print out report was obtained. This report 
includes information regarding the tested variables which 
are; overall, anteroposterior and mediolateral stability indices.

Treatment procedures 
Children in both groups received a selected physical therapy 
program during the six months of the study, for one-hour, 
three days a week on non-consecutive days according to 
their routine treatment, the session included the following 
items [33]:

(1) Standing with feet together while the therapist sitting 
behind and manually locking the child knees, and then slowly 
tilt him to each side, forward and backward ,using mirror in 
front of child, (for 5 min). (2) Step standing with therapist 
behind the child guiding him to shift his weight forward then 
backward alternately, using stepper, (for 5 min).(3) High step 
standing and try to keep balanced ,using standing bar (for 
5 min). (4) Standing with manual locking of the knees then 
tries actively to stoop and recover (for 5 min). (5) Equilibrium, 
righting and protective reactions training, using medical balls 
and tilting board, (for 5 min). (6) Closed environment gait 
training in the form of forward, backward, and sideways walk-
ing between the parallel bars. Obstacles including rolls and 
wedges with different diameters and heights were put inside 
parallel bars, (for 5 min). (7) Open environment gait training 
was conducted with obstacles as wooden blocks but without 
parallel bars, (for 5 min). (8) Strengthening exercises for exten-
sors muscles of the hip and knee,(for 10 min). (9) Stretching 
exercises for tight muscles; hip flexors, hamstrings and calf 
muscles in lower limb and for wrist flexors, pronators and elbow 
flexors in upper limb (for 10 min). Repetitions were from 2 to 
3 times for each exercise according to the child’s response. 
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Kinesio taping application
-The strip is applied on the dorsal aspect of the foot then 
removed, the skin is observed for any reaction to the tape.

-If no reaction was detected, therapeutic application of the 
tape is sustained for successive 5 days, and then removed for 
24 hours to allow skin preparation. Repetition of application 
and removal was conducted for successive six months [34].

- KT applications for the anterior tibial group muscles fol-
lows the protocol of Ragab et al., 2013 [35].

-Kinesio tex tape 2 inch in width (5 cm) , in the form of two 
I strips was used.

-The first I strip was extended from the forefoot (dorsal as-
pect of metatarsals) to the anterior aspect of tibia just below 
the tibial tuberosity. The tape length was measured from the 
dorsal surface of the foot , while the ankle was dorsiflexed , 
to the anterior tibia below tibial tuberosity. 

-Taping was initiated by first gently placing two inches 
of tap with paper –off tension on the dorsal aspect of the 
metatarsals. The foot was positioned in dorsiflexion and in 
mid position to fix the proximal anchor of the tape on the 
anterior tibia. Then the child was asked to plantar flex his ankle 
while therapist moved his both hands toward the middle of 
the tape to apply the remaining part of it.

- The second I strip tape was measured as twice the length 
of the lower leg, the tape backing in the center was splitted 
and the tape was placed on the plantar surface of the midfoot 
between calcaneous and metatarsal head with paper-off ten-
sion, then it was applied diagonally over the anterior ankle 
with increased tension on the lateral section to promote 
eversion. The tape was continued up the lower leg parallel 
to the first strip I.

-After tape application , each child was instructed not to 
make any activities for thirty minutes which was required for 
the tape to become fully activated. For diplegic group; KT was 
applied for both lower limbs while for hemiplegic group; it 
was applied for the affected lower limb.
 
Electrical stimulation application
-The child is positioned in supine position with a small pil-
low under his/her knee joint to maintain a slight flexed knee 
position. 

- The electrodes were placed over anterior tibial group mus-
cles ,these area was cleaned with alcohol before application.

-The electrodes were fixed to the patient using fixing tape.
-One electrode was placed on the upper 1/3 of anterior 

lateral surface of the lower leg just below the knee joint, 
the second electrode was placed distally on the lower leg 
(lower 1/3 of anterior surface of the lower leg) to produce 
ankle dorsiflexion.

The stimulation parameters are: pulse frequency: 50 PPS 
(pulse per second), pulse duration 250 μs, cycle time: pulsed 
with 5 second stimulation and 10 seconds of rest, treatment 
time: 30 minutes. The intensity was set as high as the child 
can tolerate till a visible contraction was produced in the 

tibialis anterior muscle. During the intervention protocol, the 
intensity was increased to maintain sufficient contraction in 
order to generated ankle dorsiflexion. These parameters were 
chosen based on previous studies of electrical stimulation 
applications in cerebral palsy [36]. Sessions was held three 
days a week on non-consecutive days. For diplegic group; 
ES applied for both lower limbs while for hemiplegic group; 
it was applied for the affected lower limb.

Data analysis
The raw data of the study were analyzed using statistical pack-
age for the social sciences; SPSS Inc., Chicago, IL, USA, version 
22. The dependent variables are the Overall Stability index, 
Anterior/posterior Stability index and Medial/lateral Stability 
index. Data are presented as mean±standard deviation for each 
measuring variables of the diplegic CP (KT and ES groups), and 
hemiparetic CP (KT and ES groups). Differences were assumed 
significant at p-value <0.05. After data collection, Shapiro–Wilk 
test was used to detect normal distribution of data. For the 
parametric normally distributed data, paired t-test was used to 
detect differences within groups, and independent t-test was 
used to detect differences between both groups ( KT and ES).

Results
For this study, 100 children were identified as potential part-
icipants (53 diplegic CP children and 47 hemiparetic CP chil-
dren), twelve diplegic CP children and thirteen hemiparetic 
CP children from screened subjects were excluded because 
they did not fulfill the inclusion criteria.75 subjects (diplegic 
CP and hemiparetic CP) were enrolled in the study. Of these 
children, 40 diplegic CP and 35 hemiparetic CP. They were 
randomized into KT and ES groups, nine had got allergic re-
actions in KT groups, six had not yet completed the sessions 
and the final assessment. Data for thirty diplegic subjects and 
thirty hemiparetic subjects were available for final analysis (15 
subjects in KT group and 15 subjects in ES group) (Figure 1).

As indicated by the independent t-test, there were no statis-
tically significant differences (P>0.05) between participants in 
both (KT and ES) diplegic CP groups, concerning age, height, 
and weight as shown in Table 1.

Variable KT group,  
n=15
Xˉ± SD

ES group  
n=15
Xˉ± SD

T-value P-value

Age (years) 4.9 ±0.60 4.92 ±0.78 0.079 0.938
Height (cm) 107.86±3.41 108.40±2.99 0.454 0.653
Weight (kg) 15.12±1.13 15.21±1.01 0.238 0.814
Gender  
(boys ∕girls)

8 ∕ 7 6 ∕ 9 -- --

Table 1. Demographic characteristics of subjects in diplegic 
CP groups.

Xˉ: Mean; SD: Standard deviation; P-value: Level of Significance, 
P>0.05: Non-Significant

http://www.hoajonline.com/journals/pdf/2055-2386-6-2.pdf
http://dx.doi.org/10.7243/2055-2386-6-2


Zaky et al, Physical Therapy and Rehabilitation 2019, 
http://www.hoajonline.com/journals/pdf/2055-2386-6-2.pdf

5

doi: 10.7243/2055-2386-6-2

Figure 1. Flow chart of the study.

There were no statistically significant differences (P>0.05) be-
tween participants in both (KT and ES) hemiparetic CP groups, 
concerning age, height, and weight as shown in Table 2. 
     The collected data from this study represent the statisti-
cal analysis of the stability indices including, overall stability 
index, antero-posterior (A/P) stability index and medio-lateral 
(M/L) stability index of the dynamic balance test, the variables 
were measured before and after six months of treatment for 
the two groups.

The obtained results in this study revealed no significant 
differences when comparing the pre-treatment mean values 
of the diplegic CP groups (KT and ES), As the mean values 
and SD of Overall SI were (3.4887±0.1600), (3.4587±0.1688) 
respectively. The mean values and SD of Antero-posterior SI 
were (2.6380±0.2261) and (2.6180±0.2261) respectively, The 

Variable KT group
Xˉ± SD

ES group
Xˉ± SD

T-value P-value

Age (years) 4.83±0.49 4.49±0.37 0.209 0.836
Height (cm) 107.73±3.23 108.733±3.51 0.810 0.425
Weight (kg) 15.17±1.02 15.21±1.14 0.101 0.920
Gender   
(boys ∕girls)

8 ∕ 7 6 ∕ 9

Table 2. Demographic characteristics of subjects in   
hemiparetic CP groups.

Xˉ: Mean; SD: Standard deviation; P-value: Level of Significance, 
P>0.05: Non-Significant

mean values and SD of Medio-lateral SI were (2.5567±0.1730) 
and (2.4833±0.1688) respectively, where P-values were (0.621), 
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(0.810) and (0.250) respectively. Also the obtained results 
revealed no significant differences when comparing the 
pre-treatment mean values of the hemiparetic CP groups 
(KT and ES), As the mean values and SD of Overall SI were 
(3.4680±0.1213), (3.4733±0.1486 ) respectively. The mean values 
and SD of Antero-posterior SI were (2.4800±0.2242) and (2.4800± 
0.2242) respectively, The mean values and SD of Medio-lateral 
SI were (2.4067±0.2120) and (2.4267±0.1579) respectively 
where P-values were (0.915), (1.00) and (0.772) respectively.

As revealed from Table 3, significant decrease was observed 
in the mean values of stability indices for the diplegic CP group 
at the end of treatment as compared with the corresponding 
mean values before treatment.

Also, Table 4, showed a significant reduction in the mean 
values of stability indices for the hemiparetic CP group at the 
end of treatment as compared with the corresponding mean 

values before treatment.
Significant improvement was observed in the measured 

variables when comparing post treatment results of the two 
groups in favor of KT in diplegic children and in favor of ES in 
hemiparetic children as shown in Tables 5 and 6.

Discussion
The purpose of this study was to investigate and compare the 
effects of kinesio tape and electrical stimulation on balance 
in diplegic and hemiparetic CP children.

It is well known that the children with cerebral palsy have 
varying levels of deficits in balance and postural control [37].

Studies have shown that GMFCS is recommended to use 
with cerebral palsy children to assess the growth motor 
abilities limitation for its high reliability and validity [24,38].

Balance control is essential for competence in the perfor-

Variable Groups Pre treatment
Mean ± SD

Post treatment
Mean ± SD

Percent of 
change%

T value P value

Over all SI KT group 3.4887±0.1600 2.9267±0.1989 16.109 24.916 0.000*

ES group 3.4587±0.1688 3.1133±0.1805 9.986 18.108 0.000*
Antero-posterior SI KT group 2.6380±0.2261 2.0533±0.2021 22.16 26.403 0.000*

ES group 2.6180±0.2261 2.3233±0.2069 11.256 14.753 0.000*
Medio-lateral SI KT group 2.5567±0.1730 1.9700±0.1567 22.947 22.534 0.000*

ES group 2.4833±0.1688 2.1233±0.1944 14.496 16.039 0.000*

Table 3. Pre and post-treatment mean values of the stability indices for the diplegic CP groups.

Table 4. Pre and post-treatment mean values of the stability indices for the hemiparetic CP groups.

SI: Stability index. ; Xˉ: Mean; SD: Standard deviation; P-value: Level of Significance, *p<0.05:Significant

SI: Stability index. ; Xˉ: Mean; SD: Standard deviation; P-value: Level of Significance, * p< 0.05: Significant

Variable Groups Pre treatment 
Mean ± SD

Post treatment 
Mean ± SD

Percent of 
change%

T value P value

Over all SI KT group 3.4680± 0.1213 3.1333± 0.1175 9.651 15.084 0.000*
ES group 3.4733±0.1486 2.9333±0.1676 15.547 28.386 0.000*

Antero-posterior SI KT group 2.4800±0.2242 2.1800±0.2274 12.096 12.550 0.000*
ES group 2.4800±0.2242 1.9267±0.2219 22.310 33.488 0.000*

Medio-lateral SI KT group 2.4067±0.2120 2.0733± 0.1944 13.85 14.349 0.000*
ES group 2.4267±0.1579 1.8867±0.1684 22.252 25.256 0.000*

Variable Groups Mean ± SD T value P value
Over all SI KT group 2.9267±0.1989 2.691 0.012*

ES group 3.1133±0.18050
Antero-posterior SI KT group 2.0533±0.2021 3.615 0.001*

ES group 2.3233±0.2069

Medio-lateral SI KT group 1.9700±0.1567 2.378 0.024*
ES group 2.1233±0.1944

Table 5. Post-treatment mean values of the stability indices for the  
diplegic CP groups.

SI: Stability index. ; Xˉ: Mean; SD: Standard deviation;  
P-value: Level of Significance, *p<0.05:Significant
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mance of most functional skills, helping children to recover 
from unexpected balance disturbances, either due to slips 
and trips or to self-induced instability when executing any 
movement that brings them toward the edge of their limits 
of stability [39].

The pre-treatment mean values of overall stability index, 
anteroposterior stability index, and mediolateral stability 
index of the dynamic balance test for both groups, showed 
an increase in their values, which indicates that those children 
had balance problems. These results were consistent with 
those who reported that higher stability index was due to poor 
standing stability [40]. Also the pre-treatment mean values of 
this study are in agreement with the findings of Roncesvalles 
et al., [41], who stated that one of the contributing factors in 
stability of children with spastic diplegia is a poor ability to 
increase muscle response amplitude when balance threats 
increase in magnitude.

Previous studies had reported that children with spastic 
hemiplegia show problems with the timing of muscle respons-
es. Such problems include delayed onset of contraction in the 
ankle muscle and co-contraction of agonist and antagonist 
muscles at a joint. Such changes in neuromuscular response 
characteristics would lead to a slower and less organized 
recovery of balance [42].

The results are supported by a study of Rasti et al. [43] which 
revealed that KT is very effective intervention in children with 
spastic CP children who were classified in level I and II in the 
gross motor functional classification system and all of them 
showing improvement in their gross motor abilities.

Improvement reported regarded to KT groups may be attri- 
buted to the effects of KT in rehabilitation of children with CP, 
this come in agreement with Da Costa et al., [5]. who confirmed 
that KT for the tibialis anterior and quadriceps muscles has a 
benefit effect in the enhancement of static and dynamic bal-
ance also functional activities in children with cerebral palsy.

The obtained results of this study were also agreed with 
Morris et al., [44] who confirmed that improvement in balance 
of children in KT group may be attributed to the effects of tap-
ing on muscular facilitation or inhabitation, the re-alignment 
of joints, improving proprioception and postural support in 
children with CP.

Variable Groups Mean ± SD T value P value
Over all SI KT group 3.1333±0.1175 3.784 0.001*

ES group 2.9333±0.1676
Antero-posterior SI KT group 2.1800±0.2274 3.088 0.005*

ES group 1.9267±0.2219
Medio-lateral SI KT group 2.0733±0.1944 2.810 0.009*

ES group 1.8867±0.1684 

Table 6. Post-treatment mean values of the stability indices for the 
hemiparetic CP groups.

SI: Stability index. ; Xˉ: Mean; SD: Standard deviation; P-value: 
Level of Significance, *p<0.05: Significant

The significant improvement in post treatment mean values 
of balance indices in hemiparetic group whom underwent 
KT treatment of the affected ankle may be explained by the 
influence of taping technique on realignment of the ankle 
joint in mid position which enhance proper alignment with 
the least expenditure of muscle energy and postural tone, 
in addition of the proprioceptive influence in the form of 
cutaneous stimulation that enhance hemiparetic children 
awareness to maintain his/her ankle and foot in an upright 
mid position that means effective postural control and body 
alignment. This explanation was supported by the work of 
Spanos et al,. [45] who studied the effects of taping on the 
proprioception of the ankle.

On the other hand, our results disagreed with Ekiz el al., 
[46] who showed no functional effect of the KT application on 
stroke patients. Also, another study stated that there was no 
direct effect of KT application on the gross motor function [47].

Effects of ES on improving the stability indices of the CP 
children were supported by the study of Schuhfried et al., 
[48] who assessed the impact of ES on treatment of central 
nervous system lesions that improve motor control, reduce 
spasticity, prevent deformities and generally used to improve 
the function of the affected extremity and also with Hamid 
and Hayek [49] who investigated the effectiveness of NMES 
as a safe method that stimulates the injured neuromuscular 
system in an attempt to reacquire or improve function with 
CP children.

The improvement of stability indices which is reported in 
the spastic hemiparetic cerebral palsied children who received 
ES, may be attributed to its effect on dorsiflexors as the imbal-
ance at the ankle joint caused by a spastic calf muscle inhibits 
the development of the ankle dorsiflexors strength, making 
them weak and elongated [50]. Neuromuscular electrical 
stimulation is commonly used to decrease muscle spasticity 
and to strengthen the weakened antagonist muscles. Typi-
cally, NMES is applied to antagonist muscles (ankle dorsiflexor) 
to achieve an antispastic effect on agonist muscles (triceps 
surae) by the reciprocal inhibition [51] NMES contributes to 
improving joint range of motion. Hazelwood et al., [52] found 
an increase in passive range of movement at the ankle and 
ankle dorsiflexion strength in children with hemiplegic cerebral 
palsy after electrical stimulation of the anterior tibial muscles. 
This is affecting the ability to respond to the perturbations 
and improves balance control of the ankle.

The balance improvement in diplegic children who under-
gone ES may be explained by the work of Daichman et al., 
[53] who reported the effects of using NMES on impairments 
and functional skills of a child with spastic diplegic CP. They 
concluded that NMES may allow a child with poor motor con-
trol to participate in a progressive strength-training program. 
NMES may also lead to motor learning. 

The obtained results of this study were also agreed with 
Wright et al., [54] who reported that use NMES on tibialis 
anterior muscle is based on NMES’s potential to strengthen 
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this weak muscle, allow reciprocal inhibition of spastic gas-
trocnemius and also produce a stretch reflex. Furthermore, as 
a result of motor relearning, these changes may be maintained 
after the treatment period.

Concerning the physical therapy program received by 
children in both groups, a study confirmed that a rehabilita-
tion program gives a benefit for CP children and help in their 
progress [55], this comes in accordance with the results of 
the current study.

The effect of the exercise program also supported by the work 
of Eek et al., [56] who showed that strengthening programs 
have a positive effect on balance and gait via improving muscle 
strength, enhancing plantar-flexor generating power at push 
off, increasing the ability to balance on one leg, that may im-
prove balance from standing and promote independence in 
children with CP.

The present study had some limitations. Sample size was 
small, and there was no control group for both interventions 
, also lack of long-term follow up. Future studies are needed 
to report the sustainability of the effect of KT and ES on bal-
ance of CP children.

Conclusion
This study demonstrated the effectiveness of using two reha-
bilitation therapies for patients with cerebral palsy that focus 
on improving standing balance because postural balance is 
integral to all motor abilities. Therefore, improving postural 
balance would improve function. Among the alternatives, 
we propose that using KT treatment is more beneficial in 
treating diplegic CP children, and using ES is more effective 
in hemiparetic CP children.
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