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Abstract:  

Background: Children with hemiplegic cerebral palsy exhibit increased muscular 

tonicity causing impaired postural control. Postural control is essential to maintain 

posture and balance during bipedal walking. The purpose of this study was to 

examine the efficacy of the sensory integration on gait parameters among children 

with hemiplegic cerebral palsy. 

Methods: Thirty boys with hemiplegic cerebral palsy with ages ranged from 10 to 

14 years participated in this study. They were randomly assigned into two groups. 

The control group (A) received a conventional physical therapy program while the 

experimental group (B) received the conventional physical therapy program and the 

addition of sensory integration. Both groups received treatment sessions five times 

per week for three successive months. Kinematic gait parameters were evaluated 

before and after three successive months of treatment.  

Results: The non-parametric analysis (Wilcoxon Signed Ranks Test) of data 

revealed non-significant differences at baseline (between-groups). However, 

statically significant improvement (p<0.5) was seen in both groups (within-group). 

Further, a statistically significant difference (between-group) (p<0.5) was observed 

between post-treatment values of gait. 

Conclusion: Sensory integration along with a conventional physical therapy 

program for 3 months led to the statistically significant difference in the gait 

parameters among children with hemiplegic cerebral palsy. 
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1. Introduction 
Cerebral palsy (CP) is defined as a group of non-

progressive motor impairment resulting from a lesion in 

the developing brain, affecting movement and posture. 

CP children vary in clinical presentation, type of lesion, 

severity, and extend of impairment. There are 

disturbances in sensation, cognition, communication 

and perception (1).CP are classified according to the 

type of lesion in the brain, signs, and symptoms 

(Spastic, ataxic, dyskinetic & mixed CP), time of insult 

(Prenatal, intra-natal, postnatal),  Topographical 

involvement of limbs (Hemiplegia, diplegia, or 
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quadriplegia),  change in muscle tone (Hypotonic, 

isotonic, hypertonic) (2).  The prevalence of CP is 

between 2-2.5 per 1000 live birth (3). Sensory 

integration therapy (SIT) is an intervention aiming to 

improve the life quality of persons by improving 

sensory experiences (4). SIT is an active therapy that 
incorporates sensory bombardment through various 

tools to improve children’s sensory experience.  SIT 

gives the nervous system the chance to change 

"Neuroplasticity" and then provides the correct dosage 

of sensory stimulation resulting in impairing the ability 

of the nervous system to process the sensory 

stimulus(5). Subsequently, the behavior problems will 

be reduced and the efficacy of learning will be increased 

(6). SIT uses large pieces of tools like balls, 

trampolines, rolls, and swinging hammocks. They help 

in improve proprioception, tactile and vestibular 

practices (7,8). The central and peripheral nervous 

systems managing the incoming sensory information by 

the process called sensory processing, This processing 

component are reception, integration, modulation, 

organization, of sensory stimuli as well as sensory input 

behavioral responses, Although the term sensory 

integration is similar to the sensory processing term, the 

two terms aren't interchangeable; sensory integration is 

the only one component of the more expansive term 

"Sensory processing" (9). Previous hemiplegic cerebral 

palsy (HCP) gait studies have focused primarily on 

deviations from the affected side during various phases 

(10–13). The differences are associated with many 

causes such as tightness of the muscle, reduced 

movement ability, bony deformity, and impaired motor 

function. The purpose of our study is to investigate the 

efficacy of the sensory integration intervention on 

spatial and temporal gait parameters among children 

with hemiplegic cerebral palsy. 

2. Subjects, randomization and methods 

2.1 Subjects  

Thirty boys with spastic hemiplegic CP with ages 

ranged from 10 to 14 years were selected from Out-

patient Clinic, Faculty of Physical Therapy, Kafr El-

Sheikh University. The inclusion criteria for the 

selection of the participants include; children diagnosed 

with spastic hemiplegia. They had stable medical and 

clinical status. The children were able to walk 10 meters 

independently.  The participants were able to 

understand and follow simple instructions. Exclusion 

criteria include any sensory impairment or 

psychological disorders. The Children who had any 

congenital or acquired skeletal deformities as 

metatarsus adductus, internal or external tibial torsion, 

femoral anteversion or retroversion, genu varum or 

valgum, and pes planus were excluded (14) Also, we 

excluded the participant who had undergone recent 

orthopedic surgical intervention.  

The children were allocated into two equal groups 

randomly. The control group (A) and the study group 

(B). We explained the aims, purpose, and steps of the 

study to the participant's children and their parents or 

guardians.  Also, the potential risks and benefits were 

explained to the children and their parents. We followed 

the Declaration of Helsinki and the ethics code of the 

world medical association for experiments for humans. 

The protocol was submitted to the Institutional Review 

Board of the Cairo University, and ethical approval was 

obtained. Participants were provided an informed 

written consent form before starting the study. Parents 

of the children or children's guardian signed a consent 

form before participation.  

2.2 Randomization 

We assessed thirty-six children for the eligibility 

criterion. We excluded four children as they did not meet 

the inclusion criteria, and two children were excluded as 

their parents refused to participate in the study. After we 

had taken the baseline measurements, the randomization 

process was applied by closed envelopes. The researcher 

prepared 15 closed envelopes labeled with a group 

(A)and another 15 closed envelopes labeled with a group 

(B). Then, we asked each participant to draw a closed 

envelope that contained one of the two groups.  

2.3 Methods 

2.3.1 Pre-intervention evaluation  

We assessed the gait parameters for participant children 

were before the treatment and after three months of 

treatment. We used the Biodex gait trainer 2TM. We 

gave one oration session for children to be familiar and 

comfortable with the equipment, the research team, and 

protocol.  

2.3.2 Biodex gait trainer 2TM 

In the beginning, the children were oriented to the 

equipment before calculating the gait parameters. 

Before the actual assessment was recorded, the children 

had asked to perform preparatory walking on the 

treadmill. The children wore a safety belt around his 

pelvis throughout the session. The examiner was 

standing near to the children while the children 

performed walking. The starting speed of the equipment 

was 0.3 meters per hour. Then gradually we increase the 
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speed of the Biodex gait trainer to reach a comfortable 

pace for the participant. After the child becomes 

familiar with the routine the gait parameters were 

recorded in the middle of the session without informing 

the participant. We allowed each participant to perform 

walking for three minutes continuously. The ending of 

the assessment session was done by gradually decrease 

the speed of the treadmill until stopped and remove the 

safety belt from the child. The result was shown on the 

Biodex gait trainer screen. The total of the three-

assessment session was done for each child with a rest 

period in-between, and the average of each gait 

parameter in the three evaluations was recorded. The 

gait parameters include average gait cycle, average step 

length, and step symmetry (right leg to left leg time 

distribution). 

2.3.3 Treatment sessions 

Control Group (A): All participants in group A 

performed a conventional physical therapy exercise 

program. The frequency of exercises was 5 sessions per 

week for three successive months. The type of exercises 

includes exercise for stretching the tight muscles, 

exercises on wobble board for the facilitation of 

equilibrium and righting reactions, exercises for 

strengthening the weak muscles, open and closed 

surroundings gait training, and training program on the 

treadmill. The mode of exercise started with warming -

up for 3-5 minutes, then the main program start at the 

end the cool-down was done for 3-5 minutes. 

Study Group (B): All participants in group B received 

an exercise program (tailor-made) in addition to sensory 

integration therapy. Each treatment session includes the 

same tailor-made exercise program that is done for 

group A in addition to components of sensory 

integration treatment. The sensory integration program 

includes 10 minutes of walking in the water pool (level 

of water till the waist level) 10 minutes walking on sand 

and throwing and catching a rubber ball for 10 minutes. 

Statistical analysis 

The collected data of the gait parameters of control 

group A and group B were statistically analyzed to 

compare the effects of the sensory integration 

intervention on gait parameters among children with 

hemiplegic cerebral palsy. Descriptive statistics were 

done in the form of the mean and standard deviation. 

Due to the non-normal distribution of data and small 

sample size, the Wilcoxon Signed Ranks Test was 

conducted for comparing the pre and post-treatment 

mean values of all measuring variables between both 

groups. Mann-Whitney U was conducted for comparing 

pre and post-treatment mean values in each group. All 

statistical analyses were conducted through SPSS 

(statistical package for social sciences, version 25). 

3. Results 

Our results showed that there was no significant 

difference between the two groups at the baseline 

assessment (P-value > 0.05). The comparing results of 

the gait parameters within groups were showed in table 

1, 2&3. The results of the mean values of the average 

step length, time in each foot, and an average of the gait 

cycle of the pre and post physical therapy intervention 

appeared that there is a significant difference within 

groups as P value < 0.05. (Table 1, 2, 3) 

Table1: The intra-groups comparison between before 

and after physical therapy treatment means values of 

average step length for control group &study group. 

Group Control group A Study group B 

Variable 

Rt. Foot Lt. foot Rt. foot Lt. foot 

Pre  Post  Pre  Post  Pre  Post  Pre  Post  

X 0.386 0.425 0.392 0.432 0.387 0.443 0.393 0.452 

SD 0.006 0.016 0.014 0.014 0.018 0.035 0.027 0.034 

Z -3.436 -3.249 -3.28 -3.243 

P-value 0.0005 0.001 0.001 0.0001 

Significant * * * * 

Rt.: right, Lt.: left, X: mean, SD: stander deviation, Z: 

Wilcoxon Signed Ranks Test, P-value: level of 

significance, *: Significant at P< 0.05. 

Table2: The intra-groups comparison between before 

and after physical therapy treatment means values of 

time of Rt. &Lt. foot for control group &study group. 

Rt.: right, Lt. left, X: mean, SD: stander deviation, Z: 

Wilcoxon Signed Ranks Test, P-value: level of 

significance, *: Significant at P< 0.05. 

Group Control Group  Study Group  

Variable Rt. Foot Lt. foot Rt. Foot Lt. foot 

Pre  Post  Pre  Post  Pre  Post  Pre  Post  

X 41.3 41.2 41.8 41.2 44.7 45.1 48.5 47.9 

SD 1.3 1.8 1.4 1.6 1.5 1.2 1.4 2.5 

Z -3.457 -3.421 -3.428 -3.424 

P-value 0.0005 0.0006 0.0006 0.0006 

Significant * * * * 
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Table3: The intra-groups comparison between before 

and after physical therapy treatment means values of 

average gait cycle for control group &study group. 

 Control Group  Study Group  

 Pre  Post  Pre  Post  

X 0.695 0.695 0.745 0.799 

SD 0.010 0.010 0.012 0.009 

Z -3.53 -3.573 

P-value 0.0004 0.0003 

Significant * * 

X: mean, SD: stander deviation, Z: Wilcoxon Signed 

Ranks Test, P-value: level of significance, *: 

Significant at P< 0.05. 

The statistical analysis of the mean values within the 

group between the post-treatment mean values of group 

A with the post-treatment results of group B showed a 

significant difference between the inter-group results 

where P-value < 0.05 as (Fig.1 &2) 

  
Figure 1: The inter-groups comparison between post 

physical therapy treatment means values of average step 

length, and average gait cycle for control group and 

study group (post-mean values of group A with post-

mean values of group B). 

 
Figure 2: The inter-groups comparison between post 

physical therapy treatments means values of time of 

Rt. &Lt. foot for control group &study group (post-

mean values of group A with post-mean values of 

group B). 

4. Discussion 

The finding of our study showed that children with 

spastic CP had significantly improved in the temporal 

and spatial parameters of gait after the addition of SIT. 

The basic idea of SIT is to provide a rich sensory 

experience to the children and encourage a meaningful 

motor output. The use of different sensory information 

is important because various types of balance 

disturbances stimulate different sensors and the range 

of sensitivity of each sensor often varies. If one or more 

of the systems provide the CNS with misleading 

information, inputs from the other systems can 

compensate for this (14,15). Sensory integration allows 

children suffering from CP to achieve their maximum 

sensory and motor function level (16). This approach 

tries to facilitate normal development and enhances the 

ability of children to process and integrate sensory 

information (visual, auditory, proprioceptive, and 

perceptual) (17). SIT helps to overcome problems in the 

absorption and processing of sensory information that 

many young children experience. Ultimately, 

encouraging such abilities leads to balance and steady 

motion improvement by training (18). Sensory 

information about body position and movement (19). 

For control of posture and movement comes from 

somatosensory, vestibular, and visual systems (20,21). 

This information helps CNS to anticipate the forces 

applied to the body and then generate sufficient 

muscular action for maintaining posture (22,23). 

However, there are certain resolutions and importance 

for each sensory information and the reliability of one 

type of sensory information can affect another (24). 

Vestibular stimulation activates healthy postural 

responses through changes in the sensitivity of the 

somatosensory and visual systems, suggesting sensory 

integration (25). There is a method for improving the 

dynamic balance as well as the ability of postural 

control called Body awareness training (BAT). BAT 

consists of repeated simple movements that maintain 

ability by using limits of stability (26). BAT creates 

body awareness and allows body awareness to be 

concentrated on during motion. Movements should be 

performed in different positions to identify the four 

body centerline. The centerline of BAT leads to 

improved balance, postural control, coordination, and 

free respiration (27,28). Visual-motor integration or 

Visual-motor coordination (VMC) is the 

synchronization of visual perceptual skills and fine 

motor control requires accurate, efficient contact 
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between the hand and the eye movements. It combines 

"Both motor and visual capabilities with the context of 

environment achieve a target (29,30). The research 

reported a significant improvement in functionality 

through body awareness training (BAT) effects on 

visuospatial neglecting 'mild degree' in patients after 

acute stroke. Twelve patients were assigned randomly 

to the control and experimental group which is 

undergoing BAT for fifteen minutes and the task-

oriented training for thirty minutes. The following study 

indicated that BAT with task-oriented training was 

feasible and suitable for patients suffering from mild 

visuospatial neglection in patients after acute stroke 

(31). This study also supported the findings of Hyuk–

Shin Cho et.al. (2016) who conducted a study to 

investigate the impact of BAT on walking and balance 

ability in patients with chronic stroke. Subjects were 

allocated randomly to seventeen control and 

experimental groups which underwent BAT for twenty 

minutes then walking training for thirty minutes for five 

days for four weeks and the result suggested that BAT 

affects balance in chronic stroke patients positively 

(32). R.C. Miall et.al. in 2001 carried out a test using 

the human brain’s functional magnetic resonance 

imaging (fMRI) during visually guided tracking tasks 

requiring varying degrees of eye-hand coordination. 

During the independent time, the cerebellum was more 

active than the coordinated eye and hand tracking. 

Coordination of the engines relies on predictive 

movement information(33). 

Conclusion 

The present study revealed that sensory integration 

therapy had significantly improving gait pattern for 

Children with hemiplegic cerebral palsy. Therefore, we 

recommended physical therapists to add sensory 

integration therapy for their program in the treatment of 

children with hemiplegic cerebral palsy. 

Data availability: all data for statistical analysis are 

available if needed. 
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