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Abstract  

Background:  Equinus is the most common problem in  
ambulatory children with spastic hemiplegic cerebral palsy,  
which results in an unstable and inefficient gait pattern.  
Without proper management at an early stage, it can lead to  
permanent foot deformities.  

Aim of Study:  The aim of this study was to evaluate the  
effect of serial casting on ankle range of motion, tone of the  
calf muscle and ankle kinematics during gait in children with  

spastic hemiplegic cerebral palsy.  

Material and Methods:  Twenty-five spastic hemiplegic  
cerebral palsy children of both sexes (15 boys and 10 girls)  
participated in this study. Patients were selected at level I  

according to Gross Motor Function Classification System and  

the degree of spasticity ranged from 2 to 3 according to  
Modified Ashworth Scale with true equinus, with their mean  
age were 4.8±0.8 years. They were randomly assigned to two  
groups. The first group, 12 children, Group (A) who received  
a selected physical therapy program once a day/3 times a  
week for three successive weeks; while the second group, 13  
children, Group (B) who received three consecutive casts for  
five days each and removed in the last two days in each week  
to conduct the same selected physical therapy program which  
conducted for the Group (A). Ankle range of motion was  
assessed by electronic goniometer, calf muscle spasticity was  
assessed by modified ashworth scale and ankle kinematics  
during gait was assessed by observational gait scale.  

Results:  The results of the present study revealed that  
Group (B) showed statistically significant improvement in  
ankle range of motion, tone of calf muscle and ankle kinematics  
during gait (p=0.0001 for all) than those of the Group (A).  

Conclusion: Serial casting of equinus ankle deformity  
could improve ankle range of motion, tone of calf muscle and  
ankle kinematics during gait in children with spastic hemiplegic  
cerebral palsy.  

Key Words:  Cerebral palsy – Equinus foot – Hemiplegia –  
Serial casting – Spasticity.  

Correspondence to:  Dr. Yasser M. Abd El-Monem  
The Department of Pediatrics, Faculty of Physical Therapy,  
Cairo University  

Introduction  

HEMIPLEGIA  in infants and children is a type  
of CP results from damage to the hemisphere of  
the brain that controls muscle movement. This  

damage may occur before, during or shortly after  

birth. In children with hemiplegia the paralysis in  
body occurs on the side opposite the affected part  
of the brain which means if the right side of the  
children brain injured the paralysis will be on the  
left side of the child's body [1] .  

The majority of children with hemiplegia are  
able to walk without restrictions but more advanced  
gross motor skills are often jeopardized. Although  
children with hemiplegia are able to walk without  
external support they have abnormal gait patterns  
including asymmetry between the affected and  
unaffected side [2] . In children with Hemiplegic  
Cerebral Palsy (HCP) spasticity is not only the  
most common motor disorder but also the main  
cause of slowly developing secondary problems  
like contractures and bony deformities [3] .  

Equinus, defined as a sagittal plane ankle de-
formity with increased Plantarflexion (PF) at the  
ankle, very limited motion in subtalar joint and  
standing or walking with increased weight bearing  

on the metatarsal heads [4] . An equinus foot in  
children with HCP is caused by spasticity or short-
ening of the gastocnemius-soleus muscle complex  
or a combination of these two components. Initially,  
it appears to be a dynamic phenomenon, secondary  

to a central nervous system lesion. As the child  
grows, the progressive shortening of the calf mus-
cles secondary to spasticity develop to such a  
significant degree that the contracture may require  
surgical lengthening of the muscle but since chil-
dren's feet are relatively flexible and adaptable,  
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non-operative management is typically used as a  

first course of treatment [5] .  

The treatment program for a child with HCP  
may include different options: Exercises, bracing,  

casting, oral medications and orthopedic surgery.  

Because of the limited efficiency of “traditional”  

treatments as exercises and bracing, a wide range  

of complementary and alternative therapies are  

used for muscle tone and Range of Motion (ROM)  
management [6,7] . Serial casting is the use of a  
series of progressive muscle stretching casts to  
increase muscle length using prolonged low load  

stress to contracted tissue [8] .  

Material and Methods  

The study was designed as a prospective, ran-
domized, pre-post-test, controlled trial. This study  
was conducted in the outpatient clinics of Naser  

General Hospital and The Faculty of Physical  
Therapy from January 2018 to June 2018. Written  
informed consent was taken from parents or legal  

guardians of all participants that was approved by  

the Research Ethical Committee of The Faculty of  
Physical Therapy Cairo University. Thirty children  
from both sexes (15 boys and 15 girls) with a  
diagnosis of spastic hemiplegic cerebral palsy were  

selected according to the following criteria: Being  

3 to 6 years old, having a Modified Ashworth Scale  
score of 2 or 3 in the plantar flexor muscle complex,  

having a Gross Motor Functional Classification  

System level I, having a true equinus, classified  
as type 2 gait pattern described by Winters et al.,  

(significant plantarflexion throughout the gait cycle  
with full extension or recurvatum of knee in stance  

phase), and they were able to follow instructions  

given to them during assessment and treatment.  
Patients with bony joint limitation, previous sur-
geries (tendon lengthening), received Botulinum-
toxin A injections in the last six months, or with  
apparent equinus as a compensation for knee or  

hip flexion while dorsiflexion range is preserved  

at the lower extremity to be treated or casted were  

excluded.  

The children were randomly assigned using a  
computer program into two groups of equal num-
bers. The Group (A) included fifteen children (n  
=15) received a selected physical therapy program  

once a day/3 times a week for three successive  

weeks mainly consisted of stretching and strength-
ening exercises, weight bearing, balance, proprio-
ception, and ambulation training. And fifteen chil-
dren served as Group (B) (n=15) additionally  
received three consecutive casts applied for five  

days each and removed in the last two days in each  
week to conduct the same selected physical therapy  

program which conducted for the Group (A). The  

casting consisted of short leg casts applied while  
the child in prone position with the knee flexed to  
90 degrees and the ankle dorsiflexed to maximal  

attainable dorsiflexion and held in the neutral hind  

foot position to prevent hypermobility of the sub-
talar joint. Three participants dropped out of the  

Group (A) with no reason given and two partici-
pants dropped out of the Group (B) due to the  
appearance of swelling and skin allergic reaction  

to the cast material.  

Evaluation of children in both groups was per-
formed before as well as after three successive  

weeks of intervention by using electronic goniom-
eter [10]  to assess ankle ROM, Modified Ashworth  
Scale (MAS) [11]  to assess calf muscle tone and  
Observational Gait Scale (OGS) [12]  to assess ankle  
kinematics during gait.  

The ankle ROM angle was measured by BASE-
LINE electronic goniometry with the “neutral-
null” method (dorsiflexion angle over the neutral  

position was counted in positive degrees, under  
the neutral in negative degrees). The child was  

placed in a supine position with knee in extension  
and placing the ankle in planterflexion position  

and move to a position of maximal dorsiflexion  
and joint angle taken from the digital display of  
the goniometer. Muscle tone of the ankle plantar  

flexor was measured by MAS. The child was placed  
in a supine position, head in neutral position with  
knee in extension and placing the ankle in the  
maximally planter flexion position and move to a  
position of maximal dorsiflexion over one second  
(count one thousand one). The observational gait  

scale was used to analyze typical walk viewed on  

split-screen video in slow motion. The children  
were instructed to walk and videos are taken from  

the side, only five sections were tested to evaluate  
ankle kinematics and knee position in relation to  

ankle (initial foot contact, foot contact at mid  
stance, timing of heel rise, knee position in mid  

stance, degree of change) with a total score of 14  
on each limb.  

Statistical analysis:  
Descriptive statistics and t-test was conducted  

for comparison of age, weight and height, between  
both groups. Chi squared test was conducted for  

comparison of distribution of sex, spasticity grades  
between groups. t-test was conducted for compar-
ison of ankle ROM and OGS between groups. Test  

of marginal homogeneity was conducted for com- 
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parison of between pre and post-treatment spasticity  

grades in each group. Paired t-test was conducted  
for comparison between pre and post-treatment  
measurements of ankle ROM and OGS in each  
group. The level of significance for all statistical  

tests was set at p<0.05. All statistical measures  
were performed through the Statistical Package  
for Social Studies (SPSS) Version 19 for windows.  

Results  

Twenty-five out of thirty selected children with  
HCP completed the trial. Patients were randomly  
ordered into two groups. The Group (A), included  

twelve children (n=12), who received a selected  
physical therapy program once a day/3 times a  

week for three successive weeks. And the Group  
(B), included thirteen children (n=13), who received  
the same selected physical therapy program in  
addition to serial casting. There was no significant  
difference between groups in the mean age (y),  
weight (kg) and height (cm), (p>0.05) (Table 1).  

There was no significant difference in the ankle  
ROM, the distribution of spasticity grades of calf  
muscle tone, and the total score of OGS (p=0.64,  
p=0.44, p=0.64) respectively, between the (A) and  
(B) groups pre-treatment. In Group A, there were  
a significant increase in the mean values of ankle  

ROM and the total score of OGS post-treatment  
when compared with its corresponding values  
measured at pre-treatment (p=0.0001 for both).  
There was no significant difference in post-
treatment evaluation of calf muscle tone in Group  
(A) when compared with its corresponding value  
measured at pre-treatment (p=1). In Group B, there  
were a significant differences in ankle ROM,  
degree of calf muscle spasticity, and total score of  
OGS (p=0.0001 for all) in post-treatment mean  
values when compared with its corresponding  
values measured at pre-treatment. The average  
changes in ROM, MAS, and OGS of the casting  

Group (B) were significantly higher than those of  
the group (A) post-treatment (p=0.0001 for all)  
(Tables 2-4).  

Table (1): Descriptive statistics and t-test for comparing the mean age, weight and height of the  
control and study group.  

Control group  
(n=12) 
X– ±  SD  

Age (years)  4.85±0.73  
Weight (kg)  16.79±2.85  
Height (cm)  102.33 ±6.38  

Study group  
(n=13) 
X– ±  SD  

4.8±0.8  
16.07±2.78  
101.38±7.62  

MD  t- 
value  

p - 
value  Sign  

0.05  
0.72  
0.95  

0.18  
0.63  
0.33  

0.85  
0.53  
0.74  

SN  
SN  
SN  

Table (2): Comparison between post-treatment mean values of ankle ROM of control and study  
groups.  

Control group 
X– ±  SD  

Study group 
X– ±  SD  MD  % of  

improvement  
t- 

value  
p - 

value  Sig.  

Ankle ROM (degrees)  3.83±4.3  15.84±4.23  –12.01  313.57  –7.02  0.0001  S  

Table (3): The frequency distribution and chi squared test for comparison of spasticity grades  

distribution between both groups (control and study).  

Control group Study group χ 2  value p-value Sig.  

Grade I  
Grade I+  
Grade II  
Grade III  

0 (0%)  
0 (0%)  
5 (41.7%)  
7 (58.3%)  

5 (38.5%)  
8 (61.5%)  
0 (0%)  
0 (0%)  

25  0.0001  S  

Table (4): Comparison between post-treatment mean values of total score of OGS of control and  
study groups.  

Control group 
X– ±  SD  

Study group 
X– ±  SD  MD  % of  

improvement  
t- 

value  
p - 

value  Sig.  

Total score of OGS  7.16± 1.4  10.07± 1.38  –2.91  40.62  –5.22  0.0001  S  
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Discussion  

Equinus is the most common gait abnormalities  
found in children with hemiplegic gait (64%) [13] .  
There is general agreement that surgery should be  

avoided until gait has matured as early surgical  

interventions have a higher risk of failure and  
relapse. Besides, repeated muscle and tendon sur-
geries should be avoided to prevent weakness. An  

early, non-operative, comprehensive, and combined  

treatment approach including both pharmacological  
and rehabilitative interventions are needed in these  

children to improve the overall condition, and  

prevent the development of secondary problems  

as soft tissue contractures and skeletal deformities  

[4,14] . Serial casting has become an increasing  
integral part of treatment of children with cerebral  

palsy, and has a long history as an adjunct to  

physiotherapy in the management of children with  

cerebral palsy [15] . Strength training in children  
with CP registered significant improvements on  
strength, gait and gross motor function, also stretch-
ing performed either by the clinician, or children  
themselves is used as treatment modality to increase  

joint range of motion [16,17]  with increase in range  
of motion and reduction of spasticity we could  

improve ambulatory status of our children to a  
great extent [18] . Kay et al., [19]  suggested that  
serial casting alone is preferable for the treatment  

of equinus deformity in children with CP.  

The results of this prospective, randomized,  

controlled clinical study showed that a well-defined  

population of children who have spastic equinus  
foot due to HCP might have additional benefits  
when physical therapy was combined with a treat-
ment of intermittent serial casting. These intermit-
tent serial casting periods might provide additional  

benefits on improvement in ROM, reduction of  
spasticity, and improvement in ankle kinematic  
during gait. The results of the present study revealed  

that there were a significant improve in ankle joint  

ROM, reduction of calf muscle tone and also im-
prove of ankle kinematic during gait ( p=0.0001  
for all) between Group (A) and Group (B) in favor  
to the Group (B).  

The result of current study in line with those  
of Corry et al. [20] , and Glanzman et al., [15]  who  
revealed that casting demonstrated a significant  

robust impact on range of motion, and there is a  
significant tone reductions when performed to  

children with CP. Also studies of Gajdosik [21] ,  
and Al-Oraibi et al., [10]  found that casting main-
tains muscles in tonic stretch to increase elasticity  

and to affect changes in characteristics of muscle-
ligament parts which increasing the joint's range  

of motion, muscle extensibility, and functional  

mobility. A published study by Dursun et al., [3]  
reported additional benefits not only in spasticity  

and passive ROM but also in gait function when  
BTX-A injections and physical therapy were com-
bined with a treatment of intermittent serial casting  
in children who have spastic equinus foot due to  
CP.  

In conclusion, serial casting of equinus foot  
was shown effective at improving ankle range of  

motion, tone of calf muscle and ankle kinematics  
during gait in spastic hemiplegic cerebral palsy  

children.  

Recommendations for further research include  

using of above knee serial casting in spastic hemi-
plegic cerebral palsy with equinus with knee flexion  
and exploring the effects of serial casting on fixed  
equinus (contracture).  
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