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Abstract

Introduction: Spasticity has been implicated as a major hindrance to motor development and overall functional performance in
children with cerebral palsy (CP). Recent evidence have suggested aquatic therapy as an alternative means for inhibiting spasticity
in children with CP. However, these previous studies have provided contrasting results, thereby creating some dearth of evidence in
the use of aquatic therapy to manage spasticity in children with CP.

Objective: To investigate the effectiveness of aquatic exercise intervention in inhibiting spasticity in children with CP.

Materials and Methods: Thirty children aged 1-12 years participated in this study. They were randomised into 2 groups
(experimental and control). The experimental groups received manual passive stretching on affected muscles of both upper and
lower extremities followed by weight bearing exercises in water (temperature 28-322C) while the control group received same
exercises on land for 10 weeks. Degree of spasticity on treated group of muscles was assessed using Modified Ashworth Scale (MAS).
Mann-Whitney-U test was used to compare the change in degree of spasticity between both groups. The level of significance was
set at p<0.05.

Results: The experimental group showed significant reduction in spasticity of all the tested muscle groups while the control
group showed no significant improvement in spasticity of wrist flexors and knee flexors. No significant difference was observed for
change in spasticity between both groups.

Conclusion: Aquatic exercise intervention is effective for inhibiting muscle spasticity in children with cerebral palsy.
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Introduction
Spasticity is a widespread problem among children prerequisite for functional performance in children with cerebral

with cerebral palsy (CP) as it affects function and can lead palsy [5,6]. With reduction in spasticity, improvement in gross
to musculoskeletal complications [1]. It occurs as a result of motor function and independent performance of ADLs are
pathologically increase in muscle tone and hyperactive reflexes expedited which in turn reduces the burden cerebral palsy poses
mediated by a loss of upper motor neuron inhibitory control on the children and their caregivers [5,6,7] .The management
[2]. Spasticity is considered an important neural contributor to of spasticity in children with CP is often complex and poses a
muscle hypertonia in children with cerebral palsy [3].It adversely great challenge to healthcare professionals. Effective treatment
affects muscles and joints of the extremities, causing abnormal requires a multidisciplinary approach involving pediatricians,
movements, and it is especially harmful in growing children[4]. physiotherapists, occupational therapists, orthotists and surgeons.

. .. . . Previous studies have suggested various treatment approaches and
Reduction of spasticity and improvement of motor control is a g8 PP
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modalities to manage spasticity associated with spastic CP. These
include the use of oral neuropharmacological agents, injectable
materials such as botulinum - a toxin or surgical treatment, use of
orthotic devices, massage techniques, strengthening exercises to
the antagonist musculature, use of electrical stimulation and the
application of cryotherapy or ice therapy [8,9]. Aquatic intervention
is one of the most popular supplementary treatments for children
with neuromotor impairments, particularly CP [10]. Several
studies have reported aquatic intervention as a veritable tool in
the rehabilitation of children with CP [11-13]. The intervention
may provide safe and beneficial alternative low-impact exercise for
children with disabilities [14]. This study was aimed at investigating
the effectiveness of aquatic exercise intervention in inhibiting

spasticity in children with spastic cerebral palsy.
Methods

Thirty children undergoing rehabilitation were recruited
for this study from a center for developmental challenges in
Lagos, Nigeria. Their age range was from 1 to 12 years and were
diagnosed with the spastic form of cerebral palsy. Those with other
neurodevelopmental conditions were excluded from the study.

Ethical Approval and Informed Consent

Ethical approval for this study was obtained from the Health
Research and Ethics Committee of the Lagos University Teaching
Hospital, Idi-Araba, Lagos, Nigeria (Ref. No: ADM/DCST/HREC/
APP/1525). Parents of the participating children gave their
informed consent.

Procedure

A detailed history and thorough physical examination was
initially carried out on each participant. Those who met the criteria
for the study were then randomly assigned into experimental and
control groups. The flow chart of the study is presented in Figure 1.

Assessment Protocol

Functional Level Assessment: This was assessed using the
Gross Motor Function Classification System- Expanded and Revised
according to standard [15].

Degree of Spasticity Assessment: This was done using the
Modified Ashworth Scale (MAS). Both upper limbs (shoulder
adductors, elbow flexors and wrist flexors) and lower limbs (hip
adductors, knee flexors and ankle plantar flexors) were assessed
for spasticity bilaterally (left and right) according to the pattern
presented by the participants. Each participant was placed in a
relaxed supine position and the starting position of testing each
muscle group was a maximal placement of the joint in a position of
their primary function and then maximally moved to a lenghtened
position opposite to their primary movement. Participants were
then scored based on the amount of resistance to passive movement
as described in MAS. To accommodate the score of “1+” modification
for numeric analysis, grade “1+” was recorded as 1.5[16].
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Figure 1: Flow chart of the study.
Key: R: Randomization.
ITT: Intention -to-treat.

Intervention

The participants in both experimental and control groups had a
total of 20 treatment sessions consecutively for 10 weeks at the rate
of two sessions per week. It was ensured that participants in both
groups were not on any form of anti-spastic medication throughout
the study.

Those in the experimental group received exercise training in
water of temperature ranging between 28-32 °C for 10 weeks with
the exercised parts fully immersed in water. The exercise protocol
consisted of 3 categories of exercises:

Exercise 1 (Manual passive stretching): Each joint involving
the spastic group of muscles was passively stretched and held in
this in fully lengthened position of the muscle groups for up to 60
seconds follow by relaxation of 30 seconds. This procedure was
repeated five times for each part.

Exercise 2: Weight bearing one or both upper extremities
in sitting with or without support for 60 seconds and repeated 5
times.

Exercise 3: Weight bearing on both lower extremities in
standing with or without support for 60 seconds and repeated 5
times.
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Control group

Participants in the control group received same exercise
intervention as those in the experimental group except that the
intervention was carried out on land.

Post-intervention Assessments

Participants in both groups were re-assessed after 4 weeks, after
8 weeks and after 10 weeks of intervention for changes in spasticity
using the Modified Ashworth Scale (MAS). All assessments were
carried out by blinded assessors.

Data Analysis

Data was analyzed using the Statistical Package for Social

Sciences version 21.0 version. Participants in both groups were

compared for age using the Independent t-test. Friedman test was
used to compare post intervention changes in degree of spasticity
within each group across the duration of treatment while Mann-
Whitney U test was used to compare the change in spasticity
between both groups. All statistical tests were performed at the
0.05 level of significance (p<0.05).

Results
Physical Characteristics

The mean age of all participants was 5.20+2.43 years and no
significant difference in age was found between both groups of
participants at baseline Table 1,2. Most of the participants were in
level IV of the GMFCS. Quadriplegic spastic type of CP predominated
among all the participants as shown in Figure 2.
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Figure 2: Distribution of Type of Spastic Cerebral Palsy among Participants.
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Table 1: Comparison of Age and Mobility Level between both Groups at Baseline.

Variables All Participants (n) Experimental (n) Control (n) Statistics p-value
Mobility Level:
GMFCS IT 1 1 0
GMFCS 11T 11 5 6
GMFCS IV 16 7 9 U=106.500 0.781
GMFCSV 2 2 0
Total 30 15 15
Age(years): X+SD 5.20+2.43 4.93+1.98 5.41+2.85 t=-0.559 0.105

Key: X+SD: Mean + Standard deviation.

Table 2: Mean Rank Comparison of Spasticity between both Groups at Baseline.

Mean Rank
Variables U-value p-value
Experimental Control

Right Shoulder Adductors 15.67 15.33 110.000 0.901

Left Shoulder Adductors 14.40 16.60 96.000 0.374

Right Elbow Flexors 15.33 15.67 110.000 0.897

Left Elbow Flexors 14.00 17.00 90.000 0.203

Right Wrist Flexors 16.17 14.83 102.500 0.657

Left Wrist Flexors 13.77 17.23 86.500 0.238

Right Hip Adductors 16.50 14.50 97.500 0.493

Left Hip Adductors 15.73 15.27 109.000 0.873

Right Knee Flexors 15.73 15.27 109.000 0.876

Left Knee Flexors 14.97 16.03 104.500 0.721

Right Plantar flexors 17.10 13.90 88.500 0.297

Left Plantar flexors 17.47 13.53 83.000 0.201

Aquatic Intervention and Spasticity Land-based Exercises and Spasticity

Significant change in spasticity was observed on all tested group Significant change in spasticity was also observed on tested
of muscles of participants in the experimental group following 8roup of muscles among participants in the control group following
aquatic exercise intervention Table 3. land-based exercise intervention, except for right and left wrist

flexors; and right and left knee flexors as shown in Table 4.

Table 3: Comparison of Mean Rank Changes in Spasticity in Experimental group of Participants across the duration of Intervention.

Variables Mean Rank F-value p-value
Baseline 4" week 8" week 10" week
Right Shoulder Adductors 2.90 2.90 2.23 1.97 17.538 0.001*
Left Shoulder Adductors 2.97 2.63 2.27 2.13 13.326 0.004*
Right Elbow Flexors 2.90 2.77 2.17 2.17 14.571 0.002*
Left EIbow Flexors 2.63 2.63 2.63 2.10 12.000 0.007*
Right Wrist Flexors 2.77 2.63 2.37 2.23 8.571 0.036*
Left Wrist Flexors 2.80 2.67 2.53 2.00 6.000 0.004*
Right Hip Adductors 3.00 2.60 2.33 2.07 13.957 0.003*
Left Hip Adductors 2.80 2.60 2.37 2.23 8.793 0.032*
Right Knee Flexors 2.63 2.57 2.57 2.20 8.413 0.043*
Left Knee Flexors 2.60 2.60 2.60 2.20 9.000 0.029*
Right Plantar flexors 2.77 2.63 2.37 2.23 8.571 0.036*
Left Plantar flexors 3.03 3.03 1.97 1.97 24.000 0.000*

*Significant at p<0.05
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Table 4: Comparison of Mean Rank Changes in Spasticity in Control group of Participants across the duration of Intervention.

Variables Mean Ranls F-value p-value
Baseline 4" week 8" week 10" week
Right Shoulder Adductors 2.80 2.67 2.40 2.13 10.412 0.0015*
Left Shoulder Adductors 3.03 2.90 2.13 1.93 19.918 0.000*
Right Elbow Flexors 2.77 2.67 2.40 2.17 9.581 0.022*
Left EIbow Flexors 2.67 2.67 2.53 2.13 9.923 0.0019*
Right Wrist Flexors 2.57 2.57 2.43 2.43 3.000 0.392
Left Wrist Flexors 2.67 2.67 2.40 2.27 7.364 0.061
Right Hip Adductors 2.73 2.73 2.33 2.30 10.200 0.017*
Left Hip Adductors 2.83 2.70 2.30 2.17 11.333 0.010*
Right Knee Flexors 2.57 2.57 2.43 2.43 3.000 0.392
Left Knee Flexors 2.63 2.63 2.37 2.37 6.000 0.112
Right Plantar flexors 2.77 2.63 2.37 2.23 8.571 0.036*
Left Plantar flexors 2.77 2.63 2.37 2.23 8.571 0.036*

*Significant at p<0.05.

Comparison of Spasticity Change between Experimental
and Control Groups

Despite the gross improvement in spasticity of participants
in experimental group compared to the control group which

showed no improvement for few groups of muscles, no significant
difference was found in the spasticity change between both groups
as represented in Table 5.

Table 5: Mean Rank Comparison of Spasticity between both Groups after 10 weeks of Intervention.

Variables Mean Rank U-value p-value
Experimental Control

Right Shoulder Adductors 14.93 16.07 104.000 0.705
Left Shoulder Adductors 15.00 16.00 105.000 0.740
Right Elbow Flexors 15.10 15.90 106.500 0.788
Left Elbow Flexors 14.60 16.40 99.000 0.523
Right Wrist Flexors 15.23 15.77 108.500 0.860
Left Wrist Flexors 12.97 18.03 74.500 0.088
Right Hip Adductors 15.60 15.40 111.000 0.948
Left Hip Adductors 16.80 14.20 93.000 0.397
Right Knee Flexors 15.00 16.00 105.000 0.741
Left Knee Flexors 14.53 16.47 98.000 0.526
Right Plantar flexors 17.23 13.77 86.500 0.256
Left Plantar flexors 15.33 15.67 110.000 0.914

Discussion

Quadriplegic type of spastic CP was more predominant in this
study. This is consistent with reports from earlier studies in Nigeria
[17-19]. However, reports from studies in other parts of the world
showed that there were more diplegic type of spastic CP [11,20][21-
23]. Geographical differences may be considered for this variation.

In this present study, statistically significant improvement was
observed in both intervention groups for spasticity of shoulder
adductors, elbow flexors, hip adductors and ankle plantar flexors.
This finding shows that therapeutic exercises such as manual
passive stretching and weight bearing exercises which are used

by physiotherapists in the management of spasticity in children
with cerebral palsy are effective as documented in previous studies
[21,24,25,26]. The report of statistically significant improvement in
spasticity of hip adductors and knee flexors following 10 weeks of
aquatic intervention in this study has been supported by a study
by Chrysagis et al in 2009 where there was further significant
improvement in the passive range of motion of the hip and knee
joints [11]. However, the aquatic training adopted for their own
study was different from the one used in this present study. This
improvementin spasticityisattributable to the therapeuticbenefitof
buoyancy property of water which can help to relax spastic muscles
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by providing antigravity positioning. This study revealed that land-
based exercise intervention improved the spasticity of shoulder
adductors, elbow flexors, hip adductors and ankle plantar-flexors
as observed among participants in the control group. This finding
was corroborated by a systematic review on the effectiveness of
passive stretching on spasticity in children with cerebral palsy [24].
They found out that 4 of the 6 reviewed studies reported significant
reduction in spasticity including that of shoulder adductors, elbow
flexors, hip adductors and ankle plantar flexors following passive
stretching while the remaining 2 studies did not consider spasticity
in their outcome variables. This improvement in spasticity may be
attributed to fatigability of stretch receptors as a result of stretch on
the muscle spindles which induces inhibition on the gamma-motor
neurons and allowed more lengthening of muscle fibres thereby

counteracting the effect of spasticity.

There was no significant improvement observed for spasticity
of the wrist flexors and knee flexors in this present study after 10
weeks of land-based exercises. These findings are contrary to the
findings of Akinbo et al. (2007) and Akinbo et al. (2007) who in
their separate studies found out that manual passive stretching
alone significantly improved spasticity of wrist flexors, passive
range of motion of the wrist as well as hand function in children
with spastic cerebral palsy with and without the use of cryotherapy.
They however both concluded that a combination of passive
stretching, and cryotherapy produced better improvement in the
spasticity of wrist flexors in children with spastic cerebral palsy
[25,26]. The reason for lack of significant improvement in spasticity
of wrist flexors and knee flexors following 10 weeks of land-based
exercises in this present study could not be ascertained but there
may be needed to go further beyond 10 weeks to get a significant
improvement. Comparison between the experimental and control
groups revealed no significant difference in the change in spasticity
of all tested muscle groups. This implies that either of the two forms
of intervention can be adopted in the management of spasticity
in children with cerebral palsy. However, considering the result
of this study which had earlier shown that aquatic intervention
significantly improved the spasticity of all the tested muscle groups
including those of wrist flexors and knee flexors which were not
significantly improved by land-based exercises after 10 weeks, the
beneficial pendulum might as well be tilted towards the aquatic
exercise intervention when there is need for clinical decision
making in the management of a patient presenting with spasticity

of all the tested muscle groups in this study.
Conclusion

Aquatic exercise intervention is effective in inhibiting spasticity
in children with Cerebral Palsy and should be an intervention of
choice when considering affectation of all muscles of both upper
and lower extremities.
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