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INTRODUCTION 

Cerebral palsy (CP) is a neurodevelopmental disorder 

caused by brain damage resulting in poor coordination and 

deficits in motor control.1 According to the European 

committee of PD, symptoms such as spasticity, dystonia, 

chorea, atrophy, and ataxia are presented.2 These 

symptoms may be present in combination with each other. 

Also, people with CP present asymmetries in both posture 

and head position.3 Asymmetries have been associated 

with muscle spasticity and the inability to voluntarily 

change position in people with CP.4 

Exercise and physiotherapy programs are widely used to 

manage the symptoms of CP to improve mobility, 

respiration, manage pain and delay the deterioration of 
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Background: Halliwick concept focus on people with disabilities, to participate in water activities and move 

independently. Many studies found a considerable improvement and positive outcomes in children that were included 

in hydrotherapy programs. The aim of this study was to investigate the Halliwick hydrotherapy in combination with on-

land intervention, versus only on-land treatment, on the supine-sitting transition and head symmetry.  

Methods: 54 children with cerebral palsy (CP), two groups, the intervention group-water (N=28) (1 water and 1 on 

land treatment) and the control group-on land (N=26) (2 treatments on land). The duration was 3 months and the 

assessment via gross motor function measure (GMFM), parameter B, questions 18-37, and head angle via the Kinovea 

software.  

Results: In GMFM before intervention the mean value of the intervention group was 69.632 (±13.1269), while for the 

control group was 61.227 (±20.4681) and after for intervention group was 75.757 (±12.3766), 6.125% improvement, 

while for control group was 65.308 (±20.6663), 4.081% improvement. In the sitting head angle before intervention, the 

mean value of intervention group was 19.36 (±9.639) while for the control group was 20.15 (± 11.199) and after for the 

intervention group was 13.93 (±7.333), 5.43o improvement, while for control group was 16.46 (±9.205), 3.69o 

improvement.  

Conclusions: The addition of intervention in water in combination with intervention on land in the rehabilitation 

program of children with cerebral palsy can lead to a statistically significant increase in the effectiveness of the 

therapeutic program. 
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motor difficulties.5,6,7,21 These programs are considered by 

the scientific community to be preferable to treatment 

methods based solely on pharmacological or surgical 

intervention.10,11 

In addition, several studies have occasionally highlighted 

the importance of rehabilitation of people with CP in a 

water environment using several different procedures of 

hydrotherapy.10,12-16 During hydrotherapy, both voluntary 

and passive movement is produced in individuals with CP, 

enabling individuals to perform movements that would be 

impossible to perform out of water.15 According to 

research data, hydrotherapy is safer for joint protection 

compared to land-based exercises and results in a 

significant reduction in spasticity symptoms.22 It is also 

one of the most enjoyable rehabilitation programs and 

contributes to long-term improvement in the quality of life 

of people with CP.4,10-14,20 Finally, interventional programs 

that combine both water and land-based exercise on a 

weekly basis have, long-term improvement in gross motor 

function.2 

Research data evaluating the ability to change the posture 

of individuals with CP from a supine to a sitting position 

is limited in the literature. Thus, the present study will 

provide new data on this research gap. The purpose of the 

present study was to investigate the effect of hydrotherapy 

not on generalized conclusions but on a specific activity 

that children with cerebral palsy show a deficit as well as 

on head symmetry. 

The gross motor function measure (GMFM) was used in 

the present study. The GMFM is a valid and reliable tool 

for measuring gross motor function in people with CP.17 It 

is also an effective tool for measuring the change in gross 

motor function.17 For the head angle in sitting position was 

used Kinovea, a free 2D motion analysis software that can 

be used to measure kinematic parameters. 

METHODS 

Participants 

The study was a randomized clinical trial. A total of 54 

children with spastic cerebral palsy, classified with the 

gross motor function classification system (GMFCS) and 

five levels I-V, participated in the present study. The 54 

children with CP were randomly assigned to 2 groups, 28 

were in the intervention group, and 26 the control group. 

The intervention group of 28 children was the water group, 

as they had a weekly Halliwick-hydrotherapy session that 

replace one land-based physiotherapy session, and the 

control group was the land-based intervention group. Both 

groups had 2 therapy session per week for three months 

from May 2022 to July 2022. The therapy sessions were 

carried out in a private practice physical therapy center 

with indoor heated pool. The research initially started with 

59 children with cerebral palsy, of which 5 were excluded. 

1 due to chlorine allergy, 1 due to worsening of his 

condition, 2 due to surgery, 1 due to non-regularity of the 

parents in the treatment program. 

Specifically, 54 children aged 3-14 years (mean age 7.53). 

Of these 26 were boys and 28 were girls. 

The classification of the 54 children with cerebral palsy, 

based on the spasticity distribution, was as follows: 

quadriplegia, right or left hemiplegia, and diplegia. 

These children were classified according to the severity of 

their clinical condition, based on the gross motor function 

classification system (GMFCS): in the intervention group, 

4 children with GMFCS I, 8 children with GMFCS II, 5 

children with GMFCS III, 7 children with GMFCS IV, and 

4 children with GMFCS V; and in the control (onshore 

intervention) group, 4 children with GMFCS I, 9 children 

with GMFCS II, 8 children with GMFCS III, 3 children 

with GMFCS IV, and 2 children with GMFCS V. 

Inclusions and exclusions criteria for the subjects were: 

children aged 3-14 with diagnosed cerebral palsy, children 

who have not had any type of surgical intervention or 

botulinum toxin injection in the last year, and all 

participants had as a participation criterion the attendance 

of a therapeutic program by the same therapist either in the 

water or on land. 

Children with autism were excluded. Children who had 

any planned surgical intervention or botulinum toxin 

injection were also excluded. The research did not include 

children with severe vision problems as well as children 

who could not follow verbal instructions or reproduce a 

test representation. Also excluded children absent from the 

therapeutic program either in water or on land for more 

than one week. 

Before conducting the research, permission was required 

from the bioethics and ethics committee of the physical 

therapy department of the International Hellenic 

University, which was issued under protocol number EC-

05/2022. The research was also registered in the records of 

clinical trials with ID, NCT05091892. 

The statistical package for the social sciences (SPSS) 22 

was used. In order to examine the change in these two 

variables, a t-test was performed, in order to check if the 

average before and after the intervention in each group is 

different. 

In the analysis of the questions, statistical frequency tables, 

bar charts, and pie charts were used for the graphical 

representation of the findings. Descriptive statistical 

measures such as mean, median, maximum, minimum 

values, and standard deviation were also used.27  

Parametric and non-parametric control methods were used 

to test statistical hypotheses of mean value equality, 

depending on the data. 
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Procedures 

The author - a pediatric physiotherapist and hydrotherapist 

and two pediatric physiotherapists - hydrotherapists from 

the center of developmental physiotherapy "movement 

laboratory", distinguished for their many years of 

experience, participated in the process of assessment by 

applying the GMFM and the evaluation of head angle 

using the Kinovea software. All assessment procedures, as 

well as re-assessments, were videotaped by one of the 

three assessors, who was not involved in the assessment 

procedure. Scoring was done by the other two assessors 

separately, watching the videotaped tests, in order to 

eliminate and blind the possibility of influence between 

them.  

All assessments were performed at approximately the 

same time in the morning and before children’s 

participation in any rehabilitation program, e.g., sessions 

of physical therapy, occupational therapy, speech therapy, 

and hydrotherapy. 

All assessments were carried out in the same place, in the 

same room, where the required equipment was available 

(mats, ladder, appropriate seat height, rods, toys, and 

balls). The equipment was arranged by the examiners so 

that the layout of the room was the same during all 

assessments. Emphasis was placed on maintaining a 

consistently pleasant temperature in the examination room 

at such levels that the child each time was dressed in as 

little clothing as possible so that the execution of the skills 

is not difficult, and the effort can be videotaped in the best 

possible way. 

The intervention of the water intervention group took place 

in the same indoor heated pool for all children, 8 meters 

long, 4 meters wide and gradually increasing in depth from 

0.80 meters shallower to 1.50 meters deeper. The water 

temperature was 32°C - 33°C during all interventions. Pool 

lighting was external only and the same for all trials and 

all children. No flotation aid was used. The children were 

dressed in their bathing suits, except for those with poor 

bowel control who also used a special water diaper or a 

special bathing suit. 

An effort was made to perform the interventions without 

the presence of others (relatives, observers, or other 

children), so as not to distract the children. For the 

performance of all the tests, the presence of one of the two 

parents was deemed necessary, to ensure the feeling of 

security, while it was more possible to achieve the best 

possible cooperation and performance of the child. 

During the implementation of each evaluation test, but also 

during their scoring, the instructions given by the authors 

in manuals were faithfully followed by both assessors. 

Verbal explanations were given, but also in some cases 

where the child's cognitive level required it, a 

demonstration was made by the assessor. This was noted 

in the first assessor's observations for each child so that the 

second could follow the same instructions. Each child was 

given three opportunities to perform each task.  

RESULTS 

Demographics 

As already mentioned, 54 children participated in the 

study. Of these, 28 belonged to the intervention group and 

the remaining 28 to the control group. Here are some facts 

about the demographics of the two groups. 

The two groups used contained individuals of both sexes. 
In the intervention group (28 people) we observe that there 
are 14 men and 14 women, while in the control group (26 
people) there are 12 men and 14 women.  

Table 1: Gender of participants in each group. 

Group Males Females Total 

Intervention group 14 14 28 

Control group 12 14 26 

Total 26 28 54 

In addition to gender, age was also examined in the two 

groups that were created. Regarding the intervention 

group, the average is 7.02 and the standard deviation is 

3.251, while for the control group the average is 7.95 and 

the standard deviation is 3.061.  

Gross motor function classification system  

Another element examined was the spastic form of 
cerebral palsy classified on the gross motor function 
classification system (GMFCS) scale for each of the 
groups. The following table shows the classification on the 
scale for each group. Most people in both groups belong to 
have a relatively good sort of value. 

Measurements before and after intervention  

GMFM change  

The GMFM variables and the head angle change before 
and after the existence of an intervention. In order to 
examine the change of these two variables, a t-test was 
performed, in order to check if the average before and after 
the intervention in each group is different. 

Regarding the averages, it is observed that before the 

intervention the average value of the intervention group is 

69,632 (±13,1269) while for the control group the average 

value is 61,227 (±20,4681). After the intervention, the 

average value of the intervention group is 75,757 

(±12,3766) while for the control group the average value 

is 65,308 (±20,6663).  

The value of GMFM before and after the intervention for 
both examined groups do not have the same variance as 
the p value in Levene's test is less than 0.05 (GMFM before 
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intervention p<0.05, GMFM after intervention p<0.05). 
Then we see that the difference in average values for 
GMFM before intervention is not statistically significant, 
while the difference in average values for GMFM after the 
intervention is statistically significant. 

Head angle change 

It is observed that before intervention the average value of 
head angle of the intervention group is 19.36 (±9.639) 
while for the control group the average value is 20.15 
(±11.199). After the intervention, the average value of the 

intervention group is 13.93 (±7.333) while for the control 
group the average value is 16.46 (±9.205). 

The value of the angle of the head before and after the 
intervention for both examined groups has the same 
variation as the p value in Levene's test is greater than 0.05 
(head angle before intervention p>0.05, head angle after 
intervention p>0.05). Then we see that the difference in the 
average values for the head angle before intervention is not 
statistically significant, while the difference in the average 
values for the head angle after the intervention is 
statistically significant.

Table 2: The GMFCS of the participants in each group. 

Group GMFCS1 GMFCS2 GMFCS3 GMFCS4 GMFCS5 Total 

Intervention group 4 8 5 7 4 28 

Control group 4 9 8 3 2 26 

Total 8 17 13 10 6 54 

Table 3: GMFM change check before and after intervention for the two groups. 

Groups N Mean Standard deviation Standard error mean 

GMFM before     

Intervention group 28 69.632 13.1269 2.4808 

Control group 26 61.227 20.4681 4.0141 

GMFM after     

Intervention group 28 75.757 12.3766 2.3390 

Control group 26 65.308 20.6663 4.0530 

Table 4: Change in the head angle before and after the intervention for the two group. 

Groups N Mean Standard deviation Standard error mean 

Head angle before     

Intervention team 28 19,36 9,639 1,822 

Control group 26 20,15 11,199 2,196 

Head angle after     

Intervention team 28 13,93 7,333 1,386 

Control group 26 16,46 9,205 1,805 

DISCUSSION 

The intervention program followed in this study was of 3 

months duration and consisted of a specialized program 

both on land and in water. The results showed that the 

combined water and land intervention in the rehabilitation 

program of children with CP can lead to a statistically 

significant increase in the effectiveness of the treatment 

program. These data are also consistent with the results of 

Ballington and Naidoo, who compared the effectiveness of 

water-based exercise programs in improving gross motor 

function in children with CP compared to land-based 

exercise. The results showed that the water-based 

treatment improved mean scores on measures of gross 

motor function post-intervention compared to the control 

group who exercised on land alone (z=-2.803, p=0.005).2 

Furthermore, they suggest that water-based programs 

should be incorporated and considered as a core, ongoing 

treatment modality to ensure long-term improvement in 

gross motor function.2 

Another recent study by Akinola et al, examined the 

effectiveness of hydrotherapy in children with CP and the 

results are in agreement with ours as a 10-week 

hydrotherapy exercise program was found to be effective 

in the functional recovery of children with spastic CP.1 

Also, a systematic review published in 2021 showed that 

hydrotherapy can help improve motor function and 

activities of children and adolescents with CP and can also 

improve their quality of life.10 

In contrast, another systematic review published in 2017 

showed that evidence on hydrotherapy interventions for 

children with CP is limited, as only 2 used a randomized 

control trial design and the results were mixed.21  
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Research conducted in children diagnosed with CP at 

GMFM levels IV and V has shown that land-based 

activities are more difficult than for children at levels I and 

II of the functional classification of gross motor functional 

classification system.12 Therefore, children at levels IV 

and V of the functional classification of gross motor 

functional classification system usually show only modest 

improvement after land-based treatment.16  

The present study shows similar results, as while 

improvements were observed in both groups, the 

intervention group had a 6.125% improvement in 

parameter B, while the land-based intervention group 

improved by 4.081%.  

We also observed an improvement in symmetry in head 

angle in the sitting position for both the water intervention 

group (5.43o) and the land intervention group (3.69o). 

According to the international literature, at GMFCS levels 

I to II, head and trunk asymmetries are more frequent, 

whereas at GMFCS levels III to V, postural asymmetries 

vary depending on the position.19 Postural asymmetries 

were also associated with scoliosis, hip dislocations, hip 

and knee contractures and inability to change position.23  

In an extremely recent study by Casey et al, it was found 

that over half of children with CP have postural 

asymmetries in the sitting or supine position.5 Also, 

children who were unable to maintain or change their 

position independently were at higher risk for postural 

asymmetry in both supine and sitting positions.5 In fact, 

the authors of the study suggest that postural assessment 

should be included in follow-up programs to enable early 

detection and treatment.5 

Limitations  

During the study it was not possible to limit the therapeutic 

engagement of the parents with the children at home. 

The sample of children was limited due to the difficulty of 

finding a sufficient number of children who could 

consistently follow the treatment program. 

CONCLUSIONS  

The implementation of programs that include 

hydrotherapy, appropriately adapted, can produce benefits 

in children with cerebral palsy. There is the possibility that 

the therapeutic approach using hydrotherapy will offer the 

child a better execution of movements than if this 

movement were carried out on land. The purpose of 

hydrotherapy is not only a part of the treatment or a way 

of restoring the movements of children with cerebral palsy, 

but it is also considered a way to be able to improve the 

person's daily life. 

This research is the first in the literature to investigate the 

two treatment approaches over a long period of 

intervention and targeting a specific activity. 

Hydrotherapy-Halliwick positively helps, over time, to 

improve standing from supine to sitting as well as sitting 

symmetry in children with CP. Adding Halliwick 

hydrotherapy to the rehabilitation program of children 

with cerebral palsy enhances their improvement in gross 

motor function and symmetry 
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