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Abstract 
The aim of the study was to investigate the effect of a hydrotherapy program 
on FVC, FEV, PEF, RR and SaO2 on children with Down syndrome over six 
months and to compare it with a conventional respiratory physiotherapy 
program. Eighteen children, with Down Syndrome, aged 6 - 11 years (9.53 ± 
0.454), divided into two groups of nine, the intervention group (IG), that par-
ticipated in the hydrotherapy program and the control group (CG) partici-
pated in the classical physiotherapy program. We calculated mean values of 
FVC, FEV, PEF, RR and SaO2 before and after six months intervention for 
both groups. There was a statistically significant improvement in all factors 
for both groups. However, were statistically more significant for the interven-
tion group (IG). Based on a specific protocol of intervention in the water and 
at the same time with a group of children who participated in a similar pro-
gram of classical respiratory physiotherapy, it was found to be statistically 
more important than the second group in improving respiratory function. 
We recommend the use of hydrotherapy as a complementary therapy that 
should be part of the weekly program of these children in addition to the ex-
isting treatments they attend. 
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1. Introduction 

The increasing of life expectancy of people with Down syndrome (DS), results in 
phenomena of comorbidity, and the natural history of the health status bear over 
the years. For this reason, attempts have been made to promote a better quality 
of life and greater social inclusion of this population through rehabilitation 
strategies tailored and targeted to the specific needs of people with DS [1]. DS 
has an incidence of 1:660 live births [2]. It is considered a common chromosom-
al abnormality, caused by the presence of an extra chromosome. Τhe presence of 
the syndrome results in variable degrees of delayed motor development, physical 
and mental. Infections of the upper airways and/or pneumonia cases come to 
affect 77.0% of patients with DS [3]. 

Τhe international literature it appears that people with Down syndrome show 
reduced frequency and intensity of physical activity compared to the average [4]. 

In addition, although routine rehabilitation programs focus on training the 
respiratory muscles, weaknesses of these muscles have been reported in people 
with DS when compared to typical development individuals of the same age and 
gender [5]. This is an extremely important finding, since respiratory muscle 
weakness is associated with the presence of airway diseases, which are one of the 
leading causes of recurrent illnesses in this population [1]. 

Children with Down syndrome have been reported with upper and lower air-
way abnormalities including a small upper airway, decreased numbers of alveoli 
and reduced surface area [6]. These major problems can lead to decreased lung 
volume and this may be a key factor that leads to poor level of physical activity.  

The philosophy of Halliwick concept was developed by James McMillan in 
England and aims to teach water independence to people with disabilities, while 
considering the specific characteristics of the aquatic environment [7]. Halliwick 
Concept follows the Ten Point Program. The first 2 points, mental adaptation, 
and release are elements that are constantly trained as the parallel and physical 
skills develop. Mental adaptation refers to the development of comfort in the 
aquatic environment. One aspect that emphasizes Halliwick concept is the abili-
ty to control breathing to relax mentally and physically. This focus on the psy-
chological state of the individual creates a real and perceived safe learning envi-
ronment where the swimmer can gain confidence in his own abilities in the wa-
ter. Release is the process of gaining physical and mental independence, so that 
the swimmer gains control of their movement in the water. There are studies 
that have proven the positive effect of hydrotherapy Based on Halliwick Concept 
in children with cerebral palsy [8]. 

2. Methods 
2.1. Design 

This study was a randomized controlled trial. All children and parents who par-
ticipated in this study, after being thoroughly informed about all the study pro-
cedures, signed a consent form. The research protocol was implemented in ac-
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cordance with the Declaration of Helsinki (1975), as revised in 2013. 
Approval was required from the Internal Ethics Committee of the Department 

of Physical Education and Sports Science, University of Thessaly. Τhe research 
sample was confiscated and approved with protocol number 3-3/15/07/2015. 

2.2. Subjects 

Eighteen children from both genders, with Down Syndrome, aged 6 - 11 years 
(9.53 ± 0.454), diagnosed by karyotype. We excluded individuals with severe 
mental disabilities and understanding of performing techniques and with a di-
agnosis of not-treated congenital heart defects. Anthropometric characteristics 
of the subjects are shown in Table 1. 

2.3. Equipment  

Τhe respiratory function was measured with a spirometer, a cardiovascular 
blood flow-meter and a pulse oximeter. Τhe volume of air exhaled at the end of 
the first second of forced expiration (FEV), forced vital capacity (FVC), forced 
expiratory volume in the first second (FEV), respiratory rate (RR) a CareFusion 
Pulmolife spirometer. Subsequently, the saturation of oxygen (SPO2) and the 
heart rate (HR) were measured with a GIMAOXY-4 oximeter. Finally, with the 
CareFusion Micro Peak flow meter, the peak expiratory flow rate (PEF) was 
measured. 

2.4. Procedures 

The subjects were divided into two groups of nine individuals. Τhe intervention 
group (IG) which was the group that participated in the hydrotherapy program 
and the control group (CG) which participated in the classical physiotherapy 
program. Αll subjects in both groups were evaluated using instruments for the 
values of FVC, FEV, PEF, RR and SaO2 before and after six months intervention. 

2.5. Interventions 

Both groups of children who participated in the study participated in an inter-
vention program lasting 6 months and frequency twice a week. In both interven-
tion programs, either in water or on land, the main purpose of the intervention 
was respiratory function, and the organization of the treatment session was 
breathing, respiratory muscles and physical condition. 

Intervention Group: The hydrotherapy sessions were based on the Halliwick  
 
Table 1. Anthropometric characteristics of the subjects. 

Characteristics Subjects (N = 18) 

Age (year) 9.53 ± 0.454 

Weight (kg) 38.6 ± 6.31 

Height (cm) 1.31 ± 0.23 

BMI (kg/m2) 23.01 ± 2.33 
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Concept and composed of activities in standing, back float and prone float posi-
tion with water at 110 cm depth and water temperature between 33˚C and 34˚C. 
Τhe intervention program focused on exhalation, blowing, normalizing breath-
ing pattern, underwater exhalation in combination with chest deployment activ-
ities, upper extremity and torso strengthening and endurance activities. 

Control group: The control group followed a program of classical respiratory 
physiotherapy. The program focused on breathing exercises from various posi-
tions, exhalation, breathing, rhythm and at the same time exercising the respira-
tory muscles and improving physical endurance and fitness. 

2.6. Statistical Analysis 

The statistical package SPSS 21 was used for data analysis. We calculated mean 
values of FVC, FEV, PEF, RR and SaO2 before and after six months intervention 
for both groups. The results were compared using the paired-t-test to determine 
the level of significance. The comparison between the two groups was performed 
using the independent t-test (p < 0.05). 

3. Results 

The research results are presented in Tables 2-4. From the tables, it appears that 
there is a statistically significant improvement in FVC, FKV, PEF, RR, SaO2 for 
both groups. However, comparing the results of the intervention group with the 
control group, the improvement of the factors is statistically more significant for 
the intervention group during the six months. 
 
Table 2. The difference between the pre- and post-test values of the FVC, FEV, PEF, RR 
and SaO2 of the intervention group. 

 
Mean + SD 

t-value Significant 
Pre Post 

FVC 1.47 ± 0.41 2.99 ± 0.46 5.46 <0.05 

FEV 1.12 ± 0.26 2.52 ± 0.33 4.634 <0.05 

PEF 2.05 ± 0.72 3.25 ± 0.78 5.512 <0.05 

RR 24.51 ± 2.82 20.01 ± 2.02 4.83 <0.05 

SaO2 89.52 ± 3.46 97.21 ± 3.34 5.17 <0.05 

 
Table 3. The difference between the pre- and post-test values of the FVC, FEV, PEF, RR 
and SaO2 of the control group. 

 
Mean + SD 

t-value Significant 
Pre Post 

FVC 1.34 ± 0.42 2.34 ± 0.36 2.22 <0.05 

FKV 1.22 ± 0.36 1.88 ± 0.32 2.36 <0.05 

PEF 2.18 ± 0.54 2.61 ± 0.51 2.43 <0.05 

RR 25.81 ± 2.53 23.01 ± 2.53 2.54 <0.05 

SaO2 90.07 ± 3.24 93.41 ± 3.32 3.45 <0.05 
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Table 4. The difference between the values of the FVC, FEV, RR and SaO2 in the inter-
vention and the control group. 

 
Mean + SD 

t-value Significant Intervention 
Group 

Control 
Group 

FVC 2.99 ± 0.46 2.34 ± 0.36 2.59 <0.05 

FKV 2.52 ± 0.33 1.88 ± 0.32 2.48 <0.05 

PEF 3.25 ± 0.78 2.61 ± 0.51 2.47 <0.05 

RR 20.01 ± 2.02 23.01 ± 2.53 2.34 <0.05 

SaO2 97.21 ± 3.34 93.41 ± 3.32 2.87 <0.05 

4. Discussion 

This study investigated the change in respiratory function in children with 
Down syndrome. The authors assessed the respiratory muscle strength of 54 in-
dividuals with DS before and after a rehabilitation program consisting of 10 hy-
drotherapy sessions. The authors used the Manovacuometry method to indi-
rectly assess the strength of the respiratory muscle (maximal respiratory pressure 
and maximal expiratory pressure). They observed that the program resulted in 
an increase in maximal expiratory pressure but could not significantly increase 
maximal respiratory pressure. Thus, the authors conclude that hydrotherapy 
using the Bad Ragaz method is a beneficial method for treating people with DS. 
In the reported study [9] interesting results are presented, which can be partly 
taken as a basis for clinical practice, as hydrotherapy can be a fun way to treat 
patients with DS, providing resistance due to the disorder and thus allowing 
muscle strengthening. 

It is stated that hydrotherapy is a method that can offer both physical and 
psychosocial and mental improvements in people with DS [10]. These improve-
ments are due, among other things, to the positive effect that hydrotherapy has 
on the respiratory system of people with Down syndrome. However, care must 
be taken when interpreting the study data, as the test used to assess muscle 
strength is not considered an absolute standard for this measurement, and 
therefore may not have recorded differences between assessments. 

In addition, Manovacuometry is an indirect measure of respiratory muscle 
strength, which may have affected the results. To demonstrate the effects of Bad 
Ragaz hydrotherapy on respiratory muscle strength in people with DS, it would 
be extremely interesting to conduct a study with a control group, using more 
specific measurements (such as the dynamometer, for example) to it is possible 
to use scientific data in clinical practice. 

Another study aimed to investigate the effects of hydrotherapy on respiratory 
function in patients with Down syndrome. The sample consisted of 7 people 
with Down syndrome, aged between 12 and 37 years (24 ± 8 years) where 71.4% 
were women. Participants underwent a comprehensive hydrotherapy treatment. 
Evaluations included the use of a manometer, maximum expiratory flow, and a 
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one-minute sit-up test. The hydrotherapy treatment lasted one hour, once a 
week for ten weeks. The analysis of the results showed that the treatment had a 
positive effect on the increase of the maximum inspiratory pressure (51 ± 13 to 
59 ± 11 cm H2O, P = 0.06, 95%CI) and an improvement in the values of the ex-
piratory maximal pressure (207 ± 54 to 243 ± 71, P = 0.01, 95%CI) [11]. 

In the present study, an attempt was made to investigate how a specific hy-
drotherapy program based on specific steps through the Halliwick Concept can 
influence the development and improvement of the respiratory function of 
children with Down syndrome. Based on a specific protocol of intervention in 
the water and at the same time with a corresponding group of children who par-
ticipated in a similar program of classical respiratory physiotherapy, it was 
found to be statistically more important than the second group in improving 
respiratory function. This was in line with existing research and enhances the 
effect of hydrotherapy as an additional contribution to strengthening the respi-
ratory system of these children. 

5. Conclusion 

Based on the results of this study, we recommend that the inclusion of children 
with Down Syndrome in programs aimed at improving respiratory function and 
endurance is particularly important. Given the statistically significant outcome 
of the water group, we recommend the use of hydrotherapy as a complementary 
therapy that should be part of the weekly program of these children in addition 
to the existing treatments they attend. 
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