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 Abstract 

Background: Respiratory dysfunction has been recognized in children with Down 

Syndrome (DS). This study aimed to examine the outcome of adding motorized 

movement therapy to the rehabilitation program versus conventional chest physical 

therapy only on pulmonary functions and exercise endurance in children with DS. 

Methods: This is a randomized controlled trial involving 40 children (aged 9 to 13 

years) with DS. the study arm received conventional chest physiotherapy plus aerobic 

exercise with a motorized movement therapy device. The control arm received 

conventional chest physical therapy only. The rehabilitation program included three 

sessions weekly for 12 weeks for both groups. Spirometry and six-minutes walking 

distance (6MWD) were recorded at baseline, six weeks, 12 weeks. Results: We found 

significant improvement of pulmonary function parameters and 6MWD in both groups 

at week six as well as at week 12 however, the difference was statistically insignificant 

between the two groups. Conclusions: Adding aerobic exercise to conventional chest 

physiotherapy effectively improves pulmonary functions and six minutes walking 

distance in children with Down syndrome but is not superior to conventional chest 

physiotherapy alone.  

Keywords 

Pediatric; Exercise; pulmonary function tests; spirometry; six-minute walking test; 

sports medicine 
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 INTRODUCTION 

 

Trisomy 21 or Down syndrome (DS) is one of the common congenital 

anomalies; the incidence varies in different regions. It accounts for 8% of congenital 

anomalies in Europe [1]. The incidence worldwide is nearly 1 in 1000 live births 

according to the United Nations record [2]. DS is associated with a high rate of various 

medical disorders including congenital cardiac defects, visual and auditory affection, 

musculoskeletal system, and autoimmune disorders [3]. Respiratory involvement 

includes structural anomalies, recurrent infections, and airway obstruction secondary to 

congenital malformations, musculoskeletal disorders, obstructive sleep apnea, and/or 

recurrent infections [3]. Physical inactivity, hypotonia, and obesity are contributing 

factors to respiratory impairment [3,4]. Respiratory affection is common in DS [1] and 

is a leading cause of death.  Although preventable; respiratory infections like 

pneumonia and pulmonary aspiration are the recorded commonest causes of death [5].  

Pulmonary rehabilitation had been proved to be beneficial in preventing 

respiratory complications, reducing the number of hospitalizations, and improving 

respiratory functions in different disease conditions [6-8]. Exercise programs improve 

overall health and quality of life [9]. Guidelines recommend the inclusion of peripheral 

muscle training in pulmonary rehabilitation (PR) programs in adults with chronic 

obstructive pulmonary disease to improve pulmonary functions and physical activity 

[10]. Previous studies reported improved pulmonary functions with traditional chest 

physiotherapy, and strength training programs using different techniques [4,11,12]. In 

the same context; Değer and colleagues reported impaired respiratory muscle function 

in children with DS and there were relations between respiratory functions and motor 

skills [13] and rehabilitation programs including physiotherapy were supposed to 

improve muscle strength could prevent pulmonary complications [14]. To the best of 

authors knowledge, no previous studies have investigated the effect of motorized 

movement therapy on pulmonary functions in these patients. So, this study aimed to 

test the outcome of adding motorized movement therapy to rehabilitation programs 

versus conventional chest physiotherapy (CPT) only on pulmonary functions, and 

functional capacity (exercise) in children with Down Syndrome. We hypothesized that 

adding peripheral muscle training using motorized movement therapy to the 
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 conventional chest therapy program could not have an additional benefit in improving 

pulmonary functions and exercise capacity in these children.   

 

SUBJECTS AND METHODS 

 

• Design: 

This was a randomized controlled trial to investigate the outcome of adding 

motorized movement therapy to the rehabilitation program versus conventional chest 

physical therapy only on pulmonary functions and exercise endurance in children with 

DS. 

 

• Subjects:  

Adolescents aged between 9-13 years, able to walk independently and can 

understand and follow instructions (as indicated on their file by the results of the 

Stanford- Binet Intelligence Scale) [15] were included in the study. Children who had 

obesity, severe visual and/or hearing disability, cardiovascular disease, those who had 

musculoskeletal diseases, and those who were engaged in any sports or physical 

rehabilitation program at the time of the study were excluded from the study.  

 

• Sample size: 

The sample size was calculated using G power 3.1 software [16]. The 

calculation was based on forced vital capacity as main outcome measure, an effect size 

of 0.143 (partial eta squared = 0.106 measured in our pilot study), an alpha level of 

0.05, a required power of 80%. The total required sample size estimated by the study 

was 36 patients (n=18 in each group). Adding a 10 % drop-out rate, the total sample 

size was 40 participants (n =20 in each group). We assessed forty-eight children with 

Down Syndrome for eligibility. Eight children were excluded (two of them due to the 

refusal of parents to sign informed consent, and six children did not meet the inclusion 

criteria). Baseline measurements were recorded before engagement in the 

physiotherapy program.  
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 • Randomization: 

Each child was randomly allocated to one group using sealed envelopes 

containing card numbers wrapped in silver foil. Forty children (Male/Female 24/16) 

with Down syndrome were recruited from medical rehabilitation hospital in Al Medina 

Almonawara, Saudi Arabia. (Figure 1).  

 

Figure (1): Study flow diagram 

Written informed consent was obtained from the children’s parents or guardians 

before their participation in the study. This study was approved by the research ethics 

committee of the College of Medical Rehabilitation Sciences, Taibah University 

(Reference number: CMR-PT-2018-010). Medical clearance from the participant’s 

physician was obtained before enrollment in the study. This study is registered on 

ClinicalTrials.gov Identifier: NCT04787861. 
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 • Measures: 

1. Age (year), sex, race, BMI (kg/m2) were recorded. 

2. Pulmonary function tests (PFTs): spirometry measurements for assessment of 

pulmonary function have a high degree of reliability and validity [13]. 

Spirometry system (the Futuremed Discovery-2 spirometer, Granada Hills, 

USA) was used for this purpose . We performed a Forced vital capacity (FVC) 

maneuver with flow volume loops according to guidelines and the best of three 

technically accepted trials was chosen for interpretation [17] and maximum 

voluntary ventilation (MVV) test. 

3. The six-minute walk distance (6MWD):  Six-minute walking test (6MWT) was 

done as a measure of physical activity. The child was instructed to walk on his 

own along a forty-meter corridor as fast as he/she can and to stop if he feels tired. 

This test is valid and has a good test-retest reliability [18]. 

 

 

Procedure: All interventions were performed in the medical rehabilitation hospital in 

Al Medina Almonawara, Saudi Arabia. Intervention scheduled as three sessions weekly 

for 12 weeks. 

 

a. Control group (20 children): They received conventional chest physiotherapy 

(CPT) including positioning, deep breathing exercises, postural drainage, and 

incentive spirometry for 20 minutes. 

 

b. Study group (20 children): They received the same program plus aerobic exercise 

session for 25 minutes using a motorized movement device “THERA-Trainer tigo 

530” (Medica Medizintechnik GmbH, Hoch Dorf, Germany] figure (2).  The 

motorized training took place in the sitting position. Each therapy session consisted 

of three phases each lasting 7 minutes and with two-minute rest in-between: 1) 

warm-up phase of passive training using predetermined speed, movement direction, 

and duration; 2) active assistive training phase with individual intensity; and 3) 

finish: active training phase with lower intensity. 
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Figure (2): Exercise using motorized movement trainer. The motorized movement 

system includes training for upper and lower limbs. 

 

• Statistical analysis: 

Collected data were checked then analyzed with statistical package for social 

sciences (SPSS) version 22.0 (IBM Corp. Armonk, NY, USA). Data distribution was 

tested by Shapiro-Wilk and homogeneity of variances was verified using Levine’s test. 

Independent sample t-test was run to compare baseline parameters for both groups. 

Mixed-design Multivariate analysis of variance (mixed MANOVA) was calculated to 

examine the effects of therapy (chest physical therapy versus motorized movement 

therapy) and time (at baseline, six weeks, and 12 weeks), in addition to the interaction 

effect on different outcome measures. Bonferroni post-hoc tests were used to compare 

adjacent time conditions. Significance level was set at (p ≤0.05).  

 

RESULTS 

The two groups were age and sex matched (Table 1). During the study period, 

we had three measurements for all parameters at baseline, at six weeks, and 12 weeks. 

At baseline, no significant difference between the two groups in all spirometry 
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 parameters and six-minute walking distance (Table 2). There was a significant 

improvement in spirometry parameters (FVC, FEV1, PEFR, MVV) and 6MWD over 

time. The improvement was significant for all at the end of 12 weeks (Table 2). 

 

• Forced vital capacity (FVC): 

There was a significant main effect of time (F (2, 38) = 53.792, p = ˂0.001, 

effect size (ηp2) =0.586) on FVC scores. In both groups results showed that FVC was 

significantly improved over time (figure 3a). Bonferroni post-hoc tests comparing 

adjacent time conditions revealed a significant improvement of FVC   between week 6 

and week 12 (p=0.017 for the control group versus p = 0.004 for the study group). In 

contrast, there was no significant main effect of type of intervention (chest physical 

therapy alone or motorized movement therapy plus chest physical therapy) on FVC 

scores (F (1, 38) = 0.187, p= 0.668, ηp2 =0.005). There was no significant interaction 

between type of treatment and time of evaluation (F (2, 38) = 2.166, p = 0.122, ηp2 = 

0.054).   

 

• Forced expiratory volume after 1 second (FEV1): 

The results of the Mixed MANOVA showed that there was a significant main 

effect of time (F (2, 38) = 442.919, p ˂0.001, ηp2 =0.921on FEV1 scores. In the control 

group, results showed that FEV1 was significantly affected by the time of evaluation 

(figure 3b). Bonferroni post-hoc tests comparing adjacent time conditions revealed a 

significant improvement in the FEV1 between week 6 and week 12 (p ˂0.001 for both 

groups). In contrast, there was no significant main effect of type of intervention on 

FEV1 scores (F (1, 38) = 0.000, p= 0.985, ηp2 =0.000). There was significant interaction 

between type of treatment and time of evaluation (F (2, 38) = 11.438, p = ˂0.001, ηp2 

=0.231). 

 

• Peak expiratory flow rate (PEFR):  

There was a significant main effect of Time (F (2, 38) = 24.319, P = ˂ 0.001, ηp2 =0.390) 

on PEFR scores. The results showed that PEFR was significantly affected by the time 

of evaluation (figure 3c). Bonferroni post-hoc tests comparing adjacent time conditions 

revealed a significant difference in the PEFR between time 1 and time 2 as well as 
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 between week 6 and week 12 (p =0.001) in control group. As well as in the study group, 

a significant difference in the PEFR between baseline and week 6 (p = 0.001) and 

between week 6 and week 12 (p ˂0.001). In contrast, there was no significant main 

effect of type of intervention on FEV1 scores (F (1, 38) = 0.005, p = 0.945, ηp2 =0.000).  

There was no significant interaction between type of treatment and time (F (2, 38) = 

0.784, p= 0.460, ηp2 =0.020). 

 

• Maximum voluntary ventilation (MVV): 

There was a significant main effect of Time (F (2, 38) = 39.222, p ˂0.001, ηp2 

=.673) on MVV scores. In the control group, results showed that MVV was 

significantly affected by the time of evaluation (figure 3d). Bonferroni post-hoc tests 

comparing adjacent time conditions revealed a significant difference in the MVV 

between week 6 and week 12 and (p=0.015). In the study group, Bonferroni post-hoc 

tests comparing adjacent time conditions revealed a significant difference in the MVV 

between week 6 and week 12 (p = 0.033). In contrast, there was no significant main 

effect of type of intervention on MVV scores (F (1, 38) 39.222, p= 0.594, ηp2 =0.021).  

There was no significant interaction between type of treatment and time (F (2, 38) = 

0.798, p= 0.798, ηp2 =0.0268). 

 

• Six-minute walk distance (6 MWD): 

There was a significant main effect of time (F (2, 38) = 592.655, p ˂0.001, ηp2 

=.940) on six minutes scores. In the control group, results showed that the 6MWD was 

significantly affected by the time of evaluation (figure 4). Bonferroni post-hoc tests 

comparing adjacent time conditions revealed a significant difference in the 6MWD 

between baseline and week 6 (p=0.007) and between week 6 and week 12 (p=0.003). 

In the study group, Bonferroni post-hoc tests comparing adjacent time conditions 

revealed a significant difference in the 6MWD between baseline and week 6 (p= 0.001) 

and also between week 6 and week 12 (p˂0.001)   In contrast, there was no significant 

main effect of type of intervention on 6MWD (F (1, 38) = 1.062, p= 0.309, ηp2 =0.027). 

There was significant interaction between type of treatment and time (F (2, 38) = 

32.527, p ˂0.001, ηp2 =0.461. 
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 Table (1): Demographic characteristics of the participants: 

Variable Control group Study group Test value P-value 

Age 10.27±0.85 10.33±0.74 -0.243 0.81 

Sex 11/9 13/7 0.4167 0.518 

Height 128.50±5.09 129.30±4.38 -0.532 0.597 

Weight 41.74±10.84 46.34 ±9.38 -1.437 0.16 

 

Table (2): Pulmonary functions and six-minute walking distance of the studied 

population at baseline and at end of 18th& 36th sessions: 

Variable 

Control group Study group 

Baseline 
18th 

session 

36th 

session 
 

Baseline 
18th 

session 

36th 

session 
 

FVC (L) 1.26±0.386 1.32±0.36 1.44±0.35 1.26±0.38 1.38±0.38 1.53±0.39 

FEV1 (L) 1.19±0.06 1.24±0.59 1.34±0.07 1.16±0.05 1.23±0.49 1.37±0.06 

PEFR 

(L/m) 
204.40±9.09 212.05±10.46 223.25±12.90 202.75±8.83 210.80±9. 71 224.95± 10.11 

MVV (L) 46.99±6.01 48.29±5.87 50.03±5.78 44.95±7.47 46.10±7.36 48.57±8.30 

6MWD 

(meter) 
286±11.71 293±11.58 301±11.34 286.15±12.36 296.15±12.22 309.90±9.95 

FEV1: Forced expiratory volume in 1st second of forced vital capacity; PEFR: peek expiratory 

flow rate; MVV: maximum voluntary ventilation; 6MWD: six-minute walking distance; L: 

Liter; L/m: Liter/minute 



International Journal of Early Childhood Special Education (INT-JECSE)  

 
  

 

1380 
 

Vol 14, Issue 02 2022  PP:1370-1389 

“ 

DOI: 10.9756/INT-JECSE/V14I2.121 ISSN: 1308-5581 

 

 

Figure (3 a): Changes of FVC over time in both groups: FVC values increased 

over time with no significant group-time interaction. 

 

Figure (3 b): Changes of FEV1 over time in both groups: FEV1 values increased 

over time for both groups with significant group-time interaction. 
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Figure (3 c): Changes of PEFR over time in both groups: PEFR values increased 

over time with no significant group-time interaction. 

 

Figure (3 d): Changes of MVV over time in both groups: MVV values increased 

over time with no significant group-time interaction. 
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Figure (4): Changes of 6MWD over time in both groups: Six-minute walking 

distance increases with time for both groups with no significant group-time 

interaction. 

DISCUSSION:  

The respiratory abnormalities may be aggravated by the weakness and poor 

performance of the muscles of the abdomen and extremities [19]. Rehabilitation 

programs to improve muscle strength and function may improve pulmonary function 

and physical activity [20,21]. So, we tried to examine if the application of peripheral 

muscle training can improve respiratory functions in this group. In the current study, 

we evaluated the effect of conventional CPT versus the addition of motorized 

movement therapy on PFTs and functional capacity in 40 children with DS. The main 

result of this study is the significant improvement of pulmonary functions following the 

rehabilitation program.  The values of children who received motorized movement 

therapy in addition to conventional CPT were better than those who received 

conventional CPT alone however the difference was statistically non-significant.   

The improvement in the conventional chest physical therapy group may be due 

to improved efficiency of ventilation and prevention of recurrent infections, improved 

drainage of the respiratory system, and improved circulation [21]. The better 

improvement in the study group may be due to increased respiratory muscle strength 
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 and endurance resulting from muscle training using motorized movement therapy 

[20,22]. The same results were reported in Hussein's study reported improvement of 

pulmonary function (VC, FEV1, MVV, and PEFR) following chest physical therapy 

and improvement in only some parameters (FVC, PEFR) following peripheral muscle 

strength program [4].  Abd El Kafy & Helal studied children with DS and compared 

physical therapy programs versus aerobic exercises using a rowing ergometer; for 12 

weeks they found no significant difference between the two interventions [11]. They 

also reported the improvement was still far from normal values and recommended 

extended duration and addition of new techniques and/or devices. da Rosa et al. [23] 

found severe respiratory muscle weakness in children with DS which improved 

following linear load pressure intervention. Another study [12] reported that 

hippotherapy improves respiratory muscle strength. Chest physiotherapy might 

improve respiratory muscles functions, maintain positive airway pressure, and improve 

alveolar perfusion resulting in improved efficiency of ventilation [4,24]. While 

peripheral muscle training increases muscle strength and leads to increased rate and 

depth of breathing resulting in improved circulation including pulmonary circulation 

and increased oxygen utilization and delivery to tissues [25].  At the same time 

contraction of abdominal muscles and forward-leaning during motorized movement 

therapy, improves the diaphragm function through working at optimal length and 

putting it at a favorable length-tension curve [24]. General Muscle weakness, 

hypotonia, and its associated bony abnormalities contribute to respiratory insufficiency 

resulting in restrictive pulmonary function pattern, disturbed regulation of breathing, 

dyspnea, hypercapnia, hypoventilation, sleep-disordered breathing, and impaired cough 

reflex; associated scoliosis and spinal contractures may add to the restrictive pulmonary 

function pattern [26]. In the same context; subjects with DS had decreased respiratory 

muscle strength and thought they could benefit from rehabilitation programs [27] which 

was a significant finding in our study. The discrepancies between studies may be 

attributed to different protocols and duration in each.  

In this study, we found that spirometry parameters (FEV1, FVC, MVV) showed 

significant improvement by 12 weeks rehabilitation program.  While PEFR and 6MWD 

improved early following 18 sessions (six weeks) and the improvement was more 

significant after 36 sessions (12 weeks). This suggests that we can use these indices for 
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 bedside follow-up. Peak flow-meter and six-minute walking test are simple to run, need 

no effort, and easy to be performed [28,29]. Yang et al [29] reported that combining 

biofeedback cycling training with conventional rehabilitation therapy in patients with 

stroke significantly improved 6MWD. 

The strengths of this study are: first; all studied populations continued the whole 

training program which may be due to the continuous motivation during the program 

and the use of a new motorized movement training device that makes exercise easier 

and enjoyable for children. Second, this study participates in improving the clinical 

practice of rehabilitation therapy in children with DS. This study has some limitations 

including we added motorized movement training to conventional chest physical 

therapy, so we were not able to detect the separate effect of peripheral muscle training 

however, chest physical therapy is the standard therapy in these children so we could 

not prevent them from the standard of care for the purpose of the study. Future studies 

involving different groups to assess individual effects are recommended.   

CONCLUSIONS: 

Both types of intervention (chest physical therapy alone and motorized 

movement therapy plus chest physical therapy were equally effective in improving 

respiratory functions and six-minute walking distance. The addition of motorized 

movement therapy is not superior to traditional chest physical therapy alone however it 

may make the rehabilitation program more enjoyable to children. The early 

improvement in PEFR and 6MWD makes them more valuable as bedside tests for 

continuous follow-up of pulmonary rehabilitation programs.   Implementation of chest 

physiotherapy in clinical practice of children with down syndrome either alone or 

combined with motorized movement therapy is recommended. A longer duration of the 

pulmonary rehabilitation program in individuals with Down syndrome is advised to 

obtain significant improvement in pulmonary functions. Future research involving a 

larger sample size, different age groups, and several techniques of chest physiotherapy 

to investigate individual effects is warranted.  
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