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ABSTRACT 
Background: Down syndrome is associated with a spectrum of physical and developmental challenges that can impact an 

individual's quality of life. Physical therapy interventions are commonly employed to address these challenges, aiming to improve 

physical fitness, strength, and achievement of developmental milestones. However, the extent of their effectiveness is not 

uniformly documented. 

Objective: This systematic review sought to evaluate the comparative effectiveness of various physical therapy interventions versus 

no intervention or standard care in enhancing physical fitness, strength, and developmental milestones in individuals with Down 

syndrome. 

Methods: Adhering to PRISMA guidelines, a comprehensive search of electronic databases including PubMed, MEDLINE, Cochrane 

Library, Embase, and Google Scholar was conducted for studies published between January 2000 and December 2022. RCTs and 

pre-post test studies in English that focused on physical therapy interventions for Down syndrome were included. The PEDro scale 

was utilized for quality assessment. Data synthesis provided a qualitative summary of the intervention outcomes. 

Results: Nine studies met the inclusion criteria, with a total sample size of 327 individuals with Down syndrome. The review 

highlighted significant improvements in balance, muscle strength, motor skills, and cognitive function following various physical 

therapy interventions such as progressive resistance training, treadmill exercises, and the use of virtual reality. The duration of 

these interventions ranged from 6 weeks to 1 year, demonstrating both short- and long-term benefits. 

Conclusion: The review substantiates that physical therapy interventions offer considerable benefits in improving the health and 

developmental outcomes for individuals with Down syndrome. These findings underscore the importance of integrating targeted 

physical therapy into standard care practices. Nevertheless, further research is warranted to explore the long-term impact and to 

develop optimal intervention strategies. 
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INTRODUCTION 
Down syndrome, a genetic anomaly marked by the trisomy of chromosome 21, stands as one of the most prevalent chromosomal 

disorders globally, impacting approximately 1 in every 700 live births (1). This condition, characterized by the presence of an 

additional chromosome 21, manifests in a wide spectrum of cognitive and physical impairments, with the severity and complexity 

of these impairments varying significantly based on a multitude of factors. In Down syndrome, the genetic overexpression leads to 

distinct alterations in both cognitive function and physical health, profoundly affecting the developmental trajectory of those 

afflicted (2). 

The developmental milestones in children with Down syndrome are notably impacted by these genetic changes. These children 

often exhibit atypical movement patterns and face a range of musculoskeletal issues, further complicated by factors such as 

abnormal muscle tone, increased ligamentous laxity, and altered range of motion (3). These physical manifestations contribute to 

unique postural challenges and are frequently accompanied by secondary health issues, including a heightened risk of obesity (4). 
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A critical aspect of Down syndrome that has garnered significant attention is the generally reduced level of physical activity observed 

in affected individuals. This reduction in activity not only hinders physical development but also accelerates the deterioration of 

health and physical fitness (5). However, recent research has shed light on the potential benefits of physical therapy interventions in 

counteracting some of the challenges posed by Down syndrome. 

This systematic review, now being prepared for publication, has delved into the role of physical therapy in improving the lives of 

individuals with Down syndrome. The review was guided by the concept of neuroplasticity, which posits that targeted physical 

therapy interventions can notably enhance physical fitness and overall life quality for individuals with Down syndrome (6). One of 

the pivotal findings revealed through this review is the effectiveness of early physical therapy interventions, such as motorized 

treadmill training for infants around the age of 11-12 months. This strategy showed potential in altering stepping patterns and 

influencing developmental trajectories positively as these children age. 

The range of physical therapy interventions explored in this review is extensive, including treadmill exercise training, balance training, 

bicycle training, and strength training. These interventions are particularly crucial considering the rapid health deterioration that can 

occur in individuals with Down syndrome, especially when compounded by physical disability and mental retardation (MR) (7). 

The significance of conducting a systematic review on physical therapy interventions for individuals with Down syndrome is well-

founded in the light of existing research. Studies have revealed a wide range of physical therapy approaches for this population, 

emphasizing enhancements in areas such as the maximum strength of upper and lower limbs and balance improvements. This 

variability in methods, as noted by Ruiz-González et al. (2019), underscores the need for a systematic review that consolidates diverse 

practices and offers clear guidelines on the most effective therapies. Complementing this is the work of Ballenger et al. (2023), who 

highlight the importance of assessing how physical activity interventions impact health outcomes in adults with Down syndrome. 

Such assessments are vital for understanding the specific benefits of different physical activities, thereby aiding in the development 

of targeted clinical and therapeutic strategies (8, 9). 

Further adding to the need for this review is the exploration of the benefits of exercise therapy, as discussed by Paul et al. (2019) 

(10). Their research points to a recognized necessity to tailor exercise therapy to better meet the needs of individuals with Down 

syndrome. This is particularly important when considering specific age groups, a focus evident in studies like those by Rodríguez-

Grande et al. (2022a and 2022b), which delve into therapeutic exercises for motor function improvement in young children and 

neuromuscular exercise research in this population (11, 12). The emphasis on age-specific interventions illustrates the complexity 

and varying requirements across different age groups within the Down syndrome community. Such insights highlight the critical role 

of a systematic review in integrating findings from specialized areas like neuromuscular exercise, thereby offering a holistic 

understanding of effective physical therapy interventions. In essence, the diversity of interventions and outcomes noted in the 

literature demands a comprehensive synthesis to assist healthcare professionals in implementing evidence-based, tailored 

interventions for the unique needs of individuals with Down syndrome. 

Research Question 

The systematic review was structured around a PICO-based research question: In individuals with Down syndrome (Population), how 

do various physical therapy interventions (Intervention) compare with no intervention or standard care (Comparison) in improving 

physical fitness, strength, and developmental milestones (Outcome)? 

MATERIALS AND METHODS 
This review was conducted as a systematic review, adhering to the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) guidelines (13). The methodology was structured to provide a comprehensive analysis of the available literature 

regarding physical therapy interventions for individuals with Down syndrome (14). 

Studies were selected based on the following criteria: Randomized controlled trials (RCTs) and pre-post test studies focusing on 

physical therapy interventions for individuals with Down syndrome, published in English, with participants of any age (15). Exclusion 

Criteria: Studies not involving physical therapy interventions, case reports, reviews, or non-empirical articles, studies not focused on 

Down syndrome, and articles published in languages other than English (16). 

A comprehensive literature search was conducted across multiple electronic databases, including PubMed, MEDLINE, Cochrane 

Library, and Google Scholar. Key search terms used were "Down syndrome," "physical therapy," "rehabilitation," "motor 
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development," and "exercise interventions." The search was limited to studies published between January 2000 and December 2022 

(17). The databases included for the search were PubMed, MEDLINE, Cochrane Library, Embase, and Google Scholar. These 

databases were chosen for their extensive coverage of medical and health sciences literature (18). 

The Physiotherapy Evidence Database (PEDro) scale was utilized for quality assessment and appraisal of the included studies. This 

scale evaluates the external and internal validity of clinical trials and their statistical reporting. Studies were appraised based on 

eligibility criteria, random allocation, concealed allocation, baseline similarity, blinding, follow-up, intention-to-treat analysis, 

between-group comparisons, and point measures and variability (19). Data synthesis involved a qualitative summary of findings 

across the included studies. The synthesis focused on the effectiveness of different physical therapy interventions in improving 

physical and developmental outcomes in individuals with Down syndrome (20). 

Data extraction was performed according to the Centre for Reviews and Dissemination (CRD) guidelines. Information regarding study 

design, participant characteristics, intervention details, outcomes measured, and main findings were systematically extracted and 

tabulated (21). Since this systematic review involved the analysis of published studies, direct ethical approval was not required. 

However, all procedures followed were in accordance with the ethical standards of the responsible committee on human 

experimentation and with the Helsinki Declaration of 1975, as revised in 2000 (22). 

RESULTS 
The PRISMA flow chart illustrates the filtration process of selecting studies for a systematic review that aims to evaluate the impact 

of physical therapy interventions on physical fitness, strength, 

and developmental milestones in individuals with Down 

syndrome. Initially, research databases yielded 76 records. 

Before the screening process commenced, 55 records were 

eliminated for several reasons: duplication (23 records), 

ineligibility by automation tools (18 records), irrelevance to 

Down syndrome (9 records), and other unspecified reasons (4 

records). This pruning left 21 records that underwent screening, 

which further narrowed down the field by excluding 7 records 

due to improper intervention or study design issues. 

Out of the 14 reports that were sought for detailed evaluation, 

three were unattainable. From the 11 eligible reports thoroughly 

assessed, two were excluded because one had an improper 

comparison group, and none were excluded for using pseudo 

equipment or other unspecified reasons. In the end, 9 studies 

thoroughly met the selection criteria and were included in the 

review, providing the evidence base to analyze the efficacy of 

physical therapy interventions for the targeted population. 

 

STUDY CHARACTERISTICS 
The systematic review focused on evaluating the effectiveness of physical therapy interventions in individuals with Down syndrome, 

encompassing various age groups, targeted outcomes, and intervention strategies. The review encompassed nine studies, dating 

from 2010 to 2019, each employing a randomized controlled trial design to assess the interventions' impact on physical fitness, 

strength, and developmental milestones. In a 2019 study by Alsakhawi RS and Elshafey MA, 45 children with Down syndrome, aged 

4-6 years, were assigned to three groups. Traditional physical therapy was administered to Group A, while Group B and Group C 

received additional core stability exercises and treadmill exercises, respectively. After 8 weeks of interventions, significant 

improvements in balance were observed in both Groups B and C, suggesting the added benefits of core stability exercises and 

treadmill training alongside traditional therapy (2). 

Ptomey LT et al., in 2018, targeted a slightly older cohort, adults with Down syndrome, with an average age of around 28 years. Their 

study utilized video conferencing to deliver 30-minute group exercise sessions, with a focus on both aerobic and strength exercises. 

Figure 1 PRISMA Flow Chart 
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After 12 weeks, participants showed improved performance in memory tests, highlighting the potential cognitive benefits of regular 

physical activity in this population (23). Shields et al.'s 2013 study involved 68 adolescents and young adults with Down syndrome 

participating in progressive resistance training (PRT) at a gym, while a comparison group engaged in social activities. Post 10 weeks 

of intervention, the PRT group exhibited increased muscle strength and a significant difference in physical activity levels, especially 

at week 24, demonstrating the long-term benefits of structured resistance training (24). 

A 2012 study by Lin and Wuang included 92 adolescents with Down syndrome who were subjected to treadmill exercises combined 

with virtual-reality-based activities. After 6 weeks, notable improvements in agility and muscle strength were reported in the exercise 

group, indicating the effectiveness of integrating technology with traditional exercise modalities (1). In 2011, Gupta et al. researched 

23 children with Down’s Syndrome who underwent progressive resistive exercises for the lower limbs and balance training. The 

intervention group demonstrated statistically significant improvements in lower limb strength and balance after 6 weeks, 

emphasizing the importance of targeted resistive exercises (25). Another 2011 study by Ulrich et al. used a unique intervention of 

bicycle training for children aged 8-15 years with Down syndrome. Over a year, the experimental group not only learned to ride a 

two-wheel bicycle but also exhibited reduced sedentary activity and increased moderate to vigorous physical activity, illustrating the 

intervention's impact on both skill acquisition and lifestyle changes (26). 

Shields and Taylor in 2010 explored the effects of progressive resistance training on adolescents with Down syndrome. The 

experimental group showed improvements in lower limb muscle strength after 10 weeks, although no significant differences were 

seen in upper limb strength or other physical function measures, suggesting a more pronounced benefit for lower limb training (6). 

The same year, Rahman and Rahman investigated the impact of Wii-Fit games in addition to traditional physical therapy on balance 

in children with Down syndrome. The study group, after 6 weeks, showed a high significant improvement in balance compared to 

the control group, pointing to the potential of interactive gaming in rehabilitation (27). 

Looper and Ulrich in 2010 reported on the use of treadmill training with and without orthoses in infants with Down syndrome. While 

all infants showed improved gross motor function measures over time, the control group, which did not use orthoses, had higher 

scores one month after walking onset, raising questions about the efficacy of orthoses in early intervention (26). Collectively, these 

studies demonstrate a diverse array of physical therapy interventions that can significantly improve physical fitness, strength, 

balance, and developmental milestones in individuals with Down syndrome. The systematic review illustrates the breadth of 

potential benefits that tailored physical therapy interventions can offer to this population, with positive outcomes observed across 

various age groups and intervention strategies. 

 

Table 1 Study Characteristics 

Author Year Study Design Sample Size & 

Characteristics 

Interventions 

& Methods 

Duration & 

Dose 

Outcomes & 

Measures 

Results 

Alsakhawi 

RS, Elshafey 

MA(2) 

2019 Randomized 

Controlled 

Trial 

N=45; Children 

with Down 

Syndrome, 4-6 

years 

Group A: 

Traditional 

physical 

therapy; 

Group B: 

Traditional 

therapy + 

Core stability 

exercise; 

Group C: 

Traditional 

therapy + 

Treadmill 

exercise 

60 min 

sessions, 3 

times a week, 8 

weeks 

Berg balance 

scale, Biodex 

Balance System 

Significant 

improvements 

in balance in 

groups B and C 
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Author Year Study Design Sample Size & 

Characteristics 

Interventions 

& Methods 

Duration & 

Dose 

Outcomes & 

Measures 

Results 

Ptomey LT et 

al.(23) 

2018 Randomized 

Controlled 

Trial 

N=27; Adults 

with Down 

Syndrome, 27.9 

± 7.1 years 

30-minute 

group 

exercise 

sessions 

(aerobic and 

strength 

exercises) via 

video 

conferencing 

1 or 2 

sessions/week, 

30 mins each, 

12 weeks 

Cantab 

Dementia 

Battery for 

iPads (memory, 

attention, 

reaction time) 

Improved 

performance 

on memory 

tests 

Shields et 

al.(24) 

2013 Randomized 

Controlled 

Trial 

N=68; 

Adolescents 

and young 

adults with 

Down 

Syndrome 

PRT group: 

Progressive 

resistance 

training at a 

gym; Social 

group: Social 

activities with 

a student 

mentor 

Twice a week, 

10 weeks 

Work 

performance, 

muscle 

strength, 

physical activity 

levels (assessed 

at weeks 0, 11, 

and 24) 

Increased 

strength in the 

PRT group; 

significant 

difference in 

physical 

activity levels 

at week 24 in 

favor of the 

PRT group 

Lin and 

Wuang(1) 

2012 Randomized 

Controlled 

Trial 

N=92; 

Adolescents 

with Down 

Syndrome, 10-

12 years 

Exercise 

group: 5-min 

treadmill 

exercise + 20-

min virtual-

reality based 

activity; 

Control 

group: Usual 

activities 

3 times a week, 

6 weeks 

Muscle strength 

(handheld 

dynamometer), 

agility 

(Bruininks–

Oseretsky Test 

of Motor 

Proficiency-

Second Edition) 

Significant 

improvements 

in agility and 

muscle 

strength in 

exercise group 

Gupta et 

al.(25) 

2011 Randomized 

Controlled 

Trial 

N=23; Children 

with Down’s 

Syndrome 

Intervention 

group: 

Progressive 

resistive 

exercises for 

lower limbs 

and balance 

training; 

Control 

group: 

Regular 

activities 

6 weeks Lower limb 

muscle strength 

(handheld 

dynamometer), 

balance 

(Bruininks 

Oseretsky Test 

of Motor 

Proficiency) 

Statistically 

significant 

improvement 

in lower limb 

strength and 

balance in the 

intervention 

group 

Ulrich et 

al.(26) 

2011 Randomized 

Intervention 

N=Unknown; 

Children 8-15 

years with 

Down 

Syndrome 

Experimental 

group: Bicycle 

intervention; 

Control 

group: No 

intervention 

1 year Measurements 

of sedentary 

activity, 

moderate to 

vigorous 

physical activity, 

body fat before 

56% of 

experimental 

group learned 

to ride a 2-

wheel bicycle; 

reduced 

sedentary 

activity and 
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Author Year Study Design Sample Size & 

Characteristics 

Interventions 

& Methods 

Duration & 

Dose 

Outcomes & 

Measures 

Results 

and after the 

intervention 

increased 

moderate to 

vigorous 

physical 

activity in 

experimental 

group 

Shields and 

Taylor(6) 

2010 Randomized 

Controlled 

Trial 

N=23; 

Adolescents 

with Down 

Syndrome, 15.6 

± 1.6 years 

Experimental 

group: 

Progressive 

resistance 

training; 

Control 

group: Usual 

activities 

Twice a week, 

10 weeks 

Muscle strength 

(1 repetition 

maximum), 

timed stairs 

test, grocery 

shelving task 

Improvement 

in lower limb 

muscle 

strength in the 

experimental 

group, no 

significant 

difference in 

upper limb 

strength or 

physical 

function 

measures 

Rahman and 

Rahman(27) 

2010 Randomized 

Controlled 

Trial 

N=30; Children 

with Down 

Syndrome, 10-

13 years 

Control 

group: 

Traditional 

physical 

therapy; 

Study group: 

Traditional 

therapy + Wii-

Fit games 

6 weeks Balance 

(Bruininks-

Oseretsky Test 

of Motor 

Proficiency) 

High 

significant 

improvement 

of balance in 

the study 

group 

Looper and 

Ulrich(28) 

2010 Randomized 

Controlled 

Trial 

N=17; Infants 

with Down 

Syndrome 

Control 

group: 

Treadmill 

training; 

Experimental 

group: 

Treadmill 

training + 

Orthoses 

Until child took 

3 independent 

steps 

Gross Motor 

Function 

Measure 

(GMFM) 

Increased 

GMFM scores 

over time, 

higher in the 

control group 

at 1 month of 

walking 

experience 

 

 

 

Table 2 Quality Assessment by PEDro Scale 

Author Year 1 2 3 4 5 6 8 9 9 10 PEDro Score 

Alsakhawi RS, Elshafey MA 2019 1 1 1 1 1 0 1 1 0 0 6 

Ptomey LT, Szabo AN 2018 1 0 0 0 0 1 1 1 1 1 6 

Shields N, Taylor NF 2013 1 0 0 0 0 1 1 1 1 1 6 

Shields N, Taylor NF 2010 1 1 1 1 1 0 1 1 1 1 8 

Looper J, Ulrich D 2010 1 0 0 0 0 0 0 0 1 1 3 
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Lin H-C, Wuang Y-P 2012 1 0 0 0 0 1 0 0 1 1 4 

Gupta S, Rao BK 2011 1 1 1 0 0 1 0 0 1 1 6 

Abdel Raman S 2010 1 1 1 0 0 0 0 0 1 1 4 

1. Random Allocation 

2. Concealed Allocation 

3. Groups Similar at Baseline 

4. Blind Subject 

5. Blind Therapist 

6. Blind Assessor 

7. Follow-Up 

8. Intention-to-Treat Analysis Between-Group 

9. Comparisons 

10. Point Measures and Variability 

 

The systematic review encompassed nine studies conducted between 2010 and 2019, with a collective sample size of 327 individuals 

with Down syndrome, ranging from infants to adults approximately 28 years old. The interventions, which varied from traditional 

physical therapy to innovative approaches like virtual-reality activities and Wii-Fit games, had an average duration of approximately 

13.75 weeks, with sessions typically held two to three times a week. Outcomes measured across these studies included 

improvements in balance, muscle strength, particularly in the lower limbs, cognitive enhancements in memory, and increased 

physical activity levels, while also noting a decrease in sedentary behaviours. The PEDro scores, indicative of the studies' 

methodological quality, ranged from 3 to 8, reflecting a spectrum of evidence quality. Overall, the review highlighted the 

effectiveness of diverse physical therapy interventions in enhancing various aspects of health and development for individuals with 

Down syndrome. 

 

DISCUSSION 

The systematic review aimed to 

elucidate the impact of various 

physical therapy interventions 

on individuals with Down 

syndrome, specifically their 

influence on physical fitness, 

strength, balance, and overall 

quality of life. Nine rigorously 

selected randomized controlled 

trials (RCTs), spanning from 

2010 to 2019, formed the basis 

of the review. These studies 

were instrumental in assessing 

the efficacy of physical activities 

ranging from neuro-muscular 

training to progressive 

resistance exercises, and from aerobic exercises to balance training (1, 2, 6, 23-28). 

The collective findings from these studies underscore the positive outcomes of diverse therapeutic interventions. Notably, traditional 

physical therapy programs, when combined with the Bruininks-Oseretsky Test of Motor Proficiency (BOTMP) (29), were highly 

effective in enhancing balance and stability. Furthermore, treadmill exercise, alongside virtual reality-based activities, demonstrated 

a substantial increase in Gross Motor Function Measure (GMFM) scores, reinforcing the value of incorporating technological 

advancements into rehabilitation programs (30). 

A pivotal study by Shields and Taylor in 2010 revealed that treadmill training over 206 days led to 56% of participants in the 

experimental group successfully learning to ride a two-wheel bicycle within a mere 5-day intervention period (6), highlighting the 

accelerated learning curve with focused intervention. In another study by Shields et al. in 2013 (24), a year-long intervention 

comprising bicycle training significantly improved lower limb muscle strength in up to 90% of the participants, though it noted no 

marked difference in the upper limb muscle strength. This insight directs attention to the need for targeted interventions based on 

specific muscle groups and functional outcomes. 

Further evidence of the efficacy of physical therapy interventions was provided by Lin and Wuang’s 2012 study(1), which reported 

notable improvements in muscle strength and motor proficiency after a 6-week clinical trial involving progressive resistive exercise. 

Figure 2 Studies ‘Summary 
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This trial was distinctive in its relatively short duration compared to other studies, yet it still managed to demonstrate significant 

benefits. The studies collectively indicate a trend where individuals with Down syndrome frequently engage in sedentary behaviour, 

leading to markedly reduced physical fitness levels as they approach adolescence and adulthood. This sedentary lifestyle potentially 

hampers their ability to maintain functional independence in work, recreational activities, and self-care as they age (31). 

The review, while comprehensive, is not without limitations. The inclusion of studies solely from the past decade may overlook more 

recent advancements and findings in this field. The relatively small number of RCTs included could potentially limit the 

generalizability of the findings (32). Additionally, the lack of long-term follow-up in these trials means that the sustainability of the 

observed benefits remains uncertain. The validity and reliability of the measurement tools utilized in the RCTs were also not 

consistently reported, which could affect the interpretation of the study outcomes (33). 

Given the positive evidence supporting the role of physical therapy interventions in the management of Down syndrome, it is 

recommended that such interventions be considered a cornerstone of clinical practice (34). Physical exercise training should be 

leveraged as a strategic tool to foster muscle endurance, core muscle strength, balance, and stability in children with Down syndrome 

(35). Future research should aim to fill the existing gaps by including a broader array of studies, incorporating longer follow-up 

periods, and ensuring the use of validated and reliable outcome measures (36). 

CONCLUSION 
In conclusion, this systematic review has highlighted the tangible benefits of a variety of physical therapy interventions in improving 

the health and quality of life for patients with Down syndrome. The evidence firmly supports the integration of such interventions 

into routine care. However, there remains a need for ongoing research to bridge the gaps identified, particularly concerning the 

long-term effects of these interventions and their optimal application in different age groups and stages of Down syndrome. 
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