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ABSTRACT

Objective: To evaluate and benchmark the clinical efficacy of various physical therapy interventions utilized in the pediatric
management of Down syndrome (Trisomy 21).

Methodology: A literature search of PubMed and Google Scholar was conducted for full-text articles published in the English
language between 2001 and 2022 using predefined search terms related to physical therapy interventions and Down
syndrome. Relevant studies on motor function, dynamic balance, strength, and functional independence were integrated into
this narrative review.

Results: Neurodevelopmental Treatment (NDT) and Proprioceptive Neuromuscular Facilitation (PNF) show evidence for
improving gross motor skills and normalizing muscle tone. Emerging modalities such as Whole-Body Vibration (WBV),
treadmill training, progressive resistance training, hippotherapy, and virtual reality-based therapy demonstrate benefits in
muscle strength, postural balance, and bone mineral density.

Conclusion: Combining evidence-based physical therapy modalities tailored to age, functional capability, and comorbidities
within a multidisciplinary approach optimizes motor rehabilitation and functional independence in children with Down

syndrome.
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INTRODUCTION
Down syndrome (Trisomy 21) is the most
common chromosomal anomaly, affecting

approximately 1 in 800 live births globally.! The
etiology is primarily meiotic nondisjunction during
gametogenesis, resulting in an extra copy of
chromosome 21.! Phenotypically, Down syndrome
impacts multiple organ systems, including the
neurological, cardiovascular, musculoskeletal, and
endocrine systems.?

Musculoskeletal manifestations are clinically
significant and include generalized hypotonia, joint
hypermobility, ligamentous laxity, bone abnormalities,
and persistent muscle weakness.> Common clinical
presentations  include  atlantoaxial  instability
(prevalence of 4-8%), scoliosis, foot deformities, and
patellar instability.3 Congenital heart defects affect
40% to 55% of infants, while respiratory tract
infections remain the primary cause of hospitalization
in pediatric populations.2*

Hypotonia and ligamentous laxity significantly
delay motor milestone acquisition in early childhood.>
While speech-language and occupational therapies
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address communication and activities of daily living
(ADL) limitations, early physical therapy intervention
is crucial for minimizing compensatory movement
patterns, improving postural control, and optimizing
gross motor performance.® This review benchmarks
evidence-based physical therapy strategies to guide
pediatric clinical practice.

METHODOLOGY NEURODEVELOPMENTAL
TREATMENT (NDT) / BOBATH APPROACH

Neurodevelopmental Treatment (NDT) focuses
on normalizing muscle tone, facilitating balance
reactions, and guiding normal postural control.’> In
children with Down syndrome, NDT utilizes dynamic,
individualized interventions based on systematic
observational analysis.® By emphasizing inhibition of
abnormal postural reflexes and facilitation of
automatic equilibrium reactions, NDT enhances motor
control required for functional movement.”

PROPRIOCEPTIVE NEUROMUSCULAR
FACILITATION (PNF)

Proprioceptive Neuromuscular Facilitation (PNF)
stimulates peripheral proprioceptors to facilitate
neuromuscular responses.! In pediatric Down
syndrome, early implementation of PNF techniques
improves foundational gross motor skills, including
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sitting, standing, walking, and jumping.! PNF patterns
combined with targeted therapeutic exercise enhance
dynamic stability, muscle activation, and controlled
movement progression compared to conventional
exercise alone.®

WHOLE-BODY VIBRATION (WBYV)

Whole-Body Vibration (WBV) is an adjunct
intervention utilized to improve musculoskeletal
health. Structured WBV protocols (ranging from 3 to 5
months) significantly increase bone mineral density
(BMD) and bone mineral content in children and
adolescents with Down syndrome.”!0 Additionally,
combining WBV with standard physical therapy
yields significant improvements in lower-limb muscle
strength, standing balance, and overall functional
capacity, such as 6-minute walk test performance.12

HIPPOTHERAPY

Hippotherapy utilizes the multi-dimensional,
rhythmic movement of a horse to influence muscle
tone, balance, and postural alignment.’® In children
with Down syndrome who do not exhibit atlantoaxial
instability, hippotherapy improves motor synergy,
posture, and trunk control by eliciting dynamic
balance responses.1415

VIRTUAL REALITY-BASED THERAPY (VRBT)

Virtual reality applications, such as interactive
gaming setups like the Nintendo Wii-Fit, provide
simulated environments that encourage active balance
training, motor coordination, and weight-shifting.1¢
Interactive  gaming formats enhance therapy
compliance and demonstrate positive effects on
dynamic balance, posture, and agility when combined
with traditional physical therapy programs.1617

MASSAGE THERAPY

Infant massage therapy acts as an early
intervention adjunct to address severe hypotonicity
and motor delays. Regular massage application in
infants with Down syndrome has demonstrated
positive effects on gross and fine motor skill
acquisition, muscle tone normalization, and visual-
motor maturation.®

PROGRESSIVE RESISTANCE TRAINING (PRT)

Progressive Resistance Training (PRT) applies
gradual weight loading to address muscle weakness.!”
Systematic evidence indicates that structured PRT
improves muscle strength, functional capacity, and
physical performance in older children and young
adults with Down syndrome.20,21 PRT offers a
feasible community-based physical fitness option for

individuals who struggle with the
coordination demands of group sports.?2

TREADMILL TRAINING

Treadmill interventions promote motor learning,
lower-limb muscular strength, and gait
synchronization. High-intensity =~ individualized
treadmill protocols in infants with Down syndrome
accelerate independent walking onset by up to 5
months compared to non-trained controls.? Long-
term treadmill training in older children improves
stride length, step width variability, and overall
dynamic balance.?*%

DISCUSSION

Physical therapy intervention strategies for
children with Down syndrome must address primary
systemic impairments namely hypotonia, joint
hypermobility, and delayed postural control. The
literature supports early implementation of NDT and
PNF to establish basic movement synergies and
postural control in early childhood.1> As children age,
integrating task-specific training, such as treadmill
protocols and progressive resistance training,
effectively addresses cardiovascular deconditioning
and muscular weakness.?!,24

complex

Novel modalities such as WBYV, hippotherapy,
and VRBT offer effective tools to enhance bone health,
dynamic balance, and intervention adherence.?1416
However, clinical implementation requires screening
for specific contraindications, such as screening for
atlantoaxial subluxation prior to hippotherapy or
high-impact training.? A key limitation of the existing
literature is the variation in intervention protocols,
sample sizes, and short post-intervention follow-up
periods.

CONCLUSION

Evidence-based physical therapy interventions—
including NDT, PNF, treadmill training, and PRT—
significantly enhance motor performance, dynamic balance,
and functional independence in children with Down
syndrome. Future research should prioritize multi-center
randomized controlled trials (RCTs) with long-term follow-
up to establish standardized clinical practice guidelines.
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