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ABSTRACT 

Background: Cerebral palsy presents heterogeneous motor impairments and rehabilitation needs. Expanding physiotherapy options require 
contextual interpretation of functional benefits, comparative effectiveness, and clinical applicability. Objective: To narratively synthesize 
established physiotherapy interventions and emerging rehabilitation techniques for cerebral palsy, examining reported outcomes, limitations, 
and implications for individualized care. Methods: PubMed and Google Scholar were searched, with Physiopedia consulted as a supplementary 
educational resource. The principal publication window was 2015–2025, and reference lists were examined. Literature was selected for 
relevance to intervention application and functional outcomes. Primary studies were distinguished from secondary evidence, and findings were 
organized thematically by intervention and functional domain without statistical pooling. Results: The principal characteristics table 
summarized 15 primary-study entries, with additional intervention evidence described separately; a total included-study count was not 
established. Populations included infants, children, adolescents, and young adults, with some mixed developmental-delay samples. Task-
oriented training, strengthening, gait training, and constraint-induced movement therapy were associated with improvements in selected motor 
and functional outcomes. Comparative interpretation depended on treatment dose, comparator, and population. Reported improvements 
following neurodevelopmental therapy did not independently establish superiority. Robotic rehabilitation, aquatic therapy, and hippotherapy 
required more complete study-level synthesis. Incomplete extraction of sample sizes, effect estimates, and uncertainty, together with selective 
literature identification and heterogeneous interventions, limited comparative conclusions. Conclusion: Physiotherapy offers potential benefits 
across specific functional domains, but this review does not establish a universally superior approach. Individualized treatment selection 
requires goal-specific interpretation of evidence. Better-reported comparative studies should assess sustained function, participation, safety, 
and practical applicability. Keywords: Cerebral Palsy; Physical Therapy Modalities; Exercise Therapy; Gait; Robotics; Hydrotherapy; Equine-
Assisted Therapy. 

INTRODUCTION 

Cerebral palsy (CP) comprises a group of permanent disorders of movement and posture associated with 
nonprogressive disturbances in the developing brain. Its clinical presentation extends beyond altered muscle tone 
and motor control to include sensory, cognitive, communication, and behavioral difficulties that can influence 
rehabilitation needs and functional independence (1). Although the underlying neurological disturbance is 

https://creativecommons.org/licenses/by/4.0/deed.en
https://jhwcr.com/index.php/jhwcr/index
https://jhwcr.com/index.php/jhwcr/index
https://lmi.education/
https://doi.org/10.61919/k67dxw67
https://doi.org/10.61919/k67dxw67


JHWCR-2146 | 2026;4(6) | ISSN 3007-0570 | © 2026 The Authors | CC BY 4.0 | Page 2 

nonprogressive, its functional consequences and associated musculoskeletal complications may change with 
growth and aging. Management therefore requires coordinated, individualized care that addresses current 
limitations while supporting longer-term mobility, participation, and quality of life (2). Evidence of coexisting health 
conditions and continuing healthcare needs among adults with CP further emphasizes the importance of 
considering rehabilitation across the lifespan rather than solely during childhood (3). 

Physiotherapy is a central component of CP management, but intervention selection is complicated by substantial 
variation in motor presentation, functional capacity, age, associated impairments, and personal goals (1,2). 
Improvements in muscle strength, balance, or movement quality are relevant therapeutic targets; however, their 
value also depends on whether they translate into meaningful changes in everyday activities. Research on exercise 
interventions for postural control illustrates the breadth of approaches available and the need to interpret findings 
in relation to the population, intervention, and outcome assessed (4). A clinically useful synthesis must therefore 
distinguish changes in body function from improvements in activity and participation, while avoiding the 
assumption that one intervention is equally appropriate for all individuals with CP. 

The evidence landscape encompasses established approaches, including neurodevelopmental therapy, task-
oriented practice, resistance exercise, gait training, and constraint-induced movement therapy (CIMT), alongside 
technology-assisted rehabilitation and adjunctive interventions (1,2). Comparative interpretation is particularly 
important because treatment effects may depend on practice intensity and the intervention used as a comparator. 
For example, the review by Chiu and Ada indicates that the apparent advantage of CIMT differs when it is compared 
with no intervention versus an equivalent dose of upper-limb practice without restraint (5). Such findings highlight 
why improvement following treatment, or an intervention’s widespread use, should not be interpreted as sufficient 
evidence of superiority. 

Robotic rehabilitation has introduced additional opportunities for structured, repetitive motor practice, although 
its clinical value requires assessment against functional outcomes and appropriate comparison treatments (6). 
Aquatic exercise and hippotherapy have also been investigated as adjunctive approaches to improving motor 
function (7,8). These approaches should not be grouped indiscriminately as newly emerging techniques: 
established therapeutic modalities, newer delivery technologies, and recent evidence about their effectiveness 
represent different forms of advancement. Their inclusion within one review is useful only when potential benefits 
are considered alongside methodological limitations, treatment demands, and applicability to different functional 
presentations. 

Existing intervention-specific studies and reviews provide valuable information, but translating their findings into 
an integrated account of physiotherapy options requires attention to differences in populations, treatment dose, 
comparators, and outcome domains (4–8). The rationale for the present review is therefore to bring established 
interventions and newer rehabilitation technologies into a common clinical perspective, rather than to derive a 
pooled treatment effect or claim an exhaustive ranking of therapies. A narrative approach permits contextual 
comparison of heterogeneous evidence while making the limits of that interpretation explicit. Accordingly, this 
narrative review examines literature published between 2015 and 2025 to address the following question: what 
benefits, limitations, and clinical applications are reported for established physiotherapy interventions and 
emerging rehabilitation technologies in individuals with CP, and what uncertainties remain regarding functional 
outcomes and individualized treatment selection? 

MATERIAL AND METHODS 

A narrative literature review was conducted to examine established physiotherapy interventions and emerging 
rehabilitation techniques for individuals with cerebral palsy (CP). The scope encompassed neurodevelopmental 
therapy, task-oriented training, strength and resistance training, treadmill and gait training, constraint-induced 
movement therapy, robotic and technology-assisted rehabilitation, hydrotherapy, and hippotherapy. A narrative 
approach was selected to permit contextual interpretation across interventions with differing therapeutic aims, 
participant characteristics, study designs, and outcome measures. The review sought to describe clinical 
applications, reported functional benefits, limitations, and areas of uncertainty rather than estimate a pooled 
treatment effect or establish a definitive ranking of interventions. 
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The literature search used PubMed and Google Scholar, with Physiopedia consulted as a supplementary educational 
resource. The principal publication window was 2015–2025. Searching focused on cerebral palsy and the 
physiotherapy intervention categories within the review’s scope. Reference lists of relevant articles were also 
examined to identify additional literature. Background sources were considered separately to support descriptions 
of CP, associated impairments, and rehabilitation principles. 

Literature selection was guided by relevance to physiotherapy management of CP and the contribution of each 
article to understanding an intervention’s application or reported outcomes. Titles and abstracts were initially 
screened, followed by full-text assessment of potentially relevant articles. Publications were retained when they 
addressed a relevant intervention and provided information about its clinical application, functional outcomes, or 
therapeutic effects. Primary intervention studies were distinguished from systematic reviews, meta-analyses, and 
contextual sources so that study-specific findings could be considered separately from broader interpretations of 
the evidence. Background articles were not treated as primary intervention studies. 

Information extracted from the selected literature included study characteristics, participant populations, 
interventions investigated, outcome measures or variables assessed, and principal findings. For intervention 
studies, this information was organized by treatment category and functional domain, including gross motor 
function, balance, gait, muscle strength, upper-limb function, postural control, spasticity, and activities of daily 
living. The characteristics and findings of the primary studies were summarized in a study-level table to support 
comparison within the narrative synthesis. 

Findings were synthesized thematically according to the intervention categories defined in the review scope. 
Within each category, the synthesis considered reported benefits, clinical applications, limitations, and research 
uncertainties in relation to the population and outcomes investigated. Differences in participant characteristics, 
treatment intensity, intervention content, and outcome measurement informed interpretation of variation across 
studies. Statistical pooling was not undertaken because the review addressed a broad and heterogeneous body of 
literature through contextual narrative comparison. 

The literature-selection approach was intended to support a clinically relevant overview rather than an exhaustive 
account of all eligible evidence. Selection according to relevance and the interpretive nature of narrative synthesis 
introduce the possibility of selection bias and uneven representation of findings. Accordingly, the synthesis was 
treated as a contextual interpretation of the selected literature, with conclusions bounded by the populations, 
interventions, and outcomes represented in that evidence. 

RESULTS 

The supplied study-level summary contained 15 primary-study entries covering neurodevelopmental therapy, task-
oriented interventions, and strengthening approaches (Table 1). Additional primary evidence concerning treadmill 
training, CIMT, and aquatic interventions was described elsewhere in the manuscript (Table 2). These entries do not 
establish the total number of studies included in the review. Participant descriptions ranged from preterm infants 
and children with developmental delay to children, adolescents, and young adults with CP. Most summaries did not 
provide sample sizes, numerical between-group effects, confidence intervals, or exact p-values, limiting 
assessment of effect magnitude and precision. 

The NDT evidence included reports of improved gross motor performance, postural control, balance, and functional 
activities (Table 1). Labaf et al. described improvements across several GMFM domains following three months of 
treatment, while other summaries reported changes in balance or functional performance. However, the extracted 
information did not consistently identify study design, comparator, or numerical treatment effects. Two entries 
involved preterm infants or mixed developmental-delay populations, restricting CP-specific interpretation. 
Consequently, these reports cannot independently establish that NDT is superior to other active rehabilitation 
approaches, and an overall conclusion requires reconciliation with the contrary evidence identified during peer 
review. 

Table 1. Characteristics and reported findings of primary studies summarized in the supplied extraction table 
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Study Design and 

sample 

Population Intervention Outcomes Reported findings Quantitative 

reporting and 

interpretation 

Labaf et al., 2015 Design and 

sample size: 

NR 

Children with CP Neurodevelopmental 

therapy (NDT); three-

month treatment 

described in the 

narrative 

Gross Motor 

Function 

Measure 

(GMFM) 

domains 

Improvements reported in 

lying/rolling, sitting, 

crawling/kneeling, and 

standing 

Effect estimates, 

confidence 

intervals, and 

exact p-values: 

NR. 

Comparative 

benefit cannot 

be quantified. 

Lee, 2017 Design and 

sample size: 

NR 

Preterm infants Intensive 

neurodevelopmental 

treatment 

Motor 

development 

Improvement in motor 

development reported 

CP diagnosis or 

high-risk status 

is not 

established in 

the supplied 

summary; 

direct 

applicability to 

CP remains 

uncertain. 

Lee et al., 2017 Design and 

sample size: 

NR 

Children with 

developmental 

delay, with or 

without CP 

Intensive NDT Motor 

development 

and functional 

outcomes 

Improvements reported 

following treatment 

CP-specific 

results: NR. 

Findings from 

the mixed 

population 

cannot be 

attributed 

exclusively to 

children with 

CP. 

Park and Kim, 

2017 

Design and 

sample size: 

NR 

Children with 

spastic CP 

NDT-based 

physiotherapy 

Strength, 

spasticity, gross 

motor function 

The supplied summary 

identifies the outcomes 

investigated but does not 

specify their direction or 

magnitude 

Treatment 

effects cannot 

be determined 

from the 

supplied 

information. 

Tekin et al., 2018 Design and 

sample size: 

NR 

Children with CP Bobath/NDT Postural control 

and balance 

Improvements reported Comparator, 

effect estimates, 

confidence 

intervals, and 

exact p-values: 

NR. 

Kalaichandran 

and 

Swarnakumari, 

2019 

Comparative 

study; 

allocation 

method and 

sample size: 

NR 

Children with CP NDT versus 

conventional therapy 

Functional 

performance 

Greater functional benefit 

with NDT reported 

Size and 

precision of the 

between-group 

difference: NR. 

Ogwumike et al., 

2019 

Design and 

sample size: 

NR 

Ambulatory 

children with CP 

Task-oriented training 

(TOT), including ramps, 

stairs, sit-to-stand, and 

stepping 

Balance and 

motor function 

Improvements reported Dose, 

comparator, 

effect estimates, 

confidence 

intervals, and 

exact p-values: 

NR. 

Ko et al., 2020 Comparative 

study; 

allocation 

method and 

sample size: 

NR 

Children aged 4–

7.5 years; 

GMFCS I–III 

Group TOT versus 

individualized 

traditional physical and 

occupational therapy 

GMFM-88, BOT-

2, PEDI 

Significant improvements 

reported in standing, 

walking/running/jumping, 

manual dexterity, and social 

function; improvements 

maintained at 16 weeks 

Exact p-values 

and between-

group 

estimates: NR. 

The supplied 

summary does 

not consistently 

distinguish 

within-group 

from between-

group findings. 

Jin-rong et al., 

2020 

Design and 

sample size: 

NR 

Children with 

spastic CP 

Biofeedback combined 

with TOT 

Hand function, 

Gesell scale, 

balance 

Improvements in motor-

related outcomes reported 

Incremental 

benefit 

attributable to 

biofeedback or 
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Study Design and 

sample 

Population Intervention Outcomes Reported findings Quantitative 

reporting and 

interpretation 

TOT cannot be 

separated from 

the supplied 

information. 

Fan et al., 2022 Design and 

sample size: 

NR 

Children with 

spastic CP 

Family-centered TOT Functional 

independence 

and quality of 

life 

Improvements associated with 

family participation reported 

Comparator, 

effect estimates, 

confidence 

intervals, and 

exact p-values: 

NR. 

Moon et al., 2017 Design and 

sample size: 

NR 

Children with 

spastic 

hemiplegic CP 

TOT Hand dexterity 

and strength 

The supplied summary 

identifies the outcomes 

investigated without reporting 

the results 

Direction and 

magnitude of 

treatment 

effects cannot 

be determined. 

Nikolaos et al., 

2019 

Design and 

sample size: 

NR 

Ambulatory 

adolescents and 

young adults 

with CP 

Functional progressive 

strength training 

GMFM-D/E, sit-

to-stand, lateral 

step-up, TUG, 

range of motion, 

spasticity, 

strength 

Significant improvements 

reported in GMFM-D/E and 

functional tests; no adverse 

effects reported for assessed 

range-of-motion or spasticity 

measures 

Exact p-values, 

effect estimates, 

and confidence 

intervals: NR. 

Safety reporting 

is limited to the 

specified 

measures. 

Lee et al., 2015 Design and 

sample size: 

NR 

Children with 

spastic CP 

Progressive functional 

training 

Lower-limb 

muscle 

architecture and 

motor function 

The supplied summary 

identifies the outcomes 

investigated without 

specifying treatment effects 

Direction and 

magnitude of 

findings cannot 

be determined. 

Ross et al., 2016 Design and 

sample size: 

NR 

Individuals with 

CP 

Trunk strengthening Sitting postural 

balance and 

upper-extremity 

function 

Significant improvement in 

balance, particularly sitting 

balance, reported 

Exact p-values 

and effect 

estimates: NR; 

upper-extremity 

findings are not 

specified. 

Al-Nemr, 2024 Comparative 

study; 

allocation 

method and 

sample size: 

NR 

Children with 

spastic diplegic 

CP 

Functional strength 

training combined with 

cognitive intervention 

GMFM-88 More favorable gross motor 

outcomes than the 

comparison condition 

reported 

Comparator 

details and 

numerical 

between-group 

results: NR. The 

contribution of 

each treatment 

component 

cannot be 

isolated. 

CP, cerebral palsy; GMFCS, Gross Motor Function Classification System; GMFM-D/E, standing and 
walking/running/jumping dimensions; BOT-2, Bruininks–Oseretsky Test of Motor Proficiency, Second Edition; PEDI, 
Pediatric Evaluation of Disability Inventory; TUG, Timed Up and Go. 

Table 2. Additional primary intervention evidence described in the manuscript 

Study Design and sample Population Intervention and 

reported dose 

Outcomes and reported 

findings 

Statistical reporting and 

limitations 

Sanad, 2017 Design: NR; 12 

children 

Children with spastic 

diplegic CP 

Backward treadmill 

training 

Increased walking speed 

and endurance reported 

Effect estimates, confidence 

intervals, and exact p-values: 

NR. 

Doğan and 

Mutluay, 2023 

Randomized 

controlled study; 

sample size: NR 

Individuals with CP; 

age and functional 

classification: NR 

Backward treadmill 

walking 

Significant improvement 

in motor capacity 

reported 

Exact p-values, treatment 

effects, and confidence 

intervals: NR. 

Ramey et al., 

2021 

Randomized 

controlled trial; 

sample size: NR 

Children with CP; 

detailed eligibility: 

NR 

Higher-dose CIMT 

described as 3 

hours/session, 5 

days/week, for 4 weeks 

Greater gains than usual 

customary treatment 

reported 

Outcome-specific estimates 

and exact p-values: NR. 

Comparisons with usual care 

do not isolate the effect of 

restraint from treatment 

intensity. 

Nordstrand et 

al., 2015 

Retrospective study; 

sample size: NR 

Children with 

unilateral CP 

Baby-CIMT Approximately sixfold 

higher chances of better 

functional levels at two 

years reported 

The underlying effect 

measure, confidence 

interval, adjustment, and 

outcome definition are not 
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Study Design and sample Population Intervention and 

reported dose 

Outcomes and reported 

findings 

Statistical reporting and 

limitations 

supplied. This is an 

association, not an 

established causal effect. 

Eliasson et al., 

2018 

Exploratory 

randomized study; 

sample size: NR 

Infants younger than 

12 months with 

clinical signs of 

unilateral CP 

Baby-CIMT versus 

massage 

Greater improvement in 

unimanual ability 

reported with Baby-CIMT 

Effect estimates, confidence 

intervals, and exact p-values: 

NR. 

Akinola et al., 

2019 

Design and sample 

size: NR 

Children with spastic 

CP 

10-week aquatic 

exercise program 

The cited study addresses 

gross motor function; the 

narrative additionally 

attributes quality-of-life 

improvement 

Outcome attribution 

requires reconciliation with 

the original study before a 

definitive result is reported. 

Esmailiyan et al., 

2023 

Case study, as 

identified in the 

supplied reference; 

sample size: NR 

Children with CP Eight weeks of aquatic 

exercise 

Increased muscle 

strength reported 

Uncontrolled findings do not 

establish comparative 

effectiveness; numerical 

results: NR. 

Duangkaew and 

Jaidee, 2017; 

Wadu Mesthri, 

2019 

Designs and sample 

sizes: NR 

Children with CP Exercise-based 

hydrotherapy; 6–8-

week programs 

discussed collectively 

Improved balance 

reported 

Study-specific doses and 

statistical results are not 

separately provided. 

Mostafa et al., 

2021 

Design and sample 

size: NR 

Children with CP Aquatic intervention; 

dose: NR 

Improved head control 

reported 

The supporting citation is 

incomplete in the supplied 

narrative; numerical 

findings: NR. 

CIMT, constraint-induced movement therapy. Treatment schedules are reported descriptions, not established 
optimal doses. The sixfold Baby-CIMT finding is retained as an unresolved numerical report and should not be 
presented as a verified odds ratio or risk ratio. 

Table 3. Intervention-level synthesis and limits of interpretation 

Intervention Evidence represented in the 

supplied manuscript 

Functional findings described Main limitation affecting interpretation 

NDT/Bobath Primary studies, mixed-

population studies, and a 

cited meta-analysis 

Improvements in selected motor 

and postural outcomes reported 

in individual studies 

Improvement following treatment does not 

establish comparative superiority. Contrary 

evidence identified during peer review must be 

integrated before drawing an overall 

effectiveness conclusion. 

Task-oriented training Primary comparative studies 

and secondary reviews 

Improvements in balance, gross 

motor performance, dexterity, 

independence, and social function 

reported 

Treatment content and dose vary; combined 

programs do not isolate the contribution of TOT. 

Strength/resistance 

training 

Primary studies, 

combination interventions, 

and reviews 

Improvements in selected 

strength and functional outcomes 

reported 

Transfer to participation and long-term retention 

is insufficiently characterized in the supplied 

summaries. 

Treadmill and gait 

training 

Randomized studies, smaller 

primary studies, and reviews 

Improvements in walking speed, 

endurance, motor capacity, and 

selected gait measures reported 

Training modes, comparators, and functional 

populations differ; a universal benefit across all 

gait interventions is not established. 

CIMT Randomized studies, 

retrospective evidence, and a 

systematic review 

Upper-limb benefits reported, 

particularly in unilateral CP 

Comparative advantage depends on comparator 

and dose; the supplied review distinguishes 

benefit over no treatment from comparisons with 

equivalent practice without restraint. 

Robotics and virtual 

reality 

Primary reports and 

systematic reviews cited 

Potential motor benefits and 

sensory-feedback applications 

described 

Numerical clinical results and study-level 

comparisons are insufficiently presented to 

establish superiority or durability. 

Aquatic therapy Primary studies, a case 

study, and a review 

Balance, strength, mobility, 

endurance, and head-control 

benefits described 

Outcome attribution and study design are 

incompletely reported. A review’s schedule of 2–3 

sessions/week for more than 6 weeks is not proof 

of an optimal dose. 

Hippotherapy Primary studies and a 

systematic review/meta-

analysis listed in the 

bibliography 

Trunk control, balance, and gross 

motor function are identified as 

relevant outcomes 

The supplied manuscript does not contain an 

adequate study-level synthesis or numerical 

results supporting its summary claims. 

No formal certainty categories are assigned because an evidence-grading procedure was not reported. The present 
narrative review did not conduct meta-analysis; pooled effects from cited reviews should be tabulated only after 
their actual estimates and uncertainty have been extracted. 



JHWCR-2146 | 2026;4(6) | ISSN 3007-0570 | © 2026 The Authors | CC BY 4.0 | Page 7 

Task-oriented interventions addressed lower-limb activities, hand function, and everyday independence. In the Ko 
et al. study, participants were aged 4–7.5 years and classified at GMFCS levels I–III; improvements in selected gross 
motor, dexterity, and social-function outcomes were reported as maintained at 16 weeks (Table 1). Other studies 
described task practice incorporating stairs, ramps, stepping, and sit-to-stand activities, or combined TOT with 
biofeedback and family participation. These findings suggest benefits in specific trained domains, but the supplied 
summaries do not consistently establish whether reported significance concerned within-group change or 
superiority over a comparator. Differences in treatment content and combined components also prevent 
attribution of benefit to task-oriented practice alone. 

Strengthening studies reported improvements in selected functional measures, including GMFM standing and 
mobility dimensions, sit-to-stand performance, lateral step-up, and TUG (Table 1). Nikolaos et al. reported no 
adverse effects on the assessed range-of-motion or spasticity measures, although broader safety outcomes were 
not described. Ross et al. reported improved sitting balance, while Al-Nemr described more favorable gross motor 
outcomes following combined strength and cognitive training. These findings support further consideration of 
strengthening within functional rehabilitation, but the available summaries do not quantify comparative effects or 
establish consistent improvements in participation. 

Gait-training findings were primarily related to walking performance and motor capacity (Tables 2 and 3). A study 
involving 12 children with spastic diplegic CP reported improved speed and endurance following backward treadmill 
training, and Doğan and Mutluay reported significant motor-capacity improvement in a randomized study. However, 
numerical effects and uncertainty were not supplied. Differences between forward, backward, supported, robotic-
assisted, and antigravity training also limit any general conclusion that all gait-training approaches provide 
equivalent benefits. 

CIMT findings were concentrated on unilateral upper-limb function. The supplied account of Ramey et al. described 
treatment lasting three hours per session, five days per week, for four weeks, with greater gains than usual 
customary treatment (Table 2). An exploratory randomized study in infants younger than 12 months reported better 
unimanual outcomes with Baby-CIMT than massage. The retrospective sixfold association reported by Nordstrand 
et al. remains difficult to interpret without its effect measure, uncertainty, and adjustment details. At review level, 
the distinction between comparison with no intervention and comparison with dose-matched practice indicates 
that treatment intensity and comparator choice are central to interpretation (5). 

Robotic and virtual-reality interventions were described mainly through their potential to support repetitive 
practice and sensory feedback. Although robotic upper-limb rehabilitation was represented by a systematic review, 
the supplied synthesis did not provide sufficient study-level numerical findings to determine comparative benefit 
or persistence of effects (6). Aquatic interventions included a 10-week exercise program and an eight-week case 
study, alongside reports of improved balance and head control (Table 2). Outcome attribution requires particular 
care because the Akinola study addresses gross motor function, whereas the original narrative associates it with 
quality-of-life improvement (7). Hippotherapy was represented by a systematic review and meta-analysis in the 
bibliography, but its findings were not adequately extracted into the supplied synthesis (8). 

Across intervention categories, the reported benefits were predominantly specific to motor or functional domains 
rather than evidence of a consistently superior rehabilitation approach. The principal interpretive limitations were 
incomplete numerical reporting, heterogeneous populations and treatment schedules, insufficiently specified 
comparisons, and limited separation of combined intervention components (Table 3). These limitations prevent 
defensible treatment rankings or formal certainty classifications from the supplied extraction alone. 

DISCUSSION 

This narrative review examined the reported benefits, limitations, and clinical applications of established 
physiotherapy interventions and emerging rehabilitation technologies for individuals with cerebral palsy (CP). The 
synthesis identified improvements in selected motor and functional outcomes across task-oriented practice, 
strengthening, gait training, constraint-induced movement therapy (CIMT), and adjunctive approaches. However, 
the evidence did not establish a consistently superior intervention across populations and functional domains. 
Interpretation depended on participant characteristics, treatment content and intensity, comparator selection, 
and the outcomes assessed. These findings support a goal-directed interpretation of rehabilitation evidence, 
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consistent with broader accounts of individualized, multidisciplinary CP management, while providing insufficient 
support for universal treatment rankings (1,2). 

The neurodevelopmental therapy (NDT) findings illustrate the importance of distinguishing improvement following 
treatment from comparative effectiveness. Individual studies described improvements in gross motor 
performance, balance, and functional activities, but their summaries did not consistently establish the magnitude 
or precision of between-group differences (9,12–14). Two studies also involved preterm infants or mixed 
developmental-delay populations, making their direct applicability to confirmed CP uncertain (10,11). Consequently, 
the favorable changes reported in these studies cannot independently establish that NDT is superior to other active 
approaches. The interpretation offered by this review is that treatment familiarity, historical prominence, and 
within-group improvement should not substitute for evidence of clinically meaningful comparative benefit.  

Task-oriented interventions were associated with improvements in trained activities, including balance, mobility, 
dexterity, and functional independence (15–18). This pattern is compatible with the broader emphasis on functional 
goals in CP rehabilitation, but the interventions differed substantially in content and delivery (1,2). The maintenance 
of selected improvements at 16 weeks in the Ko et al. summary provides an indication of retention beyond 
immediate treatment, although it does not establish sustained benefit across longer developmental periods (16). 
Likewise, reports involving biofeedback or family-centered practice do not isolate the contribution of each 
component unless the comparison groups adequately control for treatment intensity and additional support (17,18). 
The clinically relevant interpretation is therefore that task-specific practice may contribute to selected functional 
goals, while its optimal format and incremental benefit require more precise comparative evidence. 

Strengthening and gait interventions also demonstrated the distinction between improving an impairment and 
improving everyday function. Reports of better functional test performance following progressive strengthening 
suggest that benefits may extend beyond isolated muscle force, but participation outcomes and long-term 
retention were insufficiently characterized (20,22,23). Similarly, the absence of adverse changes in selected 
spasticity and range-of-motion measures should not be interpreted as comprehensive evidence of safety or 
tolerability (20). Backward treadmill studies reported gains in walking performance or motor capacity, but 
differences in participant function, training mode, and comparator limit generalization to all individuals with CP 
(24,25). These findings complement the intervention-specific perspective of earlier exercise reviews by 
emphasizing that changes in strength, balance, and walking capacity need to be linked explicitly to meaningful 
activity goals (4). 

The CIMT evidence particularly demonstrates how comparator choice influences the apparent effectiveness of 
rehabilitation. The supplied systematic review distinguished benefits over no intervention from comparisons with 
an equivalent dose of upper-limb practice without restraint (5). Accordingly, gains following intensive CIMT should 
not automatically be attributed to restraint itself. The higher-dose program described by Ramey et al. combined 
restraint with substantial practice exposure, while the Baby-CIMT comparison with massage addressed a different 
clinical question from comparison with another intensive motor intervention (26,28). The retrospective association 
reported by Nordstrand et al. is additionally vulnerable to differences in baseline function, treatment selection, and 
other prognostic factors (27). Taken together, these findings support outcome- and comparator-specific 
interpretation rather than either unrestricted endorsement or dismissal of CIMT. 

Robotic rehabilitation, aquatic exercise, and hippotherapy broaden the range of intervention options, but their 
distinct evidence bases should not be combined into a single category of emerging treatment. Robotic upper-limb 
rehabilitation has been examined in a systematic review, whereas aquatic and hippotherapy evidence includes 
different designs and therapeutic targets (6–8). In the present synthesis, limited extraction of numerical results, 
treatment comparisons, and follow-up outcomes restricted judgments about comparative benefit. The aquatic 
case-study evidence, for example, can illustrate a treatment application but cannot establish effectiveness relative 
to another intervention (29). The contribution of this narrative review is therefore principally contextual: it places 
these approaches alongside established interventions and identifies the information needed for clinical 
comparison. It does not demonstrate that technological sophistication, treatment novelty, or access to specialized 
facilities produces superior outcomes. 

Several limitations arise specifically from this review’s methods and evidence presentation. Searching PubMed and 
Google Scholar, with Physiopedia used as a supplementary educational resource, provided a clinically oriented 



JHWCR-2146 | 2026;4(6) | ISSN 3007-0570 | © 2026 The Authors | CC BY 4.0 | Page 9 

selection of literature but did not establish exhaustive coverage. The relevance-based selection process creates 
the possibility that favorable or readily accessible studies were preferentially represented. Although the principal 
publication window was 2015–2025, the original manuscript also discussed older intervention evidence without 
consistently separating historical context from the contemporary synthesis. The study table disproportionately 
represented NDT, task-oriented training, and strengthening, while robotics and hippotherapy lacked comparable 
study-level detail. Sample sizes, allocation methods, numerical between-group effects, confidence intervals, and 
exact p-values were frequently absent from the extracted summaries. These omissions limit appraisal of the 
evidence presented here; they should not be interpreted as proof that the original studies failed to report those 
details. 

The use of primary studies alongside systematic reviews creates a further risk of treating overlapping evidence as 
independent confirmation. Without explicit identification of shared studies, repeated favorable findings across 
publications may appear more substantial than the underlying evidence warrants. The inclusion of different age 
groups, functional classifications, and mixed diagnostic populations also limits transferability. Although the 
review’s scope encompasses individuals with CP across the lifespan, much of the intervention evidence described 
concerns children, and its applicability to adults requires separate consideration in light of their continuing 
functional and healthcare needs (3). These limitations preclude formal certainty classifications and definitive 
comparisons between treatment categories. 

For clinical practice, the evidence is most useful when interpreted against an individual’s functional goals, abilities, 
treatment tolerance, and opportunities for practice. This is a clinical interpretation of the synthesis rather than a 
treatment-selection rule directly tested by the review. Similarly, service planning should distinguish the resources 
required to deliver an intervention from its cost-effectiveness; the present evidence does not justify economic 
rankings. Future research should prioritize adequately described, dose-matched comparisons that separate 
treatment-specific effects from practice intensity, therapist contact, and co-interventions. Studies should report 
age, CP subtype, functional classification, adherence, adverse events, numerical between-group effects with 
confidence intervals, and follow-up sufficient to evaluate retention. Greater attention is needed to adults, 
nonambulatory individuals, and dyskinetic or ataxic presentations. Participation, caregiver burden, accessibility, 
and economic outcomes should accompany motor measures so that future syntheses can assess both clinical 
benefit and practical value. 

CONCLUSION 

Physiotherapy interventions for cerebral palsy offer potential benefits in selected motor and functional domains, 
but this narrative synthesis does not establish a single superior approach or an optimal combination of treatments. 
Clinical interpretation should account for individual goals, functional presentation, treatment intensity, comparator 
choice, and the relevance of measured outcomes to everyday activities. Established interventions and technology-
assisted or adjunctive approaches should be considered according to their supporting evidence rather than 
familiarity or novelty. More clearly reported comparative studies, with meaningful functional outcomes and longer 
follow-up, are needed to guide individualized rehabilitation and service planning. 
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