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Abstract

The most prevalent form of physical disability in children is cerebral palsy, which frequently coexists
with prematurity or abnormal brain impairment in infants. Since the essential neuroplastic window
extends throughout infancy, early physiotherapy can bring significant value to the motor and
functional development. This review summarizes the data on the effects of physiotherapeutic
interventions that are implemented in the first years of life in infants diagnosed with or at risk of CP.
It studies the models, mechanisms of delivery, and outcomes, as well as effectiveness. A Structured
narrative review was performed in which 396 articles were identified in databases with the help of
Boolean operators. Following the application of the inclusion/exclusion criteria and constraints after
screening, 20 studies were selected. The analysis and summary of interventions were done in terms of
timing, modality, parent involvement, and motor outcomes. Studies demonstrated early
physiotherapy’s role in enhancing gross motor function, postural control, and movement quality in
infants with or at risk for cerebral palsy. Therapist-led interventions emphasized neurodevelopmental
principles, alignment strategies, and enriched sensorimotor play. While parent-mediated models
supported continuity, the physiotherapist’s role in goal setting and clinical calibration remained
central. Starting physiotherapy during the first year of life has significant developmental benefits for
infants who are at risk of CP. The facts advocated a change towards motor training integrated with
environmental-enriched and cognitive stimulation, which are structured, family-based.
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Introduction

Cerebral palsy (CP) is a collection of permanent and non-progressive neurodevelopmental disorders
which are mostly related to movements and posture. [!! It is the most common cause of childhood motor
disability and is estimated to occur worldwide on the order of 2 and 2.5 per 1,000 live births. %!
Although its etiologic background is heterogeneous, prematurity and neonatal brain injury prevail.
Improved neonatal survival rates have ironically elevated the volume of babies, who are at greatest
danger of CP, especially those born prior to 37 weeks of gestation. [*!

The brain of a newborn baby has a neuroplastic nature, particularly during the initial year of existence,
and that is the period during which activities are essential to reorganization of the nerve cells in the
head.[*! Interventions which have been implemented at this stage have the capacity to induce synaptic
pruning, motor mapping and cortical rewiring.!*! This has instigated development of early physiotherapy
as a pillar of neurorehabilitation in children.[®!
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Active, goal-oriented and context-enriched interventions have replaced passive, therapist-driven and
dwelling handling in contemporary physiotherapy paradigm.!”) Treatment models like Baby- Constraint-
Induced Movement Therapy (Baby-CIMT), Small step, focus on parent delivered, task specific, motor
learning combined with daily activities.[®) Another group, such as Sitting Together and Reaching to Play
(START-Play ) and Goals Activity Motor Enrichment (GAME), integrates motor and cognitive
experience to increase embodied learning.[’’ Although data on individual studies show promising results,
there lacks consistency in content of an intervention, a means of delivery, and analysis of outcomes.!

The purpose of the narrative review is to synthesize the existing literature on physiotherapy
interventions that linked to the introduction of these interventions within the first 12 months of life
among infants with a diagnosis or risk of CP. It makes cross comparisons with the therapeutic modalities,
summaries clinical results and forms identification gaps with the research and practice to draw the next
generation of early intervention process.

Methodology

This narrative review used a structured approach to search and consolidate supposedly identifying
relevant literature that contained an evaluation on early physiotherapy intervention among children of 0-
12 months with the condition of cerebral palsy (CP) or the presence of the probability of developing it.
The search uses 4 databases including PubMed, Scopus, Cochrane library, and Google Scholar to cover
the searches in the period 2009 to April 2024. The Boolean search term used was “infants OR neonates
OR preterm” AND “physiotherapy OR rehabilitation OR early intervention” AND “cerebral palsy OR
developmental delay” AND "motor outcomes OR GMFM OR intervention efficacy”. This generated one
hundred and ninety-six records. Duplicates were removed, and the titles and abstracts were screened;
141 full-text articles were evaluated in detail.

The inclusion criteria necessitated that studies include infants whose corrected age is below 12 months,
diagnosed with, or are at risk of developing CP. Available studies were required to apply physiotherapy,
neuro- and/or motor-based interventions and to report their results with using standardized measures
including the Gross Motor Function Measure (GMFM), Peabody Developmental Motor Scales (PDMS-
2), Gross Motor Performance Measure (GMPM), Alberta Infant Motor Scale (AIMS), Bayley Scales of
Infant Development (Bayley-III), or parent-reported outcome measures. Only randomized trials, cohort
studies, or highly organized intervention schemes, including a minimum of 10 participants, were
considered. Studies were excluded when interventions were initiated later than 12 months of age or the
study was not published in English language or it was a review study, commentary, and/or lacked
primary empirical data, animal models, and/or the study was reported as a case report. Of the 19 finally
included in final synthesis, their inclusion was arrived at after applying these eligibility criteria. These
included 13 randomized controlled trials or pilot RCTs, three, structured intervention protocols, two
prospective cohort studies and a national survey of early intervention practices. The Physiotherapy
Evidence Database (PEDro) scale, which was used to evaluate the quality of the methodology, is a
validated and freely available publicly available, free of charge tool used in research and clinical
purposes by the PEDro team (www.pedro.org.au). It did not need any other licensing fee. Primary
information of every research (such as the authorship, year of publication, sample description, type of
intervention, mode of delivery, outcome measures and predominant results), was methodically lifted into
evidence perceptual tables. The synthesis of the narrative then made comparisons and contrasts of these
therapy models on the based on type, the mode of delivery, type of caregiver participation, time of
treatment, as well as claimed outcomes of these kinds of therapy in respective clinical areas.
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Quality and Methodological evaluation

The quality of methodology of included studies was assessed using PEDro scale of included randomized
and quasi random experiments, and risk of bias was used to evaluate the included non-randomized and
observational studies qualitatively. Most of their trials had a high degree of methodological quality as
PEDro scores were between 7 and 9, representing a low potential bias.The designs were robust,
consisting of concealed allocation and blinded assessors and an intention to treat analysis, and
interventions included parent-led physiotherapy, motor training, or enriched environment. In comparison,
quasi-experimental and non-randomized studies had moderate or high risk of bias rating with lower
PEDro score (3-6) because of weaknesses such as failure of blinding and random allocation concealment.
Observational surveys had no points awarded on the PEDro scale, but they did offer a great deal of
contextual information on early intervention practitioners.

Total records identified(2009-2024) through
database search (n=396)

«

Duplicates removed
(n=304)

«

Full text articles assessed for eligibility
(n=141)

«

Full text articles excluded Age>12 months
(n=122)

-

Studies included in final synthesis
(n=19)

Flow of Research Methodology
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Picked 19 studies were sampled between 2009 and 2024 similarly representing various healthcare
realities in both high-income and low-income settings. The age of the participants in the intervention
was between 34 weeks PMA and 9 months corrected age. Most of them were concentrated on babies
with abnormal neuroimaging, the lack of fidgety movements, or neurodevelopment risk at a high level.
The evaluations of gross motor effect were mostly quantitated by GMFM-66 or GMFM-88, whereas
movement quality and fine motor functioning were evaluated by GMPM, PDMS-2, HAI, AIMS and

Bayley Scales.
Table 1: Summary of Included Studies
S.no | Author | Year | Sample | Age Intervention | Outcome | Main Findings
Size Group at Measures
Interventi
on
1 Ustad 2009 |20 2-9 Intensive GMFM- | Significant
et al. months NDT blocks | 66, motor gains
[2] GMFM- | during intensive
88 [21] therapy
2 Lucas 2024 | 153 04 Ultra-early AIMS, Feasible
et al. months parent Bayley-1V | delivery; no
[3] corrected | coaching [24,25] statistical
difference
3 Benfer | 2024 | 86 0-9 LEAP-CP PEDI- Improved
et al. months peer-led CAT, mobility in
[4] corrected | home HINE, GMEFCS -1
program DASS group
[27,28,29]
4 Moham | 2020 | 60 <12 Physio + Developm | Strongest gains
ed et al. months Conductive | ental in early-
[5] Education Quotient | intervention
(DQ) [30] | group
5 Eliasso | 2018 | 32 3-6 Baby-CIMT | HAI, Improved
n et al. months vs. massage | AHA unimanual hand
[6] [31,32] | use
6 Dina & | 2023 |40 3-10 DinaCord Therapist | Enhanced
Pavel months therapist— rating, outcomes
[7] parent model | complianc | through parent—
e therapist
engagement
7 Boydet | 2017 | NA 3-9 REACH trial | Mini- Protocol phase;
al. [8] months protocol AHA, comparative
(Baby GMFM, limb training
mCIMT vs. | Bayley planned

Cuest.fisioter. 2024.53(2):5009-5019

5012



1 . 2 . 3 HABILITATING THE DEVELOPING BRAIN: A '
Deepak Nainwal, AA“k‘t ]?hargava’ Parul R V\RRATIVE REVIEW ON THE ROLE OF EARLY
grawa PHYSIOTHERAPY IN CEREBRAL PALSY
AMONG INFANTS AGED 0-12 MONTHS
BIM) [21,32,25]

8 Sgandu | 2018 | NA <9 months | CareToy- IMP, Protocol stage;
rra et Revised PDMS-2, | expected gains
al. [9] (tele-rehab Bayley in posture and

tech) [34,25] coordination

9 Zhang | 2015 | 48 <6 months | Comprehensi | GMFM, Milder baseline
et al. ve rehab FMFM, cases showed
[10] (PT/OT/mass | Gesell fastest gains

age/TCM) DQ
[21,30]

10 Harbou | 2021 | 112 6—12 START-Play | GMFM- Best suited for
rne et months (motor— 60, infants with low
al. [11] cognition) Bayley-III | motor baseline

[21,25]

11 Eliasso | 2016 | NA 3-6 Small Step PDMS-2, | Structured
n et al. months protocol AIMS, home plan;

[12] HAI [31] | protocol stage

12 Morgan | 2016 | 30 3-6 GAME PDMS-2, | Significant
et al. months intervention | GMFM, motor/cognitive
[13] COPM gains

[21,37]

13 Morgan | 2014 | NA <6 months | GAME Bayley, Framework for
et al. protocol AHEMD | enrichment +
[14] paper [25] coaching

14 Meena | 2012 | 100 NICU NICU-based | DDST, Reduced delays
et al. discharge | development | Amiel- at 6 months
[15] (34-36 al Tison follow-up

wks PMA) | physiotherap | exam [33]
y

15 Blauw- | 2011 | 46 <6 months | COPCA vs. | IMP, COPCA yielded
Hospers corrected | TIP PEDI, better functional
et al. Bayley process
[16] [26.25] outcomes

16 Hielke | 2020 |43 <5 months | COPCA vs. | PEDI, Greater
ma et corrected | TIP FES, empowerment/
al. [17] ITQOL QoL for parents

[35] in COPCA
group

17 Holmstr | 2019 | 39 4-9 Small Step PDMS-2, | Greatest
Oom et months full RCT GMFM, benefits in low-
al. [18] PEDI baseline infants
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[21,27]
18 Gmmas | 2019 | 269 NA National EI | Use of Tool usage and
h AS et (therapis | (survey of | survey GMA, goal setting
al. [19] ts) El HINE, inconsistent
practice) COPM across centers
tools
[36,37,38]
19 Skanika | 2024 | 20 NICU Long-term GMFM- EI group
et al. discharge | Bobath- 88, outperformed in
[20] to age 5 based GMPM mobility +
therapy [21] movement
quality

Table 2: Summary of Intervention Models

. Number of .
Therapy Modality Studies Common Techniques
Neurodevelopmental 5 Postural control, facilitation, trunk alignment,
Treatment (NDT) tone modulation, reflex integration
Constraint-Induced Restraint of unaffected limb, unimanual task
Movement Therapy | 3 training, repetition, structured feedback
(CIMT/mCIMT) & Iep :
Goal-Directed Enriched Play-based problem solving, cognitive-motor
Therapy (e.g., GAME, | 4 coupling, affordance-rich environments, motor
START-Play) planning
Traditional Infant 5 Handling-based, positioning, passive
Physiotherapy (TIP) movement sequences based on NDT principles
Technology-Assisted 5 Sensorized platforms (e.g., CareToy), remote
Interventions coaching, activity tracking, telehealth feedback
Parent-Coached Family- Home-based ta}Sk tralmng, caregiver
7 empowerment, daily motor routines, parent-led
Centered Therapy .
goal setting
Peer-Delivered or Tra1n§d peer facilitators, goal _ mapping,
. 1 simplified home programs, environmental
Community-Based Therapy
support
ical + i +
Comprehensive Multimodal Physical occupatlona'I speech therapy,
2 TCM (massage, steaming), hyperbaric Oa,
Programs . . .
electrical stimulation
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Discussion
Intervention models and motor sensory outcomes

Therapist-Guided Interventions for Motor Facilitation: Therapist-guided physiotherapy remains a
cornerstone of early intervention for infants with cerebral palsy, particularly those requiring active
facilitation to initiate and refine foundational movement patterns. These interventions often structured
around neurodevelopmental principles include postural transitions, trunk alignment, and limb
coordination through tactile cueing and graded sensory stimulation. Studies such as those by Ustad et al.,
Zhang et al., and Mohamed et al. demonstrated measurable improvements in gross motor function using
techniques that allow therapists to adjust biomechanics in real time and personalize progression based on
infant response. However, while several trials referenced outcomes related to movement quality
including aspects like symmetry, coordination, and stability the evidence remains limited, variably
defined, and largely reliant on subjective interpretation. Tools such as the Gross Motor Performance
Measure (GMPM), Hand Assessment for Infants (HAI) and Mini Assisting Hand Assessment (AHA)
offer structured formats, but cross-study comparison is challenged by inconsistent use and lack of
standardization. Thus, although qualitative motor gains are often clinically observed during therapist-led
sessions, the current literature provides only modest empirical support for these improvements.
Importantly, therapist involvement continues to play a critical role not only in clinical delivery but also
in goal setting, caregiver education, and follow-through planning—bridging the gap between early
intervention principles and sustained home-based application. Strengthening objective measurement of
movement quality in future research will be key to validating these therapeutic contributions more
robustly.

Enriched and Task-Specific Approaches Drive Quality Gains

Apart from achieving milestones, a key role of early physiotherapy is to optimize a baby’s movement.
Studies using instruments such as Gross Motor Performance Measure (GMPM) , Assisting Hand
Assessment (HAI), and Mini-Assisting Hand Assessment (Mini-AHA) showed that interventions
targeting movement quality — including Baby-CIMT (Constraint Induced Movement Therapy for
infants) and domain-focused task training (e.g., Small Step) — resulted in improvements in coordination,
symmetry, alignment, and friendliness. The inclusion of such qualitative components is critical for
mobility and participation in adult years and further support for the incorporation of qualitative measures
into childhood physiotherapy protocols.

In fact, treatments that combined cognitive and motor skills (e.g., START-Play, GAME) clearly double-
dipped improving both motor skill acquisition and problem-solving, joint attention, and receptive
communication. This embodiment framework represented a new paradigm for neurodevelopmental
therapy that acknowledges the inter-relation of sensorimotor and cognitive organs systems in early
infancy.

Family-Centered, Parent-Delivered Models Enhance Impact

Family-centered, parent-delivered physiotherapy models—such as COPCA (Coping with and Caring for
Infants with Special Needs), Small Step, and START-Play—represent a paradigm shift from
conventional therapist-led sessions to home-based, caregiver-empowered interventions. These
approaches positioned parents not just as participants but as primary facilitators of daily motor practice,
with therapists serving as coaches, guides, and problem-solving partners. For example, the COPing and
CAring for infants with special needs (COPCA) model emphasized parental coaching over direct
handling, encouraging infant-led movement exploration embedded within daily routines. Therapists
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provided feedback via home visits and video reviews, enabling parents to adapt tasks based on their
child’s abilities.

The Small Step Program divided intervention into structured domains (hand use, mobility, and
communication) and offered biweekly coaching. Parents were trained to set short-term goals, scaffold
movement through play, and adjust activities based on developmental cues—facilitating 35 weeks of
personalized motor training. In START-Play, parents were taught to promote embodied cognition by
integrating toys, positioning strategies, and problem-solving tasks that linked physical movement with
early cognitive skills. Coaching sessions empowered them to interpret their child’s responses and shape
play-based routines accordingly. Studies by Dina & Pavel and Skanika et al. further reinforced the
importance of strong therapist—parent communication. In DinaCord, detailed verbal guidance, trust-
building, and shared decision-making improved parental compliance and consistency in daily exercises.
Skanika et al. documented how sustained parental involvement—starting from NICU discharge and
continuing through early childhood—Iled to superior GMFM and GMPM outcomes, emphasizing
alignment, stability, and coordination.

Timing and Dose as Critical Determinants- The majority of these studies highlighted the neuroplastic
window of 0-6 months corrected age as a critical window of opportunity for the start of PT.
Interventions initiated in this particular period (e.g., GAME, Small Step, Baby-CIMT) had higher
potential to bring about objectively assessable changes in gross motor function (e.g., PDMS-2, GMFM-
66) and motor planning. Zhang et al. and Meena et al. also provided evidence that the earlier the
intervention was started, the better the neurodevelopmental and motor outcomes, especially in the
mature patients and in those with initial moderate deviation and a GMFCS level of I-II. Notably, there
are some studies (e.g., Harbourne et al., Holmstrom et al. observed divergent changes by pre-existing
motor status. For babies with mild delays, intervention with care as usual (CAU) or low-intensity
therapy produced similar results, suggesting the feasibility of stratified intervention intensity targeted at
higher versus lower-risk presentations.

Implementation Challenges and Research Gaps- Despite evidence of the feasibility and effectiveness
of early intervention, various obstacles remain. Our own clinical environment does not always have

predictive tools such as the General Movement Assessment (GMA) or Hammersmith Infant

Neurological Examination (HINE), as indicated by Gmmash & Effgen. In addition, modalities and
frequency of therapy, and therapist training is a barrier to consistent delivery of care. Several of these
interventions are labour intensive and may not be feasible in low-resource settings. However, research
such as that from Learning through Everyday Activities with Parents of infants at risk of

Cerebral Palsy(LEAP-CP) remains to show how peer-delivered goal-directed programming may be
feasible even in low-resource environments, such that community-enabled pathways might help fill the
access gap.Lastly, variability in outcome measures and follow-up times hinders the ability to directly
compare results across studies. Trials rarely exceed 18-24 months CP at follow-up and few report
follow-up in the longer term or quality of life.

Conclusion

The combined results of this review emphasize a number of important priorities. There are two key time
periods for intervention, where the greatest improvements are observed when physiotherapy is initiated
before 6 months of corrected age. Equally important is the focus on specific qualitative aspects of motor
development—such as coordination, symmetry, and postural stability—which should be addressed
alongside the achievement of developmental milestones to optimize long-term functional outcomes.
Therapist-guided interventions offer distinct advantages, as they enable precise motor facilitation, real-
time postural adjustment, and individualized progression based on the infant’s evolving neuromotor
Cuest.fisioter. 2024.53(2):5009-5019 5016
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profile. Unlike parent-led or self-administered activities, therapist-delivered therapy provides
biomechanical accuracy and tailored sensory-motor stimulation—especially critical in infants with
complex presentations or asymmetric tone. The physiotherapist’s ability to interpret subtle movement
patterns, set targeted goals, and modulate input responsively ensures higher fidelity and therapeutic
depth across sessions. While parent-mediated programs are invaluable for daily continuity and
engagement, the therapist’s clinical expertise remains central to both assessing motor behavior and
equipping families with safe, effective routines. Integrating both approaches under coordinated
supervision will be key to delivering optimal early rehabilitation. In parallel, there is a pressing need to
disseminate scalable and culturally adaptable physiotherapy models, particularly in resource-constrained
settings. Parent-mediated, goal-directed programs einforced through expert coaching and contextualized
practice—continue to demonstrate meaningful gains across both motor and psychosocial domains,
reaffirming the centrality of family involvement in early rehabilitation. Looking forward, multicenter
longitudinal trials with robust methodology and sustained follow-up will be vital to evaluating the
lasting impacts of early diagnosis and therapy.
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