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Introduction
As a leading cause of childhood motor disability worldwide, cerebral palsy (CP) is a complex 
long-term condition that requires coordinated access to medical interventions, rehabilitation 
and equipment, all of which are often scarce or unavailable in resource-limited settings (RLSs) 
(Donald et al. 2015).

In low- and middle-income countries (LMIC), the estimated prevalence of CP is between 2 and 
10 per 1000 live births, with higher rates in poorer areas (Cans et al. 2008; Couper 2002). Such 
RLSs likely have higher proportions of the severe types of CP, including bilateral spastic and 
dyskinetic presentations (Gladstone 2010), which usually occupy the more severe functional 
levels of the Gross Motor Function Classification System (GMFCS) (Palisano et al. 2007), that is, 
levels III‑V that have no or limited ambulatory ability (Shevell et al. 2009). Children with severe 
impairments often present with higher rates of co-morbidities, for example, feeding difficulties 
and orthopaedic complications, of which hip displacement, muscle contractures and scoliosis 
are common (Hollung et al. 2020). Unmitigated, these can further limit functional status and 
negatively impact quality of life, as illustrated by the World Health Organization’s (WHO) 
International Classification of Functioning, Disability and Health framework (ICF) in Figure 1 
(WHO 2002).

Background: Managing children with cerebral palsy (CP) in poorly-resourced contexts, 
especially those with greater functional limitations, is challenging. Unmitigated orthopaedic 
complications can further restrict already compromised functional capacity. Where 
rehabilitation skills and knowledge are scarce, primary healthcare worker- and caregiver-
implemented routines are warranted. The essential elements of a home-based routine to 
mitigate musculoskeletal (MSK) complications in children with severe CP in resource-limited 
settings (RLSs) have not been determined. 

Objectives: To summarise the evidence for programmes and interventions that mitigate 
MSK complications in children with severe CP and make recommendations for a programme 
suited to RLSs.

Method: Scientific databases and professional websites were searched for studies and reports 
describing guidelines, interventions or programmes for children aged 0–18 years with severe, 
partially- or non-ambulant CP, that included aims for the prevention of MSK complications. 
Articles  reporting on surgical, pharmacological and advanced or expensive technological 
interventions were excluded.

Results: A total of 57 studies or reports were included in the review. Low-grade evidence 
exists for 24-hour postural management (24-h PM), supported standing, sustained stretching 
and splinting to mitigate MSK complications in children with CP. Caregiver training and 
support, and  integration of the programme into daily routines were identified as important 
components for successful implementation.

Conclusion: Clinical guidelines and evidence that support caregiver-delivered interventions 
to  reduce MSK complications in children with severe CP are limited, and only weak 
recommendations can be made.

Clinical implications: There is a need for context-specific, home-based intervention programmes 
to prevent MSK complications in children with CP in RLSs.

Keywords: cerebral palsy; child; complications/prevention and control; deformities; 
low-income setting; parent-implemented. 
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Using the ICF framework, orthopaedic deformities (Body 
functions and structure) can prevent the child from being 
placed in sitting and standing positions, where most functional 
activities occur (Activity), even where postural devices are 
available for support. Exclusion from age-appropriate 
community activities, for example school attendance 
(Participation), is the likely result, indicating compromised 
functional health. This population warrants special attention 
to achieve the United Nations’ (UN) third Sustainable 
Development Goal (SDG) for 2030, to ‘ensure healthy lives and 
promote well-being for all at all ages’ (UNDESA 2015:6).

Limiting MSK complications is critical to optimise activity 
and participation opportunities for children with severe 
CP living in  RLSs. Although this requires input from a 
multi-disciplinary team, specific manual techniques for 
this purpose traditionally fall within the scope of 
rehabilitation therapists, which may be a scarce resource 
in RLSs. Strategies to develop competence in  preventing 
complications within existing rural health structures and 
within the home are thus warranted.

The value of partnering with primary caregivers to deliver 
home-based intervention programmes (HBIPs) for chronic 
conditions is increasingly being recognised even in high-
income countries (HICs), where caregivers are trained in 
the required interventions, then supported and coached by 
medical professionals (Akhbari Ziegler & Hadders-Algra 
2020; Beckers et al. 2020). Adopting this model to manage 
children with severe CP in RLSs, essential evidence-based 
interventions aimed at limiting commonly occurring MSK 
sequelae may be provided by caregivers and/or trained 
community healthcare workers (CHWs) within the child’s 
natural environment (ICF domain of Environmental 
factors). With this aspect adequately addressed, a repertoire 
of functional activities for the child can be developed (ICF 
domains of Activity and Participation).

The overall aim of this scoping review was to describe the 
literature over the last two decades that addresses prevention 
of MSK complications in children with partially-, or non-
ambulant CP  (GMFCS levels III‑V) that may potentially be 
used by caregivers in an RLSs, as part of an HBIP.

Specific objectives were to identify:

1.	 Clinical guidelines for interventions and modalities designed 
for this purpose and evaluate each recommendation for 
feasibility in RLSs.

2.	 Existing HBIPs designed for this purpose and to consider 
factors affecting programme effectiveness.

Research methods and design
The broad, exploratory nature of our investigation lent itself 
to a scoping review, which was guided by the Preferred 
Reporting Items for a Systematic Review and Meta-analysis 
extension for Scoping Reviews (PRISMA-ScR)1.

Search terms included four concepts: (1) CP in children, (2) 
musculoskeletal complications, (3) prevention or mitigation 
and (4) community-based programmes. Preliminary searches 
revealed little original research in this area during the last 
decade. Thus, limits were extended retrospectively to 01 
January 2001, and searches were run on PubMed, Scopus, 
Cochrane Library, CINAHL, Health Source: Nursing/
Academic Edition, Africa-Wide Information, Web of Science 
Core Collection and SciELO. Grey literature was identified 
from Primo, BASE, Clinical Key, EThOS, Google Scholar and 
Semantic Scholar, as well as professional society websites, 
associations and bibliographies of relevant publications (Van 
Aswegen, Richards & Morrow 2024:S1).

Records were imported into the 2020 Covidence web-based 
collaboration software platform.2 One researcher (S.v.A.) 
screened title and abstracts, and full-text review for eligibility 
was conducted independently by two researchers (S.v.A.  
and B.M.), with conflicts resolved by discussion.

Inclusion criteria
Articles and clinical guidelines with full-text availability, 
published in the English language between 01 January 
2001 and 31 December 2021, that described therapeutic 
interventions and programmes designed for the prevention 
of MSK complications for children aged 0–18 years with 
severe CP (GMFCS levels III–V) were eligible. There was 
no limit on sample size or study design. Where more than 
one version of a clinical guideline was retrieved, only the 
most recent was included.

Exclusion criteria
•	 Study population: < 50% related to severe CP diagnosis 

defined as having limited or no independent ambulation, 
that is, GMFCS levels III‑V; < 50% were 0–18 years of age 
and studies focussing on unilateral CP, which typically 
classify as GMFCS level I or II.

•	 Settings: Interventions requiring specialised environment 
or expertise not widely available.

•	 Surgical, radiological and/or pharmacological interventions.

1.	https://www.acpjournals.org /doi/full/10.7326/M18-0850?rfr_dat=cr_
pub++0pubmed&url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org.

2.	https://app.covidence.org.

Source: https://cdn.who.int/media/docs/default-source/classification/icf/icfbeginnersguide.
pdf?sfvrsn=eead63d3_4&download=true

FIGURE 1: International Classification of Functioning, Disability and Health 
framework illustrating the interdependence between the various domains.
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•	 Outcomes: Not primarily related to prevention or control 
of MSK complications in CP or HBIPs not including the 
prevention or control of MSK complications.

•	 Publication type: Protocols, letters, non-expert reviews, 
summaries and commentaries and/or editorials.

•	 Full text of the article is not available.

One researcher (S.v.A.) performed two independent 
extractions and critical appraisals for each article, at a 
minimum of 8 weeks apart to improve accuracy and 
consistency. Study details were then extracted onto a 
spreadsheet recording first author, year of publication, 
country or region of origin, sample size, age, diagnosis 
and GMFCS level, other participants, study design, 
main  subject or concept, intervention, outcomes 
measured, main  results or recommendations, adverse 
effects and identified gaps in knowledge (Van Aswegen 
et al. 2024:S2). The level of evidence of each record was 
noted, based on the work of Ackley et  al. (2008), and 
methodological appraisal was applied using the AGREE-
II assessment for  clinical guidelines3 and Joanna Briggs 
Institute (JBI) checklists for the other studies.4 The JBI 
checklist and AGREE-II scores were reflected as very 
low, low, moderate and high, based on percentage of 
agreement with quality criteria for each record (Van 
Aswegen et al. 2024:S3, S4, S5).

Ethical considerations
As this review formed part of a larger study involving 
human research, ethical approval was obtained for 
the  whole project from the University of Cape Town’s 
Human Research Ethics Committee with reference no. 
024/2022.

Results
We identified 1943 records. After de-duplication, 1481 
records were screened by title and abstract and 173 
underwent full-text review. A total of 116 records were 
excluded as detailed in the PRISMA diagram (Figure 2), 
which left 57 records for the final review.

The 57 results could be grouped as follows: 

1.	 clinical practice guidelines (CPG) for children with CP 
(6 articles, 3 of which were systematic reviews [SR])

2.	 24-hour postural management (24-h PM), supported 
seating and standing (27 articles)

3.	 stretching interventions (12 articles)
4.	 programmes and aspects of community-based HBIPs 

from RLSs (12 articles).

Studies in each group were represented chronologically in 
graphs to illustrate research trends, study type and focus (Van 
Aswegen et al. 2024:S6).

3.	https://www.agreetrust.org/wp-content/uploads/2017/12/AGREE-II-Users-Manual-
and-23-item-Instrument-2009-Update-2017.pdf.

4.	https://jbi.global/critical-appraisal-tools.

Clinical practice guidelines and systematic 
reviews on clinical recommendations for 
children with cerebral palsy
Three CPGs came from national or regional health websites in 
HICs – the National Institute for Health and Care Excellence 
(NICE) in the United Kingdom (NICE 2012), the Waikato 
District Health Board (WDHB) in New Zealand (WDHB 2014) 
and the American Academy for Cerebral Palsy and 
Developmental Medicine (AACPDM) (Paleg et al. 2019). Two 
comprehensive SRs of reviews of therapeutic interventions 
aimed to guide clinical practice (Morgan et  al. 2021; 
Novak et al. 2020), and one article was an SR of guidelines 
for  the care of persons with CP, initiated by the WHO 
(Damiano et  al. 2021). All guidelines adhered to AGREE-II 
and PRISMA criteria.

The NICE guideline (NICE 2012) and AACPDM Care 
Pathway (Paleg. et al., 2019) focussed on general medical 
management of CP and central hypotonia in children. No 
specific regimens or home programmes were given, but 
conditional recommendations for interventions targeting the 
body structures were included. The WDHB guided 
therapeutic management, providing detailed recommendations 
for assessment, interventions and equipment needs, all 
stratified into GMFCS levels and age bands.

One comprehensive SR addressed evidence-based medical 
and therapeutic interventions for children with CP, but 
recommendations for children with GMFCS levels IV 
and  V were few and of questionable feasibility in RLSs 

FIGURE 2: Preferred reporting items for systematic reviews and meta-analyses 
(PRISMA) flow diagram.
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(Novak et al. 2020).An SR on early intervention guidelines 
(Morgan et al. 2021) focussed on improving motor function 
and could make few recommendations in 0- to 2-year-olds 
for prevention of MSK complications. The WHO review 
(Damiano et al. 2021) only identified five official guidelines 
for CP of all ages, and relevant recommendations 
referenced guidelines already retrieved. Table 1 summarises 
the recommended non-medical modalities for prevention of 
MSK complications from each of the included sources.

From the results in Table 1, the conditional recommendations 
for the prevention or control of MSK complications for 
children with severe CP were:

1.	 24-hour postural management, including lying, seating 
and standing (5 articles); using sleep systems (4 articles, 
1  of these implied); supported and/or adapted seating 
(5  articles, 2 of these implied); standing using relevant 
equipment (6 articles).

2.	 Orthotics or splints: For lower limbs (LLs) to prevent loss 
of range of motion (ROM) in joints and to assist with 
standing and walking (5 articles) and for upper limbs 
(ULs) to prevent ROM loss in the wrists (3 articles).

3.	 Stretching (3 articles).

The next sections discuss the evidence that informs the 
implementation and application of these recommendations 
as well as aspects to consider for successful home-based 
interventions.

24-hour postural management, supported 
seating and standing
At a Mac Keith Multidisciplinary meeting held in 2006, 
postural management was defined as ‘a planned approach 

encompassing all activities and interventions which 
impact on an individual’s posture and function’ (Gericke 
2006). For this review, we developed a narrower definition, 
that is, ‘the supportive positioning of the whole body in 
lying, sitting and standing to preserve normal MSK 
alignment and to provide central support for functional 
activity’. This would include supported standing but 
exclude a focussed modality such as applying an orthosis.

Of the 27 articles included in this section, all were from 
HICs, except one from Malaysia (Htwe et  al. 2016). 
Included articles were 18 cohort or quasi-experimental 
studies (Capati et  al. 2020; Gibson et  al. 2009; Holmes 
et al. 2003; Htwe et al. 2016; Kim et al. 2013; Macias-Merlo 
et al. 2015, 2016; Martinsson & Himmelmann 2011, 2021; 
Mol et  al. 2012; Paleg et  al. 2021; Porter et  al. 2008; 
Picciolini et  al. 2009, 2016; Pountney et  al. 2002, 2009; 
Tornberg & Lauruschkus 2020; Vekerdy 2007), seven SRs 
(Chung et al. 2008; Gmelig Meyling et al. 2018; Humphreys 
et  al. 2019; Paleg et  al. 2013; Pérez-de la Cruz 2017; Pin 
2007; Wynn & Wickham 2009), an expert consensus 
(Gericke 2006) and a narrative review (Kittelson-Aldred & 
Hoffman 2017).

Interventions in all three positions were represented in the 
studies, almost half reporting on standing programmes 
alone. Outcomes most often related to hip displacement, 
followed by lower limb ROM. Several sources reported on 
functional impact of postural management regimens and 
qualitative measures, for example, ease of performing 
daily activities, and sleep quality when using sleep 
systems. Table 2 and Table 3 provide detailed results of 
studies involving 24-h PM regimes and lying, seating and 
standing interventions.

TABLE 1: General recommendations for prevention of mitigate musculoskeletal complications from the retrieved clinical practice guidelines and systematic reviews.
Author, date and 
study design

Abbreviated title Population Recommendations for prevention of MSK complications Evidence level and 
quality rating

NICE 2012
Clinical practice 
guideline

Spasticity in under 
19 s: Management

Children with CP, 
aged 0–18 years

• Consider 24-h PM sleeping, sitting and standing with equipment
• Consider low load stretching
• Consider ankle and wrist orthoses

Level VII
5/7 
Moderate
(AGREE-II)

Waikato District 
Health Board 2014
Clinical practice 
guideline

CP: Clinical practice 
guideline

Children with CP, 
aged 0–18 years

GMFCS IV and V:
• �24-h PM: Supported standing; seating in a supportive buggy; sleep positioning 

systems with night or resting splints
• �ankle splints and/or stock boots, gaiters, wrist splints
• �stretches 

Level VII
6/7
High
(AGREE-II)

Paleg et al. 2019
Clinical practice 
guideline

Care pathways: Central 
Hypotonia (CH)

Children with CH 
(DS, CP and DD), 
aged 0–6 years

Conditional recommendations:
• �ankle orthotics
• �adaptive equipment, for example, seating and standers
• 24-h PM

Level VII
4/7
Moderate
(AGREE-II)

Novak et al. 2020
Systematic review

State of the Evidence 
Traffic lights 2019: SR 
of Interventions for 
preventing and 
treating children with 
CP

247 sources
Children with CP, 
aged 0–18 years

Yellow light – Probably do it:
• �24-h PM
• �sleep system
• �serial casting
Yellow light – Probably don’t do it:
• �stretching
• �orthotics

Level I
8/11
Moderate
(JBI)

Morgan et al. 2021
Systematic review

Early Intervention 
for children aged 
0–2 years with or at 
risk of CP

41 sources
Infants at high risk 
or having CP, aged 
0–2 years

Conditional recommendations:
• �use of standing equipment
• �ankle splints
• �do not use a sleeping system

Level I 
8/11
Moderate
(JBI)

Damiano et al. 2021
Systematic review

SR of Clinical 
Guidelines related to 
care of individuals 
with CP 

5 sources
People with CP

• �Consider UL and LL orthoses
• �24-h PM – standing for BMD
• �Stretching routines

Level I 
8/11
Moderate
(JBI)

Source: Please see full reference list of Van Aswegen, S.R., Richards, M. & Morrow, B., 2024, ‘Preventing deformities in paediatric cerebral palsy in poorly resourced areas: A scoping review’, South 
African Journal of Physiotherapy 80(1), a2059. https://doi.org/10.4102/sajp.v80i1.2059
24-h PM, postural management regime including supported lying, sitting and standing; BMD, bone mineral density, an indication of bone strength; GMFCS, Gross Motor Function Classification 
System; LL, lower limb; UL, upper limb; CP, cerebral palsy; MSK, musculoskeletal; JBI, Joanna Briggs Institute; CH, Central Hypotonia; DD, developmental delay; DS, Down’s syndrome.

http://www.sajp.co.za
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For children in GMFCS levels IV and V, the expert consensus 
from 2006 recommended lying or sleeping with postural 
support at night, sitting from 6 months of age and supported 
standing from 12 months (Gericke 2006) The researchers 
found no revisions or updates for this regimen.

Unsupported holding, feeding and lying positions for 
children with GMFCS level V tended to result in spinal, 
pelvic and hip deformities in up to 95% of subjects (Porter 
et al. 2008). However, using a consistent 24-h PM approach 
in lying, seating with hip abduction for 5 to 6 h daily (Kim 
et al. 2013) and/or standing from the age of 18 months and 
upwards for 30–90 min per day significantly controlled 
and/or improved hip migration percentage (MP) and 
reduced frequency of spinal orthotic prescription, 
Botulinum toxin injections (BoNT) and hip surgery 
indications at age 5 (Gmelig Meyling et al. 2018; Pérez-de 
la Cruz 2017; Picciolini et  al. 2016, 2009; Pountney et  al. 
2002, 2009).

Weak and inconclusive evidence from three studies reported 
the effects of using commercial sleep systems. Two reported 
significant reduction of hip MP after a minimum of 6 months 
and up to several years of consistent use, and hip ROM 
improved along with MSK comfort levels. Thermal comfort, 
however, was sometimes reduced, and parents required 
training to use these systems (Humphreys et al. 2019; Wynn & 
Wickham 2009). Caregivers reported that sleeping systems 
did not cause significant sleep disturbance, especially if used 
night and day (Mol et al. 2012).

Seating that incorporated a 3-point force system (Holmes 
et al. 2003), or modular or moulded contours with optional 
tilt, produced a decreased spinal Cobb angle and improved 
thoracic posture when used for at least 4 h per day (Chung 
et al. 2008). In addition, caregivers from two studies found 
trunk-supported seating eased everyday caregiving and 
improved the child’s social interaction (Chung et  al. 2008; 
Vekerdy 2007).

Supported standing regimes were reported to significantly 
improve a range of outcomes, especially when commenced 
as early as 9 months of age (Paleg et al. 2013). Standing for 
30 to 90 min per day for 3 to 7 days per week for young 
children from the age of 12 months up to 5 years significantly 
decreased hip MP at 5 years of age, the effects enhanced 
with additional total hip abduction up to 60° (Htwe et al. 
2016; Macias-Merlo et al. 2016; Martinsson & Himmelmann 
2011, 2021; Paleg et al. 2013). Standing for at least 30 min per 
day for at least 3 days per week also improved bone mineral 
density (BMD) significantly in the LLs and spine, especially 
when combined with whole body vibration (Paleg et  al. 
2013; Pin 2007) and reduced spasticity in the LLs for up to 
35 min post intervention, which in turn led to a less scissored 
gait pattern (Macias-Merlo et al. 2015; Paleg et al. 2013; Pin 
2007; Tornberg & Lauruschkus 2020). Standing for 45‑60 
min per day 3‑5 days per week for 8‑15 months was found 
to significantly increase LL ROM, which led to improvements 
in gait, social interaction and decreased burden of care 

(Capati et al. 2020; Gibson et al. 2009; Macias-Merlo et al. 
2015; Martinsson & Himmelmann 2021; Paleg et  al. 2013; 
Tornberg & Lauruschkus 2020).

Stretching and splinting interventions
Twelve articles, mostly from HICs, were included in this 
section, but only three were primary studies – a case-
controlled time series from 2003 (Fragala et al. 2003) and two 
quasi-experimental trials (Laessker-Alkema & Eek 2016; 
Uzun Akkaya & Elbasan, 2021). The rest included six SRs 
(Autti-Rämö et al. 2006; Craig et al. 2016; Eldridge & Lavin 
2016; Groppe et  al. 2012; Wiart et  al. 2008), two narrative 
reviews (Physiopedia 2016; Wilton 2003) and an expert 
consensus (Lannin et  al. 2011). Within the five SRs that 
included manual stretching, there was considerable overlap 
in the sources, with several studies repeatedly cited (Craig 
et  al. 2016; Eldridge & Lavin 2016; Groppe et  al. 2012; Pin 
et al. 2006; Wiart et al. 2008). Overall, the evidence was scarce.

Although stretching is widely regarded as an essential part of 
conservative joint range maintenance in CP (Wiart et al. 2008), 
the researchers found no clear consensus on the scope of 
‘stretching’ techniques nor any standardised stretching dosage 
regimes. All sources described manual (intermittent) stretching 
of a joint or muscle by a therapist, maintained for up to 60 s per 
repetition. Most sources also included at least one of the 
following: manual stretching with the addition of electrical 
stimulation (ES); active stretching with child participation; 
positional or sustained stretching, lasting 15 min or more and 
using equipment such as a standing frame or an orthosis; 
intramuscular stretching (similar to massage) and serial 
casting where a series of rigid casts were applied to a joint for 
progressive lengthening of shortened tissues. As the use of 
orthotics in children with severe CP is largely for joint range 
maintenance (Lannin et  al. 2011), five studies reporting on 
orthotic use were included here. Outcomes included calf 
muscle spasticity, LL ROM and gross motor function. 
Characteristics of studies on stretching interventions are 
presented in Table 4.

There is overall weak and conflicting evidence for stretching 
interventions. Manual stretching interventions appear to be 
less effective for preventing deformities than sustained, 
positional stretching (Craig et al. 2016; Pin et al. 2006). Fragala 
et  al. (2003) found that periods of non-intervention from a 
school-based manual stretch routine of 3 × 60 s per structure, 
taking place once to twice per week, produced inconsistent 
changes in LL ROM. The addition of ES to the antagonist 
during stretching significantly increased ROM and reduced 
spasticity (Groppe et  al. 2012). Uzun Akkaya and Elbasan 
(2021) reported transient reduction in calf muscle spasticity 
after just 10 min of manual stretching, both with and without 
concurrent massage. No adverse effects were reported.

Wilton (2003), Autti-Rämö et al. (2006), Groppe et al. (2012) 
and Craig et al. (2016) all suggested that joint ROM may be 
maintained or increased in all limbs and spasticity reduced 
by an intensive serial casting programme if sustained for at 
least 3 weeks.

http://www.sajp.co.za
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Positional stretching for 20 min using an orthotic in sitting 
or using a stander for 30 min at least three times per week 
for at least 8 weeks may be effective to increase LL ROM 
and may reduce calf muscle spasticity for up to 35 min after 
the stretch (Craig et al. 2016; Groppe et al. 2012; Laessker-
Alkema & Eek 2016; Lannin et  al. 2011; Pin et  al. 2006). 
Wilton (2003) recommended wrist and hand orthotics be 
used at night or for 3–5 h per day to control deformities 
where spasticity is moderate to high although all other 
studies found inconclusive evidence of efficacy for ULs.

Although no stretching interventions resulted in improved 
motor function for the child, improved flexibility appeared 
to assist with symmetry in sitting (Physiopedia 2016) and 
ease of care when performing ADLs (Laessker-Alkema & 
Eek 2016). Adverse effects included hindrance of hand 
function while wearing UL orthotics (Autti-Rämö et  al. 
2006; Lannin et  al. 2011; Wilton 2003) and bruising, skin 
breakdown, sleep disturbance, joint swelling and muscle 
cramps were reported in a few patients using LL orthoses 
(Craig et al. 2016; Laessker-Alkema & Eek 2016).

Home-based intervention programmes
No studies were found evaluating the effectiveness of 
HBIPs to prevent MSK complications in severe CP. Twelve 
articles addressed the population of interest and aspects of 
HBIPs that influenced success.

Six were conducted in LMICs or involved RLSs. Three were 
reviews (Branjerdporn et  al. 2021; Lord et  al. 2018; Paleg 
2005), and nine were primary studies, comprising eight 
qualitative studies (Bischof & Chirwa 2011; Colver et  al. 
2012; Halvarsson et  al. 2010; Novak et  al. 2012; Krüger & 
Sello 2008; Lillo-Navarro et  al. 2015; Naidoo et  al. 2019; 
Rezaie & Kendi 2020) and one quasi-experimental trial 
(Zuurmond et  al. 2018). Studies explored essential 
programme components, training needs of caregivers and 
primary health workers, determinants of successful 
programme implementation and the impact on child 
development. Table 5 provides further details of each study.

Three South African studies reported on caregiver and 
CHWs’ views on their capacity for identifying and 
managing CP in the community. Outcomes included 
knowledge of the condition, practical handling skills and 
pain caused during activities of daily living (ADL). A 
facility-based study found a moderately high prevalence of 
pain in children and young adults with severe CP during 
daily care activities, which they   observed to be directly 
influenced by their handling techniques (Bischof & Chirwa 
2011). Community healthcare workers required specific 
training in CP screening and clear referral pathways and 
protocols for further management (Naidoo et  al. 2019). 
Caregivers desired better knowledge of the condition, 
practical training for everyday routines and ongoing 
involvement in support groups with health professionals 
and respected members of their communities (Krüger & 
Sello 2008).

Limited evidence suggests that, in spite of poverty and 
low  education levels of caregivers, parent-implemented 
interventions in LMICs positively influenced posture, 
positioning, self-care, feeding and social function in children 
while reducing parental stress (Branjerdporn et  al. 2021; 
Zuurmond et  al. 2018), and that a positive, equipped and 
informed environment improved overall participation of 
children with CP at home, in school and the community 
(Colver et al. 2012).

Factors affecting fidelity and adherence to HBIPs by 
caregivers were the presence of trusting relationships 
between child, caregiver and therapist, and establishing 
skills and coping strategies (Lord et al. 2018). Priorities from 
caregivers included evidence-based interventions, the 
element of fun, the incorporation of the programme into 
daily routines and written instructions with demonstration 
(Lillo-Navarro et al. 2015). Caregivers prioritised programme 
flexibility and mobility goals for the child, as well as ongoing 
support for monitoring and programme adaptation over 
time (Halvarsson et  al. 2010). Priorities from therapists 
included effective communication with families, joint goal 
setting and equipping in CP clinical skills and resources 
(Rezaie & Kendi 2020). Zuurmond et  al. (2018) found that 
monthly telephonic or face-to-face check-ins with caregivers 
and a group chat via social media for therapists and/or 
CHWs were effective support mechanisms for their 
community-based programme.

Discussion
The dearth of eligible high-quality empirical research in this 
review is notable, an observation also acknowledged in a 
recent overview of effective interventions for CP (Liguori 
et  al. 2023). The ethical and methodological challenges of 
conducting primary research in this population were evident 
with limitations including non-randomisation, small sample 
sizes and low generalisability, hence, the few and broad 
nature of published guidelines that include prevention of 
MSK complications in severe CP. However, if pre-emptive 
strategies are not in place, we know from clinical experience 
that progressive MSK complications are common in CP and 
potentially devastating, which concurs with the recent 
findings of Tenaglia et al. (2022) and Krarup et al. (2024) who 
strongly advocate a comprehensive, targeted approach to 
limit MSK complications in children with CP. Although 
we  found overall weak support for the use of 24-h PM 
for the prevention and control of hip displacement, scoliosis 
and  musculoskeletal contractures (Chung et  al. 2008; 
Damiano et al. 2021; Gericke 2006; Morgan et al. 2021; NICE 
2012; Novak et al. 2020; Novak et al. 2020; Paleg et al. 2019; 
Pountney et al. 2002, 2009; WDHB 2014; Wynn & Wickham 
2009), the importance of PM regimes in limiting deformities 
and promoting function is increasingly being recognised 
(Paleg & Livingstone 2022).

Considering that physical interventions aimed at limiting 
MSK complications require continuity and assimilation into 
everyday routines, being most effective when carried out daily 
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or several times a week (Autti-Rämö et al. 2006; Craig et al. 
2016; Gmelig Meyling et al. 2018; Gibson et al. 2009; Groppe 
et  al. 2012; Laessker-Alkema & Eek 2016; Macias-Merlo 
et  al. 2015, 2016; Martinsson & Himmelmann 2021; Paleg 
et  al. 2013; Picciolini et  al. 2016; Pin 2007; Pin et  al. 2006; 
Tornberg & Lauruschkus 2020), it is reasonable to equip 
primary caregivers to perform them, where feasible, 
especially where formal health services are limited. 
Potential challenges in an RLSs would include the early 
identification of infants at risk so that interventions can be 
implemented in the home from as young as 4 months of age 
(Paleg 2005; Paleg & Livingstone 2022) and the availability 
and affordability of requisite equipment for lying, seating 
and standing, which is considerable for children in GMFCS 
levels IV and V (Novak et al. 2012).

Although efficacy of manual stretching techniques for 
preventing deformities has not been established, regular 
positional or sustained stretching regimes appear to 
maintain and improve ROM and temporarily reduce 
spasticity, which would likely facilitate positioning, daily 
care (e.g. perineal hygiene) and function (Craig et al. 2016; 
Groppe et al. 2012; Laessker-Alkema & Eek 2016; Pin et al. 
2006). While serial casting and ES require an expert setting, 
manual and positional stretches would be feasible options 
for RLSs.

In RLSs, it is common to find relatively poor, less educated 
caregivers struggling to cope with the care of their child 
with CP, which they may experience as stressful and 
demanding. Often the perceived burden of care relates to 
difficulties with ADLs such as feeding and general lack of 
knowledge and confidence. We have shown that modifying 
the environment through parent-implemented approaches 
are acceptable and effective to improve child outcomes 
(Colver et al. 2012), ease of care and parental stress levels 
(Branjerdporn et al. 2021; Zuurmond et al., 2018), especially 
when accompanied by adequate training and support 
(Halvarsson et  al. 2010; Lord et  al. 2018; Naidoo et  al. 
2019). In RLSs, the inexperience and knowledge gaps of 
primary health workers in identifying families in need and 
supporting them may compound these issues. As these 
health workers are integral to successful implementation 
and sustainability, it is important to equip them with early 
identification tools, provide clear protocols for referral 
and train them in the HBIPs so they can better support 
families.

Research gaps
Existing studies of PM have focussed on the role of sitting 
and standing programmes in prevention and control of the 
hip and LL deformities. Neuromuscular scoliosis is 
another serious, common complication of severe CP 
(Hagglund et  al. 2018) that 24-h PM may influence; yet, 
supporting research is lacking. Studies on sleeping systems 
have been limited to commercially available options. The 
efficacy of low-cost equipment for lying positions should 
be a research priority, particularly in children classified as 

GMFCS levels IV and V who spend a significant portion of 
the day in lying.

Evidenced-based stretching protocols should be developed, 
including dosage and stretching modalities for different 
treatment goals. In our review, there were few reported 
adverse effects; however, some MSK discomfort during 
stretching might be expected. The contribution of any 
stretching to relieve or exacerbate pain is an important 
consideration and is likely to affect programme adherence. 
Other questions should be considered about the psycho-
sensory aspects of touch during manual stretches and if it can 
be effectively combined with massage. These questions 
warrant further research.

Our review found very little research into content, efficacy of 
and adherence to HBIPs in RLSs that include physical 
modalities designed to prevent MSK complications in severe 
CP. Further research could help identify structural and social 
determinants of successful programmes, establish effective 
protocols and provide ways to quantify participation and 
functional outcomes.

Strengths and limitations
This review charts the existing literature over the past 
20  years on manual interventions for limiting MSK 
complications in severe CP, including general CPGs, and 
efficacy of individual modalities and home programmes. The 
existing knowledge and evidence gaps were highlighted to 
help prioritise future research for populations living in RLSs.

The search was broad, using multiple sources including 
online platforms and included quality rating to support any 
recommendations made. Using a non-categorical diagnostic 
approach might have yielded useful studies involving other 
diagnoses and increased our evidence base. Our limit on 
language may have excluded some relevant studies from 
LMICs but was necessary owing to limited translation 
services. Several of the retrieved articles were, however, 
originally published in other languages. Initial screening, 
extraction and quality appraisal by a single researcher could 
have resulted in selection bias, especially with such a broad 
scoping purpose. However, this risk was mitigated by 
establishing clear and detailed exclusion criteria a priori 
and bringing in a second, independent reviewer for full-text 
review. Measures were taken to improve intra-rater 
reliability.

Conclusion
There is a paucity of high-level research and clinical 
recommendations for safe, feasible and effective home-based 
interventions to reduce MSK complications in conditionally 
or non-ambulatory children with severe CP living in resource-
poor environments. This requires urgent redress if we are to 
meet the SDG-3 to ‘ensure healthy lives and promote well-
being for all at all ages’ (UNDESA 2015), which would include 
all socio-geographic contexts.
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In the meantime, we believe that if clinical reasoning and 
diligent monitoring are applied, the existing evidence for 
24-h PM, stretching and splinting can be used to guide the 
development of a context-specific home-based programme 
to improve the outcomes for children with severe CP in 
RLSs.
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