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Adults with cerebral palsy (CP) are living longer and experience progressive musculoskeletal 

issues, impacting on pain, quality of life, function and carer burden. Non-ambulant adults with 

CP exhibit the highest risk for secondary complications and potential for shorter life 

expectancy. 

In this thesis postural symmetry refers to a normally developed musculoskeletal system with 

no observable or functional deviation from symmetry. Postural asymmetry, thus refers to, any 

observable or functional deviation from symmetry with a particular focus on the ribcage, pelvis 

and hips. 

An initial scoping review (study 1) explored the nature, prevalence and conservative 

management of postural asymmetries in non-ambulant adults with CP. It also synthesized 

measurement tools used to identify postural asymmetry and described conservative 

interventions selected for management. The review revealed that non-ambulant adults with CP 

suffer from significant postural asymmetry associated with windswept hips, scoliosis, pelvic 

obliquity and limb contractures and that there is a lack of standardised measurement tools and 

documented interventions.  

The second study investigated the reliability (study 2) of a postural measurement tool, known 

as the Goldsmith Indices of Body Symmetry (GIofBS). The GIofBS provides a measure of 

thoracic shape and symmetry, hip and pelvic mobility and a windswept index (abduction 

/external rotation of one hip and adduction / internal rotation of the other hip). A cohort of 30 

non-ambulant adults with CP participated in this study in which the GIofBS was found to have 

good to excellent inter and intra rater reliability. A control study was conducted which provided 

valuable comparative data, suggesting less thoracic cage symmetry and greater variation in hip 

joint range in those with CP.  

The third study explored the relationship between postural asymmetry, as measured with the 

GIofBS, and radiographs of a similar anatomical area (study 3).  Minimal correlation was 

found between the two measurement approaches, suggesting GIofBS constructs and 

radiographs are measuring two different aspects of postural asymmetry, both of which may 

have a place in the comprehensive management of non-ambulant adults with CP.  The final 

two studies explored the stability of posture over an 18-month period (study 4) and the 

relationship between pain and postural asymmetry (study 5) in a subset of this cohort. Study 4 

explored postural change in a case series of 10 non-ambulant adults with CP.  Considerable 

postural asymmetry was evident in all participants at study onset with minimal change in some 
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GIofBS outcomes and fluctuations in other GIofBS outcomes between time points. Repeated 

measures of posture over the lifespan, using the GIofBS, would more accurately reflect the 

musculoskeletal status of individuals, potentially enabling evaluation of the effectiveness of 

interventions.  Study 5 revealed that high levels of pain (both day and night) are evident in this 

population, as measured by proxy report using the Non-Communicating Adult Pain Checklist, 

and that pain may be related to more extreme measures of postural asymmetry. Pain remains 

challenging to assess and manage in adults with cognitive and communication deficits.  

In conclusion, this thesis, provides new knowledge regarding measurement of asymmetry of 

the thoracic cage, pelvis and hips in non-ambulant adults with CP. This population of adults 

with CP experience disabling postural asymmetry which may be measured over the lifespan 

using the GIofBS as a suitable assessment tool.  Measurement and monitoring of posture may 

aid in the evaluation of treatment efficacy and implementation, potentially improving the care 

for this vulnerable population.   
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This thesis has been completed by publication. All chapters have either been published in peer 

reviewed journals or in press. All manuscripts (published and in press) have been included in 

word format for consistency of formatting, with the provision of linking chapters to provide 

the reader with context to the publications and manuscripts. Relevant references are provided 

at the end of each chapter throughout the thesis, except for Introductory, 

Discussion/Conclusion and linking chapter references which are consolidated at the end of the 

thesis. PDF versions of published articles from the relevant journals are available in Appendix 

C. 
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1.1 Background  

Cerebral palsy (CP) is a non-progressive disorder of movement and posture attributable to an 

impairment in the developing fetal or infant brain at a stage when brain maturation is rapid and 

thus, damage due to prematurity, hypoxia or infection is a high risk (1, 2) The rate of live births 

of infants with CP has declined in recent years from 2.1 to 1.4 per 1000 live births in Australia 

(3). In 2018 35,522 Australians were estimated to have CP, with this figure expected to increase 

to 46,000 by 2060 as the population grows (4). Of note, 3 in every 4 people with CP in Australia 

are currently over the age of 18 (5). Associated impairments are common with spasticity 

reported as the most frequent motor disorder noted in up to 92% of individuals.  Dyskinetic CP 

(includes dystonic and athetoid/choreoathetoid CP) occurs in 7% of individuals with unilateral 

spasticity and in close to 20% of individuals with bilateral spasticity. In children with the 

predominant motor type of dyskinesia 41% were also described has having spasticity indicative 

of the prevalence of secondary and or co-occurring motor types  Nearly half of those with CP 

have associated intellectual impairment, 29% have epilepsy, >60% have speech impairment, 

35% have visual impairment and 11 % experience hearing impairments (4).  

Children with CP are likely to live into adulthood (6) and despite the initial neurological lesions 

being static in nature, the secondary musculoskeletal consequences are progressive (7). 

Secondary impairments are most common in the more severely affected with the effects of 

ageing and functional decline occurring earlier in adults with CP than the general population 

(6). This may be related to early development of osteoporosis and arthritis, poor nutrition, 

sedentary lifestyles and resultant sarcopenia and fatigue (6, 8) setting up an ongoing cycle of 

progression and decline.  Hospital admissions due to respiratory disease are more common in 

adults compared to children with CP (20% and 16% respectively) (9). This may be related to 

progressive asymmetry of the thoracic cage and contribute to adult mortality from diseases of 

the respiratory system (10). The effects of ageing impact earlier on adults with CP (6). Hence 

neither paediatric CP knowledge, nor knowledge gleaned from those without disability can 

necessarily be applied to the adult CP population who require specific guidelines for best 

practice throughout adulthood.   

The impairments observed in people with CP result in activity limitations, that is, an inability 

to participate in activities of oneôs choice. Activity limitations for people with CP are further 

classified according to the extent of the underlying motor abnormalities, accompanying 

impairments, anatomical and neuro-imaging findings and causation and timing of the brain 

injury (4). Within these classifications, rating scales relevant to the impacted system are 
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employed such as the Gross Motor function Classification System (GMFCS) for functional 

mobility, the Manual Ability Classification System (MACS) for hand and arm function, and 

the Communication Function Classification System (CFCS) (4). Such classifications provide 

further insights into the extent to which activity limitations are affected. 

The Gross Motor Function Classification System (GMFCS) is a standardised measure of gross 

motor function. Its use is well established in paediatric care (11). A later extended and revised 

version for adolescents (GMFCS E & R) (12) was developed, which is also accepted for use in 

adult CP populations (Figure 1.1). Use of the term GMFCS in this thesis thus refers to the 

extended and revised GMFCS E & R version. The GMFCS is a 5-level clinical classification 

system used by health professionals to describe the gross motor function of people with CP on 

the basis of self-initiated movement abilities. Particular emphasis is on evaluating sitting, 

walking, and wheeled mobility. Distinctions between levels are based on functional abilities; 

the need for walkers, crutches, wheelchairs, or canes / walking sticks; and to a much lesser 

extent, the actual quality of movement.  This thesis focuses on non-ambulant young adults with 

CP in the non-ambulant categories of GMFCS levels IV and V. 
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Figure 1.1. Gross Motor function Classification System 

Reproduced with permission, Harvey A. The Royal Childrenôs Hospital, Melbourne.  
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1.2 Postural asymmetry in cerebral palsy 

Postural asymmetries affecting the spine, pelvis and hips, inclusive of hip dislocation, are 

common in non-ambulant individuals with CP (13). The postural asymmetries in CP have been 

noted to be progressive, despite the relatively static nature of CP. Adults with complex 

disabilities are vulnerable to increasing postural asymmetry and the secondary complications 

associated with postural asymmetry. A snap shot of data suggests that at least 30% of non-

ambulant adults with CP have a hip migration (migration percentage; MP) of greater than 30%, 

more than 75% have some degree of ñscoliosisò, and more than 40% demonstrate some amount 

of pelvic obliquity (13).  

A further common postural problem in the adult CP population, known as ñwindsweepingò is 

characterised by abduction and external rotation of one lower limb and adduction and internal 

rotation of the opposite lower limb (Figure 1.3).  Windswept hips are often accompanied by 

pelvic rotation in the transverse plane in the opposite direction to which the legs fall (14, 15). 

Windsweeping can be accompanied by associated postural asymmetries including scoliosis, 

pelvic obliquity and hip displacement (7) although contradictory evidence exists as to the 

specific relationships between the individual components.  

Contractures of the hip and knee joints have been reported in up to 100% and 32% to 87% of 

non-ambulant adults with CP respectively (13). Contractures are defined as limited joint range 

of motion resulting from a shortening of muscles, tendons, ligaments and soft tissue with 

spasticity and immobility contributing factors (16) 

Any one of these impairments on its own, or existing in a triad of deformities (scoliosis, pelvic 

obliquity and windswept hips), present as a significant treatment dilemma once established 

(17). These postural asymmetries increase the risk of soft tissue adaptation and pressure 

injuries, and the formation of contractures and progressive deformities, being most prevalent 

in non-ambulant people with CP (18). The inability to change position and the time spent in an 

asymmetrical posture contribute to the escalating problem in this population (18) with children 

who are unable to change position in supine reportedly having twice the risk of developing 

postural asymmetries (19). The postural asymmetries increase with age and with lower motor 

function (19). The temporal sequencing of scoliosis, pelvic obliquity, hip displacement, and 

the development of contractures is unclear. 
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Figure 1.2. Pelvic Obliquity 

Source: Australian Hip Surveillance Guidelines for Children with Cerebral Palsy: 

2014, https://www.ausacpdm.org.au/resources/australian-hip-surveillance-guidelines/; used 

with permission of the Australian National Hip Surveillance Working Group. 

 

                             

 

Figure 1.3 Windsweeping posture to the left  

Photograph reproduced with permission  

People with CP who are wheelchair dependent are particularly vulnerable to hip pathology. 

There is a strong linear relationship between GMFCS classification and hip dysfunction (20), 

with children classified at GMFCS IV and V having the highest risk of developing hip 

displacement. It has also been reported that progression and hip dislocation can occur after 



Page | 30  

 

skeletal maturity when other risk factors are present such as scoliosis and pelvic obliquity (20). 

There are established relationships between hip dysfunction, pelvic obliquity and scoliosis (7) 

and reports of pain associated with these musculoskeletal issues (21, 22). Ongoing hip 

surveillance is thus crucial to prevent adverse postural consequences. óThe Australian Hip 

Surveillance Guidelines for children with Cerebral Palsy: 2014ô (23) recommends that those 

with motor function classified at GMFCS levels IV and V (i.e. non-ambulant) should ñcontinue 

annual hip radiographs following skeletal maturity if hip displacement remains abnormal or in 

the presence of progressive scoliosis, significant pelvic obliquity, pain or deteriorating 

functionò. However the required position for the radiograph in hip surveillance may be difficult 

in adults with CP who have fixed postural asymmetries (24), or with significant behavioural 

problems limiting compliance in radiographic positioning. The requirement for ongoing hip 

surveillance can thus be difficult to achieve for adults with CP and postural asymmetry, 

impacting the ability for health professionals to monitor hip status, and potentially delaying 

appropriate interventions to minimise progressive hip dysfunction. 

1.3 Consequences of postural asymmetry in cerebral palsy 

Postural asymmetry may cause pressure on internal organs (Figure 4.4) resulting in secondary 

complications adversely affecting respiration, circulation and digestion. Respiratory 

dysfunction is a leading cause of premature death in those with more severe forms of CP, with 

a 14-fold increased risk of mortality attributed to diseases of the respiratory system and a 3-

fold increase attributed to diseases of the circulatory system (10). Some of the common 

respiratory risk factors that may lead to premature death due to respiratory failure in those with 

CP include airway clearance dysfunction, saliva management difficulties, immobility, reflux, 

thoracic deformity and sleep-disordered breathing (25).  
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Figure 1.4 Radiographs depicting progression of postural asymmetry at age 3 (A), 17 (B), 21 

(C) and 23 years old (D) in a young man with CP, GMFCS Level V 

Reproduced with permission from Sarah Clayton, simplestuffworks.co.uk. 

 

 

A                                                                 B 

C                                                                 D 
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Sixty-two to 87% of adults with CP (all levels of disability) report chronic pain with a strong 

association between severity of deformity and musculoskeletal pain (21). Experience of pain 

in adults with CP may be associated with contractures, orthopaedic deformity, spasticity, 

fractures, asymmetrical posture, poor nutrition and fatigue alongside gastrointestinal factors 

(21) leading to  difficulty with seating, decreased participation and increased carer burden (17). 

Commonly reported sites of pain for adults with CP (all GMFCS levels) include back (59%), 

neck (44%), shoulder (43%), foot (44%), knee (39%), and hip (36%) (22). For adults with 

disorders of cognition and communication, reporting and localisation of pain is more 

challenging, with greater risk of pain neglect and under-management (26). Studies evaluating 

self-reported pain usually exclude the experience of people with cognitive and communication 

disorders who are unable to complete questionnaires. The incidence of pain in children with 

severe postural asymmetries is twice as likely as in those with less severe deformity (19) 

however the specific contribution of postural asymmetry to the pain experience of non-

ambulant adults with CP is unknown. 

1.4 Postural asymmetry and the International Classification of Functioning, Disability and 

Health framework 

Postural asymmetry of the thoracic cage, pelvis and hips as explored in this thesis falls under 

the ICF domain of body structure and is closely interrelated with function. The International 

Classification of Functioning, Disability and Health (ICF) provides a framework for classifying 

function and disability over the lifespan (Figure 1.5). The ICF consists of two interacting 

domains: 1. Function and Disability involving body functions and structures, and activities and 

participation: and 2. Contextual factors involving environmental and personal factors. (27). 

Health outcomes are defined in terms of impairments in body structure, restriction in body 

function and limitations in activity and participation (28). To overcome limitations in activity 

and participation, adults with CP (GMFCS IV and V), require appropriate bed supports and 

seating with consideration of postural asymmetries (i.e. ICF Body functions).  
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Figure 1.5 The International classification of Functioning, Disability and Health Model 

Postural asymmetry impacts on a person, not only at the body function and structure level but 

also influences activities and participation with further interactions at an environmental and 

personal level as depicted in figure 1.5 above. This figure illustrates, as applied to a 

hypothetical non-ambulant adult ageing with CP and cognitive disability, the impact of the 

body structure on the domains of activity and participation, and the influence of environmental 

and personal factors (figure 1.6). 
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Figure 1.6 Adapted International Classification of Functioning illustrating the relationship 

between domains for a hypothetical non-ambulant adult with CP 

1.5 Measurement of Postural Asymmetry 

Postural asymmetry of the spine, pelvis and hips are most commonly measured 

radiographically for children and adolescents. Ongoing annual surveillance is encouraged 

post-skeletal maturity for those who are at higher risk of postural deterioration (20). Cobb 

angle, MP and pelvic obliquity are radiographic measurements used to assess status of 

scoliosis, hip displacement and lateral pelvic displacement respectively. The Cobb angle is an 

objective measure of the extent of spinal curvature (14), reported in degrees, with scoliosis 

defined as Cobb angle Ó 10Á (15). Migration percentage (MP) is a radiographic measure of 
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the amount of ossified femoral head not covered by the ossified acetabulum (16) Pelvic 

obliquity (Figure 1.3) may be measured as the angle between the inter tear drop line (ITDL) 

and a horizontal reference line parallel to the frame of the radiograph (17). The Melbourne 

Cerebral Palsy Hip Classification Scale (MCPHCS) is a six level radiographic ordinal scale 

used to classify morphology of the skeletally mature hip (29). The classification covers a 

wide range of radiographic features, from a Grade I (normal hip), through to a Grade V 

(dislocated hip) and Grade VI (dislocated hip that required salvage surgery). The 

classification includes sub-classifications for femoral head deformity, acetabular deformity 

and pelvic obliquity (29, 30)  

Radiographs (plain X-rays) provide a two-dimensional image of what is a complex three-

dimensional problem. Further, as previously indicated, there are issues of standardisation and 

compliance for those with contractures and behavioural issues. More complex methods which 

have capacity to provide greater detailed information regarding skeletal asymmetry and impact 

on soft tissues, such as CT scanning and MRI, also have limitations in ongoing screening for 

this population such as patient access and compliance. Further, the relevance of radiographical 

results to lying and seated activities and interventions is unclear. These radiographical 

measurements of posture focus on body structures at an impairment level as defined by the 

ICF. 

Standard clinical assessment tools for bedside identification of joint range and movement 

include goniometers and tape measures. Goniometric tools may provide two-dimensional 

information about specific joint angles and spinal alignment in different planes (31) but are 

limited in ability to capture the multi- dimensional, multi-joint asymmetries observed in CP 

and are only able to capture movement in a single plane at a time whereas the GIofBS is able 

to measure movement across multiple planes simultaneously.  Given the limitations of 

radiography and these clinical assessment tools alternative clinical measurement systems have 

been developed at the impairment level of the ICF model to measure complex three-

dimensional postural asymmetry to enable evaluation of the effect of interventions. The 

Goldsmith Indices of Body Symmetry (GIofBS) is a simple clinical measurement tool which 

captures quantitative objective data of rib cage shape, pelvic alignment and hip orientation 

providing a three-dimensional understanding of the rotary nature of these asymmetries The 

GIofBS, using customised measurement apparatus, captures the segmental inter-relationships 

of the thoracic cage, pelvis and hips. The information obtained through the GIofBS can aid in 

problem solving complex seating and bed positioning requirements. Obtaining postural 
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symmetry is also essential for non-ambulant adults to maximise vision, communication and 

swallow in a seated position, as well as to enable community access and engagement. To date, 

the GIofBS has most commonly been used in the paediatric population in the United Kingdom.  

The Posture and Posture Ability Scale (PPAS) is a 7 point ordinal scale describing postural 

ability in supine, prone, sitting and standing, with a focus on symmetry and weight bearing, 

alongside the ability to move in and out of postures (32).  For posture, the scale scores 

deviations from midline of specific body segments as present or absent. This scale utilises an 

activity-based framework in contrast to the impairment-based focus of the GIofBS an interval 

scale,. The PPAS has been used as an outcome measure for postural asymmetries as a part of 

a long term follow up of joint motion and musculoskeletal status in the Swedish  Cerebral Palsy 

Follow Up Program (CPUP) (33)  The CPUP registry includes both clinical and radiological 

data providing access to a wealth of longitudinal data that can be used in the evidence for 

lifespan care of individuals with CP (34-37).   

1.6 Interventions to improve postural asymmetry in adults with CP 

There is a paucity of evidence regarding conservative interventions aimed at addressing the 

development and progression of postural asymmetry (13). While the effectiveness of 

interventions has been evaluated in children with CP (38) a similar comprehensive review for 

adults has not occurred. To enable evaluation of the effectiveness of postural interventions in 

adults with CP, appropriate measurement tools linked to the observed postural asymmetries 

and with clinical utility in relation to seating and bed positioning is required. Non-ambulant 

adults with CP rely on customised wheelchair seating and positioning to engage in daily 

activities, participate in the community, and ólive an ordinary lifeô (39). Postural assessment, 

monitoring and interventions to maximise comfort and function are an important aspect of 

lifespan care for this population  

1.7 Thesis direction 

Non-ambulant adults with CP (GMFCS IV and V) are likely to have specific health care needs 

relating to neuromuscular dysfunction arising from lifelong disordered movement. We know 

that the majority of children diagnosed with CP will survive into adulthood but we do not 

thoroughly understand the impact of the ageing process on the musculoskeletal system or other 

functional domains. A lack of lifespan studies limit our knowledge of the known secondary 

postural complications involving the ribcage cage, spine, pelvis and hips in this population.  

This thesis describes a series of studies investigating postural asymmetry in adults with CP. 
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The following research questions regarding postural asymmetry in non-ambulant adults with 

CP are posed: 

¶ What is the nature and prevalence of postural deformities in non-ambulant adults with 

CP? 

o What measurement tools for assessing and monitoring postural deformities are 

commonly used? 

¶ Are the psychometric properties of the clinical measurement tool, the GIofBS sufficient 

to support clinical use? 

o Do GIofBS measurements differ between adults with CP and healthy controls? 

o Are GIofBS measures reliable? 

¶  Is there a relationship between the GIofBS outcomes, (anthropometric measures of 

posture), and radiographs?  

¶ Does postural asymmetry, as measured by the GIofBS, change over time? 

¶ Is there a relationship between postural asymmetry and pain? 

 

1.8 Thesis structure 

A concept map outlining the thesis structure is described in Figure 1.7, and a brief summary of 

each thesis component is provided below.  
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Figure 1.7 Thesis structure 

Note ï brief linking chapters (linking one publication/chapter to the subsequent 

publication/chapter) and appendices have not been included in this figure 

 

 Study 1  

Study 1 (chapter 3) identifies and maps the available evidence, according to the Arksey and 

OôMalley framework (40), pertaining to the assessment of posture and conservative 

interventions for young adults with CP classified at GMFCS levels IV and V. A lack of 

evidence exists as to the breadth and extent of this issue despite improved mortality with many 

children now surviving well into adulthood (6) and the need for an understanding of lifespan 

issues and management. The scoping review identified prevalence, conservative management 

and measurement tools used for postural asymmetries in adults with CP (GMFCS IV and V). 

This scoping review was published in Disability and Rehabilitation in January 2018 (13). 

Carlee Holmes, Kim Brock & Prue Morgan (2018): Postural asymmetry in non-ambulant adults 

with cerebral palsy: a scoping review, Disability and Rehabilitation, 

DOI:10.1080/09638288.2017.1422037 

To link to this article: https://doi.org/10.1080/09638288.2017.1422037 

  Study 2  

Study 2 (chapter 5) investigates a clinical measurement tool known as the Goldsmith Indices 

of Body Symmetry for use in adults with CP (GMFCS IV and V). The intra and inter-rater 

reliability of the GIofBS to measure chest shape and symmetry, hip and pelvic mobility and 

windsweeping was investigated. Quantitative analysis methods were employed to investigate 

the reliability and efficacy of the GIofBS in this complex cohort of adults with CP. The 

establishment of comparative data from healthy controls (Appendix A) provided valuable 

Chapter 12 
Discussion and 

Conclusion

Synthesis of results inclusive of 
clinical practice implications, 
future directions and thesis 

limitations 
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information to further understand the extent of asymmetry in adults with CP (GMFCS IV and 

V). This study was published in Disability and Rehabilitation in January 2020 (41). Carlee 

Holmes, Emma Fredrickson, Kim Brock & Prue Morgan (2020): The intra- and inter-rater 

reliability of the Goldsmith indices of body symmetry in non-ambulant adults with cerebral 

palsy, Disability and Rehabilitation, DOI: 10.1080/09638288.2019.1708979 

To link to this article: https://doi.org/10.1080/09638288.2019.1708979  

  Studies 3, 4 and 5 

Having established the reliability of the GIofBS (chapter 5), Studies 3, 4 and 5 (chapters 7, 9 

and 11) further investigated the relevance of the GIofBS in respect to relationships with 

common radiographic measures (chapter 7), ability to detect change in posture over time 

(chapter 9) and pain (chapter 11).  

Further investigations were warranted to investigate the relationship between radiographs and 

GIofBS constructs of a similar body region due to limitations with radiography for those with 

established contractures and / or cognitive or behavioural challenges. This study was accepted 

for publication in The New Zealand Journal of Physiotherapy. Carlee Holmes, Kim Brock & 

Prue Morgan (2021): The relationship between radiographic and anthropomorphic 

measurements of deformity of the thorax, hips and pelvis in adults with cerebral palsy, New 

Zealand Journal of Physiotherapy, In Press.  

To link to this article: https://doi.org/10.15619/NZJP/49.1.03 

Study 4 (Chapter 9) is a case series study investigating change in posture over an 18 month 

period (4 measurements) in a cohort of 10 young adults with CP (GMFCS IV and V). It has 

been established that this group of adults experience extreme postural asymmetry yet the rate 

of change is unknown.  This study helps to identify the stability of posture and progression of 

any postural change. This study was accepted for publication in Pediatric Physical Therapy. 

Carlee Holmes, Kim Brock & Prue Morgan (2020): Progression of Postural Asymmetry in 

Young Adults with Cerebral Palsy who are Non-ambulant: An exploratory study, Pediatric 

Physical Therapy, In Press. DOI: 10.1097/PEP.0000000000000787 

To link to this article: https://doi.org/10.1097/PEP.0000000000000787  

Study 5 (Chapter 11) investigates the relationship of proxy reported pain to measures of 

postural asymmetry (radiographs and GIofBS) alongside conservative interventions that may 

impact on pain. Pain in adults with communication and cognitive disorders is challenging to 
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localise and accurately measure and may be impacted by the extreme postural asymmetries 

seen in adults with CP (GMFCS IV and V). Exploring this relationship may provide clinicians 

with insights into pain management strategies for this complex group of adults. This study was 

accepted for publication in Disability and Health (42). Carlee Holmes, Kim Brock & Prue 

Morgan (2021): Pain and its relationship with postural asymmetry in adults with cerebral palsy: 

A preliminary exploratory study, Disability and Health Journal, In Press. 

To link to this article: https://doi.org/10.1016/j.dhjo.2021.101063 

 

1.9 Thesis Significance  

Adults with CP functioning at GMFCS levels IV and V experience significant postural 

asymmetries of the spine pelvis and hips affecting many domains of health and functioning. 

There are also carer burden and economic impacts, including specialised equipment, support 

workers, hospital admissions and premature mortality associated with postural asymmetry. 

Consistent and reliable clinical measurement of posture and the impact of interventions has 

been lacking, with radiographic studies proving to be challenging for those with contractures 

and/or behavioural or movement disorders. Evidence for reliable and valid measurement tools 

would provide a means to monitor posture and assess the effectiveness of interventions. This 

thesis aims to establish the clinical utility of the GIofBS for use in adults with CP (GMFCS IV 

and V) and improve understanding of the impact of postural asymmetry and how it may be 

measured clinically, thus guiding the evaluation of interventions. 

  



Page | 42  

 

Chapter 2: Background and Rationale  
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The following scoping review (study 1) was undertaken to explore the literature regarding 

postural deformities in adults with CP classified at GMFCS levels IV and V. The purpose of 

the scoping review was to identify gaps in the literature and provide a synthesis of available 

knowledge regarding the measurement of posture in the non-ambulant population of adults 

with CP (GMFCS IV and V). A paucity of high quality evidence on this topic guided the 

decision to conduct a scoping review rather than a systematic review. The review followed the 

guidelines of Arksey and OôMalley (40). This review was published in Disability and 

Rehabilitation in January 2018 (13). Carlee Holmes, Emma Fredrickson, Kim Brock & Prue 

Morgan (2020): The intra- and inter-rater reliability of the Goldsmith indices of body symmetry 

in non-ambulant adults with cerebral palsy, Disability and Rehabilitation, DOI: 

10.1080/09638288.2019.1708979 

As the author of this article, copy right permission is not required for use in this thesis   
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Chapter 3: Postural asymmetry in non-ambulant adults with cerebral 

palsy: a scoping review 
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3.1 Abstract   

Purpose: Non-ambulant adults with cerebral palsy are vulnerable to development of postural 

asymmetry and associated complications. The primary aim of this scoping review was to 

identify postural deformities in non-ambulant adults with cerebral palsy  

Materials and methods: Comprehensive searches were undertaken in EMBASE, CINAHL, 

AMED, Cochrane, Psych INFO, and Joanna Briggs (1986-Jan 2017), supplemented by hand 

searching. Two reviewers independently extracted data using a customised tool focusing on 

study design, participant characteristics, postural descriptors, measurement tools, and 

interventions.  

Results: From 2546 potential records, 17 studies were included.Variability in populations, 

reporting methodology and measurement systems was evident.  Data suggests more than 30% 

of this population have hip migration percentage in excess of 30%, more than  75% experience 

óscoliosisô, and more than 40% demonstrate pelvic obliquity. Estimates ranged from 14-100% 

hip and 32-87% knee contracture incidence. Conservative interventions were infrequently and 

poorly described.  

Conclusion: Many non-ambulant adults with cerebral palsy experience postural asymmetry 

associated with windswept hips, scoliosis, pelvic obliquity and limb contracture. Options for 

non-radiographic monitoring of postural asymmetry should be identified, and conservative 

interventions formally evaluated in this population.  

 

 

Key words 

Cerebral palsy, posture, deformity, scoliosis, windswept, migration percentage 
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3.2 Introduction 

Cerebral Palsy (CP) describes a group of permanent disorders of the development of movement 

and posture that are attributed to non-progressive disturbances occurring in the developing fetal 

or infant brain [1]. The lifelong motor disorders of cerebral palsy are often accompanied by 

disturbances of sensation, perception, cognition, communication and behaviour, and epilepsy 

further adding to the heterogeneity of this population [1]. Although the initial neurological 

lesion is static in nature, the extent of the motor disability ranges from minimal to profound, 

with a deterioration in function reported in many adults with CP along with secondary 

consequences such as musculoskeletal deformities, pain, fatigue and falls [2, 3]. 

Management of secondary complications, particularly postural asymmetry such as scoliosis 

and pelvic obliquity, is an important aspect of healthcare for adults with CP. The development 

of postural asymmetry of the thoracic cage can affect respiration and lung function resulting in 

pneumonia and respiratory diseases for the most severely affected adults [4]. Reports of pain, 

difficulty seating, and decreased participation have been described as a consequence of an 

asymmetrical posture in this population [5]. Further complications such as hygiene issues, 

compromised swallow, sleep disturbance and pressure injuries can also arise [6]. Postural 

asymmetries may be most evident in non-ambulant adults with CP with low motor function 

typically described as Gross Motor Function Classification System (GMFCS) Levels IV and V 

[7]. This predominantly wheelchair user subgroup makes up around twenty percent of the total 

population of people with CP [8], exhibiting the highest risk for secondary complications and 

potential for a shorter life expectancy [9]. With improved access to medical care, the CP 

population with severe and multiple disabilities, do survive into adulthood [9], and thus 

assessment and management of the secondary complications is essential to ensure quality of 

life is maximised. 

Diagnosing postural asymmetry such as scoliosis and pelvic obliquity may be particularly 

challenging in adults with CP who have profound disability, which frequently includes 

limitations in communication and cognition.  As such, the identification, monitoring and 

management of secondary complications for adults with CP becomes critical given the 

potential for adverse consequences to rapidly escalate. Although hip surveillance guidelines 

are generally followed for at-risk children with cerebral palsy, effective methods such as 

radiography to monitor posture over time is problematic for many adults with severe disability 

who cannot cognitively tolerate radiographical procedures or cannot achieve a standardised 

supine position for radiographs due to postural asymmetry and contractures. Further, the 
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complex three-dimensional postural asymmetry frequently encountered in adults with severe 

CP is difficult to quantify by standard methods such as goniometry and calculation of Cobb 

angles without using resource-intensive computerised tomography. Consequently there is 

limited evidence available regarding the nature of the postural asymmetry, progression of 

postural asymmetry over time, and effective interventions to prevent, minimise and/or 

remediate postural asymmetry in the adult population with CP.  

Both the extent of scoliosis and pelvic obliquity may progress following skeletal maturity in 

adults with CP, but the rate and timing of such progression is not well recognised [10, 11]. 

Although there is considerable evidence surrounding the proportion of children with displaced 

hips and scoliosis [12, 13] information tracking the progress of these children and their posture 

into adulthood is scarce. Published evidence tends to focus on the outcomes of hip or spinal 

surgical techniques in various cohorts, and/or excludes those with most severe disability due 

to them being a higher surgical risk due to respiratory compromise [4]. Conservative 

interventions to address postural asymmetry such as prescription of customised sleep, seating 

and pressure management systems may also be poorly described, and lack rigorous methods of 

evaluation. Clinicians thus lack guidelines to assist them in managing postural asymmetry in 

this complex population.  

Nevertheless, the population of adults with severe cerebral palsy (GMFCS Level IV and V) 

need careful and regular monitoring, and deserve timely and affordable interventions to manage 

postural asymmetry to enhance the quality of their life. Given the lack of high quality evidence 

available, a scoping review was thus initiated following the guidelines of Arksey and OôMalley 

[14]. The key foundations of a scoping review are to examine broad areas, to identify gaps in 

the evidence, clarify key concepts, and report on the types of evidence that address and inform 

practice in a topic area [14]. The primary aim of this scoping review was thus to investigate the 

nature, prevalence and conservative management of postural deformities in non-ambulant 

adults with CP (GMFCS levels IV and V). A secondary aim of this review was to synthesise 

measurement tools used to document postural deformities in non-ambulant adults with CP, and 

describe conservative interventions selected for the management of postural deformities in this 

population.  
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3.3 Method 

An initial search strategy was created in Ovid Medline and search terms customised as 

necessary for the following databases: EMBASE, CINAHL, AMED, Cochrane, Psych INFO, 

and Joanna Briggs, until January 2017. In addition, targeted hand searching of reference lists 

supplemented the strategy. The search terms included the following keywords, with Boolean 

operators applied to combine domains: cerebral palsy, scoliosis, Cobb angle, hip dislocation, 

hip subluxation, hip dysplasia, migration percentage, pelvic obliquity, windblown, windsweep, 

asymmetry, posture, deformity. Adolescent and adult age group filters were applied. The full 

search strategy is included in Supplementary Material 1.   

The titles and abstracts identified by the initial search strategy were screened to identify 

potentially eligible reports and retrieve full-text reports. When the title or abstract did not 

clearly indicate whether an article should be included, the complete article was retrieved and 

reviewed and consensus achieved by two authors (PM and CH). Full-text reports were 

independently evaluated by two authors (CH and PM) for the following inclusion criteria: (1) 

all participants with a diagnosis of cerebral palsy, or if mixed cohorts included, data pertaining 

to those with CP able to be extracted; (2) all participants GMFCS Level IV and/or V (or 

described as non-ambulant), or if mixed cohorts included, data pertaining to GMFCS Level IV 

and/or V able to be extracted; (3) adult age group, or Ó80% of participants over the age of 16, 

or if wider age groups included, data pertaining to adult ages able to be extracted; (4) data 

included measurement of any aspect of posture; (5) intervention data collected described as 

conservative, inclusive of spasticity management; (6) English language. Any trial design was 

accepted, including case series. Given the advances in medical and surgical management of CP 

over the last 30 years [15] a decision was made to restrict studies to those published from 1986 

onwards.  

Charting the data and data extraction 

A standardised data extraction form was constructed to identify and detail key features of each 

study using recommended information from the Joanna Briggs Institute (JBI) [14]. Two 

reviewers (CH and PM) initially independently pilot tested the form with a small subset of 

representative studies to confirm the content and ensure consistency in its application. The 

extracted study details focused on study design, sample participant characteristics, descriptors 

of posture, measurement tools utilised, and any interventions applied. As this was a scoping 
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study, an appraisal of study quality was not included. Results are presented in descriptive 

format.  

3.4 Results 

Database searching identified 3491 potential records, and an additional 39 records were 

identified through other sources (hand searching reference lists).  After duplicates were 

removed, 2546 potential records remained. Following exclusion of records based on title and 

abstract, 93 records remain to be screened based on full text. Seventeen studies were included 

in the final synthesis (figure 3.1). 

 

Figure 3.1. PRISMA flow diagram 

 
























































































































































































































































































































































































