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Abstract

Purpose The majority of children with orthopaedic con-

ditions in childhood survive to adult life, and there is a

need for many of them to transition to adult services. This

includes children with disorders such as club foot or

developmental dislocation of the hip as well as those with

complex syndromic conditions, bone dysplasias or neuro-

muscular disorders such as cerebral palsy and myelome-

ningocele. In many tertiary paediatric centres, transition

has become a formal process in which clinicians document

and communicate the status of patients who have been

under their care to ensure a smooth transfer to adult ser-

vices. The purpose of this report is to support the need for

clear communication when children with cerebral palsy

transition to adult services and to suggest that this

transition represents a significant opportunity for audit and

clinical research.

Methods Some of the factors to be considered in devel-

oping a minimum data sheet for the transfer or transition of

children with cerebral palsy to adult services are described.

Conclusion Using the model of adolescents with cerebral

palsy transitioning to adult services, orthopaedic surgeons

can be encouraged to develop similar methodology and

documentation for many other conditions for the purposes

of communication, facilitation of transition, audit and

clinical research.

Keywords Transition � Cerebral palsy � Audit � Clinical

research

Introduction

Cerebral palsy (CP) is the most common physical disability

affecting children in developed countries, with a median

prevalence of 2.4/1,000 live births and no indication of any

decrease [1]. In many paediatric orthopaedic units, CP is

the most common diagnosis after trauma. Children with CP

are managed by a multidisciplinary team which may

include specialists in paediatric neurology, paediatric

rehabilitation, developmental paediatrics, gastroenterology,

respiratory medicine, endocrinology, general surgery,

neurosurgery and orthopaedic surgery. A wide range of

allied healthcare providers are usually involved, including

physiotherapists, occupational therapists and speech ther-

apists. The clinical phenotype associated with CP varies

from children with mild hemiplegia who may never require

an orthopaedic intervention, to those with severe spastic

quadriplegia who develop multiple musculoskeletal defor-

mities and may require repeated intervention [2].
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Transition has been defined as ‘‘the planned move of

young people from paediatric health providers to adult

providers/services’’ [3]. We recognise that the need for

transition and the process itself will vary significantly

within and between jurisdictions. For example, increasing

numbers of children’s hospitals in North America provide

care and surgical intervention for young adults with a

primary presentation of hip dysplasia or residuals of hip

dysplasia treated in early childhood. In such well-organised

institutions, transition may be deferred until the need for

arthroplasty. Some centres offering hip preservation sur-

gery will also provide access to arthroplasty when it is

needed. However, in other centres, such as our own, tran-

sition is essential because of the volume of workload as

well as the recognition that the adult providers may offer a

more appropriate environment for adult patients. In the

state of Victoria (Australia), approximately 120 children

are born each year with CP, and almost all of them receive

services and follow-up at The Royal Children’s Hospital,

the only tertiary care specialised paediatric provider in the

state. Simple arithmetic dictates that our work would grind

to a halt without a transition process. Transition is complex

and should be a guided educational and therapeutic pro-

cess—not simply an administrative event. In this article we

will put forward the view that it is also an excellent

opportunity for clinical audit and for clinical research.

Over 90 % of children with CP live beyond their 18th

birthday [4], and after receiving services from paediatric

institutions for approximately two decades, they will

transition to adult services. Excess mortality in CP is

mainly seen at Gross Motor Function Classification System

(GMFCS) level V, but the converse of this means that the

majority of children are surviving well into adult life and

will need to access adult services when their care at a

children’s hospital has been completed [4, 5]. There is

currently no accepted age cut-off for transition to adult

services, but the importance of transition is increasingly

recognised from the perspective of the person with CP,

their family, their family physician, the tertiary paediatric

hospital and the adult providers who may take over the

individual’s care [6–10]. Formal transition arrangements

commenced at The Royal Children’s Hospital, Melbourne

15 years ago, and the senior author was asked to participate

in this process by the developmental medicine paediatric

team. Several adult provider teams had been identified, and

it was considered essential to provide documentation with

respect to the child’s orthopaedic management for these

providers. Over the subsequent 15 years, a simple data

collection sheet was developed and consistently modified

in the light of experience to provide a ‘‘minimum data set’’

for the transition of adolescents with CP to adult care.

However, given the investment in orthopaedic management

of these children, both ambulant and non-ambulant, it

became obvious that transition could also represent an

opportunity for measuring important outcomes, which in

turn could contribute to audit and clinical research. With

suitable modifications, this approach for the transition of

adolescents with CP could be used for other conditions to

facilitate communication with adult providers.

Adolescents with CP face multiple challenges in the

transition to adulthood that are associated with leaving

school and subsequently finding employment and inde-

pendent living. In addition, adolescents must face the issue

of clinical transition, an area in which many problems have

been reported [6], including the lack of communication

between different healthcare providers. Parents sometimes

report a sense of diminished support and increased burden

of care [7]. Both paediatricians and general practitioners

have expressed concern about the differences in healthcare

services between paediatric and adult providers, the lack of

knowledge about adult services and the difficulty in finding

‘‘the right service for the right adolescent’’. Adult-oriented

healthcare sectors and tertiary children’s hospitals have

markedly different subcultures. For example, in our centre,

a group of three surgeons with an interest in the muscu-

loskeletal problems of children with CP provide three

dedicated clinics for the needs of these children, which are

staffed with allied healthcare professionals that include a

clinical nurse coordinator, physiotherapists and gait labo-

ratory staff. In addition, a combined clinic is conducted

monthly run by an orthopaedic surgeon in conjunction with

paediatric rehabilitation physicians. There is also a com-

plex movement disorder meeting in which the management

of young people with complex needs is discussed for the

specific purpose of triaging tone management services,

including botulinum toxin therapy, selective dorsal rhi-

zotomy and intrathecal baclofen (ITB) [11]. In addition,

there are robust hip surveillance programmes and a dedi-

cated clinic for the evaluation and management of children

with complex spinal deformities [12]. In the adult ortho-

paedic culture, surgeons are organised by narrow areas of

super specialisation with the ‘‘generalist’’ rapidly becom-

ing a creature of the past. If a young adult with CP has

problems related to the spine, the hips, the knees, the feet

and the upper limbs, it is possible that the person might

need to see several orthopaedic surgeons [10], with the

generalists being the family doctor and/or a specialist in

adult rehabilitation medicine [9, 10]. The progressive

subspecialisation of adult orthopaedic services has led us to

re-double our efforts during childhood to complete and

stabilise as many of the potential musculoskeletal problems

as possible, particularly hip displacement and spinal

deformity. The actual process of transition is now a subject

of increasing evaluation and study [13].
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The minimum clinical data set

The first requirement for successful transition is accurate

information. Of itself this is insufficient, but it is a good

starting point. Over the years we have found many factual

errors and contradictory statements during our reviews of

hospital records at the time of transition. For those children

with severe involvement, records are often voluminous,

numerous sub-specialists are involved in the child’s care

and it is uncommon for accurate summaries to be made at

intervals in the child’s life. Summarising these extensive

records is not easy and resolving factual inconsistencies

can be challenging. We suggest that the transition docu-

ment be discussed with the adolescent and family members

and a copy be provided to them so that they can have a role

in managing their own ‘‘data’’.

The transition document [Electronic Supplementary

Material (ESM) Appendix 1] makes no presuppositions

about adult models of care nor about the management which

teenagers with CP may receive when they leave our services.

Rather the data sheet reflects what we believe to be appro-

priate multidisciplinary care, with a strong emphasis on the

musculoskeletal aspects, from birth to skeletal maturity. In

the adult setting, there may be increasing emphasis on edu-

cation, vocational training, relationships and sexual func-

tioning and employment issues. There are also the very

important areas of pain management, degenerative arthritis

and premature ageing. However, it is important to note that

the origins of some of the pain issues and the degenerative

joint disease issues may have their genesis in orthopaedic

management of childhood, including hip displacement,

hypertonia, contractures, torsional malalignments and spinal

deformity. Providing patients specific information on the

management of these issues up to the point of transition may

aid adult providers in anticipating the needs of the patient in

front of them. It will then be up to the adult providers to

provide the best evidence-based care according to the

patient’s needs and the resources available.

Patient demographics

Accurate demographic information is a simple and useful

starting point. This should be followed by a clear

description of the evidence for, or the cause of, the CP, the

type of CP and its classification. Caring for a child with

disability puts additional stresses and strains on family

relationships, and a summary of any changes in parental

relationships, custodial issues and involvement of respite

agencies can also be helpful. With respect to these some-

times sensitive issues, confidentiality must be considered,

and this is a further reason for discussing the transition

document with the adolescent and family members.

Is the diagnosis of CP fully established?

Currently the majority of children with suspected CP under

our care receive a detailed diagnostic work-up, including

brain imaging to determine the presence of a brain lesion.

Approximately 90 % of children with CP have a cerebral

lesion identified on a magnetic resonance imaging (MRI)

brain scan and, in conjunction with the history and clinical

findings, the diagnosis can be well established [14].

However, 10 % of children with a clinical diagnosis of CP

have a normal MRI scan, and the possibility of other

diagnoses remains. Diagnostic certainty or uncertainty

should be communicated in the transition document.

Description and classification of CP: gross motor

function

Classification of CP by the GMFCS has now become

widespread although orthopaedic journals have been

slower to adopt its use than developmental paediatric

journals. It is difficult to communicate information on gross

motor function in CP without using the GMFCS, and it is

one of the most important aspects to report in a transition

document [15, 16]. The GMFCS fulfils all of the psycho-

metric properties required for a classification system,

including validity, reliability, clinical utility and stability.

In our service, the GMFCS level of approximately 90 % of

children across all levels remains stable from first regis-

tration until transition [17]. GMFCS levels may change in

response to improvements following interventions or

deterioration consequent on interventions, or as part of the

natural history of the disease. In our experience, the most

common reason for a change in GMFCS status is an error

in the previous or current GMFCS assignment [18].

Therefore, when a change in GMFCS level is noted, our

first priority is to check if previous records have been

correct. It is very important to establish the correct GMFCS

level prior to transition and to document any changes and,

if possible, the reason for such changes. It is important to

note that there are significant differences in GMFCS

descriptors and illustrations for children aged 6–12 years

and for those aged 12–18 years. For the purposes of tran-

sition, most children are in the 12- to 18-year age group,

and we therefore use these descriptors for the transition

document (Figs. 1, 2).

More recently, newer classification systems have been

introduced which in the next decade are likely to become

as widely used as the GMFCS. These include the Manual

Ability Classification System (MACS) and the Communi-

cation Function Classification System (CFCS) [19, 20].

These are both five level ordinal grading systems which

have been consciously modelled on the GMFCS. The
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MACS is a grading system for bimanual upper limb

function and is as relevant to upper limb function as the

GMFCS is to gait function. The CFCS may be even more

important. The management of such controversial prob-

lems as hip displacement and scoliosis depends to a sig-

nificant degree on the patient’s awareness of these

problems and the parental perception of their child’s dis-

tress. The individual’s ability to communicate pain, dis-

comfort or distress associated with musculoskeletal

deformities is likely to become a crucial part of assessment

and guide management protocols in the future.

In terms of motor disorder, various approaches have

been described, and there are important differences

between those espoused in North America and Australia

compared to Europe [21, 22]. Excellent descriptors of

motor disorder classification systems have been published,

but their reliability is not as good as those for gross motor

function [23]. In addition, there is probably a great deal

more true variability and change in motor disorder than in

gross motor function. For example, many children who

are classified as having spastic hypertonia in childhood

are noted to have either dystonic hypertonia or mixed

hypertonia when reassessed at transition. Hypotonia,

which may be a feature of CP in early childhood, seems

to evolve into various forms of hypertonia during

childhood.

Fig. 1 Expanded and revised

Gross Motor Function

Classification System (GMFCS

E & R) for children from their

6–12th birthday: descriptors and

illustrations
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Topographical classification

Orthopaedic surgeons continue to regard topographical classi-

fication as important because it focuses on the limb segments

affected by the neurological deficits and by the hypertonia [2].

The preferred classification in Europe is unilateral and bilateral

CP [22]; in North America and Australia, the terms hemiplegia,

diplegia, triplegia and quadriplegia remain in use [2].

CP function

In addition to classifying function using the GMFCS, gait

function may be further classified using simple scoring

systems, such as the Functional Mobility Scale (FMS) and the

Gillette Functional Assessment Questionnaire [24, 25]. We

have found these systems simple to use, reliable and sensitive

to change following intervention and also with natural history.

Similarly, with respect to the upper limb, in addition to the

MACS, classifications of functional level according to the

House Scale and the Shriner’s Hospital for Children Upper

Extremity Evaluation are also extremely useful [26, 27].

Medical co-morbidities and history

In our transitional reports medical co-morbidities and history

are frequently covered in much more detail by our colleagues

Fig. 2 Expanded and revised

Gross Motor Function

Classification System (GMFCS

E & R) for children from their

12–18th birthday: descriptors

and illustrations
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in developmental medicine. Nonetheless, a fundamental

understanding and summary by the orthopaedic surgeon of

issues such as respiratory disease, nutritional issues and sei-

zures are very important. Similarly, visual problems, hearing

deficits, cognitive issues, learning disabilities, behavioural

problems and mental health may impact on both the quality of

life and responsiveness of the patient to orthopaedic inter-

ventions and should be therefore documented. The most

common cause of mortality for adolescents at GMFCS IV and

V is chronic lung disease, sometimes in conjunction with

progression of scoliosis. Therefore, documentation of all

admissions to hospital with episodes of pneumonia and to the

intensive care unit for ventilation, as well as records of the

need for home oxygen supplementation or various forms of

ventilatory support, is extremely important.

Tone management

The responsibility for tone management in tertiary centres

varies; for example, injections of botulinum toxin may be

administered in some centres by paediatric neurologists and in

other centres by specialists in paediatric rehabilitation or

orthopaedic surgeons [11]. Oral medications may be pre-

scribed by a wide variety of healthcare professionals. Neu-

rosurgeons perform selective dorsal rhizotomy, and ITB

pumps may be inserted by orthopaedic surgeons or neuro-

surgeons. We believe it is important to record the utilisation

and response to tone management, adverse events and future

plans [28]. For example, some children are uniquely sensitive

to injections of botulinum toxin and develop stridor and

recurrent bouts of aspiration following the administration of

doses which would be considered as standard and safe in other

individuals [29]. The documentation of early response and

later unresponsiveness to injections of botulinum toxin may

indicate the development of neutralising antibodies or the

progression of fixed muscle tendon contractures. Information

from examination under anaesthesia as to the site, severity and

significance of fixed muscle tendon contractures can be very

useful to the adult rehabilitation physician in ongoing tone

management in young adults. In our jurisdiction, future access

to botulinum toxin under a government subsidised scheme is

in part dependent on the documentation of its use in childhood.

The need for clear documentation is therefore obvious.

Differences in both the availability and clinical practice of

analgesia and sedation techniques in adult rehabilitation

centres compared to paediatric rehabilitation centres may pose

additional challenges for the continuation of Botox�.

Surgical and anaesthetic history

Children with CP may have specific problems with

anaesthesia, including difficulties with intravenous access

and intubation, idiosyncratic responses to certain anaes-

thetic drugs and allergies to medications, dressings or skin

preparation materials. Documentation of problems with

previous anaesthetics is extremely helpful for a new man-

agement team in an adult tertiary care facility.

Information on feeding tubes, fundoplication and neu-

rosurgical interventions, such as selective dorsal rhizotomy

and ITB, are essential historical details. For those adoles-

cents with an ITB pump in situ, details regarding the most

recent programming of the ITB pump, the concentration of

baclofen, planned refill date and catheter length are of

crucial importance. It is important that all orthopaedic

interventions and the dates of these interventions, as well

as the response, rehabilitation and functional response of

the patient, be documented prior to transition. For ambulant

patients, records of three-dimensional gait analysis, gait

patterns and changes relevant to tone management, the use

of orthoses and orthopaedic surgery contribute to clear

communication. In our centre, ambulant patients receive

serial two-dimensional video recordings of gait from an

early age and instrumented gait analysis (three-dimensional

gait analysis) at intervals, including before selective dorsal

rhizotomy, single-event multilevel surgery and at intervals

thereafter [30]. When possible, we encourage a full three-

dimensional gait analysis immediately prior to transition in

order to advise the person with CP, their family and their

future carers about functional status and expected future

issues. In this ‘‘exit’’ or transition gait analysis, we describe

fully the utilisation of assistive devices when appropriate,

using the FMS [24]. In addition, we carefully compare gait

parameters and function with and without orthoses, thereby

providing adolescents and parents with the information—

based on objective measurements—on just how much the

current use of orthoses is helping gait and function. This

approach provides additional information to the adolescent

patient which he/she can base his/her personal choice for

the ongoing utilisation of both assistive devices and

orthoses. In this regard, serial examinations of composite

gait indices including the Gait Profile Score are helpful

[31]. At a glance, these scores all demonstrate whether gait

function is static, improving or deteriorating [32].

Radiology

The most important imaging for patients prior to transition

is plain radiology of the hips and spine. Hip displacement

affects one-third of children with CP, and many children

and adolescents receive surgical procedures to prevent or

treat hip displacement [33, 34]. The trajectory of hip

development in children and adolescents can be described

using a variety of tools, including serial measurement of

the migration percentage of Reimers, and at skeletal
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maturity can be classified using systems such as The

Melbourne CP Hip Classification Scale (MCPHCS) [35]. It

is important to communicate surgical complications, such

as avascular necrosis and complications, that are relevant

to the natural history of the disease, such as fixed deformity

or the onset of early degenerative change, in a transition

document. Just as important is the documentation of

asymptomatic residual dysplasia or subluxation because

Fig. 3 The Melbourne Cerebral

Palsy Hip Classification Scale

(MCPHCS) expanded and

revised

J Child Orthop (2014) 8:203–213 209
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these issues may become symptomatic in early adult life

(Figs. 3, 4). For example, a significant number of young

adults with type IV hemiplegia have mild, asymptomatic

hip dysplasia on the affected side which is in part the result

of pelvic obliquity [36]. Little is known about the impact of

this subtype of CP hip dysplasia in the long term. However,

given that individuals with hemiplegia are expected to have

normal life expectancy, documentation of hip dysplasia and

recommendations regarding follow-up are clearly

important.

The prevalence of scoliosis is high in children and

adolescents with CP, particularly those who are classified

at non-ambulant GMFCS levels IV and V [37]. The pre-

sence, severity and prior treatment of scoliosis and other

deformities, such as kyphosis and lordosis, require clear

documentation. In addition, although scoliotic curves pro-

gress most rapidly during the pubertal growth spurt, spinal

deformities may continue to progress in young adults with

CP even after skeletal maturity [38]. Therefore, appropriate

advice regarding long-term follow-up of spinal issues is

important. Although some of the adolescents leaving our

service have had a spinal fusion and are on a stable plateau

following successful surgery, others have smaller curves

and have not yet progressed to surgery. The provision of

serial Cobb angle measurements to indicate both the

magnitude and progression of spinal deformity can be very

useful to those providing ongoing care. The presence of

metal implants, such as blade plates in the hips or fixation

rods in the spine, should also be communicated as this

information may be relevant to future MRI of the spinal

cord, especially if the instrumentation is stainless steel

rather than titanium.

Pain management

Recent studies have documented alarmingly high rates of

pain in young adults with CP [39]. In some patients the

pain is sometimes associated with specific issues, such as

hip displacement, spinal deformity or foot deformity with

early onset osteoarthritis [40], while in other patients, the

pain is less well defined and may relate to the effects of

chronic hypertonia, muscle exertion and fatigue [41]. At

the time of transition it is important to document all

complaints of pain, with precise descriptions of the

severity, location and current management of the pain. The

majority of adolescents with CP have good cognitive and

communication abilities and can therefore usually provide

a relatively straightforward description of the site and

nature of the pain (ESM Appendix 2). In order to gain some

simple information on the location, severity and frequency

of pain, we use a generic Likert scale which is used across

all GMFCS levels. The majority of young adults complete

this scale quickly and easily during the transition

appointment. At the other end of the spectrum, for ado-

lescents with severe CP (GMFCS IV and V) and commu-

nication difficulties, who are at greater risk of

underdiagnosis and undertreatment of pain, additional

specialised tools are offered on a case-by-case basis. For-

tunately, specialised tools are now available for the

assessment and monitoring of pain in adolescents who are

cognitively impaired [42].

Quality of life and health-related quality of life

During transition, it is important to provide the adolescent

patients and their parents or carers with the opportunity to

express their feelings and give their own assessment of

both their functional status and health-related quality of

life. Some of the questionnaires which we have used in

these patient groups include validated tools, such as the

Child Health Questionnaire (CHQ), the Pediatric Outcomes

Data Collection Instrument (PODCI), the Pediatric Evalu-

ation of Disability Inventory (PEDI) and the CPCHILD�
[43–46]. It can be very helpful to provide one of these

questionnaires in advance of the Transition Clinic

Fig. 4 Anteroposterior (AP) pelvic radiograph of a young adult aged

21 years, GMFCS level III at the time of transition. Previous surgical

history included bilateral adductor releases as part of single-event

multilevel surgery to improve gait and functioning. At the time of

transition there were no complaints of pain, and the patient walked

well with a Functional Mobility Scale score of 5, 5, 5. The right hip is

grade II according to the MCPHCS and will probably function well in

adult life. However, the left hip is subluxated, dysplastic and is

MCPHCS grade IV. Advice was given to continue with hip

surveillance and to consider reconstructive surgery at the onset of

any symptoms. Referral to an orthopaedic surgeon with an interest in

hip dysplasia in young adults was also made
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appointment. If the adolescent and/or parents bring the

completed documentation to the appointment, it can be

reviewed during the appointment, which facilitates the

identification of areas of particular concern. For ambulant

children with CP we use either the CHQ or the PODCI [43,

44]; for non-ambulant and more severely involved adoles-

cents we use either the PEDI or the CPCHILD� [45, 46].

These questionnaires are also an excellent record at that

point in time of various aspects of physical functioning and

health-related quality of life which can then be used for the

purposes of audit or for correlation with specific issues,

such as hip or spine status.

Bone health and fracture history

Impairment of bone health is very common in CP, and its

importance is related to the high prevalence of fractures and

bone deformity occurring in patients with CP. Apart from

plain radiology, additional investigations which are increas-

ingly widely used are dual-energy absorptiometry and

peripheral quantitative computer tomography. The radiation

exposure for both of these investigations is relatively modest,

equating to a cross-country plane flight or about 2 % of the

average background radiation per year. The fracture rate

reported by Stevenson and colleagues in a longitudinal cohort

study of 245 patients with moderate to severe CP was 15.7 %

at baseline [47]. Twenty children reported 24 fractures during

604 person-years of follow-up, with 4 fractures/100 person-

years (4 %/year). With a history of prior fracture at baseline,

the fracture rate increased to 7 % per year. Having a gas-

trostomy tube (6.8 % per year) and higher body fat at baseline

(9.7 % per year) were also associated with increased risk of

fracture [47, 48]. Factors which may impact on a specific

young adult’s bone health status—to be communicated in the

transition document—include nutritional status, vitamin D

and calcium levels, exposure (or lack of) to sunlight and the

prescription of a number of anticonvulsants with anti-vitamin

D effect, including Valproate. Details of current blood

parameters and information on the prescription of supple-

ments, including vitamin D, are important. Physical measures

which may impact on bone health and fracture risk include

weight-bearing status, the use of standing frames and low-

frequency oscillation. Pharmacological management of bone

health may include adequate nutrition, calcium and vitamin D

supplementation and drugs such as bisphosphonates. Inclu-

sion in the transition document of information on the history of

bisphosphonate administration that documents both the

effects and side effects of the treatment is important.

Given that a previous fracture is a major risk for further

fracture, documentation of the timing, location and man-

agement of prior fractures is very important. Most fractures

can be treated by simple means, including bulky dressings

or well-padded splints. However, some fractures require

complex fixation procedures, including intramedullary

fixation. Long-term retention of intramedullary fixation

rods may be helpful in the prevention of further fracture

and secondary bony deformity [49].

Research using transition documentation

When complete and accurate, transition documentation

affords an excellent opportunity for audit and clinical

research. This is the ideal time to document the long-term

outcomes of tone management, gait correction surgery,

preventive and reconstructive surgery for the hip and sur-

gery for the correction of spinal deformities. The audit of

hip status at skeletal maturity may be simply performed

using the MCPHCS [35], and this simple tool may provide

a year-by-year summary of the outcomes of hip surveil-

lance, preventive surgery and reconstructive surgery. There

are many additional areas in which the outcomes of specific

interventions can be assessed in ethics-approved studies,

including the outcomes of single-event multilevel surgery

[32, 50]. Measures which may be of value in documenting

the outcomes of single-event multilevel surgery, longitu-

dinal changes and the effectiveness of the overall pro-

gramme include the Gait Profile Score [31]. Orthopaedic

surgeons should embrace the transition clinic as an excel-

lent opportunity for clinical audit and potentially for clin-

ical research at the crucial point in time when children and

young people leave paediatric services.

Open Access This article is distributed under the terms of the

Creative Commons Attribution License which permits any use, dis-

tribution, and reproduction in any medium, provided the original

author(s) and the source are credited.

References

1. Oskoui M (2012) Growing up with cerebral palsy: contemporary

challenges of healthcare transition. Can J Neurol Sci 39:23–25

2. Howard J, Soo B, Graham HK (2005) Cerebral palsy in Victoria:

motor types, topography and gross motor function. J Paediatr

Child Health 41:479–483

3. Department of Health, Victoria, Australia. Available at: http://

health.vic.gov.au/subacute/literature-review.pdf. Accessed 6 Mar

2014

4. Strauss D, Brooks J, Rosenbloom L, Shavelle R (2008) Life

expectancy in cerebral palsy: an update. Dev Med Child Neurol

50:487–493

5. Reddihough DS, Baikie G, Walstab JE (2001) Cerebral palsy in

Victoria, Australia: mortality and causes of death. J Paediatr

Child Health 37:183–186

6. Young NL, Barden WS, Mills WA, Burke TA, Law M, Boydell K

(2009) Transition to adult-oriented health care: perspectives of

youth and adults with complex physical disabilities. Phys Occup

Ther Paediatr 29:345–361

J Child Orthop (2014) 8:203–213 211

123

http://health.vic.gov.au/subacute/literature-review.pdf
http://health.vic.gov.au/subacute/literature-review.pdf


7. Darrah J, Wiart L, Magill-Evans J, Ray L, Andersen J (2010) Are

family-centred principles, functional goal setting and transition

planning evident in therapy services for children with cerebral

palsy? Child Care Health Dev 38:41–47

8. Reddihough D (2011) Cerebral palsy in childhood. Aus Family

Phys 40:4

9. Liptak GS (2008) Health and well being of adults with cerebral

palsy. Curr Opinion Neurol 21:136–142

10. Murphy KP (2010) The adult with cerebral palsy. Orthop Clin N

Am 41:595–605

11. Hutchinson R, Graham HK (2008) Management of spasticity in

children. In: Barnes MP, Johnson GR (eds) Upper motor neurone

syndrome and spasticity. Clinical management and neurophysi-

ology, vol 12, 2nd edn. Cambridge University Press, London,

pp 214–239

12. Wynter M, Gibson N, Kentish M, Love S, Thomason P, Graham

HK (2011) The consensus statement on hip surveillance for

children with cerebral palsy: Australian standards of care. J Pe-

diatr Rehabil Med 4:183–195

13. Colver AF, Merrick H, Deverill M, Le Couteur A, Parr J, Pearce

MS, Rapley T, Vale L, Watson R, McConachie H (2013) Study

protocol: longitudinal study of the transition of young people with

complex health needs from child to adult health services. BMC

Public Health 13:675

14. Bax M, Tydeman C, Flodmark O (2006) Clinical and MRI cor-

relates of cerebral palsy: the European cerebral palsy study.

JAMA 296:1602–1608

15. Palisano R, Rosenbaum P, Walter S, Russell D, Wood E, Galuppi

B (1997) Development and reliability of a system to classify

gross motor function in children with cerebral palsy. Dev Med

Child Neurol 39:214–223

16. Palisano RJ, Rosenbaum P, Bartlett D, Livingston MH (2008)

Content validity of the expanded and revised gross motor func-

tion classification system. Dev Med Child Neurol 50:744–750

17. Rutz E, Tirosh O, Thomason P, Barg A, Graham K (2012) Sta-

bility of the gross motor function classification system after single

event multilevel surgery in cerebral palsy. Dev Med Child Neurol

54:1109–1113

18. Harvey A, Rosenbaum P, Graham HK, Palisano RJ (2009) Cur-

rent and future uses of the gross motor function classification

system. Letter to the editor. Dev Med Child Neurol 51:328–329

19. Eliasson A-C, Krumlinde-Sundholm L, Rosblad B, Beckung E,

Arner M, Ohrvall A-M, Rosenbaum P (2006) The Manual Ability

Classification System (MACS) for children with cerebral palsy:

scale development and evidence of validity and reliability. Dev

Med Child Neurol 48:549–554

20. Hidecker MJC, Paneth N, Rosenbaum PL et al (2011) Developing

and validating the communication function classification system

for individuals with cerebral palsy. Dev Med Child Neurol

53:704–710

21. Sanger TD, Delgado MR, Gaebler-Spira D, Hallett M, Mink JW

(2003) Task force on childhood motor disorders. Classification

and definition of disorders causing hypertonia in childhood.

Pediatrics 111:89–97

22. Surveillance of Cerebral Palsy in Europe (SCPE) (2000) A col-

laboration of cerebral palsy surveys and registers. Dev Med Child

Neurol 42:816–824

23. Sellier E, Horber V, Krageloh-Mann I, De La Cruz J, Cans C

(2012) Interrater reliability study of cerebral palsy diagnosis,

neurological subtype, and gross motor function. Dev Med Child

Neurol 54:815–821

24. Graham HK, Harvey A, Rodda J, Nattrass GR, Pirpiris M (2004) The

Functional Mobility Scale (FMS). J Pediatr Orthop 24:514–520

25. Novacheck TF, Stout JL, Tervo R (2000) Reliability and validity

of the Gillette Assessment Questionnaire as an outcome measure

in children with walking abilities. J Pediatr Orthop 20:75–81

26. Van Heest AE, House JH, Cariello C (1999) Upper extremity

surgical treatment of cerebral palsy. J Hand Surg 24A:323–330

27. Davids JR, Peace LC, Wagner LV, Gidewall MA, Blackhuirst

DW, Roberson WM (2006) Validation of the Shriners Hospital

for Children Upper Extremity Evaluation (SHUEE) for children

with hemiplegic cerebral palsy. J Bone Joint Surg 88-A:326–333

28. Naidu K, Smith K, Sheedy M, Adair B, Yu X, Graham HK (2010)

Systemic adverse events following botulinum toxin A therapy in

children with cerebral palsy. Dev Med Child Neurol 52:139–144

29. Howell K, Selber P, Graham HK, Reddihough D (2007) Botu-

linum neurotoxin A: an unusual systemic effect. J Paediatr Child

Health 43:499–501

30. Thomason P, Graham HK (2009) Consequences of interventions.

In: Gage JR, Schwartz MH, Koop SE, Novacheck TF (eds) The

identification and treatment of gait problems in cerebral palsy,

2nd edn. Clinics in Developmental Medicine No.180–181. Mac

Keith Press, London, pp 605–623

31. Baker R, McGinley JL, Schwartz MH, Beynon S, Rozumalski A,

Graham HK, Tirosh O (2009) The Gait Profile Score and

Movement Analysis Profile. Gait Posture 30:265–269

32. Thomason P, Selber P, Graham HK (2013) Single Event Multi-

level Surgery in children with bilateral spastic cerebral palsy: a

5 year prospective study. Gait Posture 37:612–615

33. Soo B, Howard J, Boyd RN, Reid SM, Lanigan A, Wolfe R,

Reddihough D, Graham HK (2006) Hip displacement in cerebral

palsy: a population based study of incidence in relation to motor

type, topographical distribution and gross motor function. J Bone

Joint Surg 88-A:121–129

34. Shore BJ, Yu X, Desai S, Selber P, Wolfe R, Graham HK (2012)

Adductor surgery to prevent hip dislocation in children with

cerebral palsy: the predictive role of the gross motor function

classification system. J Bone Joint Surg 94-A:326–334

35. Robin J, Graham HK, Baker R, Selber P, Simpson P, Symons S,

Thomason P (2009) A classification system for hip disease in

cerebral palsy. Dev Med Child Neurol 51:183–192

36. Rutz E, Passmore E, Baker R, Graham HK (2012) Multilevel

surgery improves gait in spastic hemiplegia but does not resolve

hip dysplasia. Clin Orthop Rel Res 470:1294–1302

37. Persson-Bunke M, Hagglund G, Lauge-Pedersen H (2012) Sco-

liosis in a total population of children with cerebral palsy. Spine

37:E708–E713

38. Saito N, Ebara S, Ohotsuka K, Kumeta H, Tataoka K (1998)

Natural history of scoliosis in spastic cerebral palsy. Lancet

351:1687–1692

39. Schwartz L, Engel JM, Jensen MP (1999) Pain in persons with

cerebral palsy. Arch Phys Med Rehabil 80:1243–1246

40. Root L, Goss JR, Mendes J (1986) The treatment of the painful

hip in cerebral palsy by total hip replacement or hip arthrodesis.

J Bone Joint Surg 68-A:590–598

41. Hadden KL, von Baeyer CL (2002) Pain in children with cerebral

palsy: common triggers and expressive behaviors. Pain

99:281–288

42. Ely E, Chen-Lim ML, Zarnowsky C, Green R, Shaffer S, Holtzer

B (2012) Finding the evidence to change practice for assessing

pain in children who are cognitively impaired. J Pediatr Nurs

27:402–410

43. Waters E, Salmon L, Wake M, Hesketh K, Wright M (2000) The

Child Health Questionnaire in Australia: reliability, validity and

norms for a measure of child health and well-being. Aus NZ J

Public Health 24:207–210

44. Park MS, Chung CY, Lee KM, Sung KH, Choi IH, Cho T-J, Yoo

WJ, Lee SH, Kwon DG, Kim TW (2013) Rasch analysis of the

pediatric outcomes data collection instrument in 720 patients with

cerebral palsy. J Pediatr Orthop 32:423–431

45. Haley SM, Coster WJ, Ludlow LH, Haltiwangeer J, Andrellos P

(1992) Pediatric evaluation of disability inventory: development,

212 J Child Orthop (2014) 8:203–213

123



standardization, and administration manual, version 1.0. New

England Medical Center, Boston

46. Narayanan UG, Fehlings D, Weir S, Knights S, Kiran S, Camp-

bell K (2006) Initial development and validation of the caregiver

priorities and child health index of life with disabilities

(CPCHILD). Dev Med Child Neurol 48:804–812

47. Houlihan CM, Stevenson RD (2009) Bone density in cerebral

palsy. Phys Med Rehabil Clin N Am 20:493–508

48. Stevenson RD, Conaway M, Barrington JW, Cuthill SL, Worley

G, Henderson RC (2006) Fracture rate in children with cerebral

palsy. Pediatr Rehabil 9:396–403

49. Presedo A, Dabney KW, Miller F (2007) Fractures in patients

with cerebral palsy. J Pediatr Orthop 27:147–153

50. Rutz E, Donath S, Tirosh O, Graham HK, Baker R (2013)

Explaining the variability improvements in gait quality as a result

of single event multilevel-surgery. Gait Posture 38:455–460

J Child Orthop (2014) 8:203–213 213

123


	Abstract
	Purpose
	Methods
	Conclusion

	Introduction
	The minimum clinical data set
	Patient demographics
	Is the diagnosis of CP fully established?
	Description and classification of CP: gross motor function
	Topographical classification
	CP function
	Medical co-morbidities and history
	Tone management
	Surgical and anaesthetic history
	Radiology
	Pain management
	Quality of life and health-related quality of life
	Bone health and fracture history
	Research using transition documentation
	References

