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Abstract
Introduction Hip displacement is common in cerebral palsy (CP) and is related to the severity of neurological and functional 
impairment. It is a silent, but progressive disease, and can result in significant morbidity and decreased quality of life, if left 
untreated. The pathophysiology of hip displacement in CP is a combination of hip flexor-adductor muscle spasticity, abductor 
muscle weakness, and delayed weight-bearing, resulting in proximal femoral deformities and progressive acetabular dysplasia. 
Due to a lack of symptoms in the early stages of hip displacement, the diagnosis is easily missed. Awareness of this condition 
and regular surveillance by clinical examination and serial radiographs of the hips are the key to early diagnosis and treatment.
Hip surveillance programmes Several population-based studies from around the world have demonstrated that universal 
hip surveillance in children with CP allows early detection of hip displacement and appropriate early intervention, with a 
resultant decrease in painful dislocations. Global hip surveillance models are based upon the patients’ age, functional level 
determined by the Gross Motor Function Classification system (GMFCS), gait classification, standardized clinical exam, and 
radiographic indices such as the migration percentage (MP), as critical indicators of progressive hip displacement.
Conclusion Despite 25 years of evidence showing the efficacy of established hip surveillance programmes, there is poor 
awareness among healthcare professionals in India about the importance of regular hip surveillance in children with CP. 
There is a need for professional organizations to develop evidence-based guidelines for hip surveillance which are relevant 
to the Indian context.

Keywords Cerebral palsy · Spasticity · Diplegia · Quadriplegia · Hemiplegia · Hip displacement · Hip surveillance · Gross 
Motor Function Classification System (GMFCS) · Migration percentage · Painful hip

Introduction

Cerebral palsy (CP) is the most common cause of physical 
disability affecting children, with a prevalence of about 2 
per 1000 live births [1]. In a child with CP, hip dysplasia 
is the second most common problem, after equinus, caus-
ing significant pain and disability [2, 3]. The incidence of 
hip displacement in CP is approximately 35% [2–4]. Factors 
deciding the risk of hip displacement are the age of the child, 
severity of neurological involvement and limitations in walk-
ing ability which are directly related to gross motor function 

[4, 5]. Early identification and orthopaedic intervention of 
“at risk” children, identified by hip surveillance programmes 
globally, have been shown to prevent hip dislocation and the 
need for complex future salvage surgery [3, 6–10].

A hip surveillance programme includes evaluation of all 
children with cerebral palsy by physical examination and 
serial radiographs, with the goal of timely referral to the 
orthopaedic surgeon [11]. Hip surveillance also includes 
children who are irregular in follow-up and children who 
are at risk of developing hip displacement outside of tertiary 
referral centres. Various countries around the world have 
adopted national hip surveillance programmes [3, 6–10]; 
however, in India no such established national or state-wide 
surveillance programmes exist, resulting in wide variation 
in practices.

This review article provides an overview of the epide-
miology, natural history, pathophysiology and anatomy of 
hip displacement in children with cerebral palsy, clinical 
and radiological assessment, hip displacement related to 
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various GMFCS levels, and an overview of various global 
hip surveillance models and their outcomes which will 
help in developing methods to prevent and proactively 
manage hip disorders in children with CP.

Epidemiology and Risk of Hip Displacement 
in Cerebral Palsy

The prevalence of hip displacement for the CP population 
as a whole is approximately 35%. The prevalence of hip 
subluxation is between 25 and 60% and hip dislocation 
is 10–15% in children with CP [2, 3, 12–14]. Previous 
studies have suggested that the most important risk fac-
tor associated with hip displacement is the severity of the 
disease [12, 15, 16]. Accordingly it has been shown that 
children with quadriplegia have the highest risk of devel-
oping hip displacement while those with less severe neu-
rologic involvement have a lower risk. Rather than motor 
type and topography (e.g. quadriplegia), the severity of 
neurological involvement is better stratified by reliable and 
valid classifications of gross motor function. The Gross 
Motor Function Classification System (GMFCS) devel-
oped by Palisano et al. [17] is a well-accepted five-level 
ordinal system to classify motor function and degree of 
motor impairment in CP. A level I child (between 6 and 
12 years of age) has near normal gross motor function and 
can ambulate independently; while a level V child cannot 
sit independently, stand or walk and is dependent for all 
aspects of care. The GMFCS has been proven to be a valid, 
reliable, stable, and clinically relevant method for the clas-
sification and prediction of motor function in children with 
cerebral palsy from 2 to 18 years of age.

In the first population-based study using the Austral-
ian CP Register, Soo et al. [4] confirmed the linear cor-
relation between hip displacement and the GMFCS level. 
Throughout childhood, the risk for hip displacement was 
determined to be approximately 15% for GMFCS level II, 
40% for level III, 70% for level IV and 90% for level V 
children (Fig. 1). The risk in GMFCS level I was negligi-
ble, except in hemiplegic children with hip involvement 
designated as Winter, Gage and Hicks Type IV (WGH IV) 
hemiplegia. The same study also corroborated the fact that 
the risk of hip displacement was related to topography, 
with a 1% risk in children with hemiplegia compared to 
an 82% risk in children with quadriplegia [4]. However, 
the incidence of hip displacement was unrelated to the 
motor type, as children with spasticity and dystonia had 
the same risk as children with hypotonia [4]. Subsequent 
population-based studies have corroborated these findings 
and serve as a basis for comprehensive hip surveillance 
programmes [8–10, 18, 19].

Natural History of Hip Dysplasia in Cerebral 
Palsy

It is important to understand the natural history of 
untreated hip displacement in children with CP, so as to 
make informed decisions regarding its management. There 
has been some controversy in literature regarding a ‘pro-
active approach’ of early diagnosis and early intervention 
versus a ‘reactive approach’ of offering surgery only after 
the hip becomes painful or causes functional limitation 
[20, 21]. However, recent evidence from population-
based studies does show that the reactive approach leads 
to inferior outcomes and puts the child with CP at risk 
for development of pain, gait abnormalities, difficulty in 
seating and perineal hygiene, pressure ulcers, pelvic obliq-
uity and scoliosis [22]. Using newly developed, validated, 
disease-specific outcome measures such as the Caregiver 
Priorities and Child Health Index of Life with Disabilities 
(CPCHILD), it has been shown that severe hip displace-
ment significantly reduces health-related quality of life in 
children with CP [23]. Conversely, early surgery showed 
significant improvements in CPCHILD scores, especially 
in the personal care/activities of daily living, and position-
ing, transfers and mobility domains [24].

Proactive treatment of hip subluxation in ambulatory 
children is well accepted. Well-reduced hips are essential 
to provide a stable platform for walking and to prevent gait 
deterioration, loss of hip motion and future osteoarthri-
tis resulting from femoral head deformation and articular 
cartilage damage seen in long-standing dislocations. The 
rationale for hip management in non-ambulatory children 
is less defined. Adequate hip abduction is important for 
perineal hygiene and ease of care for bedridden children. 
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Fig. 1  Incidence of hip displacement related to the Gross Motor 
Function Classification System (GMFCS). Adapted from Soo et  al. 
[4]
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Ease of transfers, proper seating balance, prevention of 
pressure sores and maintenance of pelvic and spinal align-
ment are other important considerations [16, 25, 26]. Hip 
subluxation and dislocation frequently lead to pelvic obliq-
uity and scoliosis which affect seating balance (Fig. 2).

Prevention of pain is the overarching goal of early 
detection and management of hip displacement in CP. 
Samilson [26] reported that only 6 of 274 patients with 
CP had pain attributable to hip subluxation while Pritchett 
[21] reported that 62% of patients with dislocated hips 
had no pain and 33% had only mild pain. However, on a 
long-term follow-up of hip subluxation in children with 
CP, Bagg and Miller [16] reported that 89% of dislocated 
hips had moderate to severe pain and 45% of sublux-
ated hips had pain. More recent publications support an 
increased incidence of hip pain related to the severity of 
hip displacement and worsening hip morphology [22, 27]. 
It must be noted that early displacement is rarely painful 
and advocates of the proactive approach do not recom-
mend using pain as a deciding factor in the management of 
neuromuscular hip dysplasia. Pain is a late symptom and 
usually indicates that the hip is going beyond the scope 
of reconstructive procedures. Regular and judicious clini-
cal examination combined with periodic radiographs are 
required to diagnose early hip displacement in children 
with CP.

Rationale for keeping hips reduced in children with CP

Ambulatory children

Stable pla�orm for walking
Prevent gait deteriora�on
Allow full hip mo�on
Prevent future OA

Non-ambulatory children

Perineal hygiene 
Ease of transfers
Allow proper sea�ng balance
Prevent pressure sores
Prevent pelvic obliquity & scoliosis

Preven�on of pain is the overarching goal in both groups

....

.....

Pathophysiology and Pathoanatomy of Hip 
Displacement in CP

The ‘traditional view’ of the pathophysiology of hip dis-
placement in CP is based upon the spastic muscle model. 
According to this model, spasticity resulting from cerebral 
palsy leads to an increase in muscle stiffness resulting in 
fixed myostatic contractures. The spastic and contracted hip 
adductor and flexor muscles pull the proximal femur into 
adduction, flexion and internal rotation, effectively driving 
the femoral head out of the hip joint. Fixed muscle con-
tractures have been assumed to lead to the development 
of secondary bony deformities commonly associated with 
hip dysplasia, namely, increased femoral anteversion, coxa 
valga and gradual acetabular dysplasia [28]. While the spas-
tic muscle model is logical and intuitive, recent evidence 
has shown that hip displacement is unrelated to the motor 
type, with hypotonic children having the same risk as chil-
dren with spasticity or dystonia, and can occur even in the 
absence of muscle contractures [4].

A more holistic and modern view focuses on the role of 
negative features of CP i.e. abductor muscle weakness and 
delayed weight-bearing as additional factors driving hip 
displacement in CP. Proximal femoral deformities are com-
monly associated with hip displacement in CP and include 
increased femoral neck anteversion (FNA), coxa valga and 
horizontal or lateral inclination of the proximal femoral phy-
sis [29, 30]. In a large population-based study, Robin et al. 
[31] correlated changes in proximal femoral geometry to the 
severity of neurological problem stratified according to the 
GMFCS. Mean femoral anteversion was found to be abnor-
mally increased to 36.5° across all GMFCS levels, being 

Fig. 2  Radiograph showing bilateral hip dislocation with pelvic 
obliquity and scoliosis in a child with quadriplegic cerebral palsy
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approximately 30° for level I, 35° for level II and 40° for 
levels III–V. Similarly, the mean neck-shaft angle (NSA) was 
found to be abnormally high at 147.5° in children with CP 
and also correlated strongly with the GMFCS, with values 
ranging from 136° to 163° across levels I–V. Furthermore, 
it was demonstrated that increases in FNA and NSA were 
significant contributors to the development of progressive 
hip subluxation [31]. It has been postulated that abnormal 
joint forces resulting from delayed or lack of weight-bearing 
combined with muscle imbalance resulting from abductor 
insufficiency are likely determinants of abnormal proximal 
femoral geometry and consequent hip displacement seen 

in CP [31–33]. Coxa valga and lateral tilt of the proximal 
femoral physis further contribute to progressive acetabular 
dysplasia resulting from progressive lateral displacement of 
the femoral head and a shift of forces to the lateral aspect of 
the acetabulum [34–36] (Fig. 3).

Clinical Examination

The clinical evaluation of a child with suspected hip dys-
plasia related to CP is performed as a part of the routine 
assessment of a child with CP. It may be performed by the 

Fig. 3  Pathophysiology of Hip 
Displacement in Cerebral Palsy Upper motor neuron lesion due 

to Cerebral Palsy
Nega�ve features of Cerebral Palsy

Spas�city & muscle s�ffness Abductor muscle weakness

Fixed myosta�c contractures of 
hip adductor & flexor muscles

Delayed weight-bearing

Pull proximal femur into 
adduc�on, flexion & internal 

rota�on

Changes in proximal femoral geometry
- Increased femoral neck 

anteversion
- Coxa valga
- Horizontal growth plate

Progressive acetabular dysplasia

Progressive hip displacement
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Orthopaedic surgeon, Physiotherapist, Neurologist or any 
healthcare provider with expertise in this condition. The 
examination should be comprehensive and systematic and 
include relevant items in history and physical examination. 
This section will focus on aspects relevant to hip displace-
ment in CP. For a general overview of clinical examina-
tion of children with CP, readers are encouraged to read our 
related publication [37].

History

The history includes information regarding the birth, devel-
opmental milestones, other associated medical problems, 
surgical history, ongoing medications, physiotherapy treat-
ment, and use of orthoses and assistive devices, if any. Spe-
cific items in the history and clinical examination related to 
hip dysplasia include:

– Determination of the developmental status and gross 
motor function i.e. the GMFCS level.

– Determination of motor type (spastic, dystonic, mixed 
etc.).

– Determination of topographical pattern of limb involve-
ment (diplegia, quadriplegia or hemiplegia).

– Issues related to pain, perineal hygiene, ability to transfer 
and functional limitations in sitting, standing and walk-
ing.

– Information regarding co-morbidities such as epilepsy, 
gastrointestinal issues, respiratory status etc.

– Information relating to any prior interventions e.g. botu-
linum injections.

Physical Examination

(A) For ambulatory patients, gait should be observed and 
the need for assistive devices should be noted. Gait 
deviations such as limb length discrepancy, scissoring, 
abductor lurch, pelvic obliquity and spinal asymmetry 
are recorded. Gait analysis can be performed using dif-
ferent techniques such as observational, videographic, 
or instrumented 3D gait analysis.

(B) Clinical examination should be performed in the stand-
ing and sitting positions to determine leg length dis-
crepancy, pelvic obliquity in the sagittal and coronal 
planes, sitting balance and presence of scoliosis.

(C) Hip assessment [37] (Fig. 4a–d) 

(a) Hip range of motion (ROM) in all planes is 
assessed in the supine position. Hip flexion 
deformity is determined by the Thomas test and 
prone Staheli test. Range of hip abduction is meas-
ured with the hips in both extension (for medial 
hamstrings) and flexion (for adductors). Spasticity 

may be differentiated from contracture using the 
modified Ashworth and Tardieu scores.

(b) Transverse plane measurements are best per-
formed in the prone position. The arc of internal 
and external rotation is noted and the degree of 
femoral neck anteversion is measured using the 
trochanteric prominence test or Gage test.

(D) Pelvic obliquity and scoliosis: presence and correctabil-
ity should be noted. Pelvic obliquity may result from an 
infrapelvic cause (fixed hip contractures), suprapelvic 
cause (structural scoliosis), or a combination of both.

The final ‘diagnostic matrix’ should capture all relevant 
points on history and clinical examination that impact the 
decision-making in management of hip disease in children 
with CP.

Decision matrix for hip disease in children with CP

Age & GMFCS level
Motor type & topographical limb involvement
Presence of fixed muscle contractures around the hip and hip ROM
Issues which affect sea�ng balance, such as, pelvic obliquity & 
scoliosis
Issues related to pain, perineal hygiene & ability to transfer
Presence of co-morbidi�es
Radiographic measures of hip displacement
Examina�on under anaesthesia

....

....

Radiographic Assessment

Early hip displacement is typically silent clinically and 
becomes symptomatic only in the advanced stage of the dis-
ease. Radiography thus becomes the mainstay for the early 
diagnosis of hip displacement in CP and forms the basis 
for all surveillance protocols [2, 3, 6, 8, 10, 11, 38, 39]. An 
anteroposterior (AP) radiograph of the pelvis with both hips, 
taken in a standardized manner, is sufficient to diagnose 
the presence and progression of hip displacement in CP. 
A frog-leg lateral view is generally not required. Accurate 
positioning of the patient with the pelvis horizontal, both 
lower limbs parallel to each other, patellae facing upward, 
and correction of excessive lumbar lordosis in the presence 
of hip flexion contractures, is important [6, 40]. The follow-
ing measurements are made on the AP radiograph (Fig. 5):

– The Reimers Migration Percentage (RMP) is the most 
commonly used, reliable, and valid measure to quantify 
the extent of hip displacement [41–43]. To measure 
RMP, the percentage of the proximal femoral epiphysis 
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lateral to the Perkin’s line is determined as a ratio to its 
diameter. While measurement of RMP on a single AP 
X-ray has been found to be reliable [42], it is recom-
mended that treatment decisions should be based on 
serial radiographs demonstrating progressive changes 

in RMP over time [44]. The RMP threshold to identify 
“hips-at-risk” is > 30 or 33%. The risk of progression 
of RMP is found to be four times greater in children 
with quadriplegia than in diplegic CP. Hip RMP > 50% 
will not reduce spontaneously and 1/3rd will progress 
to dislocation.

– The Acetabular Index (AI) is often used as a means to 
measure acetabular dysplasia. It is the angle between 
the Hilgenreiner’s line and a line extending from the 
lateral extent of the triradiate cartilage to the lateral 
edge of the acetabulum.

– The Neck-Shaft Angle (NSA) is an important measure 
of coxa valga and distorted proximal femoral morphol-
ogy seen in CP. Since its value is affected by the con-
comitant presence of excessive femoral anteversion, it 
is most reliable when measured in 30°–40° of internal 
rotation.

– Head-Shaft angle (HSA) and physeal tilt: HSA is the 
angle between the proximal femoral physeal line and 
the femoral shaft axis. However, it is not strongly cor-
related to hip displacement and its role in hip surveil-
lance is controversial [45].

Fig. 4  Figure showing various tests in the clinical examination. a 
Thomas’ test demonstrating fixed flexion deformity of the right hip. 
b Popliteal angle test of right knee. c Bilateral hip abduction in exten-

sion demonstrating restricted left hip abduction. d Bilateral hip inter-
nal rotation demonstrating increased femoral anteversion in left hip

Fig. 5  AP hip radiograph showing measurement of Reimer’s Migra-
tion Percentage (RMP). RMP in this case is 70%. H Hilgenreiner’s 
line, P Perkin’s line, AI Acetabular Index
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Role of CT scan and MRI: CT scan and MRI have a lim-
ited role to play in the screening and diagnosis of hip dis-
placement in CP. The main role of CT lies in determining 
the location of acetabular dysplasia (anterior, posterior, or 
global) and the severity of femoral head deformity, as part of 
the pre-operative assessment prior to reconstructive surgery. 
It is also helpful to decide the location of the acetabuloplasty 
used in surgical management and/or whether the hip mor-
phology is conducive to reconstructive, rather than salvage 
procedures, in hips with complex acetabular and femoral 
deformities [29]. MRI is occasionally useful in evaluating 
the status of articular cartilage degeneration (using delayed 
gadolinium-enhanced magnetic resonance imaging of car-
tilage [dGEMRIC]) to decide whether a hip is amenable to 
reconstruction rather than salvage [46].

Why is Hip Surveillance Important?

Hip surveillance is defined as ‘the process of monitoring 
and identifying the early critical indicators of hip displace-
ment’. Considering the fact that the early identification 
of hip displacement in CP permits early treatment with 
improved functional outcomes (Fig. 6), several countries 
and regions around the world have initiated provincial or 
country-wide hip surveillance programmes. Cross-sectional 
and population-based studies have confirmed that a well-run 

hip surveillance programme can reduce or even eliminate 
the incidence of late-presenting dislocation with all its 
attendant problems [3, 6, 14, 38]. An ideal hip surveillance 
programme should be population-based covering the entire 
population at risk, have a well-defined schedule of periodic 
hip examination and serial radiographs based on current evi-
dence and consensus expert opinion, and ensure that pro-
gressive hip displacement is detected early enough to ensure 
timely referral and treatment by the Orthopaedic surgeon. 
In order to be successful, community access to surveillance 
must be universal, referral pathways must exist, access to 
Orthopaedic treatment must be easily available, and there 
must be significant buy-in from all stakeholders including 
caregivers, healthcare providers and administrative policy 
makers [6, 38].

The first national hip surveillance model called the Cer-
ebral Palsy Follow-up Programme (CPUP) was established 
in Sweden in 1994 and is now utilized all across Scandina-
via and parts of Europe. The results from the first 10 years 
were published in 2005 and showed a statistically signifi-
cant decrease in the incidence of hip dislocation from 8% 
in a historical control group before surveillance to 0.5% in 
the study group after initiating the surveillance programme 
[3]. Another cohort was added after the first 10 years and 
at a 20-year review the dislocation rate was 0%, effectively 
eradicating hip dislocation in CP [38]. Preventive and recon-
structive surgeries were performed in 12–15% of both study 

Fig. 6  Flowchart showing 
surveillance-based treatment 
algorithm as per evidence from 
literature

TREATMENT 
ALGORITHM

PREVENTIVE SURGERY  
RMP 33 - 50%

RMP >30% and 
progressive increase on 

serial follow-up

- Adductor 
longus 
release                                                    
- Gracilis 
release         
- Adductor 
brevis 
myotomy        
- Iliopsoas 
lengthening 

Phenoliza�on 
of obturator 

nerve –
anterior 

branch only 

RECONSTRUCTIVE SURGERY     
RMP >50%

Significant bony deformi�es
Progressive hip displacement 

a�er preven�ve surgery

Femoral 
varus 

derota�on 
osteotomy

Pelvic 
osteotomy 

- San 
Diego 

acetabulo
plasty

SALVAGE SURGERY
RMP >100%

Disloca�on with femoral head 
deforma�on & pain

Excision 
of 

proximal 
femur 

Valgus 
osteotomy 

or 
combined 

with 
femoral 

head 
excision

Arthroplasty 
/ Arthrodesis
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groups, but more importantly not a single child needed a sal-
vage surgery. 38% of children who underwent preventive or 
reconstructive surgery needed a repeat operation, especially 
those undergoing soft-tissue releases. This was not consid-
ered a failure and underscores the importance of continuing 
surveillance even after hip surgery [38].

Following the success of the Swedish model, a similar 
surveillance programme was initiated in Australia since 
1997. A pilot study from the group in 2002 showed that more 
number of cases were being picked up and at a younger age 
than in the pre-surveillance period [6]. 46% of cases needed 
surgery and the rate of preventive surgery increased substan-
tially due to early identification of ‘silent’ hip subluxation. 
The mean age at which preventive surgery was undertaken 
was 4.2 years compared to 8.3 years in the pre-surveillance 
period. The need for salvage surgery gradually reduced and 
was virtually eliminated at the end of the study period [6]. 
Data from Tasmania [8] and Queensland [9] further support 
the Australian model. Five year outcomes of a population-
based, state-wide hip surveillance programme in Queensland 
showed that significant hip displacement (RMP > 30%) was 
detected in 28% of the population and that the programme 
was successful in correctly identifying ‘at-risk’ hips, fast 
tracking children to Orthopaedic review, preventing silent 
hip dislocation, and discharging children at minimal risk 
of dislocation [9]. A 5-year review of pooled data (3366 
children) after implementation of the Australian hip surveil-
lance guidelines in 2008, highlighted the efficacy of the sur-
veillance protocol, wherein progression of RMP > 30% was 
always correctly identified in GMFCS level III–V children, 
enabling timely referral and orthopaedic management [10].

Basis of a Universal Hip Surveillance Programme

One in three children with CP will develop hip displacement
Early hip displacement is o�en silent, with no clinical symptoms
Le� undetected and untreated, hip displacement can progress to 
disloca�on and cause pain & decreased quality of life
Systema�c screening can iden�fy hip displacement early and, when 
combined with �mely orthopaedic management, reduce the prevalence of 
hip disloca�ons in children with CP
Popula�on-based hip surveillance programmes have been shown to be 
effec�ve in preven�ng hip disloca�ons in children with CP
Popula�on-based hip surveillance programmes have eliminated the need 
for salvage surgery

...
.
.
.

International Hip Surveillance Models

As part of their country-wide, state-wide or provincial hip 
surveillance programmes, Sweden [3, 38], Australia [10, 
39] and British Columbia [47] have published guidelines 
based upon best-available current research evidence and 
expert consensus. The objective of these guidelines and 

consensus statements is to outline recommendations for hip 
surveillance to ensure that children with CP receive appro-
priate screening and are referred to an orthopaedic surgeon 
at the appropriate time to minimize or prevent complica-
tions associated with hip dislocations. Swedish researchers 
have also developed the ‘CPUP Hip Risk Score’ based upon 
age, GMFCS level, migration percentage (MP) and head-
shaft angle (HSA), to determine the risk of developing hip 
displacement within 5 years of the first pelvic radiograph 
[48]. In 2017, the American Academy of Cerebral Palsy 
and Developmental Medicine (AACPDM) developed a Hip 
Surveillance Care Pathway as an algorithm to inform clini-
cal practice based on best evidence and expert consensus 
(www.aacpd m.org) [49]. The details of each surveillance 
protocol vary somewhat in terms of age of entry and dis-
charge, frequency of clinical and radiographic assessment, 
and when to refer for orthopaedic treatment. However, the 
common thread for all protocols is to utilize age, GMFCS, 
gait classification (WGH IV) and Reimer’s migration per-
centage (RMP) as critical early indicators of progressive hip 
displacement.

Table 1 provides an overview of the various surveillance 
models and how they compare with each other. For more 
detailed information, the reader is encouraged to access the 
respective published guidelines.

CP Hip Surveillance in India and Review 
of Indian Literature

The true prevalence and etiology of CP in India are 
unknown, since most studies are hospital-based and of a 
small cohort of children rather than community-based [50]. 
In a retrospective study of 544 cases over an 8-year period, 
Laisram et al. [51] showed that the etiology of CP in ~ 70% 
of cases was due to perinatal and post-natal factors, com-
pared to developed countries which reported a relatively 
higher incidence of prenatal causes. The clinical spectrum of 
CP is also different between developing and developed coun-
tries, as shown in an analysis of 1212 children from North 
India over a period of 2 decades [52]. Spastic quadriplegia 
was the commonest clinical phenotype, seen in over 50% 
of cases, as compared to developed countries where spastic 
diplegia is more common. Perinatal causes (birth asphyxia, 
sepsis) and post-natal causes (meningitis, hyperbilirubine-
mia etc.) contribute to a large proportion of the disease—a 
scenario very different from developed countries where CP 
is more related to prematurity and survival [52].

There are very few reports from India regarding the inci-
dence of hip displacement in children with CP. There are no 
population-based or longitudinal studies available and all 
reports are cross-sectional studies on small cohorts. Hence it 
is difficult to estimate the true incidence of hip displacement 
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Table 1  Table showing similarities and differences between various international hip surveillance models

Category Scandinavian Australian British Columbian AAPCDM

1. Year established 1994 2008
Revised 2014

2012 2017

2. Evaluation done by 
whom and what it 
includes

Done by physical thera-
pists

Evaluation includes
 Gross and fine motor 

function
 Upper limb and lower 

limb range of motion
 Spine examination
 Radiographs

Done by physical therapists
Evaluation includes
 Gross and fine motor function
 Upper limb and lower limb range 

of motion
 Radiographs
 Spine examination
 Limb length
 Gait

Done by physical 
therapists

Evaluation includes
 Gross and fine motor 

function
 Upper limb and lower 

limb range of motion
 Radiographs
 Spine examination
 Limb length
 Gait

Done by physical therapists
Evaluation includes
 Gross and fine motor func-

tion
 Upper limb and lower limb 

range of motion
 Radiographs
 Spine examination
 Limb length
 Gait

3. Evaluation of various 
GMFCS levels

GMFCS I
 Clinical examination 

(CE)
Every 6 months till 

6 years of age and then 
12 monthly thereafter 
till skeletal maturity

Starts at 12–24 months of age
Review at 3 and 5 years

12 monthly till 5 years 
of age

Starts at 2 years of age
Review at 4 and 6 years 

of age

 Radiographs (AP pel-
vis with both hips)

No X-ray (unless dete-
rioration of hip/spine 
examination)

No X-ray X-ray at 5 years of age
If normal, discharge 

from surveillance

No X-ray

GMFCS II
 Clinical examination 

(CE)`
Every 6 months till 

6 years age and then 12 
monthly thereafter till 
skeletal maturity

Discharge at skeletal 
maturity

12 months after commencement
If MP unstable/abnormal, repeat 

12 monthly until stabilized.
If MP stable, review at 4–5 years 

of age.
At 4–5 years of age, if MP 

unstable/abnormal, repeat 12 
monthly until stabilized. If MP 
stable, review at 8–10 years 
of age

At 8–10 years, if MP unstable 
then repeat 12 monthly until 
stabilized or patient reaches 
skeletal maturity

12 monthly till 5 years 
of age

Every 24 months from 2 to 
10 years of age

 Radiographs (AP pel-
vis with both hips)

At age 2 and 6 years
After 6 years—if no 

deterioration on CE and 
MP < 33%, no further 
X-rays required

12 months after commencement
If MP unstable/abnormal, repeat 

12 monthly until stabilized.
If MP stable, review at 4–5 years 

of age.
At 4–5 years of age, if MP 

unstable/abnormal, repeat 12 
monthly until stabilized. If MP 
stable, review at 8–10 years 
of age

At 8–10 years, if MP unstable 
then repeat 12 monthly until 
stabilized or patient reaches 
skeletal maturity

If MP stable, discharge from 
surveillance

X-ray at 5 years of age
If normal, discharge 

from surveillance

X-ray at 2, 6, 10 years of 
age

If MP < 30% at 10 years 
of age, discharge from 
surveillance
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Table 1  (continued)

Category Scandinavian Australian British Columbian AAPCDM

GMFCS III
 Clinical examination Every 6 months till 

6 years age and then 12 
monthly thereafter till 
skeletal maturity

After skeletal maturity
If MP stable/normal and 

no scoliosis, continue 
only clinical surveil-
lance

6 months after commencement
If unstable/abnormal repeat every 

6 monthly until stabilized
If MP stable, repeat every 12 

monthly
Review at 7 years of age
If unstable/abnormal, repeat 

every 6 monthly until stabilized
If MP stable/normal, discontinue 

surveillance till pre-pubertal 
age

Review at pre-puberty

After initial clinical 
examination, review at 
24 months of age and 
12 monthly thereafter 
till 6 years of age

12 monthly from 
6 years of age till skel-
etal maturity

Every 12 monthly from 2 to 
8 years of age

Every 24 months from 8 
to 16 years of age or till 
skeletal maturity

Radiographs (AP pelvis 
with both hips)

Every 12 months till 
8 years of age

After 8 years till skeletal 
maturity—X-ray fre-
quency individualized 
based on previous clini-
cal and X-ray findings

If MP stable/normal, 
X-rays every 24 months 
till skeletal maturity

After skeletal maturity, 
no further X-rays if 
MP < 33% and no 
scoliosis.

If MP abnormal, progres-
sive scoliosis or pelvic 
obliquity, continue 
surveillance

6 months after commencement
If unstable/abnormal repeat every 

6 monthly until stabilized
If MP stable, repeat every 12 

monthly
Review at 7 years of age
If unstable/abnormal, repeat 

every 6 monthly until stabilized
If MP stable/normal, discontinue 

surveillance till pre-pubertal 
age

Review at pre-puberty
X-ray 12 monthly till skeletal 

maturity
At skeletal maturity
If MP stable/normal, discontinue 

surveillance
If MP abnormal, gait deteriora-

tion, progressive scoliosis 
or pelvic obliquity, continue 
surveillance 12 monthly

Initial X-ray at 
24 months of age and 
12 monthly thereafter 
till 6 years of age.

Every 24 months from 
6 years of age till skel-
etal maturity

Every 12 monthly from 2 to 
8 years of age

Every 24 months from 8 
to 16 years of age or till 
skeletal maturity

If MP unstable/abnormal, 
repeat every 12 monthly 
until stabilized

At skeletal maturity
If MP stable/normal, dis-

continue surveillance
If MP abnormal, progres-

sive scoliosis or pelvic 
obliquity, continue sur-
veillance

GMFCS IV
 Clinical examination Every 6 months till 

6 years of age and then 
12 monthly thereafter 
till skeletal maturity

After skeletal maturity
If MP stable/normal and 

no scoliosis, continue 
only clinical surveil-
lance

6 months after commencement
If unstable/abnormal repeat every 

6 monthly until stabilized
If MP stable, repeat every 12 

monthly
Review at 7 years of age
If MP unstable/abnormal, repeat 

every 6 monthly until stabilized
If MP stable/normal, discontinue 

surveillance till pre-pubertal 
age

Review at pre-puberty

After initial clinical 
examination, review at 
24 months of age and 
6 monthly thereafter 
till 6 years of age

12 monthly from 
6 years of age till skel-
etal maturity

6 monthly from 2 to 4 years 
of age

12 monthly from 4 years of 
age till 16 years of age or 
skeletal maturity
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Table 1  (continued)

Category Scandinavian Australian British Columbian AAPCDM

 Radiographs (AP pel-
vis with both hips)

Every 12 months till 
8 years of age

After 8 years till skeletal 
maturity—X-ray fre-
quency individualized 
based on previous clini-
cal and X-ray findings

If MP stable/normal, 
X-rays every 24 months 
till skeletal maturity

After skeletal maturity, 
no further X-rays if 
MP < 33% and no 
scoliosis

If MP abnormal, progres-
sive scoliosis or pelvic 
obliquity, continue 
surveillance

6 months after commencement
If unstable/abnormal repeat every 

6 monthly until stabilized
If MP stable, repeat every 12 

monthly
Review at 7 years of age
If MP unstable/abnormal, repeat 

every 6 monthly until stabilized
If MP stable/normal, discontinue 

surveillance till pre-pubertal 
age

Review at pre-puberty
X-ray 12 monthly till skeletal 

maturity
At skeletal maturity
If MP stable/normal, discontinue 

surveillance
If MP abnormal, gait deteriora-

tion, progressive scoliosis 
or pelvic obliquity, continue 
surveillance 12 monthly

Initial X-ray at 
24 months of age and 
6 monthly thereafter 
till 6 years of age

12 monthly from 
6 years of age till skel-
etal maturity

6 monthly from 2 to 4 years 
of age

If MP unstable/abnormal, 
repeat every 6 monthly 
until stabilized

If MP stable/normal, 12 
monthly from 4 years of 
age till 16 years of age or 
skeletal maturity

At skeletal maturity
If MP stable/normal, dis-

continue surveillance
If MP abnormal, progres-

sive scoliosis or pelvic 
obliquity, continue sur-
veillance

GMFCS V
Clinical examination Every 6 months till 

6 years of age and then 
12 monthly thereafter 
till skeletal maturity

After skeletal maturity
If MP stable/normal and 

no scoliosis, continue 
only clinical surveil-
lance

6 months after commencement.
6 monthly till 7 years of age
Review at 7 years of age
If MP stable/normal, 12 monthly 

till skeletal maturity
If MP abnormal, presence of 

scoliosis or pelvic obliquity, 6 
monthly till skeletal maturity

At skeletal maturity
If MP stable/normal, discontinue 

surveillance
If MP abnormal, progressive 

scoliosis or pelvic obliquity, 
continue surveillance 12 
monthly

After initial clinical 
examination, review at 
24 months of age and 
6 monthly thereafter 
till 6 years of age

12 monthly from 
6 years of age till skel-
etal maturity

6 monthly from 2 to 4 years 
of age

12 monthly from 4 years of 
age till 16 years of age or 
skeletal maturity

 Radiographs (AP pel-
vis with both hips)

Every 12 months till 
8 years of age

After 8 years till skeletal 
maturity—X-ray fre-
quency individualized 
based on previous clini-
cal and X-ray findings

If MP stable/normal, 
X-rays every 24 months 
till skeletal maturity

After skeletal maturity, 
no further X-rays if 
MP < 33% and no 
scoliosis

If MP abnormal, progres-
sive scoliosis or pelvic 
obliquity, continue 
surveillance

6 months after commencement
6 monthly till 7 years of age
Review at 7 years of age
If MP stable/normal, 12 monthly 

till skeletal maturity
If MP abnormal, presence of 

scoliosis or pelvic obliquity, 6 
monthly till skeletal maturity

At skeletal maturity
If MP stable/normal, discontinue 

surveillance
If MP abnormal, progressive 

scoliosis or pelvic obliquity, 
continue surveillance 12 
monthly

Initial X-ray at 
24 months of age and 
6 monthly thereafter 
till 6 years of age

12 monthly from 
6 years of age till skel-
etal maturity

6 monthly from 2 to 4 years 
of age

If MP unstable/abnormal, 
repeat every 6 monthly 
until stabilized

If MP stable/normal, 12 
monthly from 4 years of 
age till 16 years of age or 
skeletal maturity

At skeletal maturity
If MP stable/normal, dis-

continue surveillance
If MP abnormal, progres-

sive scoliosis or pelvic 
obliquity, continue sur-
veillance
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in India. Divecha [53] reported on the use of combined hip 
abduction angle (CHAA) and compared it with RMP in a 
group of 106 children with CP (GMFCS levels IV and V). 
They found a positive correlation between CHAA and RMP, 
with a sensitivity of 74%, specificity of 67%, false positive 
rate of 32% and false negative rate of 25%. They recom-
mended using the CHAA < 40° as an easy clinical screening 
test which can be used by paraclinical health practitioners 
for early detection and referral to the orthopaedic surgeon 
[53]. In a cross-sectional study of 118 children, between 2 
and 12 years of age and GMFCS levels III–V, Vykuntaraju 
[54] reported only a 12.71% incidence of hip displacement 
as measured by the RMP. However, serial X-rays were not 
taken and the X-ray protocol was not standardised. In a simi-
lar cross-sectional study analyzing 91 hips in 52 patients 
randomly selected from the PMR Clinic, Sahoo et al. [55] 

found significant hip displacement (RMP > 33%) in 24% of 
hips, but 70% of the selected cohort were GMFCS levels 
I and II. In a study by Kunju et al. [56] 101 children with 
CP between 4 and 9 years of age reporting to the outpatient 
paediatric neurology clinic, underwent one-time radiologi-
cal screening. Out of 36 hemiplegic CP only two (5%) had 
RMP > 33%, while 100% of children with spastic quadri-
plegia had significant hip displacement RMP > 33%. Inci-
dence of hip displacement (RMP > 33%) was 2.5%, 7.7%, 
50%, 61% and 66% in GMFCS levels I, II, III, IV and V 
respectively.

At present, there are no formal CP hip surveillance pro-
grammes existing in India nor are there any existing guide-
lines relevant to the Indian context. Some Orthopaedic sur-
geons and centres use their own schedule for clinical and 
radiological screening for hip displacement, which may or 

Table 1  (continued)

Category Scandinavian Australian British Columbian AAPCDM

4. WGH type IV
 Clinical examination Does not mention Review at 5 years of age

If MP unstable/abnormal, repeat 
12 monthly until stabilized

If MP stable, review at 10 years 
of age

After 10 years of age, 12 monthly 
till skeletal maturity

At skeletal maturity
If MP stable/normal, discontinue 

surveillance
If MP abnormal, progressive 

scoliosis or pelvic obliquity, 
continue surveillance 12 
monthly

12 monthly from 
2 years of age till 
skeletal maturity but 
review at 5 years of 
age

Every 24 months from 
2 years of age till skeletal 
maturity

 Radiographs (AP pel-
vis with both hips)

Review at 5 years of age
If MP unstable/abnormal, repeat 

12 monthly until stabilized
If MP stable, review at 10 years 

of age
After 10 years of age, 12 monthly 

till skeletal maturity
At skeletal maturity
If MP stable/normal, discontinue 

surveillance
If MP abnormal, progressive 

scoliosis or pelvic obliquity, 
continue surveillance 12 
monthly

Review at 5 years of age 
with X-ray

12 monthly from 
5 years of age till skel-
etal maturity

X-ray at 2, 6, 10 years of 
age

Every 24 months from 10 
to 16 years of age or till 
skeletal maturity.

At skeletal maturity
If MP stable/normal, dis-

continue surveillance
If MP abnormal, progres-

sive scoliosis or pelvic 
obliquity, continue sur-
veillance

5. Orthopaedic referral MP > 33% MP > 30% and/or unstable MP 
and/or hip pain

MP > 30%
Hip abduction < 30°
Presence of hip pain
Difficulty in ADLs 

related to the hip
Decreased ability to 

walk, sit, or stand 
related to the hip

MP > 30%
Hip abduction < 30°
Presence of hip pain on his-

tory or examination
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may not be based on established international hip surveil-
lance models. There thus remains a large variation in the 
screening, diagnosis, and treatment practices of hip displace-
ment in children with cerebral palsy. There is a strong need 
to promote interdisciplinary discussion between various 
organizations, such as, the Paediatric Orthopaedic Society 
of India (POSI), Indian Academy of Cerebral Palsy (IACP), 
Indian Association of Physiotherapists (IAP), Association of 
Child Neurology (AOCN) etc., that will lead to the develop-
ment of standardized guidelines for hip surveillance relevant 
to the Indian context. These guidelines will help reduce 
practice variation and improve long-term patient outcomes.

Conclusions

Hip displacement in cerebral palsy is an insidious and pro-
gressive problem, with poor outcomes if left untreated. 
Universal hip surveillance in children with cerebral palsy, 
using a standardized protocol, has the potential to diagnose 
hip displacement early so that appropriate treatment can be 
instituted before significant damage to the hip occurs. Exist-
ing hip surveillance models can serve as a framework to 
formulate guidelines and develop a referral care pathway 
that is appropriate for our healthcare system.
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