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ABSTRACT 

 

TITLE : HIP MIGRATION PERCENTAGE IN CHILDREN WITH 

NEURODEVELOPMENTAL DISORDERS 

 

BACKGROUND AND OBJECTIVE 

Neurodevelopmental disorders are a group of disorders that typically manifest early in 

development and are characterized by developmental deficits that produce impairments 

of personal, social, academic or occupational functioning. Hip displacement (35%) is 

the second most common complication in terms of musculoskeletal problem after 

equinus in CP which is one of the most common causes of neurodevelopmental 

disorders. The objective of this study was to identify hip migration percentages in 

children with neurodevelopmental disorders.  

METHODS 

128 children with NDD in the age group of 2 to 9 years were recruited as per the 

inclusion and exclusion criteria. The children were subjected to X ray of pelvis with 

both hips in Antero-posterior view. Hip Migration Percentage was calculated using 

these radiographs. Thus, data of 256 hips was analysed.  

RESULTS  

The participants included 59 girls and 69 boys with mean age of 5.15(±2.56) and 

4.90(±2.56) respectively. The ratio of Boys was higher among CP, whereas the ratio of 

girls was higher among other NDDs. 139(54.3%), 115(45%) and 2(0.8%) hip joints 

were normal, subluxated and dislocated respectively with mean HMP of 14.46(±5.13), 

59.58(±10.66) and 100(±0) respectively. The HMP was not statistically significant 

when corelated with age of the children with r=0.0437 and p=0.5.   

INTERPRETATION & CONCLUSION  

Hip subluxations and dislocations were found to be prevalent across all the NDDs. The 

study concludes that hip surveillance should be a part of routine multidisciplinary 

management of all children with NDDs in order to decrease the physical, financial and 

psychological burden of hip dislocations on parents and/or caregivers of children with 

neurodevelopmental disorders.   

KEYWORDS  

Neurodevelopmental Disorders; Radiograph; Hip Migration Percentage; Subluxation; 

Dislocation. 
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INTRODUCTION 

The hip marks as the proximal end of the lower extremity, whose primary functions 

are weight bearing and locomotion. Consequently, all the joints of the lower extremity, 

including hip joint, commonly function with the foot in contact with the ground, 

participating in a closed chain.  In a closed chain, movement of any segment of the 

chain produces movement in other links of the chain. Hip position and muscular 

control at the hip often depend on the location and movement of the trunk on the lower 

extremity rather than on movement of the femur on the pelvis. The functional 

requirements of the hip itself is varied in its own different positions. It is the most 

mobile joint of the lower extremity, allowing extreme positions like standing and 

squatting. In addition to mobility, however the hip must also possess sufficient stability 

to support the weight of the head, arms, trunk and opposite lower extremity during 

single limb stance and dynamic activities such as walking and jumping. The hip joint 

successfully combines these seemingly conflicting functions of mobility and stability 

by its unique bony structure and surrounding soft tissue. 1  

 

The anatomy of the child's hip represents a changing landscape throughout all stages 

of growth and development, from birth until skeletal maturity. Abnormalities during 

different developmental stages can cause a number of weakening hip conditions that 

can have lasting complications into adulthood. 2 
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 Failure to maintain the appropriate spatial orientation of the head of femur in relation 

to the acetabulum results in to instability, subluxation, dislocation, including 

dysplasia.3 

 

The normal child’s hip is a result of balance between a growing acetabulum, proximal 

femur and the vasculature that accommodates to bony changes. The program for hip 

development begins with genetic code, embryonic, fetal and childhood development 

of hip which continue while there are a variety of changing environmental and 

biological factors.4 

 

Prenatal human development is separated into two different stages that is embryonic 

stage and fetal stage. The embryonic stage begins when the oocyte is fertilized and ends 

till approximately 8 weeks post the fertilization phase. During the first 3 weeks of 

embryonic stage, the primitive ectoderm, mesoderm and endoderm germ layers are 

formed in the embryonic disc. During fourth to eight week of development there is a 

major joint differentiation which is completed. The fetal stage encompasses the period 

from eight week of life to birth. During this period the limbs and joints undergo growth 

and maturation in relative proportions and pre-established spatial orientations.  

 

The limb formation usually begins by the 4th week, with protrusions of the ventro-lateral 

wall of the embryo, which are called as limb buds. The limb buds are further divided 

into upper and lower limb buds where the upper limb buds appear 2 to 3 days earlier 

than the lower bud. Each of the limb bud consists of two layers i.e. outer ectoderm shell 
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from where skin, nails and hair develop and inner cellular mass of mesoderm from 

where the bone, cartilage, muscle, tendon, and synovial joint arise. At the 6th week of 

intrauterine life, the lower limb buds elongate and have paddle like ends which are called 

as foot plates. Due to vigorous cell multiplication and differentiation in the limb bud, 

the primitive chondroblasts condense at proximal, central and distal ends of the cellular 

femur template. These centers through the successive chondrification of the precursor 

cells and fusion of chondrification centers will form a club shaped cartilage model of 

the future femur.5 

 

Along with the femur, the acetabulum at the 6th week forms a shallow depression which 

is proximal to head of the femur and is formed by the differentiating precursor cells of 

the future ilium, ischium, and pubis. The cartilage model of acetabulum and pelvic 

component is formed concurrently. The condensations of the cartilage cells appear first 

at the primitive ilium, and then pubis and finally the ischium. The chondrification 

proceeds from these centers toward each other until the fusion occurs. The 

chondrification centers fuse quickly with ischium and ilium joining first after which 

ilium and pubis followed by pubis and ischium centers being the last one to fuse, closing 

during the 7th week. They leave a small opening laterally which corresponds to the apex 

of the developing acetabular fossa. By the 7th week of gestation, the cartilaginous model 

for both femur and acetabulum are complete. The mass of the primitive cells which are 

formed between the femoral and acetabular cartilage models will now undergo apoptosis 

which will yield a fluid filled cleft which is the beginning of the future hip joint. This is 

the stage with the earliest time in the development during which the dislocation may 

occur.  
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The transition from embryo to fetal stage takes place. By the completion of 8th week of 

development, the primary ossification center of the femur now appears in its shaft. 

Ossification now proceeds proximally and distally through these centers. 

Approximately by 20 weeks of development the major anatomic structures of the hip 

are identifiable. Passage into the fetal stage from this point is characterized by the shift 

from differentiation to growth and maturation of the hip. By 11 weeks the infantile 

configuration of the hip is achieved. The femoral head is formed fully with a spherical 

contour, short femoral neck and a primitive greater trochanter with a well-defined 

capsule which is present with the acetabular labrum and transverse ligament. This is the 

period when the hip can actively dislocate. The hip joint space is now being completely 

formed and the articular surfaces are now covered with mature hyaline cartilage. All of 

the muscle structures are mature and active motion can be observed in all the 

extremities. 

 

In an embryo different limb positions are observed where at 4th week the embryo shows 

a slight flexion at the knee. By the end of 8th week, as the embryo will now become a 

fetus, the lower limb begins to rotate internally to direct the flexed knee anteriorly  and 

this will complete the rotation of the lower limb by the end of the embryonic stage. By 

the 11th week the hip and knee are in flexed position with the legs in adduction. At the 

16th week, there will be further flexion which will occur at the hip and knee and usually 

it is noted that the left leg is slightly overlapped by the right leg. With the continued 

growth and accommodation of the developing fetus in a closed space it is observed that 

there will be further flexion of the fetal hip and this occurs until the fetal position is 

assumed.6 At 11 weeks the femoral anteversion is measured to be 5 to 10 degrees.7 
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The mean angle of femoral anteversion was found to be 31.1 degree at age 1 year which 

decreases upto 15.4 degree by age 16 years. 8 

 

In fetal development, the neck shaft angle appears to be decreasing in range from 

approximately 145 degree at 15 weeks to 130 degree at 36 weeks of gestation. 7 

A study which included 400 children i.e.800 hips for normal baseline neck shaft angle 

at each age from 1 to 20 years, reported that the mean neck shaft angle at age 1 year was 

136.2 degree, whereas at 18 year it was found to be 127.3 degree.9 The study reports 

that, the neck shaft angle progressively decreases with age following birth.  

A crossectional study of 267 hips in 147 patients between 2 – 18 years who had CP of 

2 radiographically demonstrated that femoral anteversion remained relatively constant 

at each postpartum age in these children in contrast to the decrease in the historical 

group normal children.10  

 

The patients who had CP were noted to have an increase in neck shaft angle at each age 

compared with historical controls. Presumably the difference observed is the result of 

muscle spasticity and soft tissue contracture around the hips of patients who had CP.4 

At birth, the acetabular cartilage complex consists of the saucer-shaped acetabular 

cartilage which is laterally positioned and the Y-shaped triradiate cartilage which is 

positioned medially. These are the two components of the acetabular cartilage complex 

which are continuous and their coordinated growth results in the final acetabular shape 

of the hip joint. In the due course of development process, the triradiate cartilage will 

form the non-articular medial wall of the acetabulum and the acetabular cartilage will 
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form the cup shaped rim of the acetabulum. The acetabular cartilage complex is 

composed typically of hyaline cartilage which is covered by growth plate cartilage in 

all areas where it lies adjacent to the bony pelvis and this acetabular cartilage is in 

contact with all the points of the femoral head. The labrum forms the outer margin of 

the acetabulum, that increases its relative depth which is made up of fibrocartilage.11 

 

During infancy and childhood, the development of the hip occurs by proliferation of 

the growth cartilage of acetabulum and proximal femur. Here the acetabulum grows 

appositionally through growth of articular cartilage and interstitially through growth of 

the triradiate cartilage. The head of femur and the greater trochanter will enlarge by 

appositional growth. There are three growth zones of the proximal femur that are the 

longitudinal growth plate, the trochanteric growth plate and the femoral neck isthmus. 

The ossification of the cartilaginous femoral shaft proceeds proximally during the fetal 

stage to reach the greater trochanter and femoral neck at birth. The proximal femur has 

a cartilage template with three growth plates i.e. the longitudinal growth plate of the 

neck, the greater trochanteric growth plate, and femoral neck isthmus. These growth 

plates work concurrently to support the longitudinal growth of femur and to develop 

the shape of the proximal femur.12  

 

Neurodevelopmental disorders (NDD) are a group of disorders that typically manifest 

early in development and are characterized by developmental deficits that produce 

impairments of personal, social, academic, or occupational functioning. They include 

Autism Spectrum Disorders (ASD), Attention- Deficit Hyperactivity Disorder 
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(ADHD), Epilepsy, Intellectual Disability, Hearing Impairments, Visual Impairments 

and Motor Impairments including CP, among others. 13 

 

The recent reviews have presented with the prevalence, co morbidities and corelates 

with respect to each of the major NDDs i.e. ASD, CP, ADHD, intellectual disabilities 

and learning disabilities.14 

 

A multicentric study was conducted which assessed the prevalence of NDD’s in 2-9-

year-old children. The prevalence of the 7 NDD’s in children aged 2 to <6 years was 

9.2% whereas the prevalence of the 9 NDD’s in 6 to 9 year old children was 13.6%. 

The all site pooled prevalence was found to be 1.3, 1.4, 5.2 and 1.6 for CP, ASD, ADHD 

and LD respectively. The factors which were significantly noticed were non-

institutional delivery, perinatal asphyxia, neonatal illness, postnatal brain infections, 

stinting, prematurity, and older age category like 6 to 9 year.15 The prevalence of CP in 

India has ranged from 2.95 to 84.3 per 1000 children.14 The prevalence was found to be 

higher in male children as compared to the female.16 

 

The commonest type of CP was found to be Spastic Diplegia followed by spastic 

quadriplegia and hemiplegia.17,18 

The most common risk factors for CP were prematurity and perinatal asphyxia, 

pregnancy induced hypertension in mothers, multiple gestation, neonatal meningitis, 

and hypothyroidism.16,18 

Preterm birth asphyxia and term asphyxia were reported to be the major risk factor for 

spastic diplegic CP and spastic quadriplegic CP respectively. 19 
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There has been an increase in NDD with increase in age of children. The existing 

evidence suggests that there has been a high prevalence of NDD’s with increase in age 

that may be attributed to the increased exposure like infection, injuries and nutritional 

deficiencies; and increased recognition and diagnosis of conditions such as CP, ID and 

behavioural disorder in higher age groups.14   

 

The major and most prevalent risk factors across all the NDD’s is the perinatal 

complications. The overall prevalence of all NDD’s was reported as 7.5 per 1000. The 

prevalence of neurological disorders (11.3/1000) was higher as compared to mental 

disorders (3.2/1000).13 

 

 According to the 2011 census of India, the prevalence of all disabilities in 0 to 4 and 5 

to 9 years was 1.1% and 1.5% respectively. The overall prevalence of NDDs was more 

in 6 to 9-year-old children as compared to the younger children aged 2 to 6 years. The 

total prevalence of children between 2 to 9 years was found to be 12%. 15 

 

CP is one of the most frequent causes of motor disability in children.20,21 It is a group 

of permanent disorders of the development of movement and posture, causing activity 

limitations that are attributed to non-progressive disturbances that occurred in the 

developing foetal or infant brain.22 

 

The clinical features of CP vary, and they encompass a broad range of abnormalities. 

The predominant disorders found in CP are the disorders of movement and a spectrum 

of abnormalities including poor balance and sensory deficits. 20,23 
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The common co-morbidities that may not be a part of the core definition of CP but may 

also occur commonly are pain (75%), epilepsy (25%) ID (50%),  hip displacement 

(33%), inability to speak (25%), incontinence (25%) behavioural disorders and sleep 

disorders (20 to 25%).24 

 

CP is classified according to the nature of the movement disorder i.e. spasticity, 

dyskinesia, ataxia, or mixed. The spasticity is further classified as hemiplegia, diplegia 

or quadriplegia depending on the limb affection. Once the diagnosis is established 

various assessment tools are used to evaluate the severity of CP and the response to the 

treatment. 20,23,25,26. 

 

The most widely used evidence-based tool is Gross Motor Function Classification 

System (GMFCS). It is an age-based tool which evaluates the gross motor function in 

different domains which includes mobility, posture and balance and even classify the 

severity of each of those realms into five levels. Level 1 indicates few limitations and 

level 5 indicates severe limitations. The patients are monitored as they age to see if the 

treatment result is improved according to the GMFCS levels. 23,27 

 

The treatment of patients with CP depends on the specific symptoms.28 

A multidisciplinary team which involves a physician, surgeon, physical therapist, 

occupational therapist, speech language pathologist, social worker, psychologist and 

educator where the various aspects of care is considered and a tailored treatment plan 

is made to fulfil the patient’s needs.29  
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Management of spasticity includes most importantly prevention and correction of the 

spasticity induced bone and joint deformation in addition to controlling pain and 

maintaining the function.28  

 

Non-operative prevention consists of positioning the child to prevent prolonged 

adduction-flexion at the hip. Optimal lying and sitting positioning during long periods 

and standing treatment with hips in abduction seems to reduce hip displacement. 

Bracing is not that effective in spastic hip displacement.30 A combined effect of 

intramuscular injection of botulinum toxin A and abduction of hip bracing in 

management of spastic hip displacement found that progressive hip displacement 

continued to occur in the treatment group, thus not recommending it. 

 

Medical management of spasticity includes intramuscular injection of on a botulinum 

toxin A and systemic anti-spasticity medications like baclofen and diazepam. Surgical 

interventions of spasticity include nerve blocks, soft tissue lengthening, tendon 

transfers and joint stabilization, selective dorsal rhizotomy and intrathecal baclofen. 31 

Hip displacement has the second highest musculoskeletal deformity after equinus in 

patients with CP.29,32 Lack of proper therapeutic intervention may progress the hip 

displacement into hip dislocation and may cause gait and postural abnormalities, 

scoliosis, hip joint pain and problems of perineal hygiene. Hip subluxation and 

dislocation are the most common complications seen in children with CP, with an 

incidence rate of 15 to 30%.33  
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Studies have shown that early therapeutic intervention reduces the incidence rate of hip 

displacement in children with CP.34 

 

During the early stages of hip subluxation, the children usually have no signs of pain 

or discomfort but pain maybe present in hip dislocation.35 

The estimated prevalence of subluxation is from 25 to 60 % and that of complete 

dislocation is 10 to 15 %. Contractures and spasticity of adductors, hip flexors and 

medial hamstrings increase the chances of hip displacement in children with CP. 36 

This muscle imbalance is caused due to secondary osseus deformity where there is 

increase in the femoral anteversion and acetabular dysplasia which will further lead to 

hip joint instability. Later an increase in stiffness and a limited range of motion is 

observed in the hip joint due to which there is difficulty in maintaining the personal 

hygiene and making toileting, a challenging task for children. Hip displacement can 

also be impacted with different positioning, sitting, standing, walking and spinal 

deformities.37 

 

Usually, the early stages of subluxation are silent and there is no pain but later as the 

subluxation becomes more severe the children start developing pain and a decrease in 

the function of the affected limb with increase in the spasticity as there will be lateral 

migration of the hip. The most important aspects here are the natural history of the hip 

displacement and the risk factors involved with further displacement. 36% of children 

with CP have a hip disorder which increases with increase in GMFCS level. In children 

with CP, spasticity leads to hip pain and dislocation of the hip and can be difficult of 

the families to take care of the non - ambulatory children. 38 
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There are various radiographic methods which can be used to detect hip displacement 

in these children where migration index is the most frequently used index for the 

evaluation of the risk of hip displacement.39 

 

It is very important to treat the hips early, which demands the early identification of the 

hip problems. Regular screening or surveillance programs will play an important role 

in such situations. The gold standard method for identifying hip displacement in 

children with CP is a radiograph of the pelvis which will measure the displacement of 

hip using the method of Reimer’s Index. 37 

 

A routine hip surveillance using periodic examinations and radiography will help to 

identify the developing problems and even prevent the poor outcomes. 

Various standard guidelines have been adopted by several countries like Europe, 

Australia, and Canada.40 

 

 Recent population-based studies have shown that 1 in 3 children with CP will have hip 

displacement.41 A direct relationship has been established between hip displacement 

greater than 30 to 33% as calculated by migration percentage and the GMFCS levels.42 

Hip displacement and dislocation have shown a significant impact on the function and 

quality of life in children with CP.43 Difficulty in dressing and bathing, loss of sitting 

and walking tolerance, reduced hip motion, pelvic obliquity, scoliosis, and pain have 

been reported in cases of hip displacement and dislocations.44 
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No clinical measure has been found to be accurate in identifying the hip displacement.45 

The most common and valid method of monitoring the hip displacement is the single 

antero-posterior view pelvis radiographs where migration percentage.46 

 

Studies conducted to check the validity of migration percentage where a threshold for 

true change was observed between successive radiographs as 8.3% to 10 % when 

measured by the same rater and 11 to 11.5 % when measured by different raters. There 

are other radiological measures like acetabular index, and centre edge angle which can 

be used but have been found to be less reliable indicator for hip displacement.  

As the migration percentage reaches 40% of migration a preventive or reconstructive 

orthopaedic surgery is often recommended. Migration percentage of more than 60 % 

are expected to progress to full dislocation of the hip. 44 

 

The common indication for management of a displaced hip are instability that cannot 

be controlled by the patient and restriction of motion and pain which is already present 

in subluxation.33 

 

Operative management to prevent dislocation include, muscle myotomies such as total 

adductor longus and gracillis myotomies and partial adductor brevis myotomy in case 

of severe deformity which are indicated for mild subluxation (RMP >30%) without any 

torsional deformity.35 
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Subluxation may progress to dislocation in children who have severe neurological 

involvement. Children may not have any signs of pain or discomfort in the early stages 

of hip subluxation. They may present with pain only with dislocation of the hip joint. 

Contractures and spasticity of adductors, hip flexors, and medial hamstrings may 

increase with hip displacement. The muscle imbalance causes secondary osseous 

deformity with increased femoral anteversion and acetabular dysplasia which leads to 

hip joint instability. Difficulty in maintaining personal hygiene is seen in later stages 

with increased stiffness and limited range of motion of hip joint. Hip Displacement may 

lead to further problems in sitting, standing, positioning, walking, and spinal 

deformities in the child. Increasing spasticity due to lateral migration of the hip may 

lead to pain and decrease function as the severity increases.37 Hip dislocation may be 

preventable with a surveillance program and early treatment of the hips. A difference 

of >12% migration between the two hips joints indicate an abnormality which requires 

a clinical and radiologic follow up. New borns are preferably examined by means of 

ultrasonography while in infants and children conventional radiography remains the 

modality of choice.47 

 

The various methods to check the hip migration percentage are antero-posterior X – 

Ray, 3D CT and MRI.48 The migration percentage showed an excellent reliability using 

Radiographs with a greater concurrent validity with 3D CT.39 

 

The gold standard test for demonstrating hip displacement in children with CP 

is a radiograph of the pelvis measuring the displacement using the method of Reimers.48 
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Migration percentage has been the most studied parameter. The parameter has shown 

good concurrent validity and excellent intra- and interrater reliability. In the current 

ongoing literature, migration percentage has showed most valid and reliable technique 

for the surveillance of hip migration in children with CP. Most of the children are born 

with normal hips but a gradual deterioration occurs in one or both hips due to tethering 

of the growth by contractures. 39 

 

The three common tests which we use for the physical examination in CP are Thomas 

test, Staheli test and popliteal angle measurement.49 

Popliteal angle measurement is the most reliable amongst all the physical tests for joint 

contractures. 50 A complete examination should be done including the pelvis and the 

spine where in most cases, pelvic obliquity is found due to the primary infra pelvic 

deformity and this lead to a compensatory lumbar scoliosis which has an apex toward 

the lower side of the pelvis.39 

 

When one hip has an adduction contracture and the other hip has an abduction 

contracture, then the pelvis will have a windswept appearance which is known as wind 

blown hip.  In respect to all the different diagnostic modalities, there has been a recent 

research which focuses on the gait discordances which play an important role in 

management of CP.51 

 

Reimer’s Migration percentage measures the containment of the femoral head within 

the acetabulum in the coronal plane by obtaining the percentage of width of the femoral 

head migration beyond the Perkins line.52 
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If the lateral margin of the acetabulum deforms and looks like a gothic arch as in the 

advanced stages of the disease, this can be suggested by using the midpoint of the lateral 

acetabular margin instead of the Perkins line.  

This can also be termed as type II of sourcil, as the lateral corner is turned upward and 

lies above the weightbearing dome. 51 

When we consider the type I sourcil, the lateral corner is well defined and lies below 

the weight bearing dome.  When the Reimers percentage is more than 50%, the 

acetabular index will be greater than 40 %.  An increase in the anteversion secondary 

to inhibition of de-rotation of the proximal femur during the growth is common in the 

CP children and this can further lead to the appearance coxa valga.53   

 

Computerized Tomography (CT) can be used to evaluate the bony acetabulum in detail 

whereas MRI can demonstrate the cartilage loss.48 

 

According to the Australian Guidelines, the radiographic measure for migration 

percentage is by calculating the amount of ossified femoral head that is not covered by 

the ossified acetabular roof. It is the percentage of the femoral head which is lateral to 

the acetabular margin on an Antero - Posterior pelvic radiograph. On the pelvic 

radiograph the migration percentage is measured by (Refer Fig.1) drawing a horizontal 

line (Hilgenriner's or H - Line) through  the most superior medial point of each triradiate 

cartilage and a vertical line (Perkin's line or P - Line) drawn perpendicular to it at the 

lateral margin of the acetabulum, where A is the distance between lateral ossified 

femoral head to P - Line and B is the distance between lateral ossified femoral head to 

medial ossified femoral head. The Migration percentage is calculated by dividing the 

distance between A by B multiplying it into 100. This is defined as the linear part of 
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the femoral head which is located lateral to the Perkins Line and this fraction is 

expressed as the percentage of the whole width of the femoral head.47,54 

 

The Australian guidelines uses The Melbourne Cerebral Palsy Hip Classification 

System (MCPHCS) which is a 5 level ordinal grading system which describes the hip 

morphology at skeletal maturity. They are classified into 5 grades, Grade 1 being the 

normal hip ( MP - < 10 %), Grade 2 Near Normal (MP - > 10 to <15 %), Grade 3 

Dysplastic Hip (MP - >15% to <30 % ), Grade 4 Subluxated Hip ( MP >30% to <100%), 

Grade 5 Dislocated Hip ( MP >100% ) and Grade 6 Salvage Surgery. This classification 

helps in classifying the outcome of hip development, hip surveillance and management 

of children with CP at skeletal maturity.55  

 

A study was conducted, where the hip displacement was evaluated in children with 

RETT syndrome. Rett syndrome is an X linked, progressive, NDD with an onset in 

early childhood. Here an anterior posterior radiograph of the pelvis was taken using a 

standardized protocol which was established for children with CP. This study was 

conducted in 31 female children where the radiograph was taken with children in supine 

position, with hips in neutral abduction/ adduction and lumbar spine is flat.56  

 

Most clinical features of NDDs are very similar to CP. Implications, of all the features 

are similar across the whole array of NDDs. However, during the search of review of 

literature, all the studies found were done on children with CP and only one study was 

found in other NDDs (rett syndrome).  
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Weight bearing at appropriate ages has been found to be the positive factor influencing 

the development of hip joint. Early intervention including weight bearing over the lower 

extremities could assist in better development of the acetabular depth thus preventing 

subluxations. The early, the provision of the intervention, the better reduction in hip 

subluxation/ dislocation. As the physical, social, financial, and psychological burden of 

subluxations and dislocations would remain same among parents of these children, this 

study would like to expand the understanding of Hip Migration Percentages in all the 

children with NDD and not only CP, as this would influence the outcomes of 

therapy. 
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OBJECTIVES  

The objective of the study was to study the hip migration percentage of children with 

neuro developmental disorders. 

 

 RESEARCH QUESTION:  

A child’s hip changes in multitudinal ways throughout various stages of growth and 

development, from birth until skeletal maturity. As subluxations and dislocations of the 

hip can have negatively influence the child’s development as well as parent’s wellbeing, 

our study intends to identify the hip migration percentage in children with 

neurodevelopmental disorders. 
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A study was undertaken to compare the development and attainment of 

social and economic potential at individual, family, community and country 

levels. 3,964 children were identified from five different cities in India i.e. 

Palwal, Kangra, Dhenkanal, Hyderabad and North Goa. Children were 

assessed for vision impairment, epilepsy, neuromotor impairments 

including CP, hearing impairment, speech and language disorders, ASD, 

ID, ADHD and learning disorders. The site specific prevalence of any 7 

NDD’s from 2 to < 6 year old age ranged from 2.9% to 18.7% and any of 

the 9 NDD’s from 6 to 9 year old children age ranged from 6.5% to 18.5%. 

The all site pooled estimates for NDD’s were 9.2% for 2 to 6 year old and 

13.6% in 6 to 9 year old children. This study identified the NDDs in children 

aged 2 to 9 years as a significant public health burden for India.15 

 

A narrative review on the children in India with NDD combined the existing 

evidence on prevalence and context of NDD. The existing evidence suggest 

that with increase in age the prevalence of NDD was higher, which may be 

attributed to the increased exposure of childhood onset causes, nutritional 

deficiencies and exposure such as infections and injuries. This review 

combines the evidence about the prevalence and correlates of the NDD 

among children in India.14 
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A study conducted on prevalence of cerebral palsy, subtype divisions, motor 

and intellectual impairment and epilepsy in adult and children with CP from 

the data was collected from the CP registry of Sweden. The authors 

concluded the prevalence of CP in adults born between 1959 to 1978 was 

1.14 per 1000. Occurrence of impairments diffused between the subtypes of 

CP with the distribution among the survivors differed from original and 

recent, tetraplegia and dyskinetic CP being less common among survivors. 

Severe motor impairment, intellectual disability and epilepsy were less 

common among survivors than original and recent cohort. 57  

 

A study was conducted on assessment and treatment of children with cerebral 

palsy. Children with CP were prone to developing musculoskeletal 

deformities whose underlying cause was the neurologic insult which may 

result in loss of motor control and lead to increase in muscle tone and muscle 

imbalance leading to abnormal deforming forces acting on the immature 

skeleton. Hence, the study suggested to have a close clinical surveillance and 

observation which is needed to address these deformities as they develop and 

progress and the goal of the treatment was not to focus on the specific 

deformity but to improve the overall function of the child. 58 
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A systematic review was conducted on the available evidence on early 

intervention in children with CP, across 9 domains which promotes motor 

function, cognitive skills, communication, eating and drinking, vision, sleep, 

managing muscle tone, musculoskeletal health and parental support. They 

recommended that when a child meets the criteria of high risk or at risk of 

CP, intervention should start as soon as possible and early intervention plays 

a critical role in the developmental time for plasticity of developing 

systems.59 

 

 

 A study was intended to find out the Hip problems in CP which is one of the 

most common musculoskeletal complication caused my myostatic 

contractures especially in hip and knee. Early recognition of the spastic hip 

is the hallmark of treatment to prevent any late complications and salvage 

procedures. Hip surveillance helps to identify the risk of silent progressive 

hip dislocation. The frontline non-operative treatment for such conditions is 

physical therapy in early stages of CP which aims to provide functional range 

of motion, attain functional walking by maintaining muscle length and 
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preventing contractures. When hip subluxation or dislocation is obvious, the 

reduction is accomplished with surgery and soft tissue procedure’s. 51 

 

 

A study investigated the rate of progression of hip displacement in patients 

with CP by assessing the changes in the radiographic measurements 

according to GMFCS level. The measurements included migration 

percentage, neck shaft angle, acetabular index, and pelvic obliquity through 

the hip surveillance. They suggested that periodic monitoring of radiographic 

surveillance is warranted for patients with CP especially the ones with 

GMFCS Level IV or V. 60 

 

 

A study was conducted on severe hip displacement in children with cerebral 

palsy and how it reduces the health related quality of life in them. Since hip 

displacement is one of the common problems seen in children with cerebral 

palsy that causes other problems like pain, contractures and nursing 

difficulties. Caregiver priorities and child health index of life with 

disabilities (CPCHILD) is recently developed to measure the health related 

quality of life in children with severe CP. This study explored the effect of 

hip displacement and health related quality of life in these children, where 
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significantly an associated was noted and it suggested that only 14 questions 

should be added out of 37. This will help to reduce the responder’s burden 

and increase the response rate in clinical studies without losing an important 

information. 61 

A study was conducted to differentiate subluxation from developmental 

dislocation of the hip. The treatment of both differential diagnosis differs 

depending on the diagnosis. The most common diagnosis to identify the 

subluxation of the hip is by using a radiograph of pelvis with both hips. The 

radiographs can even suggest hip dislocation. Arthrograms can also be 

diagnostic procedure to find out both subluxation and dislocation of the 

hip.40 

 

 

A systematic review of natural history of hip dislocation and the related risk 

factor to develop screening criteria for early recognition. The study 

conveyed that application of practical surveillance program for CP children 

can prevent hip dislocation, provide better outcome there by providing early 

treatment for the same.37   
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 A study was conducted to investigate the factors affecting the incidence of 

hip dislocations in cerebral palsy. Patients with bilateral hemiplegia showed 

a very high rate of incidence (59%), while diplegia showed only 6.5% 

affection. No evidence was seen in unilateral hemiplegia regarding 

instability of hip. A strong corelation was found between patient’s ability 

to walk and stability of hip which helps in further clinical surveillance and 

indications for prophylactic surgery.62  

 

A pilot study was conducted to investigate the changes in muscle morphology 

and its relationship to hip displacement in CP children. Single gracilis muscle 

biopsies were obtained in these children and the severity of hip displacement 

was determined using migration percentage from AP view pelvic radiographs. 

The authors suggested that sarcomere lengths are positively corelated with 

increased severity of hip displacement and may represent adaptations with 

response to the increase in spasticity and muscle shortness.63    

 

 

A study was conducted on hip dysplasia in CP children as it is one of the 

common functional impairment reported and its severity was measured using 

migration percentage and corelated with GMFCS levels. Hip surveillance 

programs provide healthcare providers a guidance for a schedule of obtaining 
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hip radiographs which is based on age, GMFCS level and MP. Although United 

States have not yet adopted the surveillance programs but different centers and 

organizations are currently investigating the potential and efficacy of hip 

screening in CP.64 

 

 

A prospective study was conducted to study the impact of hip surveillance on 

the management of spastic hip disease in children with CP. A radiological 

screening was conducted at an early stage to offer early surgical intervention. 

This study recommended that hip surveillance should be a part of routine 

management. The hips should be examined at 18 months of age and at 6 and 12 

months intervals thereafter. A coordinated approach by orthopaedic surgeons 

and physiotherapist is the key to successful implementation of the screening 

program.65 

 

 

A metanalysis was conducted to assess the quantitatively best clinical evidence 

for migration percentage and the odds ratio for reoccurrence following the 

treatment of hip subluxation in children with CP. The study concluded that re- 

subluxation or reoperation rates are usually high after the management with 

osteotomies and other soft tissue procedures. 66 



REVIEW OF LITERATURE 

 

27 
  

 

 

A study was conducted on prevention of dislocation of hip in children with 

cerebral palsy. The aim of the study was to start a health care programme and 

a registry of CP. Dislocation of hip remains a serious problem in children 

with cerebral palsy and so prevention is important. This screening program 

showed a significantly decreased incidence of dislocation after the 

introduction of prevention programme at p<0.00.54 

 

 

An overview on management of displaced hip in children with CP and 

influence of surveillance programs are helpful for the further treatment 

reported that a surveillance program should be based on the child’s GMFCS 

level and migration percentage. They concluded that hip dislocation in 

cerebral palsy was potentially preventable if children were included from an 

early age in the surveillance program which included repeat radiographic and 

clinical examinations and preventive treatment for the displacing hips.33 

 

 

The Australian Hip Surveillance Guidelines for children with CP was 

introduced in 2014 where the prime hip surveillance measure was MP. MP 



REVIEW OF LITERATURE 

 

28 
  

was calculated on the basis of GMFCS level, the gait pattern of children 

with CP which is classified on Winters, Gage and Hicks IV group and the 

cerebral palsy hip is classified on the basis of The Melbourne CP Hip 

Classification Scale. These guidelines were reviewed on the current 

medical literature and the natural history of the CP and data which was 

established by the hip surveillance programs conducted in Australia.39 

A study was conducted to analyse the consequence of different radiographic 

measurements and different threshold values for screening the hip in CP. 

MP > 33% was recommended as threshold for intensified observation. They 

concluded that radiographic measurements of migration percentage was 

sufficient to screen for dislocation in cerebral palsy.67  

 

 

A systematic review was conducted to assess the current validity and 

reliability of different radiological methods used to measure the proximal 

geometry in children with NDD. The review reported various evidences on 

image based measurement’s, how to use such measurements and plan the 

patient strategies or guidelines for hip surveillance for the same. They 

concluded that migration percentage showed good to excellent concurrent 

validity and reliability with clinical relevance for the same, therefore being 

one of the criterion standard for initial diagnosis and hip surveillance.48  
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A study was intended to determine the reliability and clinical use of two 

methods of migration index in CP children with or without hip dysplasia. 

The results of the study showed an excellent intra-rater reliability in both 

the classic and the modified methods but the inter rater reliability was 

higher in classic method when compared to the modified one.53 

 

 

 A study was conducted on inter and intra measure error in the measurement 

of Reimer’s hip migration percentage. In this study both within and between 

sessions, for two measurers with six months of elective paediatric 

orthopaedic experience was considered. The averaging of repeated 

measurements can theoretically reduce the error, but will not be able to show 

any reduction in the inter measurer error which was used in this study. They 

concluded that the measurement of migration percentage showed significant 

errors between the two measurers.68 

 

 

 A study was conducted on the repeatability and limits of agreement of X-ray 

measurement on hip migration percentage in children with CP. They 
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concluded that for measurement of hip and pelvis x ray can be used to describe 

the within limits of agreement that are acceptable for clinal decision making. 

Thus, the information obtained on the degree and rate of hip 

subluxation/dislocation can be used to plan the further therapy and even 

inform surgeons for surgical decision making. 69 

A study reported the role of postural management in children with CP in 

preventing hip dislocation where the lateral migration of the femoral head was 

calculated using the Reimer’s migration percentage with the help of 

radiograph of pelvis with both hips. The follow up measurement of migration 

percentage showed a progressive reduction of the lateral migration of the 

femoral head confirming the significant benefit of the combined non-surgical 

approach.70 

A study was conducted to determine the effect of weight bearing on hip 

migration percentage and muscle length in children with CP who were non 

ambulatory. The study concluded that straddled weight bearing for 1 hour 

every day reduced the MP and helped prevent an increase in the same and 

preserve the muscle length of the children with CP who did not need surgery.71 
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METHODOLOGY 

 Source of data:   Sample was collected from OPD No 13, Paediatrics Physiotherapy 

O.P.D, S.D.M College of Medical Sciences and Hospital, Sattur, Dharwad. 

Study subjects:   Children diagnosed with Neurodevelopmental Disorders 

SELECTION CRITERIA: 

Inclusion Criteria:   

1) Children 2 to 9 years of age diagnosed as having NDD by Medical Practitioner. 

2) Children of either gender. 

3) Children of parents who consent for their child’s participation in the study 

Exclusion Criteria:   

1) Children who have been operated for hip dislocations 

2) Children with congenital / developmental hip dysplasia  

3) Children who have received Botox-treatment for lower extremities. 

4) Children contraindicated for x-ray exposure. 

5) Children with severe fixed deformities of lower limb which interfered with the 

appropriate positioning for radiograph. 

Study area:  

The study was conducted in the Paediatric Physiotherapy O.P.D on the premises of 

SDM College of Medical Sciences and Hospital, Dharwad, which is tertiary care 

hospital that caters to the people of North Karnataka mainly those residing in Dharwad 

district.  
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Study period:   1 year   

 

METHODS OF COLLECTION OF DATA: 

Study design:  Cross – Sectional Study Design            

Sampling procedure: All children with NDD visiting the paediatric physiotherapy 

OPD for rehabilitation purpose.  

 

Study instrument:    

1. Written consent form  

2. Demographic Data Sheet  

3. Stationary items – pencil, paper, eraser etc. 

4. Radiograph in AP View  

5. Pillows for appropriate positioning.  
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SAMPLE SIZE ESTIMATION : Sample size is calculated using the formula 

given below for an 

infinite population: 

 

 

                        

Where, 

n = sample size required 

N = whole target population in question 

P = average proportion of records expected to meet the various criteria 

(1 – P) is the average proportion of records not meeting the criteria 

A = is the margin of error deemed to be acceptable (calculated as a 

proportion) e.g. for 5% error either way A = 0.05 

C = is a mathematical constant defined by the Confidence Interval chosen 

i.e. (how sure we need to be of the result) 

According to the Pilot study conducted on 11 children (22 hips) with 

neurodevelopmental disorders, 82% hip joints were either subluxated or dislocated. 

Using this prevalence of 82%, the sample was calculated as 222 hip joints, which makes 

it 111 children with NDD. 

During the pilot study, parents of 15% of the participants did not agree to get a 

radiograph due to various reasons. Considering a similar rate of dropout 15% (17) 

additional children were  recruited in the actual surveillance. Thus, making the sample 

size 128 children with NDD.  

                                             n =             C2N P (1 – P) 

                                                            (A2N) + [C2 P (1 – P)] 
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Data collection:    

         Ethical clearance was obtained from Institutional Ethical Committee of S.D.M College 

of Medical Sciences and Hospital, Dharwad. A written informed consent along with 

demographic data sheet and a radiograph of the pelvis was obtained in AP view with 

the permission of the parents who agreed for their child’s participation. The children 

from paediatric physiotherapy OPD were included in the study after screening for the 

inclusion and exclusion criteria set for the study. Goals of the study were explained to 

the parents/ guardians and written informed consent was taken before the child’s 

inclusion in the study. 

STUDY METHOD: 

Demographic data sheet was appropriately filled by the therapist. Parents or guardians 

were explained about the procedure of the test. Children were either screened through 

the paediatric physiotherapy OPD or by the orthopaedic surgeon.  

Procedure  

A radiograph of pelvis with both hips was taken in AP View. The child was positioned 

in supine lying in such a way that the pelvis remained horizontal with both the legs in 

neutral position and the patella pointing forward and upward. In the event of the child 

not being able to completely straighten the hips because of stiffness in the lower 

extremities, a pillow was positioned below the knees, to prevent the tilting of the pelvis.  

Hip migration percentage of the child was calculated on the radiographs using the 

ePACS software. This data was further subjected to appropriate statistical analysis. 
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Interpretation of HMP 

 

FIG.1  

The HMP was calculated using the ePACS software, where through the IPNO of the 

child we open the software and look for the AP view radiograph of pelvis with both 

hips. A horizontal line is drawn i.e. H line (hilgenriners line) throught the most superior 

medial point of each triradiate cartilage using the pointer on the software and based on 

that a perpendicular line is made i.e. the P line (perkins line ) will be drawn which is 

perpendicular to its lateral margin of the acetabulum. A line is drawn to measure the 

distance between the lateral ossified femoral head to P Line and B line is made between 

the lateral ossified femoral head and medial ossified femoral head. The Migration 

percentage is calculated later by dividing the distance between A and B and multiplying 

it into 100. This is defined as the linear part of the femoral head which is located lateral 

to Perkins Line, this fraction is expressed as the percentage of the whole width of the 

femoral head. 
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RESULTS 

149 Children with NDD who visited the Paediatric Physiotherapy OPD for 

rehabilitation purpose during the study period, were screened for participation in the 

study. 

18 children did not meet the inclusion criteria for age, while 1 child had undergone 

either surgical and/or botulinum toxin interventions in the previous 6 months. Another 

2 parents did not consent for their child’s participation due to various reasons.  

Thus 128 children who met the criteria were screened for Hip Migration Percentage 

using Antero-posterior radiographs of pelvis with both hips. Thus, the data of 256 hip 

joints was obtained from 128 children and statistical analysis was done using Statistical 

Package for Social Sciences (SPSS) version 27. Descriptive analysis was done and 

presented as means, percentages, frequencies and standard deviations.  

Further data analysis was performed using the Kolmogorov – Smirnov test for 

normality, Z score for two population proportion, Spearman’s Rank Correlation 

Coefficient, Mann Whitney U test, Kruskal Wallis Test and appropriate Post hoc 

analysis. 

The data when subjected to Kolmogorov- Smirnov Test for normality showed that the 

data was not normally distributed. The value of the K-S test statistic(D) was 0.14845, 

with p = 0.006 which provides the evidence that data was not normally distributed. 

Hence non – parametric tests were used for further analysis of the data.  

All calculations were performed at 95% confidence interval with p < 0.05 being 

considered statistically significant.  
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The mean age of all the 128 participants was 4.98(±2.63) with a mean HMP of 

14.34(±14.04) and 17.36(±15.84) in right and left hips respectively. The mean HMP of 

the left and right sides did not significantly differ with a U-value of 7342.5 and a Z-

Score of -1.43325 at a p-value 0.15. The frequency distribution showed that 139 

(54.3%), 115 (44.9%) and 2 (0.8%) hip joints were normal, subluxated and dislocated 

respectively.  
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TABLE 1 : DEMOGRAPHIC DATA OF THE PARTICIPATING CHILDREN 

 

 

 

 

GRAPH 1 :   NUMBER OF TOTAL BOYS AND GIRLS 

 

 

46%

54%

G B

 GIRLS BOYS TOTAL U-

value 

Z- 

Score 

P-

value 

N (%) 59 

(46.09%) 

69 

(53.91%) 

128 

(100%) 

- 1.25 0.21 

Mean Age 

(SD) 

5.15 

(±2.56) 

4.90 

(±2.70) 

10.0 

(±5.26) 

   

Mean HMP 

(SD) 

15.88 

(±16.23) 

15.77 

(±13.99) 

31.65 

(±30.22) 

7339.5 -1.438 0.14 

Bilaterally 

Normal/near 

Normal hips 

24 26 50  -0.4 -0.68 

Unilateral 

involvement 

18 26 44  -1.705 0.08 

Bilateral 

involvement 

 

17 17 34  0 1 
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TABLE 2 : CONDITION WISE FREQUENCY DISTRIBUTION OF THE 

PARTICIPATING CHILDREN 

 

 

 

GRAPH 2: FREQUENCY DISTRIBUTION OF PARTICIPATING CHILDREN 
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S D S Q H E M I M I X E D G D D O T H E R S

N(%) MEAN AGE MEAN HMP

 SD SQ HEMI MIXED GDD OTHERS 

N (%) 
39 

(30.46) 

8 

(6.25) 

17 

(13.28) 

3 

(2.34) 

24 

(18.75) 

37 

(28.9) 

No. of 

Normal 

hips (%) 

38 

(48.72) 

7 

(43.75) 

20 

(58.82) 

0 

(0.00) 

24 

(50.00) 

52 

(70.27) 

No. of 

Affected 

hips (%) 

40 

(51.28) 

9 

(56.25) 

14 

(41.18) 

6 

(100) 

24 

(50) 

22 

(29.73) 

MEAN 

AGE 

(SD) 

5.08 

(±2.68) 

5 

(±2.20) 

4.71 

(±2.89) 

8 

(±1.73) 

4.79 

(±2.70) 

4.97 

(±2.53) 

MEAN 

HMP 

(SD) 

17.5 

(±12.37) 

23.17 

(±18.83) 

15.17 

(±13.89) 

26.15 

(±13.53) 

12.75 

(±12.45) 

13.98 

(±17.98) 
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TABLE 3: POST HOC ANALYSIS OF HMP ACROSS VARIOUS DIAGNOSIS- 

DUNN METHOD 

 

Dunn p-values without adjustment  

 SD SQ HEMI MIXED GDD 

SQ 0.51     

HEMI 0.41 0.29    

MIXED 0.12 0.33 0.05*   

GDD 0.07 0.06 0.60 0.02*  

OTHERS 0.004* 0.01* 0.23 0.008* 0.48 

*p<0.05 was statistically significant  

SD = Spastic Diplegia, SQ = Spastic Quadriplegia, HEMI = Hemiplegia, GDD = 

Global Developmental Delay. 
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TABLE 4 : COMPARISON BETWEEN CP AND NON CP (Other NDDs) 

 

 

      

GRAPH 3: DISTRIBUTION OF                 GRAPH 4: GRADE CLASSIFICATION 

PARTICIPATING CHILDREN  

 

8
0

5
4

1
3

4

5
8 6

4

1
2

2

B O Y S G I R L S T O T A L

CP Non CP

3
4

3
1

4
3

2
6

0

5
3

2
3

3
3

1
1

2

G R A D E  
1

G R A D E  
2

G R A D E  
3

G R A D E  
4

G R A D E  
5

CP
NON CP

 CP Non CP 
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VALUE 
ZSCORE PVALUE 

Boys 80 58  1.949 0.05118 

Girls 54 64  -1.949 0.05118 

Total 134 122    

MEAN HMP 

(SD) 
17.97(±13.85) 13.57(±15.95) 6283 3.194 0.001* 

GRADE 1 34 53  -3.048 0.002* 

GRADE 2 31 23  0.8387 0.400 

GRADE 3 43 33  0.8816 0.378 

GRADE 4 26 11  2.3605 0.018* 

GRADE 5 0 2  -1.488 0.136 
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INTERPRETATION OF RESULTS 

Table 1 shows the demographic data of the participants. The total number of girls and 

boys in the study was 59 (46.09%) and 69 (53.91%) with a mean age of 5.15 (±2.56) 

and 4.90 (±2.70) years respectively.  

The ratio of the boys was significantly higher as compared to the girls when analysed 

using the z score for population proportion. The Z-score was 1.25 with a p-value of 

0.2113 

The ages of the girls and boys did not differ significantly from each other when analysed 

with the Mann Whitney U test for two independent groups. The U-value was 7339.5 

and Z-score was -1.43831 with the p-value of 0.149 for the same.  

 

Hip involvement when compared between boys and girls did not show significant 

differences. Also, the ratio of boys and girls with normal/ near normal hip joints were 

not significantly different. 

When all the children were compared on the basis of bilaterally normal/near normal 

(39.06 %) hips with unilateral involvement (34.37% ) showed that a nonsignificant 

difference existed between the two conditions with a z score of 0.7779 at a p value of 

0.4354. Similarly, a comparison of number of bilaterally involved hips (26.56%) and 

normal/near normal hips showed a significant difference between the two conditions 

with a z score of 2.1298 and p value of 0.0331. 

Spearman’s rho corelation analysis showed that the HMP was not statistically 

correlated with the age of the children, with rs value of 0.0437 and a p-value of 0.5. 
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Table 2 Shows a condition wise frequency distribution of the participants. The 

participants included 39 (30.46%) spastic diplegics, 8 (6.25%) spastic quadriplegics, 17 

(13.28%) Hemiplegics, 3 (2.34) mixed cp’s (dystonic and ataxic cp), 24 (18.75%) GDD 

and 37 (28.9%) other conditions leading to NDD’s (ADHD, ASD and seizure 

disorders). The table also shows the mean HMP of the children. Overall 44.92% of hips 

were found to be affected with 100%, 56.25%, 51.28%, 50%, 41.18%, 29.73% with 

highest affection in children with mixed CP, followed by spastic quadriplegics, spastic 

diplegics, GDD, hemiplegics and the least being in others.  

Mean HMP across the types of NDD, on analysis with the Kruskal-Wallis chi-squared 

statistic was 15.759. The Kruskal-Wallis rank sum analysis of HMP across the various 

NDD’s showed that the p-value of 0.007 exceeded the respectable critical threshold of 

0.05, thus rejecting the null hypothesis that all the samples are from the same 

distribution. Thus, accepting that the alternate hypothesis that one or more of the 

independent samples were different the data was subjected to further post-hoc analysis. 

Post-hoc pairwise multiple comparison tests were conducted to discern the pairs with 

significant differences. Post-hoc analysis was therefore conducted according to Dunn 

method.  
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Table 3 shows the results of the post-hoc analysis and the Dunn p-values without 

adjustment. The HMP of children with other NDD’s (13.98 ±17.98) was significantly 

lower from children with Spastic Diplegia (17.50 ±12.37), Spastic quadriplegia (23.17 

±18.33) and Mixed CP (26.15 ±13.53) with a p value of 0.0046, 0.0177 and 0.0088 

respectively. Also the HMP of the children with Mixed CP (26.15 ±13.53) was 

significantly higher from children with Hemiplegic CP (15.17 ±13.89) and GDD (12.75 

±12.45) with a p value of 0.056 and 0.0233 respectively.  

Table 4 shows the mean HMP of children with CP (17.97 ± 13.85) was significantly 

higher than that of Non CP [other NDDs] (13.57 ± 15.95) children.  

The proportion of CP children with normal and near normal hips (GRADE 1 AND 2) 

was not significantly different from those at risk and with subluxation (GRADE 3, 4 

AND 5). The value of z was -0.4887 and the value of p was 0.624.  

The number of Non-CP children with normal and near normal hips was significantly 

higher than those at risk and with subluxation. The value of z was 3.8411 and the p 

value was 0.001.  

The number of children with normal hips was significantly higher in Non-CP (53) group 

as compared to the CP (34) group at a z value of -3.048 and p value of 0.002.    

The number of children with subluxated hips were significantly higher in CP group (26) 

as compared to non cp group (11) at a z value of 2.3605 and p value of 0.018. 

However, there was no significant difference in the number of children with CP and 

Non CP among the near normal (0.400), at risk (0.378) or dislocated hips (0.136).  

The ratio of boys with CP was significantly higher as compared to girls with a z value 

of 3.176 and a p value of 0.001. The ratio of girls with Non CP (other NDDs) was 

significantly higher to boys with a z value of -0.7682 and p value of 0.441. 
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DISCUSSION 

 

The aim of the study was to find hip migration percentage in children with 

neurodevelopmental disorders. Studies have been conducted on hip 

migration percentage for children with cerebral palsy but there is scarcity 

of literature for children with NDDs. The pilot study conducted prior to 

commencement of the study showed a prevalence of 82% of children with 

subluxation or dislocation of the hip. Based on this prevalence, the sample 

size was calculated to be 128. A total of 149 children with NDD were 

screened during the study period in order to meet the sample size of 128, 

in the Paediatric Physiotherapy OPD. Parents of 2 children did not consent 

for their child’s participation in the study, while 1 child had undergone 

either surgical and/or botulinum toxin interventions during the time of data 

collection and 18 children did not meet the inclusion criteria for age. 128 

children thus fulfilled the inclusion criteria for the study. Parents of these 

128 children also approved for their child’s participation in the study and 

the data was analysed using appropriate statistical analysis. 
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The mean ages of all the 128 participants was 4.98(±2.63) with a higher 

mean HMP found in left hips 14.34(±14.04) compared to the right 

17.36(±15.84). Approximately 45% of the hip joints were subluxated or 

dysplastic and 1% were dislocated. This result is in concurrence with other 

studies which report that rate of subluxations was higher than dislocations 

in children with CP. The overall prevalence of subluxation according to 

other studies is lower than the prevalence in our study. This could be 

possibly due to the sample included. Studies report a 33% of displacement 

in CP.24,33,37 Our result maybe higher due to the inclusion of all the causes 

of NDD and not only CP.  

 

 

The percentage of boys (53.91%) was significantly higher than the 

percentage of girls (46.09%). This result is coherence with other studies 

which also report the prevalence of boys with NDD being more than that 

of the girls. Studies have reported that male predominance among children 

with CP is higher when compared to females.72 Different factors like 

genetics and hormonal and environmental such as stress and sociocultural 

factors contribute to an increase in number of males with NDD. The 

smaller number of females with NDD can be contributed to the specific 

mechanisms which are being explored such as the female protective effect 
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and questions regarding the underdiagnosis of females which may be 

related to sociocultural factors.73  

 

The mean ages of the boys and girls included in the study were not 

significantly different from each other. We did not see any effect of age on 

the gender specific reason cause of NDD. No similar studies were found 

during the search of literature.  

 

The results also did not show any significant difference between the hip 

migration percentages of the boys and girls. This confirms that the 

development of the hip and the hip migration percent was not influenced 

by gender and occurred at the same rate in boys and girls with NDDs.  

 

 

The children when divided into groups of bilaterally normal/near normal 

hips, unilaterally affected hip, and bilaterally affected hips showed a 

variation in proportions. The number of children with bilaterally 

normal/near normal hips was not significantly different from the number 

of children with unilateral involvement of hip. However, the number of 

children with bilaterally normal/near normal hips was significantly higher 
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than the children with bilaterally involved hips. This result suggests that 

bilateral affection of the hip joints is not as common as unilateral affection 

among children with NDD. The results are in concurrence with another 

study which also reported more of unilateral affection of the hip in 

comparison to bilateral affection.74 

 

 

Age was not seen to influence the development of HMP in the participating 

children. This result is supported by a study which also reported an 

insignificant influence of age on development of hip migration percentage 

in children with CP.75  

 

 

The frequency distribution showed the highest prevalence of spastic 

diplegics followed by other causes of NDD, GDD, Hemiplegics, Spastic 

quadriplegics and lastly mixed CPs. This observation is supported by other 

studies which also state that spastic diplegia is the most common type of 

CP.38,76  

 

 



DISCUSSION 

 

49 
 

The mean HMP in ascending order across the conditions were noted to be 

least in children with GDD followed by other NDD’s, Hemiplegic CP, 

Spastic Diplegia, Spastic quadriplegia and highest is children with Mixed 

CP. The result of our study showed that the children with other NDD’s had 

a higher chance of better hip development as compared to children with 

Spastic Diplegia, Spastic quadriplegia and Mixed CP.  

The result also showed that the children with Mixed CP had a greater 

chance of poor development of the hip joint as compared to children with 

GDD and Hemiplegic CP.  

 

 

The results are in coherence with studies which report a lowest risk in 

hemiplegic cp with spastic diplegic showing an intermediate risk. 

However, our results show an affection of 100% of the hips which is not in 

concurrence with other studies. This could be possible due to the vary small 

number of children in the subtype.37,38,74,77,78. 

 

 

 Similar study reported that more subluxation was observed in spastic 

quadriplegic and spastic hemiplegia.74 A study reported a highest number 

of spastic quadriplegia followed by spastic diplegia and spastic hemiplegia 
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being the least. 78A study showed that spastic diplegia has the highest 

number of subluxated hips when compared to spastic hemiplegia, dystonia 

and ataxic.79A study indicated that the subluxation found in CP subtype i.e. 

Spastic Diplegia and Dystonia is high when compared to Ataxic CP. 37 

 

 

The HMP for CP and Non CP children showed a significant increase in CP 

children when compared to the NON CP Children.  

However, children with NDD also showed a prevalence of hip dysplasia 

and subluxations. Previous studies have showed that hip subluxations are 

found significantly higher in children with CP. The prevalence of 

subluxation in CP in our data was higher than that reported by other studies 

in the past. This could be due to a very large representation of the condition 

in the included sample.  

There are no coherent studies which gives the result of gender difference 

in children with other NDDs.  

Our study showed a significant increase in female when compared to male 

. 
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FUTURE SCOPE OF STUDY 

 

• Participants should be equally represented across various types of 

NDD 

• A larger age group should be considered  

• Follow up program  

• Further studies should be done with comparison of other screening 

tools  
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LIMITATIONS OF THE STUDY 

 

• Participants included were not equally distributed across the various 

subtypes of NDD  

• Teaching the technician about the positioning of the child was time 

consuming  
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CONCLUSION 

The study intended to find the hip migration percentages of children with across all 

NDDs as all  the studies during the search for review of literature were done in children 

with CP only. This study found an equal prevalence of  affected hips in both children 

with CP and Other NDDs. The surveillance did not find any influence of gender or age 

on the HMP of the children. Surveillance programs are known to be practical and 

effective in providing consistently better outcomes for further management of children 

with NDDs.  

Surveillance programs will help in the betterment of the child and reduce the risk of 

subluxation or dislocation which negatively influence the physical and social burden 

on the parents and improve their living and wellbeing. 

 This study has attempted to add the limited evidence related to hip surveillance in 

children with NDD.  

Thus, we suggest through our study and result that hip surveillance should be an 

important part of the routine assessment and management of any child with NDD 

irrespective of the cause of NDD. 

However, the results cannot be generalised to all the Indian population as the sample 

included children only from Dharwad district.  
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SUMMARY 

The aim of the study was to identify the developmental profile of the hip joint in 

children with NDD. 128 children with NDD were screened using the radiograph of 

pelvis with both hips and the Reimer’s hip migration percentage. The study included 

children of either gender from 2 to 9 years of age. Thus, 256 hips were analyzed. The 

number of boys was higher than the number of girls when compared among all the 

NDDs put together. However, the number of boys was higher in children with CP and 

the number of girls was higher in the Non-CP conditions leading to NDD.  

The data showed a decreasing prevalence of hip profiles from normal, dysplastic, near 

normal, subluxated and lastly dislocated hips.  

The results showed that the children with Non-CP causes of NDD had a greater chance 

of having a normal hip joint as compared to children with CP.  

This also indicates that children with CP were more prone to develop hip dysplasia’s 

and subluxations as compared to other NDDs.  

However, children with other NDDs also had a prevalence of hip dysplasia’s, 

subluxations and dislocations. 

Most of the studies in the past have concentrated on hip profiles of children with CP 

only. This study tried to therefore identify similar hip issues if any present in other 

NDDs. The study shows a prevalence of similar conditions in both CP and Non Cp 

NDDs. Thus, we would like to conclude that all the children irrespective of the cause 

of NDD should be regularly screened for the development of hip joint profiles to 

prevent related musculoskeletal complications. 
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ANNEXURE 1 

DEMOGRAPHIC DATA 

Name: ………………………………………….. 

Date of birth: …. /…. /….       Age: …… years ……months     Gender: Female/Male 

Height: ………cms                Weight: ………kgs                    BMI: ………..kgs/m2 

History: 

Consanguinity: Yes/No         Prematurity: Present/Absent    Birth Wt: …..…gms 

Type of Delivery: NVD / LSCS                        Gestational age at birth: ………wks. 

Duration since therapy initiation:………………………………………………… 

 History of Milestones: 

Lower Limb Tone:…………………………………………………………………… 

S. 

No. 

Milestone Age Duration 

since 

achieved  

S. 

No. 

Milestone Age Duration 

since 

achieved  

1. Head holding                  7. Supported standing   

2. Rolling prone   8. Independent standing   

3. Creeping   9. Supported walking   

4. Crawling   10. Independent walking   

5. Sitting, if made to sit    11. Ascending stairs    

6. Independent sitting   12. Descending stairs   

SIDE HIP MIGRATION PERCENTAGE INTERPRETATION 

LEFT    

RIGHT   
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ANNEXURE 2 

CONSENT FORM 

STUDY TITLE: HIP MIGRATION PERCENTAGE IN CHILDREN WITH 

NEURODEVELOPMENTAL DISORDERS 

I, Ms/Mr……….……………………………………………………………………. on 

behalf of my child ……………………………………………………………., exercise 

my free power of choice and hereby give my consent to include my child as a subject in 

the above-mentioned study and to publish the data thus obtained. I have been explained 

the procedure and the importance of the study in my own language by the researcher. I 

agree to adhere to the physiotherapist instructions and co-operate fully and inform them 

if my child experiences any discomfort. I am informed about my right to withdraw my 

child from the study at any time throughout the study without having to give any reasons 

for doing so. Also, I am aware of the fact that the participation in the study includes no 

monetary or financial benefits. I have read through the details of the same in the 

information sheet provided to me. 

 

Postal Address: 

Relationship with child: Father/Mother/Guardian                                        Sign : 

 

For Investigators Purpose 

  This is to certify that above consent has been obtained in my presence. 

 

Name of the Investigator:                                                                                 Sign : 
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ANNEXURE 3 

INFORMATION SHEET 

Dear parents, I, Ms. Shah Ria Chirag, would like to invite you and your child to take part 

in our research study titled “HIP MIGRATION PERCENTAGE IN CHILDREN WITH 

NEURODEVELPOMENTAL DISORDERS – A SURVEILLENCE STUDY”.  Before 

you decide, you need to understand why the research is being done and what it would 

involve for you and your child. Please take time to read the following information 

carefully. This information sheet tells you about the purpose of the study and what will 

happen if you take part. A copy will be given to you for your ready reference. 

Procedure and Purpose of this study 

1) Procedure: Children meeting inclusion and exclusion criteria will be recruited in the 

study. The radiograph of bilateral hip will be taken in the prescribed position which will 

be analysed for hip migration percentage. Your child may experience slight discomfort 

similar to that associated with mild to moderate exercises. Relevant rest will be given as 

and when needed. 

2) Benefits: 

a) Benefit to volunteer: If any child is identified with hip subluxation or dislocation, 

he/she may be advised for further management before secondary complications. 

b) Potential benefits to society: This study will help to identify the prevalence of hip 

subluxation and dislocation in 2 to 9 years old children with Neurodevelopmental 

Disorders.  

3) Time duration of the procedure: half an hour  
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4) Statement of confidentiality: Your child’s participation in this research is 

confidential. Only the investigators will have access to your child’s identity and to 

information that can be associated with his/her identity. In the event of publication of 

this research, no personally identifying information will be disclosed. 

5) Injury clause: There is very less chance of any injury resulting from this study. 

Injuries if any, other than those related to the investigations as part of the study are not 

liable for financial compensation or free medical treatment. 

6) Compensation: Participation in this study includes no monetary or financial benefits. 

7) Voluntary participation: Your and your child`s participation in this study is voluntary. 

You have all the right to withdraw you and your child from the study at any time 

throughout the study without having to give any reasons for doing so. Withdrawal from 

the study at any given point will not influence the therapy of your child. Video your and 

your child’s right as a study participant; you also may decline to answer any questions 

asked by the researcher. 

8) Right to ask question: You may ask any questions about the study procedures and the 

questions will be answered by the researcher.  

9)Any queries: Any further questions related to the study will be answered by me, Ms. 

Shah Ria Chirag on the contact details mentioned below. 

Email Id: riacshah@gmail.com  

Mob. No: 9663404941 

You may also contact the office of Department of Physiotherapy, Manjushree Nagar, 

Sattur, Dharwad (0836-2462253). 

Name and contact details of guide 

Dr. Jyoti S. Jeevannavar Professor 

Email Id: drjyotisj@gmail.com  

Mob. No- 9972189767    

mailto:riacshah@gmail.com
mailto:drjyotisj@gmail.com
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ANNEXURE 6 

MASTER - CHART  
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1 4 G SD 6.99 1 41.62 4 

2 7 G OTHER 100.00 5 40.66 4 

3 3 G OTHER 6.85 1 8.24 1 

4 6 B SD 13.91 2 32.88 4 

5 9 B SD 18.15 2 31.99 4 

6 5 B SQ 27.10 3 11.89 2 

7 6 G MIXED 18.28 3 15.18 3 

8 5 B SD 0.00 1 43.83 4 

9 5 B GDD  0.00 1 18.85 3 

10 3 B SD 15.61 3 19.67 3 

11 3 G SQ 22.01 3 13.38 2 

12 4 B SD 17.79 3 11.96 2 

13 2 G SD 17.22 3 38.51 4 

14 2 B OTHER 32.34 4 15.29 3 

15 2 B HEMI 12.90 2 26.17 3 

16 4 B SQ 0.00 1 29.67 3 

17 2 B HEMI 0.00 1 38.79 4 

18 7 B SD 0.00 1 10.57 2 

19 8 B SQ 30.31 4 17.65 3 

20 9 B HEMI 11.33 2 4.56 1 

21 9 G OTHERS 0.00 1 0.00 1 

22 2 G OTHERS  0.00 1 0.00 1 

23 10 B SD 21.35 3 16.85 3 

24 10 B OTHERS  0.00 1 0.00 1 

25 4 B SD 20.62 3 14.15 1 

26 6 G SD 18.55 2 7.23 1 

27 6 G SD 19.81 3 18.67 3 

28 7 B HEMI 17.80 3 11.15 2 

29 2 B HEMI 13.45 2 44.35 4 

30 2 G SD 11.42 2 13.30 2 

31 6 B HEMI 15.83 3 20.32 3 

32 8 G SQ 10.64 2 11.40 2 
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33 3 B OTHER 11.29 2 11.17 2 

34 2 G SD 33.68 4 18.57 3 

35 2 B HEMI 13.51 2 17.88 2 

36 5 G OTHERS  13.88 2 16.53 3 

37 2 B OTHER 31.65 4 47.59 4 

38 3 G OTHERS 15.63 3 14.71 2 

39 2 B OTHER 0.00 1 0.00 1 

40 2 B SD 20.12 3 22.29 3 

41 2 B SD 16.22 3 13.76 2 

42 2 B HEMI 0.00 1 14.75 2 

43 4 B HEMI 18.42 3 40.00 4 

44 6 G OTHER 0.00 1 11.34 2 

45 2 G OTHER 24.52 3 19.74 3 

46 3 B OTHER 0.00 1 0.00 1 

47 2 G SD 15.13 3 37.41 4 

48 2 B HEMI 12.93 2 0.00 1 

49 2 G HEMI 0.00 1 27.35 3 

50 10 B SD 9.04 1 17.48 3 

51 9 B HEMI 0.00 1 21.96 3 

52 9 G SD 23.14 3 16.23 3 

53 5 G HEMI 0.00 1 16.39 3 

54 9 B OTHER 24.12 3 7.74 1 

55 4 G OTHER 11.01 2 11.48 2 

56 7 G OTHER 14.41 2 7.69 1 

57 10 B OTHER 13.55 2 8.60 1 

58 6 B SD 4.78 1 11.03 2 

59 6 B SD 9.24 1 10.34 1 

60 6 G OTHER 0.00 1 0.00 1 

61 4 B SQ 45.90 4 59.60 4 

62 9 G SD 43.00 4 40.00 4 

63 10 B MIXED 45.00 4 42.00 4 

64 2 B SD 40.00 4 45.00 4 

65 2 B SD 35.76 4 43.20 4 

66 2 G GDD 0.00 1 0.00 1 

67 2 B GDD 0.00 1 20.57 3 
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68 6 B HEMI 0.00 1 56.16 4 

69 3 B GDD 13.43 2 15.54 3 

70 2 B OTHER 8.59 1 0.00 1 

71 2 B SQ 0.00 1 0.00 1 

72 2 G GDD 17.65 3 0.00 1 

73 10 G HEMI 20.80 3 0.00 1 

74 8 G OTHER 10.86 2 17.17 3 

75 10 B GDD 22.89 3 19.39 3 

76 4 G OTHER 0.00 1 0.00 1 

77 2 B OTHER 11.27 2 9.18 1 

78 8 G SD 17.24 3 19.74 3 

79 2 B SD 0.00 1 0.00 1 

80 9 G SD 13.50 2 19.63 3 

81 6 B SD 11.91 2 7.85 1 

82 6 G SD 19.57 3 12.83 2 

83 2 G SD 11.48 2 12.35 2 

84 9 G OTHER 14.80 2 10.65 2 

85 2 B GDD 0.00 1 15.18 3 

86 3 B GDD 20.35 3 0.00 1 

87 7 G SD 19.71 3 19.71 3 

88 4 G GDD 11.90 2 0.00 1 

89 6 B SD 0.00 1 0.00 1 

90 9 G SD 10.28 2 13.55 2 

91 7 B HEMI 14.29 2 15.33 3 

92 5 G SD 0.00 1 6.52 1 

93 7 B OTHER 0.00 1 10.68 2 

94 3 G OTHER 32.30 4 15.76 3 

95 5 B OTHER 9.18 1 13.21 2 

96 3 G GDD 0.00 1 37.61 4 

97 8 G GDD 15.16 3 13.56 2 

98 8 B GDD 22.66 3 20.08 3 

99 2 G GDD 26.44 3 20.83 3 

100 4 G GDD 0.00 1 0.00 1 

101 4 B GDD 0.00 1 22.41 3 

102 8 B GDD 10.20 2 27.36 3 
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103 3 G GDD 36.23 4 42.36 4 

104 4 B GDD 0.00 1 0.00 1 

105 7 B OTHER 9.49 1 19.09 3 

106 2 B OTHER 14.10 2 0.00 1 

107 8 G GDD 0.00 1 0.00 1 

108 2 B GDD 0.00 1 0.00 1 

109 2 G OTHER 32.48 4 15.71 3 

110 9 G GDD 17.05 3 31.34 4 

111 6 B GDD 27.31 3 17.03 3 

112 2 G SD 0.00 1 0.00 1 

113 6 B OTHER 9.52 1 15.72 3 

114 5 G OTHER 13.68 2 17.86 3 

115 5 B OTHER 0.00 1 10.78 2 

116 6 B SQ 35.48 4 55.63 4 

117 9 G GDD 18.81 3 29.78 3 

118 5 B OTHER 13.47 2 9.41 1 

119 5 G OTHER 20.92 3 8.30 1 

120 6 B SD 10.46 2 0.00 1 

121 4 G GDD 0.00 1 0.00 1 

122 3 G HEMI 0.00 1 9.52 1 

123 4 G SD 12.43 2 0 1 

124 3 G OTHER 40.67 4 100 5 

125 2 G SD 33.73 4 22.02 3 

126 4 G SD 37.18 4 25.00 3 

127 7 G MIXED 19.42 3 18.50 2 

128 7 G OTHER 0 1 0 1 
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ANNEXURE 7 

ETHICAL CERTIFICATE  
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ANNEXURE 8 

GUIDE CERTIFICATE  
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ANNEXURE 9 

PHOTOGRAPHS 

1. NORMAL RADIOGRAPH  

 

 

 

 

2. UNILATERAL AFFECTION OF THE HIP  
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3. BILATERAL AFFECTION OF HIP 
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ANNEXURE 10 

CTRI NUMBER  

As the  study is an observational study and not an intervention / randomised control 

trial CTRI registration not mandatory. Hence CTRI registration not done. 
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ANNEXURE 11 

 


