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Introduction

Hip displacement (HD), joint instability associated with 
proximal femoral and acetabular dysplasia, is common in 
neuromuscular disorders, with a prevalence of approxi-
mately 35% in large population-based studies of children 
with cerebral palsy (CP).1,2 Most non-ambulant children 
with CP have hypertonia (most commonly spastic motor 
type) as well as a high prevalence of HD.1–6 Spasticity in 
the hip adductors and flexors has been suggested as a pri-
mary cause of HD, and has been a target for intervention 
both operatively and non-operatively. It has been theorized 
that the spastic hip adductors and flexors overpower the 
hip abductors and extensors, resulting in muscle imbalance 
that forces the hip out of the joint. However, a recent 

population-based study reports high rates of recurrence 
after adductor surgery for HD in children with CP.7 
Similarly, a randomized-controlled trial assessing the 
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Abstract
Purpose: The aim of this article was to compare longitudinal changes in hip morphology in cerebral palsy (hypertonic) 
and spinal muscular atrophy (hypotonic) to examine the influence of muscle tone on development of hip displacement.
Methods: Children with spinal muscular atrophy (Types I and II) and cerebral palsy (Gross Motor Function Classification 
System IV and V) with hip displacement (migration percentage >30%) were included. Head shaft angle, migration 
percentage, and acetabular index were measured at T1 (1–2.5 years), T2 (3–5 years), and T3 (6–8 years). Analysis of 
variance testing and linear regression were utilized.
Results: Sixty patients (cerebral palsy, N = 41; spinal muscular atrophy, N = 19) were included. Hip displacement occurred 
earlier in spinal muscular atrophy (34 months) than cerebral palsy (49 months) (p = 0.003). Head shaft angle was high and 
did not change between T1, T2, and T3, but significant changes in migration percentage were found (cerebral palsy: 23%, 
36%, 45% (p < 0.01) and spinal muscular atrophy: 37%, 57%, 61% (p = 0.02)). Migration percentage increased by age in 
cerebral palsy (r = 0.41, p < 0.001), but not in spinal muscular atrophy (r = 0.18, p = 0.09). Acetabular index increased with 
migration percentage (cerebral palsy: r = 0.41, p < 0.001; spinal muscular atrophy: r = 0.48, p < 0.001).
Conclusion: Persistent lateral physeal tilt by head shaft angle was found for both spinal muscular atrophy and cerebral 
palsy. Abnormal physeal alignment may be causally related to weakness of the hip abductor muscles rather than spasticity 
or muscle imbalance, resulting in coxa valga and secondary acetabular dysplasia.
Level of evidence: III (case–control study).
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effects of botulinum toxin injection of the hip adductors 
and hamstrings reported no clinically relevant treatment 
effect.8 These data suggest that the role of both spasticity 
and muscle imbalance in the development of HD may have 
been overstated.

Soo and colleagues1 reported a linear relationship 
between Gross Motor Function Classification System 
(GMFCS) level and the risk of HD defined as migration 
percentage (MP) >30%, but they found no relationship to 
motor type or movement disorder. Children with hypoto-
nia had the same risk of HD as those with hypertonia—the 
prevalence being predicted solely by GMFCS level.1 These 
data suggest that impaired mobility may be a more impor-
tant risk factor for the development of HD than muscle 
tone.

Children affected by spinal muscular atrophy (SMA) 
also develop HD, with radiographic features including 
progressive coxa valga (typified by lateral proximal femo-
ral physeal tilt and increasing femoral neck shaft angle 
(NSA)) and associated acetabular dysplasia, being similar 
to CP.9 Tönnis10 highlighted the role of lateral physeal tilt 
as an etiologic factor in the development of coxa valga, 
with the physis aligning perpendicular to the direction of 
the resultant forces across the hip joint, especially where 
abductor insufficiency was present. Several other authors 
have discussed this mechanism as being a causative factor 
for HD in both CP and SMA.11,12

The purpose of this study was to compare the changes 
in proximal femoral and acetabular geometry over time for 
children with CP and SMA to help elucidate the influence 
of muscle tone on the development of HD. Our hypothesis 
was that hip morphology associated with HD is similar 
between hypertonic (CP) and hypotonic (SMA) neuromus-
cular disorders, typified by abnormalities in proximal fem-
oral growth (lateral physeal tilt) leading to coxa valga and 
secondary acetabular dysplasia.

Materials and methods

The study design was a retrospective case–control, con-
ducted at an academic tertiary level children’s hospital. 
Children presenting between June 2005 and July 2020, 
with diagnostic codes specific to CP (the International 
Statistical Classification of Diseases and Related Health 
Problems–Tenth Edition ICD-10 (G80.1-G80.0) and 
International Statistical Classification of Diseases and 
Related Health Problems–Ninth Edition ICD-9 (343.0)) 
and SMA (ICD-10 (G12.9) and ICD-9 (335.10)) diagnoses 
were identified from our institution’s electronic medical 
record for potential inclusion in the study. Inclusion criteria 
were children with SMA (Types I and II) and CP (spastic 
motor type, GMFCS13 IV and V) who developed HD, with 
regular hip surveillance radiographs over three specified 
age intervals (T1: 1–2.5 years old, T2: 3–5 years old, and 
T3: 6–8 years old), and no previous bony reconstructive 

surgery. Exclusion criteria were other neuromuscular diag-
noses and/or functional levels and a lack of hip surveil-
lance radiographs in the age intervals specified for this 
study. HD was defined as an MP greater than or equal to 
30% in one or both hips during the radiographic hip sur-
veillance period.1

The primary outcome variable was the extent of proxi-
mal femoral physeal tilt by head shaft angle (HSA). The 
HSA previously has been shown to have good intra- and 
inter-rater reliability, is less affected by hip rotation than 
femoral NSA,14 and is correlated with MP.15 Secondary 
outcome variables included age at first hip surveillance 
radiograph, duration of radiographic hip surveillance fol-
low-up, number of hip surveillance radiographs, and age at 
onset of HD. Other radiographic outcome variables 
included MP and acetabular index (AI), both found to have 
good to excellent intra- and inter-observer reliability in 
CP.16 All radiographic measurements were performed by 
the lead author (A.C.U.), after a dedicated training period 
with the senior author (J.J.H.), a sub-specialized pediatric 
orthopedic surgeon with extensive experience treating 
children with CP and SMA. Data were collected and ana-
lyzed longitudinally for age intervals T1, T2, and T3 for 
each diagnostic group.

Statistical analysis

The collected data were analyzed using both descriptive and 
inferential statistics. As this was a retrospective chart review 
without any sample size calculation, inferential statistics 
were performed on an exploratory basis only. Descriptive 
statistics, including mean values and standard deviations 
(SDs) for outcome variables within both diagnostic groups, 
were tabulated. Analysis of variance testing was used to 
compare outcomes between time points. The HSA/MP/AI 
versus age and HSA/MP versus AI were analyzed by linear 
regression, with a significance level of p < 0.05.

The Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) guidelines were uti-
lized in preparing this article. No funding was required or 
utilized in this investigation.

Results

Two hundred and three children with CP and 47 with SMA 
were initially identified for inclusion in the study. After 
applying the inclusion criteria, 60 patients (CP, N = 41 (52 
hips) and SMA, N = 19 (37 hips)) were available for analy-
sis (Figure 1). The ages at initial presentation for the CP 
and SMA groups were 7.2 (SD = 5.1, range = 1–14) and 6.9 
(SD = 6.0, range = 0–14) months, respectively. The ages at 
first pelvis radiograph for the CP and SMA groups were 
22.6 (SD = 5.0, range = 12–30) and 24.1 (SD = 5.1, 
range = 12–30) months, respectively. The mean numbers of 
hip surveillance radiographs for the CP and SMA groups 
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were 3.6 (SD = 0.9) and 2.2 (SD = 0.8), respectively. The 
total clinical follow-up duration for the entire cohort was 
53.7 (SD = 16.5) months. The mean age for the entire 
cohort at the time of audit was 72.1 (SD = 18.3, range = 52–
94) months. Table 1 summarizes the demographic charac-
teristics by diagnostic group.

HD occurred at an earlier age (months) in SMA 
(mean = 34, range = 6–51) versus CP (mean = 49, 
range = 27–61) (p = 0.003) (Figure 1). For age intervals 
T1, T2, and T3, the mean HSA values for CP were 169°, 
170°, and 169°, respectively (not significant (NS)), and 
for SMA, they were 173°, 174°, and 173°, respectively 
(NS). For these same intervals, the mean MP values for 
CP were 23%, 36%, and 45%, respectively (p < 0.01), 

and for SMA, they were 37%, 57%, and 61%, respec-
tively (p = 0.02).

Regression analysis showed significant increases in MP 
by age for CP (r = 0.41, p < 0.001), but not for SMA 
(r = 0.18, p = 0.09), while HSA by age for both diagnoses 
was NS (CP: r = 0.20, p = 0.8 and SMA: r = 0.14, p = 0.18). 
AI increased linearly with MP for both diagnoses (CP: 
r = 0.41, p < 0.001 and SMA: r = 0.48, p < 0.001), but not 
with HSA. AI was not found to be significantly correlated 
with age for either CP (p = 0.7) or SMA (p = 0.35).

With respect to hip surgical interventions during or 
before age intervals T1 to T3, soft-tissue releases (typi-
cally adductor longus +/− adductor brevis, gracilis, and 
iliopsoas) were performed in 17 of 41 patients (41.5%) and 

Figure 1.  Patient flow diagrams for study eligibility for the (a) CP and (b) SMA groups.
CP: cerebral palsy; SMA: spinal muscular atrophy.

Table 1.  Patient demographics.

Demographic CP SMA

Number of patients: n (% of total cohort) 41 (68.3) 19 (31.7)
Sex (male/female, % female) 25/16, 39 7/12, 63
Functional severity
  CP: GMFCS (n (IV/V), % V) 7/34, 83 10/9, 52
  SMA: type (n (I/II), % I)  
Age at first hip surveillance radiograph (months, mean (SD)) 22.6 (5.0) 24.1 (5.1)
Age at last hip surveillance radiograph (months, mean (SD)) 82.6 (6.7) 79.4 (5.3)
Number of hip surveillance radiographs (mean (SD)) 3.6 (0.9) 2.2 (0.8)
Final follow-up (months) (mean (SD)) 59.5 (9.3) 59.6 (11)
Hip adductor tenotomy during T1 to T3 intervals (n (%)) 17 (41.5) 1 (5.3)

CP: cerebral palsy; GMFCS: Gross Motor Function Classification System; SD: standard deviation; SMA: spinal muscular atrophy.
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in 1 of 19 patients (5.3%) for the CP and SMA groups, 
respectively (at mean age (years) for CP: 6.9 (SD = 1.8, 
range = 4.9–8.8) and SMA: 5.0 (SD = N/A, range= N/A)). 
Following the last hip surveillance radiograph during the 
T3 age interval period, 29 (70.7%) underwent hip surgery 
procedures at a mean age of 7.8 (SD = 1.6, range = 6.1–9.7) 
years in the CP group. Procedures included one (2.4%) 
preventive (hip adductor/flexor/proximal hamstring 
releases) alone, six (14.6%) reconstructive (proximal fem-
oral osteotomy and/or acetabuloplasty) alone, and 22 
(53.7%) both preventive and reconstructive. For the SMA 
group, two patients (10.5%) underwent hip surgery proce-
dures at a mean age of 10 (SD = 3.6, range = 7.4–12.6) 
years following the last hip surveillance radiograph during 
the T3 age interval period. Procedures included two 
(10.5%) reconstructive (proximal femoral osteotomy and/
or acetabuloplasty) alone.

Discussion

Identifying the cause of HD in neuromuscular disorders 
may be important to help elucidate the most effective treat-
ment options, including preventive strategies. For HD in 

children with CP, the “traditional view” is that spasticity 
results in muscle imbalance, fixed contractures, and pro-
gressive HD.17,18 In this view, there is little emphasis on 
understanding changes in proximal femoral geometry, in 
which coxa valga has a linear relationship to GMFCS 
level.19 As such, early treatment of HD has been focused 
on surgical lengthening of spastic hip adductors, flexors, 
and proximal hamstrings. This approach is supported by 
favorable results in the early literature, which reported 
good survivorship after soft-tissue releases alone in studies 
with short-term follow-up and not stratified by the GMFCS 
level.20,21 However, a more recent population-based study, 
the largest to date with the longest mean follow-up, 
reported high rates of recurrent HD in non-ambulatory 
children with CP (GMFCS levels IV or V) after adductor 
surgery.7 The authors proposed that lack of weight-bearing 
and weakness in the hip abductors may be causative for 
recurrent HD in non-ambulatory children with CP.

SMA is a lower motor neuron disorder, secondary to 
deterioration of the anterior horn cells in the spinal cord, 
with symmetric proximal muscle weakness and atrophy 
being more severe in Types I and II.22 Zenios et al.11 sug-
gest that the development of HD in SMA is secondary to 

Figure 2.  (a) Type I spinal muscular atrophy and (b) quadriplegic cerebral palsy (Gross Motor Function Classification System V), 
with bilateral progressive hip displacement from T1 to T3. Note persistent lateral proximal femoral physeal tilt, progressive coxa 
valga, acetabular dysplasia, and migration percentage for both diagnoses. The spinal muscular atrophy hips demonstrate faster 
migration percentage progression and proximal femoral deformity over time compared with cerebral palsy.
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diminished weight-bearing and “profound gluteal weak-
ness,” which depressed the stimulus for trochanteric 
growth, resulting in coxa valga and joint subluxation. A 
similar etiology for CP HD is proposed by Phelps,23 who 
deduces that delayed weight-bearing and abductor insuffi-
ciency are causative, and that adductor contracture plays a 
lesser role. This view is echoed by Minear and Tachdjian,24 
who claim that abductor weakness causes a lateral realign-
ment of the proximal femoral physis, leading to coxa valga 
and hip subluxation in CP. Indeed, the negative features of 
the CP upper motor neuron syndrome—including weak-
ness, poor selective motor control, and balance—have 
been implicated as the primary determinants of gross 
motor function, including the acquisition of functional 
weight-bearing.25

Pauwels26 was the first to theorize that proximal femo-
ral geometry is modulated by functional loading, affected 
by physeal stimulation proportional to the magnitude of 
imparted stress. Tönnis10 further claims that “valgus angu-
lation of the femoral neck is caused by a relative predomi-
nance of adductors over abductors.” In their 
population-based study of proximal femoral geometry in 
CP, Robin et al.27 confirm a step-wise increase in femoral 
NSA with decreasing functional mobility by GMFCS. 
They suggest that the resulting coxa valga is an acquired 
deformity proportional to ambulatory ability, with GMFCS 
levels IV and V having the highest NSA. Along with a per-
sistence in femoral anteversion, like NSA, the MP also 
increases with the GMFCS level, confirming that the com-
bination of both deformities predisposes to the develop-
ment of HD. In this study, we chose HSA rather than NSA 
as our primary measure of proximal femoral geometry. 
This decision was made given the lack of reliability in 
NSA measurement due to inconsistency in hip rotation 
during radiographic positioning.28 In addition, NSA does 
not allow for a direct assessment of physeal tilt.

For both SMA and CP, we found a persistence in lat-
eral proximal femoral physeal tilt that did not signifi-
cantly decrease throughout the age intervals up to 8 years 
old. Our results for CP are consistent with van der List 
and colleagues12 who also found HSA to be high and 
unchanged over similar age intervals for GMFCS levels 
IV and V. They attribute imbalance between hip adduc-
tors and abductors, with associated physeal realignment, 
to be responsible for their findings. A second study from 
these authors, using typically developing children as a 
comparison group, found a significant decrease in HSA 
over time compared with age-matched children with 
CP.29 By contrast, they found that HSA in GMFCS levels 
I to III significantly decreases over time, although to a 
lesser extent than for typically developing children. With 
similar findings in children with CP under age 5 years, 
Terjesen and Horn30 report persistently high and 
unchanged HSA for GMFCS levels IV and V, but signifi-
cant decreases in HSA over time for GMFCS III. These 

findings support the role of functional mobility in proxi-
mal femoral development.

Significant increases in MP over time, positively cor-
related with progressive acetabular dysplasia, were 
found for both diagnoses in the current study. Coupled 
with the presence of a persistently laterally tilted proxi-
mal femoral physis in SMA and CP, these similarities 
suggest a more unifying cause of HD for both hypertonic 
and hypotonic disorders, which, given the prior discus-
sion, would seem to point to a lack of functional weight-
bearing and associated abductor weakness. Although we 
did not have hip abductor strength data for review in this 
study, Darras et al.31 investigated lower extremity weak-
ness in children with CP compared with typically devel-
oping controls. They found that the hip abductor muscles 
are significantly weaker in children with CP compared 
with typically developing children overall, and those in 
GMFCS levels III/IV are significantly weaker than I/II. 
This suggests that hip abductor strength decreases in pro-
portion to functional mobility. Given the muscle imbal-
ance theory proposed by Pauwel and others,10,17,26,32,33 it 
would seem plausible that the presence of both adductor 
spasticity and abductor weakness would lead to an ear-
lier and more severe progression of HD, but we did not 
find this to be the case. Typified by proximal muscle 
weakness, children with SMA had an earlier age of onset 
of HD compared with CP and displayed a higher MP at 
all age intervals. These results suggest that either SMA 
has more profound abductor weakness than CP, or that 
the presence of adductor spasticity may be less influen-
tial than previously thought.

Progressive distortion of proximal femoral and acetab-
ular geometry requires bony surgery for correction, and 
this may be the reason why bony hip reconstruction is so 
much more effective in long-term CP studies than either 
chemodenervation with botulinum toxin A or hip adductor 
lengthening surgery. In addition, if abductor weakness is a 
primary cause of progressive changes in proximal femoral 
geometry, there may be a role for guided growth in the 
proximal femur to counteract the associated coxa valga 
and secondary acetabular dysplasia.

In accordance with the above discussion, reversal of 
coxa valga by inferomedial screw epiphysiodesis of the 
proximal femoral physis has been investigated as a poten-
tial treatment of HD in CP.34 Hsieh et al.35 reported signifi-
cant decreases in HSA, MP, and AI in their cohort of 
children with CP HD, with longer follow-up duration and 
smaller preoperative MP associated with larger HSA 
reduction. The reduction in AI they identified at final fol-
low-up supports the view that pressure from a laterally dis-
placed femoral head is causative in the development of 
acetabular dysplasia.36 Furthermore, in this study, AI was 
significantly correlated with MP but not to HSA, likely 
due to the persistence of excessive physeal tilt over the age 
intervals investigated.
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Given its retrospective nature, there were limitations 
inherent to the study design, most importantly its small 
sample size and not being population-based. This resulted 
from our inclusion criteria, which required regular hip sur-
veillance radiographs in each of the designated age inter-
vals. We attempted to account for this statistically by 
doubling our sample of CP versus SMA patients, and age-
matching the groups within designated temporal intervals. 
Given the lack of consistent availability of more advanced 
imaging, we did not assess three-dimensional aspects of 
hip dysplasia in this study. We acknowledge that an assess-
ment of femoral anteversion and three-dimensional ace-
tabular deficiency for both diagnoses would be even more 
comprehensive. Owing to its resistance to positional 
changes, we used HSA as a primary measure of proximal 
femoral geometry and physeal alignment rather than NSA.

Another limitation was the exclusion of patients who 
underwent bony reconstructive surgery before/within the 
time intervals of interest. This was necessary to allow for 
the assessment of changes in hip geometry over time. This 
approach may have introduced some bias by excluding 
patients who have a more severe phenotype, requiring 
early surgery. That said, in a population-based study 
extending to skeletal maturity, patients with CP underwent 
hip reconstruction at a mean age of 7 years 11 months, at 
the upper limit of the T3 age interval used in this study.3

In summary, persistent proximal femoral lateral phy-
seal tilt was found for both SMA and CP, with progres-
sion to HD being earlier and more severe in SMA, despite 
the lack of spasticity in that diagnosis. This physeal tilt 
may represent a more unifying cause for the development 
of HD, leading to progressive coxa valga with acetabular 
dysplasia secondary to lateral pressure from the femoral 
head. Thus, rather than spasticity, the development of HD 
may be more related to features that are common to both 
hypertonic and hypotonic disorders, with abductor mus-
cle weakness and a lack of functional weight-bearing 
being probable causes of persistent proximal femoral lat-
eral physeal tilt. As such, strategies aimed at early modu-
lation of proximal femoral physeal growth may be 
warranted to help prevent or treat HD.
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