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A B S T R A C T

Hip joint subluxation and dislocations are very common in cerebral palsy (CP) patients and are directly related to
a patient's degree of spasticity. Hip dislocation and subluxation leads to hip pain and difficulty in hygiene
maintenance by a caregiver. Most cases require surgical intervention to improve the quality of life in these
patients. For many years pelvic and proximal femoral osteotomies with soft tissue releases were the mainstay of
treatment for affected hips in CP patients. Recently, hip arthroplasty has been proposed as a very successful
operation which provides a pain free and mobile joint in CP patients. The purpose of this review is to evaluate
the current evidence for effectiveness of total hip arthroplasty in CP patients.

1. Introduction

Cerebral Palsy (CP) is a neuromuscular disease caused by perinatal
asphyxia, resulting in permanent damage to portions of the brain con-
trolling movement, balance, and resting muscle tone.1,2 CP has many
subtypes, depending upon the degree of anoxic insult and resulting
symptomology. Spastic CP presents with muscle stiffness and hyperto-
nicity, whereas athetoid and ataxic CP involves writhing movements
and poor coordination respectively.1 CP is a non-progressive disorder
without any cure. The reported incidence of CP is between 2.7 and 3.2
per 1000 live births.3,4 The first documented description of CP appears
in the work of Hippocrates in the 5th century BCE.5 In the 19th century,
the spastic diplegia characteristic of CP was named “Little disease” after
William John Little, and ultimately “cerebral palsy” by William Osler
from the German descriptive, Zerebrale Kinderlahmung (cerebral child-
paralysis).6

Musculoskeletal disorders involving the hip are common in children
with CP.7 Hip joint subluxation and dislocation are related to the degree
of spasticity within periarticular musculature, and range widely from
1% with spastic hemiplegia to 75% with spastic quadriplegia.8 In most
patients, spasticity increases gradually, leading first to subluxation
followed by dislocation.9 This gives rise to secondary osteoarthritis of
the acetabulum and degeneration of the femoral head. Many children
with CP develop severe pain and have reduced quality of life and im-
paired function, including aberrant posturing, sitting, standing,
walking, and sleeping.10,11 For the caregiver, this functional impair-
ment at the hip often results in difficulty with perineal hygiene and

increased burden of care.11

Orthopaedic surgeons serve a significant role in alleviating hip pain
and increasing function in patients with CP, through both surgical and
non-surgical modalities. These include, for example, neuromuscular
blocking agents, proximal femoral head resection, valgus femoral os-
teotomy, hip arthrodesis, and total hip arthroplasty (THA), the subject
of this analysis. The success of each modality is variable; for instance,
the injection of botulinum toxin into the adductor muscles typically
provides only temporary relief of pain and spasm around the hip.12

Distal resection arthroplasty has historically yielded the greatest pain
relief,13 but increases overall morbidity and renders patients non-
weight bearing on the operative limb. Valgus osteotomy of the femur14

can similarly be used to correct hip subluxation and dislocation, and
carries the benefit of avoiding long-term immobilization and cast ap-
plication or skeletal traction. Hip arthrodesis can further serve a pal-
liative role in addressing hip pain and chronic subluxation or disloca-
tion.

Total hip arthroplasty (THA) is likewise an important surgical
treatment of CP-related hip disorders, and is the focus of this study.
THA can both serve as a palliative procedure in patients with CP, and
improve overall function as well. Particularly in spastic CP without
weakness and in spastic hemiplegic CP, THA has been shown to often
significantly improve patients’ quality of life and decrease associated
morbidity. Similarly, several studies have demonstrated positive results
with hip reconstructive surgery for CP associated hip instability.15–17

Total hip arthroplasty is a well-established procedure which pre-
serves patient mobility, unlike resection arthroplasty or arthrodesis,
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and can prove particularly beneficial in patients with CP who can
ambulate preoperatively. The risks of THA have previously been
thought to be similar to those in traditional patients, including intra- or
post-operative fractures and prosthesis dislocation or loosening, espe-
cially in spastic and mentally impaired young patients.18–20 However,
the outcomes of THA have not been widely reported in CP patients,
despite THA becoming a more acceptable form of treatment for patients
50 years or younger.21–25 Buly et al.22 reported a survivorship among
CP patients of 95% at 10 years for loosening and 86% with removal for
any reason. This is comparable to THA survivorship in the general
population (82%–99% at 10 years follow-up).26–28 To our knowledge,
no systematic review to date has looked at the outcomes of THA in CP
patients.

We performed a systematic review to determine the functional
outcomes, complications and prosthesis survival in CP patients fol-
lowing total hip arthroplasty.

2. Materials and methods

2.1. Literature search

In order to determine overall outcomes of THA in patients with CP,
an extensive literature search was completed by two independent re-
searchers (C.A. and A.L) to query what are the functional outcomes,
complications, and implant survival of THA in CP patients. Only English
literature publications were included in this review. The keywords used

for this literature search were as follows:

1. “Cerebral palsy” (MeSH and text word)
2. “Cerebral palsy” AND “hip arthritis”
3. “Cerebral palsy” AND “osteoarthritis hip”
4. “Cerebral palsy” AND “total hip arthroplasty”
5. “Cerebral palsy” AND “total hip replacement”
6. “Cerebral palsy” AND “hip”
7. “Cerebral palsy” AND “hip subluxation”
8. “Cerebral palsy” AND “hip dislocation”
9. “Cerebral palsy” AND “total hip arthroplasty” AND “implant sur-

vival”
10. “Cerebral palsy” AND “total hip arthroplasty” AND “functional

outcomes”
11. “Cerebral palsy” AND “functional outcomes”
12. “Cerebral palsy” AND “patient reported outcomes”
13. “Cerebral palsy” AND “complications” AND “total hip arthroplasty”
14. “Cerebral palsy” AND “complications” AND “total hip replacement”
15. “Total hip arthroplasty” AND “patient reported outcomes” AND

“total hip arthroplasty”

2.2. Eligibility criteria

Articles were chosen for inclusion by both independent researchers
on the basis of information provided in the title and abstract. When
there was question over eligibility, the entire article was read prior to a

Fig. 1. Flow diagram showing systematic searching process.
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decision made regarding inclusion. To resolve any disagreement over
eligibility, a third reviewer (A.D.) was consulted in order to reach a
majority consensus. Published studies regarding THA for children with
CP and hip arthritis, subluxation, dislocation, and dysplasia were in-
cluded based upon the following criteria:

1. Study must address THA intervention in CP patients
2. Study must include data on 10 or more patients
3. Study must identify the surgical procedure utilized and report

functional outcomes or patient reported outcomes, complications,
quality of life, and implant survival

4. Study must involve patients with a primary diagnosis of CP and a
secondary diagnosis of hip pathology as an indication for surgery

5. Study must detail all approaches and instrumentation used in THA,
and enumerate on any simultaneous surgical procedures performed

6. Study must be published originally in the English language

In order to provide background, studies were also included that
addressed risk factors associated with poor outcomes following THA in
CP patients. Once the inclusion criteria were met, the full text of each
study was read, and all relevant data retrieved and analyzed.

3. Results

An initial PubMed literature search identified a total of 2422 articles
using the above search terms and combinations. After reviewing titles
and abstracts, 2381 articles were excluded. Another 26 studies were
excluded due to inclusion of patients with unrelated neurological con-
ditions, leaving 15 relevant studies. After a full text review of each
article, 6 of these were excluded given their evaluation of fewer than 10
patients or of other surgical modalities unrelated to THA including soft
tissue releases, femoral and acetabular osteotomies, and resection ar-
throplasty, Fig. 1.

A total of 9 articles were ultimately included in this review, per
Table 1. Of these, 7 studies represented case series and 2 were retro-
spective case control studies. All studies included involved 10 or more
patients with CP who underwent THA. These studies were published
between the years 1986 and 2017. 5 studies were published between
2010 and 2017 and are the most recent studies. Minimum average
follow-up was 3.3 years and maximum average follow-up was 10 years.
Average age of the youngest cohort was 19.2 (13.5–31.6) years and
average age of the oldest cohort was 54 (range, 43 to 61) years in one of
the studies. The smallest included study reported data on 10 patients
and the largest study reported data on 389 patients. Two retrospective
case control studies had totals of 389 and 39 THA procedures, respec-
tively.

3.1. Methodological quality

All studies underwent a methodological quality assessment. None of
the studies represented high quality review or randomized case control
studies. 7 studies were retrospective cohort studies and 2 were retro-
spective case control studies. One study did not report the classification
of CP used, 7 studies used the descriptive classification based upon the
spasticity and extremity involvement, and one study used the gross
motor functional classification system (GMFCS). Various hip systems
were used for performing THA in these studies. The results of these
studies are described below under their respective subheadings.

3.2. Indications for surgery

Reported common indications for surgery were a painful hip with
degenerative joint disease, an unstable hip joint on exam, evidence of
subluxation, dislocation, or hip dysplasia leading to secondary os-
teoarthritis, failed treatment for neck of femur fracture, limited func-
tional ability, and failure of non-operative measures to alleviate hip

pain. One included study did not report the indications for surgery.29

The most common indication was painful degenerative joint disease
followed by hip subluxation or dislocation.

3.3. Pain

All of the patients included in this review reported moderate to
severe pain; however, the duration of pain varied between studies. In all
included studies, pain levels were reported by patients, family members
or care givers. When patients were non-ambulatory, pain was reported
by caregivers during performance of hygiene or patient positioning.
There was no consistent method used to quantify reported pain as a
result of hip pathology, in part due to the inability of many patients
with CP to convey the level of pain experienced. Only one study by
Schroeder et al.30 used the narrative analogue pain scale (NAS) to
quantify pain. All 9 studies reported a significant improvement in pain
in nearly all patients who underwent THA, with the least successful rate
reported by Weber et al.25 at 87% pain relief. This last study involved a
cohort of 16 patients, with 3 patients reporting mild to moderate pain at
their most recent recorded postoperative visit. The pooled findings of
these 9 studies strongly suggest that pain relief can be achieved after
total hip arthroplasty in CP patients. This is consistent with the con-
clusions of the three most persuasive studies, those by Houdek et al.,31

Schroeder et al.,30 and Weber et al.,25 each of which reported sig-
nificant improvement in pain experienced by CP patients after THA.

3.4. Surgical approach

The most commonly utilized surgical approach was the lateral ap-
proach with trochanteric osteotomy followed by posterolateral and
anterolateral approaches. There was no consistency and consensus re-
garding the appropriate approach to the hip joint in CP patients. King
et al.29 did not comment upon the approach used in their cohort.
Overall, the 9 studies suggested that the surgical approach is directed
both by severity of CP and preoperative deformity at the hip joint. Of
note, the lateral approach combined with trochanteric osteotomy con-
sistently resulted in complications with the osteotomy site.24,25,32

3.5. Concomitant soft tissue procedures

6 of the 9 included studies discussed concomitant soft tissue release
and bony procedures at the time of THA. 2 additional studies did not
report on adjunct soft tissue procedures, and the final study by Weber
et al.25 specified that no soft tissue or bony procedure was done in
conjunction with each THA analyzed. In those patients who underwent
concomitant procedure, the most commonly performed were a te-
notomy of the adductors and hip flexors, including iliopsoas release.
The decision to do an additional soft tissue procedure depended in each
case upon the extent of contractions around the hip joint.

3.6. Functional outcomes

All of the included studies discussed functional outcomes as one of
their primary endpoints, but used different measures to assess func-
tional improvement. In 5 of the included studies, the functional status
was reported along a continuum including function restoration to pre-
pain level, improved but not fully restored function, no change in
function, and only improvement in hygienic care.22,24,25,30,32 Schroeder
et al.5 reported that out of 18 patients, 6 patients reported improved
function, 4 reported no problem with pre- or postoperative function, 1
reported no change in function, and 7 had improved hygienic care.
Similarly, King et al.29 used patient reported outcomes (PROCs) data to
report improvement in functional status. This study was a retrospective
joint registry-based case control study. King noted that the PROCs were
improved in the CP cases compared to the controls, although the im-
provement was not significant. Morine et al.34 assessed functional
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status by measuring improvement in flexion at the hip joint, finding a
significant improvement in hip flexion after THA when compared to
pre-operative flexion. Houdek et al.31 used the Harris hip score as a
measure of functional outcomes, and found a significant improvement
in functional Harris hip score in CP patients after THA. Weber et al.25 in
their case series reported functional improvement in 79% of CP patients
following THA. The only study to report poor functional outcomes was
that conducted by Sanders et al.,33 which used the SF-36 questionnaire
to broadly study physical health and functioning compared to a stan-
dard SF-36. They noted patients with CP to have consistently lower SF-
36 scores overall.

3.7. Revision

Studies varied in terms of the number of THA cases which required
revision. Revision rates of greater than 15% were reported by Schroeder
et al.,30 Raphael et al.,32 and Morin et al.34 3 studies noted lower re-
vision rates of between 10% and 15%.22,24,31 Weber et al.,25 and King
et al.29 reported a revision rate of 6.3% and 5.7%, respectively. Sanders
et al.33 reported a zero percent revision rate in their series of 10 cases,
noting that they used dual mobility acetabular cups in all their hip
arthroplasties, and that their longest follow-up was 4.7 years.

3.8. Prosthetic hip survival

Implant survival was reported by 4 of the 9 studies in our review.
King et al.29 reported a 93.6% 5 year implant survival in their retro-
spective case control study in the CP patient population, a number
comparable to that seen in THA for osteoarthritis in their control co-
hort. Raphael et al.32 reported a 2 year and 10 year survival of 95% and
85%, respectively, among 59 CP patients after THA. Similarly, Houdek
et al.31 in their case series of 39 hips reported a survivorship of 92% at 2
years, 88% at 5 years, 81% at 10-years, and 81% at 15 years. Buly
et al.22 reported a survivorship of 95% at 10 years for loosening and
86% for removal for any reason.

3.9. Complications

The most common reported complication among all studies in-
cluded in this review was recurrent prosthetic hip dislocation.
Periprosthetic hip fracture was the second most common reported
complication. The latter primarily occurred intraoperatively or within 6
months of the index THA. Other complications reported were aseptic
loosening, periprosthetic joint infections (PJI), complications related to
the trochanteric osteotomy (hardware failure, nonunion, trochanteric
bursitis, and malunion), heterotopic ossification, wound dehiscence,
and deep vein thrombosis (DVT). Most of the complications listed re-
quired return to the operating room for management.

The highest complication rate was observed by Buly et al.22 in their
19 hip case series. They noted 5 complications (26% of their patient
cohort), including 2 patients with recurrent dislocations, and 3 patients
with trochanteric bursitis. Houdek et al.31 demonstrated similar find-
ings in 39 hips, describing 10 complications over an average follow-up
period of 7 years. These included 2 instances of acetabular cup aseptic
loosening, 2 cases of recurrent instability, and 3 dislocations, in addi-
tion to wound dehiscence, DVT and periprosthetic infection. Con-
versely, Morin et al.34 reported only 2 complications, both septic joints,
in a 40 hip case series, similar findings to King et al.29 in their series of
389 hips.

4. Discussion

Painful hip pathology is a major concern in patients suffering from
cerebral palsy. Many children with cerebral palsy have normal hip
joints at birth, but develop pathology and resulting pain at an early age.
Their symptoms may arise directly from dysplasia, subluxation,

dislocation, or from resulting secondary osteoarthritis. Primary os-
teoarthritis is also a major concern in this patient population. Patients
with CP typically undergo many soft tissue and bony procedures for hip
pain. Many procedures, such as tendon releases for spasticity, or
proximal femoral osteotomy for subluxation, are palliative procedures
associated with significant morbidity. These procedures often alleviate
a degree of pain, but rarely increase function, as the above literature
has shown. Of note, all of the patients included in this review had
undergone a soft tissue or bony procedure during the course of their
treatment prior to THA.

Our systematic review was performed to describe the outcomes and
complications of total hip arthroplasty in adolescent to adult CP pa-
tients with moderate to severe hip pain. All the studies included in our
review suggest that total hip arthroplasty is a successful procedure to
alleviate debilitating hip pain and to increase hip function or ease of
caregiving in patients with CP. Based on current literature, THA is a
largely successful procedure in this patient population, and can be
safely considered as a primary management strategy alongside possible
adjunctive soft tissue or bony procedures.

The majority of our 9 studies involved retrospective cohorts, with
two retrospective case control studies. Our literature search found no
relevant controlled trials. All studies and their data were assessed for
methodological quality and statistical significance.35,36

The most common surgical approaches utilized in our included
studies were the lateral trans-trochanteric, posterolateral, and ante-
rolateral approaches. As noted above, complications included peri-
prosthetic fracture or infection, hardware failure, trochanteric bursitis,
or non- or malunion at the trochanteric osteotomy site.25,29,32,33

Our most significant finding was the consistent majority improve-
ment of functional outcomes regardless of the measurement tool uti-
lized. Despite the lack of consensus in current literature regarding how
to report functional outcomes in patients with CP, our findings showed
clear overall functional improvement in every cohort examined. In both
of the retrospective studies included, postoperative function was as-
sessed and compared to preoperative scores and functional improve-
ment in control cohorts, and in both cases, demonstrated similar sig-
nificant improvement.29,31

Implant survivorship, previously a concern in patients with CP, was
very favorable across our included studies. In the two cohorts that ex-
amined long-term survivorship at 10 years or more, both groups of
implants showed greater than 80%, comparable to that seen in a
standard patient population. As Sanders et al. noted in one of the
smaller studies, implant design, such as dual mobility acetabular cups,
may decrease the rate of component failure or dislocation.33

We acknowledge some limitations to this review. First, the patient
population with CP demonstrates significant variability of symptoma-
tology and anatomical pathology; hence, results from a small cohort
may not be generalizable to all patients with CP. Similarly, the included
studies were not differentiated by patient age, implant design, surgical
approach, or functional outcome assessment utilized, all of which may
have bearing on the ultimate success of the procedure. Specifically, the
majority of included studies did not quantify pain levels by objective,
patient-reported data. In addition, our literature search was restricted
to those studies indexed on PubMed and published in the English lan-
guage. Finally, perioperative care for the patient with CP, including
adjunctive surgical and nonsurgical treatment modalities, can prove
critical to the success of performing a THA for pain relief or functional
improvement. Because of interpatient variation, perioperative care is
challenging to objectively assess.

5. Conclusion

Our review supports the conclusion that undergoing total hip ar-
throplasty has an overall positive result profile in patients with cerebral
palsy. THA, performed as an index procedure or in conjunction with
adjunctive soft tissue and bony procedures, can significantly alleviate
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pain with sitting and shifting, and may ease the caregiver's burden of
hygiene care. More prospective studies are needed in this area to fur-
ther examine the patient profiles best suited to THA, and to identify
positive or negative prognostic factors relating to postoperative com-
plications.
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