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Abstract

Purpose As progressive hip dislocation causes pain in children with spastic cerebral palsy (CP) and spasticity needs surgical
correction, we aimed to describe clinical and radiographic outcomes in CP patients with painful hip deformity treated with
the Castle salvage procedure.

Methods We included all patients operated in the same hospital between 1989 and 2017 with painful spastic hips and femoral
head deformity making joint reconstruction unfeasible. We collected clinical and functional data from medical records and
evaluated radiographies to classify cases for femoral head shape and migration, type of deformity, spinal deformity, and
heterotopic ossification. We investigated quality of life one year after surgery.

Results We analyzed 41 patients (70 hips) with complete medical records. All had severe function compromise GMFCS V
(Gross Motor Function Classification System) and heterotopic ossifications, all but one had scoliosis, and most had undergone
other surgeries before Castle procedure. Patients were followed up for 77.1 months (mean) after surgery. The mean initial
migration index was 73%. Seven patients had complications, being three patients minor (two femur and one tibial fracture)
and four majors (patients requiring surgical revision). Quality of life was considered improved by most of the carers (35
children; 85.3%) as level 4/5 according to CPCHILD instrument. No child was able to stand or walk, but moving in and out
of bed, of vehicles, and to a chair, remaining seated, or visiting public places was “very easy.”

Conclusion We considered most patients (37 patients—90%, 66 hips—94%) as having satisfactory outcomes because they
had no or minor complications, absence of pain, free mobility of the lower limbs and were able to sit in a wheelchair.
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Introduction

Hip dislocation is the most frequent cause of pain in chil-
dren with spastic cerebral palsy (CP), and its incidence
ranges from 1 to 90%. The severity of dislocation is related
to functional level [1-17]. The causes of progressive hip
dislocation in CP are multifactorial: primitive reflexes, spas-
ticity, muscle imbalance and contractures, coxa valga, femo-
ral anteversion, and delay in walking. However, asymmetri-
cal muscle spasticity especially affects the flexor-adductor
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muscles of the hip, and it is considered the main contributor
for pain [6, 17-26].

The orthopaedic treatment of the hips of patients with
CP starts with procedures to avoid deformities and their
progression, trying to keep them stable, flexible, located,
painless, and with a symmetrical range of motion. The
best way to achieve this is through early identification and
intervention; based on the Hip Surveillance Program, an
active serial clinical-radiographic monitoring program to
identify patients at risk of progressive hip dislocation [5,
23].

However, hip dislocation in patients with spastic CP is
challenging to treat, particularly in those with mental dis-
abilities and at the most compromised functional levels,
unable to walk. When left untreated, hip dislocation can
lead to adduction contractures, difficulties with sitting and
hygiene, pelvic obliquity, scoliosis, and decubitus ulcers.
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There is also a strong association between hip dislocation
and pain, affecting sleep and overall quality of life [3, 4,
6,10, 11, 18, 22, 26].

Salvage surgeries are recommended for painful, sublux-
ated, or dislocated hips with radiographic signs of joint
degeneration, where reconstruction has failed or where
surgery is not an option due to the degree of joint degen-
eration [12, 25, 27]. Salvage surgery must meet four rec-
ommendations: first, it should be done aiming to facili-
tate hygiene care in the perineal region. The hip (or its
remaining) must be kept mobile so that it does not inter-
fere with the patient’s positioning on the bed and chair.
The surgery must be simple and with a short postoperative
period. When bilateral, the procedure should preferably be
performed in a single operation [10, 25, 28].

The objective of the present study is to describe a group
of consecutive patients with spastic CP and painful hip
deformity treated with the Castle salvage procedure in
the same hospital. As a primary objective, we aimed to
describe clinical and radiographic outcomes. A second-
ary investigation was about improvements in the patient’s
quality of life after surgery.

Patients and methods
Study design and ethics

This was a cross-sectional, descriptive study including all
patients with painful spastic CP hip deformities consecu-
tively treated in a single centre between 1989 and 2017.
The hospital is a specialized orthopaedic centre within the
public health system in Brazil. This study was conducted
according to the Declaration of Helsinki (1964), and the
protocol was approved by the hospital’s Ethics Committee
[protocol number 94349118.5.0000.5479]. All patients’
legal guardians signed informed consent forms for the
inclusion of data in this study.

Participants and eligibility criteria

The radiographic inclusion criteria for this study were
evidence of dysplastic hips and the presence of a femoral
head deformity that made joint reconstruction unfeasible.
Clinical inclusion criteria were pain when moving the hip
and difficulty in sitting down and for hygiene care. We
only included patients who had complete medical records
for reviewing. We excluded patients who did not return for
clinical visits after surgery and who had follow-up periods
of less than 12 months.
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Outcomes and evaluation methods

We collected data from the medical records on age at the
date of surgery, sex, functional grade according to the
Gross Motor Functional Classification System (GMFCS)
[3], scoliosis presence, previous surgeries and type of
surgery, laterality, radiographic evaluation in the preop-
erative period, immediate postoperative period and final
postoperative period, description of the clinical evolution,
presence of complications, evaluation of quality of life,
and follow-up time. We considered the follow-up time as
the interval between the immediate postoperative and the
last outpatient evaluation.

Complications were classified, for this study, as major
and minor. Minor complications were fractures of the
operated lower limb and the presence of heterotopic ossi-
fication without limiting range of movement. The major
complications were persistent pain, bone exposure requir-
ing hospitalization, and submission to revision surgical
procedure. We considered patients in this study as having
satisfactory surgical outcomes when they had no com-
plications or only minor complications, with absence of
pain, free mobility of the lower limbs, and possible sitting
position in the wheelchair. We considered the presence of
major complications and persistence of pain as unsatisfac-
tory outcomes.

Postoperative care and clinical evaluation methods

For patients submitted to the Castle operation in our hos-
pital, there was a varied routine postoperative care at the
time of the treatments: two cases underwent cutaneous
traction of the lower limbs for one week, 16 cases under-
went skeletal traction for six weeks, six had an external
fixator for six weeks, one with a broomstick cast for three
weeks, and 16 patients did not use immobilization.

Pain when moving the affected hip and/or difficulties or
intolerance in sitting was recorded in the medical records
as present or absent before and after surgery. Pain was reg-
istered by the attending clinician during physical exami-
nation and as referred by the patient’s carer. No scale of
pain was used.

The clinical evaluation in our hospital includes the
assessment of quality of life using the Section 2 of the
Caregiver Priorities and Child Health Index of Life with
Disabilities Questionnaire (CPCHILD) instrument, trans-
lated, and validated for Brazilian Portuguese [29]. The tool
is used 12 months after surgery. Briefly, in this evaluation,
the patient carer grades the difficulty they have to perform
activities such as laying the patient down on bed, transfer
to a chair, moving around the house, and getting on and



International Orthopaedics (2024) 48:1657-1665

1659

off cars. They also indicate how much help they need for
these activities.

Radiographic evaluations

All patients underwent preoperative, immediate postopera-
tive, and final postoperative pelvic anteroposterior radio-
graphic evaluations. The preoperative radiographs were
analyzed for the percentage of femoral head migration [30],
the type of deformity according to the Melbourne Cerebral
Palsy Classification Scale (MCPHPS) [31], and the type of
femoral head deformity according to Miller et al. classifica-
tion [33].

The percentage of migration (PM) or Reimers index
[30] measures the displacement of the femoral epiphysis in
relation to the acetabulum, classifying it as normal when
between 0 and 33%, subluxation 40% and 99%, and disloca-
tion above 100%.

MCPHPS [31] is a radiographic classification of the
hip for patients with CP close to the age of skeletal matu-
rity (typically between 14 and 19 years). The deformity
is described in terms of (1) Shenton’s arch integrity, (2)
shape of the femoral head, (3) shape of the acetabulum,
and (4) pelvic obliquity. The characteristics of each grade
of hip dislocation is detailed in Supplementary Table 1 and
classified as percentages of migration, where Grades I and
II represent normal and near normal hips, Grade III a dys-
plastic hip, Grade IV subluxated hip, Grade V moderate
to severe subluxation, Grade VI dislocated hip, and Grade
VII salvage surgery.

To analyze the shape of the femoral head, Miller et al.
[32] classification was adopted and as described, from the
pelvic radiographs in frontal view, with grade 1 round, grade
2 with medial or lateral flattening, and grade 3 with both
medial and lateral flattening.

Fig. 1 Radiographic measure-
ment of the proximal migration
of the femoral fragment. A
Distance between the ossified
edge of the acetabulum and the
proximal edge of the femoral
fragment in the immediate
postoperative period. B Same
measurement in the final post-
operative period

~—
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To evaluate the migration of the proximal femur, the
distance (in centimeters) between two reference lines was
measured: a horizontal line on the ossified upper edge of
the acetabulum and a second line on the proximal edge of
the femur, taking care to identify and not consider in the
measure, the possible presence of heterotopic ossification
(OH). The distance was transformed into a percentage to
quantify the proximal migration of the femur, measured in
the immediate and final postoperative periods. The measure-
ment is illustrated in Fig. 1.

If a spinal deformity was present, the curvature was evalu-
ated through radiographies taken during outpatient follow-up,
which could be preoperative or in the final postoperative period.
The radiographs, from the first thoracic vertebra to the sacral,
were taken in the dorsal decubitus on anteroposterior view. The
Cobb angle was measured, considering the curve with moderate
severity at angles equal to or greater than 40° [33].

To classify heterotopic ossification (HO) in the final post-
operative period, we used the criteria by McCarthy et al.
[34], which considers three categories:

— Type I-—mushroom-shaped, around the top of the femo-
ral shaft, and generally within the limits of the vastus
lateralis.

— Type II—in the form of a spicule, which projected later-
ally from the diaphysis and extended beyond the limits of
the vastus lateralis, sometimes towards the acetabulum.

— Type IllI—with the pattern of diffuse myositis ossificans,
that is, it was distributed between the acetabulum and the
femur in the adjacent muscle.

We used digital radiographs, except for the X-rays
taken before 2011, that we had to scan for visualization
and measurement. We used for that the digital system
Enterprise Imaging Xero Viewer 8.1.2, Agfa HealthCare.

T

Proximal femur migration percentage = B x 100

A
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To measure angles and distances, we used the MB-Ruler
v.5.3 software for Windows, registering measurements
with up to two decimal places. Two experienced evaluators
assessed the radiographs independently and we registered
for this study the average measurement between them.
We also calculated the intraclass correlation coefficient
between observers.

Table 1 Demographics and clinical characteristics of patients with
cerebral palsy and spastic hips operated with the Castle procedure
(n=41)

Sex and age Females (n, %) 23 (56.0%)
Mean age (months) 158.4+69.1
(years) 13+2+£5+49
Function GMFCS Grade III 0
GMFCS Grade IV 0
GMFCS Grade V 41 (100%)
Scoliosis 41 (100%)
Previous surgeries Adductor tenotomy + psoas 7
tenotomy
Adductor tenotomy + psoas ten- 8
otomy + Dega osteotomy + OVD
Hip arthrodesis
OVD
Adductor tenotomy + psoas ten- 15

otomy + McHale surgery

GMFCS Gross Motor Functional Classification System functional
grade, OVD varus osteotomy and external rotation of the proximal
femur

Fig.2 Radiographies of a
female patient with cerebral
palsy, tetraplegic, with GMFCS
grade V. A Initial X-ray at age
5 years and 11 months. B Post-
operative image 2 months after
bilateral McHale procedure,
with patient at age 6 years and
6 months. C Immediate postop-
erative image of bilateral Castle
procedure, at age 11 years

and 3 months. D Postopera-
tive image taken 15 years and

3 months after bilateral Castle
procedure at age 26 years and

6 months
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Statistical analysis

Data were recorded in Microsoft Excel files and later
exported to SPSS for Mac. We performed descriptive sta-
tistical analysis, first testing the distribution using the Kol-
mogorov—Smirnov test and then describing continuous
measurements as means and categorical as frequencies and
proportions.

Results

In the study period, 112 patients with CP and hip deform-
ity were admitted in our hospital for surgical treatment. Of
these, 55 (89 hips) had been operated with the Castle pro-
cedure. However, 14 (19 hips) did not return for clinical
follow-up and were excluded. The study was based, there-
fore, on a total sample of 41 patients (70 hips) undergoing
the Castle procedure. All patients had a GMFCS functional
status classified as Grade V and had scoliosis in the final
evaluation. Most had previous surgeries and surgery combi-
nations. They were followed up for 77.1 months on average.
Table 1 shows demographic data and previous surgeries,
most of which had undergone McHale procedure before
(with Castle used as a secondary salvage procedure). Fig-
ure 2 shows a case with previous surgery.

As the ICC between observers was 0.96, we registered
the average between observers’ measurements in the radio-
graphical evaluations. Table 2 shows the type of femoral

WESb~ %
bZ{m-ﬁ, .

1%y P
At
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Table 2 Type of femoral head

T Hi
deformity of patients with pe P
cerebral palsy and spastic 1 (round) n 23
hips operated with the Castle
procedure % head 32.86%
2 (medial or n 21
lateral flat- ¢ head  30.00%
tening)
3 (both n 26
medial and ¢ head 37.14%
lateral flat-
tening)
Total n 70
% head 100%

Table 3 Follow-up time, age, and preoperative radiographical results
for the acetabular index, the percentage of femoral head migration,
and the type of deformity according to the Melbourne Cerebral Palsy
Classification Scale (MCPHPS) of patients with cerebral palsy and
spastic hips submitted to Castle procedure

Mean SD Median p25 p75
Follow-up 77.09 67.53 55.00 26.5000 113.0000
(months)
(years) 6+5 4+7
Age (months) 184.26 72.898 184.500 139.0000 218.0000
(years) 15+4 15+4
Acetabular index  31.380 11.568 30.000 20.000 40.000
©)
Migration (%) 73.340 39.752 100.000 50.000  100.000
MCPHCS grade 5.030 2.102  6.000 5.000 6.000

head deformity in the preoperative radiographs and Table 3
shows the acetabular index, the percentage of femoral head
migration, and the type of deformity according to MCPHPS.
Proximal femoral migration difference between the post-
operative periods, immediate and final, was 0% in 7 hips,

between 0 and 100% in 32, 100% in 27, and over 100% in
4 hips.

Seven patients operated with the Castle procedure had
complications. Complications were minor in three patients
(7.32%; six hips), with fractures in the postoperative time:
two bilaterally Castle procedure in one with tibia fracture
after one month, another with diaphyseal right femur frac-
ture after 18 months. The third patient a revised on the right
side presented with a left distal femur fracture 18 months
postoperative. All fractures were treated conservatively with
cast and had no influence in outcome.

Major complications presented in another four patients
operated bilaterally and underwent unilateral revision.

Indication for revision was the presence of massive HO
preventing mobility and pain, just in one patient there was
pressure sore over the distal femur fragment which is the
cause of the revision (case with 216 months postopera-
tive). Time between the initial surgery and revision was
four months, 14 months, 51 months, and 216 months. All
these patients were in skeletal traction on distal femur for
five weeks. After the revisions, there was improvement of
the pain and quality of life.

We found heterotopic ossification in all patients (70 hips),
27 type 1, 41 type 2, and two were type 3 (one case shown in
Fig. 3) been only in three patients (3 hips) precluding move-
ment and need revisions as discussed. Scoliosis was frequent
in the second evaluation, affecting all but one patient (40,
97.6%). No differences in the outcomes were found regard-
ing age at surgical procedure (less than ten years and more
than ten years of age) and the gender of the patients.

We considered 37 patients (90%) 66 hips (94%) as having
satisfactory outcomes because they were without compli-
cations or had minor complications, absence of pain, free
mobility of the lower limbs, and being able to sit in a wheel-
chair. In four patients (10%), three hips (6%) developed
major complications therefore considered unsatisfactory

Fig.3 Radiographies of a female patient with cerebral palsy, tetra-
plegic, with GMFCS grade V. A Initial X-ray at age 7 years and
1 month. B Immediate postoperative of bilateral Castle procedure,

at age 7 years and 5 months. C Postoperative 16 years and 8 months
after Castle procedure, taken at age 34 years and 1 month. Bilateral
procedure done to promote pelvic symmetry
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outcomes; after the revision surgery, families reported
improvement in the pain and easier care (Fig. 4—flowchart).

Analysis about function and overall quality of life (from
0 to 5), according to CPCHILD instrument (Table 4),
applied one year after surgery. Quality of life was con-
sidered by most of the caregivers (35 children, 85.3%) as
level 4. When all items were summed, the quality of life

Fig.4 Flowchart

ranged from 5 to 25, averaging 21.95, and it was 25 for 36
(87.8%) patients (full results are shown in Supplementary
Table 2). Most children needed full help to get in and out
of bed and of vehicles, moving to a chair, remain seated, or
go to public places. No child was able to remain standing
or move around the house.

1989 — 2017

112 patients - 155 hips

55 patients — 89 hips

Submitted to Castle procedure

14 patients — 19 hips
Excluded

41 patients — 70 hips
Study group

34 patients — 60 hips

No complications

7 patients — 10 hips

Complications :

Minor : 3 patients — 6 hips

Major : 4 patients — 4 hips

Satisfactory outcomes

Unsatisfactory outcomes

Table 4 Results of postoperative quality of life evaluation using the CPCHILD questionnaire for children with cerebral palsy and spastic hips

operated using the Castle technique

Impossible Very difficult Difficult A little difficult Easy Very easy
Get in and out of bed 1 1 2 1 36
Transfer into or position in a chair or wheelchair 1 1 2 1 36
Seated in a wheelchair or chair 1 2 1 37
Standing 41
Move about in the house 41
Get in and out of a motor vehicle 1 1 2 37
Visit public places 3 37
Score 0 1 2 3 4 5
How would you rate your child’s quality of life 3 1 35
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Discussion

Children with CP are born with anatomically normal hips,
with no evidence of dislocation, subluxation, or dysplasia
[4, 33], but they evolve with severe hip dislocation, as
seen in our cohort. Most (90%) of our patients were over
ten years old at the surgical procedure, which indicates the
natural history of the spasticity in the hip displacement,
even when the patient has been operated before. This find-
ing is according to the literature, where the highest risk of
dislocation is found in children between four and 12 years
old [25].

Hip deformity in patients with spastic CP, especially
among those with GMFCS IV and V, is frequent and affects
the overall clinical status. For patients and those respon-
sible for their daily care, the most impactful problem is
pain during hip manipulation, which is associated with
spastic dislocation of the hip in 70% of cases [6, 35]. This
symptom reflects the femoral head deformity seen in radio-
graphs. Hips with percentage of migration over 60% are
expected to evolve into complete dislocation, and migration
of 50% or over is associated with hip pain [32]. Our cases
also show that the functional severity is associated with the
hip deformity severity. Without treatment, these patients
are candidates for salvage surgery, such as the Castle pro-
cedure. Salvage options are resection arthroplasty or valgus
osteotomy of the proximal femur with or without resection
of the femoral head and neck, hip arthrodesis, total hip
arthroplasty, and interposition arthroplasty of a proximal
femur prosthesis [4, 6, 8, 12, 14, 19, 22-24, 27, 28, 32].

Hip deformity can be even more disastrous when asso-
ciated with scoliosis. The risk for scoliosis increases with
age and with functional severity [13]. The risk of scoliosis
is 1% for patients at GMFCS level I at ten years of age and
30% for GMFCS V at the same age [13]. We found that
97.6% of patients developed scoliosis at the second evalu-
ation. Therefore, correcting scoliosis is another surgical
challenge in this group.

Postoperative HO was common. The literature has
registered ample variation of this complication, reaching
100% of cases in some studies [12, 34, 35]. What we have
seen in our patients was that when the HO did not interfere
in the movement there was not an impact in the outcome
and therefore in quality of life for them.

As shown by Patel et al. [26], the Castle procedure
results in improvements in quality of life. Quality of life
evaluation is routinely performed in our hospital for all
children undergoing the Castle surgery, considered the
last salvage resource for patients with CP and spastic hip
deformities. As seen in our cohort, many patients had
already undergone other surgeries before being submit-
ted to Castle. The CPCHILD tool provides a complete

evaluation that complements functional assessments and
was responded by parents or caregivers. The average score
observed shows these patients still have significant impacts
in their daily lives. However, carers reported that proce-
dures such as transferring the patients from and to beds,
chairs, wheelchairs, and vehicles became “very easy.” Not
standing or moving by themselves around the house cer-
tainly affects the overall quality of life score but may not
be expected for these patients from the start.

Our study agrees with the literature which shows pain
relief after the procedure, as in Koch et al., in a numeric
rating scale, the pain score was reduced 5.42 to 2.13; and
satisfaction scores reported by caregivers were 8.3 [15]. As
described by Chan et al., the Castle procedure is a relatively
simple procedure with reliable pain relief [12]. In Shaw
et al., the average time to maximal pain relief after surgery
was 5.6 months [12]. Souza et al. described in systematic
review the postoperative results obtained with this technique
were satisfactory in all the studies selected. What most dif-
ferentiated the studies were the evaluation methods for pre
and postoperative pain, given that this is a subjective crite-
rion and many of these patients presented cognitive deficit,
and cited the used quantity of analgesic pills that the patient
was consuming per day as criteria [8].

As described by Castle and Schneider [28], patients need
to be in traction until soft tissues heal. McCarthy et al. also
propose six weeks of traction [34], which can be challenging
in terms of today hospital costs. As seen in our outcomes,
the time in traction postoperative probably did not influence
as much as expected.

Limitations of the retrospective study are as follows:
first—what was not standardized was the time of the post-
operative cast, due to some difficulties in the return of
the patients in the outpatient clinic; second—regarding
the measurements of the HO done in the last follow-up
radiographs and not done in a longitudinal evolution, and
finally—the loss of patients with incomplete medical records
should be considered.

On the other hand, a strength of this analysis is that all
patients were operated on by the same surgical team in our
university hospital, using the same technique, which offers
some standardization and less bias to the results. The main
possible reason for our satisfactory outcomes was to be very
strict and careful with the surgical technique, promoting the
distal femur fragment a good and bulky coverage with mus-
cles and care with closing the hip capsule.

There is not yet an agreement on the surgical indica-
tion when salvage situations arise, but in the view of our
outcomes, we can state that the Castle procedure is still an
option for these severe hip deformities.

Treating the child with CP and spastic hips is challenging
exactly because of the difficulty in standardizing treatment:

@ Springer



1664

International Orthopaedics (2024) 48:1657-1665

this is a patient with a severe and painful deformity, and even
if classifying them with the same functional level, there will
be anatomical, psychological, and social particularities that
make the patient unique. Any treatment plan must, therefore,
consider all aspects and with the goal of improving the qual-
ity of life as a target outcome.

Conclusion

Patients with spastic cerebral palsy and hip deformities
undergoing the Castle procedure had a high GMFCS score
and scoliosis. After surgery, few of them had major com-
plications requiring new surgical treatments and most had
absence of pain and free mobility of the lower limbs and
were able to sit in a wheelchair. Quality of life scores after
the Castle procedure were considered high by the majority
of the families and caregivers as shown by the improvement
in level and by the easiness in the care of the patients due
to absent of pain.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00264-024-06135-2.
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