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Original Article

Early Results of One-Stage Correction for Hip
Instability in Cerebral Palsy

Hui Taek Kim, MD, Jae Hoon Jang, MD, Jae Min Ahn, MD, Jong Seo Lee, MD, Dong Joon Kang, MD

Department of Orthopaedic Surgery, Pusan National University Hospital, Busan, Korea

Background: We evaluated the clinical and radiological results of one-stage correction for cerebral palsy patients.

Methods: We reviewed clinical outcomes and radiologic indices of 32 dysplastic hips in 23 children with cerebral palsy (13
males, 10 females; mean age, 8.6 years). Ten hips had dislocation, while 22 had subluxation. Preoperative Gross Motor Function
Classification System (GMFCS) scores of the patients were as follows; level V (13 patients), level IV (9), and level lIl (1). Acetabular
deficiency was anterior in 5 hips, superolateral in 7, posterior in 11 and mixed in 9, according to 3 dimensional computed tomogra-
phy. The combined surgery included open reduction of the femoral head, release of contracted muscles, femoral shortening varus
derotation osteotomy and the modified Dega osteotomy. Hip range of motion, GMFCS level, acetabular index, center-edge angle
and migration percentage were measured before and after surgery. The mean follow-up period was 28.1 months.

Results: Hip abduction (median, 40°), sitting comfort and GMFCS level were improved after surgery, and pain was decreased.
There were two cases of femoral head avascular necrosis, but no infection, nonunion, resubluxation or redislocation. All radiologic
indices showed improvement after surgery.

Conclusions: A single event multilevel surgery including soft tissue, pelvic and femoral side correction is effective in treating

spastic dislocation of the hip in cerebral palsy.
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Subluxation and dislocation of the hip is a major source
of disability for children with cerebral palsy, with the in-
cidence ranging between 3% and 75%."* Hip dislocation
and subluxation are caused by multiple factors including
contraction of muscles, a deformed proximal femur and
acetabular deficiency.”” Contraction of the adductor and
flexor muscles leads to disturbances of the muscular bal-
ance of the hip joint region, to deformation of the acetabu-
lum and proximal femur such as coxa valga,” increase of
anteversion and to subsequent hip dislocation and sub-
luxation.” These issues gradually worsen the acetabular
deformity and deficiency, aggravating the hip dislocation
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and subluxation. Dislocation of the hip is associated with
poor sitting balance, pelvic obliquity, scoliosis and diffi-
culty in perineal care."”"” Therefore, preventive treatment
for dislocation of the hip is important, and if the hip is
dislocated, treatment of the cause and stable reduction of
the dislocated femoral head are necessary."'"'” It has been
suggested that all these problems can be improved with
one-stage correction.””

We evaluated the results of single event multilevel
surgery for cerebral palsy patients with spastic hip dislo-
cation or subluxation which included soft tissue release,
femoral osteotomy and the modified Dega osteotomy.”"”

METHODS

From October 2006 to March 2010, we performed single
event multilevel surgery for subluxation and dislocation of
32 hips in 23 patients. The mean age at the time of surgery
was 8.6 years (range, 2 to 13 years) and the mean follow-
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Table 1. Patient Data

Case sué;%?ya{yr) Gender Side/type ﬁg?iggglca; > G.MFCS il of'abductlon 0 cﬁ?r!?oﬁastj}y folroa\';vr;ng
reoperation Follow-up Preoperation Follow-up surgery
1 6 M R/S P 5 4 25 35 Possible D
6 R/S M 30 40
2 6 F L/S M 5 4 30 40 Possible D
3 7 M L/S L 4 4 30 45 Possible D
4 13 F R/D P 5 5 5 35 Impossible M
13 L/D P 5 35
5 1 M L/D p 5 4 10 40 Possible D
6 7 M R/D L 5 15 30 Impossible M
7 L/D L 15 35
7 5 M R/S P 5 4 20 85 Possible D
8 6 M R/S P 5 5 15 35 Possible D
9 7 F L/S P 5 4 30 40 Possible D
10 8 F R/D A 5 5 30 45 Possible D
8 L/S A 25 45
" " F R/D A 4 4 35 50 Possible D
12 10 M L/S M 5 4 10 35 Possible D
1 R/S M 10 30
13 7 M R/S M 5 5 15 85 Impossible M
7 L/D M 15 35
14 9 M R/S A 3 3 8E 45 Possible D
15 12 F R/S L 4 4 30 45 Possible D
12 /S L 35 45
16 2 F R/D P 4 4 40 45 Possible D
2 L/D P 45 50
17 12 F L/S A 4 4 15 45 Possible D
18 12 L/S L 4 4 15 85 Possible D
19 10 F R/S M 5 15 30 Impossible M
11 M L/S M 20 85
20 10 M R/S P 4 4 25 40 Possible D
21 9 M R/S L 5 4 15 40 Possible D
22 8 F R/S p 4 4 20 40 Possible D
23 " M R/S M 4 4 15 35 Possible D
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Table 1. Continued

c Length of Acetabular index (°) Center-edge angle (°) Migration percentage (%) -
e follow-up {mo) Preoperation  Follow-up Preoperation  Follow-up Preoperation  Follow-up SRS
1 33 34.3 16.8 0.0 24.2 60.0 17.0

37 250 12.3 0.0 441 55.0 58
2 34 32.3 14.0 0.0 345 549 0.0
3 20 31.3 173 00 28.7 52.3 107
4 45 35.0 156 00 36.8 100.0 00 AVN
42 36.4 16.8 00 254 100.0 16.8
5 19 328 196 00 39.0 100.0 00
6 38 345 25.1 00 30.5 100.0 104
35 35.7 249 00 174 100.0 95
7 24 327 101 00 46.3 88.7 00
8 29 291 154 129 30.3 382 197
9 25 432 25.0 00 22.7 72.8 282
10 19 398 230 00 24.0 100.0 00
17 39.6 256 00 239 789 00
1 38 48.6 21.2 0.0 457 100.0 0.0 AVN
12 3 39.7 10.5 0.0 43.7 72.8 56
22 35.7 18.5 0.0 26.6 70.3 175
13 39 40.1 178 0.0 259 87.2 19.4
37 358 148 00 221 100.0 189
14 24 328 15.7 9.3 24.6 42.8 17.1
15 30 36.7 14.0 00 493 68.8 00
26 334 15.1 00 315 70.2 118
16 33 296 26.3 00 299 100.0 136
31 21.0 20.7 00 14.1 100.0 29.8
17 32 405 20.9 00 299 74.8 106
18 21 375 233 38 212 42.8 183
19 30 35.0 288 00 46.9 76.9 16.3
23 326 242 00 12 12 00
20 17 358 115 00 35.6 401 8.0
21 12 31.2 25.0 34 18.9 724 175
22 14 449 17.0 6.8 45.0 443 00
23 18 42.3 21.8 0.0 23.1 69.1 17.1

GMFCS: Gross Motor Function Classification System, R (side): right, L (side): left, S: subluxation, D: dislocation, P: posterior, L: lateral, A: anterior, M: mixed, D (pain):
decreased, M (pain): maintained, AVN: avascular necrosis.
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up period was 28.1 months (range, 12 to 45 months).
There were 13 males and 10 females; 21 of these patients
had quadriplegia and 2 had diplegia. 10 hips had disloca-
tion, while 22 had subluxation. Eight cases were bilateral.
Using 3 dimensional (3D) computed tomography (CT), we
checked the location of the acetabular deficiency preop-
eratively: deficiencies were posterior in 11, superolateral in
7, anterior in 5, and mixed in 9 (Table 1, Fig. 1). Preopera-
tive Gross Motor Function Classification System (GMFCS)
was level V in 13 patients, level IV in 9, and level III in 1.
One patient with level III could walk for short distances
with hip pain with a hand-held mobility device. Nine pa-
tients who were scored at GMFCS level IV could walk for
short distances with a walker before onset of hip problems,
but all these patients had difficulty in walking after hip
subluxation and dislocation. All of the other patients (13
in level V) were unable to walk because of muscle contrac-
ture and hip discomfort associated with instability, and
had difficulty in maintaining a seated position.

All patients were treated with single event multilevel
surgery including open reduction of the dislocated femo-
ral head, release of contracted muscles, varus-derotation-
shortening femoral osteotomy and the modified Dega
osteotomy. For the patients with bilateral involvement, the
more unstable side was treated first, except that release of
contracted muscles was performed for both legs in the first
operation. After application of a hip spica cast for 6 weeks
and rehabilitation with physical therapy for 2-4 weeks,
surgery was then performed on the contralateral hips.

Following surgery, a hip spica cast and physical
therapy, we evaluated the improvement in hip range of
motion (ROM), the degree of pain, comfort while sitting
and complications such as postoperative infection at the
last follow-up. For assessing comfort while sitting, we
checked whether patients could maintain a seated position
without body support; for estimating discomfort or pain,
the patients’ parents were asked whether the pain had de-

Fig. 1. Acetabular deficiency: anterior (A),
superolateral (B), posterior (C) and mixed
(D), according to 3 dimensional computed
tomography.

creased, worsened or remained about the same. We also
evaluated changes in the acetabular index, center-edge an-
gle, migration percentage, redislocation, resubluxation and
nonunion on a postoperative anteroposterior radiograph
of the pelvis and CT.

Release of Contracted Muscles

After the assessment of contracture in the adductors, il-
iopsoas, rectus femoris, hamstrings, and Achilles tendon
during preoperative physical examinations, lengthening
procedures for contracted soft tissues were performed
selectively. Among the adductors, tenotomy was first per-
formed in the adductor longus, next in the adductor brevis
and finally in the gracilis in sequence until the hip could be
abducted normally. Recession of the tendinous portion of
the iliopsoas at the pelvic brim, distal transfer of the rectus
femoris from the upper pole of the patella to the gracilis
and fractional lengthening of the distal hamstring muscles
in the musculotendinous junction were performed. For
the Achilles tendon, Z-plasty or a Vulpius procedure was
conducted based on the result of a Silfverskiold test."”

Proximal Femoral Osteotomy

With a lateral approach to the proximal femur, femoral
shortening and a closing wedge varus derotational osteot-
omy (VDRO) was performed and fixed with 90° AO blade
plate. The amount of femoral shortening was equivalent
to the overlapped distance of the proximal and distal por-
tions of the osteotomized femur during slight traction of
the leg. The femoral neck-shaft angle was corrected to 115-
120° and the anteversion was corrected to 15-20°. The dis-
tal fragment of the femur was medialized by about 1 cm.

Modified Dega Osteotomy

With an anterior approach, bicortical cuts were made
anteriorly over the anterior inferior iliac spine and poste-
riorly at the greater sciatic notch with either the osteotome
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or the Kerrison rongeur. A unicortical cut was then made
through the outer cortex of the ilium between these two
points passing approximately 1-2 cm above the lateral
margin of the acetabulum. Under image-intensifier con-
trol, the curved osteotome was directed halfway between
the inner and outer iliac cortices. Care was taken to stop
the osteotome above the triradiate cartilage. Then the
acetabulum was rotated laterally and downward using a
lamina spreader, hinging on the triradiate cartilage to cor-
rect the dysplasia until the acetabular angle was decreased
to 15°. The bone graft (usually obtained from the femoral
shortening osteotomy or from the iliac bone, of a size
slightly larger than that measured from the distracted gap
of the osteotomy) was then placed into the osteotomy site.
The placement of the bone graft corresponded to where
the major acetabular deficiency was found in the 3D CT.
In this manner, we could decrease the acetabular angle,
increase the coverage of the femoral head and reshape a
trough-like deformed acetabulum (Fig. 2).

Postoperative Care
After closure of the operative wounds, a hip spica cast was
applied for 6 weeks.

Statistical Analysis

Statistical analyses were performed using SPSS ver. 12.0
(SPSS Inc., Chicago, IL, USA). Comparisons between the
pre and postoperative radiologic results were carried out
using a Wilcoxon signed-rank test. A p-value < 0.05 was

Fig. 2. A modified Dega acetabuloplasty is performed by cutting
bicortically, not only the anterior inferior iliac spine, but also the sciatic
notch. The osteotomy includes outer cortices of the ilium of the anterior,
middle and posterior portions. It enables a larger graft to be placed
posteriorly.

considered to be significant.

RESULTS

Clinical Results

The median postoperative range of abduction of the hip
improved from 21.8° (range, 5° to 35°) to 40.0° (range, 30°
to 50°) (Fig. 3). Following surgery, 12 (75%) out of the 16
patients who could not maintain a seated position preop-
eratively were able to sit without a body supporter. Nine-
teen patients (83%) reported a decrease in pain, 4 (17%)
experienced about the same level of pain pre- and postop-
eratively, and none reported a worsening of pain follow-
ing treatment. The 6 (26%) patients who were scored at
GMEFCS level V preoperatively almost improved to level
4 postoperatively. The GMFCS levels of the other 17 pa-
tients stayed the same (Table 1). There was no infection or
wound problems after surgery.

Radiologic Results
The median acetabular index improved from 35.7° before
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Fig. 5. The pre- and postoperative center-edge (CE) angles. Fig. 6. The pre- and postoperative migration percentages.

Fig. 7. Radiographs of case 12 (Table 1). This child had spastic quadriplegic cerebral palsy and bilateral hip dislocation. Radiographs were taken
preoperatively (A), two (B), and three (C) years after surgery. Improved radiologic indices and a stable hip are evident.

Fig. 8. Two dimensional computed
tomography (CT) scans of the same
patient (case 12). Coronal CT scans show
improved superolateral (A, preoperation;
B, postoperation) and posterior (C, pre-
operation; D, postoperation) coverage of
the hip.
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surgery to 19.0° postoperatively; the median center-edge
angle changed from 1.1° to 31.5°% and the migration per-
centage improved from 74.2% to 10.6% after surgery (Table
1, Figs. 4-9). All radiologic results improved significantly (p
< 0.05). No cases of hip redislocation or resubluxation, in
addition to nonunion of the osteotomy site were observed.
Even though avascular necrosis (AVN) of the femoral head
was observed in 2 cases (6%), these presented no clinical
problems.

DISCUSSION

Early acetabuloplasty, in addition to soft tissue lengthen-
ing and VDRO of the proximal femur greatly improves the
chances for prolonged hip stability for patients with spastic
dislocated hips.**"*"® Many acetabular indices are difficult
to measure in cerebral palsy due to hip flexion contracture
and the resulting increases in pelvic tilting. Therefore,
many authors believe the migration percentage is the most
accurate way to monitor hip instability in such patients. It
has been recommended that acetabular correction should
be performed when the migration percentage is over 50-
70%, because the more serious the dislocation of the femo-
ral head, the more likely it is accompanied by acetabular
deficiency.””” To compare the changes in the acetabulum
before and after surgery, we used the coronal image of CT
in the measurement of acetabular indices in cases where
this had not been taken in the correct position. Analysis of
3D CT of the acetabulum with subtraction of the proximal

Fig. 9. Three dimensional computed tomography images (of the same
hip as Fig. 4) show improved superolateral and posterior coverage (A,
preoperation; B, postoperation).

femur enhanced understanding of the pathology.

Apart from the Dega osteotomy, pelvic osteotomies
for the treatment of the dysplastic hip in cerebral palsy
include the Salter innominate osteotomy,” Pemberton
acetabuloplasty,”” Chiari osteotomy”* and the shelf pro-
cedure.”” However, the Salter innominate osteotomy and
Pemberton acetabuloplasty are not suitable for all dysplas-
tic hips in cerebral palsy because they are designed mainly
to correct anterolateral acetabular deficiency,” while
acetabular deficiency in cerebral palsy exists in various
locations. With 3D CT, Kim and Wenger” demonstrated
the variable locations of acetabular deficiency in cerebral
palsy: anterior in 29%, superolateral in 15%, posterior in
37%, and mixed in 19%. They reported that the acetabu-
lum showed a trough-like elongated deformity. The Chiari
osteotomy and shelf procedure do not use the articular
cartilage of the acetabulum to cover the femoral head,””
and do not correct the elongated, trough-like deformity
of the acetabulum. The modified Dega osteotomy is ideal
for these hips by providing selectively improved coverage
based on the main area of deficiency (anterior, superiolat-
eral, or posterior) and by reshaping the elongated acetabu-
lum directly.

Since the Dega osteotomy”**” was first introduced in
1969, many studies have been conducted using this tech-
nique.”””” However, the procedure as originally described
did not sufficiently increase coverage of the femoral head,
because the posteromedial cortex of the ilium and the
greater sciatic notch were not cut (Fig. 10).”*” To produce

Fig. 10. The osteotomy of original Dega acetabuloplasty involves the
anterior and middle portions of the inner cortex of the ilium, leaving an
intact hinge posteriorly consisting of the intact posteromedial iliac cortex
and sciatic notch.”
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better results, Mubarak et al.” and McNerney et al.'” de-
scribed the modified Dega osteotomy in which bicortical
cuts were made in the anterior inferior iliac spine and the
greater sciatic notch. With this modified procedure, poste-
rior coverage of the femoral head is increased by placing a
larger bone graft in the posterior part of the osteotomy (Fig.
11). Moreover, while other pelvic osteotomies require in-
ternal fixation, more stability is obtained without internal
fixation by inserting autologous bone fragments from the
ilium or from the proximal femoral shortening osteotomy
into the osteotomy site. Elasticity of the osteotomized iliac
bone with a hinge at the triradiate cartilage enhances the
stability of the bone graft. Chung et al.”¥ demonstrated
the morphometric changes in the acetabulum after Dega
osteotomy which is similar to the osteotomy we used.
They reported that the anterosuperior, superolateral and
posterosuperior covers had improved significantly and the
mean acetabular volume increased after the osteotomy.
Although the varization of the proximal femur itself
naturally introduces a shortening component and relieves
tension around the hip in many cases of subluxation, we
added a shortening osteotomy in cases of severe sublux-
ation or dislocation in order to avoid excessive varization
of the femur and to reduce the pressure caused by the
Dega osteotomy. Harvested material from the shortening
procedure was used for the bone graft in the Dega pelvic
osteotomy. Additionally, open reduction with capsulorrha-
phy was performed at the discretion of the surgeon. Not all
patients required open reduction; it was omitted in the less
severe cases. In all cases, the hamstrings were lengthened
because the soft tissue procedure was conducted before the
proximal femoral procedure, although femoral shortening
and varization also have a lengthening effect on the ham-
strings. Plus, we performed the rectus transfer in some

Fig. 11. The modified Dega acetabulo-
plasty can provide increased acetabular
coverage symmetrically (A), anteriorly (B)
and posteriorly (C), depending on where
the larger graft is inserted and the hinge
is placed.

patients since knee flexion was regarded as absolutely nec-
essary for comfort and stability in the seated position in a
wheel chair.

The current concept in correction of unstable hips
in cerebral palsy maintains bilateral procedures, espe-
cially including the contralateral femoral side, to prevent
eventual contralateral hip instability and swing-swept hip.
With our approach, usually involving no more than soft
tissue correction in the less severely affected hip, we have
not observed significant suluxation on the contralateral
side to date. When further subluxation occurs, a femoral
side procedure may be required without delay. All patients
in this study showed a coxa valga deformity and increased
anteversion of the proximal femur by soft tissue contrac-
ture from the first visit. All of them were treated with
single event multilevel surgery. Simultaneous correction
of multiple problems could extend the operation time,
increasing the likelihood of complications. However, if the
surgeons are experienced, patients would benefit from the
shortened hospitalization and rehabilitation times.

In our patients, stable reduction of the femoral head
was followed by a remarkable improvement in abduc-
tion. Furthermore, this was achieved without increased
pain because of the release of contracted muscles and the
increased stability of the hip joint as well as improved
comfort in the seated position. The four patients who
failed to achieve comfortable sitting experienced the same
degree of pain as they had preoperatively. However, all of
them were GMFCS level V and were considered to have
an abnormal sense of balance caused by the cerebral palsy
apart from the problems in their hips. Some of them had
scoliosis with fixed pelvic obliquity. The patients who
could not maintain a stable seated position solely due to
contracted muscles and hip pain, were able to sit comfort-
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ably after the operation. As it was difficult to determine the
degree of pain or discomfort quantitatively (for example
with a VAS score) for our young patients, we interviewed
parents about the patients’ pain (decreased, maintained
or increased). The pain that patients complained of in
this study may be considered to be irritability caused by
hip motion when the hip is unstable. We believe that this
irritability and the contracted soft tissues are the major
causes preventing ambulation and of comfort in the seated
position. After stable reduction of the hip joint, some of
the patients were able to walk again with a walker for short
distances, and most could sit comfortably.

We noted AVN of the femoral head in two (6%)
hips. This may have been due to occult injury of the vessels
supplying the femoral head during open reduction of the

femoral head, or during the proximal femoral osteotomy
and blade plate insertion. Excessive pressure on the femo-
ral head may be caused by inadequate femoral shortening
and/or overly aggressive acetabuloplasty with excessive
downward movement of the acetabulum with medial
hinging. Despite the AVN of the femoral head, these 2
patients were pain-free, had satisfactory motion of the hip
and could sit comfortably. To prevent this complication,
careful attention to surgical detail is necessary.
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