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Background

Pelvic support osteotomy can address all the complaints of painful and unstable hips
in adolescents and young adults as it eliminates the Trendelenburg gait, equalizes
limb-length discrepancy, and stabilizes the hemipelvis. The purpose of this study is to
report the clinical and functional outcomes after pelvic support osteotomy used for
treatment of painful and unstable hips in a group of patients.

Patients and methods

Forty-four patients (26 female and 18 male) with an average age of 17.2 years
complaining of painful and unstable hips resulting from different etiologies and
presenting with pain, limping, shortening, and limited range of hip motion were studied.
At the end of the follow-up period, which was averaged at 8.2 years, all patients were
evaluated for hip pain and limping, hip range motion, lumbar lordosis, limb-length
measurement, ambulatory state and pain-free walking distance, the Harris hip score,
and overall patient satisfaction.

Results

Hip pain, limping, hip range of motion, lumbar lordosis, ambulatory state, and pain-
free walking distance showed improved in all patients. Limb-length equalization was
achieved in 38 patients and within 2 cm in five patients with an average residual limb-
length discrepancy of 0.8 cm. One patient had 3.5 cm residual shortening. The average
amount of bone lengthening achieved was 5.1 cm. The mean radiology consolidation
index for callus distraction was 1.4 month/cm, and the mean llizarov frame index
was 1.7/cm. The Trendelenburg sign became negative in 37 patients and the Harris hip
score increased from 48 preoperatively to 83 postoperatively. The following
complications were reported: knee stiffness in extension (three); knee stiffness

in flexion (one); fracture of the regenerate and loss of valgus correction (three each);
and knee sublaxation and premature consolidation (one each).

Conclusion

Pelvic support osteotomy proved to a reliable treatment option among adolescents
and young adults with unsuccessfully treated or untreated complex hip disorders
presenting with painful unstable hip with shortening and functional ankylosis.

A painless and functional hip can be achieved in most of the patients.
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Introduction

been described. The techniques by Lorenz [5], Schanz
[6], and Ilizarov [7] are noteworthy.

Hip pain, instability, and limping resulting from unsuccess-
fully treated or neglected developmental dysplasia of the
hip (DDH), septic arthritis of the hip, osteomyelities of
the proximal femur, traumatic dislocation of the hip with
instability, femoral neck pseudoarthrosis, Girdle stone re-
section arthroplasty, and paralytic hip dislocation present a
challenge for treatment, especially in adolescents and
young adults. The available options for surgical treatment
are total hip replacement (THR), arthrodesis, and pelvic
support osteotomy (PSO) [1-3].

The term ‘pelvic support’ is attributed to Lance (1936)
[4] who references it to subtrochanteric osteotomy for
the treatment of congenital dislocation of the hip. Since
then, several modifications in surgical techniques have
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A successful PSO reduces limping by abolishing the
Trendelenburg lurch and equalizing limb length and,
through the stability provided to the hemipelvis, facil-
itates a more energy-effective gait [1,3,8]. The aim of
the treatment for unstable hips in young adults and
adolescents is to reduce pain, improve hip range of
motion, and equalize limb length. THR is now the first
choice for treatment of this hip instability, especially with
the current surgical techniques and prosthesis designs.
However, many authors have reported specific technical
difficulties such as irreducibility, overshortening, nerve
palsy, and displaced femoral shaft fracture. Also THR for
this unstable hips is subjected to high mechanical
stresses with early component loosening and difficulty
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to revise it [8-11]. Arthrodesis remains a good solution for
these painful and unstable hips in these younger age
groups but it has adverse effects on the lower back,
contralateral hip, and knee [3,12-14].

PSO offers a significant improvement in posture, gait, and
walking tolerance. The PSO is a useful definite surgical
procedure for salvaging damaged hips of patients in whom
performing THR or arthrodesis is not feasible. It is a
procedure that can give a valuable mechanical and func-
tional advantage for adolescents and young adults who
have painful limping, limited hip range of motion,
shortening, and independent walking ability [1,2,15-17].

The PSO is chosen as a definite surgical procedure for
salvaging these damaged painful and unstable hips of
patients included in this study in whom THR is technically
difficult and expensive and arthrodesis is not accepted.
A reviewing of the literature on PSO highlighted some
aspects that were unclear, such as the need for detailed
preoperative planning regarding the level or amount of
correction at the proximal and distal osteotomy and whether
or not to excise the femoral head. Other aspects needing
further investigation were: whether to use the PSO for
cases with paralytic hip dislocation; determining whether it
is primarily indicated in painless unstable hips only; and
the predictability of the outcome of PSO regarding the
disappearance of the Trendelenburg gait and the appear-
ance of degenerative arthritis [1-3,12,15-17].

The aim of this study was to report the author’s personal
experience in using the Ilizarov technique for PSO in
the treatment of painful and unstable hips in adolescents
and young adults with regard to clinical and functional
outcomes.

Patients and methods

Between 1993 and 2007, 49 hips from 49 patients with
painful and unstable hips regardless of the degree of
dislocation or the size of the femoral head or the
acetabulum with shortening more than 2.5cm were
treated with the Ilizarov technique for PSO. Five patients
were excluded from the study because of incomplete
follow-up data or less than 2 years’ follow-up period.
Patients with a history of recent active bone infection
and nonambulatory patients with painful unstable hips
resulting from chronic paralytic hip diseases were not
included in this study.

The original primary pathologies behind unstable hips for
the remaining 44 patients were related to untreated or
unsuccessfully treated septic arthritis (13), DDH (11),
paralytic dislocation (10), fractured neck of the femur
(three), congenital short femur (three), premature mild
hip arthritis (three), or tuberculous hip arthritis (one).
Twenty-six patients were female and 18 were male with
an average age of 17.2 years (range: 12-26); the left hip
was affected in 30 patients.

The patients’ complaints at the time of presentation
were mainly hip pain with instability, shortening, and
restricted range of hip motion. Thirty-nine patients
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needed a walking aid for outdoor ambulation. All patients
were evaluated clinically before PSO for hip pain, limping,
hip range of motion, lumbar lordoses, Trendelenburg sign,
limb-length discrepancy (LLLLD), ambulatory state and
pain-free walking distance, and the Harris hip score [18].

Preoperative planning

The preoperative radiological workup had included an
anteroposterior (AP) view of the pelvis with the affected
hip in maximum abduction and adduction and an AP view
of both lower limbs with the patient standing (parallel
beam scanogram). Intraoperatively, the site of the proximal
valgus osteotomy was determined at the site of contact
(abutment) between the proximal femur and the pelvis. In
some patients, it was decided at the acetabular level and in
others it was at the subacetabular level of the ischial tubero-
sity on the AP view of the pelvis, whereas the affected lower
limb was in maximum adduction with the patient supine.
No overcorrection angle was added to the valgus angle
achieved at the proximal osteotomy. The limb segment
distal to the proximal osteotomy level was kept in a way to
be parallel to the contralateral healthy lower limb.

The amount of extension added to the valgus correction
angle was equal to the amount of flexion contracture
without any extra-added extension angle. The amount of
rotation correction added to the proximal valgus exten-
sion osteotomy was equal to the amount of rotation in
order to keep the patella parallel to the ground.

The level of the distal osteotomy was chosen just distal to
the junctional area between the middle and lower third of
the femur. The amount of varus at the distal osteotomy was
determined intraoperatively so as to keep the mechanical
axis of the lower limb in a straight line from the point of
contact of the proximal femur segment to the pelvis down
to the knee and the ankle joint without any intention to
leave any valgus inclination of the ipsilateral knee.

The amount of lengthening at the distal osteotomy was
determined preoperatively using a parallel beam scano-
gram or block test and estimated and closely observed
postoperatively during the lengthening process by means
of a regular parallel beam scanogram or a computed tomog-
raphy scanogram, as well as by means of clinical evaluation
using blocks. Extreme care was taken to avoid over-
lengthening as it will not be tolerated in these cases,
especially with the hip in full adduction.

Surgical technique

The utilized surgical technique in this study had followed
the Ilizarov hip reconstruction principles for PSO with
some modifications as per the discretion of the senior
author. The proximal valgus osteotomy was performed at
the level of the acetabulum in nine patients and at the
level of the ischial tuberosity in 35 patients. The hip joint
was not opened and no proximal femoral stump or femoral
head excision was performed in this study.

The frame was prepared intraoperatively. It consisted of
two femoral arches to fix the proximal femur, one 5/8 ring
for the middle segment and one complete and 5/8 rings
for the distal segment.



248 Egyptian Orthopedic Journal

After routine preparation, the proximal femoral segment
was fully adducted and fixed with two or three Schanz
pins 6 mm in diameter proximal and distal to the planned
proximal osteotomy site over two arches. The proximal
Schanz pins were inserted parallel to the horizontal axis of
the pelvis and the pelvic arch was held inclined in the
sagittal plan to a degree equal to the amount of the
planned extension preoperatively. The arch as well
as the Schanz pins should allow tridimensional correction
(valgus, internal rotation, extension). The middle
femoral segment was fixed by three Schanz pins inserted
perpendicular to the mechanical axis of its ring. The distal
femoral segment was fixed with one or two rings through
three 1.8 mm pins inserted parallel to the knee joint.

The proximal osteotomy was performed between the
femoral arches under image intensifier control to check
its completeness and to ensure the proximal segment was
locked into its proper position to support the hemipelvis.
Finally, distal osteotomy was performed and checked
for its completeness. Finally, the limb rotation, the
mechanical axis, and the frame orientation were assessed
intraoperatively (Figs 1-3).

Postoperative care

Regular daily pin site care was ensured by the patients
and their families. After a latency period of 7-10 days
according to the age of the patient, lengthening was
started by distraction between the two distal rings at a
rate of 1 mm/day. This rate of lengthening was modified
according to the quality of the regenerate on regular
radiological follow-up studies, which were conducted
every 2 weeks for checking the orientation, consolidation
at the proximal osteotomy, and the state of regenerate at
the distal osteotomy. Further, any adjustment to the
mechanical axis deviation was performed as required.

Early joint mobilization and weight-bearing ambulation
were started during the first few days after the operation by
the patients themselves. Once the limb-length equal-
ization and bony consolidation at both osteotomy sites were
achieved, the frame was removed without administering
general anesthesia. No protection braces or casts were
applied, except in cases with postoperative knee stiffness
after manipulation or soft tissue release for 4-6 weeks.

Assessment

At the final follow-up visit clinical evaluation was
performed for hip pain, limping, hip range of motion,
lumbar lordosis, limb-length measurement, ambulatory
state and pain-free walking distance, Trendelenburg sign,
for the patient’s overall degree of satisfaction, and for the
Harris hip score [18]. All these data were compared with
the preoperative ones.

The bone healing index and the Ilizarov frame index were
reported.

All the collected data were analyzed using SPSS statis-
tical package version 13 (SPSS Inc., Chicago, Illinois,
USA). The Student #-test and the y*-test were used to
compare preoperative and postoperative data. Significant
P-value was set at 0.05.

Results

The mean follow-up period was 8.2 years (range: 2-12).
The mean period for frame application was 6.5 months
(range: 4-12). Hip pain, limping, hip flexion contracture,
lumbar lordosis, hip flexion, hip abduction, LL.D walking
ability and pain-free walking distance significantly im-
proved in all patients postoperatively. Limb-length equal-
ization was achieved in 38 patients and within 2.5cm in
five patients with an average residual LLD of 0.8 cm. One
patient was left with a shortened limb of 3.5cm as a
result of a fracture of the regenerate that occurred twice,
which required frame extension for a longer period of
time. The patient refused to go for another trial of limb
lengthening after consolidation of the regenerate at the
fractured osteotomy site. This patient preferred to use a
shoes raise for walking.

The average amount of bone lengthening achieved was
5.1 cm (range: 3.5-12). The mean radiology consolidation
index for callus distraction was 1.4 months/cm (range:
1-2.5). The mean Ilizarov frame index was 1.7/cm (range:
1.5-2.6). Walking ability and pain-free walking distance
improved in all patients. Walking aids were not required
for 39 patients who had been using it preoperatively and
the average pain-free walking distance increased from
25m (0-50) to 750 m (500-1500). This difference was
statistically significant.

The Trendelenburg sign became negative in 37 patients,
with a persistent lurching gait in seven patients. The
patients with a persistent lurching gait were those who
had paralytic hip dislocation (four patients), high DDH
(two patients), and late sequelae of septic arthritis (one
patient) as primary hip pathologies.

The final average postoperative hip flexion range of motion
was 120° (range: 100-130°) in comparison with 80° (range:
70-110°) preoperatively. Also, the average postoperative
hip abduction range of motion was 20° (range: 10-35°) in
comparison with 8° (range: 0-10°) preoperatively. This
difference was statistically significant for both directions of
hip motion.

The average valgus angulation at the end of the follow-up
period was 41° (range: 30-50°). The average extension
angulation was 14° (range: 10-20°). The average varus
angulation was 30° (range: 20-38°). Three patients, all of
them being younger than 15 years of age, were reported
to have progressive loss of their valgus correction during
the follow-up period.

The mean Harris hip score [18] postoperatively was 83
(range: 70-90) in comparison with 48 (range: 35-65)
preoperatively. This difference was statistically signifi-
cant. The following complications were reported: pin-
tract infection to some extent in 40 patients around the
most proximal and distal femoral pins; knee stiffness in
four patients (three in extension and one in flexion);
fracture of the regenerate in three patients; and knee
subluxation and premature consolidation in one patient
each.
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Figure 1

(a) Preoperative full-length anteroposterior (AP) view of the pelvis and both lower limbs showing late sequelae of septic arthritis of the left hip.
(b) Postoperative 2.5-month follow-up AP view of the left hip and left femur and proximal tibia showing the llizarov frame for pelvic support osteotomy.
(c) Final follow-up full-length AP view of the pelvis and both lower limbs showing full correction of limb-length discrepancy and the mechanical axis
after full consolidation of the proximal and distal osteotomies and frame removal. (d) Final postoperative 15-year follow-up AP view of the pelvis
showing absent degenerative changes in the left hip after pelvic support osteotomy, whereas it is evident in the contralateral side.

Discussion and unstable hips. The available options for treatment of

these challenging chronic complex hip problems in these
PSO wusing the Ilizarov hip reconstruction technique  active younger age groups are arthroplasty, arthrodesis,
proved to be a viable and effective treatment option for ~ and PSO [1-3,8]. A review of the literature on arthroplasty
young adult and adolescent patients with chronic painful ~ and arthrodesis as a treatment option for painful unstable
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Figure 2

RT
STANDING

(a) Preoperative anteroposterior (AP) view of the pelvis and hip joints with the patient standing on the right leg (above), and full adduction in the
supine position (below) showing neglected developmental dysplasia of the left hip. (b) Postoperative AP view of the left hip and left femur showing
the llizarov frame for pelvic support osteotomy 1 week postoperatively. (c) Final follow-up full-length AP view of the pelvis and both lower limbs
showing full correction of limb-length discrepancy and the mechanical axis after full consolidation of the proximal and distal osteotomies and frame

removal.

hips with shortening and restricted range of motion
showed that many successes and failures have been
reported on the functional outcomes [8-11,13,14]. PSO
has many advantages as it addresses the whole dilemma of
painful and unstable hips with the resulting shortening
and functional ankylosis.

PSO can result in functional hip stability, functional hip
mobility, better mechanical advantage for the abductor
mechanism, limb-length equalization, realignment of the
mechanical axis, and little or no risk of reactivation of
previous bone and joint infection because of the absence
of metal work inside [1-3,7,8,12,14,19-22]. PSO was
considered a highly successful treatment modality in our
female patients as they were very satisfied from the
gained range of hip motion, especially the abduction,
which allowed better personal hygienic care and better
sexual life in addition to a better cosmetic appearance of
the limbs. Moreover, no patient had complaints from
limited hip flexion and adduction on either sitting or
standing position as a result of valgus and extension
angulations created at the proximal osteotomy.

Although PSO can address most of the possible etiologies
of the TTrendelenburg gait in these particular hip

problems, the Trendelenburg gait may persist in some
patients, with unclear explanation in the literature.

Inan ez a/. reported the changes in the volume and length
of the gluteus medius before and after PSO and
concluded that restoration of the muscle volume and
length is not sufficient to prevent Trendelenburg gait in
older patient with congenital dislocation of the hip [22].
Although this study did not explain why the Trendelen-
burg gait did not disappear, it was found that all patients
with persistent Trendelenburg gait had long-standing
higher hips resulting from paralytic hip dislocation, DDH,
and late sequelae of septic arthritis. The results of this
study are consistent with those of the study by Inan ez &/
in terms of their speculations that the long-standing
muscle fibrosis and atrophy may be the possible expla-
nation for persistent ‘Trendelenburg sign, especially
in a long-standing proximally migrated proximal femur
in older aged patients [22]. All our patients with a
persistent Trendelenburg gait had long-standing higher
hips resulting from paralytic hip dislocation, DDH, and
late sequelae of septic arthritis. We believe that including a
gait analysis study before and after PSO may help to
explain why the Trendelenburg gait did not disappear after
PSO.
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(a) Preoperative anteroposterior (AP) view of the pelvis and both hip joints showing neglected developmental dysplasia of the left hip.
(b) Postoperative AP view of the pelvis and both hip joints and proximal femora showing the llizarov frame for pelvic support osteotomy 1 week
postoperatively. (c) Final follow-up full-length AP view of the pelvis and both lower limbs showing full correction of limb-length discrepancy and the
mechanical axis after full consolidation of the proximal and distal osteotomies and frame removal.

Our study did demonstrate clearly that PSO can result in
painless and functional hips in most cases of painful and
unstable hips, which was reflected by the higher Harris
hip score [18] in most of our patients. To the best of our
knowledge this study highlighted the efficacy of PSO in
patients with painful unstable hips, as most of the
previous studies had used it for painless unstable hips
[1-7,15,19,21]. Complications that may result from PSO,
such as pin-tract infection, the risk of premature con-
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solidation and fracture of the regenerate, knee subluxa-
tion, knee stiffness, and poor patient compliance and
cooperation, should not be ignored. Because of these
possible complications the PSO should be considered a
definitive treatment modality to salvage these complex
hip problems in these young adults and adolescents who
are not good candidates for arthroplasty or arthrodesis.
Also, the possible issue of converting PSO to THR in the
future in this younger age group is still a technically
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demanding procedure, with some documented intrao-
perative complications, although no studies have been
reported comparing the outcome and complication rates
of THR between dislocated hips with and without
PSO [9,10,24,25].

Three of our patients presented with early degenerative
changes in their painful unstable hip, which was treated
successfully with PSO without further deterioration of
the degenerative changes at the proximal femoral stump;
in fact it disappeared over the follow-up period (Fig. 1).
To the best of our knowledge, nothing has been
mentioned in the literature regarding the fate of the
proximal femoral stump and the remaining hip joint if the
femoral head was not resected, which was the imple-
mented policy in this study regarding the incidence of
degenerative hip arthritis in long-term follow-up. Milch
[17] had reported some arthrosis in patients treated with
angulation osteotomy and femoral head resection. None
of the patients included in this study developed hip
arthrosis or had required conversion to THR even after
more than 8.2 years of follow-up on average (Fig. 1). This
study agreed with those by Kocaoglu and colleagues and
El-Mowafi in that a long-term follow-up study is needed
to determine whether osteotomy can prevent degenera-
tive changes at the pelvic support point.

This study support the conclusions drawn by many
authors that PSO should be done after the age of 15 years
as 3 of our patients below 15 years had lost some of their
valgus correction with time due to remodeling
[3,20,26,27]. El-Mowafi [20] reported no loss of valgus
overcorrection angle in his series as the age of his patients
was above 19 years.

The weakness of this study is that it is a retrospective
study for many different primary hip pathologies. Also,
the abductor muscles were not studied further either by
MRI or by gait analysis. However, some aspects that may
not be commensurate with the current approach for PSO —
for example, performing PSO for cases with paralytic hip
dislocation, the detailed preoperative planning for the
proximal and distal osteotomy site and the amount of
correction, and finally the resection of the proximal
femoral stump or the femoral head — were highlighted
in this study. Many aspects related to PSO, such as
persistent Trendelenburg gait and future degenerative
arthrosis, need to be studied further.

Conclusion

PSO proved to be effective and reliable as a treatment
option for adolescents and young adults with unsuccess-
fully treated or untreated hip disorders who presented
with painful unstable hip with shortening and functional
ankylosis. In these particularly challenging hip disorders
in this overactive age group, a functional painless hip can
be achieved in most of the patients. Because of the longer
treatment period with the frame and the possible
complications thereof, proper patient and family counsel-
ing should be highlighted before treatment.
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