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Abstract

Purpose Chiari medial displacement osteotomy is a pro-
cedure that uses the cancellous bone of the ilium to contain
the femoral head and bear weight. It is the most contra-
versial osteotomy of the hip joint. This study was therefore
conducted to determine the results of this osteotomy with
mid-term follow-up in children.

Methods From 1995 to 2004, 20 Chiari pelvic osteoto-
mies (in 18 patients) were performed. There were 15 male
and 3 female patients. The average age at operation was
12.6 years and the mean follow-up was 54 months. The
operative technique was as described by Chiari. An ilio-
femoral approach was used without utilizing a traction
table. If there was anterior or anterolateral uncoverage of
the femoral head, bone graft augmentation was performed.
Results The angle of the osteotomy averaged 12°, with
the distance from the acetabulum averaging 3.2 mm. The
average displacement was 42%. Of the 20 Chiari osteoto-
mies, 11 were categorized as excellent, 8 as good and one
as fair in terms of clinical and radiological results. Stu-
dent’s t test statistics showed improvements in all
radiologic parameters of the hip joint (Sharp angle, center-
edge angle and coverage of the femoral head). Graft
resorption was observed in 25% of the patients.
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Conclusion There are very rare indications of Chiari
osteotomy in patients younger than 10 years. Because of
the high rate of graft resorption, Chiari osteotomy should
be the last treatment option when there is anterior or
anterolateral uncoverage of the hip joint.
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Introduction

Chiari medical displacement osteotomy was first described
in 1955, and the operation has been widely used [1]. Unlike
operations that redirect the acetabular cartilage and the
subchondral bone, called reconstructive procedures, the
Chiari medial displacement osteotomy is a salvage proce-
dure that uses the cancellous bone of the ilium with
interposed hip joint capsule to contain the femoral head and
bear weight. An osteotomy of the pelvis is performed at the
superior margin of the acetabulum, and the pelvis inferior
to the osteotomy along with the femur is displaced medi-
ally; then the superior fragment of the osteotomy becomes
a shell, and the capsule is interposed between it and the
femoral head.

In the present study, the results of Chiari osteotomy in
adolescents are evaluated and all aspects of Chiari pelvic
osteotomy are reviewed.

Materials and methods
From 1995 to 2004, 20 Chiari pelvic osteotomies (in 18

patients) were performed in two university hospitals. There
were fifteen male patients and three female patients. The
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Fig. 1 Radiographic parameters of Chiari osteotomy. Angle of
Chiari («), the angle between the line parallel to the reference line
(intertear drop line) and the osteotomy line. Displacement = line
Al/line B x 100

average age at operation was 12.6 years, ranging from
nine years and two months to eighteen years and
five months.

The preoperative diagnoses were: Perthes’ disease, ten
hips; developmental dysplasia of the hip, two hips; cerebral
palsy, two hips; multiple epiphyseal dysplasia, one hip;
poliomyelitis, one hip; avascular necrosis of the femoral
head (post slipped capital femoral epiphysis or post-trau-
matic), four hips.

To bring down a high-riding femoral head, a concomitant
varus derotation osteotomy of the proximal femur was car-
ried out in two patients, and in six patients it was performed
before the Chiari procedure (one with open reduction of the
hip and shortening of the femoral bone). A concomitant
greater trochanter transfer was performed in one patient, and
an adductor tenotomy was done in one patient.

The operative technique was as described by Chiari [1].
An iliofemoral approach was used without utilizing a
traction table. To cover the anterior part of the femoral
head, bone graft augmentation was done in twelve hips.
Two patients had a bilateral Chiari operation and one had
Chiari operation in one hip and a shelf augmentation pro-
cedure in the other side.

The follow-up period ranged from two years to ten
years, with an average of 54 months. The patients were
evaluated clinically and radiographically. Plain standing
roentgenograms of the pelvis and both hips were made
preoperatively and at each follow-up visit. To better
determine femoral head coverage, MR imaging in ten
patients and a false profile image of the hip joint in all
patients were undertaken preoperatively.

Three hip parameters (the center-edge angle of Wiberg,
the acetabular angle of Sharp [2], and the percentage of
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femoral head uncoverage) and three osteotomy parameters
(the angle of the osteotomy, the distance of the osteotomy
from the acetabular edge, and the percentage of displace-
ment) were evaluated (Fig. 1).

The patients were evaluated clinically and radiographi-
cally based on the method of De Waal Malefijt et al. [3],
which was modified by Hosney et al. [4] (Table 1). The
table was modified again to better categorize each patient
based on the total clinical and radiological scores. Because
of the limited number of patients and the comparable hip
pathology in all patients (femoral head uncoverage), we
evaluated all patients with the same method.

Correlations between the final results and the studied
variables were determined using the Fisher exact test,
whereas correlations between quantitative variables were
determined with Pearson correlation and Student’s #-test
statistics.

Results

The angle of the osteotomy averaged 12° (range 0-32°),
with the distance from acetabulum averaging 3.2 mm
(0—7 mm). In the final assessment radiographs, the oste-
otomy step from the acetabular edge was completely
remodeled in 17 hips (85% of cases) with a primary
distance of < 5 mm; in the others it was partially
remodeled in two and not remodeled in one patient with
a primary distance of 7 mm. The average displacement
was 42% (range 25-78%) (based on the pre-operative
measurement of the desired CE angle). There was not a
significant correlation between the remodeling of the roof
step, the displacement of the osteotomy and the final
result categories. In spite of a high osteotomy angle in
one patient (32°), there was no unwanted osteotomy
ending in the sacroiliac joint.

Of the 20 Chiari osteotomies, eleven were categorized
as excellent, eight as good and one as fair according to
clinical and radiological results. The one fair result was a
patient with coxa magna due to Perthes’ disease, who had
been treated by varus osteotomy of the proximal femur in
the early stages of the disease. Then he was reoperated on
by Chiari osteotomy and bone graft augmentation. Post-
operatively, the bone graft was resorbed. Clinically he was
not deteriorated, but coverage of the femoral head was lost
without subluxation (Fig. 2).

In four patients there were varying degrees of pain
preoperatively; three had improvement, whereas one
remained the same. Limping was improved in all but two
patients, who were not deteriorated. At the last visit
examination, there was no new incidence of Trendelenburg
limp. Hip mobility was improved in eleven cases, remained
the same in nine cases, and deterioration was not seen.
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Table 1 Final assessment of the results
Category Pain Limp ROM Sharp CE Uncoverage
(total score) angle (°) angle (°) (%)
Excellent (0) No* No Normal 43 >25 10
Good (1-6) Improved or 45 20 20

not deteriorate”
Fair (7-12) Not deteriorated® 50 15 30
Poor (13-18) Deteriorated? >50 15 >30

ROM Range of motion, CE center-edge
% EBach item has a score of zero

® Each item has a score of 1

¢ Each item has a score of 2

4 Each item has a score of 3

Fig. 2A-D A 9.5-year-old boy with Perthes’ disease, who had been
operated at the age of eight with varus osteotomy of the proximal
femoral bone. Eighteen months later, Chiari osteotomy and bone graft
augmentation was performed for coxa magna and extruded femoral
head (A—C); the nine-year follow-up radiograph showed complete
resorption of the bone graft and uncoverage of the femoral head (D)

Student’s f-test statistics showed improvements of all
radiologic parameters of the hip joint (Sharp angle, CE
angle, and coverage of the head) (P-values: 0.002, 0.004,
and 0.002, respectively). There was no correlation between
radiologic parameters and the pain levels or ROM of the

hip joint. The disease-type of the patients did not show any
correlation with the clinicoradiological assessment results.
There were three (25%) resorptions of bone grafts
inserted as anterior augmentation, and one superficial
infection after removal of varus osteotomy plate.

Discussion

Chiari pelvic osteotomy is a salvage procedure performed
extraarticularly; therefore, it does not violate the articular
cartilage and there is little danger of creating stiffness of
the hip joint. The weight-bearing surface of the hip is
increased (P = 0.002), and the load on the joint surfaces is
decreased.

One advantage of the Chiari operation is that the medial
displacement of the hip joint shortens the medial arm of the
hip abductor lever system, thus diminishing the load on the
femoral head. Another advantage is the immediate forma-
tion of a strong roof that is not absorbed. The disadvantages
of the Chiari procedure include narrowing of the pelvis (so
bilateral Chiari osteotomy in adult patients may compro-
mise normal vaginal child delivery), a minor degree of
shortening of the lower limb because of the upward and
medial displacement of the inferior segment of the
innominate bone, and the risk of sciatic nerve palsy [5].

Surgical technique

Chiari [1] originally recommended using a traction table,
and other surgeons have also recommended the use of a
traction table or traction devices [6, 7]. Matsuno et al. [8]
believed that a traction table is unnecessary for this pro-
cedure and that its usage can, in fact, result in low-level
osteotomy.
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The ideal Chiari osteotomy was described as making an
angle of 10° upwards, immediately above the hip joint
capsule and displaced by 50% of the pelvic width [9]
(Fig. 1). Sticking to the technical details of the operation
has been considered by most of the reports to guarantee a
successful outcome [10-12].

Chiari originally described the technique using an
anterior iliofemoral approach [1]. The others recommended
a posterolateral approach or an Ollier lateral U approach to
perform a trochanteric osteotomy at the same time [8, 13].
These approaches allow a wider exposure of the acetabu-
lum so that it is easier to make the dome-shaped osteotomy
at the appropriate level. These approaches have several
other advantages: the proper angle of the osteotomy line
can be obtained, and when there is a high-riding greater
trochanter, a postoperative positive Trendelenburg sign can
be avoided by transferring the greater trochanter distally
[14, 15].

Colton [9] reported that displacing a Chiari osteotomy
by more than 50% can cause substantial problems with
bone-healing. Placing a bone graft medially on the cut
surfaces of the ilium helps to resolve this problem [16].

Results in children, related to the study of an anatomic
model of the pelvis, demonstrate that the Chiari osteotomy
is unable to give much coverage to the anterior part of the
femoral head. This has been demonstrated on three-
dimensional computed tomographic reconstruction [17].
The recognition that the width of the proximal fragment
may be insufficient to produce adequate coverage has led to
the use of bone graft to augment the lateral and anterior
coverage [6, 16, 18].

In this study, an iliofemoral approach was used without
utilizing a traction table. Fixation was performed by screws
or multiple threaded Steinmann pins and bone graft aug-
mentation was performed in 12 patients to cover the
anterior part of the femoral head. The graft was resorbed in
three patients (25%), and in one patient coverage of the
femoral head was deteriorated.

Chiari pelvic osteotomy in developmental dysplasia
of the hip (DDH)

In acetabular dysplasia after adolescence, incongruity
between the femoral head and acetabulum and early
osteoarthritis usually preclude a redirectional osteotomy of
the acetabulum. In such instances, only salvage procedures
such as Chiari osteotomy or shelf augmentation can
improve femoral head coverage and decrease the shear
stress that may eventually cause degenerative arthritis.
Fong et al. [19], after following-up Chiari osteotomy for
7.1 years and shelf augmentation for 4.1 years, showed
that both Chiari osteotomy and shelf augmentation
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provided adequate femoral head coverage in a dysplastic
hip without producing pain or limiting hip mobility. The
Chiari operation seemed to have better results in terms of
pain relief and incidence of complications such as sub-
luxation and resorption of bone graft.

Ohashi et al. [20] and Macnicol et al. [21] proved that
Chiari osteotomy is probably radiologically effective for
about 25-30 years. Interestingly, Yanagimoto et al. [22]
evaluated the results of Chiari pelvic osteotomy for DDH
after follow-up of ten years or more. They found that early
DDH (mean age at surgery: 21 years) is a good indication
for Chiari pelvic osteotomy because of the good results at
follow-up of ten years or more. Hashemi-Nejad et al. [23]
reported equivalent medium-term clinical and radiographic
results after total hip arthroplasty (THA) when patients
who had a previous successful Chiari osteotomy are com-
pared with a control group of patients with dysplastic hips
who had not undergone prior pelvic osteotomies. They
indicated that THA in the post-Chiari group required fewer
acetabular augmentation procedures and had shorter oper-
ating times, less blood loss, and fewer early complications.

Minoda et al. [24] evaluated biomechanical, radiologi-
cal, and clinical effects of Chiari pelvic osteotomy on
subsequent total hip arthroplasty in comparison with total
hip arthroplasty in DDH without previous surgery. They
showed that all patients had good or excellent clinical
results, but that abductor force and joint force were smaller
in the Chiari group, with longer operative times and more
blood loss. Pain relief has been considered a constant
feature of Chiari osteotomy in adult patients [1, 9, 14, 25].
Mannor et al. [26] recorded a revision rate of 20% 2-
19 years after Chiari osteotomy. Long-term review inevi-
tably shows a decline in the relief from pain, with an
associated decrease in function [27, 28]. In a long-term
review, Macnicol et al. [21] showed that although there are
some relatively early revisions, the survival at 20 years is
almost 95%.

Hggh and Macnicol [5] and Calvert et al. [29] confirmed
that the radiographic progression of osteoarthritis was lin-
ear over time. Better function was achieved if the hip was
operated on when the patient was younger, preferably by
the age of 20-25 years [21].

Hosny et al. [4] reported that unsatisfactory outcome
was present in 68% of cases younger than ten years old,
whereas it was only 23% in the older group. The disap-
pointing results in children might be related to the anti-
Chiari effect. The large growth potential of the Y-growth
plate and thus of the acetabulum can often result in a
decentering and cranial movement of the femoral head
[30].

Reddy and Morin [31] thought that this “anti-Chiari
effect” was not related to an injury to the growth cartilage
of the roof acetabulum but rather to a technical mistake
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during the Chiari osteotomy, because they did not meet
such problems in their series. Bitan et al. [32] have shown
in an experimental study that this anti-Chiari effect seemed
to be due to the position of the osteotomy being too high.

Chiari pelvic osteotomy is rarely indicated in children
and young patients with DDH, because other more ana-
tomic osteotomies are available. There were two patients
with DDH in the present study; one had avascular necrosis
after open reduction, shortening and varus osteotomy of the
femoral bone; the other was an 18-year-old patient with
painful severe dysplasia and subluxation of the hip joint.

An anti-Chiari effect was not seen in this study because
the minimum age of the patients was nine years and two
months. In the author’s opinion, there is no damage of the
acetabular growth center; when performing a Chiari oste-
otomy, the level of the osteotomy is up to the triradiate
cartilage. The anti-Chiari effect probably occurs due to the
persistence of the acetabular growth when this type of
surgery is performed in young children.

Cerebral palsy (CP)

The two procedures with the longest historical usage in
patients with CP are the Chiari osteotomy and the shelf
acetabular augmentation procedure.

Dietz et al. [25] studied 24 Chiari osteotomies in CP
patients at a mean seven-year follow-up and found that a
pain-free joint could be obtained in 79% of hips. Seven of
the 24 hips still had migration indices >30°, indicating that
the subluxation persisted despite surgery. Osterkamp and
colleagues [33] published the results of Chiari osteotomy
performed in conjunction with varus femoral osteotomy in
nine patients and without femoral procedures in three
patients. Pain relief was obtained in five of six patients who
complained of pain preoperatively. Two hips redislocated.
They felt that the osteotomy was simple to perform and led
to satisfactory results. Pope and associates [34] reported
that, following varus femoral osteotomy and a Chiari oste-
otomy, five of seven hips remained reduced. The series with
the greatest success rate was that of Altar et al. [35], in which
14 of 15 hips remained stable following a Chiari osteotomy
combined with a varus osteotomy and muscle release at
three-year follow-up. If patients with hip dysfunction grow
up without treatment, the disease will continue to advanced
osteoarthritis. After a follow-up period of six-years on ele-
ven hips of adult CP patients who underwent Chiari pelvic
osteotomy, Nishioka et al. [36] reported that good results
could be achieved in 86.6% of cases.

In the present study there were only two patients with
CP because acetabular dysplasia in CP is more global and
acetabular fossa is so shallow for Chiari osteotomy.
Therefore, other osteotomies, like Dega osteotomy, are

more efficient [37]. Chiari osteotomy may be indicated in
patients with closed triradiate cartilage and an incongruent
hip joint.

Legg—Calvé—Perthes’ syndrome (LCP)

Chiari osteotomy improves the lateral coverage of the
deformed femoral head, but doesn’t reduce the lateral
impingement in abduction, and may exacerbate any existing
abductor weakness [38]. Chiari osteotomy may be useful in
an enlarged, poorly covered femoral head that is beginning
to develop symptoms of early degenerative joint disease.

Recently, Reddy and Morin [31] performed 22 Chiari
osteotomies in 21 children with severe LCP and failed
conservative treatment in the early stages of the disease.
They followed their patients for 6.1 years and showed that
Chiari osteotomy provided an improvement in the femoral
head coverage and hip congruency. Patient radiographs
showed progressive spherical remodeling of the femoral
head and improvement of the concentricity. Klisic et al.
[39] showed that Chiari’s osteotomy is helpful where other
kinds of containment cannot be expected to be successful.

If there is more global uncoverage or anterior unco-
verage of the femoral head, augmentation by bone graft or
other osteotomies like shelf procedure or triple osteotomy
may be indicated. In the present study, there were ten hips
with LCP, all of which were class 4 or 5 in the Stulberg
classification [40] with aspheric femoral head. Anterior
uncoverage was present in four hips, so Chiari osteotomy
with bone graft augmentation was performed. One of these
bone grafts was resorbed completely (Fig. 2).

Conclusion

The Chiari osteotomy can produce good or excellent results
in adolescent or young adult patients who have specific
indications, including painful dysplasia or uncoverage of
the femoral head, in which incongruity or poor acetabular
development make other reconstructive procedures
inappropriate.

Because of the 25% resorption rate of bone graft, Chiari
osteotomy should be the last treatment option if there is
anterior or anterolateral uncoverage of the femoral head.
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