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Background and purpose — The Chiari osteotomy was
a regular treatment for developmental hip dysplasia before
it became mostly reserved as a salvage therapy. However,
the long-term survival of the Chiari osteotomy has not been
systematically investigated. We investigated the survival
time of the Chiari osteotomy until conversion to total hip
arthroplasty (THA) in patients with primary hip dysplasia,
and factors which correlated with survival, complications,
and the improvement measured in radiographic parameters.

Patients and methods — Studies were included when
describing patients (> 16 years) with primary hip dyspla-
sia treated with a Chiari osteotomy procedure with 8 years’
follow-up. Data on patient characteristics, indications, com-
plications, radiographic parameters, and survival time (end-
point: conversion to THA) were extracted.

Results — 8 studies were included. The average postop-
erative center—edge angle, acetabular head index, and Sharp
angle were generally restored within the target range. 3 stud-
ies reported Kaplan-Meier survival rates varying from 96%
at 10 years to 72% at 20 years’ follow-up. Negative sur-
vival factors were high age at intervention and pre-existing
advanced preoperative osteoarthritis. Moreover, reported
complications ranged between 0% and 28.3 %.

Interpretation — The Chiari osteotomy has high reported
survival rates and is capable of restoring radiographic hip
parameters to healthy values. When carefully selected by
young age, and a low osteoarthritis score, patients benefit
from the Chiari osteotomy with satisfactory survival rates.
The position of the Chiari osteotomy in relation to the peri-
acetabular osteotomies should be further (re-)explored.

Patients with developmental dysplasia of the hip (DDH) are
prone to develop osteoarthritis (OA) of the hip at a young age
(1). A variety of osteotomy procedures have been described
to prevent secondary OA and to relieve pain, including the
Chiari pelvic osteotomy, which distinctively augments the
dysplastic acetabulum by transverse medial displacement
made just proximal to the acetabular rim. The effective lateral
displacement of the superior iliac fragment covers the femoral
head, creating support for the capsule, increasing hip stability,
enlarging the effective weightbearing surface, and increasing
hip joint stability (2-4).

Chiari osteotomy historically has been considered a reason-
able mainline treatment option for acetabular dysplasia (2).
In recent decades, however, as powerful acetabular redirec-
tional osteotomies and total hip replacements have proved
effective, the Chiari osteotomy has become a salvage option,
limited to use in very severe dysplasia or in hips with aspheri-
cal femoral heads (5). However, redirectional osteotomies
can be quite invasive (6) and total hip replacements may need
(multiple) revisions, especially when placed in young and
active patients (7). Therefore, procedures that can postpone
a total hip replacement, such as the Chiari osteotomy, should
be reconsidered, though no recent joint survival analysis has
been performed, as is done for other hip dysplasia treatment
options, e.g., the “shelf arthroplasty” (8) and the “redirectional
(peri-acetabular) osteotomy” (6), nor is there a clear consen-
sus on indications for Chiari osteotomy (5,9).

Thus, the primary aim of this study was to perform a sys-
tematic review of the long-term THA-free survival of Chiari
pelvic osteotomy. The secondary aim was to evaluate reported
factors that correlated with survival, the surgical indications,
surgical approach, reported complications, and clinical and
radiological parameters.

© 2022 The Author(s). Published by Medical Journals Sweden, on behalf of the Nordic Orthopedic Federation. This is an Open Access article distributed
under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (https://creativecommons.org/licenses/by-nc/4.0/), allowing
third parties to copy and redistribute the material in any medium or format and to remix, transform, and build upon the material for non-commercial purposes,

provided proper attribution to the original work.
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Potentially relevant chort studies
retrieved up to February 2021 (n = 274):
- Pubmed 180
- EMBASE, 94
- Cochrane, 0

Excluded: duplicates
n =60

Unique publications
n=214

Studies excluded (n = 280):

- no patient study (e.g. biomechanical)

- population not eligible

= - not an original article (e.g. editorial,
letter, reveiw)

- language criteria

- no survival reported

Full text obtained
n=234

Studies excluded (n = 26):

- case report or expert opinion

- less than 8 years follow-up

| - multiple examination of the same
cohort (longest cohort included)

- > 50% secondary dysplasia

- > 50% combined treatment

- outcome not eligible

Relevant publications
n=7

Other relevant articles
using cross-referencing
n=1

Publications included in the study
n=8

Figure 1. From the 214 unique publications found in the systematic
literature search, only 8 publications were eligible for this systematic
review.

Patients and methods

For this systematic review, the databases Pubmed, Embase, and
Cochrane were searched and queried until February 2021. The
term “Chiari” was separately combined with the term “oste-
otomy’ including all known synonyms to minimize the chance
of missing articles (see Supplementary data). Obtained articles
were imported into a RefWorks database (https://refworks.
proquest.com/). After removal of duplicates the abstracts were
read and assessed as per MOOSE guidelines (10) for quality
independently by 2 authors (MN, SS) (Figure 1).

Inclusion criteria were studies in the English language,
human subjects aged = 16 years with primary or secondary
hip dysplasia treated with Chiari procedure, and a minimum
follow-up of 8 years. Studies concerning = 50% patients
with secondary hip dysplasia, e.g., due to Down syndrome,

Trevor’s disease, Perthes disease, or cerebral palsy, were
excluded. Studies in which = 50% of the patients received a
combined dysplasia treatment, e.g., additional osteotomies,
were also excluded as we considered that in those cases
the influence on the results of the Chiari osteotomy is not
clear. Study inclusion was done by 3 reviewers (KW, MN,
SS). Cross-references were made in the bibliographies of the
included studies.

Each article was reviewed independently in full text (KW,
MN, SS). Items reviewed included age, sex, number of
patients and hips, study type, level of evidence, number of
patients who were lost to follow-up, combination with other
treatments, previous operations, preoperative OA (with scale),
failure as defined by the authors (see below), survival rates
(conversion to THA), complications, surgical indication, and
the change in hip score (with scale). The preoperative and
postoperative hip parameters (center—edge angle = CEA,
Sharp angle = SA, and acetabular head index = AHI) were
reviewed and visualized. The Newcastle Ottawa Scale (NOS)
was used to assess the quality of each study and the average
between the 2 scores of the independent observers (MN and
NIH) was documented (Table 1).

Preoperative OA was recorded and dichotomized between
mild and advanced OA because different scales were used:
the Tonnis (11), De Mourges and Patte (DMP) (12), Japanese
Orthopedic Association (13), and Kellgren—Lawrence (K-L)
(14). Therefore, in every scale the level that corresponds to
advanced OA was identified, after which the number of
patients who were in an advanced state of OA were identified
(Table 1). Differences in extracted information were discussed
between the reviewers and consensus was reached at all times
regarding the aspect in question. Authors of included studies
were not contacted in the event of missing data.

No statistics were used due to the heterogenous data avail-
able.
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Table 1. Included studies, all retrospective

Combination Previous

Analyzed with other hip Preop.
Type of hips/ Male/  Mean age treatment operation OA advanced
Reference (ref. #) (year) procedure Stratified for @2 patients female (range)/(SD) n (%) n(%) scaleP OA, n (%)
Calvert et al. (15) (1987) Chiari (30) 49/45 7/38 20 (3-41) NA 28 (57) Own NA
Kotz et al. (22) (2009) Chiari (4) 80/66 9/57 23 (2-50) NA NA Tonnis NA
Migaud et al. (17) 2004 Chiari (31) 89/82 NA 34 (17-56) NA 9(10) MP 67 (75)
Nakano et al. (18) (2007) Modified Labrectomy (+) 20/20 317 35 (16-54) 5 (16) 1(3) JOA 4 (20)
Chiari (21) Labrectomy (=) 11/11 3/8 37 (21-52) 6 (55)
Nakata et al. (16) (2001) Dome modified 96/87 8/79 29 (16-55) 48 (50) 8(8) JOA 23 (24)
Chiari (32)
Ohashi et al. (20) (2000) Chiari (4) POA 86/78 12/66 18 (6-48) 41(40) 3(3) JOA 0 (0)
AOA 17115 114 37 (11-54) 17 (100)
Rozkydal et al. (21) (2003)  Chiari (4) 130/130 5/125 29 (15-52) 10 (8) NA K-L 10 (8)
Yanagimoto et al. (19) (2005) Chiari (4) Total 74/69 6/63 31 (6-64) 12 (16) NA JOA 38 (51)
Early, spherical 16/NA NA 23 (14) NA NA 0
Early, flat 20/NA NA 18 (6.7) NA NA 0
Advanced, 17/NA NA 43 (8.8) NA NA 17 (100)
spherical
Advanced, flat  21/NA NA 39 (7.5) NA NA 21 (100)
a8 POA = pre- or early osteoarthritis; AOA = advanced osteoarthritis; NA = Not available.
b Ténnis (11); MP = De Mourges and Patte (12); JOA = Japanese Orthopedic Association (13); K-L = Kellgren-Lawrence (14).
Table 1 continued.
Patients
Analyzed  Follow-up Conversions Clinical Hip score lost to
NOS hips/ years, to THA  outcome mean (range)/(SD) follow-up,
Reference score ¢  Stratified for patients mean (range) n (%) scaled Pre Post. At follow-up ratio (%)
Calvert et al. (15) 7 49/45 14 (10-19) 3 (6) HHS NA NA 76 (33-76) 27/72(38)
Kotz et al. (22) 6.5 80/66 32 (27-48) 32 (40) HHS NA NA 79 (37-100) 384/450 (8)
Migaud et al. (17) 8 89/82 14 (6-25) 23 (26) PMA NA NA NA 10/99 (10)
Nakano et al. (18) 5 Labrectomy (+) 20/20 16 (10-23) 1(5) JOA 72 NA 83 3/34 (9)
Labrectomy (-) 11/11 15(10-21) O
Nakata et al. (16) 96/87 13 (10-18) 4 (4) PMA 14 NA 17 35/122 (29)
Ohashi et al. (20) 7 POA 86/78 17 (4-37) 1(1) JOA 79 (8) NA 89 (13) 20/113 (18)
AOA 17/15 16 (1-27) 4 (24) 63 (8) NA 84 (12)
Rozkydal et al. (21) 7 130/130 22 (15-30) 50 (38) HHS 42 (36-55) NA 68 100/230 (43)
Yanagimoto et al. (19) 5.5 Total 74/69 13 (10-20) 2(3) JOA 72 NA 87 33/102 (32)
Early, spherical 16/NA NA NA JOA 79 NA 95 NA
Early, flat 20/NA NA NA JOA 81 NA 96 NA
Advanced,
spherical 17/NA NA NA JOA 66 NA 71 NA
Advanced, flat  21/NA NA NA JOA 61 NA 84 NA

¢ Newcastle Ottawa Scale, calculated by taking the average of each age category.
9 HHS = Harris Hip Score (14). JOA = Japanese Orthopedic Association (32,33). PMA = Postel and Merle d’Aubigne (17).

Results

180 studies were identified, of which 8 remained after inclu-
sion and exclusion criteria were applied. Results are summa-
rized in Table 1. All included studies were of observational
retrospective cohort design (level IV evidence), without the
use of a control group.

In all cases, the osteotomy was extracapsular, located just
superior to the hip joint. The osteotomy was specified as
straight in 1 study (15), while in 3 other studies it was specified
as curved (16-18), and in 4 studies the shape of the osteotomy
was not stated (19-22). The osteotomy height was performed
at 5.5-9.0 mm height from the articular surface (15,16,18,19).
Furthermore, the osteosynthesis was fixated by a plate in 1
study (17), and with Steinman pins in a second study (15). 2
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Table 2. Indications for the Chiari procedure and negative survival
predictors as suggested by the authors

Reference
Inclusion criteria

Significant negative
survival factors

Calvert et al. (15)
Congenital hip dislocation
Acetabular dysplasia

Kotz et al. (22)
High-grade dysplasia without
signs of OA

Migaud et al. (17)
Acetabular dysplasia
Preoperative stage of OA
and CEA > 0°

Nakano et al. (18)
OA secondary to congenital
subluxation or acetabular
dysplasia

None reported

Age at the time of operation

Age before operation

Reduced volume of the
interposed soft tissues: capsule
and the remaining labrum.
Presence of labrum interposed
between the new acetabular roof
and the femoral head
Nakata et al. (16)

Pain and disability

attributable to OA
Ohashi et al. (20)

Subluxation of the hip and OA
Rozkydal et al. (21)

DDH

Preoperative stage of OA

None reported

Level of osteotomy (high or low).
Severe deformity of femoral head
Yanagimoto et al. (19)

DDH Advanced DDH.

Spherical femoral head

CEA = center—edge angle, DDH = developmental dysplasia of the
hip, OA = osteoarthritis.

studies specified the usage of graft material (17,19), while 1
other study only used graft material following complications
of non-union (20). 5 studies combined the Chiari procedure
with a varus or valgus osteotomy of the proximal femur (3.1—
25%) (16,18-21), and 2 studies combined the Chiari procedure
with a trochanter osteotomy (1.3-1.9%) (19,20).

Preoperative indications and negative survival factors
varied widely among all 8 studies (Table 2).

All studies documented radiological angles and all studies
that documented both preoperative and postoperative values
found a postoperative increase in average CEA and AHI,
while the SA decreased postoperatively (Figure 2). Migaud et
al. (17) reported a positive relation between improved radio-
graphic scores and postoperative function and Nakata et al.
(16) reported that hips with lower angles subsequently corre-
lated with progression to terminal OA, whereas Calvert et al.
(15) reported no correlation between achieved postoperative
CEA and hip score.

All articles reported the number of conversions to THA in
regard to average follow-up, ranging from 1% conversions in
17 years to 40% conversions in 32 years (Table 1).

Kaplan—Meier survival analysis with radiological progres-
sion of OA as endpoint was documented in 3 studies using
the Japanese Orthopedic Association scale (16,18,20). Ohashi

Center-edge angle (°) Acetabular head index (%) Sharp angle (°)

60 100 60
Normal range
90 |
50
50 -
N i 80
40 lormal range
70
40 -|
801 60 | Normal range
20 50 | 30+
10 40|
20+
30
0
Nakano 20 104
-104 e Yanagimoto
 Calvert 10+ Nakano
o Kotz Nakano o Calvert
=20, 0 0
Pre Post Pre Post Pre Post

Figure 2. Displays the average preoperative and postoperative radio-
logical values. (A) Center—edge (CE) angle: (B) Acetabular head index
(AHI), and (C) Sharp angle. Green areas display the operative target
values.

THA-free survival (%)
100

90 +
80 +
70 +
60 -
50 +
40 +
30 +

20 7 Nakata
e Ohashi

Migoud

10

0 T T T T
0 5 10 15 20 25
Years since Chiari osteotomy

Figure 3. Survival of Chiari osteotomy with years to THA as end-
point. The data for these Kaplan—Meier survival analysis results was
extracted from the articles.

et al. (20) analyzed 62 hips with Chiari osteotomy alone, and
recorded a 84% survival rate at 10 years and 69% at 20 years.
The survival rate for 24 hips using a combined Chiari proce-
dure with a varus or valgus osteotomy was 82% and 44% at 10
and 20 years, respectively.

Nakata et al. (16) reported survival rates in 56 patients (63
hips) at 10 and 15 years follow-up of 92% and 78%. Respec-
tively, Nakano et al. (18) analyzed 20 patients (20 hips) with
labrectomy, and 11 patients (11 hips) without labrectomy at a
mean age of 35 years. Survival rates for the labrectomy group
were 80% at 10 years’ and 67% at 15 years’ follow-up. For the
group without labrectomy this was 100% and 83%, respec-
tively.

Kaplan Meier survival analysis with conversion to THA as
endpoint (Figure 3) were documented by 3 studies (16,17,20).
First, Ohashi et al. (20) reported THA as endpoint in the
advanced OA group, which consisted of 17 hips in 15 patients
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Table 3. Complications for the Chiari procedure

Hips/  No of complications
Reference patients major minor n Complications
Calvert et al. (15) 49/45 3 31 25 Thigh numbness *
3 Superficial infection
2 Plaster sores
1 Dislocation of hip
1 Stiffness (needing manipulation under anesthesia)
1 Screw protruding into pelvis
1 Chronic infection
Kotz et al. (22) 80/66 Not specified
Migaud et al. (17) 89/82 Not specified
Nakata et al. (16) 96/87 3 0 2 Perforation of an oscillating saw into the joint space
1 Trochanteric bursitis
Nakano et al. (18) 31/31 0 0 — No complications reported
Ohashi et al. (20) 103/93 1 1 1 Injury to the external iliac artery during surgery + nonunion
1 Superficial wound infection
Rozkydal et al. (21)  130/130 5 0 3 Extreme medialization with no contact between the fragments

(overlapping) requiring a revision

- N

Yanagimoto et al. (19) 74/69 1 0

Nonunion
Rapid progression of osteoarthritis and femoral head migration

with a mean age of 39 (range 11-54). The survival rate after
10 years was 88%, and 72% at 20 years. Second, Nakata et al.
(16) analyzed 96 hips from 87 patients with an average age
of 29 (range 16-55). Of these, 96% lasted 10 years, and 82%
survived 15 years until conversion to THA. Third, Migaud et
al. (17) analyzed 99 hips in 92 patients with an average age of
34 (SD 11) and found a survival rate of 84% at 10 years’ and
68% at 18 years’ follow-up. The survival rates for DMP grade
2, 3, and 4 OA were documented as 94%, 74%, and 54% at
18 years. Additionally, severe arthrosis (DMP grade 3 and 4)
in combination with a positive preoperative CEA (> 0°) was
significantly (p < 0.05) associated with a higher conversion
to THA. 2 other studies reported non-Kaplan—Meier survival
percentages with THA as failure definition. Survival ranged
from 55% to 60% with a mean time interval between 17.6 and
26.0 years (21,22).

Rehabilitation outcomes and postoperative weightbearing
were documented in 4 studies Postoperatively, non-weight-
bearing was done with a hip spica cast (16,18,21) or with
crutches (21,22). Partial weightbearing started at 6 weeks
(16,18,22), and full weightbearing after 12 weeks postopera-
tively (16,18,21).

The complication rate and the background information on
the complications were reported by all articles, except for
Nakano et al. (18) and Kotz et al. (22) (Table 3).

Discussion

This study reviews survival rates after the Chiari proce-
dure and aimed to evaluate factors that influence survival,
and reported indications, complications, and functional and
radiological parameters. The included studies with a minimal
follow-up of at least 8 years showed good survival outcomes

after surgery varying between 68% at 18 years’ and 86% at 30
years’ follow-up. Furthermore, the Chiari procedure may also
be able to increase hip scores and restore radiological angles
within normal ranges, with minimal occurrences of major
complications.

Careful selection of patients is important for the success
of any surgery. However, the outcomes between the included
studies were difficult to compare, because of heterogeneous
patient characteristics due to differences in inclusion (Tables
1 and 2), ranging from pain, and/or dysplasia with and with-
out concurrent OA, to avascular necrosis of the femoral head
and with a negative or positive preoperative CEA. Migaud
et al. (17) recommend that the Chiari osteotomy should be
done in patients with severe arthrosis and low CEA regardless
of present subluxation or the loss of congruency. However,
higher levels of arthrosis by itself are again a negative survival
factor (Table 2) (16,19). Moreover, patients with deformities
of the femoral head were reported to be more vulnerable to
the progression of OA (19,21), as it can be associated with
bone atrophy, poor repair, or the presence of acetabular labral
tears (19). Yet again, the Chiari osteotomy is preferred over
the peri-acetabular osteotomy (PAO) in hips with dysplasia
where pelvic remodeling is restricted due to extreme dyspla-
sia or aspheric femoral heads (5,9,23). This lack of consensus
makes it difficult to appraise the Chiari osteotomy in relation
to other procedures.

In the included studies, often a combination was made
between the Chiari osteotomy and, e.g., a femoral osteotomy,
making it difficult to ascribe the success of the survival time
solely to the value of the Chiari osteotomy, and differences in
the THA conversion endpoints amplify this effect. However,
in 1 study by Ito et al. (24), 87% of all Chiari procedures were
combined with a varus osteotomy, they did not find a signifi-
cant difference between the group with or without femur oste-
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otomy, and survival was also negatively affected by high age
and the stage of OA (16,24).

Nonetheless, the Chiari procedure shows surprisingly high
survival rates, in the four studies that reported Kaplan—-Meier
analysis with THA conversion as endpoint (Figure 2). Taking
into account the high survival rates, complication rates, and
radiological and functional improvements, this raises the
question as to whether the Chiari osteotomy should be recon-
sidered in the palette of treatment options for developmental
hip dysplasia.

The number of reported complications ranged from 0%
to 28%, when excluding the number of patients with “thigh
numbness” reported by Calvert et al. (15), which may be
regarded as a direct and inevitable result of iatrogenic injury
to the cutaneous nerves. It should be noted that after the Chiari
osteotomy there is a potential decrease in pelvis diameter and
if this (transverse mid-pelvic) diameter is < 9.5 cm the like-
lihood of a Caesarean section is increased (25). Moreover,
despite it not being scored as a complication, some patients
keep a persisting limp after the Chiari osteotomy. These fac-
tors should be explained to the patient when the Chiari pro-
cedure is considered as a treatment method. When the Chiari
osteotomy is performed but needs to be converted to a THA
it is good to mention that the salvage THA has comparable
results to a primary THA (26).

The reviewed literature showed considerable limitations.
First, all included articles were of level IV evidence with ret-
rospective design and relatively small numbers, no control
groups were present, and therefore it was difficult to make
a comparison with a nonoperative, PAO, or shelf treatment.
Moreover, evaluation time points in relation to the surgery or
the number of patients per evaluation were often not reported.
Second, the research population largely included females, but
none of the included studies stratified for sex, which could
have influenced results, and this could limit generalization to
a male population, although the incidence of hip dysplasia is
higher in women.

Nevertheless, in this era of advanced technology (27) and
complex acetabular osteotomies (28,29), it may be useful to
reassess the role of historical procedures such as the Chiari
osteotomy, which may still have a role in selected clinical situ-
ations. Moreover, due to technological progression, additive
manufacturing techniques are also being considered to treat
hip dysplasia (28,30,31) and might help in planning and evalu-
ating to increase the success of the Chiari osteotomy (29).

Conclusion

Chiari osteotomy has often yielded long-term hip preservation
rates, can improve hip coverage, and hip functional param-
eters to near-normal values, and has a relatively low reported
major complication rate. Moreover, when carefully selected
for patients of young age, or minimal preoperative OA,
patients may benefit from the Chiari osteotomy with satisfac-
tory survival rates.

Conceptualization: KW, BW; methodology: KW, MN, SS, NH; data cura-
tion: KW, MN, SS, NH; validation: KW, RS, BW, HW; supervision: KW,
RS, HW, BW; writing, review, and editing: all authors.

Acta thanks Jan Erik Madsen and Michael Brian Millis for help with peer
review of this study.
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