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Abstract

l osteotomy (TRO) for osteonecrosis of the femoral head (ONFH)
Background: The clinical outcome of transtrochanteric rotationa
remains controversial, and the promising clinical results of several Japanese studies could not be reproduced in American and
European studies. Trying to solve controversies on TRO for ONFH rising from apparently conflicting studies, a meta-analysis was
conducted to assess the 5- and 10-year hip survival rates (with conversion to artificial joint replacement and radiographic failure as
endpoints) after TRO.
Methods: All eligible studies were searched in seven comprehensive databases including PubMed, Web of Science, Embase,
Cochrane Library, VIP Database, China Knowledge Resource Integrated Database, and Wan Fang Database prior to June 2019.
The outcomes evaluated were 5- and 10-year hip survival rates after TRO. The odds ratio and risk difference for the non-
comparative binary data with the 95% confidence intervals (CIs) were calculated for each outcome. The included studies were
assessed for methodologic bias and potential reasons for heterogeneity were explored.
Results: Nineteen studies of TRO for ONFH were eligible for this meta-analysis according to inclusion criteria. Based on the
previous report, two calculation methods (Methods 1 and 2) were adopted in this meta-analysis. Furthermore, we performed a sub-
group analysis of the 5- and 10-year hip survival rates (Method 1) after TRO for ONFH: Asian sub-population and non-Asian sub-
population. Taking conversion to artificial joint replacement as the endpoint, 5- and 10-year hip survival rates (Method 1) after TRO
for ONFH in the Asian population were 0.86 (95% CI= 0.82–0.89) and 0.72 (95% CI= 0.65–0.78), respectively, and 5- and 10-
year hip survival rates after TRO for ONFH in the non-Asian population were 0.55 (95% CI= 0.43–0.67) and 0.42 (95%
CI= 0.28–0.55), respectively. The 5- and 10-year hip survival rates (Method 2) after TRO for ONFH were 0.90 (95% CI= 0.79–
0.95) and 0.89 (95% CI= 0.81–0.94), respectively. Taking radiographic failure as the endpoint, 5- and 10-year hip survival rates
after TRO for ONFH were 0.70 (95% CI= 0.64–0.76) and 0.53 (95% CI= 0.46–0.61), respectively.
Conclusions: The 5- and 10-year hip survival rates after TRO for ONFH were satisfactory in the Asian population, and were
acceptable in the non-Asian population despite high early failure rates.
Keywords: Meta-analysis; Osteonecrosis; Femoral head; Hip osteoarthritis; Joint preserving treatments; Transtrochanteric
rotational osteotomy; Survival rate

challenge for young adults and active population due to the
Introduction
high incidence of collapse in the femoral head and severe
Osteonecrosis of the femoral head (ONFH) is a progressive
disease characterized by the death of osteocytes due to a
critical reduction in the blood supply of the femoral
head.[1,2] Over 8 million patients were diagnosed with
ONFH in China in 2017,[3,4] and more than 500,000 hip
replacements are performed annually for ONFH patients
in the United States.[5] Specifically, ONFH has become a
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hip pain and dysfunction, which often requires surgical
intervention.

Total hip arthroplasty (THA) is the worldwide standard
surgical procedure for patients with collapsed ONFH.[6]

However, THA is usually associated with poor outcomes in
youngadults andactivepopulationwithONFH,with ahigh
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failure rate caused by prosthetic loosening and excessive
wear of polyethylene inserts.[7-9] In this regard, hip-

Chinese, including randomized controlled trials (RCTs),
case-control, nested case-control, and cohort studies; (2)
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preserving surgeries, including non-vascularized or vascu-
larized bone grafting,[10,11] core decompression,[12,13]

osteotomy,[14,15] and stem-cell therapy,[16,17] are recom-
mended for youngpatientswithONFHtopostponeTHAas
long as possible.

Transtrochanteric rotational osteotomy (TRO), which has
become one of the hip-preserving alternatives for ONFH,
was developed by Sugioka in 1972.[18] The principle of
TRO is to replace necrotic bone with healthy bone in
weight-bearing area through anterior or posterior rotation
after intertrochanteric osteotomy.[18] Therefore, TRO
includes two alternative surgical procedures that are
classified according to the direction of rotation: anterior
rotation osteotomy (ARO) and posterior rotation osteot-
omy (PRO). In theory, the non-necrotic area is able to
prevent further collapse of the femoral head by the
presence of the smooth cartilage and normal sub-chondral
bone. Previous studies have demonstrated the utility of
TRO for different types of symptomatic ONFH with mild
or moderate collapse, such as steroid-induced, alcohol-
induced, post-traumatic, and idiopathic ONFH.[19-21]

However, the clinical outcome of TRO remains contro-
versial because the promising results of several Japanese
studies could not be confirmed by American and European
studies.[22-24] On the contrary, TRO was still recom-
mended as an effective joint-preserving surgery for ONFH
by the Japanese Orthopaedic Association recently,[25] and
a latest meta-analysis demonstrated that the clinical results
of future THA were not affected by TRO.[26]

Therefore, we aimed to resolve these controversies by
performing a meta-analysis to assess the efficiency of TRO
in ONFH. The primary outcomes of interest were 5- and 10-
year hip survival rates (with radiographic failure or conversion
to THAor hemi-arthroplasty as the endpoint, respectively), as
well as Merle d’Aubigne and Postel hip score[23] after TRO.

Methods
Literature search

Electronic search was performed independently by multi-
ple investigators from the date of inception until June
2019. The following databases were used for literature
review: PubMed, Web of Science, Embase, Cochrane
Library, VIP Database, China Knowledge Resource
Integrated Database, and Wan Fang Database. The
following search terms were used: (1) “Osteotomy or
Transtrochanteric Rotational Osteotomy or TRO or
Sugioka’s osteotomy”; and (2) “Osteonecrosis or Avascu-
lar necrosis or ON or AN and Femur head or Femoral head
or FH.” References for the retrieved studies were also
checked by the investigators, and duplicate studies were
discarded after thorough evaluation.

Selection criteria
961
Full-text articles were selected according to the following
inclusion criteria: (1) observational studies in English or
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patients with high confidence of ONFH diagnosis; (3)
TRO (ARO or PRO) was used for the treatment ONFH
based on the original technique described by
Sugioka[18,19]; and (4) the presence of Kaplan-Meier
survival curves or some original data in the full-text
articles to calculate the 5- or 10-year hip survival rate after
surgery, with conversion to THA, hemi-arthroplasty, or
radiographic failure as the clinical endpoints.

The articles were excluded according to the following
criteria: (1) case reports, reviews, editorials, letters to
editors, animal experiments, or surgical techniques; (2) the
studies which did not contain the hip survival rate after
TRO; (3) the studies followed up for less than 5 years; and
(4) the studies which were not for TRO based on the
original technique described by Sugioka.

Data extraction
All data were mined using a pre-defined data extraction
form that included the following information: (1) the
surname of the first author; (2) the year of publication; (3)
study methodology; (4) the number of patients; (5) the
range of ages; (6) the follow-up time; (7) Kaplan-Meier
survival curves hip of hip survival rate after TRO, with
conversion to THA, hemi-arthroplasty or radiographic
failure as the endpoints; (8) original data in the full-text
articles that can be used to calculate the 5- or 10-year hip
survival rate after TRO; and (9) the clinical outcomes at the
end of the follow-up, including Merle d’Aubigne and
Postel hip score (Excellent and good rate).

Data were extracted from survival curves and transformed
for meta-analysis according to the method reported by
Zhou et al.[27] Corresponding authors were contacted by
email if the required information was not available in the
included studies. Any disagreements between investigators
were resolved by discussion with a third reviewer.

Assessment of risk of bias in the included studies
The methodologic quality of the included studies was
assessed using the Newcastle-Ottawa Scale (NOS) for
assessing risk of bias (ROB) in case-control and cohort
studies[28] and using the Cochrane Collaboration for
assessing ROB in RCTs.[29] Any discrepancy between
studies was resolved through discussion.

Implementation of meta-analysis with non-comparative
binary data

Of the included studies, 15 were cohort studies without
control groups, and four were case-control studies with
dissimilar control groups. Therefore, the data, including
hip survival rate or excellent and good rate after TRO,
provided in all the included studies were considered as non-
comparative binary variables, and the effect indicator with
their standard errors (SEs) were calculated using the two
methods reported by Chen et al[30] using the following
parameters: P, the hip survival rate or excellent and good
rate after TRO; SE; X, the number of hip survival patients
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or excellent and good rate patients; and n, the total number
of patients.

Results

included studies
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Method 1: when the total number of patients (n) was large
enough and both n � P and n� (1� P) are greater than 5,
the following formula was used for calculation:

P ¼ X=n and SE ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Pð1� PÞ=n

p

The meta-analysis with the outcomes was conducted using
RevMan software by using risk difference (RD) as the
effect index and the Generic Inverse Variance was then
selected to calculate the merged effect size.

Method 2: when the numbers of hip survival patients or
excellent and good patients (X) were 0 or both n� P and n
� (1 � P) were less than or equal 5, the following formula
was used for the calculation:

P ¼ lnðoddsÞ ¼ lnðX=ðn�XÞÞ and SE
¼ SEðlnðoddsÞÞ ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1=X þ 1ðn�XÞ

p

The meta-analysis with the outcomes was conducted using
RevMan software using odds ratio (OR) as the effect
index, and then generic inverse variance was selected to
calculate the merged effect size. However, the final pooling
rate (Pf) and its 95% confidence interval (CI) were further
using the following formulas:

Pf ¼ OR=ð1þORÞ

95%CI lower limit : LL ¼ LLOR=ð1þ LLORÞ
95%CI upper limit : UL ¼ ULOR=ð1þ ULORÞ

Sensitivity analysis
arthroplasty as the endpoint
Where appropriate, a sensitivity analysis was performed
by excluding one study at a time to weigh up the
relative influence of each individual study on the pooled
effect size.

Statistical analysis
962
Statistical analysis was performed using the Review
Manager software (RevMan 5.3, Cochrane Collaboration,
London, UK). A statistical cutoff of significance for the
overall estimates of effect was set at P< 0.05. The OR and
RD for non-comparative binary data (hip survival rate
after TRO, excellent, and good rate) with the 95% CIs for
each outcome were calculated according to the method
reported by Chen et al.[30] Heterogeneity among studies
was assessed by I2 using the standard Chi-squared test, and
a fixed effects model was used for meta-analysis when a
study was identified as statistically homogeneous (P > 0.1
and I2< 50%). On the contrary, a random-effects model
was used for analysis, and the sources of heterogeneity
were analyzed, when statistical heterogeneity among
studies was identified (P< 0.1, I2> 50%). The funnel
plot was used to assess publication bias, which was
identified by an asymmetry in the funnel plot.

2

Search results

A total of 7045 studies were identified by the preliminary
literature search, of which only 5466 duplicate articles
were excluded. Of the retained 1579 studies, 1545 were
excluded based on the inclusion, and exclusion criteria
mentioned in the Methods section. Full-text review of the
remaining 34 studies resulted in the selection of a final set
of 19 English publications. No extra articles were eligible
for inclusion from the references lists in the retained
articles. The search and exclusion process are shown in
Figure 1.

Characteristics of the included studies
Among the 19 selected studies, 4 were retrospective case-
control studies and 15 were retrospective cohort studies
[Table 1]. Eleven of the 19 included studies were conducted
in Japan, 4 were conducted in Korea, and 4 were
conducted in non-Asian countries including the United
States, the Netherlands, Austria, and France [Table 1].

Regarding discrepancy in methodologies, a meta-analysis
was conducted separately for cohort studies and case-
control studies.

Assessment of ROB and methodologic quality of the
The methodologic quality of the included studies was
assessed using the NOS. The details of NOS scores are
shown in Supplementary Tables 1 and 2, http://links.lww.
com/CM9/A137. Themethodologic quality of the included
studies was relatively stable. However, all included studies
were retrospective case studies rather than RCTs, which
may lead to selection bias, performance bias, and attrition
bias.

Hip survival rate after TRO, with conversion to THA or hemi-
A meta-analysis was conducted on the 5- and 10-year hip
survival rate after TRO with conversion to THA or hemi-
arthroplasty as the endpoint.

Five-year hip survival rate after TRO
Among the articles that reported the 5-year hip survival
rate after TRO, with conversion to THA or hemi-
arthroplasty as the endpoint, seven cohort studies (395
hips)[24,31,36,38,39,40,43] were eligible for Method 1. Fixed
effects model meta-analysis showed heterogeneity between
studies (I2= 79%, P< 0.0001) [Figure 2A]; thus, the sub-
group analysis was adopted.

The population was divided into Asian and non-Asian sub-
population due to discrepancy of reports betweenAsian and
non-Asian countries methods. Among the included studies,
four were performed on Asian population and three were
performed on non-Asian population. In the Asian sub-
population, fixed effects model meta-analysis (I2= 0%,

http://links.lww.com/CM9/A137
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P= 0.45) showed that the hip survival rate in 5 years after
TRO was 0.86 (95% CI 0.82–0.89, P< 0.00001)

endpoint, six cohort studies,[24,33,35,37,41,42] including 152
patients, were eligible for Method 2. Fixed effects model

Figure 1: Meta-analysis flow chart. CNKI: China national knowledge infrastructure; Embase: Excerpta Medica database; TRO: Transtrochanteric rotational osteotomy; VIP: VIP Database.

Chinese Medical Journal 2019;132(24) www.cmj.org

963
[Figure 2A]. On the contray, fixed effects model meta-
analysis (I2= 36%, P= 0.21) showed that the 5-year hip
survival rate after TRO was 0.55 in the non-Asian sub-
population (95% CI 0.43–0.67, P< 0.00001) [Figure 2A].

Among the articles that reported the hip survival rate for 5
years after TRO, with THA or hemi-arthroplasty as the

2

meta-analysis showed significant heterogeneity across
studies (I2= 11%, P= 0.35) [Figure 2B]; therefore, the
fixed effects model was adopted. According to the
formulas in Method 2, the final pooling of data showed
that the 5-year hip survival rate after TRO, with THA or
hemi-arthroplasty as the endpoint, was 0.90 (95% CI
0.79–0.95, P< 0.00001) [Figure 2B].

http://www.cmj.org
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In addition, all the four case-control studies, including 292
patients,[44-47] were eligible for Method 1. Random effects

fixed-effects model was adopted. According to the
formulas in Method 2, the final pooling of data showed

Figure 2: Forest plot showing hip survival rate 5 years after TRO. (A) Forest plot showing hip survival rate (with THA or hemi-arthroplasty as the endpoint) 5 years after TRO (cohort studies,
Method 1). (B) Forest plot showing hip survival rate (with THA or hemi-arthroplasty as the endpoint) 5 years after TRO (cohort studies, Method 2). (C) Forest plot showing hip survival rate (with
THA or hemi-arthroplasty as the endpoint) 5 years after TRO (case-control studies). CI: Confidence intervals; df: Degrees of freedom; IV: Inverse variance; SE: Standard error; THA: Total-hip
arthroplasty; TRO: Transtrochanteric rotational osteotomy.
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model meta-analysis (I2= 96%, P< 0.00001) showed that
the 5-year hip survival rate after TRO, with THA or hemi-
arthroplasty as the endpoint, was 0.72 (95% CI 0.53–
0.91, P< 0.00001) [Figure 2C]. Sensitivity analysis
showed that the heterogeneity was still significant after
omitting the non-Asian study of Schneider et al.[47] These
results suggest that the main effects of heterogeneity could
be related to small sample size and discrepancy in control
groups among studies.

Ten-year hip survival rate after TRO
965
Among the included studies that reported 10-year hip
survival rate after TRO, with THA or hemi-arthroplasty
as the endpoint, four cohort studies, including 204
patients[31,38-40] were eligible for Method 1. Fixed-effects
model meta-analysis showed that the heterogeneity
was significant across studies (I2= 84%, P= 0.0004)
[Figure 3A]; so, the sub-group analysis was adopted.

The population was divided into Asian and non-Asian sub-
population. Among the included studies, two were
performed on Asian population and two were from non-
Asian population. For the Asian sub-population, fixed-
effectsmodelmeta-analysis (I2= 0%,P= 0.78) showed that
the 10-year hip survival rate after TRO, with THA or hemi-
arthroplasty as the endpoint, was 0.72 (95%CI 0.65–0.78,
P< 0.00001) [Figure 3A]. For the non-Asian sub-popula-
tion, fixed-effectsmodel meta-analysis (I2= 71%,P= 0.06)
showed that the 10-year hip survival rate after TRO, with
THA or hemi-arthroplasty as the endpoint, was 0.42 (95%
CI 0.28–0.55, P< 0.00001) [Figure 3A].

Among the included articles that reported the 10-year hip
survival rate after TRO, with THA or hemi-arthroplasty as
the endpoint, five cohort studies,[24,33,35,37,41] including
135 patients, was eligible for Method 2. Fixed-effects
model meta-analysis showed non-significant heterogeneity
across samples (I2= 0%, P= 0.45) [Figure 3B]; so, the

2

that the 10-year hip survival rate after TRO, with THA or
hemi-arthroplasty as the endpoint, was 0.89 (95% CI
0.81–0.94, P< 0.00001).

Hip survival rate after TRO, with radiographic failure as the
endpoint

Ameta-analysiswas then performed to determine the 5- and
10-year hip survival rates after TRO with radiographic
failure as the endpoint. Radiographic failure was defined as
secondary collapse of the femoral head or osteoarthritic
change, including osteophyte formation and joint space
narrowing.

Five-year hip survival rate after TRO

Among the studies that reported the 5-year hip survival
rate after TRO, with radiographic failure as the endpoint,
three cohort studies (206 patients)[24,31,32] were eligible for
the Method 1. Fixed-effects model meta-analysis (I2= 8%,
P= 0.34) showed that the 5-year hip survival rate after
TRO, with radiographic failure as the endpoint, was 0.70
(95% CI 0.64–0.76, P< 0.00001) [Figure 4A].

Similarly, three studies,[34,35,39] including 120 patients,
that had reported the 5-year hip survival rate after TRO,
with radiographic failure as the endpoint, were eligible for
the Method 2. Fixed-effects model meta-analysis showed
significant that heterogeneity across studies (I2= 95%,
P< 0.00001) [Figure 4B]; thus, the random-effects model
was adopted. Despite that sensitivity analysis showed that
the heterogeneity originated from the results of Rijnen
et al,[39] the other two studies were also performed by the
same team.[34,35] Regarding the probability of results bias,
we decided to abandon pooling the data.

Ten-year hip survival rate after TRO

Among the included studies that reported the 10-year hip
survival rate after TRO, with radiographic failure as the
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endpoint, only two cohort studies (158 patients)[31,32] were
eligible for Method 1. Fixed-effects model meta-analysis

probability of results bias, we decided to abandon pooling
the data.

Figure 3: Forest plot showing hip survival rate 10 years after TRO. (A) Forest plot showing hip survival rate (with THA or hemi-arthroplasty as the endpoint) 10 years after TRO (cohort
studies, Method 1). (B) Forest plot showing hip survival rate (with THA or hemi-arthroplasty as the endpoint) 10 years after TRO (cohort studies, Method 2). CI: Confidence interval; df: Degrees
of freedom; IV: Inverse variance; SE: Standard error; THA: Total-hip arthroplasty; TRO: Transtrochanteric rotational osteotomy.
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(I2= 40%, P= 0.20) showed that the 10-year hip survival
rate after TRO was 0.53 (95% CI 0.46–0.61,
P< 0.00001) [Figure 5A], with radiographic failure as
the endpoint.

On the contrary, three cohort studies (120
patients)[34,35,39] were eligible for the Method 2, which
had reported the 10-year hip survival rate after TRO, with
radiographic failure as the endpoint. Fixed effects model
meta-analysis showed significant heterogeneity across
studies (I2= 96%, P< 0.00001) [Figure 5B]; so, the
random-effects model was adopted. Although sensitivity
analysis showed that the heterogeneity originated from the
study performed by Rijnen et al,[39] the other two articles
were also performed by the same team.[34,35] Regarding the

2

Hip survival rate after TRO and Merle d’Aubigne and Postel
hip score

A meta-analysis was conducted to evaluate hip survival
rate in patients with excellent and good Merle d’Aubigne
and Postel hip scores after TRO. TheMerle d’Aubigne and
Postel hip score allocates up to 6 points each for pain,
mobility and walking ability. Our meta-analysis included
patients with excellent (17 or 18 points), good (15 or 16
points), fair (13 or 14 points), and poor (�12 points)
scores.

Among the studies that reported excellent and good scores
after TRO at the last follow-up, four cohort studies (171

http://www.cmj.org


Figure 4: Forest plot showing hip survival rate (with radiographic failure as the endpoint) 5 years after TRO. (A) Forest plot showing hip survival rate (with radiographic failure as the endpoint)
5 years after TRO (cohort studies, Method 1). (B) Forest plot showing hip survival rate (with radiographic failure as the endpoint) 5 years after TRO (cohort studies, Method 2). CI: Confidence
intervals; df: Degrees of freedom; IV: Inverse variance; SE: Standard error; TRO: Transtrochanteric rotational osteotomy.

Figure 5: Forest plot showing hip survival rate (with radiographic failure as the endpoint) 10 years after TRO. (A) Forest plot showing hip survival rate (with radiographic failure as the
endpoint) 10 years after TRO (cohort studies, Method 1). (B) Forest plot showing hip survival rate (with radiographic failure as the endpoint) 10 years after TRO (cohort studies, Method 2). CI:
Confidence intervals; df: Degrees of freedom; IV: Inverse variance; SE: Standard error; TRO: Transtrochanteric rotational osteotomy.
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patients)[23,36,40,41] were eligible for Method 1. Fixed-
effects model meta-analysis (I2= 83%, P= 0.0006)

Nevertheless, TRO was recently recommended as an
effective joint-preserving surgery for ONFH by the

Figure 6: Forest plot showing excellent and good rate after TRO (Merle d’Aubigné hip scores) at the last follow-up (cohort studies, Method 1). CI: Confidence intervals; df: Degrees of
freedom; IV: Inverse variance; SE: Standard error; TRO: Transtrochanteric rotational osteotomy.

Chinese Medical Journal 2019;132(24) www.cmj.org
showed that the hip survival rate for excellent and good
(Merle d’Aubigne and Postel hip score) at the last follow-
up after TRO was 0.66 (95% CI 0.47–0.86, P< 0.00001)
[Figure 6].

Discussion

[18]

968
TRO was developed in 1973 by Sugioka as a surgical
treatment to relieve the pain, improve the joint function
and prevent the progressive collapse of femoral head after
osteonecrosis. TRO was divided into two alternative
surgical procedures according to the different direction of
rotation: ARO and PRO. Decision of ARO or PRO is
generally made depending on the location of the necrotic
area that is defined using preoperative lateral radiograph
of the hip. ARO is usually recommended when the necrotic
area in the femoral head is located toward the anterior part
of the weight-bearing surface, while PRO is recommended
when the necrotic area is located more toward the cranial
or posterior part of the weight-bearing surface.[19,20]

In theory, necrotic bone is removed by TRO from the
weight-bearing area and is replaced with normal bone that
can prevent further collapse of the femoral head. Several
reports in Japan and Korea have reported favorable long-
term clinical effects of TRO on ONFH by preserving the
collapsed femoral head for a longer time.[20-22,24,31,37] In
addition, several histologic studies have described newbone
or normal bony architecture covering dead trabeculae as a
result of fibrous tissue proliferation in the dead trabeculae
after TRO,whichwas accompaniedwith vascular ingrowth
and “creeping substitution” appearance.[48,49]

However, studies from the western countries have reported
high failure rates after TRO in the early post-operative
period. Indeed, Dean et al[43] reported only 17%
satisfactory results of TRO for hips with ONFH during
a mean follow-up of 5 years, while 83% of hips showed
further collapse of the femoral head. On the contrary,
Schneider et al[47] reported a 5-year hip survival
probability of 0.26 after Sugioka’s osteotomy, and 0.15
after 10 years, which was also associated with a high
incidence of complications (55.2%). In addition, Rijnen
et al[39] showed that the radiologic survival rate after TRO
was only 54% after 1 year. Therefore, multiple studies did
not recommend TRO due to the high failure rate.

2

Japanese Orthopaedic Association,[25] and a meta-analysis
have recently demonstrated that the clinical outcomes of
THA were not affected by TRO.[26]

The inconsistency in the outcomes of TRO could be related
to differences in various factors, such as the selection
criteria of patients, ethnicity, body mass index of patients,
blood supply to the femoral head, pre-operative stage of
the necrosis, the extent of necrosis, the method of fixation,
the surgical technique, and the post-operative manage-
ment.[36,50] While the TRO signs reported by Sugioka
included relatively widespread necrotic lesions, clinical
outcomes of TRO were better in patients with stage II
disease than in those with stage III disease.[51] In addition,
the incidence of non-union had been decreased by the
replacement of the traditional cancellous bone screw
fixation with more rigid fixation devices, such as the plate
and screw system.[52-54] Furthermore, operative im-
pairment of blood supply to the femoral head and the
post-operative intact ratio could be associated with the
progressive collapse after TRO. In addition, good intra-
operative care should be taken during osteotomy to avoid
the impairment of medial femoral circumflex artery, and a
post-operative intact ratio should be more than 34% to
achieve favorable outcomes.[51,55] Interestingly, the non-
Asian countries study by Langlais et al[40] has reported that
47% of patients with ONFH showed favorable outcomes
within 10 years after TRO, which underscores the
importance of the above factors, especially in Caucasians.

In this regard, we have conducted a meta-analysis to assess
the 5- and 10-year hip survival rates after TRO in an
attempt to solve the controversies on applying TRO for
ONFH treatment that have been raised by the inconsistent
results from different studies.

A total of 19 studies on the use of TRO for ONFH
treatment were eligible for our meta-analysis according to
inclusion criteria. Two calculation methods, Methods 1
and 2, were adopted in this meta-analysis.[30] In addition,
sub-group analysis was performed to evaluate the 5- and
10-year hip survival rates (Method 1) after TRO in ONFH
patients: Asian sub-population and non-Asian sub-popu-
lation. By setting the conversion to THA or hemi-
arthroplasty as the endpoint, the current meta-analysis
showed a higher 5- and 10-year hip survival rates after
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TRO for ONFH patients in the Asian population,
compared with the non-Asian population, regardless the

with larger sample sizes and that include the different races
of Asian and non-Asian population are needed to confirm

1. Feng Y, Yang SH, Xiao BJ, XuWH, Ye SN, Xia T, et al. Decreased in
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method of calculation used. In comparison, although 5-
year hip survival rate after TRO was not satisfactory in
non-Asian population, the 10-year outcome was relatively
tolerable. Moreover, despite the limited literature, the 5-
and 10-year hip survival rates of pooled TRO in ONFH
patients were 0.70 and 0.53, respectively, when choosing
radiographic failure as the endpoint.

Except for two results, heterogeneity was low in this meta-
analysis. One of the two results was from the analysis in
four case-control studies on the 5-year hip survival
rate after TRO with THA or hemi-arthroplasty as the
endpoint. Sensitivity analysis showed that the heterogene-
ity remained significant after omitting the result of the non-
Asian study by Schneider et al.[47] We speculated that the
important factors of heterogeneity could be related to the
small sample size and to discrepancies in the control
groups. The other result was from the analysis of the 5-year
hip survival rate after TROwith radiographic failure as the
endpoint. Although sensitivity analysis showed that the
heterogeneity was originated from the results of Rijnen
et al,[39] another two studies were performed by the same
authors.[34,35] Regarding the probability of results bias, we
decided to abandon pooling the data of the above two
results. In addition, we have also conducted a meta-
analysis on the excellent and good Merle d’Aubigne and
Postel hip scores rates after TRO; however, the heteroge-
neity was significant. We therefore speculated that the
important factors of heterogeneity could be related to the
difference in follow-up time. Therefore, we should be
cautious in interpreting the pooled results.

Finally, certain limitations in this meta-analysis that may
affect the validity of our results should not be ignored.
First, the quality of the included studies is not optimal due
to the lack of RCTs on TRO, which prevented us from
reaching a robust conclusion. Second, we have only
included English and Chinese literatures without consid-
ering the effect of other studies with different languages on
the current results of this meta-analysis, which might cause
some sort of bias in the results. Third, the sources of clinical
heterogeneity were not considered, including age, body
mass index, pre-operative stage and extent of necrosis, the
method of fixation, the surgical technique, and the post-
operative management. Fourth, the number of patients
included in this meta-analysis was relatively small due to
the limited number of studies included, which can weaken
the statistical analysis validity. Finally, we were unable to
detect potential publication bias by funnel plots due to the
limited number of included studies.

In conclusion, given the data collected, our findings
demonstrate that the 5- and 10-year hip survival rates in
ONFH patients after TRO were satisfactory in the Asian
population and were relatively acceptable in the non-Asian
population despite high early failure rates. Therefore, TRO
could be an effective hip-preserving alternative for young
patients or active population with symptomatic ONFH
when patients are appropriately selected, the surgical
procedure is accurately performed, and adequate post-
operative rehabilitation is provided. Nevertheless, RCTs

2

these results.
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