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Abstract

Background Core decompression (CD) has been used to treat early-stage (pre-collapse) osteonecrosis of the femoral head
(ONFH) in an attempt to prevent collapse. Recently, other adjunctive treatments including bone grafting (BG) and bone marrow
mononuclear cells (BMMC) were combined to traditional CD to improve the results. We assessed the efficacy of various CD
modalities and non-operative treatment through a network meta-analysis (NMA).

Methods Nine randomized controlled trials with a minimum two year follow-up were retrieved from PubMed, Embase, and
Cochrane Library search. Treatment modalities categorized into five; (1) traditional CD alone, (2) CD combining BG, (3) CD
combining BMMC, (4) CD combining BG and BMMC, and (5) non-operative treatment. The rate of conversion to total hip
arthroplasty (THA) and the radiologic progression were compared among the five treatments.

Results A total of453 hips were included in our NMA; 151 hips in CD, 70 hips in CD combining BG, 116 hips in CD combining
BMMC, 25 hips in CD combining BG and BMMC, and 91 hips in non-operative treatment. There were no differences in the rate
of THA conversion across all five treatment modalities. The pooled risk ratio compared with non-operative treatment for THA
conversion was 0.92 (95% CI, 0.19-4.43; p = 0.915) in traditional CD; 4.10 (95% CI, 0.37—45.42; p =0.250) in CD combining
BG; 0.30 (95% CI, 0.04-2.49; p = 0.267) in CD combining BMMC:; and 1.78 (95% CI, 0.05-63.34; p = 0.750) in CD combining
BG and BMMC. No significant differences were found in terms of the radiologic progression across all treatments.
Conclusions In the current NMA, we did not find any differences in the rates of THA conversion and radiologic progression
across all CD modalities and non-operative treatment. These results question the assumption that CD changes the natural course
of ONFH. Considering that size of necrotic portion is the major determinant of future collapse of the necrotic femoral head and
the collapse does not occur in small lesions even without any treatment, a large-scale randomized controlled trial is necessary to
confirm the effectiveness of CD.

Level of evidence Level I, meta-analysis.
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Introduction

Since osteonecrosis of the femoral head (ONFH) usually af-
fects young adults, various treatments have been developed to
prevent or delay the progress of the disease [1]. Core decom-
pression (CD) has been the most common treatment for that
purpose over the past 30 years, because it is simple, minimally
invasive, easy to perform, and does not require any special
equipment [2]. To enhance bone regeneration, bone graft
(BG) and bone marrow mononuclear cells (BMMC) have
been combined to traditional CD. However, there has been
debate over the efficacies of these modalities because incon-
sistent outcomes with varying success rates have been report-
ed [3-5].

To date, four meta-analyses have been performed to deter-
mine the effectiveness of CD and concluded that CD was ef-
fective when it was done in the carliest stage ONFH [6-9].
However, all of these meta-analyses had weak statistical
strength because they included non-randomized clinical trials
or observational studies and did not evaluate the efficacies of
adjunctive CD modalities. Moreover, these analyses pertained
to pairwise comparisons between two treatments and did not
provide comprehensive and overall evidence about the effec-
tiveness of various CD modalities and non-operative treatment.

The natural course of ONFH has been well studied [10].
The size of necrotic portion is the major determinant of further
collapse of the necrotic femoral head. The collapse does not
occur in small lesions even without any intervention. Thus,
small pre-collapse lesions do not progress to further stage and
remain in early stage without collapse of necrotic femoral
head. It should be argued that previous studies, which reported
preventive effect of CD, might have included small early le-
sions and resultant selection bias.

The network meta-analysis (NMA) or multiple-treatments
meta-analysis is a recently developed methodology that al-
lows the evaluation of multiple treatment modalities. It com-
pares direct and indirect evidences on relative effectiveness of
numerous treatments and provides a relative ranking of all
treatments in terms of effectiveness with a reliable power [11].

When there are multiple treatments for a certain disease,
and only a few pair-wise comparisons between two treatments
are available, the NMA allows the estimation of efficacies of
the multiple treatments, regardless of whether there have been
direct (head-to-head) comparisons including all treatments. As
far as the effectiveness of treatments for ONFH is concerned,
the NMA application allows direct and indirect comparisons
among various treatments.

In an attempt to compare the efficacy of various CD mo-
dalities and non-operative treatment in patients with ONFH,
we conducted a NMA. The efficacy was investigated by
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comparing the rates of (1) conversion total hip arthroplasty
(THA), (2) radiographic progression, and (3) pain relief.

Materials and methods
Search strategy and selection of studies

This systematic review and network meta-analysis was con-
ducted according to the updated preferred reporting items for
systematic review and meta-analysis (Electronic supplemen-
tary material (ESM) 1) [12], and guidelines for network meta-
analysis [11]. In November 2016, a search was performed on
PubMed-Medline, Embase, and Cochrane Library by using
key terms (osteonecrosis OR aseptic necrosis OR avascular
necrosis AND core decompression).

Two independent reviewers (blinded by authors) screened the
titles and abstracts. They also checked the reference lists of all
potentially eligible studies and review papers to find out addi-
tional relevant publications. Among the searched publications,
we selected studies, which met predefined inclusion and exclu-
sion criteria. The inclusion criteria were (1) RCTs on clinical or
radiologic results of CD in patients with ONFH and (2) studies
reporting at least one of the following main outcomes: the rate of
THA requirement, post-operative collapse rate, and clinical suc-
cess. The exclusion criteria were (1) studies that included trau-
matic ONFH (2) non-RCT, reviews, protocols, basic science
articles, and studies with less than ten subjects. The language
was restricted to English. When updated studies, which involved
the same cohort of patients in a previously published study, were
identified, only the latest study was included in the analysis.

Types of interventions

Treatment modalities categorized into five; (1) traditional CD
using 8—10-mm-wide cannula trephine and multiple drillings
with a 3-mm Steinman pin, (2) CD combined with allogeneic
or autologous BG, (3) CD combined with BMMC, (4) CD
combined with BG and BMMC, and (5) non-operative treat-
ments. Non-operative treatments included non-weight bearing
with crutches, use of analgesics, physical therapy, and bio-
physical stimulation.

Data extraction and outcome measure

From every eligible study, we extracted the first author, year of
publication, study design, number of patients, enrollment pe-
riod, patient characteristics, type of treatment, and length of
follow-up. The primary outcome of interest was the rate of
conversion to THA. The secondary outcome of interest was
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the rates of radiographic progression and clinical success. We
defined radiographic progression as a collapse of the necrotic
femoral head more than 2 mm [13, 14].

Assessment quality and publication bias

Two authors (blinded by authors) independently performed
quality assessment with use of the risk of bias assessment tool,
which was described in the Cochrane Handbook for
Systematic Reviews of Interventions [15]. We assessed publi-
cation bias with Begg’s funnel plot and Egger’s test.

Statistical analyses
Two statistical analyses were performed on the extracted data.
1) Pair-wise meta-analysis

First, we performed a pair-wise meta-analysis on compara-
tive studies [16]. For each study, we calculated the relative risk
with 95% confidence interval (CI) by using crude 2 x 2 tables,
whenever possible. The Mantel-Haenszel method was used to
calculate the odds ratio [17]. Heterogeneity between compara-
ble studies was tested with chi-square (y?) and P test. P> 0.1
and P < 50% were criteria of the statistical heterogeneity.

2) Network meta-analysis

After the pair-wise meta-analysis, we performed a NMA to
determine comparative efficacy among the five treatments.
The probability of superiority, which means the probability
that a certain treatment has the highest success rates among
the multiple treatments in simulation runs, was calculated. If a
treatment had a 70% probability of superiority, it would mean
that the treatment had the highest number of success rates out
of all treatment modalities in 70% of the simulation runs.

All analyses were performed using the “mvmeta” com-
mand [18] of STATA (version 14.0; Stata Corporation,
College Station, TX, USA) and self-programmed STATA rou-
tines described in Chaimani et al. [19] Corresponding 95%
credible intervals (Crls) were obtained using the 2.5th and
97.5th percentiles of the posterior distribution.

This study was exempted from institutional review board
review because it did not involve human subjects.

Results
Description of included studies

We identified nine RCTs: two RTCs comparing CD and non-
operative treatment [4, 5], four RTCs of CD versus CD with

Initial results of publication searches (n = 1449):
MEDLINE (n = 523) EMBASE (n = 868);
Cochrane Library (n=53) Bibliographies (n=5)

| Exclude duplicated articles (n =935)
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Exclude according to selection criteria (n = 435)
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CD combining BG

CD combining
BMMC

CD only

CD combining
BG&BMMC

Non-surgical treatment

Fig. 2 Network plot depicting direct evidence used in network meta-
analysis. Nodes representing the interventions being compared and edges
representing the available direct comparisons. Nodes size and line thickness
are weighted proportional to number of papers providing direct evidence

BMMC [20-23], two RTCs of CD with BG versus non-
operative treatment [3, 24], and one RTC of CD with BG
versus CD with BG and BMMC [14] (Figs. 1 and 2). A total
of 453 hips were included in our NMA; 151 underwent CD,
70 CD with BG, 116 CD with BMMC, 25 CD with BG and
BMMC, and 91 non-operative treatment. The characteristics
of included studies are summarized in Table 1.

Conversion to total hip arthroplasty

THA requirement data were provided in all nine studies. The
overall rate of THA conversion was 24.2% (110/453 hips).
There were no differences in the rate of THA conversion
among the five treatments (Fig. 3a). The probability of supe-
riority was 3.8% in CD, 1.5% in CD with BG, 64.5% in CD
with BMMC, 24.5% in CD with BG and BMMC, and 5.8% in
non-operative treatment.

Radiographic progression

Seven trials [3, 4, 14, 20, 22-24] provided data of radiograph-
ic progression. The overall rate of progression was 29.9%
(116/387 hips). There were no differences in the rate of the
femoral head collapse across the five treatments (Fig. 3b). The
probability of superiority was 0.5% in CD, 1.1% in CD with
BG, 21.4% in CD with BMMC, 64.1% in CD with BG and
BMMC, and 13% non-operative treatment.

Clinical success

Four trials [3-5, 24] involving a total of 185 hips provided
relevant data for clinical success while the remaining five
studies described the change of pain scores [14, 20-23].

Table 1 Characteristics of included individual studies
Study name Enrollment Country Group comparison Conversionto  Radiographic Mean follow-up Inclusion criteria ~ Mean age
period THR (hips) progression (hips) (years)
Stulberg [4] 1983-1987 USA A: CD only A: 828 (29%) A:21/28 (15%) 24 ARCO stages 1-3  38.6
E: Non-surgical E: 13/22 (59%) E: 11/22 (50%)
treatment
Koo [3] 1990-1992 Korea  B: CD+BG B: 13/18 (72%) B: 14/18 (78%) 2 ARCO stages 1-3  45/48
E: Non-surgical E: 13/19 (68%) E: 15/19 (79%)
treatment
Wang [24] 2001-2002 Taiwan B:CD + BG B:9/28 32%) B:7/28 (25%) 2.1/2.1 ARCO stages 1-3  40/40
E: Non-surgical E: 3/29 (10%)  E:2/29 (7%)
treatment
Neumayr [5] 1998-2002 USA A: CD only A:317(18%) —/— 3.13.0 ARCO stages 1-3  25/26
E: Non-surgical E: 0/21 (0%)
treatment
Sen [23] NA India A: CD only A:325(12%)  A: 4/25 (16%) 2/2 ARCO stages 2-3  48/44
C:CD+BMSC  C: 1/26 (4%) C: 1/26 (4%)
Zhao [22] 2004-2006 China A: CD only A:5/44(11%)  A: 10/44(23%) 5/5 ARCO stages 1-2  34/33
C:CD+BMSC  C:0/53 (0%) C: 2/53 (4%)
Ma [14] 2009-2010 China B: CD + BG B:4/24 (17%) B: 8/24 (33%) 22 ARCO stages 1-2  44/45
D, CD + BG, D: 2/25 (4%)  D:2/25 (4%)
and BMMC
Tabatabaee [21] NA Iran A: CD only A:3/14 (35%) —/- 2/2 ARCO stages 1-3  31/27
C:CD+BMMC  C: 0/14 (36%)
Hauzeur [20] NA Belgium A: CD only A:15/23 (65%) A:9/23 (39%) 22 ARCO stage 3 49/48
C:CD+BMMC C:15/23 (65%) C:10/23 (43%)

THR, total hip replacement; CD, core decompression; BG, bone graft; BMMC, bone marrow mononuclear cell NA: non-available
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Treatment Effect Mean with 95%Cl and 95%Prl
CD+ BG + 2.75 (0.17,44.51) (0.02,370.13)
CD+ BMMC g vs Traditional CD  0.32 (0.07,1.60) (0.01,12.92)
CD+ BG&BMMC t 1.19 (0.02,59.07) (0.00,616.36)
Non-operative 1.24 (0.14,10.71) (0.02,84.28)
CD+ BMMC g 0.12 (0.01,2.58) (0.00,22.53)

. vs CD+ BG
CD+ BG&BMMC 4 0.43 (0.03,6.68) (0.00,55.13)
Non-operative 4 0.45 (0.08,2.65) (0.01,21.03)
vs CD+ BMMC
CD+ BG&BMMC 4 3.69 (0.06,227.32) (0.01,2512.06)
Non-operative - 3.83 (0.31,48.15) (0.04,388.27)
vs CD+ BG&BMMC
Non-operative 1.04 (0.04,26.91) (0.00,242.39)
a
T T T
Treatment Effect Mean with 95%CI and 95%Prl
CD+ BG g 0.67 (0.05,9.75) (0.00,729.96)
CD+ BMMC g vs Traditional CD  0.40 (0.10,1.62) (0.00,51.96)
CD+ BG&BMMC . g 0.12 (0.00,4.25) (0.00,742.59)
Non-operative g 0.33 (0.04,2.72) (0.00,129.11)
CD+ BMMC 4 0.61 (0.03,12.43) (0.00,1255.69)
CD+ BG&BMMC + vs CD+ BG 0.17 (0.02,1.92) (0.00,114.87)
Non-operative 4 0.50 (0.09,2.66) (0.00,97.24)
vs CD+ BMMC
CD+ BG&BMMC g 0.29 (0.01,13.67) (0.00,3091.86)
Non-operative 2 i 0.83 (0.07,10.21) (0.00,666.20)
. vs CD+ BG&BMMC
Non-operative <+ 2.87 (0.15,53.69) (0.00,4982.23)
T I T
0.01 01 1 10

interval). The 95% confidential interval included 1, and this means all
treatment comparisons failed to reach a statistical significance

Fig. 3 The interval plot of the odds ratio for the efficacy by a the rate of
conversion to total hip arthroplasty and b radiographic progression rate
(black line indicates confidential interval; red line indicates credible

@ Springer
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Thus, it was not feasible to perform NMA due to a lack of
objective comparisons.

Methodological quality of included studies

Subjects were randomized by established allocation sequence
of each study, and investigators were all blind to the alloca-
tion. Nevertheless, it was unclear whether the included trials
met all the quality assessment criteria (Electronic
Supplementary material 3), because physicians were not blind
to their procedures.

Discussion

In our NMA, there were no significant differences in the rate
of THA conversion and femoral head collapse among various
CD modalities and non-operative treatment. During the last
three decades, CD has been used in early-stage (pre-collapse)
ONFH in an attempt to prevent future collapse of the necrotic
femoral head, and the CD technique has evolved combining
BG and BMMC. However, our results question the fundamen-
tal assumption that core decompression changes the natural
course of ONFH.

Whether CD prevents future collapse of the necrotic fem-
oral head remains an issue of controversy. While several stud-
ies reported excellent results of the procedure [4, 13, 23], other
studies showed that it is not superior to non-operative treat-
ments [6-9]. It is difficult to judge the efficacy of CD proce-
dure due to the variety of modern techniques between studies,
small number of subjects in each study and a paucity of RCTs.
Moreover, the size of necrotic portion, which is the major
determinant of future collapse of the necrotic femoral head,
has not been stratified in most analyses. Most studies, which
supported the efficacy of CD, indicated that the best results
were obtained when this procedure was done in the earliest
stage of the disease with small lesions [2, 25-28]. Considering
that small lesions do not develop femoral head collapse even
without any intervention, it should be argued that these studies
might have had a selection bias including small early lesions.

The stage of ONFH also could be covariant factor in the
analysis of the efficacy of CD. One review demonstrated that
more recent studies have conferred better results than older
studies, but there were fewer stage III hips in the more recent
reports, suggesting that patient selection was an important rea-
son for this improvement [26]. In our study, seven studies had
included stage III lesions, so we expected that subgroup anal-
ysis based on the ONFH stage would reveal that patient selec-
tion was the main determinant of prognosis. However, sub-
group NMA could not be performed, because only four studies
identified their results according to the stage of disease (the
other studies provided stage when enrolled but not at outcome
evaluation) and there was too small sample size in each stage.

@ Springer

Although current study is the first NMA comparing con-
ventional CD with recent modalities by summarizing all the
available RCTs, our NMA still be interpreted cautiously.
Because although various CD modalities have been catego-
rized, the methods of surgical technique or adjuvant proce-
dures within each category are not exactly the same.

Some limitations exist in our NMA study. First, the lesion
size was not stratified. Second, the number of subjects in each
study was small. Third, NMA includes indirect evidence,
which necessitates another level of complexity and assump-
tions than pair-wise meta-analysis. Fourth, the preventive ef-
fect of CD in ONFH remains an issue of controversy. A large-
scale RCT with stratification of necrotic extent is warranted to
determine whether CD really prevents the disease progression
in the patients with ONFH.
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