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Abstract: The purpose of the current meta-analysis was to compare the efficacy of core decompression (CD) and 
conservative treatment (CT) for saving femoral heads in patients with avascular necrosis of femoral head (ANFH). 
Four RCTs and two CCTs involving 323 hips with 24- to 48-months follow-up were included in this review. Our results 
suggested CD had a trend of favorable results in contrast to other CT (OR 3.28; 95% CI 0.77-14.02; P = 0.11) but 
saved much less hips compared to biophysical treatments [odds ratio (OR) 0.37; 95% CI 0.18-0.74; P = 0.005]. In 
the stratified survival rate analysis by ANFH stage, interestingly, CD group got a significantly higher successful rate 
of hip joint conservation than other CT group in both stage I and stage II-III (stage I: OR 4.43; 95% CI 1.34-14.65; 
P = 0.01; stage II-III: OR 6.75; 95% CI 2.18-20.90; P = 0.0009). In the biophysical stimulation subgroup, however, 
an even higher frequency of survived hips were observed compared to CD group at stage II-III (CD vs. biophysical 
stimulation: OR 0.34; 95% CI 0.17-0.67; P = 0.002). In conclusion, performing CD for ANFH is effective for prevent-
ing femoral collapse within a short-term follow-up, but an even higher successful rate were expected by biophysical 
stimulations. Nevertheless, the short-term follow-up, the small sample size of the current meta-analysis only provide 
limited quality of evidence, which required confirmation from further large-scale, well-designed RCT with longer 
follow-up.
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Introduction 

Osteonecrosis or avascular necrosis of femoral 
head (ANFH) is a disabling clinical disease that 
affects 20,000 persons each year in the United 
States. The progressive diseases is character-
ized by reduced local blood flow, death of the 
osteocytes and the bone marrow [1], leading to 
a progressive destruction of bone architecture, 
subchondral fracture, extensive hip pain and 
loss of joint function. Ultimately, after collapse 
of femoral head, a standard total hip arthro-
plasty (THA) is indicated [2, 3]. 

However, because of the young age of many of 
these patients, a hip replacement cannot be 
expected to last the patient’s lifetime; there-
fore, when feasible, attempts should be made 

to save the femoral head prior to collapse with 
less invasive treatment modalities [4-6]. Core 
decompression (CD) is an easy-performed and 
popular procedure which has been used for the 
treatment of the osteonecrosis for approxi-
mately three decades [7-9]. CD performs the 
therapeutic effect mainly through the reduction 
of intra-medullary pressure, therefore prevent-
ing neurovascular compression and promoting 
healthy new bone formation [10]. A systematic 
review has revealed that the total clinical suc-
cess rate of CD, with or without cancellous 
bone grafting, was 63.5%, and the rate for sub-
sequent joint replacement surgery or hip sal-
vage surgery was about 33% of the patients [8]. 

In the last decade, non-invasive treatment 
options with potential benefits were also widely 
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considered for this population. Pharmacologic 
agents, which have been used to treat osteone-
crosis of the hip are statins [11, 12], anticoagu-
lants [13, 14], prostacyclin [15, 16], and bispho- 
sphonates (Bps) [17-26]. Moreover, extracorpo-
real shock-wave therapy (ESWT) [27-29] and 
electromagnetic therapy [30-32], have shown 
effective for early ANFH due to the increased 
ingrowth of neovascularization and new bone 
formation. However, there is still considerable 
controversy concerning effectiveness of such 
conservative treatments (CT) [9, 10].

In order to achieve a practical clinical decision, 
an integrative understanding of the clinical suc-
cessful rate was needed for patients in CD 
group and CT group. From our literature search, 
there are 3 reviews aiming to compare the two 
therapeutic treatments in ANFH patients. 
Nevertheless, all of them only included uncon-
trolled trials and did not clarify all the varied CT 
procedures, which dramatically impaired the 
strength and complicated the interpretation of 
their conclusions [7-9].

Therefore, it is still unclear whether CD or CT 
has a better efficacy. It is necessary to perform 
a quantitative synthesis of the controlled trials 
using rigorous methods. Herein, we conducted 
the current study to analyze and evaluate the 
survival rates of femoral heads treated with CD 
or CT by summarizing all available controlled 
clinical trials in a meta-analysis manner. 

Methods

Literature search 

Electronic databases (PubMed, EMBASE, and 
the Cochrane Central Register of Controlled 
Trials) were searched restricted to “clinical tri-
als” by two independent investigators (HYC. 
and LT.), which were updated in October, 2014. 
The search used terms and Boolean operators 
as follows: “(osteonecrosis of the femoral head 
OR femoral head necrosis OR necrosis of femo-
ral head) AND (core decompression OR center 
decompression)”. There was no limitation on 
year of publication, or publication status. We 
manually searched reference lists of review 
articles and included studies to identify other 
potentially eligible studies as well.

Identification of eligible studies 

Trials were included if they contained all of the 
following: (1) The study was randomized con-

trolled trials (RCTs) or controlled clinical trials 
(CCTs); (2) The study exclusively targeted 
patients with ANFH; (3) The treatments arms 
comprised both CD group and CT group; (4) The 
study provided with adequate data on clinical 
successful rates after treatments (5) The lan-
guage of publication was English. After exclu-
sion of duplicates, 2 reviewers (ZHM. and LT) 
performed an initial title and abstract screen-
ing of articles to discard those that were clearly 
ineligible, then 2 reviewers (HYC. and ZHM.) 
independently examined the full article to 
assess the trials for eligibility for inclusion, with 
disagreements resolved by discussion. Cita- 
tions were excluded if (1) They were non-con-
trolled clinical trials; or (2) They combined CD 
with other procedures to treat ANFH; or (3) No 
information of survival rate of hips was provid-
ed. If necessary, we attempted to contact the 
author of the original report to obtain further 
details. In addition, the level of evidence of 
each study was rated on basis of Oxford Centre 
for Evidence-based Medicine-Levels of Evi- 
dence (March 2009) [33]. Disagreement was 
resolved by discussion [34].

Data abstraction, conversion and analysis

From each article we extracted the following 
details: authors, year of publication, and geo-
graphical location of study, study design, study 
population (hips/patients), patient gender/age, 
stage of ANFH, detection of ANFH, CT type, and 
follow-up duration by using standardized forms. 

The outcome of our interest primarily focused 
on the conservation of femoral head after treat-
ment of CD or CT. The femoral head survival 
rates were defined as avoidance of THA or any 
other further intervention at the end of follow-
up. Those data across the inclusion studies 
were pooled and summarized estimates of 
treatment effect as odds ratio (OR) with 95% 
confidence intervals (CI) using the Mantel-
Haenszel method. We also assessed the incon-
sistency I2 to describe the percentage of the 
variability in effect estimates due to the hetero-
geneity. We considered P value of I2 less than 
0.05 as the substantial heterogeneity. Fixed 
effects model would be applied if there were no 
statistical heterogeneity among the studies; 
otherwise, we used the random effects model 
[34].

Although various classification systems were 
applied among studies, they shared fundamen-
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tal similarities and therefore the equivalent 
classification systems were converted in accor-
dance with Ficat classification system [4, 35]. 
Then stratified survival rate was analyzed, in 
which the extracted follow-up data were investi-
gated after equivalent stage classification 
being made, including group 1: stage I and 
group 2: stage II-III. The combination of stage II 
and III were due to the insufficient number of 
patients in an individual stage. In addition, sub-
group analysis will be performed according to 
the varied CT type in each study to explain the 
substantial heterogeneities, if applicable.

The Review Manager (RevMan 5.3) software 
program (The Nortic Cochrane Centre, Copen- 
hagen, Denmark, provided by The Cochrane 
Collaboration) was used for graphical represen-
tation of the pooled data. 

To assess for publication bias, we conducted 
funnel plots to examine sample size versus 
treatment effect across included studies. 
Results from small studies scatter widely at the 
bottom of the graph, whereas the spread nar-
rows for larger studies. In the absence of bias, 
the plot resembles a symmetrical inverted fun-
nel. Conversely, if there is bias, funnel plots are 
often skewed and asymmetrical [34]. In addi-
tion, we performed post hoc sensitivity analysis 
by omitting the every single study from the main 
meta-analysis to determine their influences to 
overall effects [36]. 

patients with follow-up of 24-48 months, 
among which, the conservative strategies var-
ied in CT group and there are 4 studies using 
pulsing electromagnetic fields (PEMF) [42], 
physical therapy [38], restricted weight bearing 
[39], or extracorporeal shock wave treatment 
(ESWT) [40], respectively. The other 2 studies 
did not specify the conservative procedures 
[37, 41]. The included studies exclusively tar-
geted ANFH patients, most of whom were 
caused by chronic usage of steroid or alcohol. 
Only one study targeted patients with sickle cell 
disease and did not provide stratified survival 
rates [38]. The studied patients were all within 
stage III according to Ficat system [37, 39, 42], 
Steinberg (University of Pennsylvania staging 
system) [38], or Association Research Circu- 
lation Osseous (ARCO staging system) [40, 41]. 
Overall, the level of evidence for the mentioned 
studies ranged from 1b to 2b1 [33].

Survival rate of femoral head treated with CD 
group vs. CT group

As an end-point of follow-up, all of the six includ-
ed studies reported the survival rate. The main 
meta-analysis were performed using the six 
studies with 323 hips (CD group 160 hips and 
CT group 163 hips were followed) [37-42]. From 
Figure 2, substantial heterogeneities were 
observed across the included studies in the 
comparison of overall rate of surviving femoral 
head between CD group and CT group (I2 = 

Figure 1. A flow diagram demonstrates the method of article selection for 
clinical study inclusion. 

Results

Study identification

Figure 1 detailed articles iden-
tification, inclusion, and exclu-
sion. Our search strategy ini-
tially yielded 169 citations. Of 
these, we included 4 RCTs and 
1 CCTs. Additionally, we found 
1 relevant CCT [37] from the 
references of a review article 
[8]. Therefore, 6 studies with 
323 hips (CD group: 160 hips 
and CT group: 163 hips) pro-
viding usable information 
were included in this meta-
analysis [37-42]. Table 1A and 
1B shows the characteristics 
of the included articles. All 
studies were comparing CD 
and CT treatments in ANFH 
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81%, P < 0.0001), thereby the random effects 
model was used. The heterogeneities mainly 
stemmed from the varied conservative strate-
gies across studies. For instance, the efficacies 
of biophysical intervention adopted by Aaron’s 
(PEMF) [42] and Wang’s study (ESWT) [40], are 
much stronger than the other conservative 
treatment, like restricted weight-bearing [39]. 
Our subgroup analysis divided by the CT type 
(CD vs. biophysical stimulation or CD vs. other 
CT) confirmed this assumption, heterogeneities 
were almost absent among CD vs. biophysical 
stimulation studies (I2 = 0%, P = 0.93; Figure 2) 
and in the rest studies the inconsistencies were 
reduced (I2 = 69%, P = 0.02; Figure 2). 
Interestingly, the comparison of CD vs. biophys-
ical stimulation implied CD had a significantly 
less survival rate of hips compared to biophysi-
cal treatments (OR 0.37; 95% CI 0.18-0.74; P = 
0.005; Figure 2). However, a trend of favorable 
results for CD was found in contrast to other CT 
(OR 3.28; 95% CI 0.77-14.02; P = 0.11; Figure 
2) in the comparison of CD vs. other CT. In addi-
tion, our sensitive analysis suggested that, by 
omitting Neumayr’s study [38], the advantage 
of CD vs. other CT turned out to be statistically 
significant (CD vs. other CT: OR 5.15; 95% CI 

1.02-26.01; P < 0.05). The participants of this 
study were much younger (24.7-26.4 years) 
and with a distinct etiology of ANFH (sickle dis-
ease) might be the reason (Table 1A and 1B).

Stratified survival rate of femoral head treated 
with CD group vs. CT group

Four studies involved with 54 hips described 
usable data in pre-collapse phase (Ficat stage 
I) of osteonecrosis but the results from Wang’s 
study (ESWT) [40] were not estimable due to 
the 100% survival rate in both groups. The data 
from the rest three studies using other CT were 
used for meta-analysis and only moderate het-
erogeneities were detected (I2 = 58%, P = 0.09; 
Figure 3) [37, 39, 41]. The fixed effects model 
was therefore applied and we found hips (66%, 
21 of 32 hips; Figure 3) treated with CD sur-
vived more than those treated with other CT 
(40%, 5 of 20 hips; OR 4.43; 95% CI 1.34-
14.65; P = 0.01; Figure 3). Thus, CD group got 
a significantly higher successful rate of hip joint 
conservation than CT group when treatment 
was performed at stage I.

In the treatment of the ANFH with Ficat stage 
II-III, 5 studies with a total of 228 hips were 

Table 1A. Characteristics of the included studies

Author/Year/Area Study 
design

Number of hips Gender (F/M) Average age (year)
CD CT CD CT CD CT

Aaron/1989/USA CCT 50 56 NA NA 43 ± 2 43 ± 3
Koo/1995/Korea RCT 18 19 NA NA 47 (18-68) 47 (18-68)
Neumayr/2006/USA RCT 17 21 9 10/11 24.67 26.41
Robinson/1993/USA CCT 19 16 NA NA NA NA
Stulberg/1990/USA RCT 29 26 NA NA 38.6 (15-65) 38.6 (15-65)  
Wang/2005/Taiwan RCT 28 29 2/23 3/20 39.9 ± 9.3 39.8 ± 12.1
Abbreviations: CD: core decompression; CT: conservative treatments; CCT: controlled clinical trial; RCT: randomized controlled 
trial; NA: Not available. 

Table 1B. Characteristics of the included studies

Author/Year/Area
Stage of ANFH (n)

CT type Average follow-up 
(month)

Level of 
evidence*CD CT

Aaron/1989/USA Ficat stage II (26), III (24), Ficat stage II (23), III (33), PEMF CD: 38 ± 3; CT: 35 ± 2 2b

Koo/1995/Korea ARCO: stage I, II (19); III (11) ARCO: stage I, II (25); III (6) No Specified 24-45 1b

Neumayr/2006/USA Upenn stage I (2), II (5), III (10), Upenn stage I (8), II (6), III (7), Physical Therapy 36 1b

Robinson/1993/USA Ficat stage 0 (4) I (6); II (9) Ficat stage 0 (2) I (3); II (11) No Specified 48 2b

Stulberg/1990/USA Ficat stage I (10); II (7); III (11) Ficat stage I (5); II (7); III (10) Nonweight bearing 26.8 1b

Wang/2005/Taiwan ARCO: stage I (2); II (17); III (9) ARCO: stage I (3); II (10); III (16) EWST 24 1b
Abbreviations: CD: core decompression; CT: conservative treatments; ANFH: avascular necrosis of femoral head PEMF: pulsing electromagnetic fields; ARCO: Association 
Research Circulation Osseous; Upenn: University of pennsylvania system (Steinberg); ESWT: extracorporeal shock wave treatment; *The level of evidence was rated on 
basis of Oxford Centre for Evidence-based Medicine-Levels of Evidence (March 2009). 
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reported [37, 39-42]. The remarkable heteroge-
neities were observed among the five studies 
(I2 = 80%, P = 0.0006). Similarly, when sepa-
rately analyzed by CT type, heterogeneities 
were greatly decreased to be insignificant in 
both subgroups (CD vs. biophysical stimulation 
studies: I2 = 0%, P = 0.62; CD vs. other CT stud-
ies: I2 = 56%, P = 0.10; Figure 4). Therefore 

meta-analysis was conducted in fixed effect 
model. In the comparison of CD vs. biophysical 
stimulation, 39 of 76 hips (51%; Figure 4) treat-
ed in CD group were preserved, and a signifi-
cantly higher frequency of survived hips were 
observed in biophysical intervention group 
(74%, 61 of 82 hips; CD vs. biophysical stimula-
tion: OR 0.34; 95% CI 0.17-0.67; P = 0.002; 

Figure 2. Graph showing comparing overall survival rate of femoral heads between core decompression (CD) and 
conservative treatment (CT) group in all the included patients. Then the results were divided into biophysical stimu-
lation and other CT subgroups. The size of each square is proportional to the weight of the study. Z: p value of 
weighted test for overall effect, CI: confidence interval, df: degree of freedom, I2 test statistic.

Figure 3. Graph showing comparing survival rate of femoral heads between core decompression (CD) and conser-
vative treatment (CT) group in all the included patients at stage I. Then the results were divided into biophysical 
stimulation and other CT subgroups. The size of each square is proportional to the weight of the study. Z: p value of 
weighted test for overall effect, CI: confidence interval, df: degree of freedom, I2 test statistic.
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Figure 4). In the later comparison, other CT 
seemed disappointedly inadequate to save 
hips, only 7 of 37 hips (19%; Figure 4) survived, 
which was obviously less than that in CD group 
(61%, 20 of 33 hips; CD vs. Other CT: OR 6.75; 
95% CI 2.18-20.90; P = 0.0009; Figure 4).

Funnel plots did not demonstrate evidence of 
publication bias for overall survival rate of fem-
oral heads between CD and CT group in all 
studies (Figure 5). 

the core track may promote the formation of 
healthy bone by reducing bone marrow pres-
sure as well as inducing neovascularization. 
The clinical efficacy of CD was reported to 
closely associate with the stage and the size of 
necrotic lesion [27]. According to a previous 
systematic review conducted by Mont et al [8], 
stratification of the core decompression group 
into Ficat stages revealed better results for 
treatment of osteonecrosis in its early stages. 
Femoral head survival rate (clinical success) 

Figure 4. Graph showing comparing survival rate of femoral heads between core decompression (CD) and conser-
vative treatment (CT) group in all the included patients at stage II-III. Then the results were divided into biophysical 
stimulation and other CT subgroups. The size of each square is proportional to the weight of the study. Z: p value of 
weighted test for overall effect, CI: confidence interval, df: degree of freedom, I2 test statistic.

Figure 5. Funnel plot for overall survival rate of femoral heads between core 
decompression (CD) and conservative treatment (CT) group in all studies 
showed no publication bias in visual.

Discussion

The treatment for ANFH rema- 
ins controversial and it is 
divided in conservative thera-
py and surgical procedures. 
Surgical interventions include 
core decompression, vascu-
larized or non-vascularized 
bone-grafting, muscle pedicle 
grafting, rotational osteotomy, 
and total hip arthroplasty. 
While non-operative treat-
ments include the use of bi- 
sphosphonates, statins, anti-
coagulants, biophysical stimu-
lation with PEMF and ESWT [4, 
43].

CD is a widely used treatment 
for patients with ANFH, and 
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was 84% (190 of 227 hips) for Stage I, 65% 
(155 of 239 hips) for Stage II, and 47% (40 of 
86 hips) for Stage III. Stratification by other eti-
ologic and demographic factors did not influ-
ence overall percentages. Another two review 
articles reported similar results [7, 9], therefore 
all of these 3 reviews suggested CD would have 
better results than CT group for treating ANFH 
especially at early stage [7-9]. However, lack of 
controlled trials and insufficient detailed expla-
nation of the varied conservative procedures, 
which dramatically impaired the strength and 
complicated the interpretation of their con- 
clusions. 

In our meta-analysis, all the included studies 
were performed in a comparative manner. To 
achieve better clinical and practical under-
standing, the results from meta-analysis were 
stratified into Ficat stage I and stage II-III. 
However, the substantial heterogeneities were 
detected, which might due to varied procedures 
in CT groups. Subsequently, the most distinct 
aspect of our current meta-analysis was we 
successfully clarified the sources of such het-
erogeneities by our subgroup analysis. Also, the 
subgroup analysis was able to extensively 
explain the discrepancy of clinical results 
between biophysical intervention and other CT.

Specifically, the distinct mechanism of individu-
al CT adopted in the included studies might be 
the reason. For example, reduced weight-bear-
ing on the affected hip joint was adopted in one 
of our included studies as CT group, which have 
been advised with the expectation of preven-
tion of femoral head collapse during the healing 
process of ANFH but it has been now been uni-
versally agreed this is not adequate to serve 
the purpose [44]. It is because the uncoupling 
bone formation and bone resorption in the 
necrotic area could not be reversed or retarded 
by the reduced loading [44]. Accordingly, our 
meta-analysis suggested CD generated a high-
er survival rate of femoral head than CT, such 
as restricted weight-bearing, both in stage I and 
stage II-III ANFH. This is also consistent with 
previous reviews [7-9]. On the other hand, the 
rationale for the use of ESWT or electromag-
netic therapy for ANFH rested on that their stim-
ulating neovascularization and new bone for-
mation [44]. From literature search, the recent 
clinical trials regarding ESWT [27-29] and elec-
tromagnetic therapy [30-32] for early ANFH pro-
vided very encouraging results. Importantly, 

our current meta-analysis was first to support 
that biophysical intervention, like PEMF and 
ESWT were clearly more effective for prevent-
ing femoral head collapse compared to CD 
even at stage II-III. Although in stage I the data 
from Wang’s study (ESWT) was not estimable 
using meta-analysis, the observed 100% sur-
vival rates in both CD and ESWT group at this 
stage suggested a stronger curative efficacy of 
ESWT at earlier stage ANFH.

In addition, physical therapy achieved a rela-
tively high successful rate (86%, 18 of 21 hips) 
which is comparable to that in CD group (82%, 
14/17 hips) in Neumayr’s study [38]. This study 
recruited much younger patients (24.7-26.4 
years old) with sickle disease which might imply 
the age and the etiology of ANFH might influ-
ence the outcome of conservative treatments 
although further research should be carried out 
to confirm this.

There are some limitations of this study should 
be discussed. First of all, only published stud-
ies were included in the present meta-analysis. 
Thus, publication bias may have occurred. But, 
secondly, the heterogeneity, as one of the 
major concerns in meta-analysis for the validity 
of meta-analysis [35], may distort the meta-
analysis. However, the potential confounding 
bias and inconsistencies were clearly dis-
cussed by sensitivity analysis and subgroup 
analysis. Last, there were only six studies with 
short- and mid-term follow-up included in the 
current analysis and the number of studies in 
the subgroup analysis was also limited. 
Nevertheless, the current meta-analysis is the 
first comparing CD with CT in a comparative 
manner by summarizing all the available RCTs 
and CCTs, which was expected to provide evi-
dence with higher quality for clinical practice or 
future research.

Bearing in mind the above-mentioned limita-
tions, the interpretation of above finding has 
clinical significances. Owing to the young age of 
many of these patients, a hip replacement can-
not be expected to last the patient’s lifetime. 
Therefore, the clinical goal of intervention was 
to save the femoral head prior to collapse, and 
the use of less invasive treatment modalities is 
preferred [4-6]. Our results confirmed when 
compared to conventional CT, CD is an effec-
tive strategy for ANFH. However, non-invasive 
biophysical stimulation, such as PEMF and 
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ESWT, is even more promising even at stage 
II-III than invasive CD. 

In conclusion, performing CD for ANFH is effec-
tive for preventing femoral collapse within a 
short-term follow-up, but an even higher suc-
cessful rate were suggested by biophysical 
stimulations. Nevertheless, the short-term fol-
low-up, the small sample size of the current 
meta-analysis only provide limited quality of 
evidence, which required confirmation from fur-
ther large-scale, well-designed RCT with longer 
follow-up.
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