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Background: The efficacy of core decompression plus autologous bone mesenchymal stem cells (BMSCs) for the
treatment of osteonecrosis of the femoral head (ONFH) remains controversial. We conducted a systematic review
and meta-analysis to explore the efficacy of core decompression combined with BMSCs for OFNH patients.

Implantation
Meta-analysis

Methods: We searched PubMed, Embase, Web of Science, and the Cochrane library databases through October
2018 for randomized controlled trials (RCTs) assessing the effect of core decompression combined with BMSCs
for OFNH patients. The primary outcome was the visual analog scale (VAS) score at 6 months, 12 months and 24
months. The pooled data were analyzed using Stata 12.0 software.

Results: Fourteen studies with 540 patients (core decompression + BMSCs = 275, core decompression
alone = 265) were included in our meta-analysis. Compared with the core decompression alone group, the core
decompression + BMSCs group showed a significant decrease in the VAS score at 6 months, 12 months and 24
months, and a decrease in the number of hips undergoing total hip arthroplasty (THA), the Western Ontario and
McMaster Universities (WOMAC) score and the volume of the postoperative necrotic zone. Core decompres-
sion + autologous BMSCs was associated with an increase in HHS postoperatively. No significant difference
existed in adverse events.

Conclusions: Compared with core decompression alone in the treatment of ONFH, the combined utilization of
core decompression and autologous BMSCs has better pain relief and clinical outcomes and can delay the col-

lapse of the femoral head more effectively.

1. Background

Osteonecrosis of the femoral head (ONFH) is a painful disorder that
leads to total hip arthroplasty (THA) in 80% of cases [1]. ONFH is
caused by a critical reduction in the blood supply to the femoral head
and elevation of intraosseous pressure [2,3]. The first presentation of
ONFH may be painless, but ultimately severe pain and loss of move-
ment occur [4]. The pathogenesis and etiology of ONFH are not com-
pletely understood. There are a number of treatment options proposed
for ONFH that include the administration of bisphosphonates [5], an-
ticoagulants [6], vasodilators [7], and bone mesenchymal stem cells
(BMSCs) [8]. Autologous BMSCs have been used for tissue regeneration
in recent years because of their ability to differentiate into multiple cell
lineages, including osteoprogenitor cells [9]. In addition, surgical

treatment options such as core decompression, vascularized cortical
bone graft implantation, and femoral osteotomies have been described.

Implanting BMSCs combined with core decompression for ONFH
was proposed by Hernigou et al., in 2006 [10]. Subsequently, some
other scholars have reported on their experience with stem cell therapy
for ONFH [11,12]. The clinical efficacy of core decompression com-
bined with autologous BMSCs in OFNH patients has been explored re-
cently, but the results are inconsistent [13,14].

To make full use of the available evidence, we performed this meta-
analysis, which makes a direct comparison to determine whether core
decompression combined with autologous BMSCs is superior to core
decompression alone.
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Fig. 1. Flow diagram of the review process.

2. Materials and methods

This work has been reported in line with PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) and
AMSTAR (Assessing the methodological quality of systematic reviews)
Guidelines.

2.1. Search strategy

Databases (PubMed, Embase, Web of Science and the Cochrane
Library) were searched through October 2018. Searches strategies
were used with medical keywords and are listed in the Supplement
S1. We conducted manual searching techniques to identify appro-
priate studies and applied no language restrictions. In addition, fur-
ther relevant reviews and references were manually checked for any
omitted studies.

2.2. Inclusion criteria

Randomized controlled trials were included if they met the
PICOS criteria as follows: Population: patients diagnosed with
ONFH; Intervention: combined application of core decompression
and autologous BMSCs; Comparator: core decompression treated
alone; Outcomes: VAS at 6 months, 12 months and 24 months;
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Number of hips undergoing THA; Harris Hip Score (HHS) at 12
months and 24 months; Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) postoperatively; Volume of the ne-
crotic zone at final follow-up and adverse events (AEs); and Study
design: RCTs.

2.3. Data extraction

Two reviewers independently retrieved the relevant data from ar-
ticles using a standard data extraction form. The extracted data in-
cluded publication date, authors, study design, inclusion and exclusion
criteria, number and demographics of participants, number of included
hips, surgical procedure, duration of follow-up, and outcomes. For
missing data, such as standard deviations, we first tried to contact the
original author. If that did not work, we calculated missing standard
deviations from other available data, such as standard errors, or the
formulas in the Cochrane Handbook for Systematic Reviews of
Interventions. Two reviewers extracted the data independently, and any
disagreement was discussed until a consensus was reached. Pain scores
evaluated by the 0-100 mm visual analog scale (VAS) were converted
to the 0-10 cm (O: no pain, 10: worst imaginable pain) scale. The nu-
merical rating scale was regarded as equivalent to the visual analog
scale.
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2.4. Risk of bias and quality assessment

The methodological bias and quality of the included studies were
assessed by the Cochrane Collaboration's tool for assessing the risk of
bias according to the Cochrane Handbook for Systematic Reviews of
Interventions. It is a two-part tool with seven specific domains: se-
quence generation, allocation concealment, blinding of participants and
personnel, blinding of outcome assessments, incomplete outcome data,
selective outcome reporting and other sources of bias.

2.5. Statistical analysis

Stata 12.0 (Stata Corp., College Station, TX) software was used to
perform the meta-analysis. We used weighted mean difference (WMD)
and 95% confidence interval (CI) to assess continuous variable out-
comes. For dichotomous outcomes, the risk ratio (RR) with a 95% CI
was presented. Heterogeneity between studies was assessed by the I>
test. For I2 < 50%, we used a fixed-effects model for the evaluation;
otherwise, a random-effects model was used. In addition, sensitivity
analysis was performed to explore the source of heterogeneity when
heterogeneity existed. Publication bias, if any, was also identified.

3. Results
3.1. Search results

The process of study selection is presented as a flow diagram in
Fig. 1. Four hundred and twenty-two studies were identified initially,
not including additional studies from the reference lists of relevant
studies, and 159 duplicates were removed. From the 263 records left,
249 were excluded by screening titles and abstracts, leaving 14 po-
tentially relevant studies for full-text review. Finally, 14 studies
[13,15-27] with 540 patients (CD + BMSCs = 275, CD alone = 265)
were included in our meta-analysis (published between 2004 and
2017).

3.2. General characteristics of the included studies

The included studies were published from 2004 to 2018. In addi-
tion, these studies were mainly from Belgium and China. The mean age
of the ONFH patients ranged from 32.7 to 49.7 years. The sample size of
the patients ranged from 8 to 50. The general characteristics of the
included studies are shown in Table 1. Detailed management of BMSCs
is listed in Supplement S2.

Table 1
General characteristic of the included studies.
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3.3. Risk of bias of included studies

The risk of bias summary and risk of bias graph are presented in
Figs. 2 and 3, respectively. For the random sequence generation as-
sessment, the risk of bias was unclear in 5 out of 14 studies and was
high in 1 out of 14 studies. For the allocation concealment assessment,
the risk of bias was unclear and high in 4 and 2 out of 14 studies,
respectively. For the blinding of participants and personnel assessment,
the risk of bias of four trials was unclear, and 4 out of 14 trials had a
high risk of bias in 1 out of 14 trials. For the blinding of outcomes
assessment, the risk of bias was unclear in 3 out of 14 studies. For in-
complete outcome data, the risk of bias in 1 out of 14 trials was unclear.
For the selective reporting assessment, the risk of bias was unclear in 1
out of 14 studies. There was 1 study with an unclear risk of bias in other
items.

4. Results of meta-analysis
4.1. VAS at 6 months, 12 months and 24 months

Five studies enrolling 145 hips reported VAS scores at 6 months
postoperatively. Slight heterogeneity existed between the three studies
(I = 0%; P = 0.950, Fig. 4). Thus, a fixed-effects model was used.
There was a significant difference between the two groups
(MD = —7.08, 95% CI: [-10.68, —3.49], P = 0.000; Fig. 4).

Seven studies enrolling 198 hips reported VAS scores at 12 months
postoperatively. No heterogeneity existed between the three studies
(I = 0%; P = 0.492, Fig. 4). Thus, a fixed-effects model was used.
There was a significant difference between the two groups
(MD = —7.28, 95% CI: [-10.16, —4.39], P = 0.000; Fig. 4).

Eight studies enrolling 136 hips reported a VAS score at 24 months
postoperatively. No heterogeneity existed between the three studies
(I = 0%; P = 0.492, Fig. 4). Thus, a random-effects model was used.
There was a significant difference between the two groups
(WMD = —7.93, 95% CI: [-14.99, —0.87], P = 0.028; Fig. 4).

4.2. Number of hips undergoing THA

The number of hips undergoing THA was reported in two studies
enrolling 399 hips. There was mild heterogeneity between the two
studies (I = 57.9%; P = 0.011, Fig. 5). A random-effects model was
used. There was a significant difference between the two groups
(RR = 0.39, 95% CI: [0.19, 0.78], P = 0.007; Fig. 5).

Author Country Age (y, 1/C) Cases (n, I/C) Diagnostic Disease stage Cell counts Follow-up Intervention Control (drill diameter)
Gangji 2011 Belgium 42.2/45.7 13/11 ARCO /1 22.4 x 107 60 months CD + BMSCs CD (3.0 mm)
Gangji 2004 Belgium 40.9/48.8 10/8 NS NS 92 x 107 24 months CD + BMSCs CD (3.0 mm)
Hauzeur 2018 Belgium 48.0/49.7 19/19 ARCO NS 19.45 x 106 24 months CD + BMSCs CD (4.0 mm)
Pepke 2016 Germany 44.3/44.5 11/14 ARCO 1/11 118 x 106 24 months CD + BMSCs CD (2.0 mm)
Sen 2012 India NA 26/25 ARCO 1/11/111 5 x 108 60 weeks CD + BMSCs CD (4.0 mm)
Tabatabaee 2015 Iran 31/26.8 14/14 ARCO I/11/111 2 x 106 24 months CD + BMSCs CD (2.7 mm)
Zhao 2012 China 32.7/33.8 50/50 ARCO I/11/101 2 x 106 60 months CD + BMSCs CD (1.0 mm)
Chang 2010 China 35.7/32.4 8/8 ARCO 11/111 2.9 x 106 12 months CD + BMSCs CD (3.0 mm)
Sun 2008 China 36/36 15/13 ARCO /11 5 x 108 18 months CD + BMSCs CD (2.0 mm)
Yang 2015 China 35.3/37.6 30/26 ARCO I/11 2.9 x 106 18 months CD + BMSCs CD (2.0 mm)
Zhao 2016 China 30.5/35.3 18/18 Steinberg NS 5x 108 24 months CD + BMSCs CD (2.0 mm)
Guo 2008 China 42/42 10/10 ARCO 111 5 x 108 12 months CD + BMSCs CD (2.0 mm)
Ma 2014 China 35.6/34.8 21/18 FICAT 1/11/111 2 x 106 24 months CD + BMSCs CD (4.0 mm)
Rastogi 2012 India 34.7/33 30/30 ARCO 1/11/111 2.9 X 106 24 months CD + BMSCs CD (3.0 mm)
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Fig. 2. Risk of bias graph.

4.3. HHS at 12 months and 24 months

Three studies including 308 hips reported HHS at 12 months post-
operatively. Large heterogeneity existed between the three studies
(1% = 56.6%; P = 0.042, Fig. 6). Therefore, we used a random-effects
model. A meta-analysis showed a significant difference between the two
groups (WMD = 4.80, 95% CI: [2.22, 7.39], P = 0.000; Fig. 6).

HHS at 24 months postoperatively was also reported in the three
studies enrolling 280 hips. There was slight heterogeneity between the
two studies (I = 0.0%; Fig. 6). A fixed-effects model was used. There
was a significant difference between the two groups (WMD = 4.90,
95% CI: [3.06, 6.74], P = 0.000; Fig. 6).
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4.4. WOMAC score postoperatively

Five studies including 154 hips reported WOMAC scores post-
operatively. There was large heterogeneity between the five studies
(I = 90.9%, P = 0.000, Fig. 7). We used a random-effects model, and
the meta-analysis showed that autologous bone marrow stem cell
combined core decompression was associated with a reduction of the
WOMAC score compared with core decompression alone
(WMD = —10.56, 95% CI: [-15.84, —5.28], P = 0.000; Fig. 7).

4.5. The volume of the necrotic zone at final follow-up

The volume of the necrotic zone at final follow-up was reported in
five studies involving 208 hips. Significant heterogeneity existed be-
tween the three studies (I = 71.2%; P = 0.008, Fig. 8). Then, a
random-effects model was evaluated. The meta-analysis showed that
autologous bone marrow stem cells combined with core decompression
was associated with a reduction of the volume of the necrotic zone at
final follow-up compared with core decompression alone
(WMD = —0.05, 95% CI: [-0.08, —0.02], P = 0.000; Fig. 8).

4.6. AEs

Nine studies including 296 hips reported adverse events post-
operatively. We used a fixed-effects model in view of the slight het-
erogeneity (I = 0.0%; P = 0.956, Fig. 9). The meta-analysis showed no
significant difference between the two groups (RR = 1.04, 95% CL:
[0.63, 1.72], P = 0.879; Fig. 9).

4.7. Sensitivity analysis and publication bias

Sensitivity analysis for VAS at 6 months, 12 months and 24 months
can be seen in Supplement S3. After omitting each study in turn, the
overall estimate had not changed. Publication bias is presented in
Supplement S4, and the results showed that there was no publication
bias for VAS at 6 months, 12 months and 24 months.

5. Discussion

This meta-analysis indicates that the addition of autologous BMSCs
in core decompression can result in decreased intensity of postoperative
pain at rest at 6, 12, and 24 months for the ONFH patients. The number
of patients who needed THA and the volume of the necrotic zone was
reduced in the autologous BMSC combined core decompression group.
Moreover, autologous BMSCs combined with core decompression could
significantly increase HHS at 12 months and 24 months. In addition,
autologous BMSCs combined with core decompression could decrease
WOMAC scores compared with core decompression alone. There was no
significant difference between the two groups in terms of adverse
events.

Only two relevant meta-analyses were published on this topic
[28,29]. However, differences between ours and the previous one
should be noted. First, we included 14 RCTs and 540 patients. Fur-
thermore, we performed sensitivity analysis to further increase the ro-
bustness of our meta-analysis. Li et al. [29] published a relevant meta-
analysis of BMSCs combined with core decompression for ONFH pa-
tients. However, this meta-analysis included both RCTs and non-RCTs
for analyses.

We identified VAS at 6, 12, and 24 months as the primary outcome.
The results showed that autologous BMSCs combined with core de-
compression have a beneficial role in reducing pain intensity at 6, 12
and 24 months. Core decompression is an easily performed and popular
procedure that has been used for the treatment of ONFH for approxi-
mately three decades [30]. Previous meta-analyses did not compare the
pain intensity between these two groups. This meta-analysis first
identified VAS at different follow-ups as primary outcomes. The results
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Fig. 4. Mean difference of VAS scores at 6-, 12-, 24-month postoperatively for the combined core decompression and autologous BMSCs group versus the core

decompression alone group.

confirmed that autologous BMSCs combined with core decompression
were superior to core decompression alone. BMSCs have the potential
to differentiate into osteoblasts, endothelial progenitor cells, and he-
mangioblasts, all of which function to repair the necrotic region [31].
Many studies have identified that the BMSC implantation technique is
effective for early-stage ONFH [32,33].

We then compared the number of patients who needed THA be-
tween the two groups. The results showed that autologous BMSCs
combined with core decompression could significantly decrease the
number that needed THA. For hip function, we used HHS and WOMAC

27

as the index. The results showed that autologous BMSCs combined with
core decompression could increase HHS scores at 12 months and 24
months. Moreover, autologous BMSCs combined with core decom-
pression could decrease WOMAC scores at the final follow-up.
However, the mechanism of autologous BMSCs combined with core
decompression for ONFH treatment is unknown. Additional research is
needed to identify optimal culture conditions and to determine the
mechanisms involved in regulating BMMSC differentiation into osteo-
blasts.

There were several limitations in this meta-analysis. First, only
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Fig. 5. Relative risk of hips undergoing THA for the combined core decompression and autologous BMSCs group versus the core decompression alone group.
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Fig. 6. Mean difference of HHS at 12- and 24-month for the combined core decompression and autologous BMSCs group versus the core decompression alone group.
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Fig. 7. Mean difference of WOMAC score postoperatively for the combined core decompression and autologous BMSCs group versus the core decompression alone
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T
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Fig. 8. Mean difference of volume of the necrotic zone at final follow-up for the combined core decompression and autologous BMSCs group versus the core

decompression alone group.

published studies were included in the present meta-analysis. Thus,
publication bias may have occurred, although we followed the inclusion
and exclusion criteria strictly to reduce selection bias and the results of
a statistical test did not indicate otherwise. Second, there was large
heterogeneity between the included studies, and the large hetero-
geneity may influence the final decision for orthopedic surgeons. Third,
the sample size was small in the included studies (n < 50), which may
affect the final results. Overestimation of the treatment effect was more
likely in smaller trials compared with larger samples.
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6. Conclusion

Compared with core decompression alone in the treatment of
ONFH, the combined utilization of core decompression and autologous
BMSC implantation has better pain relief and clinical outcomes and can
delay the collapse of the femoral head more effectively. Considering the
clinical effects, we suggest the administration of combined core de-
compression and autologous BMSC implantation for patients with
ONFH.
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Fig. 9. Relative risk of AEs for the combined core decompression and autologous BMSCs group versus the core decompression alone group.
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