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�� SYSTEMATIC REVIEW

Comparison of cell therapy and other 
novel adjunctive therapies combined 
with core decompression for the 
treatment of osteonecrosis of the 
femoral head

A SYSTEMATIC REVIEW AND META- ANALYSIS OF 20 STUDIES

Aims
The value of core decompression (CD) in the treatment of osteonecrosis of the femoral head 
(ONFH) remains controversial. We conducted a systematic review and meta- analysis to evalu-
ate whether CD combined with other treatments could improve the clinical and radiological 
outcomes of ONFH patients compared with CD alone.

Methods
We searched the PubMed, Embase, Web of Science, and Cochrane Library databases un-
til June 2020. All randomized controlled trials (RCTs) and clinical controlled trials (CCTs) 
comparing CD alone and CD combined with other measures (CD + cell therapy, CD + bone 
grafting, CD + porous tantalum rod, etc.) for the treatment of ONFH were considered eligible 
for inclusion. The primary outcomes of interest were Harris Hip Score (HHS), ONFH stage 
progression, structural failure (collapse) of the femoral head, and conversion to total hip 
arthroplasty (THA). The pooled data were analyzed using Review Manager 5.3 software.

Results
A total of 20 studies with 2,123 hips were included (CD alone = 768, CD combined with other 
treatments = 1,355). The combination of CD with other therapeutic interventions resulted in 
a higher HHS (mean difference (MD) = 6.46, 95% confidence interval (CI) = 2.10 to 10.83, p = 
0.004) and Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) score 
(MD = −10.92, 95% CI = -21.41 to -4.03, p = 0.040) and a lower visual analogue scale (VAS) 
score (MD = −0.99, 95% CI = -1.56 to -0.42, p < 0.001) than CD alone. For the rates of disease 
stage progression, 91 (20%) progressed in the intervention group compared to 146 (36%) in 
the control group (odds ratio (OR) = 0.32, 95% CI = 0.16 to 0.64, p = 0.001). In addition, the 
intervention group had a more significant advantage in delaying femoral head progression 
to the collapsed stage (OR = 0.32, 95% CI = 0.17 to 0.61, p < 0.001) and reducing the odds 
of conversion to THA (OR = 0.35, 95% CI = 0.23 to 0.55, p < 0.001) compared to the control 
group. There were no serious adverse events in either group. Subgroup analysis showed that 
the addition of cell therapy significantly improved clinical and radiological outcomes com-
pared to CD alone, and this approach appeared to be more effective than other therapies, 
particularly in precollapse (stage I to II) ONFH patients.

Conclusion
There was marked heterogeneity in the studies. There is a trend towards improved clinical 
outcomes with the addition of stem cell therapy to CD.
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Article focus
�� Evaluate whether core decompression (CD) combined 

with other treatments would improve the clinical and 
radiological outcomes of osteonecrosis of the femoral 
head (ONFH) patients compared with CD alone.
�� Investigate which hip- preserving surgery is the best 

for precollapse (stage I to II) ONFH patients.
�� The primary outcomes of interest were Harris Hip 

Score (HHS), ONFH stage progression, structural 
failure (collapse) of the femoral head, and conversion 
to total hip arthroplasty (THA).

Key messages
�� Compared with CD alone, the combination of CD 

with other therapeutic interventions resulted in better 
clinical and radiological outcomes.
�� Cell therapy showed a greater advantage compared 

with other treatments for precollapse (stage I to II) 
ONFH patients.
�� The safety of CD combined with other treatment 

measures is acceptable for ONFH.

Strengths and limitations
�� A comprehensive systematic search and rigorous 

screening were conducted, including 20 controlled 
trials that met the inclusion criteria for a total of 1,379 
records, involving 2,123 hips. We provided results 
based on a relatively large sample size to overcome 
disadvantages of previous studies.
�� Subgroup analysis was conducted to fully compare 

whether four surgical methods can improve the 
outcome of ONFH patients when compared with CD 
alone, and to explore the impact of ONFH stages on 
the results of the study.
�� There is heterogeneity in some outcome indicators. 

Although the subgroup and sensitivity analyses were 
conducted, which may affect the final decision of 
orthopaedic surgeons, the results of a statistical test 
did not indicate otherwise.

Introduction
Osteonecrosis of the femoral head (ONFH) is a debili-
tating disease that may result in collapse of the femoral 
head and progressive hip joint degeneration.1 The total 
number of ONFH cases in the world is estimated to be 
20 million.2,3 In China, there are 8.12 million patients 
with nontraumatic ONFH alone.4 The disease affects a 
relatively young population, and many patients undergo 
surgical treatment (i.e. arthroplasty) before their condi-
tions degenerate into hip arthritis (stage III disease). 
Although total hip arthroplasty (THA) has achieved satis-
factory results for the treatment of advanced ONFH, it is 
not the best treatment for patients in the early stage of 
collapse. Considering the higher risk for THA arthroplasty 

failure in younger patients, it is important to optimize 
joint preservation approaches.5

As the most commonly used hip- preservation treat-
ment, core decompression (CD) can delay the process 
of ONFH to some extent.6 However, its efficacy in the 
treatment of ONFH is still controversial.7-9 Due to the 
lack of effective mechanical support in the necrotic area 
after decompression, the collapse of the bearing surface 
may be accelerated. In addition, this method does not 
address the problems of angiogenesis, bone reconstruc-
tion, and articular surface repair in the necrotic area.10 
Therefore, most joint surgeons only use CD as the basic 
treatment combined with internal fixation support such 
as tantalum rods,11 nonvascularized or vascularized bone 
grafting,12,13 various artificial materials for tissue engi-
neering, cytokines,14,15 and the application of stem cell 
therapy.16-18 However, these approaches have limitations. 
Free vascularized fibular grafting (FVFG) requires micro-
surgical technology and produces great surgical trauma, 
while fibula- related complications, availability of suffi-
cient transplantable bone, and implantation survival 
rate will affect the final treatment effect.19-21 Tantalum 
rods produced by Zimmer Biomet (USA) have problems 
such as lack of bone ingrowth (only 1.9%) and insuffi-
cient support. In addition, the decrease in the strength 
of the greater trochanter leads to stress fracture after this 
procedure.22-25

To date, it is still unclear whether CD combined with 
other treatments has a better efficacy for ONFH patients 
than CD alone, and many studies have reached incon-
sistent conclusions. To this end, we conducted a meta- 
analysis to evaluate whether the combination of CD with 
other treatments would improve the clinical and radio-
logical outcomes of ONFH patients compared to classical 
CD alone.

Methods
This meta- analysis was designed according to the 
Preferred Reporting Items for Systematic Reviews and 
Meta- Analyses (PRISMA) guidelines.26,27

Search strategy. The original papers were primarily re-
trieved from PubMed, Embase, Web of Science, and 
Cochrane Library. The search used terms and Boolean 
operators as follows: osteonecrosis of the femoral head 
OR femoral head necrosis OR necrosis of femoral head 
OR avascular necrosis of femoral head AND core decom-
pression OR centre decompression. The search was per-
formed on 10 June 2020, the language was limited to 
English, and there was no time limit for publication. In 
addition, we manually searched reference lists of review 
articles and included studies to identify other potentially 
eligible studies.
Eligibility criteria. Clinical trials were included if they met 
the PICOS criteria as follows: Populations: ONFH patients 
aged 15 to 70 years; Intervention: combination of CD with 
other treatments such as bone grafting, stem cell therapy, 
etc.; Comparator: classical CD alone; Outcomes: studies 
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can provide any of the four primary outcomes of interest 
(Harris Hip Score (HHS),28 stage progression of disease, 
structural failure of the femoral head, and conversion to 
THA); Study design: randomized controlled trials (RCTs) 
or clinical controlled trials (CCTs).
Literature selection and data extraction. The search re-
cords were managed via Endnote (Clarivate Analytics, 
USA), where two reviewers (SZ, YW) independently as-
sessed the titles and abstracts of the retrieved articles 
to exclude obviously irrelevant literature, after which all 
potentially eligible articles were obtained in full text and 
evaluated according to the inclusion criteria. Any discrep-
ancy between the two reviewers was resolved through 
discussion or consensus with a third reviewer (WQ). The 
extracted data included: basic information about the 
included studies: study title, first author, time of publi-
cation, etc.; baseline characteristics of included subjects 
and intervention measures, etc.; key elements of the risk 
of bias evaluation; and outcome indicators of interest and 
relevant data.
Risk of bias assessment in the studies. The methodolog-
ical bias and quality of the included studies were inde-
pendently assessed by two reviewers according to the 
Cochrane Collaboration tool,29 including the follow-
ing domains: random sequence generation; allocation 
concealment; blinding of participants and personnel; 

blinding of outcome assessments; incomplete outcome 
data; selective outcome reporting; and other bias. Any 
discrepancy between them was resolved through discus-
sion. The assessments were classified into three levels: 
low risk, high risk, and unclear risk.

Statistical analysis
Review Manager 5.3 (Cochrane Community, UK) soft-
ware was used to perform the meta- analysis. We used 
mean difference (MD) and odds ratio (OR) to assess 
continuous variable outcomes and dichotomous data, 
respectively, both with 95% confidence intervals (CIs). 
Heterogeneity between included studies was assessed by 
the I2 and chi- squared (χ2) tests. For the former, hetero-
geneity was considered significant at p < 0.1. For the 
latter, an I2 value of greater than 50% was taken to repre-
sent significant heterogeneity. A fixed- effects model was 
applied to analyze data if there was low heterogeneity, 
and a random effects model was used if there was high 
heterogeneity. In the subgroup analysis, we decided to 
explore the effect of different treatment methods and 
stages of ONFH on the final outcome. In addition, sensi-
tivity analysis was performed by omitting each study 
to explore the source of heterogeneity and evaluate the 
stability of the results when heterogeneity existed. Statis-
tical significance was set at p < 0.05. Funnel plots were 

Fig. 1

Flow diagram of the study selection procedure.
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used to assess publication bias for the primary outcomes 
of interest (HHS, progression of ONFH stage, collapse of 
femoral head, and conversion of THA).

Results
Search results. We preliminarily identified 1,379 records, 
not including additional studies from the reference lists 
of relevant studies, and removed 584 duplicates. From 
the remaining 795 records, we excluded 751 by screen-
ing titles and abstracts, leaving 44 potentially relevant 
papers for full- text review. After this stage, 25 studies 
were eliminated because they failed to meet the inclusion 
criteria, leaving 19 studies30–48 after the primary search. 
One additional study49 that met the inclusion criteria was 
retained from the secondary search of reference lists of 
relevant studies. Finally, 20 studies (eight RCTs30–36,49 and 
12 CCTs37–48 with 2,123 hips (CD alone = 768, CD com-
bined with other treatments = 1,355)) were included in 
our meta- analysis (Figure 1).
Characteristics of included studies. The included studies 
were published from 1996 to 2019. Eight of the studies 
were RCTs,30–36,49 seven were retrospective case- control 
studies,37,39–43,47 and five were prospective control stud-
ies.38,44–46,48 In each of the included studies, the baseline 
difference between the intervention group and the con-
trol group revealed no statistical significance. Cell therapy 
and bone grafting were the most common interventions 
in the combined treatment group. The characteristics of 
the included trials are summarized in Table I.
Risk of bias assessment. Of the 20 articles included in 
the meta- analysis, eight were RCTs and the remaining 

12 were CCTs. Due to a lack of random generation and 
concealment of the allocation sequence, selective bias 
may be present in most trials. Although all RCTs report-
ed randomization, only five adequately described the 
randomization method (randomization list generated by 
using random permuted blocks of two letters,31 random-
ization sequence created by a third party,32,35 randomiza-
tion method based upon sequential patient allocation,33 
and envelope technique34), whereas three RCTs exhibited 
adequate allocation concealment method (sealed enve-
lope,31,34 randomization sequence created by a third par-
ty).32 Due to poor blinding of participants, personnel, 
or outcome assessors, performance bias and detection 
bias may be present in most trials. Five trials31,34,44–46 de-
scribed double blinding of subjects and participants, and 
six trials31,34,42,44,46,48 mentioned that they were blinded to 
outcome assessment. Finally, most of the studies report-
ed patient follow- up or drop- out,31,32,35,36,38,40–46,49 and no 
other biases were found in these trials (data not shown).

Primary outcome measures
Harris Hip Score: A total of 11 trials29,31,32,35–37,39,41,42,44,48 
reported HHS postoperatively during follow- up. Due to the 
lack of standard deviation (SD) data for four studies,30,38,40,42 
we only analyzed seven studies32,33,36,37,43,45,49 involving 
474 hips (Intervention = 256, Control = 218). According 
to the different intervention measures, we divided the 
studies into four subgroups (cell therapy = 3,33,36,43 bone 
grafting = 2,32,37 porous tantalum rod = 1,49 and biological 
materials = 145). Heterogeneity existed between studies 
of bone grafting (I2 = 96%, p < 0.001, chi- squared test) 

Fig. 2

Forest plot of Harris Hip Score. CD, core decompression; CI, confidence interval; IV, instrumental variable. Statistical analysis, chi- squared test.
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(Figure  2), and a random effects model was used. The 
results showed that the addition of stem cells (MD = 
4.98, 95% CI = 1.48 to 8.48, Z = 2.79, p = 0.005, chi- 
squared test) or biomaterials (Z = 0.17, p < 0.001, chi- 
squared test) markedly improved functional scores in 
patients with ONFH treated with CD, and no significant 
differences were seen in the bone grafting (MD = 9.04, 
95% CI = -0.71 to 18.79, Z = 1.82, p = 0.070) and porous 
tantalum rod groups (Z = 0.17, p = 0.870, chi- squared 
test) (Figure 2). Of the four studies excluded (Figure 2) 
due to missing SDs, three involved bone grafting30,40,42 
and the remaining one was cell therapy.38 All reported 
that the HHS was better in the intervention group than in 
the control group.

Progression of ONFH stage: A total of 13  
trials31,32,34,35,37,39,40,42–46,49 assessed radiological progres-
sion, including 856 hips (Intervention = 453, Control = 
403). According to the different intervention measures, 
we divided the studies into four subgroups (cell therapy = 
7,31,34,35,39,43,44,46 bone grafting = 4,32,37,40,42 porous tantalum 
rod = 1,49 and biological materials = 145). Heterogeneity 
existed between studies of cell therapy (I2 = 65%, p = 
0.009, chi- squared test) and bone grafting (I2 = 69%, p = 
0.020, chi- squared test) (Figures 3 and 4); therefore, we 
performed sensitivity analysis by omitting each study to 
explore the source of heterogeneity. Finally, we removed 

the study from Kang et al39 in the cell therapy group and 
Mohanty et al42 in the bone grafting group, and hetero-
geneity was not observed (I2 = 43%, p = 0.120; and I2 
= 39%, p = 0.190, chi- squared test) (Figure  4). A fixed- 
effects model was used. Meta- analysis results showed 
that CD combined with cell therapy (OR = 0.16, 95% CI = 
0.08 to 0.35, Z = 4.70, p < 0.001, chi- squared test), bone 
grafting (OR = 0.37, 95% CI = 0.20 to 0.69, Z = 3.17, p = 
0.002, chi- squared test), or biomaterials (p < 0.001, chi- 
squared test) can significantly delay the progression of 
disease in patients with ONFH compared with CD alone. 
In particular, the odds of ONFH stage progression in the 
cell therapy group decreased by more than six- fold (OR = 
0.16) (Figure 4).

Collapse of the femoral head: A total of 14 
trials30–32,34,35,37–39,41–46 enrolling a total of 1,155 hips (Inter-
vention = 615, Control = 540) mentioned the number 
of collapse cases of the femoral head. According to the 
different intervention measures, we divided the studies 
into three subgroups (cell therapy = 9,31,34,35,38,39,41,43,44,46 
bone grafting = 4,30,32,37,42 and biological materials = 145). 
Heterogeneity existed between studies of cell therapy 
(I2 = 68%, p = 0.001, chi- squared test) and the bone 
grafting group (I2 = 56%, p = 0.080, chi- squared test) 
(Figure  5); therefore, we performed sensitivity analysis 
by omitting each study but did not identify the source of 

Fig. 3

Forest plot of progression of osteonecrosis of the femoral head (ONFH) stage (heterogeneity existed). CD, core decompression; CI, confidence interval; M- H, 
Mantel- Haenszel. Statistical analysis, chi- squared test.
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heterogeneity. We then used a random effects model. The 
results showed that the addition of stem cells (OR = 0.29, 
95% CI 0.13 to 0.65, Z = 3.04, p = 0.002, chi- squared test) 
or biomaterial therapy (Z = 4.34, p < 0.001, chi- squared 
test) reduced the risk of femoral head collapse in patients 
with ONFH treated with CD (Figure  5). However, CD 
combined with bone grafting did not reduce the risk of 
femoral head collapse compared to CD alone (OR = 0.68, 
95% CI 0.31 to 1.50, Z = 0.95, p = 0.340, chi- squared test) 
(Figure 5).

Conversion to THA: Almost all studies31–35,37–49 have 
reported this outcome of interest, including a total 
of 1,942 hips (Intervention = 1,264, Control = 678). 
We divided them into four subgroups (cell therapy = 
10,30,32–34,37,38,40,42,43,45 bone grafting = 6,32,37,40,42,47,48 porous 
tantalum rod = 1,49 biological materials = 145) according 
to the different intervention measures. There was mild 
heterogeneity between studies in the cell therapy group 
(I2 = 62%, p = 0.005, chi- squared test; Figures 6 and 7); 
therefore, we performed sensitivity analysis by omitting 
each study to explore the source of heterogeneity. Finally, 
we removed the study from Hernigou et al,38 and hetero-
geneity was not observed (I2 = 0, p = 0.590, chi- squared 
test) (Figure 7). A fixed- effects model was used. Results 
showed that the odds for conversion to THA in the cell 
therapy group (OR = 0.46, 95% CI 0.29 to 0.73, Z = 3.26, 
p = 0.001, chi- squared test) and bone grafting group 

(OR = 0.27, 95% CI 0.19 to 0.38, Z = 7.40, p < 0.001, chi- 
squared test) were two and four times lower than in the 
control group (Figure 7). However, porous tantalum rods 
(Z = 0.13, p = 0.900, chi- squared test) and biomaterials 
(Z = 0.12, p = 0.910, chi- squared test) did not reduce 
the number of patients who subsequently required THA 
surgery compared to CD alone (Figure 6b).

Secondary outcome measures
Visual analogue scale score: Seven studies involving 
cell therapy31,33,34,38,43,44,46 and one study involving bone 
grafting37 assessed visual analogue scale (VAS) scores 
postoperatively during follow- up (excluding one study39 
due to the lack of SDs). Significant statistical heteroge-
neity was observed between studies of cell therapy (I2 
= 98%, p < 0.001, chi- squared test) (Figure  8), so we 
performed sensitivity analysis by omitting each study 
but did not identify the source of heterogeneity. Then, a 
random effects model was used. Results showed that CD 
combined with cell therapy (MD = −1.02, 95% CI = -1.64 
to -0.40, Z = 3.24, p = 0.001) or bone grafting (Z = 3.51, 
p < 0.001, chi- squared test) markedly reduced pain in 
ONFH patients compared with CD alone (Figure 8). The 
study by Kang et al39 was excluded due to missing SDs, 
but their results showed that CD + bone marrow mesen-
chymal stem cells (BMMSCs) did not reduce VAS scores 
in patients with ONFH compared to CD alone (p > 0.05).

Fig. 4

Forest plot of progression of osteonecrosis of the femoral head (ONFH) stage (sensitivity analysis). CD, core decompression; CI, confidence interval; M- H, 
Mantel- Haenszel. Statistical analysis, chi- squared test.
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Western Ontario and McMaster Universities Osteoarthritis 
Index score: Only three studies34,38,46 including 296 hips 
(Intervention = 149, Control = 147) reported the Western 
Ontario and McMaster Universities Osteoarthritis Index 
(WOMAC) score postoperatively. The intervention groups in 
all three studies were treated with CD + cell therapy. Large 
heterogeneity was observed (I2 = 99%, p < 0.001, chi- squared 
test; Figure 9); therefore, a random effects model was used. 
The results showed that CD combined with cell therapy was 
more effective than CD alone in decreasing the WOMAC 
score (MD = −10.92, 95% CI = -21.41 to -4.03, Z = 2.04, p = 
0.040, chi- squared test) (Figure 9).

The volume of femoral head necrosis: Seven 
studies31,33,35,36,38,44,46 provided relevant data but not in a 
consistent way to allow us to obtain a summarized esti-
mate of the effect size of any functional outcome. Most 
studies35,36,38,44,46 have shown these data to be more favour-
able in the intervention group by MRI during follow- up 
(p < 0.05, chi- squared test), but the study from Hauzeur 
et al31 and Pepke et al33 showed that there was no statis-
tically significant difference (p > 0.05, chi- squared test) 
between the mean volumes of osteonecrosis in either 
group.

Adverse events: Six31,40,42,44,46,48 of 20 studies described 
adverse events or perioperative complications (Table II), 
and seven35,36,39,41,43,45,49 studies reported no adverse 

effects in either group. The remaining seven30,32–34,37,38,47 
studies did not mention whether or not there were 
adverse events. Overall, most of the included studies 
indicated that the survey of potential side effects did not 
reveal any serious adverse events in either group, and the 
safety of CD combined with other treatment measures is 
acceptable for ONFH.

Subgroup analysis
Studies have shown that once a patient has any collapse 
or a crescent sign, CD is not effective. Therefore, we rean-
alyzed the outcome of interest, including only studies 
reporting on precollapse (stage I to II) ONFH patients. Ten 
studies30,33,35–38,41,43,44,46 met this criterion, eight were CD + 
cell therapy33,35,36,38,41,43,44,46 in the intervention group, and 
the other two were CD + non- vascularized fibular graft 
(NVFG).30,37

The clinical outcomes are listed below:
HHS: HHS was reported in three studies33,36,43 in which 

the intervention group was CD + cell therapy and one 
study37 in which the intervention group was CD + NVFG, 
and the results showed that both groups improved HHS 
in ONFH patients compared to CD alone (cell therapy: 
MD = 4.93, 95% CI = 1.52 to 8.35, Z = 2.83, p = 0.005, 
chi- squared test) (NVFG: Z = 2.89, p = 0.004, chi- squared 
test) (Supplementary Figure a).

Fig. 5

Forest plot of collapse of femoral head. CD, core decompression; CI, confidence interval. Statistical analysis, chi- squared test.
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VAS scores: VAS scores were reported in five 
studies33,38,43,44,46 with an intervention group of CD + cell 
therapy and one study37 with an intervention group of CD 
+ NVFG. The results showed that both groups were able 
to reduce VAS scores in ONFH patients compared to CD 
alone (cell therapy: MD = −1.22, 95% CI = -2.00 to -0.45, 
Z = 3.09, p = 0.002, chi- squared test) (NVFG: Z = 3.51, 
p < 0.001, chi- squared test). However, greater heteroge-
neity existed between studies of cell therapy (I2 = 99%, p 
< 0.001, chi- squared test); therefore, we performed sensi-
tivity analysis by omitting each study, but did not identify 
the source of heterogeneity (Supplementary Figure b).

WOMAC score: Two studies38,46 reported WOMAC 
scores, and their intervention group was CD + cell 
therapy. The overall estimate of effect size for WOMAC 
favoured the cell therapy group, although it reached only 
borderline significance levels in the presence of a huge 
degree of statistical heterogeneity (I2 = 85%, p = 0.009, 

chi- squared test) (MD = −7.15, 95% CI = -14.52 to 0.02, Z 
= 1.90, p = 0.06, chi- squared test) (Supplementary Figure 
c).

The radiological outcomes are listed below:
Progression of ONFH stage: Four studies35,43,44,46 with an 

intervention group of CD + cell therapy and one study37 
with an intervention group of CD + NVFG reported the 
progression of ONFH stage. The results showed that CD 
+ cell therapy significantly delayed the progression of 
ONFH stage compared to CD alone (OR = 0.13, 95% CI = 
0.05 to 0.34, Z = 4.09, p < 0.001, chi- squared test). There 
was no significant difference between the CD + NVFG 
group and the control group (Z = 1.21, p = 0.230, chi- 
squared test) (Supplementary Figure d).

Collapse of the femoral head: Six studies35,38,41,43,44,46 in 
which the intervention group was CD + cell therapy and 
two studies30,37 in which the intervention group was CD + 
NVFG reported collapse of the femoral head. Due to the 
presence of slight heterogeneity between studies in the 

Fig. 6

Forest plot of conversion to total hip arthroplasty (THA) (heterogeneity existed). b) Forest plot of conversion to THA (sensitivity analysis). CD, core 
decompression; CI, confidence interval; M- H, Mantel- Haenszel. Statistical analysis, chi- squared test.
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cell therapy group (I2 = 55%, p = 0.050, chi- squared test) 
(Supplementary Figure ea), we performed sensitivity 
analysis by omitting each study to explore the source 
of heterogeneity and ultimately excluded the study by 
Cruz- Pardos et al.41 Then, a fixed- effects model was used. 
Results showed that CD + cell therapy could significantly 
reduce the risk of femoral head collapse compared with 

CD alone (OR = 0.14, 95% CI = 0.09 to 0.23, Z = 7.87, p 
< 0.001, chi- squared test), while there was no significant 
difference between the CD + NVFG group and the control 
group (Z = 0.50, p = 0.620, chi- squared test) (Supple-
mentary Figure eb).

Conversion to THA: Seven studies33,35,38,41,43,44,46 with an 
intervention group of CD + cell therapy and one study37 

Fig. 7

Forest plot of conversion to total hip arthroplasty (THA) (sensitivity analysis). CD, core decompression; CI, confidence interval; M- H, Mantel- Haenszel. 
Statistical analysis, chi- squared test.

Fig. 8

Forest plot of visual analogue scale (VAS) score. CD, core decompression; CI, confidence interval; SD, standard deviation. Statistical analysis, chi- squared test.
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with an intervention group of CD + NVFG reported the 
number of hips converted to THA. Results showed that 
CD + cell therapy reduced the odds of conversion to THA 
by more than two- fold compared to CD alone (OR = 0.43, 
95% CI = 0.22 to 0.85, Z = 2.41, p = 0.020, chi- squared 
test), while there was no significant difference between 
the CD + NVFG group and the control group (Z = 1.21, p 
= 0.230, chi- squared test) (Supplementary Figure f).

Sensitivity analysis
Sensitivity analysis was performed by omitting each 
study to explore the source of heterogeneity. The results 
of the meta- analysis did not change, indicating that the 
results were reliable. Unfortunately, however, for most of 
the outcome indicators, we did not explore the sources of 
statistical heterogeneity.

Publication bias
Publication bias was assessed by generating funnel plots 
for the primary outcomes of interest (HHS, progression of 
ONFH stage, collapse of femoral head, and conversion to 
THA). Symmetrical scatters were observed in the funnel 
plot, which show that the publication bias is low (Supple-
mentary Figures ga to gd).

Discussion
Increasing intramedullary pressure is considered to be a 
major factor in the inadequate blood supply to the femoral 
head,50 making CD the most commonly used hip- preserving 
therapy for the treatment of ONFH.51 It was first described by 
Ficat52 and used as a method to obtain biopsy specimens to 
establish the diagnosis of osteonecrosis. CD is a simple proce-
dure that effectively reduces the pressure in the medullary 
cavity while removing necrotic bone, which provides a new 
blood supply for the necrotic area. A systematic review of 
42 studies (2,025 hips, CD = 1,206, conservative treatment 
= 819) showed that the excellent and good rate of the CD 
group was much better than that of the nonoperative treat-
ment group (71.0% vs 34.5%).53

Nonetheless, there are still some studies suggesting that 
the efficacy of CD can be unreliable with a notable propor-
tion of patients, even with early- stage disease requiring 
THA.7-9 First, the lack of effective mechanical support in the 
necrotic area after CD reduces the mechanical properties of 
the already weak subchondral bone, which may accelerate 
the collapse of the weight- bearing surface of the femoral 
head. Second, this method also does not address the issues 
of angiogenesis, bone reconstruction, and articular surface 
repair in the necrotic area of the femoral head.10,49 Therefore, 
most joint surgeons only use CD as the basic treatment, 
combining it with internal fixation support such as tantalum 
rods, non- vascularized or vascularized bone grafting, various 
artificial materials for tissue engineering, cytokines, and the 
application of stem cell therapy.19

Despite the heterogeneity of some outcome indicators 
and the low quality of some of the studies included in the 
meta- analysis, our results still suggest that the combination 
of other therapeutic measures in addition to CD appears to 
result in better clinical and radiological outcomes. In addi-
tion, there were no serious complications or adverse events 
in either group. In the subgroup analysis (Supplementary 
Figures a to f), stages I to II were compared, and we found 

Fig. 9

Forest plot of Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) score. CD, core decompression; CI, confidence interval; SD, standard 
deviation. Statistical analysis, chi- squared test.

Table II. Adverse events.

Adverse events or 
complications Control Intervention Reported study

Surgical site- related 
pain

3 9 Hauzeur31 , 
Gangji44,46

Surgical site 
haematoma

0 2 Gangji44,46

Nausea and 
vomiting

1 1 Hauzeur31

Deep vein 
thrombosis

1 1 Sallam40

Painless limp 1 3 Sallam40

Transient lateral 
popliteal nerve 
paralysis

0 1 Mohanty42

Fractures of the 
proximal femur

2 2 Kane48

Discomfort at the 
ankle

0 6 Kane48

Superficial wound 
infection without 
debridement

1 2 Sallam40

Fever with negative 
bacteriological 
investigations

0 2 Hauzeur31

Positive bone 
marrow 
bacteriology culture 
without clinical 
symptoms of sepsis

0 2 Gangji44,46
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that the addition of cell therapy to CD was more definitive 
than CD alone in the precollapse stage (I to II). However, due 
to the limited number of included studies, more studies are 
needed to prove whether other treatments are better than 
CD alone.

Many meta- analyses have been published on this 
topic,6,50,54–57 most of which explore whether the addition of 
cell therapy to CD can result in better clinical outcomes and 
lower rates of disease progression than core decompression 
alone. Compared with earlier studies, our research has the 
following advantages.

First, we conducted a comprehensive systematic 
search and included 20 controlled trials that met the 
inclusion criteria in a total of 1,379 records, involving a 
total of 2,123 hips.

Second, we conducted a rigorous screening. First, 
patients in the control group must only use core decompres-
sion without additional treatment. However, not all control 
groups in previously published meta- analyses similar to this 
study only used core decompression, which can introduce 
other confounding variables and bias. For example, the 
control group of the studies included in some meta- analyses 
also included CD + bone grafts,7,50,54,55 CD + biomaterials,7,54 
CD + porous tantalum rod,54 and CD + unprocessed bone 
marrow injection.50,55 Second, we limited the language to 
English, thus excluding many low- quality studies. In addi-
tion, we also excluded some studies in which baseline char-
acteristics of the two groups of patients were not consistent. 
For example, although the study from Lakshminarayana et 
al58 is a controlled trial, it uses CD for stage I and CD + bone 
grafting for stage II patients with ONFH.

Third, we conducted a subgroup analysis to fully 
compare whether four surgical methods (CD + cell 
therapy, CD + bone grafting, CD + porous tantalum rod, 
and CD + biological materials) can improve the outcome 
of ONFH patients when compared with core decompres-
sion alone, and to explore the impact of different ONFH 
stages on the results of the study.

Fourth, we also performed sensitivity analyses to 
further increase the robustness of our meta- analysis.

Our meta- analysis shows that the addition of cell therapy 
to CD markedly improved function scores (MD = 4.98, Z = 
2.79, p = 0.005), reduced pain (MD = −1.02, Z = 3.24, p = 
0.001), delayed the progression of ONFH (OR = 0.23, Z = 
2.54, p = 0.010), decreased collapse of the femoral head (OR 
= 0.29, Z = 3.04, p = 0.002), and decreased conversion to 
THA (OR = 0.33, Z = 2.92, p = 0.004). This approach appears 
to be more effective than bone grafting, as the latter does 
not show significant differences from controls in the evalu-
ation of many outcome indicators, especially in precollapse 
patients (progression of ONFH stage: p = 0.230; collapse: p = 
0.620; THA: p = 0.230). However, this result should be inter-
preted with caution, as there are relatively few controlled 
trials involving bone grafting included in this meta- analysis.

The application of this method can be traced back nearly 
three decades. Many studies have shown that the number 
and quality of mesenchymal stem cells (MSCs) in the femoral 
head of patients with ONFH are defective, which leads to 

a lack of angiogenesis and bone remodelling after CD.59 
In 1993, Hernigou and Beaujean18 first proposed injecting 
concentrated bone marrow aspirate containing autologous 
bone marrow mononuclear cells (BMMCs) through the CD 
channel to solve this problem. This method can theoretically 
increase the number of osteogenic active stem cells.60 The 
first mid- term results were reported by Hernigou and Beau-
jean17 in 2002; 116 patients (189 hips) were followed up for 
a mean of seven years, and the success rate of hip preserva-
tion for early ONFH was as high as 94%. In another long- term 
follow- up RCT by Hernigou et al,38 a total of 125 patients 
with bilateral ONFH were included (Steinberg I to II). After 25 
years of follow- up, the collapse rate of the femoral head in the 
stem cell group was only 28%, which was far superior to CD 
alone (72%). MSCs are especially suitable for the treatment 
of ONFH because they exist in BMMCs and have strong self- 
proliferation and multidirectional differentiation abilities. As 
they provide the source of osteoblasts for the sites of interest, 
these cells can also participate in osteogenesis and repair of 
necrotic bone defects. In addition, secreted bone marrow 
MSCs, such as bone morphogenetic protein-2 and vascular 
endothelial growth factor, can also be used to stimulate the 
local repair process to prevent ONFH.16,61

However, there are also many questions that remain 
unanswered by stem cell therapy, such as whether the 
clinical therapeutic effects of MSCs from different sources 
(bone marrow, fat, and periosteum) are the same. How 
does the response to autologous stem cell transplanta-
tion differ in patients with ONFH of different aetiologies 
(steroid- induced, alcoholic and traumatic ONFH)? Will the 
function of stem cells decrease after repeated culture? In 
addition, the optimal concentration or number of trans-
planted stem cells and the risk of cancer formation at the 
implantation site should also be evaluated.16,44,61

In a recently published study, it was shown that between 
2009 and 2015, more than 200,000 patients in the USA 
were diagnosed with ONFH, but only 6% of patients were 
treated with joint- preserving procedures.62 This is a strange 
phenomenon, as CD, bone grafting, and stem cell therapy 
have all been shown to be reliable options for patients with 
early- stage femoral head necrosis. Although this meta- 
analysis suggests that CD combined with cell therapy may 
be the most promising treatment in the precollapse stage 
of ONFH, well- designed randomized controlled trials with 
long- term follow- up are needed to confirm the efficacy of 
various surgical procedures for patients at different stages of 
the disease, in order to maximize efforts to save the hip joint.

This meta- analysis has the following limitations. First, 
the overall quality of the evidence was heterogeneous and 
poor, and included trials that failed to detail information 
about randomization, allocation concealment, and blinding. 
These omissions contributed to bias. Second, although we 
conducted subgroup analyses of different methods and 
different stages of ONFH, different aetiologies of ONFH 
may also pose risks for bias. Third, although we conducted 
a subgroup analysis to explore whether the addition of cell 
therapy achieves better clinical and radiological outcomes 
than CD alone, the processing, quality, and number of stem 
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cells harvested for implantation were not standardized, thus 
adding to the heterogeneity of the data. Fourth, different 
classification systems for ONFH were used in studies (Ficat 
and Arlet; Association Research Circulation Osseous (ARCO); 
Steinberg), which may affect the final meta- analysis results to 
some extent. In addition, several recent studies have reported 
that Japanese Investigation Committee (JIC) classification 
based on the size and location of ONFH lesions involving the 
acetabular head may provide better assistance in the selec-
tion of treatment for femoral head necrosis.63,64 This of course 
requires further research. Fifth, although we conducted the 
subgroup analysis and sensitivity analysis, there is still hetero-
geneity in some outcome indicators. This may affect the final 
decision of orthopaedic surgeons, although the results of a 
statistical test did not indicate otherwise. Finally, the sample 
size was small in some of the trials, which weakened validity 
of the statistical analysis and may overestimate the thera-
peutic effects of certain methods. Therefore, we should be 
cautious about the results of the meta- analysis.

In summary, there is marked heterogeneity in the studies. 
There is a trend towards improved clinical outcomes with 
the addition of other therapies to CD, and this improvement 
seems to be pronounced for stem cell therapy.

However, more rigorously designed and higher- quality 
prospective and randomized trials with adequate sample 
sizes are required to confirm the true efficacy of cell 
therapy and other treatment measures in the manage-
ment of ONFH.

Supplementary material
  Forest and funnel plots of various outcomes.
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