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Study design: Systematic Review.
Objectives: We performed this systematic overview on the overlapping meta-analyses that analyzed
autologous bone marrow-derived mesenchymal stem cell(BM-MSC) therapy along with core decom-
pression(CD) for the management of osteonecrosis of the femoral head(ONFH) and identify which study
provides the current best evidence on the topic and generate recommendations for the same.
Materials and methods: We conducted independent and duplicate electronic database searches in
PubMed, Web of Science, Embase, Cochrane Database of Systematic Reviews, and the Database of Ab-
stracts of Reviews of Effects till September 2020 for meta-analyses that analyzed the efficacy of BM-MSC
therapy along with CD for ONFH. Methodological quality assessment was made using Oxford Levels of
Evidence, AMSTAR scoring, and AMSTAR 2 grades. We then utilized the Jadad decision algorithm to
identify the study with the highest quality to represent the current best evidence to generate the
recommendation.
Results: 6 meta-analyses fulfilling the eligibility criteria were included. The AMSTAR scores of the
included studies varied from 4 to 9 (mean:7) and all the included studies had critically low reliability in
their summary of results due to their methodological flaws according to AMSTAR 2 grades. The current
best evidence showed that utilization of BM-MSC therapy along with CD for ONFH resulted in significant
improvement in Harris hip scores at 12 and 24 months along with a significant reduction in the necrotic
area of the femoral head and the rate of conversion to total hip arthroplasty(THA) without a significant
rise in adverse events due to the procedure.
Conclusion: Based on this systematic overview, we give a Level Il recommendation that BM-MSC therapy
is more efficacious along with CD in the management of ONFH compared to CD alone. BM-MSC therapy
provides better pain relief with significant functional improvement and delaying the collapse of the
femoral head thereby preventing further treatment such as THA.

© 2020 Delhi Orthopedic Association. All rights reserved.

1. Introduction per year.® A multifactorial web of causation has been proposed for

the pathogenesis of ONFH but still, the cause for the disease pa-

Osteonecrosis of the femoral head (ONFH), also called avascular
necrosis or aseptic necrosis or ischaemic necrosis of femoral head,
is a chronic progressive, debilitating degenerative disease of hip
joint characterized by the progressive necrosis of osteogenic cells
and the components of the bone marrow.' If left untreated, the
disease may progress and lead to complete deterioration of the hip
joint.? The incidence of ONFH cases were 20,000 to 30,000 cases
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thology is uncertain.

ONFH is a combination of osteological and vascular disease of
the hip joint.* Various researchers have postulated three important
hypotheses for ONFH namely a) thrombosis or embolism of func-
tional capillaries which serve as the conduit for stem cells, b) po-
tential decline in the number of osteogenic cells, and mesenchymal
stem cells in the infarcted region and c) apoptosis of osteogenic
stem cells.>”’ These three postulates provide an environment
where insufficient bone repair occurs and the disease pathology
progresses. The management of the ONFH necessitates early
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diagnosis and management to preserve the vascularity of the
femoral head. The effective treatment for ONFH is a challenging
task for the orthopedic surgeons as the treatment protocol depends
on the age of the patient, the stage of the disease, and the size of the
necrosed lesions. The management protocols range from conser-
vative protocol to hip replacement surgeries.®

Due to the evolving trends in regenerative medicine, researchers
traced a path to regenerate the necrosed femoral head with
orthobiologic therapy.>'” The concept of cellular or cell-based
therapy deals with the usage of autologous or allogenic cells with
a higher regenerative potential to heal the degenerative diseases of
bone and joints. Researchers demonstrated the superior role of
potent orthobiologics such as bone marrow mesenchymal stem
cells (BM-MSCs) in conjunction with the core decompression (CD)
technique for ONFH."""'® Core decompression relieves the intra-
osseous pressure whereas BM-MSCs regenerates the osteogenic
cells and induce vasculogenesis and helps in preserving the femoral
head. However, there are conflicting evidences on their utility for
acceptance into the management regime of ONFH.*

Recently, multiple meta-analyses have been published in this
regard comparing the effectiveness of CD with and without BM-
MSC therapy for the management of ONFH."”~!7 However, these
overlapping meta-analyses have a wider variability in the included
studies due to the restriction in language and databases they
employed for identifying primary studies. Every meta-analysis
suffered from a limited pooled sample size. Hence, the objective
of this systematic overview of the overlapping meta-analyses on
BM-MSC therapy along with CD for ONFH is to provide the best
evidence possible on this topic to generate recommendations and
identify the potential limitations in the existing literature that
needs further research.

2. Materials & methods

We present herewith a systematic overview which was being
performed by duly cohering the guidelines of the Back Review
Group of Cochrane Collaboration'® and aim to report the same
based on the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA).'?

2.1. Search strategy

Two reviewers conducted an independent literature search for
systematic reviews with meta-analysis evaluating BM-MSC therapy
along with CD for ONFH. Electronic database search was conducted
in PubMed, Web of Science, Embase, Cochrane Database of Sys-
tematic Reviews (CDSR), and the Database of Abstracts of Reviews
of Effects (DARE) till September 2020. Our search was neither
restricted to any particular language nor confined to a specific
period. We designed our electronic search strategy following the
Peer Review of Electronic Search Strategy(PRESS) guidelines.’ The
major keywords used for the search were as follows: “Bone
Marrow”, “Stem Cell”, “Osteonecrosis”, “Femur”, “BM-MSC”, “Core
Decompression”, “Randomized Controlled Trial”, “Systematic Re-
view”, “Meta-analysis” together with Boolean operators such as
“AND”, “OR” and “NOT”. We made a manual search of the key
journals and also searched the reference list of the selected articles
to identify studies not identified in the primary search. We also
made a search in the International prospective register of system-
atic reviews (PROSPERO) for any ongoing potential review that is
nearing completion on the subject. We included and analyzed all
the studies meeting the inclusion criteria. Any discrepancy be-
tween the reviewers was resolved through discussion until a
consensus was obtained. A PRISMA flow diagram for study selec-
tion into the systematic overview has been depicted in Fig. 1.

135

Journal of Clinical Orthopaedics and Trauma 13 (2021) 134—142
2.2. Eligibility criteria
Reviews were included if they satisfied the following criteria.

1. Systematic review with a meta-analysis that compared CD with
and without BM-MSC for ONFH.

. Should have analyzed at least one of the outcomes such as the
Visual Analog Scale (VAS) score, Harris Hip Score (HHS), the
Western Ontario and McMaster Universities Arthritis Index
(WOMAC) score, the volume of the postoperative necrotic zone,
number of hips undergoing total hip arthroplasty (THA) and
adverse events.

2.3. Exclusion criteria

We excluded narrative reviews, correspondence articles, sys-
tematic reviews without data pooling or meta-analysis, systematic
reviews with mixed intervention groups being analyzed for ONFH.
Besides, we excluded pre-clinical studies, studies on animal models
and cadaveric studies on the subject.

2.4. Data extraction

Data was extracted from the meta-analyses included in the
analysis by two reviewers independently. Notably, the data
extracted from the studies were as follows: first author, date of last
literature search, year and journal of publication, number, and na-
ture of studies included, language restrictions, inclusion/exclusion
criteria, databases involved in literature search, software used for
analysis, whether subgroup or sensitivity analysis, Grading of
Recommendations Assessment, Development, and Evaluation
(GRADE) summary, publication bias analysis, conflict of interest, I?
statistic value of the variables in each meta-analysis. Disagree-
ments were settled by consensus.

2.5. Quality assessment

The methodological quality of the included reviews was evalu-
ated using the Oxford Levels of Evidence.’! Besides, we also used
the Assessment of Multiple Systematic Reviews (AMSTAR)? and its
updated grading tool AMSTAR 22> to assess their methodological
robustness with good validity and reliability.>* Two reviewers
independently assessed the methodological quality of the included
studies. Disagreements were settled by consensus.

2.6. Heterogeneity assessment
I test was used for heterogeneity assessment.”> When I > 50%
and p < 0.1, heterogeneity is deemed to exist among the included
trials and the reviewers evaluated whether the studies have uti-
lized sensitivity or subgroup analysis to assess the causes of het-
erogeneity and strengthen the robustness of the pooled data.

2.7. Application of Jadad decision algorithm

The variability in the findings among the included meta-
analyses was interpreted with the help of the Jadad decision al-
gorithm. As per Jadad et al.,*® the possible reasons for discordance
in the results among the included studies include differences in
study question, their inclusion and exclusion criteria, assessment of
quality, data pooling and extraction, and statistical analysis.
Currently, this is the commonly used algorithm for generating
recommendations among the meta-analyses with discordant
results.”’ 3% Two reviewers independently used this algorithm to
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Fig. 1. PRISMA flow diagram of the included studies.

arrive at a single meta-analysis which represents the current best
evidence to generate recommendations.

3. Results
3.1. Search results

A comprehensive search of the electronic database generated 84
articles and they were subjected to an initial screen for removing
duplicate articles which resulted in 62 articles. Upon title and ab-
stract screening of the resultant 62 articles, we excluded 52 articles.
Therefore, 10 articles qualified for reviewing the full-text. On full-
text review by both the reviewers 4 of them were excluded. A list
of excluded articles with reasons was given in Supplementary File 1.
Finally, 6 meta-analyses were included in this systematic
review."” 1731733 These overlapping meta-analyses were published
in different journals between 2014 and 2020 and the number of
included studies ranged from 4 to 16 as shown in Table 1. The
publication years of the included studies in these meta-analyses
ranged between 2004 and 2019 as shown in Table 2.

3.2. Search methodology

Although the included meta-analyses made a comprehensive
literature search, the search databases were discordant among
them. All studies searched PubMed/Medline and Embase
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databases. While five of them searched the Cochrane library, two of
them searched Web of Science, Google Scholar, China National
Knowledge Infrastructure (CNKI) database, and Wan fang database.
Apart from these Scopus, Springer, Cumulative Index to Nursing
and Allied Health Literature (CINAHL) database, Allied and Com-
plementary Medicine (AMED) database, Elsevier Science Direct,
Chinese Biomedical (CBM) literature database, and VIP database
were also used. Of the 6 studies, one included studies only in En-
glish,>?> while 3 others mentioned no linguistic restriction in their
selection criteria.'>>"** Only 1 study searched grey literature for
eligible studies.'® Further details on the search methodology
employed by the included studies were presented in Table 3.

4. Methodological quality

Using Oxford Levels of Evidence, we determined the quality of
the included studies based on the nature of the primary studies
included in their analysis. Of the 6 studies analyzed, 3 were of level
II evidence'>'%3! while the rest of them were of Level IIl evi-
dence'”?%33 as shown in Table 4. Of the 6 included studies, 4 used
RevMan for data analyses'”*'3> while others used Stata soft-
ware.'>® Besides, one study utilized the GRADE system,’! three
studies conducted a sensitivity analysis,”>'®3> while three made
subgroup analysis'®>!*? to explore the heterogeneity in their re-
sults, and 4 studies assessed for possible publication bias.!>!6:31:33
As shown in Table 5, the AMSTAR scores of the included studies
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Table 1
Characteristics of the included studies.
Author Publication Date Publication Journal Literature search date  No. of Studies Included
X Li et al.'” (2014) August 1, 2014 International Journal of Clinical and Experimental Pathology = March 4
2013
C Papakostidis et al.>> (2016)  February 2016 Acta Orthopaedica NA 7
S Xu et al*! (2017) August 3, 2017 BioMed Research International September 2016 11
Z Wang et al.’® (2019) July 10, 2019 International Journal of Surgery October 2018 14
C Zhang et al.>? (2020) February 28, 2020  Journal of American Academy of Orthopedic Surgeons November 12, 2019 16
S Wang et al.'® (2020) June 19, 2020 Medicine December 26, 2019 15
Table 2
Primary studies included in each meta-analysis.
Primary studies Nature of Study ~ X Li'” (2014)  C Papakostidis®* (2016) S Xu®' (2017)  ZWang'® (2019)  C Zhang? (2020) S Wang'® (2020)
Gangji (2004) CCT + + +
Gangji (2005) RCT +
Guo (2008) RCT + + +
Sun (2008) RCT + + +
Chang (2010) RCT + + +
Yamasaki (2010) CCT + +
Gangji (2011) cCT + + + +
Zhao (2012) RCT + + + + + +
Liu (2012) CCT +
Liu (2013) cCT + +
Sen (2012) RCT + + + + + +
Rastogi (2013) RCT + + +
Lim (2013) cCT + +
Ma (2014) RCT + + + + +
Tabatabaee (2015) RCT + + + +
Yang (2015) RCT + + +
Yan (2015) RCS +
Mao (2015) RCT +
Pepke (2016) RCT + + + +
Cruz-Pardos (2016) RCS +
Pilge (2016) CCT +
Zhao (2016) RCT + + +
Hauzeur (2018) RCT + +
Hernigou (2018) RCT +
Kang (2018) CCT +
Liu (2019) RCT +
Li (2020) RCT

RCT — randomized controlled trial; CCT — controlled clinical trial; RCS — retrospective cohort study.

Table 3

Search methodology used by each study.
Search Parameters X Li'7 (2014) C Papakostidis*> (2016) s Xu®! (2017) Z Wang'® (2019) C Zhang*? (2020) S Wang'® (2020)
Publication language restriction NA No No No Yes NA
Publication status restriction NA NA NA NA Yes No
PubMed + + + + + +
Medline + + +
Embase + + + + + +
Cochrane library + + + + +
Web of Science + +
Scopus +
Google Scholar + +
CINAHL +
AMED +
CNKI + +
Wan Fang + +
CBM literature +
VIP +
Springer +
Elsevier Science Direct +

AMED — Allied and Complementary Medicine; CBM — Chinese BioMedical; CINAHL — Cumulative Index to Nursing and Allied Health Literature; CNKI — Chinese National
Knowledge Infrastructure; NA — not available.

ranged from 4 to 9 (mean 7). Based on the AMSTAR 2 grading, none the meta-analysis by S Wang et al.'® was found to be of the highest

of the included studies were without critical methodological flaws quality with an AMSTAR score of 9/11 as shown in Table 5. However,
in the conduction of the meta-analyses. Of all the included studies, it also suffered from critical methodological flaws such as non-
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Methodology X Li'7 (2014) C Papakostidis*> (2016) S Xu®! (2017) Z Wang'® (2019) C Zhang*? (2020) S Wang'® (2020)
Primary study design RCT & CCT RCT & CCT RCT RCT RCT, CCT RCT

Level of Evidence Level III Level III Level I Level II Level III Level I

Software Used RevMan RevMan RevMan Stata RevMan Stata

GRADE Used No No Yes No No No

Sensitivity Analysis No Yes No Yes No Yes

Subgroup Analysis No Yes Yes No No Yes

Publication Bias No Yes Yes Yes No Yes

CCT — controlled clinical trial; GRADE — Grading of Recommendations Assessment, Development and Evaluation system; RCTs

— randomized controlled trials.

Table 5
AMSTAR scores and AMSTAR 2 grading for included studies.
Items X Li'7 C Papakostidis®® S Xu®! ZWang'>  CZhang®> S Wang'®
(2014) (2016) (2017) (2019) (2020) (2020)
1. Was a priori design provided? 0 0 0 0 0 0
2. Were there duplicate study selection and data extraction? 1 1 1 1 1 1
3. Was a comprehensive literature search performed? 1 1 1 1 1 1
4. Was the status of publication (i.e. grey literature) used as an inclusion 0 0 0 0 0 1
criterion?
5. Was a list of studies (included and excluded) provided? 0 0 0 0 0 0
6. Were the characteristics of the included studies provided? 1 1 1 1 0 1
7. Was the scientific quality of the included studies assessed and documented? 0 1 1 1 1 1
8. Was the scientific quality of the included studies used appropriately in 0 1 1 1 0 1
formulating conclusions?
9. Were the methods used to combine the findings of studies appropriate? 1 1 1 1 1 1
10. Was the likelihood of publication bias assessed? 0 1 1 1 0 1
11. Was the conflict of interest stated? 1 1 1 1 0 1
Total AMSTAR scores 5 8 8 8 4 9
Critical Methodological Flaw 3 2 2 2 3 2
Non-Critical Flaw 4 2 2 3 4 1
AMSTAR 2 Grade Critically  Critically Low Critically  Critically Critically Low Critically
Low Low Low Low

making a priori design for the conduction of the study and not
providing the list of excluded studies with their reason for
exclusion.

4.1. Heterogeneity assessment

All the studies included used I statistic for heterogeneity
assessment. Mild heterogeneity was noted in outcomes like VAS,
HHS at 24 months, and adverse events as shown in Table 6. Never-
theless, the heterogeneity of VAS at 24 months, HHS at 12 months,
WOMAC, Femoral head collapse rate, and the number of patients
getting converted to THA was significant. To explore the sources of
heterogeneity two studies conducted a sensitivity analysis,>'%>* and
one made subgroup analysis'®>"*> as shown in Table 4.

Table 6
12 statistic values of variables analyzed in each meta-analysis.

It is important to probe into the source of discordances among
the included studies since the recommendations generated as used
in clinical practise and in developing public health policy.>* The
heterogeneity of the results among the included meta-analyses was
mostly due to the variability in the nature of the primary studies
other than RCTs.

4.2. Results of Jadad decision algorithm

The pooled results from each of the included meta-analyses
were given in Fig. 2. To identify the study that provides the best
possible evidence to generate treatment recommendations, we
adopted the Jadad decision algorithm. Considering that all the 6
included meta-analyses tried to answer the same clinical question

Outcome Variables X Li'7 (2014) C Papakostidis> (2016)

s Xu’! (2017)

Z Wang'® (2019) C Zhang* (2020) S Wang'® (2020)

VAS - 6 months

VAS - 12 months

VAS - 24 months

HHS

HHS — 12 months
HHS — 24 months
WOMAC

Femoral head collapse
Necrotic area reduction
Conversion to VBG
Conversion to THA
Adverse Events

52%

68%

0%
32%

42%

0%
0%

0%

0%
0%
0% 99% 86.2%
56.6% 26.4%
0% 0% 0%
90.9%

65%
71.2% 84.8%
57.9% 62% 22.5%

0% 0%

HHS — Harris Hip Score; THA — Total Hip Arthroplasty; VAS — Visual Analog Scale; VBG — Vascularised Bone Grafting; WOMAC - Western Ontario and McMaster Universities

Arthritis Index.
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S Xu (2017)
7. Wang (2019)
C Zhang (2020)
S Wang (2020)

VAS - 6 months

VAS - 12 months

VAS - 24 months
HHS
HHS — 12 months

HHS — 24 months

WOMAC
Femoral head collapse

Necrotic area reduction

Conversion to VBG
Conversion to THA

Adverse Events

Favoring core decompression alone

No difference

Not reported

Favoring BM-MSC therapy with core decompression

Fig. 2. The pooled results of each included meta-analyses.

despite having a varied spectrum of primary studies being
analyzed, the study with the highest quality is selected based on its
methodological quality, restrictions involved in study selection
such as language, databases involved and data analysis protocols as
shown in Fig. 3. Eventually, we identified the meta-analysis by S
Wang et al.'® as the highest-quality study among the included
meta-analyses based on the Jadad decision algorithm. This study
has shown that BM-MSC with CD was more efficacious compared to
CD alone, thereby delaying the progression of the ONFH, with a
reduction in the necrotic area of the femoral head and decreasing
the need for THA and improved HHS.

5. Discussion

To date, numerous RCTs have analyzed the utility of BM-MSC
therapy in ONFH providing promising results in favor of the
therapy.'**>~3° However, limited sample size and the paucity of
long term results have been their major limitation. To further
strengthen their results, multiple meta-analyses based on the RCTs
have provided a higher level of evidence on the effectiveness of the
intervention in ONFH.>~721733 But the spectrum of primary
studies included in the analysis and the databases analyzed were
discordant among them. Hence, a systematic overview of the
overlapping meta-analyses to identify the highest quality study

139

among the meta-analyses to assist decision-makers in formulating
recommendations is needed.

The main objective of this study was to make a systematic
overview of the overlapping meta-analyses, analysing the effec-
tiveness of BM-MSC therapy along with CD for ONFH, is to identify
the study with the highest level of evidence to generate treatment
recommendations. We did a comprehensive literature search and
identified 6 potential meta-analyses to be included in this
review.”> 1731733 A decision tool was designed by Jadad et al.?® to
select the highest-quality study from the meta-analyses under
analysis which is widely used in varied fields of medicine.?83%40
Finally, the meta-analysis by S Wang et al.'® with Level II evi-
dence including only RCTs was chosen as the highest-quality study
based on the decision algorithm by Jadad. This study identified as
current best evidence has shown that BM-MSC with CD was more
efficacious compared to CD alone, thereby delaying the progression
of the ONFH, with a reduction in the necrotic area of the femoral
head, decreasing the need for THA and improved HHS. In the pro-
spective double-blinded RCTs by M Li et al> and P Hernigou
et al.*! the effectiveness of BM-MSC therapy along with CD in the
management of ONFH is established with long term follow-up.

The pathogenesis of ONFH remains unclear to the global re-
searchers despite a myriad of trials investigating its etiology.
Cellular therapy has been a great boon in the area of bio-
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Yes (See Eligibility criteria)

B
Select the question closest
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No (See Table 2)

D
Same quality?

F
Select the review with
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No

E
Assess and compare
o Data extraction
o Heterogeneity testing
o Data synthesis

No (See Table 3 & 4)

H

Assess and compare
o Search strategies
1 Application of
selection criteria

(See Table 3-5)

Fig. 3. The flowchart of Jadad decision algorithm.

regeneration of bone and bone-related cells. Out of all the products
of cell-based therapy, BM-MSCs are ubiquitous and proved the path
of regenerating tissues in the area of interest. BM-MSCs possess
multi-differential potential to differentiate into osteoblasts, endo-
thelial progenitor cells, and hemangioblasts, which function to
repair the necrotic region in the femoral head.

It is now established form various studies that implantation of
MSCs in the area of femoral head necrosis resulted in a decreased
conversion rate to total hip arthroplasty.'>!> Significant improve-
ment in the femoral head survival rate and functional results were
noted when the CD with BM-MSCs was done in the pre-collapse
stage than the post-collapse stage of ONFH.>®*? The predictive
factors for a successful outcome on treatment with CD along with
BM-MSC therapy for ONFH are the size and number of necrotic
areas, number of viable BM-MSCs delivered at the implantation
site, and decreased intra-osseous pressure which prevents the
apoptosis of the implanted BM-MSCs. The mechanism of repair in
ONFH by BM-MSC implantation is by appositional bone growth on
the old matrix with thickened trabeculae. The true volume of new
bone formed by stem cell implantation can be assessed by histo-
logical examination when patients turn up for total hip arthro-
plasty.*® Kang et al.** stated that BM-MSCs derived from older
patients or patients with advanced lesions in the femoral head have
lower differentiation potential and hence lead to failure of the
procedure and an increased rate of conversion to THA.

Hernigou et al.*> evaluated the number of MSCs in 1 cm® of a
femoral head by femoral head fragmentation and found 700 + 264
MSCs per cm? in a normal femoral head. Given an average femoral
head volume of 50 cm?, approximately 35,000 MSCs would be the
critical number of MSCs to be loaded to re-establish the number of
MSCs as in the normal femoral head. Hernigou et al.*® in their study
identified that implantation of more than 2 million mononuclear
cells per ml in the necrotic foci is necessary for a successful
outcome from BM-MSC therapy. However, identification, quantifi-
cation, and culture expansion of the MSCs from the mononuclear
concentrate before injection remain a challenge due to economic
constraints and stringent regulations in various countries laid
down for cell-based therapies.
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5.1. Directions for future

Current research on BM-MSC therapy is directed towards novel
methods like implanting transfected targeted genes into the BM-
MSC pool delivered to the osteonecrotic foci of the femoral head.
Xiao et al.*” demonstrated the repairing of the experimental defect
of ONFH with BM-MSC-seeded bio-derived bone material com-
bined with rhBMP-2 to be even more beneficial. Wen et al.®
augmented the BM-MSC therapy with transplantation of hepato-
cyte growth factor to enhance blood vessel regeneration and bone
reconstruction in an ONFH model.

Although our systematic overview establishes the efficacy of the
BM-MSC therapy over CD alone for ONFH, there remains a lack of
consensus on the quality and quantity of cell count with respect to
the stage of the disease being treated, graft harvesting protocols,
culture expansion, and cell delivery or implantation methods uti-
lized for BM-MSC therapy for ONFH. To clarify these aspects, blin-
ded RCTs investigating the above-mentioned lacunae are required
in the future.

5.2. Limitations

This study has some limitations. This study identified meta-
analyses of RCTs which were identified to be of Level II evidence.
Hence, we cannot provide a Level I treatment recommendation
with the current literature. This systematic overview may be
influenced by the limitations and biases involved in the meta-
analyses and their primary studies. Moreover, selecting the meta-
analysis of highest quality based on Jadad algorithm generates
recommendations based on the results of the selected meta-
analysis at the cost of studies missed from their primary search
as highlighted in Table 2.

6. Conclusion
Based on this systematic overview, we give a Level Il recom-

mendation that BM-MSC therapy is more efficacious along with CD
in the management of ONFH compared to CD alone. BM-MSC
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therapy provides better pain relief with significant functional
improvement and delaying the collapse of the femoral head
thereby preventing further treatment such as THA.

Declaration of competing interest

Authors declare no potential conflicts of interest involved in the

conduction of this study.

Appendix A. Supplementary data

Supplementary data to this article can be found online at

https://doi.org/10.1016/j.jcot.2020.11.015.

CDSR — Cochrane Database of Systematic Reviews; DARE —

Database of Abstracts of Reviews of Effects; # - List of excluded
studies are given in Supplementary File 1.

VAS — Visual Analog Scale; HHS — Harris Hip Score; WOMAC -

Western Ontario and McMaster Universities Arthritis Index; VBG —
Vascularised Bone Grafting; THA — Total Hip Arthroplasty.
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