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Which is the most effective one in knee osteoarthritis treatment
from mesenchymal stem cells obtained from different sources?
— A systematic review with conventional and network
meta-analyses of randomized controlled trials
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Background: Due to varying degrees of difficulty in obtaining different mesenchymal stem cells (MSCs),
the distinct pain levels and treatment costs, and for providing concrete evidence for future clinical practice,
a thorough comparison of all relevant MSCs remained critical. Hence, this study aimed to achieve this
objective to compare the efficacy of MSCs obtained from different sources in clinical outcomes and cartilage
repair of knee osteoarthritis (KOA).

Methods: The EmBase, PubMed and Cochrane Library databases were searched for eligible studies.
Randomized controlled trials (RCTs) that compared MSCs from different sources with placebo or each other
in KOA patients. Conventional meta-analysis and frequentist network meta-analysis (NMA) were conducted.
The primary clinical outcome was pain relief. The frequentist NMA was conducted using Stata with the
“network” command.

Results: Fight studies (seven trials) involving 203 KOA patients were included in this meta-analysis. The
MSCs were considered superior over placebo for pain relief and improved function in KOA, but showed no
statistically significant differences for cartilage regeneration. Among all the MSCs, the adipose tissue-derived
MSCs (AD-MSCs) most effectively relieved pain.

Conclusion: These findings suggested that MSCs are effective in the treating of KOA. AD-MSCs might
be the most effective for relieving pain, and Umbilical cord-derived mesenchymal stem cells (UC-MSCs)
might be the most effective for improving function. However, the current evidence does not support the use
of MSCs for improving cartilage repair in KOA patients.
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Introduction

Osteoarthritis (OA) is the most common degenerative
disease, affecting a vast majority of patients aged over
65 years. The prevalence of OA is steadily rising, and
these patients suffer from OA pain (1,2). According
to the guidelines issued by the American College of
Rheumatology, the treatment methods for OA are very
limited. In addition to the preventive methods such as
swimming or other aerobic exercises and weight loss,
clinical treatments of OA are restricted to symptomatic
managements such as the use of analgesics have limited
efficacy and joint replacement after OA reaches mid-late
stage of the patient (3). Currently, intra-articular injection
has become an indispensable drug treatment strategy for
OA. Compared with oral and intravenous administrations,
intra-articular treatment involves topical administration
with fewer side effects and higher drug concentrations (4).

Mesenchymal stem cells (MSCs) are pluripotent stem
cells that have all the characteristics of stem cells, namely
self-renewability and multi-directional differentiation.
Several animal models and clinical studies have confirmed
the therapeutic effects of MSCs in OA (5,6). However,
these effects are not clearly defined. The overall quality of
studies on MSCs in OA treatment has not been determined
yet, and the risk of placebo effect when intra-articular
injection is administered yielded controversial results with
MSC treatment (7,8). Therefore, it is necessary to identify
the efficacy of MSC injection in OA patients in order to
provide evidence for clinical decision-making.

MSCs can be obtained from various sources, such as the
bone marrow, adipose tissue, cord blood, etc. After in vitro
amplification, the MSCs can be used for transplantation.
However, the access methods used for acquiring MSCs from
different sources are highly variable. Bone marrow derived
mesenchymal stromal cells (BM-MSCs) are acquired by
means of autologous and allogeneic transplantations.
Allogenic BM-MSCs obtained from healthy donors are
subjected to autologous MSC transplantation. However,
autologous BM-MSC isolation requires bone marrow
extraction surgery of the pelvic bone (iliac crest) prior to
intra-articular injection of MSCs, which in turn increases
the patient’s mental stress and financial burden. Isolation
of adipose-derived mesenchymal stem cells (AD-MSCs) is
considered to be relatively simple and safe. Adipose tissues
of patients or healthy donors are obtained by liposuction
from abdominal subcutaneous fat. Umbilical cord-derived
mesenchymal stem cells (UC-MSCs) are the simplest
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to obtain, and require only healthy donors to provide
postpartum placenta for isolation and amplification.

Several clinical trials have evaluated the efficacy and
safety profiles of MSCs from different sources. MSCs are
obtained from various sources, including the bone marrow,
adipose tissue and cord blood. BM-MSCs are extracted from
the bone marrow of the pelvic bone (iliac crest) of healthy
donors. AD-MSCs are isolated from the adipose tissue
after liposuction. UC-MSCs are easily accessible, and the
whole umbilical cord might be a source of MSCs. Because
the difficulty of obtaining these MSCs is inconsistent, and
the pain suffered by patients is also inconsistent. Although
all treatment methods are intra-articular injections, the
additional economic burden and psychological burden
are highly different. We indicate that MSC from different
sources are different treatments, although they are all called
“mesenchymal stem cells”. However, due to varying degrees
of difficulty in obtaining different MSCs, the distinct pain
levels and treatment costs, and for providing concrete
evidence for future clinical practice, a thorough comparison
of all relevant MSCs remained critical. Hence, this study
aimed to achieve this objective by conducting conventional
meta-analysis for verifying whether MSC is truly effective
in the treatment of KOA and network meta-analysis (NMA)
for finding the most effective one in KOA treatment from
MSC:s obtained from different sources.

We present the following article in accordance with the
PRISMA reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-5116).

Methods
Protocol and registration

The study is developed by the International Prospective
Register of Systematic Reviews (PROSPERO) guidelines
for reporting of systematic reviews. This systematic review
with conventional and network meta-analyses is registered
(CRD42019135946) with the PRISMA.

Literature search

The databases such as Embase, PubMed and Cochrane
Library were searched for eligible studies from inception to
April 5,2019. A series of keywords and MeSH terms related
to osteoarthritis, MSCs and randomized controlled trials
were used to identify relevant RCTs that investigated the
efficacy of MSCs in patients with KOA (Appendixes 1-7).
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The reference lists of all retrieved studies and reviews were
also manually searched for any eligible articles.

Identification and selection of trials

The inclusion criteria were as follows: (I) studies with
RCT design; (IT) patients with KOA; (III) studies that
compare MSCs from different sources with placebo or
each other; and (IV) trials reporting pain, function or
cartilage regeneration outcomes. The exclusion criteria
were as follows: (I) studies that combined MSCs with other
intra-articular injection; and (II) studies with only abstract
available (insufficient data).

"Two investigators (Z] Wei and QQ Wang) independently
screened all the identified studies according to the
above mentioned inclusion and exclusion criteria. Any
inconsistencies were resolved by reaching consensus.

Quality assessment

The Cochrane risk of bias assessment tool was used to
determine the methodological quality of the identified
RCTs. A total of six domains were evaluated, which
included the random sequence generation (selection
bias), allocation concealment (selection bias), blinding of
participants and personnel (performance bias), blinding of
outcome assessment (detection bias), incomplete outcome
data (attrition bias) and selective reporting (reporting bias).
FEach trial was attributed with a low risk of bias, unclear risk
of bias or high risk of bias in each domain.

Endpoints

The prespecified primary outcome was pain relief. If
multiple pain scales were reported, VAS score remained the
first choice. The secondary choice was Western Ontario
and McMaster Universities Osteoarthritis Index score-pain
subscore (WOMAC-pain). The change-from-baseline score
during the last follow-up period was used as the pain relief
score.

The secondary outcome was physical function. Western
Ontario and McMaster Universities Osteoarthritis Index
score-physical function subscore (WOMAC-PF) was used
for assessing functional improvement. If no WOMAC-PF
scores were reported by studies, then Western Ontario and
McMaster Universities Osteoarthritis Index score-general
score (WOMAC-general), the Lequesne Index or another
functional measurement scale were used. The change-from-
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baseline score during the last follow-up was used as the
physical function score.

The third outcome was cartilage regeneration. The
Whole-Organ Magnetic Resonance Imaging score
(WORMS) was used for assessing cartilage regeneration. If
no WORMS has been reported, then quantitative MRI or
another structural assessment scale was used. The change-
from-baseline score during the last follow-up period was
used as the cartilage regeneration score.

For studies that involve multiple treatment groups with
different doses of MSCs from the same source, the data
were combined into one treatment group. The differences
between two treatment arms were assessed. As different
scales were used to evaluate the same outcome, the SMD
was calculated.

Data extraction

Two investigators (Z] Wei and QQ Wang) reviewed the
full-texts of the eligible studies and extracted the data such
as study design, trial size, inclusion/exclusion criteria, details
of intervention (number of cells, source, delivery method
and treatment duration), patient characteristics, clinical
outcome measurement method (VAS score, WOMAC-
pain, WOMAC-PF, WOMAC-general, WORMS and
Quantitative MRI) and their scores (pre- vs. post-operative).

Statistical analysis

A conventional meta-analysis was used to compare the
overall MSCs with placebo (in RCTs). Heterogeneity
of the effect size across the studies was tested by Q
statistics (P<0.05 was considered to be heterogeneous)
and I-square statistics (I-square >50% was considered
to be heterogeneous). Publication bias was evaluated by
Begg’s test, along with funnel plot. In case of significant
heterogeneity between studies, the random-effects model
was used; otherwise, a fixed-effects model was employed.
To determine the most effective MSCs, three subgroup
analyses of different tissue sources, autologous or allogeneic,
or combined were performed.

Subgroup analysis A included MSCs from different
tissues (UC-MSC, BM-MSC and AD-MSC) versus placebo
was conducted. Subgroup analysis B included MSCs from
autologous or allogenic versus placebo was conducted.
Subgroup analysis C included MSCs from different
sources (UC-MSCs-allogenic, BM-MSCs-allogenic, BM-
MSCs-autologous, AD-MSCs-allogenic and AD-MSCs-
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autologous) versus placebo was conducted.

The estimates were combined using frequentist NMAs.
The frequentist effect size (ES) and associated 95%
confidence intervals (Cls) were calculated. The frequentist
NMA was conducted using Stata with the “network”
command. The overall effect sizes (WMDs or SMDs)
were calculated by dividing the differences in mean values
between the treatment groups in a specific time window
by the median pooled SD across all timepoints in a trial.
When the SD values were not provided, the overall
effect sizes were calculated from SEs or Cls. If the SDs
remained unchanged from the given baseline value in
an included study, they were calculated according to the
Cochrane guidelines (9). In these imputations, we assumed
a correlation coefficient of “r=0.5” between the baseline
and follow-up periods. If only a sample size, median,
range and/or IQR could be extracted from a trial, then the
methodology from Wan et 4/. (10) was used to calculate
the sample mean and SD. All effect sizes were pooled by
Hedges’ g in order to adjust for trials with a small sample
size (11). The goodness of fit model was assessed by
calculating the consistency of the network (differences in the
effect sizes derived from direct and indirect comparisons).
"To examine the data for small study effects, the comparison-
adjusted funnel plots were generated. For trials containing
three or more treatment arms, inconsistency was defined by
the differences between direct and indirect effect estimates
for the same comparison. The fit of the model with the data
was measured by calculating the posterior mean residual
deviance. The treatments were ranked based on efficacy,
and the probabilities of the surface under the cumulative
ranking curves (SUCRAs) were determined. The rankings
of all the evaluated treatments were based on the effect
levels according to posterior probabilities. SUCRAs
could explain the outcome percentages relative to an ideal
treatment, which always ranked first. Thus, the greater the
SUCRA score, the more effective the MSCs were.

All statistical analyses were conducted using STATA
software (V.15.1, Stata, College Station, Texas, USA) and
Review Manager 5.3 software (RevMan 5.3, The Cochrane
Collaboration, Oxford, UK).

Results
Characteristics of eligible studies

A total of 842 studies were retrieved from the databases,
and 8 studies of these were considered eligible for inclusion
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in this meta-analysis (12-19). However, the only difference
between the two studies (15,16) conducted by Lamo-
Espinosa et al. was the follow-up time, and so we included
them in the analysis as a single study. Moreover, the pain
relief and functional improvement data from high dose
BM-MSCs in Gupta et a/. study could not be extracted.
Finally, 7 studies including 203 KOA patients were enrolled
in this meta-analysis. The results of literature search and
reasons for exclusion are illustrated in Figure 1. All trials
were published as full-text articles. Four trials compared
BM-MSCs and placebo, one trial compared UC-MSCs and
placebo, and two trials compared AD-MSCs and placebo.
The characteristics of the included trials are presented in
Table 1.

Publication bias

Bias assessment was evaluated for all the included trials
in Supplementary file (Appendixes 1-7). Begg’s test was
performed to evaluate publication bias and revealed no
statistical significance. The funnel plots are shown in
Supplementary file (Appendixes 1-7).

Effects on pain relief

In conventional meta-analysis, the effects on pain relief in
7 RCTs involving the 3 MSC injections (UC-MSCs, BM-
MSCs and AD-MSCs) were analyzed (Appendixes 1-7). Pain
scale of all trials was assessed using VAS score. Comparison
of MSCs from different tissues with placebo during the
last follow-up period showed that the scores of overall
MSCs were superior to placebo with regard to pain relief
(WMD =-20.31, 95% CI: -26.81 to -13.80, P<0.001) in KOA
patients (Figure 2A4). Heterogeneity was analyzed by comparing
the effects of pain relief (I-squared =6.8%, P=0.376), and so
fixed-effects model was used. Obviously, there was no evidence
showing heterogeneity in the pooled results for the direct
comparison of efficacy.

Three subgroup analyses from different tissue sources
were performed, autologous or allogeneic, or combined
with them. Subgroup analysis A showed statistically
significant differences in UC-MSCs (P=0.013), BM-MSCs
(P=0.006) and AD-MSCs (P<0.001). Subgroup analysis B
showed statistically significant differences in autologous
MSCs (P<0.001) and allogeneic MSCs (P<0.001). Subgroup
analysis C showed statistically significant differences in
UC-MSCs-allogeneic (P=0.013), BM-MSCs-autologous
(P=0.014), AD-MSCs-autologous (P=0.011) and AD-
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Identification

Records identified for RCTs (n=842):
PubMed (n=146); Embase (n=440); Cochrane
Library (n=256)
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Screening v

Titles and abstracts screened (n=755)

Y

Duplicates (n=87)

Excluded (n=604):
Unrelated (n=305)
In vitro study (n=25)
Animal study (n=27)

Eligibility v

Retrieved for full assessment (n=151)

Y

Review Article (n=161)
Not OA study (n=39)
Duplicates (n=45)
Case Report (n=2)

Excluded (n=143):

Included v

Included in qualitative synthesis (n=8)

Y

Eight studies included in qualitative
synthesis (meta-analysis)

Figure 1 Systematic review flow diagram.

MSCs-allogeneic (P<0.001), except BM-MSCs-allogeneic.

In NMA, UC-MSCs, BM-MSCs and AD-MSCs were all
highly effective when compared to placebo in achieving the
treatment target. AD-MSCs were considered to be the most
effective for pain relief (WMD =-26.05, 95% CI: -36.06 to
-16.04, P<0.001). The WMDs from high to low were AD-
MSCs, UC-MSCs, BM-MSCs and placebo (Figure 2B).
The detailed results are illustrated in 7zble 2 and the
rankings based on SUCRA are presented in Supplementary
file (Appendixes 1-7). AD-MSCs have the largest
probability of being the best treatment option for pain relief
(SUCRA =92.0%). Structure of network formed by
interventions was shown in Figure 3.

Secondary NMA of MSCs from different tissue sources
and combined with autologous or allogeneic was performed.
This NMA further indicated statistically significant
differences. AD-MSCs-autologous exhibited the largest
effect for pain relief (WMD =-29.00, 95% CI: -45.61 to
-12.39, P<0.001), and the WMDs from high to low were
AD-MSCs-autologous, AD-MSCs-allogenic, BM-MSCs-
autologous, UC-MSCs-allogenic, BM-MSCs-allogenic and
placebo. AD-MSCs-autologous have the largest probability
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Y

No knee OA study (n=8)

No full-test (n=45)

No suitable control group (n=10)

No randomized controlled trial (n=23)
Duplicates (n=2)

Mixing with other intervention (n=17)
No MSC study (n=12)

Conference abstract (n=24)

Data cannot be extracted (n=2)

of being the best treatment option for pain relief (SUCRA
=84.8%). The rankings based on SUCRA are shown in
Supplementary file (Appendixes 1-7).

Effects on functional improvement

In conventional meta-analysis, the effects on functional
improvement in 7 RCTs involving all the three MSC
injections were analyzed. Function scale of all trials included
WOMAC-PE, but Vega 2015 used WOMAC-global score.
Comparison of MSCs from different tissues with placebo
during the last follow-up period showed that the overall
MSCs were superior to placebo for functional improvement
(SMD =-0.47, 95% CI: -0.76 to -0.17, P=0.002) in KOA
patients (Figure 4A4). Heterogeneity was analyzed by
comparing the effects on functional improvement (I-squared
=6.9%, P=0.375), and so the fixed-effects model was used.
The results showed no significant heterogeneity in the
pooled results that directly compared efficacy.

Subgroup analysis A showed statistically significant
differences on UC-MSCs (P=0.024) and AD-MSCs
(P=0.018). Subgroup analysis B showed statistically
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Figure 2 Meta-analysis of treatment effects on pain relief. (A) Conventional meta-analysis of treatment effects on pain relief for MSC

from different sources overall compared with placebo in RCTs; (B) network meta-analysis of treatment effects on pain relief for MSC from

different sources overall compared with placebo in RCTs. MSC, mesenchymal stem cell; RCT, randomized controlled trial.

significant differences on allogeneic MSCs (P=0.005).
Subgroup analysis C showed statistically significant
differences on UC-MSCs-allogeneic (P=0.024), and AD-
MSCs-autologous (P=0.020). The results of SMD (95% CI)
were shown in Table 3.

The results showed in that UC-MSCs and AD-MSCs
were highly effective when compared to placebo in
achieving treatment target. UC-MSCs were considered

© Annals of Translational Medicine. All rights reserved.

to be the most effective cells for functional improvement
(SMD =-1.02, 95% CI: -1.90 to -0.13, P=0.024). The
SMD from high to low were UC-MSCs, AD-MSCs, BM-
MSCs and placebo. The detailed results are illustrated in
‘Table and the rankings based on SUCRA are shown in SA.
UC-MSCs have the largest probability of being the best
treatment option for pain relief (SUCRA =85.3%).
Secondary NMA of MSC from different tissue sources
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Figure 3 Structure of network formed by interventions.

and combined with autologous or allogeneic was performed.
This NMA further indicated statistically significant
differences (Figure 4B). AD-MSCs-autologous exhibited
the largest effect for functional improvement (SMD =-1.02,
95% CI: -1.88 to -0.16, P=0.024), the SMD from high
to low were AD-MSCs-autologous, UC-MSCs-allogenic,
BM-MSCs-allogenic, AD-MSCs-allogenic, BM-MSCs-
autologous and placebo. AD-MSCs- autologous have
the largest probability of being the best treatment option
for pain relief (SUCRA =81.8%). The rankings based on
SUCRA are shown in Supplementary file (Appendixes 1-7).

Comparisons between the effects of pain and function

The results from conventional and network meta-analyses
are presented in Tables 2 and 3. The results were generally
consistent, and showed no significant differences in WMDs
and corresponding 95% Cls on pain relief. The node
splitting method could not be performed due to the absence
of closed loop in the data. Furthermore, AD-MSC and UC-
MSC injections have demonstrated beneficial effects in
pain relief and functional improvement. After autologous
or allogeneic conditions were added, the autologous AD-
MSCs became the most effective treatment option for MSC
injection.

Effects on structural assessment by MRI

In conventional meta-analysis, the effects on cartilage
regeneration in 5 RCTs involving all three MSC injections
were analyzed (Appendixes 1-7). Regeneration scale of
trials was evaluated by WORMS, but Kuah 2018 and
Lee 2019 analyzed the changes in cartilage defects by
MRI. Comparison of MSCs from different tissues with

© Annals of Translational Medicine. All rights reserved.
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placebo during the last follow-up showed that the overall
MSCs had fewer changes when compared with placebo
for cartilage regeneration (SMD =-0.13, 95% CI: -0.46 to
0.21, P=0.4622) in KOA. Heterogeneity was analyzed by
comparing the effects on cartilage regeneration (I-squared
=0.0%, P=0.521), and so the fixed-effects model was
used (Figure 5A). The results showed no evidence of
heterogeneity in the pooled results for direct comparison of
efficacy.

Subgroup analyses A, B and C showed no statistically
significant differences on all types of MSCs. Although the
p value of AD-MSCs-autologous showed no statistically
significant difference, the SMDs and corresponding 95%
CIs of AD-MSCs-autologous were superior to placebo for
cartilage repair.

Pooled SMDs and 95% ClIs regarding the efficacy of
MSC injections from different tissues in NMA are shown
in Figure SB. The SMDs from high to low were AD-
MSCs, UC-MSCs, placebo and BM-MSCs. The detailed
results and the rankings based on SUCRA are shown in
Supplementary file (Appendixes 1-7). AD-MSCs have the
largest probability of being the best treatment option for
cartilage repair (SUCRA =78.2%).

Discussion

This was the first NMA conducted with all the available
RCTs that directly compared MSCs from different sources
in KOA patients, which increased the reliability of the
findings. There were only 7 trials for direct comparison
through NMA. The main findings were as follows: (I)
3 MSC types (UC-MSCs, BM-MSCs and AD-MSCs)
significantly alleviated OA symptoms; (II) AD-MSCs were
the most effective among all the MSCs for pain relief,
whereas UC-MSCs were the most effective for functional
improvement; (III) autologous MSCs were considered
superior to allogeneic counterparts for pain relief, and
allogeneic BM-MSCs were superior to autologous
counterparts for functional improvement; (IV) autologous
AD-MSCs showed more beneficial effects when compared
to other MSCs for relieving pain and improving function
among KOA patients; (V) intra-articular administration of
MSCs showed insufficient clinical evidence for improving
cartilage repair in KOA.

No direct or indirect (via NMA) evidence regarding the
relative efficacy of MSCs from different sources has been
previously published. Some previous meta-analyses studies
indicated that MSC injection in KOA patients showed no

Ann Transl Med 2021;9(6):452 | http://dx.doi.org/10.21037/atm-20-5116
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Figure 4 Meta-analysis of treatment effects on functional improvement. (A) Conventional meta-analysis of treatment effects on functional

improvement for MSC from different sources overall compared with placebo in RCTs; (B) network meta-analysis of treatment effects on

functional improvement for MSC from different sources overall compared with placebo in RCTs. MSC, mesenchymal stem cell; RCT,

randomized controlled trial.

significant pain relieving effect (20,21), while few other
meta-analyses studies showed that treatment with MSCs
significantly alleviated pain in OA patients (22-24). However,
the present study showed that the MSCs were superior over
placebo for pain relief (WMD =-20.31, 95% CI: -26.81 to
-13.80, P<0.001), which might be explained by the recently
published high quality RCTs. The novel findings of this
study were that the AD-MSCs were used for effective pain
relief; and WMDs from high to low were obtained for AD-
MSCs, UC-MSCs, BM-MSCs and placebo. This may be due

© Annals of Translational Medicine. All rights reserved.

to that the AD-MSCs were less dependent on mitochondrial
respiration for energy production. In addition, AD-MSCs
have lower expression levels of human leukocyte antigen class
I and higher immunosuppression capacity (25). Subgroup
analysis indicated that autologous MSCs were superior over
allogenic counterparts for pain relief, and this might be due
to better biocompatibility and no possibility of immune
rejection of autologous MSCs.

MSCs are obtained from various sources, including the

bone marrow, adipose tissue and cord blood. BM-MSCs

Ann Transl Med 2021;9(6):452 | http://dx.doi.org/10.21037/atm-20-5116
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Figure 5 Meta-analysis of treatment effects on structural assessment. (A) Conventional meta-analysis of treatment effects on structural

assessment for MSC from different sources overall compared with placebo in RCTs; (B) network meta-analysis of treatment effects on

structural assessment for MSC from different sources overall compared with placebo in RCTs. MSC, mesenchymal stem cell; RCT,

randomized controlled trial.

are extracted from the bone marrow of the pelvic bone
(iliac crest) of healthy donors. This is an invasive procedure
that requires anesthesia and involves the risk of nosocomial
infection, increasing the patient’s mental stress as well as
financial burden. AD-MSCs are isolated from the adipose
tissue after liposuction. UC-MSCs are easily accessible, and

© Annals of Translational Medicine. All rights reserved.

the whole umbilical cord might be a source of MSCs. The
objective of this study was to compare MSCs from different
sources to identify those cells with the most pronounced
effects for treating KOA patients. Nowadays, adipose tissue
has been increasingly used as a source of MSCs, primarily
because of its natural abundance of MSCs and requires less

Ann Transl Med 2021;9(6):452 | http://dx.doi.org/10.21037/atm-20-5116
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invasive surgical procedures for extraction, making it an ideal
choice for clinical use. This study provided evidence that the
adipose tissue is an ideal treatment option for KOA patients
through conventional meta-analysis and NMAs of RCTs.

Nevertheless, this study has several limitations. Firstly,
only 4 trials included multiple treatment groups with different
doses of MSCs from the same source, and the data were
combined as one treatment group. This might reduce the
effects of heterogeneity, resulting in a minor bias in this
analysis. Secondly, some estimated NMA data relied on
indirect comparisons. However, our results were obtained only
by direct comparisons, and inconsistency analysis could not
be performed. Thirdly, this analysis included only 7 studies, in
which all the RCTs with low bias, high quality and credibility
were assessed, and provided sufficient evidence.

Conclusions

This NMA identified 7 RCTs that compared the effect
of MSCs isolated from different sources. Overall,
administration of MSCs resulted in reduced pain and
improved function in KOA patients. AD-MSCs were
considered as the most effective treatment option for pain
relief, while UC-MSCs were the most effective option
for improving function. Autologous AD-MSCs showed
more beneficial effects when compared to other MSCs for
relieving pain and improving function. Current evidence
does not support the use of MSCs for improving cartilage
repair in KOA patients. There are few high-quality RCT5 in
which MSCs are used for the treatment of KOA. Therefore,
further RCTs are needed to assure optimal use of MSCs for
OA treatment.
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