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Abstract

Introduction Mesenchymal stem cells (MSCs) have gained popularity for articular cartilage repair. However, efficacy of
intra-articular MSCs in osteoarthritis remains unclear. In the setting of a meta-analysis of randomized controlled trials
(RCTs), we aimed to investigate the efficacy of intra-articular MSCs on clinical outcomes and cartilage repair in patients
with knee osteoarthritis.

Materials and methods PubMed, EMBASE, Cochrane Library, CINAHL, and Scopus were searched from inception to
March 31, 2017. This study included RCTs using cell population containing MSCs for treatment of knee osteoarthritis. The
quality was assessed by Cochrane Collaboration’s risk of bias tool. For meta-analysis, data on clinical outcomes measured
by visual analog scale (VAS), Lysholm score, WOMAC and data on cartilage repair measured by MOCART and WORMS
were extracted. In studies with several cell concentrations, outcomes of recommended concentration were used mainly to
ensure robustness.

Results A total of five RCTs (220 patients) were included. Two studies were deemed to have low risk of bias. In pooled
analysis, there was significant difference in VAS score (mean difference [MD], —9.2; 95% CI: —17.21, — 1.20) and Lysholm
score (MD, 8.70; 95% CI 0.06, 17.34), but not WOMAC (MD, —7.44; 95% CI —20.38, 5.50). In cumulative functional
analysis using Lysholm score and WOMAC in recommended concentration, there was a significant improvement (standard
mean difference [SMD], 0.53; 95% CI 0.13, 0.94) after treatment. In cartilage repair assessed by MRI, there was no significant
difference (SMD, 0.53; 95% CI-0.28, 1.34).

Conclusions This meta-analysis demonstrated that intra-articular MSCs have a limited evidence in pain relief and functional
improvement in knee osteoarthritis. While MSCs may result in favorable clinical outcomes with a recommended concentra-
tion, use of concomitant treatment should be considered. In addition, current evidence does not support the use of intra-
articular MSCs for improving cartilage repair in knee osteoarthritis.
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Introduction

Osteoarthritis is a common joint disease representing
articular cartilage destruction, inflammation, and degen-
eration of other components of the joint [1]. Among these
characteristics, cartilage destruction is a key feature that
can lead to early osteoarthritis and advanced osteoarthri-
tis. Currently, primary treatments for early to moderate
osteoarthritis are palliative interventions including exer-
cises, weight reduction, drugs or injection [2, 3]. In cases
of moderate and advanced osteoarthritis where palliative
interventions are insufficient, surgical intervention such
as osteotomy or knee arthroplasty is performed as the last
resort [2]. In this regard, a new therapeutic option needs
to focus on reversing the pathophysiology of osteoarthritis
including cartilage repair.

Recently, mesenchymal stem cells (MSCs) are emerging
as potential treatment modalities for knee osteoarthritis
due to their properties of self-renewal, multi-lineage dif-
ferentiation potential, and immunomodulatory capacity [4,
5]. In addition, MSCs have shown a supporting effect on
the healing process of the host through paracrine action [6,
7]. Endogenous MSCs in synovial fluid can be increased
by aggression and inflammation to intra-articular tissues as
a response to tissue injury [8, 9]. However, the number of
available MSCs for cartilage repair is known to be scarce
[10]. Therefore, administration of exogenous MSCs may
meet the need to improve articular cartilage repair.

With an increasing interest in MSCs for treatment of
knee osteoarthritis, many clinical studies have been con-
ducted to evaluate the efficacy of MSCs on knee osteo-
arthritis in terms of pain and function. In addition, some
review articles have evaluated the evidence of clinical
application of MSCs for knee osteoarthritis [11-14].
However, clinical evidence of MSCs for knee osteoarthri-
tis remains unclear. Although two articles have reported
that MSCs could be safe and efficacious modality for knee
osteoarthritis [11, 13], others have reported that MSCs
for knee osteoarthritis have no clinical evidence, need-
ing more studies with high-level evidence [12, 14]. How-
ever, some review articles have included non-randomized
studies [12, 14] or domestic reports [11]. Moreover, some
review articles mistook non-randomized study of Koh
et al. [15] for randomized controlled study [11, 13]. This
may result in controversial conclusion about MSCs for
knee osteoarthritis. Thus, we intended to perform a meta-
analysis to assess efficacy of intra-articular MSCs on knee
osteoarthritis in terms of clinical outcome and cartilage
repair with rigorous inclusion and exclusion criteria. This
will provide more reliable information for proper under-
standing of current stem cell therapies for knee osteoar-
thritis by thorough review and analysis.

@ Springer

Materials and methods

This study was designed and conducted according to Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement [16]. A full version of the
protocol was registered on PROSPERO (CRD42018086416).

Data and literature sources

A comprehensive search of literature from several databases
(PUBMED, EMBASE, the Cochrane Library, CINAHL
and Scopus) was undertaken. The date was restricted to all
publications by March 31, 2017. Search specifics were:
(Mesenchymal Stromal Cells”’[Mesh] OR “mesenchymal
stem cell*”[TIAB] OR “Stem Cells”[Mesh] OR “stem
cell*”[TIAB]) AND (“knee”’[Mesh] OR knee[TIAB]) AND
(“Osteoarthritis”’[Mesh] OR osteoarthritis[ TIAB]). A man-
ual search for additional eligible studies not found by the
above search was performed for reference lists of included
studies and relevant review articles. Articles identified were
then assessed individually for inclusion.

Study selection

Studies presented in English language that assessed clini-
cal outcome after administration of cell population contain-
ing MSCs in human with knee osteoarthritis were eligible.
In vitro studies and animal studies were excluded. Rand-
omized controlled trials (RCT) were included. Studies that
did not include knee with osteoarthritis were excluded. The
title and abstract of each publication were independently
screened by two authors for eligibility. Subsequently, the
same two authors individually performed full-text analysis.
Disagreements about inclusion of a given study were solved
by consensus between the two authors or consultation with
the other author.

Data extraction

The above two authors independently recorded data from
each study using a predefined data extraction form. Data on
age, number of cases, follow-up, grade of osteoarthritis, site
of source, source (autologous or allogeneic), methods and
timing of delivery, culture expansion, entity of cells, num-
ber of cells, control intervention, and concomitant treatment
were collected. Entity of cell population was clearly evalu-
ated based on a consensus statement [17]. Outcome scales
regarding pain and function were recorded for the following:
visual analog scale (VAS), Western Ontario and McMaster
Universities Osteoarthritis index (WOMAC), and Lysholm
knee scale. In addition, Magnetic Resonance Observation
of Cartilage Repair Tissue (MOCART) and Whole-Organ
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Magnetic Resonance Imaging Score (WORMS) on MRI
were extracted to evaluate cartilage repair.

Data analysis according to concentration of cells
and definition of outcomes

In this meta-analysis, MSCs treatment groups from included
studies were compared with their respective control groups.
For each study, the mean value and standard deviation of
outcomes were extracted according to concentrations of
MSCs used in each study. Gupta et al. [18] and Lamo-Espi-
nosa et al. [19] have compared results of multiple different
concentrations of MSCs. Outcomes of recommended con-
centration of MSCs in their studies were used in this meta-
analysis to ensure of the robustness results of this assess-
ment. Additionally, average values of multiple outcomes
from different concentration of MSCs were subjected to sen-
sitivity analysis. Combined treatment effects for outcomes
of pain and function as clinical categories were assessed
via standardized mean differences. For those with negative
effect direction, i.e., VAS and WOMAC, standardized mean
difference (SMD), and 95% confident intervals (CIs) were
converted into positive direction to be comparable with other
indexes. The MRI evaluations were also assessed via SMD
to standardize results of studies as a uniform scale, because
Gupta et al. [18] and Lamo-Espinosa et al. [19] reported the
results by WORMS scoring system, but Wong et al. [20]
used the MOCART scoring system.

Assessment for risk of bias

It is well known that the inclusion of trials with a high risk
of bias may pervert the results of a meta-analysis [16, 21].
Thus, the above two authors independently assessed the risk
of bias using Cochrane Collaboration’s risk of bias tool [21].
The possibility of publication bias was examined by Egger’s
test based on Galbraith plots [22]. Funnel plot asymmetry
and Egger’s tests were conducted to examine the possibil-
ity of publication bias. Since the total number of studies
included in this meta-analysis was less than ten, the test for
funnel plot asymmetry was inappropriate. Consequently, we
treated the result from each single evaluation index as a trial
and plotted a funnel plot via SMD. Similar to single evalu-
ation indexes, the funnel plot asymmetry was assessed by
treating the result from each evaluation index as a trial and
unifying the effect direction. Disagreements were solved by
consensus between two authors or in consultation with the
other author.

Statistical analysis

Data analyses were performed with Review Manager soft-
ware (version 5.3; Nordic Cochrane Centre, The Cochrane

Collaboration). Statistical heterogeneity was assessed
with I? statistics: I>> 50%, substantial heterogeneity;
20%< I? < 50%, moderate heterogeneity. A random-effects
model was used because studies included in this analysis
were assumed to be random samples of all possible stud-
ies thereby increase the risk of heterogeneity. Forest plots
were used to show the outcome, pooled estimate of effect,
and overall summary effect of each study. MSCs treatment
effects were measured by mean differences (MDs) with
95% CIs if outcomes were measured in the same scale. On
the other hand, when outcomes were assessed in distinct
measures or scales, SMDs with 95% CIs were utilized to
standardize results of studies to a uniform scale. P <0.05
was considered statistically significant in all analyses. All
reported P values were from two-sided version of respec-
tive test.

Results
Study characteristics

The selection process for studies is shown in Fig. 1. Four
of these five studies were performed with bone marrow-
derived mesenchymal stem cells (BM-MSCs) [18-20,
23] while the remaining one study was performed with
adipose-derived stromal vascular fraction (ADSVF) con-
taining adipose-derived MSCs (ASCs) [24]. Two studies
performed concomitant surgery (high tibial osteotomy)
[20, 24] while three studies used additional injections
including platelet-rich plasma or hyaluronic acid [18, 19,
24]. Details of these included studies are summarized in
Table 1.

Records identified through Additional records identified
database searching through other sources
(n=808) (n=1)

| |

Records after duplicates removed
(n=332)

l

Records screened
(n=477)

|

] { Identification ]

Screening

Excluded after screening of title
and abstract (n =467)

Full-text articles excluded (n = 4)
Full-text articles assessed * No RCT studies (n = 2)

for eligibility ¢ No osteoarthritis (n = 2)
(n=10) ¢ Open Surgery (n=1)

l

Studies included
(n=5)

[ Included ]\ Eligibility ] [

Fig. 1 Flow diagram of articles during selection process
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Assessment for risk of bias

Results of assessment for risk of bias on included stud-
ies are summarized in Fig. 2. Wong et al. [20], Koh et al.
[24], and Lamo-Espinosa et al. [19] used autologous cells,
which needs additional process to obtain MSCs. Thus,
these studies were rated as having a high risk of perfor-
mance or detection bias. Koh et al. [24] did not clearly
report clinical outcomes nor specific scores, which was
rated as having an additional high risk of attrition and
reporting bias. Vega et al. [23] did not report all clinical
outcomes including specific scores of WOMAC. Thus, the
reporting bias for this study was rated as high. The funnel
plot (Supplementary Fig. 1a) does not suggest publication
bias in assessments by single evaluation index, including
VAS, WOMAC, Lysholm knee scale, and MRI evalua-
tions. Estimated effects were scattered within guidelines
for 95% CI, which did not show asymmetrical distribution.
Additionally, Egger’s test found no significant publication
bias (P =0.133). The funnel plot (Supplementary Fig. 1b)
and the result of Egger’s test also indicated the absence of
publication bias in assessments by combined evaluation
indices, including categories of functional and pain scores
(P=0.50).

bias)

and

Gupta 2016

Koh 2014

Lamo-Espinosa 2016

Vega 2015

@® . + . @ | selective reporting (reporting bias)

® @ @ @ ® | ncomplete outcome data (attrition bias)
® ® S @ ® | oternias

® ® | ® | ® | ® Avocation concealment (selection bias)
® ® O ® @ sindingor
® ® @ @ ® |5indingofoutcome assessment (detection bias)

® | ® | ® | ® | ® |Random sequence generation (selection bias)

Wong 2013

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) _

Selective reporting (reporting bias) _

Other bias _

0% 25% 50%
.High risk of bias I

75%  100%

| [ Low risk of bias [ unciearrisk of bias

Fig.2 Summary of the risk of bias assessment for included studies

Visual analog scale for pain (VAS)

VAS at final follow-up were described in four studies,
including 114 patients (56 MSCs and 58 controls) [18, 19,
23, 24]. Three studies reported these scores at 12 months
after surgery,[18, 19, 23] and one study reported these
scores at 24 months after surgery [24]. VAS scores in
MSCs treatment were significantly decreased (MD, —9.20;
95% CI: —17.21 to — 1.20, P=0.02) compared with those
in controls. Corresponding I? (41%) indicated moderate
heterogeneity (Fig. 3a).

Western Ontario and McMaster Universities
Osteoarthritis (WOMAC)

WOMAC at final follow-up were described in three stud-
ies [18, 19, 23], including 70 patients (35 MSCs and 35
controls). Because scales of WOMAC in Gupta et al. [18]
were different from other studies [19, 23], we converted
these scores to the same scale of WOMAC in other studies.
MSC treatment led to decrease in WOMAC total scores
with moderate heterogeneity (I>=33%), but it was not
statistically significant (MD, —7.44; P=0.26) (Fig. 3b).

Lysholm knee scale

Two studies reported Lysholm knee scales [20, 24]
(49 MSCs and 51 controls) with 24 months follow-up.
Lysholm knee scales in MSCs treatment were significant
increased (MD, 8.70; 95% CI: 0.06 to 17.34, P=0.05)
compared to those in controls (Fig. 3c). The corresponding
I (61%) indicated substantial heterogeneity.

MRI evaluation

Three studies (96 patients) reported results of MRI evalu-
ation (48 MSCs and 48 controls) [18-20]. MSC treatment
led to improve results in MRI evaluation (SMD, 0.53, 95%
CI: —0.28 to 1.34, P=0.20), but it was not statistically
significant (Fig. 4). The corresponding I? (70%) indicated
substantial heterogeneity.

Cumulative assessment of functional scores

Function scores of WOMAC and Lysholm of 140 patients
(69 MSCs and 71 controls) were combined from four
studies [18-20, 24]. Combined function scores in MSCs
treatment were significantly increased (SMD, 0.53; 95%
CI: 0.13 t0 0.94, P=0.01) compared to those in controls

@ Springer
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a MSCs Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV,Random,95%Cl Year 1V, Random, 95%CI

Koh 2014 -34.1 3.6 21 -29.2 439 23 56.5%  -4.90[-7.26,-2.54] 2014 |

Vega 2015 -21 16.34 15 -13 18.73 15 24.1%  -8.00[-20.58, 4.58] 2015 —&

Gupta 2016 -40.3 173 10 -21.3 283 10 12.1% -19.00[-39.56, 1.56] 2016 =

Lamo-Espinosa 2016 40 29.65 10 -10 33.15 10  7.4% -30.00[-57.57,-2.43] 2016 ¥

Total (95% Cl) 56 58 100.0% -9.20 [-17.21, -1.20] <&

Heterogeneity: Tau? = 28.10; Chiz=5.08, df =3 (P =0.17); = 41%
Test for overall effect: Z = 2.25 (P = 0.02)

25 0 25 50
MSCs Control

-50

Mean Difference

Mean Difference

b MSCs Control
Vega 2015 -13 22.58 15 4 2598 15
Gupta 2016 -28.71 20.15 10 -9.35 25.68 10
Lamo-Espinosa 2016 -11.5 16.31 10 -15.5 23.28 10
Total (95%Cl) 35 35 1

Heterogeneity: Tau? = 43.12; Chiz=2.98, df =2 (P = 0.23); 1= 33%

35.7%  -9.00[-26.42, 8.42] 2015
29.1% -19.36 [-39.59, 0.87] 2016
352% 4.00[-13.62,21.62] 2016
00.0%  -7.44 [-20.38, 5.50]

L= . -100 -50 0 50 100
Test for overall effect: Z=1.13 (P = 0.26) MSCs Control
c MSCs Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV.Random.95%Cl Year IV.Random, 95%Cl
Wong 2013 454 11.57 28 31.3 23.02 28 40.0% 14.10 [4.56, 23.64] 2013 Ll
Koh 2014 29 9.83 21 239 822 23 60.0% 5.10[-0.28, 10.48] 2014 il
Total (95% Cl) 49 51 100.0% 8.70 [0.06, 17.34] .

Heterogeneity: Tau? = 24.88; Chiz=2.59, df =1 (P =0.11); 2=61%
Test for overall effect: Z = 1.97 (P = 0.05)

Fig. 3 Forest plots of mean difference with 95% confidence intervals
in a VAS scores, b WOMAC total scores and ¢ Lysholm knee scale
between patients undergoing MSCs treatments and controls. Random-

20 10 0 10 20
MSCs Control

effect models were used. The green square represents results of each
study. Ends of horizontal bars represent 95% confidence intervals.
Black diamonds show overall results of all studies

Std. Mean Difference

Std. Mean Difference

MSCs Control
Gupta 2016 0.9 19.05 10 1.6 23.01 10
Lamo-Espinosa 2016 7 28.17 10 -4 51.89 10
Wong 2013 62.32 17.56 28 43.21 13.55 28
Total (95% Cl) 48 48

Heterogeneity: Tau? = 0.35; Chi? = 6.62, df =2 (P = 0.04); 2 =70%
Test for overall effect: Z=1.29 (P = 0.20)

Fig.4 Forest plots of standard mean difference with 95% confidence i
and controls. Random-effect models were used

(Fig. 5a). Corresponding I* (25%) indicated moderate
heterogeneity.

Cumulative assessment of pain scores
VAS pain scores from four studies [18, 19, 23, 24] and

WOMAC pain scores from three studies [18, 19, 23] were
used (184 patients; 91 MSCs and 93 controls). Combined

@ Springer

30.7% -0.03 [-0.91, 0.84]
30.6% 0.25[-0.63, 1.13]
38.7% 1.20[0.63, 1.77]
100.0% 0.53 [-0.28, 1.34]

Il

2

l
-1 0
MSCs Control

ntervals in MRI evaluations between patients undergoing MSCs treatments

pain scores in MSC treatment were significantly decreased
(SMD, —0.58;95% CI: —0.97 to —0.19, P=0.004) com-
pared to those in controls (Fig. 5b). Corresponding I*
(39%) indicated moderate heterogeneity.
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a MSCs Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Total Mean SD Total Weight IV,Random.95%Cl Year IV, Random, 95%ClI
2.2.1 Lysholm
Wong 2013 454 11.57 28 31.3 23.02 28 35.5% 0.76 [0.22, 1.31] 2013 -
Koh 2014 29 983 21 239 822 23 30.9% 0.56 [-0.05, 1.16] 2014 .
Subtotal (95% Cl) 49 51  66.4% 0.67 [0.27, 1.07] <>
Heterogeneity: Tau? = 0.00; Chi? = 0.25, df = 1 (P = 0.62); I = 0%

Test for overall effect: Z = 3.25 (P = 0.001)

2.2.2WOMAC-Function

Gupta 2016 20.12 15 10 6.02 18.31 10 16.2% 0.81[-0.11, 1.73] 2016 | e

Lamo-Espinosa 2016 8 11.86 10 115 15.64 10 17.4% -0.24[-1.12,0.64]) 2016 —

Subtotal (95% Cl) 20 20 33.6% 0.27 [-0.75, 1.30] e

Heterogeneity: Tau? = 0.34; Chi?=2.60, df =1 (P =0.11); I?=62%

Test for overall effect: Z = 0.52 (P = 0.60)

Total (95% Cl) 69 71 100.0% 0.53 [0.13, 0.94] . 4

Heterogeneity: Tau? = 0.04; Chiz = 3.99, df = 3 (P = 0.26); 12 = 25% 2 1 5 1 2

Test for overall effec_:t: Z2=257 (P.= 0.01) MSCs Control

Test for subgroup differences: Chi2=0.49, df = 1 (P =048), I?’=0%

b MSCs Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV.Random.95%Cl Year IV, Random. 95%Cl
2.4.1VAS
Koh 2014 -34.1 36 21 -29.2 439 23 184% -1.19[-1.84, -0.55] 2014 _—

Vega 2015 -21 16.34 15 -13 18.73 15 16.2% -0.44 [-1.17,0.28] 2015 =
Gupta 2016 403 173 10 -21.3 283 10 122% -0.78 [-1.69, 0.14] 2016 — = [
Lamo-Espinosa 2016 40 29.65 10 -10 33.15 10 11.9% -0.91 [-1.85,0.02] 2016 -
Subtotal (95% CI) 56 58 58.7% -0.85 [-1.24, -0.47] <&
Heterogeneity: Tau? = 0.00; Chi?=2.33,df=3 (P=0.51). 1 =0%

Test for overall effect: Z = 4.32 (P < 0.0001)

2.42 WOMAC-Pain

Vega 2015 -16 21.91 15 -6 27.93 15 16.3% -0.39[-1.11, 0.34] 2015 T
Lamo-Espinosa 2016 2 222 10 -35 378 10 12.6% 0.46 [-0.43, 1.35] 2016 il i
Gupta 2016 -58 4.21 10 -23 6.05 10 124% -0.64 [-1.55, 0.26] 2016 T i
Subtotal (95% CI) 35 35 41.3%  -0.20 [-0.82, 0.42] 2
Heterogeneity: Tau? = 0.12; Chi? = 3.31, df =2 (P = 0.19); I? =40%

Test for overall effect: Z = 0.64 (P = 0.52)

Total (95% Cl) 91 93 100.0% -0.58 [-0.97, -0.19] ’ <&

Heterogeneity: Tau? = 0.11; Chi? =9.80, df =6 (P = 0.13); > = 3%9%
Test for overall effect: Z=2.91 (P = 0.004)
Test for subgroup differences: Chi2 = 3.05, df = 1 (P = 0.08), I2=67.2%

Fig.5 Forest plots of standard mean difference with 95% confidence
intervals in cumulative assessment of a functional scores (WOMAC
function scores and Lysholm knee scale) and b pain scores (WOMAC

Sensitivity analysis

We performed meta-analysis with average scores of multiple
dosages for sensitivity analysis (Supplementary Figs. 2, 3, 4,
5, 6). Results from sensitivity analyses were similar to those
from analyses with recommended dosages.

Discussion

Osteoarthritis of the knee is a very common, and there are
various treatment modalities for it. However, in early and
moderate stage of knee osteoarthritis, main treatment is a

2 4 0 1 2
MSCs Control

pain scores and VAS scores) between patients undergoing MSCs
treatments and controls. Random-effect models were used

palliative. In this regard, a new therapeutic option needs
to focus on reversing the pathophysiology of osteoarthritis
including cartilage repair. In this meta-analysis, we found
that application of MSCs with recommended concentration
improved pain and function in short-term period of 12 or
24 months. However, intra-articular MSCs administration
showed no clinical evidence for improving cartilage repair
in knee osteoarthritis.

This meta-analysis revealed that intra-articular MSCs
injection in knee osteoarthritis could significantly improve
pain scores, including VAS scores and cumulative assess-
ment of pain scores. VAS scores in MSCs treatment were
significantly decreased compared with those in controls
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(P=0.02), and the merge of three trials of WOMAC [18,
19, 23] and four trials of VAS scores [18, 19, 23, 24] also
resulted in significant improvement in cumulative pain
scores in short-term follow-up (P =0.004). Sensitivity test
using average values of multiple outcomes from different
concentration of MSCs also showed similar results of the
recommended concentration of MSCs. These findings indi-
cate that intra-articular MSCs for knee osteoarthritis may be
used for pain relief in short-term follow-up.

This meta-analysis showed that intra-articular MSCs
injection could significantly improve functional outcomes in
terms of Lysholm knee scale (P =0.05), but not in WOMAC
total scores (P=0.26). [20, 24]. However, in cumulative
assessment of functional scores of WOMAC function scores
and Lysholm knee scales [18-20, 24], the SMD was found
to be 0.53 which was statistically significant (P=0.01).
Sensitivity test results using average values of multiple out-
comes from different concentration of MSCs were similar to
those obtained using recommended concentrations of MSCs.
These findings indicate that intra-articular MSCs injection
with recommended concentration may improve functional
outcomes in short-term follow-up.

In MRI evaluations, meta-analysis of three studies
[18-20] showed no clinical evidence of improvement for
cartilage repair. Three studies included in this meta-analysis
showed different results [18—20]. One study reported that
the MSC group showed no significant change from base-
line to final follow-up without difference in terms of the
WORMS score between groups [18]. Another study reported
that despite improved WORMS scores at 6 months in all
groups, scores were worse than baseline in the control and
low-dose groups at 12 months while scores were maintained
only in the high-dose group [19]. The other study reported
improved cartilage status in the MSC group based on MRI
evaluation at 12 months [20]. In the last study, HTO and
microfracture were performed as adjuvant treatment at the
time of MSCs injection. Although the efficacy of cartilage
repair procedures with concomitant HTO was controversial,
[25-27] intra-articular injection of MSCs after concomitant
surgery showed significant high MOCART score than HTO
and microfracture without MSCs injection [20]. However,
in studies without adjuvant surgery, there was no significant
improvement of cartilage status after intra-articular injection
of MSCs [18, 19]. Therefore, we believe that well-designed
studies of intra-articular injection of MSCs are necessary to
accurately assess the efficacy of MSCs on cartilage repair
in knee osteoarthritis.

This meta-analysis has some limitations. First, only stud-
ies with delivery methods of intra-articular injection were
included for this review. Some studies performed open
surgery for MSCs implantation for the treatment of knee
osteoarthritis [28, 29]. Surgical implantation of MSCs may
be more appropriate for cartilage repair. However, local
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administration of MSCs using injection seems to be logi-
cal because osteoarthritis is a whole joint disease, including
articular cartilage degeneration, synovial hypertrophy, and
inflammation [1]. Second, different stages of osteoarthri-
tis of the knee joint were included in these studies. Espe-
cially, two studies included patients with K-L grade 4 of
knee osteoarthritis [19, 23]. Reversing disease progression
at advanced stage of knee osteoarthritis may be very diffi-
cult because problems of the knee joint in advanced stages
are more complicated and destructive [30]. Nevertheless,
results of this meta-analysis showed that intra-articular
MSC:s injections had favorable clinical outcome in terms
of pain and function in knee osteoarthritis. We believe that
specific criterion for the grade of knee osteoarthritis needs
to be established for MSCs treatment in knee osteoarthritis.
Third, several concomitant treatments including high tibial
osteotomy, platelet-rich plasma, and hyaluronic acid injec-
tion were performed in conjunction with MSCs injection
[31-34]. Although concomitant treatments themselves can
improve pain and function in knee osteoarthritis, results of
this review are derived from differences between MSCs with
concomitant treatment and concomitant treatment without
MSCs. Fourth, optimal cell concentration could not be deter-
mined due to heterogeneity of cell concentrations in these
included studies [35-37]. Although a few studies assessed
the results of cartilage repair according to the MSCs con-
centration, the results were inconsistent. Therefore, fur-
ther study would be needed to determine the optimal cell
concentrations.

Conclusion

Intra-articular MSCs have a limited evidence in pain relief
and functional improvement in patients with knee osteo-
arthritis. While MSCs may result in favorable clinical
outcomes with a recommended concentration, the use of
concomitant treatment should be considered. In addition,
current evidence does not support the use of intra-articular
MSC:s for improving cartilage repair in knee osteoarthritis.
For clinical application of intra-articular injection of MSCs
in knee osteoarthritis, further high-quality randomized trials
that are methodologically rigorous and adequately powered
with long-term follow-up are certainly warranted.
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