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Introduction

Osteoarthritis (OA) of the knee is the most common degen-
erative joint disorder among adults that poses major morbid-
ity affecting the functional quality of everyday life. OA knee 
results from an imbalance between the rate of degeneration 
and repair due to limited intrinsic potential for cartilage to 
heal.1 It is characterized by the gradual wear of hyaline carti-
lage resulting in the formation of bony spurs at the margins of 
the joints and development of subchondral sclerosis and 
cysts.2 Hence, cartilage has been targeted to regenerate and 

rejuvenate with the help of orthobiologics. These bioactive 
molecules bridge a gap between conservative and surgical 
management in the treatment of osteoarthritis knees.
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Abstract
Study Design. Meta-analysis. Objectives. To compare the efficacy and safety of bone marrow(BM)–derived mesenchymal 
stem cell(MSCs) and adipose-derived(AD) MSCs in the management of osteoarthritis of knee from randomized 
controlled trials(RCTs) available in the literature. Materials and Methods. We conducted electronic database searche from 
PubMed, Embase, and Cochrane Library till May 2020 for RCTs analyzing the efficacy and safety of MSCs in management 
of osteoarthritis of knee. Visual Analog Score(VAS) for Pain, Western Ontario McMaster Universities Osteoarthritis 
Index(WOMAC), Lysholm Knee Scale(Lysholm), Whole-Organ Magnetic Resonance Imaging Score(WORMS), Knee 
Osteoarthritis Outcome Score(KOOS), and adverse events were the outcomes analyzed. Analysis was performed in R 
platform using OpenMeta[Analyst] software. Results. Nineteen studies involving 811 patients were included for analysis. 
None of the studies compared the source of MSCs for osteoarthritis of knee and results were obtained by pooled  
data analysis of both sources. At 6 months, AD-MSCs showed significantly better VAS(P<0.001,P=0.069) and 
WOMAC(P=0.134,P=0.441) improvement than BM-MSCs, respectively, compared to controls. At 1 year, AD-MSCs 
outperformed BM-MSCs compared to their control in measures like WOMAC(P=0.007,P=0.150), KOOS(P<0.001; 
P=0.658), and WORMS(P<0.001,P=0.041), respectively. Similarly at 24 months, AD-MSCs showed significantly better 
Lysholm score(P=0.037) than BM-MSCs(P=0.807) although VAS improvement was better with BM-MSCs at 24 months 
(P<0.001). There were no significant adverse events with either of the MSCs compared to their controls. Conclusion. 
Our analysis establishes the efficacy, safety, and superiority of AD-MSC transplantation, compared to BM-MSC, in the 
management of osteoarthritis of knee from available literature. Further RCTs are needed to evaluate them together with 
standardized doses.
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Cellular therapy is defined as the transplantation of human 
cells to replace or repair damaged tissue and/or cells, including 
hematopoietic stem cells (HSCs), mesenchymal stem cells 
(MSCs), lymphocytes, dendritic cells, NK cells, and pancre-
atic islet cells. Among the available orthobiologics and cellular 
therapy, MSCs have a greater advantage in healing and regen-
erating the cartilage defects.3 Intraarticular administration of 
MSCs may enhances cartilage regeneration and reduction of 
degenerative mechanisms of OA knee. MSCs were found in 
bone marrow, adipose tissue, amniotic fluid, placenta, dental 
pulp, endometrium, menstrual blood, and umbilical cord. 
Among these varied sources, the MSCs from bone marrow and 
adipose tissues are readily accessible. MSCs possess anti-
inflammatory, antimicrobial, analgesic, regenerating, immu-
nomodulatory, and immune-evasive properties.4 The choice of 
MSCs in the treatment of OA knees are debatable among all 
orthopedic and translational medicine researchers.5

Bone marrow–derived mesenchymal stem cells 
(BM-MSCs) can be derived from the iliac crest, and its iso-
lation follows simple kinetics of centrifugation to concen-
trate MSCs.6,7 Bone marrow aspirate concentrate contains 
enormous growth factors (PDGF, EGF, TGF-β, FGF, and 
NGF) and bone morphogenetic proteins (BMP-2&7).8-10 
Although adipose-derived mesenchymal stem cells 
(AD-MSCs) are found abundant in the human body, it needs 
complex processing to obtain adipose tissue–derived stro-
mal vascular fraction (SVF). SVF is an aqueous fraction 
with a combination of adipose-derived stem cells, endothe-
lial precursor cells, endothelial cells, macrophages, smooth 
muscle cells, lymphocytes, pericytes, and pre-adipocytes.11,12 
SVF warrants the usage of allogenic preparation as it com-
prises various cells in the solution. The stem cell activity of 
adipose-derived SVF is 3 times higher than bone marrow–
derived MSCs.13,14

Hence, with this meta-analysis, we aim to compare the 
efficacy and safety of BM-MSCs and AD MSCs in the man-
agement of osteoarthritis of knee from the available 
literature.

Materials and Methods

This meta-analysis was conducted following the guidelines 
of Back Review Group of Cochrane Collaboration15 and 
reported based on the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) 
statement.16

Search Strategy

Two reviewers performed an independent electronic litera-
ture search for studies evaluating the safety and efficacy of 
stem cell therapy for spinal cord injury. We searched the 
following databases: PubMed, Embase, and the Cochrane 
Library up to May 2020. No language or date restrictions 

were applied. Keywords used for the search were as fol-
lows: “Knee Osteoarthritis,” “Knee Degeneration,” “Stem 
Cell Therapy” and “Mesenchymal Stem Cells,” “Bone mar-
row,” “Adipose.” The reference list of the selected articles 
was also searched to identify studies not identified in the 
primary search. As per the inclusion and exclusion criteria, 
eligible studies were included for meta-analysis. The dis-
crepancy between the authors was resolved through discus-
sion until a consensus was obtained. A detailed study 
selection flow diagram is given in Figure 1.

Inclusion Criteria

Studies were included for quantitative review if they met 
the following PICOS criteria:

Population: Patients with knee osteoarthritis
Intervention: MSC therapy
Comparator: Usual care
Outcomes: Visual Analog Score (VAS) for Pain, Western 
Ontario McMaster Universities Osteoarthritis Index 
(WOMAC), Lysholm Knee Scale (Lysholm), Whole-Organ 
Magnetic Resonance Imaging Score (WORMS), Knee 
Osteoarthritis Outcome Score (KOOS), and adverse events
Study Design: Randomized controlled trials

Exclusion Criteria

Trials were excluded if they had the following 
characteristics:

1.	 Observational studies and interventional studies 
without a comparator group

2.	 Animal studies involving stem cell therapy for knee 
osteoarthritis models

3.	 Review articles and in-vitro studies involving stem 
cell therapy

Data Extraction

Two reviewers retrieved independently relevant data from 
articles included for analysis. Following data were extracted:

1.	 Study characteristics: year of publication, authors, 
country, level of evidence, number of patients 
enrolled.

2.	 Baseline characteristics: mean age, gender propor-
tions, Kellgren-Lawrence grade of osteoarthritis, 
source of MSC utilized, intervention for both the 
groups, follow-up duration, and assessment parame-
ters utilized. For analytical purpose, we have 
included studies using BMC and isolated expanded 
BM-MSC therapy into one group, with SVF and iso-
lated expanded AD-MSC therapy in another group.
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3.	 Efficacy outcomes: VAS for pain, functional out-
comes like WOMAC, Lysholm Score, KOOS, and 
radiological outcomes such as WORMS.

4.	 Safety outcomes: adverse events in the included 
studies.

For missing data, we tried to contact the original author 
first. If we failed to contact, we calculated the missed values 
from other available data using formulas in the Cochrane 
Handbook for Systematic Reviews of Interventions. Any 
disagreement in data collection was resolved until a consen-
sus was attained by discussion.

Risk of Bias and Quality Assessment

The methodological quality of the included studies was 
assessed independently by 2 reviewers using the Cochrane 
Collaboration’s ROB2 tool for randomized studies, which 

has 5 domains of bias assessment including randomization 
process, deviation from intended intervention, missing out-
come data, measurement of the outcome, and selection of 
the reported results.17

Statistical Analysis

Meta-analysis was conducted in the R platform with 
OpenMeta[Analyst].18 For dichotomous variable outcomes, 
risk ratio (RR) with 95% confidence interval (CI) was used, 
and for continuous variable outcomes, weighted mean differ-
ence (WMD) with 95% CI was used. Heterogeneity was 
assessed using the I2 test.19 If I2 < 50% and P > 0.1, we used 
a fixed-effects model to evaluate, otherwise, a random-effects 
was used. A P value <0.05 was considered significant. 
Sensitivity analyses were performed to explore the source of 
heterogeneity when it existed. Publication bias was analyzed 
with a funnel plot for the outcomes in the included studies.

Figure 1.  PRISMA flow diagram of the included studies.
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Results

Search Results

Electronic database search resulted in 2,344 articles, which 
after initial screening for duplicate removal gave a total of 
1,351 articles. Title and abstract screening were done in 
those 1,851 articles and 1,755 of them were excluded. 
Ninety-six articles qualified for full-text review of which 77 
were excluded. Finally, 19 studies20-38 with 811 patients 
were included for quantitative analysis. PRISMA flow dia-
gram of study selection is given in Figure 1. Nine of 19 
studies utilized MSCs from adipose tissue, of which 1 used 
allogenic source and 8 studies utilized autogenous source of 
AD-MSCs. Ten of 19 studies utilized MSCs from bone mar-
row, of which 3 used allogenic sources and 7 studies utilized 
autogenous source of BM-MSCs. There was no standardiza-
tion noted among the included studies concerning the dose 
of MSCs transplanted. There was also no uniformity among 
the included studies for the outcome measures utilized. The 
general characteristics of the studies included were given in 
Table 1. There was no uniformity in the dose of MSCs trans-
planted in the included studies. Interventions in the treat-
ment and control groups of the individual studies are given 
in Table 2.

Quality Assessment

The methodological quality of the included studies has been 
mentioned in Figure 2. None of the included studies had an 
overall high risk of bias to be excluded from the analysis.

Efficacy Outcomes

Visual Analog Scale for Pain at 6 Months.  Five studies involv-
ing 249 patients reported VAS for pain at 6 months post-
transplantation of BM-MSCs. There was a significant 
heterogeneity observed between the included studies (I2 = 
94.17%, P < 0.001). Hence, the random-effects model was 
used for analysis. On analysis, no significant difference 
was noted compared to their controls at 6 months post-
transplantation period (WMD = −9.549, 95% CI [−19.825, 
0.727], P = 0.069; Fig. 3A).

Four studies involving 136 patients reported VAS for 
pain at 6 months posttransplantation of AD-MSCs. There 
was a significant heterogeneity observed between the 
included studies (I2 = 60.63%, P = 0.026). Hence, the ran-
dom-effects model was used for analysis. On analysis, a 
significant difference was noted compared to their controls 
at 6 months posttransplantation period (WMD = −13.268, 
95% CI [−17.507, −9.030], P < 0.001; Fig. 3B).

Visual Analog Scale for Pain at 12 Months.  Four studies with 
175 patients reported VAS for pain at 12 months posttrans-
plantation of BM-MSCs. Since a significant heterogeneity 

observed between the included studies (I2 = 88.38%, P < 
0.001), the random-effects model was used for analysis. On 
analysis, a significant difference was noted compared to 
their controls at 12 months posttransplantation period 
(WMD = −7.957, 95% CI [−15.323, −0.591], P = 0.034; 
Fig. 3C).

Four studies with 135 patients reported VAS for pain at 
12 months posttransplantation of AD-MSCs. Since a sig-
nificant heterogeneity observed between the included stud-
ies (I2 = 87.92%, P < 0.001), the random-effects model 
was used for analysis. On analysis, no significant difference 
was noted compared to their controls at 12 months post-
transplantation period (WMD = −12.907, 95% CI [−27.142, 
1.328], P = 0.076; Fig. 3D).

Visual Analog Scale for Pain at 24 Months.  Only one study 
involving 55 patients reported VAS for pain at 24 months 
posttransplantation of BM-MSCs. There was a significant 
improvement compared to the controls at 24 months with-
out any heterogeneity (WMD = −17.450, 95% CI [−28.132, 
−6.768], P < 0.001; Fig. 3E).

Three studies involving 127 patients reported VAS for 
pain at 22 months posttransplantation of AD-MSCs. There 
was a significant heterogeneity observed between the 
included studies (I2 = 87.94%, P < 0.001). Hence, the ran-
dom-effects model was used for analysis. On analysis, no 
significant difference was noted compared to their controls 
at 24 months posttransplantation period (WMD = −3.019, 
95% CI [−17.441, 11.402], P = 0.682; Fig. 3F).

With regard to pain by VAS, AD-MSCs showed signifi-
cant immediate pain relief posttransplantation, which did 
not last in the long term. Even though BM-MSCs did not 
provide immediate significant pain relief as that of 
AD-MSCs, it provided significant pain relief at the long 
term.

WOMAC at 6 Months.  Four studies involving 214 patients 
reported functional outcomes with WOMAC score at 6 
months posttransplantation of BM-MSCs. There was a sig-
nificant heterogeneity observed between the included stud-
ies (I2 = 96.84%, P < 0.001). Hence, the random-effects 
model was used for analysis. On analysis, no significant dif-
ference was noted compared to their controls at 6 months 
posttransplantation period (WMD = −6.774, 95% CI 
[−24.014, 10.467], P = 0.441; Fig. 4A).

Four studies involving 136 patients reported functional 
outcomes with WOMAC score at 6 months posttransplanta-
tion of AD-MSCs. There was a significant heterogeneity 
observed between the included studies (I2 = 90.63%, P = 
<0.001). Hence, the random-effects model was used for 
analysis. On analysis, no significant difference was noted 
compared to their controls at 6 months posttransplantation 
period (WMD = −6.575, 95% CI [−15.166, 2.016], P = 
0.134; Fig. 4B).
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WOMAC at 12 Months.  Four studies involving 200 patients 
reported functional outcomes with WOMAC score at 12 
months posttransplantation of BM-MSCs. There was a sig-
nificant heterogeneity observed between the included stud-
ies (I2 = 74%, P < 0.001). Hence, the random-effects 
model was used for analysis. On analysis, no significant dif-
ference was noted compared to their controls at 12 months 
posttransplantation period (WMD = −5.848, 95% CI 
[−13.812, 2.115], P = 0.150; Fig. 4C).

Four studies involving 175 patients reported functional 
outcomes with the WOMAC score at 12 months posttrans-
plantation of AD-MSCs. There was a significant heteroge-
neity observed between the included studies (I2 = 92.93%, 
P = <0.001). Hence, the random-effects model was used 
for analysis. On analysis, a significant difference was noted 
compared to their controls at 12 months posttransplanta-
tion period (WMD = −13.471, 95% CI [−23.278, −3.665], 
P = 0.007; Fig. 4D).

With regard to the functional outcome by the WOMAC 
score, AD-MSCs showed a significant improvement in 

functional outcome at 12 months posttransplantation period 
compared to their controls, while BM-MSCs failed to elicit 
a significant response neither at 6 nor at 12 months post-
transplantation period.

Lysholm Knee Score at 12 Months.  Two studies involving 
111 patients reported functional outcome with Lysholm 
Knee Score at 12 months posttransplantation of BM-MSCs. 
There was a significant heterogeneity observed between the 
included studies (I2 = 67.99%, P = 0.044). Hence, the ran-
dom-effects model was used for analysis. On analysis, no 
significant difference was noted compared to their controls 
at 12 months posttransplantation period (WMD = −3.918, 
95% CI [−15.855, 8.019], P = 0.520; Fig. 4E).

Only one study involving 33 patients reported Lysholm 
score at 6 months with no significant improvement post-
transplantation of AD-MSCs.

Lysholm Knee Score at 24 Months.  Two studies involving 
111 patients reported functional outcome with Lysholm 
Knee Score at 24 months posttransplantation of BM-
MSCs. There was no heterogeneity among the included 
studies (I2 = 39.8%, P = 0.190). Hence, the fixed-effects 
model was used for analysis. On analysis, no significant 
difference was noted compared to their controls at 24 
months posttransplantation period (WMD = 0.495, 95% 
CI [−3.473, 4.462], P = 0.807; Fig. 4F).

Three studies involving 127 patients reported func-
tional outcome with Lysholm Knee Score at 24 months 
posttransplantation of AD-MSCs. There was significant 
heterogeneity among the included studies (I2 = 70.06%, 
P = 0.035). Hence, the random-effects model was used 
for analysis. On analysis, a significant difference was 
noted compared to their controls at 24 months posttrans-
plantation period (WMD = 8.634, 95% CI [0.529, 
16.738], P = 0.037; Fig. 4G).

With regard to the functional outcome by Lysholm score, 
AD-MSCs showed a significant improvement in functional 
outcome at 24 months posttransplantation period compared 
to their controls, while BM-MSCs failed to elicit a signifi-
cant response neither at 12 nor at 24 months posttransplan-
tation period.

KOOS at 12 Months.  Only one study involving 47 patients 
reported functional outcomes with KOOS at 12 months 
posttransplantation of BM-MSCs. There was no significant 
improvement compared to the controls at 12 months with-
out any heterogeneity (WMD = 2.643, 95% CI [−9.047, 
14.333], P = 0.658; Fig. 5C).

Two studies involving 54 patients reported functional 
outcomes with KOOS at 12 months posttransplantation of 
AD-MSCs. There was no heterogeneity among the included 
studies (I2 = 0%, P = 0.334). Hence, the fixed-effects 
model was used for analysis. On analysis, a significant 

Figure 2.  Methodological quality and risk of bias assessment of 
all the included studies.
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difference was noted compared to their controls at 12 
months posttransplantation period (WMD = 25.697, 95% 
CI [19.856, 31.538], P < 0.001; Fig. 5D).

With regard to the functional outcome by KOOS, 
AD-MSCs showed a significant improvement in functional 
outcome at 12 months posttransplantation period compared 
to their controls while BM-MSCs failed to elicit a signifi-
cant response.

WORMS at 12 Months.  Three studies involving 146 patients 
reported radiological outcomes with MRI based on 
WORMS at 12 months posttransplantation of BM-MSCs. 
There was significant heterogeneity among the included 
studies (I2 = 64.38%, P = 0.010). Hence, the random-
effects model was used for analysis. On analysis, a signifi-
cant difference was noted compared to their controls at 12 
months posttransplantation period by regeneration in the 
cartilage noted on MRI (WMD = −10.933, 95% CI 
[−21.440, −0.426], P = 0.041; Fig. 5A).

Three studies involving 109 patients reported radio-
logical outcomes with MRI based on WORMS at 12 
months posttransplantation of AD-MSCs. There was no 
heterogeneity among the included studies (I2 = 0%, P = 
0.085). Hence, the fixed-effects model was used for anal-
ysis. On analysis, a significant difference was noted com-
pared to their controls at 12 months posttransplantation 
period by regeneration in the cartilage noted on MRI 
(WMD = −56.627, 95% CI [−77.635, −35.620],  
P < 0.001; Fig. 5B).

Although both AD-MSCs and BM-MSCs showed a sig-
nificant regeneration of the targeted cartilage based on MRI 
evaluation, AD-MSCs (P < 0.001) outperformed BM-MSCs 
(P = 0.041) at 12 months posttransplantation period com-
pared to their controls.

Safety

Two studies involving 91 patients reported adverse effects 
with low heterogeneity among the included studies with 
BM-MSCs (I2 = 0.0%, P = 0.872). Hence, a fixed-effects 
model was used for analysis. There was no significant 
increase in the adverse events compared to the controls  
(RR = 1.682, 95% CI [0.235, 12.039], P = 0.604; Fig. 5E).

Two studies involving 44 patients reported adverse 
effects with low heterogeneity among the included studies 
with AD-MSCs (I2 = 0.0%, P = 0.952). Hence, a fixed-
effects model was used for analysis. There was no signifi-
cant increase in the adverse events compared to the controls 
(RR = 2.770, 95% CI [0.630, 12.174], P = 0.177; Fig. 5F).

The commonly reported adverse events of the intervention 
include minor discomfort and bruising which resolved sponta-
neously or with treatment. However, no major serious adverse 
events with permanent effects such as death, tumor, or immune 
reaction to the intervention were noted during follow-up.

Subgroup Analysis

We performed subgroup analysis among the studies utiliz-
ing AD-MSCs based on the dose of the MSCs transplanted 
and adjuvant surgeries associated with the transplantation 
procedure.

For analysis of the dosage of the AD-MSCs transplanted 
we categorized the available studies using AD-MSCs into 2 
subgroups. Studies using dosage <5 × 107 cells were com-
pared with studies using dosage ≥5 × 107 cells across vari-
ous outcome measures. On analysis, it was established that 
studies involving MSC dosage ≥5 × 107 cells showed sta-
tistically significant outcomes than the studies with MSC 
dosage <5 × 107 cells as shown in Table 3.

We also compared the outcome across studies that used 
adjuvant surgeries like high tibial osteotomy, arthroscopic 
debridement or arthroscopic microfracture to facilitate 
cartilage regeneration with other studies that used only 
AD-MSC transplantation. On analysis, it was noted that 
statistically significant outcomes were achieved in studies 
without the use of any adjuvant surgical procedures as 
shown in Table 3.

On analyzing the effect of MSC preparation methods, we 
noted that mixed cell preparation was not inferior to iso-
lated culture expanded preparation of MSC among the out-
come measures available for comparison between them.

Sensitivity Analysis

A sensitivity analysis was performed in each analysis. All 
the results (VAS for Pain, WOMAC, Lysholm, WORMS, 
KOOS, and adverse events) were not significantly altered by 
sequentially omitting each study in the meta-analysis. On 
the other hand, consistency of the results was maintained 
after reanalysis by changing to the random-effects model.

Publications Bias

Publication bias was analyzed utilizing the Funnel plot and 
Egger regression test and for the meta-analysis of efficacy 
and safety of BM-MSCs and AD-MSCs in the management 
of osteoarthritis of the knee, there was no evidence of pub-
lication bias by Egger regression test (P = 0.564) and fun-
nel plot as shown in Figure 6. All the studies lied within the 
95% CI and were distributed evenly about the axes, imply-
ing minimal publication bias.

Discussion

In an era of modern orthopedics, regenerative and transla-
tional medicine has revolutionized the newer modalities of 
management to bridge the gap between medical and surgical 
management for osteoarthritis of knees. MSCs have the abil-
ity of differentiation, plasticity, immunomodulatory, immune 
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evasive, antimicrobial, and anti-inflammatory properties.39 
MSCs work on the principles of neo-angiogenesis and anti-
apoptosis with the help of growth factors, cytokines, chemo-
kines, and bioactive micromolecules released by MSCs.40 
The selection of MSC in treatment of osteoarthritis knees are 
imperative in achieving functional results. The isolation, 
harvest, preparation, and characterization of MSCs from 
bone marrow aspirate concentrate (BMAC) and stromal vas-
cular fraction (SVF), respectively, follow different kinet-
ics.41 The mechanism of action of AD-MSCs and BM-MSCs 
leading to functional and structural benefits is dependent 
upon the number and quality of the delivered MSCs.

Main Finding

We comprehensively and systematically reviewed all the 
available literature on MSC transplantation for OA knee 
and found the following:

1.	 MSC transplantation showed a statistically signifi-
cant improvement in all functional outcome mea-
sures like VAS for Pain, WOMAC, Lysholm, 
KOOS, and radiological outcome parameters like 
WORMS at varied time intervals with their corre-
sponding controls. It is promising to see the regen-
erative potential of the MSCs to repair the 
degenerated cartilage at the articular surface.

2.	 At 6 months, AD-MSCs showed significantly better 
VAS (P < 0.001, P = 0.069) and WOMAC (P = 
0.134, P = 0.441) improvement than BM-MSCs, 
respectively, compared to controls. At 1 year, 
AD-MSCs outperformed BM-MSCs compared to 
their control in measures like WOMAC (P = 0.007, 

P = 0.150), KOOS (P < 0.001, P = 0.658), and 
WORMS (P < 0.001, P = 0.041), respectively. 
Similarly at 24 months, AD-MSCs showed signifi-
cantly better Lysholm Score (P = 0.037) than 
BM-MSCs (P = 0.807) although VAS improvement 
was better with BM-MSCs at 24 months (P < 
0.001). There were no significant adverse events 
with either of the MSCs compared to their controls.

Comparison with Other Studies

Although several meta-analyses were analyzing the effi-
cacy and safety of MSC therapy for osteoarthritis of the 
knee,42-45 only meta-analysis by Han et al.46 with 9 studies 
including 377 patients answered our research question. The 
major limitation of their study was less number of studies 
included and the lack of subgroup analysis. We not only had 
more studies included in our analysis(n = 19; 811 patients) 
but also analyzed them in terms of dosage of MSC trans-
planted to throw more light on the available evidence and 
identify the potential lacunae in literature which will indi-
rectly widen the scope for future research. Moreover, apart 
from subjective functional outcome measures, we also 
included an objective MRI based outcome measure to fur-
ther strengthen the results of our analysis.

Our subgroup analysis of the dosage of MSC trans-
plantation was concurrent with the meta-analysis by 
Doyle et  al.47 who concluded that moderate-high cell 
numbers (4 × 107) were most likely to achieve optimal 
response in osteoarthritis of the knee. Our study identi-
fied a cutoff limit of 5 × 107 cells, which was sufficient 
for significant functional benefits of MSC therapy com-
pared to the higher dosage which comes at a cost with a 
higher risk of adverse events. Our analysis also estab-
lished that adjuvant surgical procedures are not necessary 
to achieve optimal results from MSC transplantation for 
cartilage regeneration.

Despite following the recommendation for minimal 
manipulation of cellular products by federal regulations,48 
expanded stem cells have to be checked for tumorigenic 
and immune-evasive potentials before administering for 
treatment. In the available literature, there are no studies 
that compares between the effect of BMAC and culture 
expanded BM-MSCs or SVF and culture expanded 
AD-MSCs for treating osteoarthritis of knee.

Researchers consider culture expanded stem cells to be a 
superior source for cartilage regeneration than mixed cell 
preparation. Hence, we tested the hypothesis by subgroup 
analysis among AD-MSCs source from the studies included. 
From our analysis, noninferiority was established for the 
mixed cell culture preparation (SVF) when its outcomes 
were compared to that of the culture expanded AD-MSCs. 
Although culture expanded AD-MSCs has increased num-
ber of stem cells than the uncultured isolated stem cells in 

Figure 6.  Publication bias assessment with funnel plot for 
Visual Analog Score at 12 months in the included studies.
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SVF, the quality remains the same as established by their 
equivalence in functional outcome from the included stud-
ies. Hence it could be derived from our results that the func-
tional outcome of cellular therapy depends more on the 
quality of cytokines, chemokines, and growth factors 
released from the stem cells than quantity of stem cells.

The selection of sources of MSCs in the treatment of 
osteoarthritis knees is imperative in achieving optimal func-
tional results. Wolfstadt et al.49 stated that MSCs obtained 
from bone marrow are relatively less in volume especially 
among the elderly population. Hass et  al.50 concluded 
AD-MSCs give an MSC yield of 500-fold more than 
BM-MSCs. Kim and Im51 concluded that BM-MSCs are 
more prone toward cartilage regeneration than AD-MSC, 
but addition of growth factors and cytokines to SVF derived 
from AD-MSC, cartilage growth potential can be enhanced. 
Despite the difficulty in the preparation of SVF compared 
to BMAC, the quantity of MSCs derived from adipose tis-
sue is relatively higher than bone marrow. A few studies 
proved that the MSCs from synovium have greatest chon-
drogenic potential.52-54 A large number of patients have to 
be recruited for testing the efficacy and functional outcome 
of synovial MSCs for osteoarthritis knees.

Direction for Future Research

Although MSCs have a potential role in the management of 
osteoarthritis of the knee, the scope of regenerative and 
translational medicine in this field needs to be evaluated by 
large randomized controlled interventional trials for the 
optimization of therapeutic protocols in terms of the type of 
MSC, preparation methods, quality, and quantity of MSCs 
to be transplanted. Ethical issues involved in minimal 
manipulation of tissue and cellular products and its func-
tional outcome have to be addressed. Challenges and logis-
tics involved to channelize stem cell basics into optimal 
clinical practice need an interdisciplinary approach to make 
this opportunity a reality in the management of osteoarthri-
tis of the knee.

Limitations

Our analysis has some limitations. Although we used MRI-
based outcome measure (WORMS) to objectively analyze 
the effect of MSC transplantation, most of the studies 
included in the analysis used functional outcome measures 
that were all subjective, which bears an inherent risk of bias. 
Blinding was not established in most of the studies which 
might invite room for treatment bias from patient or observer. 
Heterogeneity was observed in most of the outcomes 
reported across the studies which might be due to the vari-
ability in the treatment protocols followed in the individual 
studies as shown in Table 2. Moreover, patients in various 
stages of the disease process were included in the studies 

which might also contribute to the heterogeneity of their 
results. Hence, a large multicentric trial with standardized 
dosage and frequency protocol with established outcome 
assessment measures, without any adjuvant procedures is 
needed to further confirm the results of our analysis.

Conclusion

To overcome the morbidity and to improve the functional 
quality of patients with osteoarthritis of the knee, the trans-
plantation of mesenchymal stem cells plays a major role to 
bridge the gap between conservative and surgical care. Our 
analysis establishes the efficacy, safety, and superiority of 
AD-MSC transplantation, compared to BM-MSC, in the 
management of osteoarthritis of the knee. However, 
research and developmental work need to be further directed 
to standardize the dose and validate our results on the effect 
of the source of MSCs used for transplantation to achieve 
optimal results.

Author’s Note

Sathish Muthu is also affiliated with Orthopaedic Research Group, 
Coimbatore, Tamil Nadu, India.

Acknowledgments and Funding

The author(s) received no financial support for the research, 
authorship, and/or publication of this article.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

ORCID iD

Sathish Muthu  https://orcid.org/0000-0002-7143-4354

References

	 1.	 Sibille KT, Chen H, Bartley EJ, Riley J 3rd, Glover TL, King 
CD, et al. Accelerated aging in adults with knee osteoarthritis 
pain. Pain Rep. 2017;2(3):e591.

	 2.	 Ramesh R, Madhan J, Kartavya C, Sabarish K, Likhith D, 
Preethi S. A randomized controlled trial on functional out-
come and effectiveness of autologous platelet rich plasma 
therapy vs corticosteroid injection in early knee osteoarthritis. 
Nov Tech Arthritis Bone Res. 2019;3(4): 001-009.

	 3.	 Mancuso P, Raman S, Glynn A, Barry F, Murphy JM. 
Mesenchymal stem cell therapy for osteoarthritis: the critical 
role of the cell secretome. Front Bioeng Biotechnol. 2019;7:9.

	 4.	 Shah K, Zhao AG, Sumer H. New approaches to treat 
osteoarthritis with mesenchymal stem cells. Stem Cells Int. 
2018;2018:5373294.

	 5.	 Shapiro SA, Kazmerchak SE, Heckman MG, Zubair AC, 
O’Connor MI. A prospective, single-blind, placebo-controlled 
trial of bone marrow aspirate concentrate for knee osteoarthri-
tis. AJSM. 2017;45(1):82-90.

https://orcid.org/0000-0002-7143-4354


Jeyaraman et al.	 15

	 6.	 Chahla J, Mannava S, Cinque ME, Geeslin AG, Codina D, 
LaPrade RF. Bone marrow aspirate concentrate harvesting 
and processing technique. Arthrosc Tech. 2017;6(2):e441
-e445.

	 7.	 Sakai S, Mishima H, Ishii T, Akaoqi H, Yoshioka T, Uemura 
T, Ochiai N. Concentration of bone marrow aspirate for osteo-
genic repair using simple centrifugal methods. Acta Orthop. 
2008;79(3):445-8.

	 8.	 Imam MA, Mahmoud S, Holton J, Abouelmaati D, Elsherbini 
Y, Snow M. A systematic review of the concept and clinical 
applications of bone marrow aspirate concentrate in orthopae-
dics. SICOT J. 2017;3:17.

	 9.	 Kim GB, Seo MS, Park WT, Lee GW. Bone marrow aspi-
rate concentrate: its uses in osteoarthritis. Int J Mol Sci. 
2020;21(9):3224.

	10.	 Centeno C, Pitts J, Al-Sayegh H, Freeman M. Efficacy 
of autologous bone marrow concentrate for knee osteo-
arthritis with and without adipose graft. Biomed Res Int. 
2014;2014:370621.

	11.	 Bora P, Majumdar AS. Adipose tissue-derived stromal vascu-
lar fraction in regenerative medicine: a brief review on biol-
ogy and translation. Stem Cell Res Ther. 2017;8(1):145.

	12.	 Szöke K, Brinchmann JE. Concise review: therapeutic poten-
tial of adipose tissue-derived angiogenic cells. Stem Cells 
Transl Med. 2012;1:658-67.

	13.	 Han S, Sun HM, Hwang KC, Kim SW. Adipose-derived stro-
mal vascular fraction cells: update on clinical utility and effi-
cacy. Crit Rev Eukaryot Gene Expr. 2015;25(2):145-52.

	14.	 Takemitsu H, Zhao D, Yamamoto I, Harada Y, Michishita 
M, Arai T. Comparison of bone marrow and adipose tissue-
derived canine mesenchymal stem cells. BMC Vet Res. 
2012;8:150.

	15.	 Van Tulder M, Furlan A, Bombardier C, Bouter L; Editorial 
Board of the Cochrane Collaboration Back Review Group. 
Updated method guidelines for systematic reviews in the 
Cochrane Collaboration Back Review Group. Spine (Phila Pa 
1976). 2003;28:1290-9.

	16.	 Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA 
Group. Preferred reporting items for systematic reviews 
and meta-analyses: the PRISMA Statement. PLoS Med. 
2009;6:e1000097.

	17.	 Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, 
Boutron I, et al. RoB2: a revised tool for assessing risk of bias 
in randomised trials. BMJ. 2019;366:l4898. doi:10.1136/bmj.
l4898

	18.	 Wallace BC, Dahabreh IJ, Trikalinos TA, Lau J, Trow P, 
Schmid CH. Closing the gap between methodologists and 
end-users: R as a computational back-end. J Stat Softw. 
2012;49(5). doi:10.18637/jss.v049.i05

	19.	 Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring 
inconsistency in metaanalyses. BMJ. 2003;327:557-60.

	20.	 Vega A, Martín-Ferrero MA, Del Canto F, Alberca M, Garcia 
V, Munar A, et  al. Treatment of knee osteoarthritis with 
allogeneic bone marrow mesenchymal stem cells: a random-
ized controlled trial. Transplantation. 2015;99(8):1681-90. 
doi:10.1097/TP.0000000000000678

	21.	 Vangsness CT Jr, Farr J 2nd, Boyd J, Dellaero DT, Mills CR, 
LeRoux-Williams M. Adult human mesenchymal stem cells 
delivered via intra-articular injection to the knee following 

partial medial meniscectomy: a randomized, double-blind, 
controlled study. J Bone Joint Surg Am. 2014;96(2):90-8. 
doi:10.2106/JBJS.M.00058

	22.	 Garay-Mendoza D, Villarreal-Martínez L, Garza-Bedolla 
A, Perez-Garza DM, Acosta-Olivo C, Vilchez-Cavazos F, 
et  al. The effect of intra-articular injection of autologous 
bone marrow stem cells on pain and knee function in patients 
with osteoarthritis. Int J Rheum Dis. 2018;21(1):140-7. 
doi:10.1111/1756-185X.13139

	23.	 Kuah D, Sivell S, Longworth T, James K, Guermazi A, 
Cicuttini F, et  al. Safety, tolerability and efficacy of intra-
articular Progenza in knee osteoarthritis: a randomized dou-
ble-blind placebo-controlled single ascending dose study. J 
Transl Med. 2018;16(1):49. doi:10.1186/s12967-018-1420-z

	24.	 Freitag J, Bates D, Wickham J, Shah K, Huguenin L, Tenen A, 
et al. Adipose-derived mesenchymal stem cell therapy in the 
treatment of knee osteoarthritis: a randomized controlled trial. 
Regen Med. 2019;14(3):213-30. doi:10.2217/rme-2018-0161

	25.	 Lamo-Espinosa JM, Mora G, Blanco JF, Granero-Molto 
F, Nunez-Cordoba JM, Sanchez-Echenique C, et  al. Intra-
articular injection of two different doses of autologous bone 
marrow mesenchymal stem cells versus hyaluronic acid in the 
treatment of knee osteoarthritis: multicenter randomized con-
trolled clinical trial (phase I/II). J Transl Med. 2016;14(1):246. 
doi:10.1186/s12967-016-0998-2

	26.	 Garza JR, Campbell RE, Tjoumakaris FP, Freedman KB, 
Miller LS, Maria DS, et  al. Clinical efficacy of intra-artic-
ular mesenchymal stromal cells for the treatment of knee 
osteoarthritis: a double-blinded prospective randomized con-
trolled clinical trial. Am J Sports Med. 2020;48(3):588-98. 
doi:10.1177/0363546519899923

	27.	 Wong KL, Lee KB, Tai BC, Law P, Lee EH, Hui JH. Injectable 
cultured bone marrow-derived mesenchymal stem cells in 
varus knees with cartilage defects undergoing high tibial 
osteotomy: a prospective, randomized controlled clinical trial 
with 2 years' follow-up. Arthroscopy. 2013;29(12):2020-8. 
doi:10.1016/j.arthro.2013.09.074

	28.	 Lu L, Dai C, Zhang Z, Du H, Li S, Ye P, et al. Treatment of 
knee osteoarthritis with intra-articular injection of autologous 
adipose-derived mesenchymal progenitor cells: a prospective, 
randomized, double-blind, active-controlled, phase IIb clini-
cal trial. Stem Cell Res Ther. 2019;10(1):143. doi:10.1186/
s13287-019-1248-3

	29.	 Lv XX, Huang C, Yin Z, Hong BG, Jiang HJ, Huang XJ. 
Effectiveness of autologous bone marrow mesenchymal stem 
cell transplant for knee osteoarthritis. Chin J Cell Stem Cell. 
2015;5(2):28-32.

	30.	 Emadedin M, Labibzadeh N, Liastani MG, Karimi A, Jaroughi 
N, Bolurieh T, et al. Intra-articular implantation of autologous 
bone marrow-derived mesenchymal stromal cells to treat 
knee osteoarthritis: a randomized, triple-blind, placebo-con-
trolled phase 1/2 clinical trial. Cytotherapy. 2018;20:1238-46. 
doi:10.1016/j.jcyt.2018.08.005

	31.	 Gupta PK, Chullikana A, Rengasamy M, Shetty N, Pandey V, 
Agarwal V, et al. Efficacy and safety of adult human bone mar-
row-derived, cultured, pooled, allogeneic mesenchymal stromal 
cells (Stempeucel®): preclinical and clinical trial in osteoar-
thritis of the knee joint. Arthritis Res Ther. 2016;18(1):301. 
doi:10.1186/s13075-016-1195-7



16	 Cartilage 00(0)

	32.	 Bastos R, Mathias M, Andrade R, Amaral RJFC, Schott V, 
Balduino A, et al. Intra-articular injection of culture-expanded 
mesenchymal stem cells with or without addition of platelet-
rich plasma is effective in decreasing pain and symptoms in 
knee osteoarthritis: a controlled, double-blind clinical trial. 
Knee Surg Sports Traumatol Arthrosc. 2020;28(6):1989-99. 
doi:10.1007/s00167-019-05732-8

	33.	 Wakitani S, Imoto K, Yamamoto T, Saito M, Murata N, 
Yoneda M. Human autologous culture expanded bone mar-
row mesenchymal cell transplantation for repair of carti-
lage defects in osteoarthritic knees. Osteoarthritis Cartilage. 
2002;10(3):199-206. doi:10.1053/joca.2001.0504

	34.	 Tran TDX, Wu CM, Dubey NK, Deng YH, Su CW, Pham 
TT, et  al. Time- and Kellgren-Lawrence Grade-dependent 
changes in intra-articularly transplanted stromal vascu-
lar fraction in osteoarthritic patients. Cells. 2019;8(4):308. 
doi:10.3390/cells8040308

	35.	 Lee WS, Kim HJ, Kim KI, Kim GB, Jin W. Intra-articular 
injection of autologous adipose tissue-derived mesenchymal 
stem cells for the treatment of knee osteoarthritis: a phase 
IIB, randomized, placebo-controlled clinical trial. Stem Cells 
Transl Med. 2019;8(6):504-11. doi:10.1002/sctm.18-0122

	36.	 Koh YG, Choi YJ. Infrapatellar fat pad-derived mesen-
chymal stem cell therapy for knee osteoarthritis. Knee. 
2012;19(6):902-7. doi:10.1016/j.knee.2012.04.001

	37.	 Koh YG, Kwon OR, Kim YS, Choi YJ. Comparative outcomes 
of open-wedge high tibial osteotomy with platelet-rich plasma 
alone or in combination with mesenchymal stem cell treat-
ment: a prospective study. Arthroscopy. 2014;30(11):1453-
60. doi:10.1016/j.arthro.2014.05.036

	38.	 Hong Z, Chen J, Zhang S, Zhao C, Bi M, Chen X, et al. Intra-
articular injection of autologous adipose-derived stromal 
vascular fractions for knee osteoarthritis: a double-blind ran-
domized self-controlled trial. Int Orthop. 2019;43(5):1123-
34. doi:10.1007/s00264-018-4099-0

	39.	 Shin YS, Yoon JR, Kim HS, Lee SH. Intra-articular injec-
tion of bone marrow-derived mesenchymal stem cells lead-
ing to better clinical outcomes without difference in MRI 
outcomes from baseline in patients with knee osteoarthri-
tis. Knee Surg Relat Res. 2018;30(3):206-14. doi:10.5792/
ksrr.17.201

	40.	 Awad ME, Hussein KA, Helwa I, Abdelsamid MF, Aguilar-
Perez A, Mohsen I, et  al. Meta-analysis and evidence base 
for the efficacy of autologous bone marrow mesenchymal 
stem cells in knee cartilage repair: methodological guidelines 
and quality assessment. Stem Cells Int. 2019;2019:3826054. 
doi:10.1155/2019/3826054

	41.	 Borakati A, Mafi R, Mafi P, Khan WS. A systematic review 
and meta-analysis of clinical trials of mesenchymal stem cell  
therapy for cartilage repair. Curr Stem Cell Res Ther. 2018; 
13(3):215-25. doi:10.2174/1574888X12666170915120620

	42.	 Kim SH, Djaja YP, Park YB, Park JG, Ko YB, Ha CW. Intra-
articular injection of culture-expanded mesenchymal stem 

cells without adjuvant surgery in knee osteoarthritis: a sys-
tematic review and meta-analysis. Am J Sports Med. Epub 
Dec 24, 2019. doi:10.1177/0363546519892278

	43.	 Huang R, Li W, Zhao Y, Yang F, Xu M. Clinical efficacy 
and safety of stem cell therapy for knee osteoarthritis: a 
meta-analysis. Medicine (Baltimore). 2020;99(11):e19434. 
doi:10.1097/MD.0000000000019434

	44.	 Cui GH, Wang YY, Li CJ, Shi CH, Wang WS. Efficacy of 
mesenchymal stem cells in treating patients with osteoarthritis 
of the knee: a meta-analysis. Exp Ther Med. 2016;12(5):3390-
400. doi:10.3892/etm.2016.3791

	45.	 Yubo M, Yanyan L, Li L, Tao S, Bo L, Lin C. Clinical effi-
cacy and safety of mesenchymal stem cell transplantation 
for osteoarthritis treatment: a meta-analysis. PLoS One. 
2017;12(4):e0175449. doi:10.1371/journal.pone.0175449

	46.	 Han X, Yang B, Zou F, Sun J. Clinical therapeutic efficacy 
of mesenchymal stem cells derived from adipose or bone 
marrow for knee osteoarthritis: a meta-analysis of random-
ized controlled trials. J Comp Eff Res. 2020;9(5):361-74. 
doi:10.2217/cer-2019-0187

	47.	 Doyle EC, Wragg NM, Wilson SL. Intraarticular injection of 
bone marrow-derived mesenchymal stem cells enhances regen-
eration in knee osteoarthritis. Knee Surg Sports Traumatol 
Arthrosc. Epub Jan 31, 2020. doi:10.1007/s00167-020-05859-z

	48.	 Deasy BM, Anderson JE, Zelina S. Regulatory issues in the 
therapeutic use of stem cells. In: Regenerative Medicine and 
Tissue Engineering. Intech Open; 2013:203-218. doi:10.5772/ 
55945

	49.	 Wolfstadt JI, Cole BJ, Ogilvie-Harris DJ, Viswanathan S, 
Chahal J. Current concepts: the role of mesenchymal stem 
cells in the management of knee osteoarthritis. Sports Health. 
2015;7(1):38-44. doi:10.1177/1941738114529727

	50.	 Hass R, Kasper C, Böhm S, Jacobs R. Different populations 
and sources of human mesenchymal stem cells (MSC): a 
comparison of adult and neonatal tissue-derived MSC. Cell 
Commun Signal. 2011;9:12. doi:10.1186/1478-811X-9-12

	51.	 Kim HJ, Im GI. Chondrogenic differentiation of adipose 
tissue-derived mesenchymal stem cells: greater doses of 
growth factor are necessary. J Orthop Res. 2009;27(5):612-9. 
doi:10.1002/jor.20766

	52.	 Sakaguchi Y, Sekiya I, Yagishita K, Muneta T. Comparison 
of human stem cells derived from various mesenchymal 
tissues: superiority of synovium as a cell source. Arthritis 
Rheum. 2005;52(8):2521-9. doi:10.1002/art.21212

	53.	 Shirasawa S, Sekiya I, Sakaguchi Y, Yagishita K, Ichinose 
S, Muneta T. In vitro chondrogenesis of human synovium-
derived mesenchymal stem cells: optimal condition and com-
parison with bone marrow-derived cells. J Cell Biochem. 
2006;97(1):84-97. doi:10.1002/jcb.20546

	54.	 Futami I, Ishijima M, Kaneko H, Tsuji K, Ichikawa-Tomikawa 
N, Sadatsuki R, et al. Isolation and characterization of multi-
potential mesenchymal cells from the mouse synovium. PLoS 
One. 2012;7(9):e45517. doi:10.1371/journal.pone.0045517


