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�� Meta- anaLYSiS

Mesenchymal stem cells - a promising 
strategy for treating knee osteoarthritis

a meta- anaLysis

aims
The purpose of our study was to determine whether mesenchymal stem cells (MSCs) are an 
effective and safe therapeutic agent for the treatment of knee osteoarthritis (OA), owing to 
their cartilage regeneration potential.

Methods
We searched PubMed, Embase, and the Cochrane Library, with keywords including “knee os-
teoarthritis” and “mesenchymal stem cells”, up to June 2019. We selected randomized con-
trolled trials (RCTs) that explored the use of MSCs to treat knee OA. The visual analogue scale 
(VAS), Western Ontario and McMaster University Osteoarthritis Index (WOMAC), adverse 
events, and the whole- organ MRI score (WORMS) were used as the primary evaluation tools 
in the studies. Our meta- analysis included a subgroup analysis of cell dose and cell source.

Results
Seven trials evaluating 256 patients were included in the meta- analysis. MSC treatment sig-
nificantly improved the VAS (mean difference (MD), −13.24; 95% confidence intervals (CIs) 
−23.28 to −3.20, p = 0.010) and WOMAC (MD, −7.22; 95% CI −12.97 to −1.47, p = 0.010). 
The low- dose group with less than 30 million cells showed lower p- values for both the VAS 
and WOMAC. Adipose and umbilical cord–derived stem cells also had lower p- values for pain 
scores than those derived from bone marrow.

Conclusion
Overall, MSC- based cell therapy is a relatively safe treatment that holds great potential for 
OA, evidenced by a positive effect on pain and knee function. Using low- dose (25 million) 
and adipose- derived stem cells is likely to achieve better results, but further research is need-
ed.
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article focus
�� to evaluate the efficacy of mesenchymal 

stem cell (msC) application in the treat-
ment of patients with knee osteoar-
thritis (Oa), as well as the most effective 
source and number of stem cells.

Key messages
�� the treatment of knee Oa presents a 

major challenge.
�� msC- based stem cell therapy can 

achieve substantial benefits and reduce 

treatment costs, but many problems 
still need to be addressed.

Strengths and limitations
�� Unlike other meta- analyses, this article 

summarized the effect of msC injec-
tion on knee arthritis in the elderly, clini-
cally accounting for the largest and most 
difficult- to- treat group.
�� Our study focused on randomized 

controlled trials (RCts) only, and all 
patients received msC injections with 
no other treatments during the same 
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Fig. 1

Flow diagram showing the process of inclusion and exclusion. RCt, 
randomized controlled trial.

period, avoiding the influence of other factors; 
we also evaluated the effects of cell dose and cell 
source on the treatment outcomes, which, to our 
knowledge, is an area that has not been previously 
explored.
�� the preparation method varied between studies, which 

may have affected the analysis results.

introduction
Knee osteoarthritis (Oa) is a common disease, causing 
pain and limited mobility in patients, which seriously 
affects patients' daily lives.1,2 it is characterized in 
particular by the degeneration of the joint, causing 
loss of cartilage. the synovial membrane or other joint 
components may also be damaged.3 Depending on 
the severity of knee Oa, various medications - such as 
glucosamine, nonsteroidal anti- inflammatory drugs 
(nsaiDs), intra- articular injection of hyaluronic acid, 
or platelet- rich plasma (PRP) - are applied.4 these 
treatments have been proven to have modest clinical 
benefits, but the long- term results of these treatments 
are poor, and most patients eventually choose knee 
arthroplasty.5,6

at present, the irreversible damage of cartilage 
is the most difficult problem in the treatment of Oa 
and tissue engineering is considered to be an innova-
tive and promising therapy for Oa.7,8 among various 
cell therapies, mesenchymal stem cell (msC) therapy 
appears to hold promise.9–12 msCs have the ability to 
differentiate into different cell types, including bone, 
cartilage, and adipose cells. additionally, msCs are 
immunoprivileged owing to their low immunoge-
nicity. they can improve the local microenvironment 
of the joint cavity by regulating the inflammatory 
response, and producing cell growth factors, which 
in turn facilitates tissue repair and induces cartilage 
regeneration.13,14

many clinical studies have been conducted on 
msC therapy for Oa. adjunct therapy after high tibial 
osteotomy and partial meniscus resection have also 
achieved encouraging results.15,16 However, adjuvant 
surgery and the addition of PRP may lead to ambiguous 
conclusions about the efficacy of knee Oa with msCs, 
so we excluded these from this study.17 Furthermore, 
the source and dosage of msCs for knee Oa remain 
unclear, so they need to be standardized. Bone marrow 
is the most common source of msCs and has a high 
potential for cartilage formation. However, adipose 
tissue is easier to obtain, and researchers are increas-
ingly interested in adipose- derived msCs.18,19 although 
the use of stem cells for knee Oa is becoming increas-
ingly prevalent, the number of cells delivered has not 
yet been identified. this article focuses on comparing 
cell dosages and the most effective cell source for 
treating knee Oa, with the aim of providing guidance 
for future clinical treatment.

Methods
Search strategy. this meta- analysis was conduct-
ed in accordance with the Preferred Reporting items 
for systematic Reviews and meta- analyses (PRisma) 
statement and was registered at the international 
Prospective Register of systematic Reviews. Relevant 
studies were identified by searching Pubmed, embase, 
and the Cochrane Library (to June 2019). the follow-
ing search terms were used, alone or in combination: 
“knee Osteoarthritides” or “knee Osteoarthritis” and 
“mesenchymal stromal Cell” or “mesenchymal stem 
Cells” or “mesenchymal Progenitor Cells” or “Wharton 
Jelly Cells.” We did not impose any language restric-
tions on our search.
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table i. trials included in the meta- analysis.

Source
(country)

Publication 
year

Mean 
age, yrs 
(SD)

Mean BMi, 
kg/m2 (SD)

Male 
sex, n

Patients, n 
(control)

Control arm
(stem cell arm)

Regimen dose, 
number of 
cells

Follow- up, 
mths

Oa K- L 
grade33

Outcome 
measure

emadedin et al 
(iran)26

2018 53 (7) 31 (5) 27 43 (24) Placebo (BmsCs) 
(autologous)

40 million 3,6 2 to 4 Vas, WOmaC22

Gupta et al
(india)27

2016 56 (7) 28 (4) 15 60 (20) Placebo (BmsCs + 2 
ml hyaluronic acid)
(allogenic)

25, 50, 75, or 
150 million

1,3,6,12 2 to 3 Vas, WOmaC,
WORms (mRi), 
ae

Kuah et al
(australia)28

2018 53 (7) 27 (3) 12 20 (4) Placebo (aDsCs)
(allogenic)

3.9, 6.7 million 12 1 to 3 Vas, WOmaC, 
mRi, ae

Lamo- espinosa et al
(spain)29

2016 61 (4) 28 (2) 19 30 (10) Hyaluronic acid 
(BmsCs + 4 ml 
hyaluronic acid) 
(autologous)

10, 100 million 3,6,12 2 to 4 Vas, WOmaC, 
WORms (mRi)

Vega et al
(spain)30

2015 57 (9) n/a 11 30 (15) Hyaluronic acid
(BmsCs)
(allogenic)

40 million 12 2 to 4 Vas, WOmaC, 
mRi, ae

Lu et al
(China)31

2019 57 (8) 24 (3) 6 47 (24) Hyaluronic acid
(aDsCs)
(autologous)

50 million 6,12 1 to 3 Vas, WOmaC, 
mRi, ae

matas et al
(Chile)32

2018 56 (5) 27 (3) 10 26 (8) Hyaluronic acid
(UCmsCs)
(allogenic)

20 million or
20 million twice

6,12 2 to 3 Vas, WOmaC,
WORms (mRi), 
ae

aDsC, adipose- derived stem cell; ae, adverse events; Bmi, body mass index; BmsC, bone marrow- derived stem cell; K- L, Kellgren- Lawrence grade; n/a, not available; Oa, osteoarthritis; UCmsC, 
umbilical cord tissue- derived mesenchymal stem cell; Vas, visual analogue scale; WOmaC, Western Ontario and mcmaster Universities Osteoarthritis index ; WORms, whole- organ mRi score

Fig. 2

Quality assessment of included trials, risk of bias graph, and summary.

eligibility criteria. We reviewed all the retrieved ab-
stracts and full texts. the inclusion criteria for this anal-
ysis were as follows: 1) RCts of msCs for knee Oa; 2) 
detailed information of patients reported before and 
after treatment; 3) transplanted stem cells limited to 
msCs without PRP; and 4) knee Oa patients with no 
recent surgery conducted.
Quality assessment. the data we extracted included the 
first author's name, year of publication and country, 
sample size per group, mean patient age, Oa grade, 
follow- up time and dose administered by msCs, the 
control compositions, and the study results. We fol-
lowed the guidance established by the Cochrane 
Collaboration to conduct a risk assessment of bias to 
measure the risk of systematic errors. to assess risk of 
bias and provide a summary chart of risk assessments, 
we used: random sequence generation; allocation 
concealment; blinding of participants and personnel; 
blinding of outcome assessment; incomplete outcome 
data; and selective reporting.20,21

Outcome measures. the primary goal of this study was 
to determine whether pain and joint function could 
be improved after msC injection therapy and whether 
damaged cartilage could heal. Pain improvement was 
defined as mean change in visual analogue scale (Vas) 
from baseline and mean change in Western Ontario and 
mcmaster University Osteoarthritis index (WOmaC)22 
pain from baseline.23 the mean change in WOmaC was 
the primary criterion for functional change, and the sec-
ondary outcome measure was the change in some other 
scoring indicator. We also performed a subgroup analy-
sis of cell dose and source, with low doses of less than 
30 million, high doses of 50 million or more, and me-
dium doses. the bone marrow- derived stem cells com-
prised one group and the stem cells from other sources 
comprised the other. autologous and allogeneic stem 

cells were divided into two groups. mRi was found to 
be the best means of observing cartilage in the study. 
the whole- organ mRi score (WORms) scale,24 area of 
cartilage, and cartilage signal changes were all taken 
into account. although other scoring indicators such 

https://en.wikipedia.org/wiki/Magnetic_resonance_imaging
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Fig. 4

Forest plots of mean difference (mD) on pain according to dose groups. a) mDs of pain according to visual analogue scale and b) mDs of pain according to 
Western Ontario and mcmaster Universities Osteoarthritis index.22 Ci, confidence interval; iV, inverse variance method.

Fig. 3

Forest plot of mesenchymal stem cell injection on adverse events. Random- effect models were used. Ci, confidence interval; m- H, mantel- Haenszel method.

as the 36- itemshort- Form Health survey questionnaire 
(sF-36)25 were used, few articles included such indica-
tors, so they were not used in our evaluation.

Statistical analysis. in this meta- analysis, Revman 
5.3 software (nordic Cochran Centre, Copenhagen, 
Denmark) was used to compare msC- treated groups 
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Fig. 5

Forest plots of mean difference (mD) on function according to dose groups: a) mDs of Western Ontario and mcmaster Universities Osteoarthritis index 
(WOmaC)22 stiffness, b) mDs of WOmaC physical function, and c) mDs of WOmaC total. Ci, confidence interval; i, inverse variance method.
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Fig. 6

Forest plots of mean difference (mD) on cartilage: a) mDs of whole- organ mRi score (WORms) at six months and b) mDs of WORms at 12 months. Ci, 
confidence interval; iV, inverse variance method.

with their respective control groups. We used the in-
verse variance method for continuous data collection 
and the mantel–Haenszel method for binary data. the 
effects of msC treatment were reflected by the mean 
difference (mD) and 95% confidence interval (Ci). the 
chi- squared Q test (p- value less than 0.10 for high het-
erogeneity) and the i2 statistic (value 50% or higher for 
high heterogeneity) were used to assess heterogeneity 
in the assay. the results were summarized with random- 
effect models and all p- values < 0.05 were considered 
statistically significant.

Results
in total, we identified 410 articles through the search of 
the databases, and then removed any duplicates. after 
review of the abstracts and full texts, seven articles 
remained, involving 256 patients (Figure 1).26–32

the seven studies were published between 2015 and 
2019, comprising a total of 151 patients in the trial group 
and 105 patients in the control group. the mean age 
range of the enrolled patients was 53 to 61 years. the 
majority of patients in the trials were grade 2 to 3 of knee 
Oa. three studies compared msCs with placebo,26–28 
and the remaining studies compared an msC group 
with a control group receiving hyaluronic acid.29–32 msCs 
were mainly derived from bone marrow, except for two 
studies derived from adipose tissue28,31 and one study 
derived from umbilical cord.32 three trials used autolo-
gous cells,26,29,31 and another four trials used allogeneic 
cells.27,28,30,32 the patients received cell infusions ranging 
from 3.9 × 106 to 1.5 × 108 cells. all experiments were 
direct injections and followed up for at least six months 
(table i).
assessment for risk of bias. most trials generated ran-
dom sequence but did not explain the method of al-
location concealment. Only one trial had a high risk of 
reporting bias as it did not report all clinical outcomes, 
specifically WOmaC scores. the risk of attrition bias and 

performance bias for most of the trials was low. in gen-
eral, the risk of bias in all the trials was relatively low 
(Figure 2).
Safety. Firstly, we assessed the level of safety of inject-
ing msCs into the knee. Only two trials of five patients 
reported serious adverse events: three cases from the 
experimental group and two cases from the control 
group.27,31 We counted the number of patients who 
reported having had mild- to- moderate adverse events 
in all studies.27,28,30–32 no significant difference was 
found between the experimental group and the con-
trol group, although almost every patient experienced 
adverse events (p = 0.690, chi- squared test, Figure 3). 
the most common adverse events were joint pain and 
swelling, which were controlled without special treat-
ment. the four studies that used allogeneic bone mar-
row msCs did not show an increased number of ad-
verse events.27,28,30–32

Pain. Pain was another clinical parameter evaluated in 
these studies. all studies used Vas to assess the effect 
of msC injection on pain.26–32 a total of 151 patients 
received msC treatment and 105 received either pla-
cebo or hyaluronic acid. the mean difference (mD) in 
Vas changes in patients treated with msCs significantly 
decreased by 13.24 (95% Ci −23.28 to −3.20; p = 0.010) 
compared with that of the controls. Heterogeneity was 
found in one high- dose group, but did not affect the 
final results.27

in addition, all studies also used the WOmaC pain 
scale to assess the effect of msC injection on pain 
relief.26–32 the test group comprised 131 subjects and 
the control group comprised 95 subjects. Because the 
WOmaC scales differed between studies, we have made 
some conversions. the mD of the changes in WOmaC 
pain was statistically significant at −8.11 (95% Ci −14.26 
to −1.97; p = 0.010) and there was only slight heteroge-
neity (i2 = 24%).



VOL. 9, nO. 10, OCtOBeR 2020

MESENCHYMAL STEM CELLS - A PROMISING STRATEGY FOR TREATING KNEE OSTEOARTHRITIS 725

Fig. 7

Forest plots of mean difference (mD) on pain according to cell source (bone marrow-, adipose-, or umbilical cord tissue- derived): a) mDs of pain according 
to visual analogue scale and b) mDs of pain according to Western Ontario and mcmaster Universities Osteoarthritis index.22 aDmsC, adipose- derived 
mesenchymal stem cell; BmsC, bone marrow- derived stem cell; Ci, confidence interval; iV, inverse variance method; UCmsC, umbilical cord tissue- derived 
mesenchymal stem cell.

the Vas and WOmaC pain scales showed slight 
heterogeneity (i2 = 21.8% and i2 = 37.0%) among the 
different dose groups. it is worth noting that only in 
the low- dose group was the p- value found to be lower 
and statistically significant (Figure  4). interestingly, 
in different source groups, the p- value of adipose- or 
umbilical cord–derived cells was smaller than that 
of bone marrow, and the Vas score had moderate 
heterogeneity (i2 = 48.6%) (Figure 5). in addition, after 
excluding studies showing heterogeneity, allogeneic 
and autologous stem cells all showed good therapeutic 
effects (p < 0.050) (Figure 6).
Function. to assess the improvement in knee function 
in the patients, we extracted changes in WOmaC, ex-
cept for one study that did not provide specific data.30 
We observed that the p- values of WOmaC stiffness and 

WOmaC physical function were very close to 0.05. the 
mD in changes was −6.09 (95% Ci −12.47 to 0.30; p = 
0.060) and −4.34 (95% Ci −9.13 to 0.44; p = 0.080), and 
no heterogeneity was found between the different dose 
groups (i2 = 0%). However, in the WOmaC total score, 
an improvement in function was found (p = 0.01). the 
low- dose group also showed a lower p- value (Figure 7).
Cartilage. the problem of greatest concern is the role 
msCs play in regenerating cartilage during the treat-
ment. However, in only three studies could we com-
pare the data relating to the WORms scoring for mRi of 
the knee.27,29,32 the WORms scores for mRi of the knee 
showed no significant difference (mD: 95% Ci 0.02 
(−9.45 to 9.50); p = 1.000) between the scores at six 
months (mD: 95% Ci −1.92 (−10.42 to 6.58); p = 0.660) 
and at 12 months after treatment (Figure 8).



BOne & JOint ReseaRCH 

J. WANG, L. ZHOU, Y. ZHANG, L. HUANG, Q. SHI726

Fig. 8

Forest plots of mean difference (mD) on pain according to cell source (allogeneic or autologous): a) mDs of pain according to visual analogue scale and b) 
mDs of pain according to Western Ontario and mcmaster Universities Osteoarthritis index22 pain. Ci, confidence interval; iV, inverse variance method.

Discussion
msCs are multipotent stem cells that share all the 
commonalities of stem cells—namely, self- renewal and 
multidirectional differentiation. msCs are found not 
only in the bone marrow but also in the synovium and 
umbilical cord tissues, placental tissues, and adipose 
tissues.34,35 Because they can differentiate into bone, 
cartilage, muscle, or tendon, msCs provide a source of 
cells for the clinical treatment of various wounds and 
injuries, so their clinical application is of great value.36 
to achieve the successful treatment of Oa, we need to 
consider cell source, cell dose, and appropriate msC 
implantation methods.

the data of the research included in this meta- analysis 
are detailed and meet the minimum reporting require-
ments agreed by experts.37 We found that msC- based 
therapy is safe. Joint pain or swelling after injection may 
diminish over time or following oral medication. severe 
complications are rare and there is no firm evidence 

linking such complications with msC injections. more-
over, the most important finding is that msC- based inter-
ventions can significantly reduce Vas and WOmaC pain, 
as shown by several studies.26,28,29 therefore, we conclude 
that msCs can relieve pain and improve the quality of life 
in patients with knee Oa.

However, there was no evidence in this meta- analysis 
that cartilage was repaired, and in three particular 
studies27,29,32 no changes were observed in the WORms 
score of the knee mRi. While some studies have shown 
no progressive loss of cartilage and others have found 
an increase in cartilage area, following msC injection, 
cartilage repair remains controversial.28,30,31 Cell types, 
cell numbers, cell culture methods, and implanta-
tion methods may influence the therapeutic effect. 
We performed a subgroup analysis of cell doses and 
concluded that < 30 million cells improved pain and 
function best. Our conclusion is similar to that of Gupta 
et al,27 who suggested that knee joint space is limited 
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and that injecting too much solution and too many 
cells could cause adverse effects such as joint pain and 
swelling. although the volume of the solution varies 
greatly between studies and no quantitative analysis 
has been performed, it is well- demonstrated that for 
injection purposes, the optimum number of cells is 25 
million. Doyle et al38 also consider that the use of large 
numbers of cells carries increased risk, as shown by 
their systematic review. However, Lamo- espinosa et al29 
reported that ten million or 100 million cells were effec-
tive, and found that the clinical effect was maintained 
for longer in the high- dose group. in terms of research 
into repeated injections of hyaluronic acid, matas et 
al32 compared single and repeated injections of msCs 
and observed better results with repeated dosing. two 
studies in particular have shown that multiple injec-
tions may reduce adverse reactions and enhance the 
effect compared with a single injection of high numbers 
of cells; however, the literature is limited in this area, 
which may be a direction for future research.32,39

in recent years, in addition to bone marrow- derived 
stem cells, adipose, umbilical cord, and synovium- 
derived cells have attracted an increasing amount 
of attention.40 in our study, the adipose and umbil-
ical cord stem cell groups had lower p- values, which 
were statistically significant and showed advantages in 
treating knee Oa. migliorini et al41 reviewed 18 studies 
of fat- and bone marrow- derived msCs used in the 
treatment of arthritis and found that cells from both 
sources improved pain and functional scores. However, 
shariatzadeh et al42 found that the collection/isolation, 
culture conditions, and characterization criteria of stem 
cells vary. the optimal source of msCs remains specu-
lative, and a more consistent method is needed to stan-
dardize the assessment of cell source. interestingly, our 
subgroup analysis revealed that allogeneic stem cells 
have a greater pain- relieving effect than autologous 
stem cells, and fewer adverse events are observed with 
allogeneic stem cells than with autologous stem cells.

there were several limitations to our study. First, 
the number of studies we included was too small. the 
minimum number of participants in the trial group 
was less than ten, and the dose difference between the 
studies was also large. the methods for msC prepa-
ration varied, which may have caused greater biases. 
all evaluation indicators were subjective evaluations 
of patients, yet differences among individuals were 
still apparent. We also need more objective evidence 
to assess the specific effects of msC treatment on carti-
lage damage.43 the number of injections, the interval 
between injections, and the sustainability of injections 
should be the focus of future research. two studies 
included in this review used hyaluronic acid in the 
experiment group and the control group.27,29 Consid-
ering that both groups used hyaluronic acid, we believe 
that the difference in clinical results between the two 
groups can be considered the effect of msCs.44 in 

addition, msCs in combination with PRP, stents, growth 
factors, and even gene therapy also need to be explored 
to achieve optimal results.

in conclusion, without surgical assistance, intra- 
articular injection of msCs can improve pain and func-
tion in patients with knee Oa, but may not improve 
cartilage status. adipose tissue may be a good source of 
msCs because of its easy accessibility. High- dose stem 
cell (100 million) injections may induce more adverse 
reactions, and low- dose (20 million) multiple injections 
may be a good choice.
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