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A B S T R A C T

Background: Advanced cell therapies emerged as promising candidates for treatment of knee articular diseases,
but robust evidence regarding their clinical applicability is still lacking.
Objective: To assess the efficacy and safety of advanced mesenchymal stromal cells (MSC) therapy for knee
osteoarthritis (OA) and chondral lesions.
Methods: Systematic review of randomized controlled trials conducted in accordance with Cochrane Handbook
and reported following PRISMA checklist. GRADE approach was used for assessing the evidence certainty.
Results: 25 randomized controlled trials that enrolled 1048 participants were included. Meta-analyses data
showed that, compared to viscosupplementation (VS), advanced MSC therapy resulted in a 1.91 lower pain VAS
score (95 % CI -3.23 to − 0.59; p < 0.00001) for the treatment of knee OA after 12 months. Compared to placebo,
the difference was 0.99 lower pain VAS points (95 % CI -1.94 to − 0.03; p = 0.76). According to the GRADE
approach, the evidence was very uncertain for both comparisons. By excluding studies with high risk of bias,
there was a similar size of effect (VAS MD -1.54, 95 % CI -2.09 to − 0.98; p = 0.70) with improved (moderate)
certainty of evidence, suggesting that MSC therapy probably reduces pain slightly better than VS. Regarding
serious adverse events, there was no difference from advanced MSC therapy to placebo or to VS, with very
uncertain evidence.
Conclusion: Advanced MSC therapy resulted in lower pain compared to placebo or VS for the treatment of knee
OA after 12 months, with no difference in adverse events. However, the evidence was considered uncertain.
The Translational Potential of this Article: Currently, there is a lack of studies with good methodological structure
aiming to evaluate the real clinical impact of advanced cell therapy for knee OA. The present study was well
structured and conducted, with Risk of Bias, GRADE certainty assessment and sensitivity analysis. It explores the
translational aspect of the benefits and safety of MSC compared with placebo and gold-standard therapy to give
practitioners and researchers support to expand this therapy in their practice.
PROSPERO registration number: CRD42020158173. Access at https://www.crd.york.ac.uk/prospero/display_reco
rd.php?RecordID=158173.
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1. Introduction

Osteoarthritis (OA) and chondral injuries are a major health problem
and financial burden for health and social welfare systems around the
world [1–5].

OA is a highly prevalent degenerative musculoskeletal disorder,
involving all tissues of the joint, that symptomatically affects more than
10% of the world’s population aged 60 years or older and represents one
of the major causes of disability worldwide [1,6]. Pain management,
activity modification, and weight loss are prescribed in the early stages,
but the demand for knee arthroplasty surgeries remains high and is
continuously growing. However, while the surgical approach can pro-
vide a high rate of success and satisfaction for older patients, in young
patients the high functional demand and longer life expectancy consti-
tute an obstacle to arthroplasty [4–6].

Chondral lesions are a challenge for physicians in different areas, as
the ability to repair the joint cartilage is very limited. Conservative
treatment is limited mainly to pain control and physical therapy [7–11].
Currently available invasive therapies only show better results in small
lesions and require expensive surgeries, such as osteochondral allograft
transplantation and matrix-associated autologous chondrocyte implan-
tation, with a long period away from activities for rehabilitation. They
present a return to sport rate that still needs to be improved [7–16].

Regenerative medicine emerged as an optimistic promise of a more
effective conservative treatment for these conditions. It is based on the
employment of components of our own biology enhanced to provide the
healing of the original tissue. The effort in this field runs towards the use
of precursor cells and immunologic molecules as therapies [2,17]. The
mesenchymal stromal cells (MSC) are the main active agent of most of
these therapies. These cells originate in the mesoderm and have the
ability to self-renew and to differentiate into several cell types (bone
(osteocytes), cartilage (chondrocytes), fat (adipocytes), blood cell pre-
cursors and fibroblasts). The origin of the cells can be either from the
patient himself (autologous) or from a donor (allogeneic). Historically,
the most used source of MSCs has been the bone marrow. Another
well-explored source is the adipose tissue. With the advancement of
allogeneic techniques, bank tissue from the umbilical cord and placenta
were also used [2,5,17–22].

According to mechanistic, animal and pilot studies, culture-
expanded MSC populations have paracrine effects in the articular
microenvironment that works via trophic, immunomodulatory and
chemoattractant properties [5,18–21]. Locally targeted MSC could work
through cell differentiation and this paracrine stimulation to inhibit the
articular injury, induce immunomodulation, reduce scarring, promote
actual chondral repair and slow down the OA process [5,7,10,18–21,
23].

The literature presents ample evidence supporting the ability of MSC
therapy to stimulate cartilage repair in large animals [13,23]. Human
studies less frequently include histological assessment, but there are
many studies reporting the repair tissue formation onMRI scans [3,5,10,
13,20]. Human clinical trials are, ultimately, the sole means by which
symptomatic and functional outcomes can be assessed, and these out-
comes are paramount for both patients and healthcare providers.
Therefore, these studies have the power to direct clinical practice [2,3,
13,18,20].

Some minimally manipulated autogenous techniques, like bone
marrow aspirate and microfragmented adipose tissue, are already in
clinical use. They involve harvesting the respective donor tissue and
applying it to the injured area in a single procedure, without laboratory
manipulation. In this way, it would be possible to take advantage of the
benefits of MSC naturally available in these tissues [5,13,24,25]. How-
ever, these therapies still present conflicting and heterogeneous results.
One hypothesis is that despite having MSC, their concentration would be
very low and with great variation depending on the patient’s health
profile and harvesting technique and location [5,13,24,25].

The demand to enhance the regenerative properties of progenitor

cells and, consequently, their clinical benefits, has brought up the
advanced cell therapy modalities, in which the progenitor MSC pop-
ulations pass through enzymatic digestion and are culture-expanded in
laboratory, without genetic modifications, to achieve much higher
concentrations after some passages [2–5,13,24–31], In theory, it is
possible to use the expansion as a means of multiplying and activating
the effector cells, with depletion of inhibitory cells and contaminants in
the tissue obtained, aiming to preserve the desirable intrinsic biological
characteristics of the effector cells in the final product [2,5,24–31].
These techniques are the study object of this paper.

These clinical benefits are not yet well established, particularly the
translational aspect to pain and functional improvement [18,31–39].
Also, although the literature points them to be very rare, there are po-
tential risk factors evolved in the therapy such as the differentiation into
undesired cell types and ectopic tissue formation that still needs to be
properly evaluated [2–5,28,40–47].

In this study, our objective was to assess, through a systematic review
of randomized clinical trials, the efficacy and safety of advanced therapy
with mesenchymal stromal cells for the treatment of knee osteoarthritis
or chondral lesions.

2. Methods

2.1. Study design and setting

This was a systematic review of randomized controlled trials (RCT)
carried out in Hospital Sírio-Libanês, São Paulo– SP, Brazil, and con-
ducted in accordance with The Cochrane Collaboration Handbook for
Systematic Reviews of Interventions [48].

This review was prospectively registered in the PROSPERO database
under number CRD42020158173 (available from: https://www.crd.yo
rk.ac.uk/prospero/display_record.php?RecordID=158173).

The reporting of this review followed the PRISMA 2020 Statement
checklist [49].

2.2. Criteria for including studies

2.2.1. Types of studies
Only parallel RCTs (with cluster or individual randomization) were

included. Cross-over trials were not included.

2.2.2. Types of participants
Adults with symptomatic or asymptomatic knee OA or chondral le-

sions, at any stage of disease. RCTs assessing these participants as a
subgroup of a wider population were considered only if the authors
presented subgroup analyses and results including only them.

2.2.3. Types of interventions
Any advanced MSC therapy (autologous or allogeneic, combined or

not with biocompatible materials). RCTs that assessed MSC therapy
combined with other techniques were considered only if the same
technique was also administered in the control group.

The following interventions, which don’t comprise advanced MSC
therapy, were not considered: micro-fragmented adipose tissue, implant
of chondrocytes, bone marrow aspirate concentrate (BMAC) and pe-
ripheral blood stem cells.

2.3. Outcomes of interest

We considered the following outcomes based on recommendations
for outcomes in OA trials [50].

2.3.1. Primary outcomes

1. Pain;
2. Physical function and
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3. Number of participants experiencing any serious adverse events
(those that are life-threatening; cause death, require treatment in
emergency room, hospitalization, disability or permanent damage,
or congenital anomaly/birth defect [51].

For studies using more than one pain scale, we used a hierarchy of
pain-related outcomes [52], extracting data on the pain scale that was
highest on this list: 1. global pain measured using the visual analog scale
(VAS- from 0 to 10, being 0 equivalent to no pain and 10 to the worst
pain possible); 2. pain on walking; 3. Western Ontario and McMaster
Universities Arthritis Index (WOMAC) pain subscore; 4. composite pain
scores other than WOMAC; 5. pain on activities other than walking; 6.
rest pain or pain during the night; 7. WOMAC Global Algofunctional
score; 8. Lequesne Osteoarthritis Index global score; 9 other algofunc-
tional scale; 10. participant’s global assessment; 11. physician’s global
assessment.

For studies with more than one physical function scale, we used a
hierarchy, extracting data on the pain scale that was highest [52]: 1.
global disability score; 2. walking disability; 3. WOMAC Disability
subscore; 4. composite disability scores other thanWOMAC; 5. disability
other than walking; 6. WOMAC Global Scale; 7. Lequesne Osteoarthritis
Index global score; 8. other algofunctional scale; 9. participant’s global
assessment; 10. physician’s global assessment. The WOMAC score range
from 0 to 96 for the total WOMAC, in which 0 represents the best health
status and 96 the worst possible status.

When a study reported pain or function outcomes at several time
points, we considered only the last measure.

2.3.2. Secondary outcomes
The secondary outcomes were:

1. Health-related quality of life measures;
2. Number of participants experiencing any adverse event and
3. Need of a ‘second look’ intervention.

We assessed all outcomes listed above at any time point and only
pooled similar time points together, considering the longest
measurement.

2.4. Search for studies

A broad search of the literature was performed using electronic and
hand search. There was no restriction regarding date, language or status
of publication. The date of the last search was on October 31, 2022.

Sensitive search strategies (Supplementary file 1) were developed for
the following databases:

Cochrane Central Register of Controlled Trials - CENTRAL (via
Wiley);

EMBASE (via Elsevier);
Literatura Latino Americana em Ciências da Saúde e do Caribe - LI-

LACS (via Biblioteca Virtual em Saúde - BVS);
MEDLINE (via Pubmed);
Physiotherapy Evidence Database (PEDro);
SPORTDiscus (via EBSCO).
Additional electronic searches for ongoing studies or grey literature

were conducted in: ClinicalTrials.gov (www.clinicaltrials.gov); Open
Grey (http://www.opengrey.eu/).

2.5. Selection of studies

The selection was performed in a two-stage process aided by Rayyan
reference management software [53]. In the first stage, two groups of
authors (CGT/TLF and RLP/ALCM) independently assessed all titles and
abstracts. Studies marked as ‘potentially eligible’ were then screened at
the second stage by reading the full text. Disagreements were solved
consulting a third reviewer (RR).

2.6. Data extraction and management

Data extraction was performed by two independent reviewers (CGT
and RLP, consulting RR if disagreements) using a pre-established pro-
tocol to collect data referring to study identification, eligibility criteria,
methodological aspects (design, allocation method and concealment,
masking, risk of bias and type of analysis), participants (sample number,
age, severity of disease), interventions, comparisons, outcomes, follow-
up time and results.

2.7. Risk of bias assessment

The risk of bias (RoB) assessment was independently performed by
two groups of reviewers (group 1: CGT. and TLF.; group 2: RLP. and
ALCM) using Cochrane RoB table, in accordance with the recommen-
dations of the Cochrane Handbook for Systematic Reviews of In-
terventions [48]. Disagreements were solved with a more experienced
reviewer (RR).

2.8. Data synthesis

When possible, the results of the studies were grouped and summa-
rized in the form of meta-analyses forest plots graphics, generated by
Review Manager version 5.4.1 [54].

Studies that compared more than two intervention or control groups
had the shared group split into two or more groups with smaller sample
size, and were included as two or more comparisons [48].

2.9. Measures of treatment effect and analysis procedures

We extracted dichotomous data and calculated risk ratio (RR) with
95 % confidence intervals (CI) for the number of participants experi-
encing any serious adverse events, any adverse event and need of a
‘second look’.

We extracted continuous data and calculated mean difference (MD)
with 95 % CI for the outcomes of pain, physical function and health-
related quality of life measures. Most studies reported the mean differ-
ences of the studied outcomes. When the studies didn’t report it directly,
but provided other statistical resources as statistical dispersion measures
and graphic data, it was possible to calculate the mean and standard
deviation (SD) following Cochrane recommendations using Review
Manager software to standardize the outcome reporting method and
include the data in the meta-analyses [48,54,55]. If studies used
different scales, we expressed the treatment effect as standardized mean
difference (SMD) and 95 % CI. When not available at all, that study
results were analyzed only qualitatively.

Most studies reported the change in VAS from baseline. When the
studies reported the absolute values and the baseline value, it was
possible to calculate the change from baseline following Cochrane rec-
ommendations and using Review Manager, to standardize the outcome
reporting method and enhance the data in the meta-analysis [48,54,55].

Random-effects meta-analyses were performed considering the het-
erogeneity and the availability of data.

2.10. Unit of analysis

We considered the unit of analysis included in each RCT. Both
participant or knee were considered, but analyses were performed
separately for each unit of analysis.

2.11. Dealing with missing data

RCT authors were contacted for requesting missing data when rele-
vant. Missing means or standard deviations were calculated using avail-
able statistics when possible. Data available in graphs without the accurate
value were estimated using a ruler positioned over the graph line.
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2.12. Assessment of heterogeneity

We assessed the studies clinical and methodological differences and
performed visual inspection of the forest plot along with statistical
consideration of the Chi-squared and I2 tests [48,55].

2.13. Additional analysis

Sensitivity analysis: 1. Fixed-effect versus random effects model
meta-analysis; 2. Excluding from analysis those RCTs at high RoB on at
least one domain of RoB table and; 3. Excluding RCTs with industry
sponsorship.

Subgroup analysis: 1. Autologous versus or allogeneic MSC; 2. MSC
combined versus not combined with biocompatible materials.

2.14. Publication bias assessment

Publication bias assessment was planned to be performed by funnel
plots if more than 10 RCTs were included in a single meta-analysis [48].

2.15. Summary of findings and assessment of the certainty of the evidence

The certainty of evidence was independently assessed by two authors
(CGT, RLP) using the Grading of Recommendations, Assessment,
Development and Evaluations (GRADE) approach [56,57], which con-
sists of five domains (imprecision, inconsistency, indirectness, risk of
bias and publication bias).

There were four levels of evidence quality: ’high’, ’moderate’, ’low’
or ’very low’. Quality may be downgraded due to study limitations (risk
of bias), imprecision, indirectness, inconsistency or publication bias.

The certainty of evidence was assessed for all primary outcomes. The
results were incorporated in a summary of findings table using GRA-
DEpro GDT software [58].

3. Results

3.1. Overview of the search

The electronic searches retrieved 6,844 records, of which 473 were
duplicates and were eliminated. 1 record was identified from manual
sources. The reading of 6,372 titles and abstracts in the first phase
resulted in the exclusion of 6,233 records that did not meet the eligibility
criteria.

After reading the full text of the remaining 139 records (second
phase), 6 records were excluded and 133 records were included: 43
records corresponding to 25 complete studies and the remaining 90
corresponding to ongoing studies. The flowchart of the selection process
is shown in Fig. 1: The flowchart of the selection process. Studies
excluded in the second phase and its reasons were referenced in the
‘Supplementary file 2: Characteristics of excluded studies table’.
Ongoing studies are presented in the ‘Supplementary file 3: Charac-
teristics of ongoing studies table’.

3.2. Included studies

We included 25 studies that enrolled 1048 adult patients, published
between 2002 and 2022. Participants were adults from both sexes, aged
between 18 and 75 years.

The main characteristics of the included studies are available at
‘Table 1: Main characteristics of the included clinical trials’.

3.3. Risk of bias assessment

The RoB for all 25 studies are presented in Supplementary file 4:
RoB summary and graphic. Full justifications of the assessment were
included in ‘Supplementary file 5: Risk of Bias support for

judgement table’. The performance and detection bias domains were
evaluated in an outcome-level assessment.

3.4. Effects of interventions

We evaluated separately the studies assessing osteoarthritis and
chondral lesions.

For each medical condition, we evaluated together studies
comparing MSC versus the same comparator. Studies that assessed MSC
combined with other techniques were considered for meta-analysis only
if the same technique was also administered in the control group (which
allowed us to investigate the additional effect of advanced MSC
therapy).

3.4.1. Condition 1: Knee osteoarthritis

3.4.1.1. Comparison 1: MSC compared with placebo. (See Fig. 2)
This comparison was evaluated by eight RCT [43,44], [62,75]

Lamo-Espinosa et al., 2016 [70] reported two different intervention
groups (High and Low dose) with separate data of the effect. According
to Cochrane protocols, to avoid overweighting a single group or study,
studies that compared more than two intervention or control groups had

Figure 1. The flowchart of the selection process.
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Table 1
Main characteristics of the included clinical trials.

Id Study Country Population Intervention Comparison Outcomes Follow-
up

Funding and Registry

1 Akgun 2015
[59]

Turkey N = 14
Mean age between 32.3
± 7.9 (18.0–41.0), 32.7
± 10.4 (18.0–46.0), p =

0.898 years
Cartilage defects >2 cm2

Autologous S-MSC
(8 × 106 cells)
N = 7

m-ACI
N = 7

KOOS
VAS
Tegner
ROM
MOCART

Up to 24
months

No funding supports mentioned
Protocol registration not reported

2 Bastos 2020
[60]

Portugal N = 47
Mean age between 55.7
± 7.8; 60.8 ± 9.9; 55.9
± 13.4 years
KL grade I-IV KOA

Group A:
Autologous BM-
MSC (40 × 106

cells)
Group B:
Autologous BM-
MSC (40 × 106

cells) + PRP
N = 17

Group C:
Corticosteroid
N = 16

KOOS
ROM

Up to 12
months

No funding supports mentioned
Protocol registration not reported

3 Chen
2021 [61]

Taiwan N = 57
Mean age of 67.6 ± 6.6
years
KL grade I-III KOA

Allogenic ADMSC
3 groups:
64 × 106 cells, 64
M;
32 × 106 cells, 32
M;
16 × 106 cells, 16
M.
N = 49

VS
N = 8

Adverse events
Serious
adverse events
WOMAC
VAS
Physical
function
KSCRS

Up to 96
weeks

UnicoCell Biomed CO. LTD
Protocol registration reported
(NCT02784964)

4 Emadedin
2018 [62]

Iran N = 47
Mean age 53 years
KL grade II-III-IV KOA

Autologous BM-
MSC (40 × 106

cells)
N = 24

Placebo
N = 19

VAS
WOMAC
Adverse events
Serious
adverse events

Up to 6
months

Royan Institute
Protocol registration reported
(NCT01504464)

5 Fiolin 2020
[63]

Indonesia N = 15
Mean age not reported
KL grade I-II KOA

UCBMSC (1 × 106

cells) + VS
N = 5

Group B: VS +

Somatotropin
N = 5
Group C:
Conservative
management
N = 5

VAS
WOMAC
IKDC

Up to 12
months

No funding supports mentioned
Protocol registration not reported

6 Freitag 2019
[64]

Australia n = 30
Mean age between 51.5
and 54.7 years
KL grade II-III KOA

Autologous ADMSC
(one-injection
group and two-
injection group of
100 × 106 cells)
N = 10

Conservative
management
N = 10

NPRS
KOOS
WOMAC
MRI analysis
MOAKS
Adverse events
Serious
adverse events

Up to 12
months

Magellan Stem Cells and Melbourne
Stem Cell Centre
Protocol registration reported
(ACTRN12614000814673)

7 Gupta 2016
[65]

India N = 60
Mean age between 54.00
± 6.73 and 58.10 ± 8.2
years
KL grade II-III KOA

Allogeneic BM-
MSC (four groups
with 5, 50, 75, or
150 × 106 cells) +
VS
N = 10

Placebo
N = 5

Adverse events
Serious
adverse events
VAS
WOMAC
ICOAP
WORMS
X-ray

Up to 2
years

Stempeutics Research Pvt. Ltd.
Protocol registration reported
(NCT01453738)

8 Gupta
2022 [66]

India N = 146
Mean age of 40–60 years
KL grade II-III KOA

Allogenic BM-MSC
(25 × 106 cells) +
VS
N = 73

VS
N = 73

Adverse events
Serious
adverse events
WOMAC
VAS
MRI

Up to 12
months

Stempeutics Research Pvt LtdProtocol
registration reported (CTRI/2018/09/
015785)

9 Hashimoto
2019 [67]

Japan N = 11
Mean age 44.1 years
ICRS ≥3 cartilage defect
≥2cm2

Autologous BM-
MSC + MFX
N = 4

MFX
N = 7

Adverse events
Serious
adverse events
IKDC
KOOS
MOCART

Up to 48
weeks

Grant by apanese Ministry of Health,
Labourand Welfare
Protocol registration not reported

10 Ho
2022 [68]

Hong
Kong

N = 20
Mean age of 58.00 ±

4.51 years
KL grade II-III KOA

Autologous BM-
MSC (1 × 106 cells)
N = 10

VS
N = 10

Adverse events
Serious
adverse events
VAS
WOMAC
SF-36
KSS
KSFS
MRI

Up to 12
months

The Chinese University of Hong Kong
Protocol registration reported
(CUHK_CCT00469)

(continued on next page)
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Table 1 (continued )

Id Study Country Population Intervention Comparison Outcomes Follow-
up

Funding and Registry

11 Kuah 2018
[69]

Australia N = 20
Mean age of groups
between 55.0 ± 10.42;
50.8 ± 7.29; 55.0 ± 5.15
years
KL grade I-III KOA

Allogenic ADMSC
Cohort 1: 3.9 × 106

cells
Cohort 2: 6.7 × 106

cells
N = 8

Placebo
N = 2

Adverse events
Serious
adverse events
VAS
WOMAC
AQoL-4D
MOAKS
MRI cartilage
volume

Up to 12
months

Regeneus Ltd
Protocol registration reported
(ACTRN12615000439549)

12 Lamo-
Espinosa
2016 [70]

Spain N = 30
Mean age of groups A,B
and C between 60.3
(55.1, 61.1)65.9 (59.5,
70.6)57.8 (55.0, 60.8)
(median and
interquartile) years
KL grade II-IV KOA

Group A:
Autologous BM-
MSC (100 × 106

cells) + VS
Group B:
Autologous BM-
MSC (10 × 106

cells) + VS
N = 10

Group C: VS
N = 10

Adverse events
Serious
adverse events
VAS
WOMAC
ROM
X-ray
WORMS

Up to 4
years

Clínica Universidad de Navarra
Protocol registration reported
(NCT02123368)

13 Lamo-
Espinosa
2020 [44]

Spain N = 60
Mean age between 54.6
(33,70) and 56 (40, 62)
years
KL grade II-IV KOA

Autologous BM-
MSC (100 × 106

cells) + PRP
N = 30

PRP
N = 30

Adverse events
Serious
adverse events
VAS
WOMAC
ROM
X-ray
WORMS

Up to 12
months

Clínica Universidad de Navarra
FEDER Funds
Spanish Ministry of Health
Protocol registration reported
(NCT02365142)

14 Lee
2019 [71]

South
Korea

N = 24
Mean age between 62.2
± 6.5 and 63.2 ± 4.2
years
KL grade II-IV KOA

Autologous ADMSC
(1 × 108 cells)
N = 12

Placebo
N = 12

Adverse events
Serious
adverse events
VAS
WOMAC
KOOS
X-ray
MRI scan

Up to 6
months

R-Bio Co., Ltd.
Protocol registration reported
(NCT02658344)

15 Lim
2021 [28]

South
Korea

n = 114
Mean age 55.9 years
ICRS grade 4 cartilage
defect 2–9 cm2

UCBMSC (7.x106

cells per 1.5 mL) +
VS
N = 43

MFX
N = 43

Cartilage
restoration
(ICRS)
Histological
evaluation
VAS
WOMAC
IKDC
Adverse events
Serious
adverse events

Up to 5
years

Medipost Co Ltd.
Protocol registration reported
(NCT01041001, NCT01626677)

16 Lu
2020 [72]

China N = 53
Mean age between 55.03
(9.19) and 59.64 (5.97)
(p = 0.0375) years
KL grade I-III KOA

Autologous ADMSC
(5.0 × 107 cells)
N = 26

VS
N = 26

Adverse events
Serious
adverse events
VAS
WOMAC
SF-36
MRI cartilage
volume

Up to 12
months

Cellular Biomedicine Group Ltd.
Protocol registration reported
(NCT02162693)

17 Matas 2019
[73]

Chile N = 26
Mean age between 54.8
± 4; 556.1 ± 6.8; 56.7 ±

4.1; (p = 0.7) years
KL grade I-III KOA

Group A: UCBMSC
(two doses of 20 ×

106 cells)
Group B: UCBMSC
(one doses of 20 ×

106 cells)
N = 8

Group C: VS
N = 9

Adverse events
Serious
adverse events
VAS
WOMAC
SF-36
OMERACT/
OARSI
WORMS

Up to 12
months

Cells for Cells
Protocol registration reported
(NCT02580695)

18 Sadat-Ali
2021 [74]

Saudi
Arabia

N = 60
Mean age between 45
and 70
KL grade II-III KOA

Autologous BM-
MSC (5 × 106 cells)
N = 30

VS
N = 30

Adverse events
Serious
adverse events
VAS
MKSSSF
QOL
MRI

Up to 24
months

No funding supports mentioned
Protocol registration not reported

19 Shadmanfar
2018 [69]

Iran N = 30
Mean age of 48.9 ± 1.7
years
KL grade II-III KOA
RA

Autologous BM-
MSC (40 × 106

cells)
N = 15

Placebo
N = 15

Adverse events
Serious
adverse events
VAS
WOMAC
MRI

Up to 12
months

Royan Institute
Protocol registration reported
(NCT01873625).

(continued on next page)
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the shared group split into two or more groups with smaller sample size
and were included as two or more comparisons reasonably independent,
using the Review Manager software [48,54,55].

3.4.1.1.1. Primary outcomes
3.4.1.1.1.1. Pain
This outcome was evaluated using the VAS in seven RCTs, however,

only five provided the data [43,44,69–71].
In the longer-term available (period of 12 months), pooled results

showedMSCwas associated with lower pain VAS scores: MD -0.99 (95%
CI -1.94 to − 0.03).

3.4.1.1.1.2. Physical function
This outcome was evaluated using the WOMAC by seven RCT,

however, only six provided the data [43,44,66,69–71].
In the longer-term available (12 months), pooled results showed a

MD -0.02 (95 % CI -0.86 to 0.81) [81].
3.4.1.1.1.3. Serious adverse events

This outcome was evaluated by seven RCTs, with zero serious
adverse events in both groups up to the longer term available (12
months), precluding meta-analysis.

3.4.1.1.2. Secondary outcomes
3.4.1.1.2.1. Any adverse event
This outcome was evaluated using the VAS in six RCTs [43,44,69–71,

75].
In the longer-term available (period of 12 months), pooled results

showed no differences regarding any adverse events: RR 1.20 (95 % CI
0.81 to 1.79).

3.4.1.1.2.2. Health-related quality of life and need of a ‘second look’
intervention

No studies objectively reported these outcomes.

3.4.1.2. Comparison 2: MSC compared with viscosupplementation (VS).
(See Fig. 3)

Table 1 (continued )

Id Study Country Population Intervention Comparison Outcomes Follow-
up

Funding and Registry

20 Soltani 2019
[75]

Iran N = 20
Mean age between 35
and 75 years
KL grade II-IV KOA

Allogenic PLMSC
(0.5–0.6 × 108

cells)
N = 10

Placebo
N = 10

Adverse events
Serious
adverse events
VAS
KOOS
ROM
MRI

Up to 24
weeks

Grant from National Institute or
Medical Research Development
(NIMAD)
Protocol registration reported
(RCT2015101823298N)

21 Vega 2015
[76]

Spain N = 30
Mean age 57±9years
KL grade II-IV KOA

Allogenic BM-MSC
(40 × 106 cells)
N = 15

VS
N = 15

Adverse events
Serious
adverse events
VAS
WOMAC
Lequesne
MRI T2
mapping

Up to 1
year

Red de Terapia Celular
Protocol registration reported
(NCT01586312)

22 Wakitani
2002 [77]

Japan N = 24
Mean age of 63 (49–70)
years
Ahlback grade I-II
medial KOA

Autologous BM-
MSC (1 × 107 cells)
+ HTO
N = 12

HTO
N = 12

HSSKRS
Arthroscopic
assessment
Histological
evaluation

Up to 16
months

Japan Orthopaedics and
Traumatology Foundation
Protocol registration not reported

23 Wang 2016
[78]

China n = 36
Mean age intervention
group: 54.28 years and
control group: 52.37
years
Moderate or Severe KOA

UCBMSC (3 × 107

cells, two
infiltrations)
N = 18

VS
N = 18

SF-36
Lysholm
WOMAC
Adverse events

Up to 6
months

No funding supports mentioned
Protocol registration not reported

24 Wong 2013
[79]

Singapore N = 56
Mean age 51 years
KOA with genu varum

Autologous BM-
MSC (1.46 ± 0.29
× 107) + VS +MFX
+ HTO
N = 28

VS + MFX +

HTO
N = 28

IKDC
Tegner
Lysholm
MOCART
Serious
adverse events

Up to 2
years

No funding supports mentioned
Protocol registration not reported

25 Zhao 2019
[80]

China N = 18
Mean age between 52.05
± 11.64, 59.58 ± 10.24,
52.69 ± 8.72, p = 0.41
KL grade II-III KOA

Group A: Allogenic
ADMSC (5.0 × 107

cells)
Group B: Allogenic
ADMSC 1.0 × 107

cells)
Group C: Allogenic
ADMSC 2.0 × 107

cells)
N = 6

Comparison
between doses

VAS
WOMAC
SF-36
Composition
MRI
animations
WORMS

Up to 48
weeks

Cellular Biomedicine Group, National
Key Research and Development
Program of China and National
Natural Science Foundation of China
Protocol registration reported
(NCT02641860.)

ACTRN: Australian and New Zealand Clinic Trial Registry; ADMSC: Adipose-derived mesenchymal stromal cells; AQoL-4D: assessment of quality of life 4D ques-
tionnaire; BM-MSC: bone marrow-derived mesenchymal stromal cells; ICRS: International Cartilage Repair Society; HA: hyaluronic acid; HSSKRS: Hospital for Special
Surgery knee-rating scale; HTO: high tibial osteotomy; ICOAP: Intermittent and Constant Osteoarthritis Pain; IKDC: International Knee Documentation Committee; KL:
Kellgren–Lawrence classification; KOA: Knee Osteoarthritis; KOOS: Knee Injury and Osteoarthritis Outcome Score; KSCRS: Knee Society Clinical Rating System; KSFS:
Knee Society Function Score; m-ACI: matrix-induced autologous chondrocyte implantation; MKSSSF: Modified Knee Society Score-Short Form; MOAKS: MOCART:
Magnetic Resonance Observation of Cartilage Repair Tissue; MRI Osteoarthritis Knee Score; MFX: microfracture; MRI: Magnetic Resonance Image; NCT: National
Clinical Trial number; NPRS: Numeric Pain Rating Scale; OMERACT/OARSI: Outcome Measures in Rheumatology Committee/Osteoarthritis Research Society In-
ternational Responder Index Criteria; PLMSC: Placenta mesenchymal stromal cells; PRP: Platelet Rich Plasma; RA: Rheumatoid arthritis; ROM: range of motion; SF-36:
Short Form Health Survey; S-MSC: Synovial-mesenchymal stromal cells; UCBMSC: Umbilical Cord Blood–Derived Mesenchymal Stromal Cell; VAS: visual analog scale
for pain; VS: viscossuplementation with hyaluronic acid; WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index; WORMS: Whole-Organ Magnetic
Resonance Imaging Score.
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This comparison was done by seven RCT [61,68,72–74,76,78].
Matas et al., 2019 [73] reported two different intervention groups (one
or two doses) with separate data of the effect. There was no overlap of
patients in the groups and there is homogeneity among the compara-
tives. According to Cochrane protocols, to avoid overweighting a single
group or study, studies that compared more than two intervention or
control groups had the shared group split into two or more groups with
smaller sample size and were included as two or more comparisons
reasonably independent, using the Review Manager software [48,54,
55].

3.4.1.2.1. Primary outcomes
3.4.1.2.1.1. Pain

This outcome was evaluated using the VAS in six RCTs [61,68,72–74,
76]. In this specific outcome, Lu et al. [72] was described twice
considering each knee as the unit of analysis for the intervention and the
control groups, as reported in the study itself. There was no overlap of
patients in the groups.

In the longer-term available (period of 12 months), pooled results
showedMSCwas associated with lower pain VAS scores: MD -1.91 (95%
CI -3.23 to − 0.59).

3.4.1.2.1.2. Physical function
This outcome was assessed using the global WOMAC by six RCTs [61,

68,72–74,76,78].
In the longer-term available (period of 12 months), pooled results

Figure 2. Comparison 1 (MSC therapy versus placebo) forest plot graphs.
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Figure 3. Comparison 2 (MSC therapy versus viscosupplementation) forest plot graphs.
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showed MSC was associated with lower WOMAC scores: MD -7.70 (95 %
CI -13.08 to − 2.32).

3.4.1.2.1.3. Serious adverse events
This outcome was assessed by six RCTs [61,68,72–74,76].
In the longer-term available (period of 12 months), pooled results

showed no differences regarding serious adverse events: RR 0.80 (95 %
CI 0.10 to 6.59).

3.4.1.2.2. Secondary outcomes
3.4.1.2.2.1. Any adverse event
This outcome was assessed by five RCTs.68, 69, 70, 72, 73

In the longer-term available (period of 12 months), pooled results
showed no differences regarding any adverse events: RR 0.85, 95 % (CI
0.48 to 1.49).

3.4.1.2.2.2. Health-related quality of life
This outcome was evaluated using the SF-36 by two RCTs [72,78],

but at different time points, precluding meta-analysis.
3.4.1.2.2.3. Need of a ‘second look’ intervention
No studies objectively reported this outcome.

3.4.1.3. Osteoarthritis studies not included in meta-analyses. Some
included studies regarding OA employed other comparators without the
possibility of pooling the results in the meta-analyses [60,63–65,77,79,
80]. Therefore, they were analyzed only qualitatively. Bastos et al., 2020
[60], Freitag et al., 2019 [64], Gupta et al., 2016 [65] and Wong et al.,
2013 [79] reported results favorable to advanced cell therapy, regarding
pain and function. Fiolin et al., 2020 [63] and Wakitani et al., 2002 [77]
reported no differences between groups. Zhao et al., 2019 [80] per-
formed a comparison between different doses, ith significant improve-
ment in higher doses.

3.4.2. Condition 2: Knee chondral lesions
As the review only identified 3 studies evaluating focal chondral

lesions [59,67,28], and each of them employed a different technique as
comparator, it was not possible to perform a meta-analysis of this sec-
tion, as it was planned in our protocol.

Akgun et al., 2015 [59] compared matrix-induced MSC versus
matrix-induced autologous chondrocyte implantation, with significantly
better scores for the MSC group. Hashimoto et al., 2019 [67] compared
MSC + MFX versus MFX alone. There were no serious adverse events.
KOOS quality of life was higher in the intervention group (p= 0.07). Lim
et al., 2021 [28] compared MSC+HA versus MFX. Improvement in VAS
pain, WOMAC, and IKDC scores were significantly better in the inter-
vention group at 5 years follow-up (P < 0.05) and greater than the
MCID.

3.5. Certainty of evidence assessment through GRADE approach

3.5.1. Certainty of evidence assessment- question 1: advanced therapy with
MSC compared to placebo for knee OA

In the ‘MSC versus placebo’ comparison, the certainty of evidence
was ’very low’ for the 12-month pain (VAS) reduction of 0.99 (− 1.94 to
− 0.03) with the intervention. All included studies had at least one high
RoB domain. Regarding inconsistency, it presented low heterogeneity
(I2 of 0 %) and overlapping CI. The evidence was sufficiently direct for
all domains. Regarding imprecision downgrade, the studies included
few patients (128), but the confidence interval (CI) did not cross the null
effect. Publication bias was not assessable due to the low number of
studies.

For the 12-month function (WOMAC) evidence of a 0.02 reduction
(− 0.86 to 0.81), the certainty was ’very low’. All included studies pre-
sented crucial limitations for one or more RoB criteria. It downgraded
the inconsistency due to CI not overlapping and high heterogeneity (I2

= 87 %). For the imprecision downgrade, the studies included few pa-
tients (261) and presented a wide CI crossing the null effect. Publication
bias was not assessable due to the low number of studies.

Regarding serious adverse events, there were no events in both arms
in this comparison, making meta-analysis impossible.(See Table 2)

3.5.2. Certainty of evidence assessment- question 2: advanced therapy with
MSC compared to VS for knee OA

In the MSC versus VS comparison, the evidence presented ’very low’
certainty for the 12-month pain (VAS) reduction of 1.91 (− 3.23 to
− 0.59) with MSC. The meta-analysis included a high proportion of in-
formation from three studies at high RoB. Also, there was an inconsis-
tency downgrade due to high heterogeneity (I2 of 91 %) and CI not
overlapping. Regarding imprecision, the studies included few patients
(297). The CI did not cross the null effect, but it ranged from a clinically
important effect to an effect value that did not reach the MCID. Publi-
cation bias was not assessable due to the low number of studies.
Advanced MSC therapy may reduce this outcome, but the evidence is
very uncertain.

In this comparison, the evidence for 12-month function (WOMAC)
improvement of 7.70 (− 13.08 to − 2.32) was of ’low’ certainty of evi-
dence. Potential RoB limitations were likely to lower confidence in the
estimate of effect. There was no inconsistency downgrade, once the
studies’ CI were overlapping and the analysis presented low I2 (o%). The
evidence was sufficiently direct for all domains. Regarding imprecision,
the studies included few patients (185). The CI did not cross the null
effect, but it ranged from a clinically important effect to an effect value
that did not reach the MCID. Publication bias was not assessable due to
the low number of studies. MSC therapy may result in little to no effect
on this outcome.

Regarding serious adverse events, the MSC group showed an RR of
0.80 (0.10–6.59) compared with the VS group. This evidence presented
’very low’ certainty. Regarding RoB, potential limitations were likely to
lower confidence in the estimate of effect. It was not downgraded in
inconsistency because it presented low heterogeneity (I2 of 0 %) and
overlapping CI among studies. We downgraded the imprecision due to
small sample sizes and a wide CI crossing null effect. Publication bias
was not assessable due to the low number of studies.(See Table 2)

3.6. Subgroup and sensitivity analyses

3.6.1. Sensitivity analysis
There was insufficient data to perform analyses of autologous versus

allogeneic sources of cell and of MSC combined versus not combined
with biocompatible materials. The other proposed subgroup analyses
are displayed next.

3.6.1.1. Sensitivity analyses of meta-analysis excluding RCTs at high risk of
bias on at least one domain

3.6.1.1.1. Comparison 1: MSC compared with placebo. All of the six
included studies that compared MSC with placebo had at least one
domain classified as high risk, and, therefore, there was insufficient data
to perform this analysis.

3.6.1.1.2. Comparison 2: MSC therapy versus VS. Pain (VAS): 12
months period: MD -1.54 (95 % CI -2.09 to − 0.98).

Function (WOMAC): In the 12 months period: MD -7.33 (95 % CI
-13.18 to − 1.47).

Serious Adverse Events: Only Lu et al., [72] reported any events (1/26
in intervention and 0/26 in control groups), precluding the
meta-analysis.

3.6.1.1.2.1. Certainty of evidence assessment for sensitivity analysis
excluding RCTs at high risk of bias- summary of findings

The evidence for advanced therapy with MSC compared to VS for
knee OA presents ’moderate’ certainty for the 12-month pain (VAS)
reduction of 1.54 (− 2.09 to − 0.98), suggesting that MSC therapy
probably results in a slight reduction in this outcome.

There is ‘moderate’ certainty of evidence for the 12-month function
improvement of WOMAC 7.33 lower (− 13.18 to − 1.47), suggesting that
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MSC therapy probably results in little to no effect on this outcome.
The certainty of evidence improvement was due to exclusion of

studies with high RoB, to the low heterogeneity (I2 of 0 %) and to the
overlapping of studies’ CI for both pain and function.

3.6.2. Sensitivity analyses of meta-analysis excluding from analysis RCTs
with industry sponsorship

3.6.2.1. Comparison 1: MSC compared with placebo. Pain (VAS): In the
12 months period: MD -1.22 (95 % CI -2.26 to − 0.18).

Function (WOMAC): In the 12 months period: MD 0.16 (95% CI -0.22
to − 0.55).

3.6.2.2. Comparison 2: MSC compared with VS. Pain (VAS): In the 12
months period: MD -4.00 (95 % CI -4.85 to − 3.15).

Function (WOMAC): In the 12 months period: MD -16.13 (95 % CI
-42.44 to 10.18).

4. Discussion

The current review has the merit of bringing up a robust and well-
developed methodology with evidence certainty analysis and it high-
lights the current highest level of evidence on clinical outcomes of
advanced MSC therapy for knee OA and chondral injuries.

Advanced MSC therapy was better than viscosupplementation to
reduce pain and improve function of knee OA after 12 months. The

difference of VAS pain (1.91 lower) is considered to be clinically
perceptible, as it achieved the aimed minimal clinically important dif-
ference (MCID from 1.1 to 2/10) [82]. The same wasn’t observed with
WOMAC [83,81].

To refine these results, our protocol planned a sensitivity analysis
excluding RCTs with high risk of bias, which showed similar size of ef-
fect for these comparisons, but with improved certainty. GRADE eval-
uation here suggests, with moderate certainty, that MSC probably
reduces pain slightly better than VS.

When excluding RCTs with industry sponsorship, the effect size fa-
voring MSC for pain and function improvement was even larger (VAS
MD -4.00 (− 4.85 to − 3.15) and WOMAC MD -16.13 (− 42.44 to 10.18),
ratifying that the findings were probably not influenced by these factors.

When compared to placebo, the advanced MSC therapy resulted in
lower pain, although the difference observed did not reach MCID [82]
and could be clinically imperceptible. According to GRADE, this evi-
dence was considered to be very uncertain.

When we performed the sensitivity analysis excluding RCTs with
industry sponsorship, MSC therapy resulted again in better pain and
function improvement than placebo.

Regarding serious adverse events, there was no difference from MSC
advanced therapy to placebo or VS, but there were too few people in the
combined analysis to properly detect an alteration and the evidence is
very uncertain.

The safety profile of this intervention is a crucial aspect [84]. While
the present analysis suggests potential benefits without added adverse

Table 2
Summary of findings.

Comparison 1 (MSC therapy versus placebo) Patient or population: knee osteoarthritis. Setting: Advanced therapy with mesenchymal stromal cells for knee osteoarthritis or chondral
lesions: a systematic review. Intervention: Advanced therapy with mesenchymal stromal cells. Comparison: placebo

Outcomes Anticipated absolute effects* (95 % CI) Relative
effect (95 %
CI)

N◦ of
participants
(studies)

Certainty of the
evidence
(GRADE)

Comments

Pain (VAS) - 12
months

The mean pain (VAS) - 12
months ranged from 2.1
to 4.5

MD 0.99 lower
(1.94 lower to
0.03 lower)

— 128 (5 RCTs) ⨁◯◯◯
Very lowa,b,c,d,e,g,

h

Advanced therapy with mesenchymal stromal
cells may reduce/have little to no effect on pain
(VAS) - 12 months but the evidence is very
uncertain.

Function
(WOMAC) - 12
months

The mean function
(WOMAC) - 12 months
ranged from 9.2 to 44.6

MD 0.02 lower
(0.86 lower to
0.81 higher)

— 261 (6 RCTs) ⨁◯◯◯

Very lowa,d,e,f,g,i,

j,k

The evidence is very uncertain about the effect of
advanced therapy with mesenchymal stromal cells
on function (WOMAC) - 12 months.

Serious Adverse
Events - 12
months

not pooled not pooled not pooled 128 (5 RCTs) ⨁◯◯◯

Very lowd,i,l,m

Advanced therapy with mesenchymal stromal
cells likely does not increase/reduce serious
Adverse Events - 12months.

Comparison 2 (MSC X Viscosupplementation) Patient or population: knee osteoarthritis. Setting: Advanced therapy with mesenchymal stromal cell for knee osteoarthritis or
chondral lesions: a systematic review. Intervention: Advanced therapy with MSC. Comparison: viscosupplementation

Outcomes Anticipated absolute effects* (95 % CI) Relative effect
(95 % CI)

N◦ of
participants
(studies)

Certainty of the
evidence
(GRADE)

Comments

Risk with VS Risk with
MSC

Pain - Long-term
(12 months)

The mean pain - Long-
term (12 months) ranged
from 2.21 to 6.71

MD 1.91
lower
(3.23 lower
to 0.59
lower)

— 297 (8 RCTs) ⨁◯◯◯

Very lowb,d,e,f,g,h,

j

Advanced therapy with mesenchymal stromal cells
may reduce/have little to no effect on pain - Long-
term (12 months) but the evidence is very
uncertain.

Function - Long-
term (12 months)

The mean function -
Long-term (12 months)
ranged from 15.2 to
46.43

MD 7.7
lower
(13.08
lower to
2.32 lower)

— 185 (6 RCTs) ⨁⨁◯◯
Lowc,d,e,f,g,h,i

Advanced therapy with mesenchymal stromal cells
may result in little to no difference in function -
Long-term (12 months).

Serious Adverse
Events - Long-
term (12 months)

10 per 1.000 8 per 1.000
(1–68)

RR 0.80
(0.10–6.59)

245 (7 RCTs) ⨁◯◯◯

Very lowc,d,e,g,h,i,

k,l

The evidence is very uncertain about the effect of
advanced therapy with mesenchymal stromal cells
on serious Adverse Events - Long-term (12
months).

CI: confidence interval; MD: mean difference; RR: risk ratio.Explanations: a. Crucial limitation for one or more risk of bias criteria sufficient to substantially lower
confidence in the estimate of effect. b. High I2 (>50 %). c. Overlapping CI. d. The evidence is sufficiently direct for all domains. e. Studies include relatively few
patients. f. Confidence interval not crossing null effect. g. Publication bias not assessable due to low number of studies. h. Potential limitations are likely to lower
confidence in the estimate of effect. i. Low I2. j. CI not overlapping. k. Confidence interval crossing null effect. l. Wide confidence interval. m. Potential limitations are
unlikely to lower confidence in the estimate of effect.
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events, clinicians must be aware of the low number of participants and
relatively short follow-up [85,86]. Furthermore, there is added concern
about publication bias involved with this type of therapy and underre-
port of possible effects.

The few studies that evaluated chondral lesions showed no difference
in serious adverse events and, in general, no significant differences in
clinical outcome scores, all three with high risk of performance and
detection bias.

Previous review articles that attempted to investigate clinical outcomes
lack a good methodological structure and a well-directed clinical question
to have an impact on medical practice [2,3,5,7,10,12,13,24–29,32,34,35,
47]. The present study was well structured and conducted, with Risk of
Bias (RoB), GRADE certainty assessment and sensitivity analysis, to
answer a specific question by pooling the most current and highest-level
evidence and, thus, expanding the field of research in this area.

It is wise to look carefully at the data and to consider the quality of
evidence influenced by within-study biases and by the methodological
variation across studies. For example, it is interesting to observe that
MSC therapy had a greater effect when compared to VS than when
compared to placebo, which, at first, could suggest that VS itself would
be worse than placebo. But we can notice that the studies with placebo
were studies with worse methodology and higher risk of bias scores in
our analyses. All of them had at least 1 domain with high RoB, unlike
those studies with VS. Also, there were far fewer included patients for
pain evaluation in the placebo studies.

Another interesting observation is the consistent increase in the ef-
fect size for pain improvement accompanied by better certainty of evi-
dence when we exclude highly biased and sponsored studies. In other
words, when filtering the most reliable studies, the impact of MSC
therapy effect was even better. This mitigates the hypothesis that the
positive effect could be influenced by lower quality studies. We believe
that the quality of the evidence was not higher due to the heterogeneity
of both techniques and outcome assessment design.

Our observations confirms and improves previous results presented
in most other human studies and in reviews with different objectives or
methodologies [3,35,87–94], suggesting that MSC treatment can lead to
pain relief in both short-term and long-term assessments and also tends
to improve physical function in patients with knee osteoarthritis.
Although it is adequate to consider all the differences of design and
methodology weakness of each one, collectively these findings com-
plement each other to suggest that MSC treatment could be an effective
and safety alternative for OA and chondral injuries.

This therapy has shown great promise for the treatment of osteoar-
thritis and can benefit a huge number of people and healthcare systems,
being a less costly, less morbid and more effective option.

The positive results found here should stimulate approval of MSC
studies in regulatory centers and encourage major research institutes
around the world to invest in larger RCTs, as it appears to be safe and
better than current conservative options. The medical world needs
standardization of MSC sources, doses andmanufacturing to facilitate its
implementation.

In conclusion, although the evidence was considered by GRADE
assessment to be uncertain, the present review shows that advanced
MSC therapy resulted in lower pain than placebo or viscosupple-
mentation for the treatment of knee OA after 12 months.
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