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Abstract

Purpose Implantation of mesenchymal stem cells (MSCs) is a potential cell-based modality for cartilage repair. Currently,
its clinical use largely surrounds focal cartilage defect repair and intra-articular injections in knee osteoarthritis. The MSCs’
implantation efficacy as a treatment option for osteoarthritis remains contentious. This systematic review aims to evaluate
studies that focused on MSCs implantation in patients with knee OA to provide a summary of this treatment option outcomes.
Methods A systematic search was performed in PubMed (Medline), Scopus, Cinahl, and the Cochrane Library. Original
studies investigating outcomes of MSCs implantations in patients with knee OA were included. Data on clinical outcomes
using subjective scores, radiological outcomes, and second-look arthroscopy gradings were extracted.

Results Nine studies were included in this review. In all included studies, clinical outcome scores revealed significantly
improved functionality and better postoperative pain scores at 2—3 years follow-up. Improved cartilage volume and quality at
the lesion site was observed in five studies that included a postoperative magnetic resonance imaging assessment and stud-
ies that performed second-look arthroscopy. No major complications or tumorigenesis occurred. Outcomes were consistent
in both single MSCs implantation and concurrent HTO with MSCs implantation in cases with excessive varus deformity.
Conclusion According to the available literature, MSCs implantation in patients with mild to moderate knee osteoarthritis
is safe and provides short-term clinical improvement and satisfactory cartilage restoration, either as a standalone procedure
or combined with HTO in cases with axial deformity. However, the evidence is limited due to the high heterogeneity among
studies and the insufficient number of studies including a control group and mid-term outcomes.

Level of evidence IV.
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MOCART Magnetic resonance observation of carti-
lage repair tissue

MOAKS MRI osteoarthritis knee score

ICRS International cartilage repair score

Introduction

Within the scope of knee joint preservation in early osteoar-
thritis, the hierarchy of the treatment strategy is to first opti-
mize alignment, second achieve joint stability, followed by
undergoing meniscus procedures and/or cartilage surgery [1].
High tibial osteotomy (HTO) effectively corrects alignment
and improves pain and knee function in young patients with
medial osteoarthritis and varus deformity [5]. However, severe
articular degeneration in the affected compartment is a poor
prognostic factor for HTO outcomes [3, 34]. In such cases,
osteotomy can be combined with a cartilage repair technique
to fill the defect [28], which may lead to improved results com-
pared to HTO alone [7].

Mesenchymal stem cell (MSC) implantation as a poten-
tial cell-based modality for cartilage repair has had promis-
ing outcomes in clinical studies when used in patients with
knee OA, either combined with HTO in patients with varus
deformity [24] or as a standalone procedure in patients
with no axial deformity [23, 36]. MSCs can be surgically
implanted into the lesion or injected into the knee joint.
Current literature has reviewed injected MSCs in patients
with knee OA [6, 31], however, there is a lack of system-
atic reviews on surgically implanted MSCs. One systematic
review evaluated outcomes of both injected and surgically
implanted MSCs used in a diverse population including
knee OA and chondral defects [22]. However, focal cartilage
lesions are a completely different clinical entity from diffuse
knee OA. There are also fundamental differences between
treatment by injected versus implanted MSCs, especially
regarding precise delivery of MSCs into the lesion. There-
fore, a new systematic review designed with less heterogene-
ity in terms of diagnosis and MSCs administration technique
is helpful.

To fill this literature gap, the present systematic review
evaluates studies that focused on MSCs implantation in
patients with knee OA providing an up-to-date summary
of clinical, radiological, and second-look arthroscopy out-
comes. Hypothesis is that MSCs implantation is associated
with satisfactory postoperative outcomes but with conten-
tious duration of improvement.

Materials and methods

This systematic review was performed in accordance to the
Preferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) guidelines [21].

Search strategy and search eligibility criteria

A comprehensive search was systematically conducted in
PubMed (Medline), Scopus, CINAHL, and Cochrane Cen-
tral databases. The following search algorithm was used for
all databases: (“mesenchymal stem cells” OR MSCs) AND
(osteoarthritis OR OA OR degeneration OR gonarthrosis)
AND knee. The search was performed by two independent
investigators (HR and LC) and was updated just before the
final analyses on 3rd March 2023.

To be included in this review, the studies must fulfil the
following predefined criteria: (i) clinical trials of any level
of evidence, reporting outcomes of MSCs implantation in
patients with knee OA, and (ii) studies published in English
language.

The predefined exclusion criteria were: (i) studies on
knee OA patients treated with injected MSCs, (ii) studies
evaluating focal/isolated chondral lesions and defects, (iii)
cadaveric, laboratory or animal studies and (iv) secondary
research articles (e.g., systematic reviews, meta-analyses,
letters to the editor or commentaries).

Study selection

Two investigators (HR and TT) independently assessed
the titles and abstracts of all identified records. The same
investigators screened the full texts of all potentially eligi-
ble studies independently, according to the defined inclusion
criteria. Additionally, references of the included studies were
retrieved and manually reviewed to identify further eligible
articles, according to the snowball method. Investigators
were blinded to each other throughout the study selection
and data extraction processes. Any disagreements or dis-
crepancies were resolved by consensus.

Quality assessment

The methodology of the study was assessed using the list of
criteria as recommended by the Cochrane Collaboration and
an Oxford Centre for Evidence-Based Medicine (OCEBM)
level of evidence (LoE) was assigned to each study. The
quality of included studies was evaluated using different
scales based on study design: randomised controlled trials
or non-randomised clinical studies. Randomised controlled
trials were assessed by the modified Jadad scale that is an
8-point scale based on the domains: randomisation blinding,
account for lost to follow-ups, eligibility criteria, adverse
effects, and statistical analysis [10]. Non-randomised clini-
cal studies were assessed by the MINORS (Methodologi-
cal Index for Nonrandomized Studies) score based on the
following domains: (i) clearly stated aim, (ii) inclusion of
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consecutive patients, (iii) prospective data collection, (iv)
endpoints appropriate to the aim of the study, (v) unbiased
assessment of the study endpoints, (vi) follow-up period
appropriate to study aim, (vii) loss to follow-up of less than
5%, (viii) prospective calculation of the study size. If the
non-randomised study was a comparative study, additional
domains were assessed: (ix) adequate control group, (x) con-
temporary group, (xi) baseline group equivalence, and (xii)
adequate statistical analysis. Each item was scored from 0
to 2 points, with a global ideal score of 16 points for non-
comparative studies and of 24 points for comparative stud-
ies. Two authors (MV and KC) performed this evaluation,
which included a discussion to reach a consensus in case of
disagreement.

Data extraction and outcomes

Two authors (HR and OS) independently extracted data
from eligible studies using a data extraction form that was
predefined according to the protocol. For each study, char-
acteristics of participant (i.e., sample size, age, and gen-
der), type of cartilage restorative procedure and, if present,
type of control procedure, lesion size and location, grade of
osteoarthritis, number of applied MSCs, follow-up, clinical
and radiological outcomes as well as second-look arthros-
copy findings were recorded. Clinical improvement of the
patients, which was evaluated using patient reported out-
come measures (PROMs), were the primary outcomes of
the current study. Radiologic and arthroscopic appearance
of the treatment site were secondary outcomes.

Statistical analysis

Mean and standard deviation were calculated for continu-
ous variables while absolute and relative frequencies were
reported for categorical variables. Due to heterogeneity of
the included studies in relation to study protocols, no data
pooling and meta-analysis was performed.

Results

Study identification

The PRISMA flowchart is illustrated in Fig. 1. Initially, 2526
articles were identified. After evaluation for eligibility based
on inclusion and exclusion criteria nine articles finally met
the inclusion criteria [15, 16, 18-20, 25, 29, 30, 36].

Quality assessment

The mean QoE was 12.8 for non-comparative studies [15,
19, 20, 29, 30] and 18.5 for comparative studies [18, 36].
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The randomised controlled trial was scored 5 by the modi-
fied Jadad scale [16, 25] (Table 1).

Patient and study characteristics

A total of 1058 knees with knee OA were included in
this review. MSCs implantation was performed in 983
knees using either autologous adipose-derived MSCs [15,
18, 19] or allogenic human umbilical cord blood-derived
MSCs (hUCB-MSCs) in combination with hyaluronic acid
hydrogel (Cartistem, MEDIPOST, Seongnam, Gyeonggi-
do, South Korea) [25, 29]. Four studies performed MSCs
implantation in association with HTO [16, 20, 30, 36]. There
were 387 (36.6%) males and 671 (63.4%) females with a
mean age of 57.7 years and mean postoperative follow-up
period of 36.3 months (Table 2).

Clinical outcomes

The International Knee Documentation Committee subjec-
tive score (IKDC) [27] was used by seven studies. There
was a mean improvement from 31.6 preoperatively to 64.8
at final follow-up [15, 18, 19, 25, 29, 30, 36]. The Tegner
Activity score was used in four studies [15, 18, 19, 36]
reporting an average improvement from 2.3 preoperatively
to 3.8 postoperatively. Overall, clinical outcome scores
reported by the included studies significantly improved after
MSCs implantation (Table 3).

Imaging outcomes

Three studies evaluated the quality of repaired cartilage with
the Magnetic Resonance Observation of Cartilage Repair
tissue (MOCART) scoring system [15, 20, 29] and reported
an average score of 68.3 points at the treatment site. Another
study found high glycosaminoglycan content of the regener-
ated cartilage (AR1 index 1.44) post-transplantation, using
delayed gadolinium-enhanced MRI of the cartilage (dAGEM-
RIC) (Table 4) [25].

Second-look arthroscopy outcomes and survival
rate

Among the five studies that performed second-look arthros-
copy, three observed an improvement to the cartilage status
according to the ICRS grading system [18, 30, 36] and two
reported cartilage regeneration using other evaluation tools
(Table 5) [16, 25]. One study reported survival rates based
on either a decrease in IKDC or an advancement of radio-
graphic OA with K-L scores. An IKDC score below 40 or
deterioration of radiologic outcomes from K-L grade 1 or 2
to K-L grade 3 or 4 was defined as failure. According to this
definition, the reported survival rates were 99.8%, 94.5%,
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Fig. 1 PRISMA flowchart for

included studies

Table 1 Study design and
quality assessment

Records retrieved
through Cochrane
(n=200)

Records retrieved
through
PubMed (n=775)

Records retrieved
through Scopus

(n=1340)

Records retrieved
through
CINAHL (n=211)
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Records after duplicates
removed (n=1678)

A4

(n=1678)

Records screened

(n=150)

>
=
s
&
i

Full-text articles
evaluated for eligibility

A4

(0=9)

Studies meeting the
eligibility criteria

A 4

(0=9)

Studies included in the
qualitative synthesis

Records excluded after
title and abstract
screening
(n=1528)

Full-text articles
excluded (n=141)

Studies that focused on
isolated chondral
lesions/defects (n=83)
Studies that looked at
MSC injections (n=50)
Other Exclusion
Reasons (n=8)

Study

LoE Country

Study design QoE score/total

Kim et al. Am J Sports Med [18] 3
Kim et al. Osteoarthritis Cartilage [15] 2
Park YB et al. Stem Cells Transl Med [25] 2
Kim et al. Knee Surg Sports Traumatol Arthrosc [16] 1
Kim et al. Orthop J Sports Med [19] 4
Song et al. Regen Ther [29] 4
Song et al. World J Stem Cells [30] 4
Kim et al. Orthop J Sports Med [20] 4
Yang et al. Knee Surg Sports Traumatol Arthrosc [36] 3

South Korea
South Korea
South Korea
South Korea
South Korea
South Korea
South Korea
South Korea
South Korea

RE
PRO
PRO
RCT
RE
RE
RE
RE
RE

MINORS 17/24
MINORS 13/16
MINORS 12/16
MIS 5/8

MINORS 14/16
MINORS 12/16
MINORS 12/16
MINORS 14/16
MINORS 20/24

MINORS methodological index for non-randomised studies, MJS modified jadad scale, PRO prospective
cohort study, RCT randomized control trial, RE retrospective cohort study
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Table 2 Demographic and other characteristics of the included studies

Study Treatment ~ Number of Gender M:F Mean Lesion size +SD, Lesion Number of applied Pre-treatment Mean follow-
group(s) knees, N (%F) age+SD, cm? location MSCs +SD, x 10° patients’ status up+SD,
years months
Kim et al. MSCs 20520 14:26 (65) 59.1+3.5 5.8+1.8; MFC: 14;  3.96+0.3;4.07+04 K-L1-2 28.8+4;
[18] implan- 544+14 13 Full-thickness 28.5+4.8
tation; LFC:5;6 lesion
MSCs T: 151 Varus or valgus
injection malalign-
ment <5°
Kim et al. MSCs 20 11:9 (45) 579459 58+1.8 MFC: 14 3.96+0.3 K-L 1-2 27.9+32
[15] implanta- LFC: 5 Varus or valgus
tion T:1 malalign-
ment < 5°
Park YB Allogeneic 7 2:5(71) 58.7+8.9 59+14 MEFC: 5 147+1.6 K-L3 84
et al. [25] hUCB- LFC: 2 ICRS grade 4
MSCs lesion > 2 cm?
implanta-
tion with
HA
Kim et al. MSCs 36; 34 29:41 (59) 55.6+2.9; FC:5.6+2.6; NR 4.7 K-L 34 27.3+3.3;
[16] implanta- 56.1+3.6 5.6+2.4 Varus (angle NR) 27.8+3.9
tion with TP: 4.5+1.6; malalignment
HTO; 46+1.5
MSCs
implanta-
tion with
AC with
HTO
Kim et al. MSCs 483 150:333 61.1+6.6 MFC:7+1 MFC:320  8.11 K-L 1-2 86.3+13.7
[19] implanta- (69) TP:6.1+0.9 LFC:148 Full-thickness
tion T:5.4+04 T:15 lesion
Varus or valgus
malalign-
ment < 5°
Songetal. Allogeneic 128 86:42(33) 56.5+7.9 MFC:4.3+1.2 MEFC:38 7.5 K-L 1-3 36.1+6.4
[29] hUCB- LFC:52+1 LFC:6 Full-thickness
MSCs T:4.6+1.6 T:22 lesion > 2 cm?
implanta- Varus or valgus
tion malalign-
ment < 8°
Songetal. Allogeneic 125 30:95(76)  58.3+6.8 6.9+2 T:73 7.5 K-L1-3 36.0
[30] hUCB- Full-thickness
MSCs lesion >4 cm?
implanta- Varus malalign-
tion with ment > 5°
HTO
Kim et al. MSCs 75 35:40 (53) 60.2+6.1 FC:7.1+1 NR 11.9+3.7 K-L 34 26.8+3.1
[20] implanta- TP: 6.2+0.9 Varus (angle NR)
tion with malalignment
HTO
Yang etal.  Allogenic 55,55 30:80 (73)  56.4+5.3; 6.2+2.4; NR 7.5 K-L 34 31.0+6.0;
2022 [36] hUCB- 55+7.3 6.4+3.1 Lesion 342+84
MSCs grade > ICRS
implanta- grade 3
tion with Varus (angle NR)
HTO; malalignment
HTO with
BMAC

AC allogenic cartilage, BMAC bone marrow aspirate concentrate, F'C femoral condyle, HA hyaluronic acid, HTO high tibial osteotomy, hfUCB-
MSCs human umbilical cord blood-derived mesenchymal stromal cells, K-L Kellgren-Lawrence, LFC lateral femoral condyle, MFC medial fem-
oral condyle, MSCs mesenchymal stromal cells, NR not reported, OA osteoarthritis, 7 trochlea, TP tibial plateau, /CRS international cartilage
repair society
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Table 5 Cartilage outcomes at second-look arthroscopy

Study

Outcomes at second-look arthroscopy

MSC implantation group

Control group

Kim et al. Am J Sports Med [18]

Park YB et al. Stem Cells Transl Med [25]

Kim et al. Knee Surg Sports Traumatol
Arthrosc [16]

Song et al. World J Stem Cells [30]

Yang et al. Knee Surg Sports Traumatol
Arthrosc [36]

ICRS grading:

Grade I: 6/20 (30%)

Grade 1I: 7/20 (35%)

Grade I1I: 4/20 (20%)

Grade IV: 3/20 (15%)

The ICRS grades were significantly better in
the MSCs implantation group (P=.041)

The arthroscopic examination at 1 year
revealed good resurfacing with thick and
glossy white hyaline-like cartilage at the
lesion site. The regenerated cartilage had a
smooth surface with firm consistency and
showed good integration with the surround-
ing native cartilage

Kanamiya grading in MSC implantation only
without allogenic cartilage:

—38.9% of lesions were grade 3 or 4 on the
femoral condyle

—38.9% were grade 3 or 4 on the tibial plateau

ICRS grading of medial femoral condyle
cartilage:

Grade I: 73/125 (58.4%)

Grade II: 37/125 (29.6%)

Grade III: 15/125 (12%)

Grade IV: 0

ICRS cartilage repair assessment scoring in

knees which underwent MSC implantation:
9.2+2.2

ICRS grading:

Grade I: 2/20 (10%)
Grade 1I: 5/20 (25%)
Grade III: 8/20 (40%)
Grade IV: 5/20 (25%)

NR

Kanamiya grading in MSC implantation with
allogenic cartilage:

—58.9% of lesions in were grade 3 or 4 on the
femoral condyle

—55.9% of lesions were grade 3 or 4 on the
tibial plateau

The overall Kanamiya grades were better in the
knees which underwent MSC implantation
with allogenic cartilage

NR

ICRS cartilage repair assessment scoring in
knees which underwent BMAC: 7.2 +3.0

BMAC bone marrow aspiration concentrate, /CRS international cartilage repair society, MSC mesenchymal stem cell, NR not reported

[8]. During the 15-years’ follow-up period, they found that
20% of patients converted to subsequent TKA after MSCs
implantation, with an incidence of 1.3% per year.

Among the included studies, all methods have shown ben-
efit in clinical outcomes despite the heterogeneity in lesion
location, number of cells, grading of OA and follow-up peri-
ods. There are reports of cartilage status improvement in the
affected compartment after HTO without any concomitant
cartilage procedures [11]. However, there are no studies to
date comparing outcomes following HTO alone versus HTO
with MSCs implantation in OA. Combined MSCs’ injection
and HTO has been associated with significantly better clini-
cal scores than HTO alone in patients with knee OA [17]. In
the systematic review by Kahlenberg et al., results of the sec-
ond-look arthroscopy were mixed, with two studies show-
ing significant improvement in the cartilage with HTO plus
cartilage restoration procedures versus HTO alone, whereas
another study showed no difference [13]. Recently, Bode
et al. demonstrated a 87.2% 10-years survival rate for HTO

alone and 94.3% for the HTO plus autologous chondrocyte
implantation subgroup [2]. Larger scale comparative studies
are needed for cartilage restoration techniques to determine
whether they have a significant impact on fibrocartilage
growth, clinical outcomes and TKA delay after HTO.

The present study revealed that radiological outcomes
based on MRI and second-look arthroscopy correlate with
clinical outcomes. However, plain radiographic outcomes
were not significantly correlated with clinical outcomes
[16, 20]. A potential explanation is that cartilage regenera-
tion following MSCs implantation is not adequate to induce
an improvement in OA staging on plain radiographs. This
may suggest the need for clinicians to perform postoperative
cartilage-sequence MRIs in addition to plain radiographs to
evaluate quality of repaired cartilage.

The findings of this study must be interpreted in light
of its limitations. Firstly, heterogeneity in terms of MSCs
source and primary outcomes reported in the studies may
have affected the analysis and data interpretation. Secondly,
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several included studies in this review were from South
Korea, and from the same principal investigator which adds
to bias [15, 16, 18-20]. Thirdly, confounding effects may
be present due to concurrent treatment (HTO) in four out
of nine eligible studies. However, this best represents the
current clinical practice in which knee preservation is per-
formed. Next, most of the included studies had a follow-up
period of two to three years [15, 16, 18, 20, 25, 29, 30, 36].
To make a firmer and safer conclusion regarding the efficacy
of MSCs implantation along with the optimal patient selec-
tion, more studies with diversified cohort and longer fol-
low-up period need to be conducted. Lastly, there was little
information among included studies regarding pre-treatment
cartilage status of the patients. Therefore, no meaningful
comparison could be made across study groups pre- and
post-treatment with MSCs’ implantation.

MSCs have been suggested for treatment of knee OA
since their differentiation into chondrocytes can lead to car-
tilage repair. Next, homing characteristics of MSCs make
them ideal seed cells for gradual OA treatment [1, 4, 33]. In
systemic homing, MSCs administered into the bloodstream
may undergo a multistep process to exit the circulation and
migrate to the site of injury such as the knee to modify the
disease. Considering the pathogenesis of OA, the paracrine
[1, 9], anti-inflammatory [32], and immunomodulatory
[12, 35] effects of MSCs may provide additional benefit by
improving the intra-articular environment aiming to mod-
ify OA disease progression [26]. However, all these MSCs’
properties and capabilities are on a theoretical basis. The
present systematic review summarized the short-term clini-
cal, radiological and second-look arthroscopy outcomes to
provide the current evidence on MSCs implantation poten-
tial use as a joint-preserving treatment, either as a single pro-
cedure or combined with HTO in cases with axial deformity,
especially in young patients with knee OA who aim to avoid
or delay arthroplasty.

Conclusion

According to the available literature, MSCs’ implantation
in patients with mild to moderate knee osteoarthritis is safe
and provides short-term clinical improvement and satisfac-
tory cartilage restoration, either as a standalone procedure or
combined with HTO in cases with axial deformity. However,
the evidence is limited due to the high heterogeneity among
studies and the insufficient number of studies including a
control group and mid-term outcomes.

Funding Open access funding provided by HEAL-Link Greece. There
are no funding sources to report.

@ Springer

Data availability Not applicable.

Declarations

Conflict of interest All authors declare that they have no conflict of
interest related to this study.

Ethical approval Not applicable.

Informed consent Not applicable.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Barry F, Murphy M (2013) Mesenchymal stem cells in joint dis-
ease and repair. Nat Rev Rheumatol 9:584-594

2. Bode L, Eberbach H, Brenner AS, Kloos F, Niemeyer P, Schmal
H et al (2022) Ten-year survival rates after high tibial osteotomy
using angular stable internal plate fixation: case series with sub-
group analysis of outcomes after combined autologous chondro-
cyte implantation and high tibial osteotomy. Orthop J Sports Med
10:23259671221078004

3. Bonasia DE, Dettoni F, Sito G, Blonna D, Marmotti A, Bruzzone
M et al (2014) Medial opening wedge high tibial osteotomy for
medial compartment overload/arthritis in the varus knee: prog-
nostic factors. Am J Sports Med 42:690-698

4. Freitag J, Bates D, Wickham J, Shah K, Huguenin L, Tenen A
et al (2019) Adipose-derived mesenchymal stem cell therapy in
the treatment of knee osteoarthritis: a randomized controlled trial.
Regen Med 14:213-230

5. Gomoll AH, Angele P, Condello V, Madonna V, Madry H, Ran-
delli P et al (2016) Load distribution in early osteoarthritis. Knee
Surg Sports Traumatol Arthrosc 24:1815-1825

6. Gong J, Fairley J, Cicuttini FM, Hussain SM, Vashishtha R, Chou
L et al (2021) Effect of stem cell injections on osteoarthritis-
related structural outcomes: a systematic review. J Rheumatol
48:585-597

7. Harris JD, McNeilan R, Siston RA, Flanigan DC (2013) Survival
and clinical outcome of isolated high tibial osteotomy and com-
bined biological knee reconstruction. Knee 20:154-161

8. Hernigou P, Bouthors C, Bastard C, Flouzat Lachaniette CH,
Rouard H, Dubory A (2021) Subchondral bone or intra-articular
injection of bone marrow concentrate mesenchymal stem cells in
bilateral knee osteoarthritis: what better postpone knee arthro-
plasty at fifteen years? a randomized study. Int Orthop 45:391-399

9. Horie M, Choi H, Lee RH, Reger RL, Ylostalo J, Muneta T et al
(2012) Intra-articular injection of human mesenchymal stem cells
(MSCs) promote rat meniscal regeneration by being activated to
express Indian hedgehog that enhances expression of type II col-
lagen. Osteoarthritis Cartilage 20:1197-1207


http://creativecommons.org/licenses/by/4.0/

Knee Surgery, Sports Traumatology, Arthroscopy (2023) 31:5306-5318

5317

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ,
Gavaghan DJ et al (1996) Assessing the quality of reports of ran-
domized clinical trials: is blinding necessary? Control Clin Trials
17:1-12

Jeong HW, Shim SJ, Park SY, Lee YS (2023) Analysis of the
determinant factor of the medial joint space width after medial
opening wedge high tibial osteotomy. Arch Orthop Trauma Surg.
https://doi.org/10.1007/s00402-023-04818-w

Jeong SY, Kim DH, Ha J, Jin HJ, Kwon SJ, Chang JW et al (2013)
Thrombospondin-2 secreted by human umbilical cord blood-
derived mesenchymal stem cells promotes chondrogenic differ-
entiation. Stem Cells 31:2136-2148

Kahlenberg CA, Nwachukwu BU, Hamid KS, Steinhaus ME, Wil-
liams RJ IIT (2017) Analysis of outcomes for high tibial osteoto-
mies performed with cartilage restoration techniques. Arthroscopy
33:486-492

Katz BP, Freund DA, Heck DA, Dittus RS, Paul JE, Wright J et al
(1996) Demographic variation in the rate of knee replacement: a
multi-year analysis. Health Serv Res 31:125-140

Kim YS, Choi YJ, Lee SW, Kwon OR, Suh DS, Heo DB et al
(2016) Assessment of clinical and MRI outcomes after mesenchy-
mal stem cell implantation in patients with knee osteoarthritis: a
prospective study. Osteoarthr Carti 24:237-245

Kim YS, Chung PK, Suh DS, Heo DB, Tak DH, Koh YG (2020)
Implantation of mesenchymal stem cells in combination with allo-
genic cartilage improves cartilage regeneration and clinical out-
comes in patients with concomitant high tibial osteotomy. Knee
Surg Sports Traumatol Arthrosc 28:544-554

Kim YS, Koh YG (2018) Comparative matched-pair analysis of
open-wedge high tibial osteotomy with versus without an injec-
tion of adipose-derived mesenchymal stem cells for varus knee
osteoarthritis: clinical and second-look arthroscopic results. Am
J Sports Med 46:2669-2677

Kim YS, Kwon OR, Choi YJ, Suh DS, Heo DB, Koh YG (2015)
Comparative matched-pair analysis of the injection versus implan-
tation of mesenchymal stem cells for knee osteoarthritis. Am J
Sports Med 43:2738-2746

Kim YS, Suh DS, Tak DH, Chung PK, Koh YG (2020) Mesen-
chymal Stem cell implantation in knee osteoarthritis: midterm
outcomes and survival analysis in 467 patients. Orthop J Sports
Med 8:2325967120969189

Kim YS, Suh DS, Tak DH, Chung PK, Kwon YB, Kim TY et al
(2021) Factors influencing clinical and mri outcomes of mes-
enchymal stem cell implantation with concomitant high tibial
osteotomy for varus knee osteoarthritis. Orthop J Sports Med
9:2325967120979987

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Ggtzsche PC, Ioan-
nidis JP et al (2009) The PRISMA statement for reporting system-
atic reviews and meta-analyses of studies that evaluate healthcare
interventions: explanation and elaboration. BMJ 339:62700
Maheshwer B, Polce EM, Paul K, Williams BT, Wolfson TS,
Yanke A et al (2021) Regenerative potential of mesenchymal stem
cells for the treatment of knee osteoarthritis and chondral defects:
a systematic review and meta-analysis. Arthroscopy 37:362-378
Muthu S, Mir AA, Kumar R, Yadav V, Jeyaraman M, Khanna
M (2022) What is the clinically significant ideal mesenchymal
stromal cell count in the management of osteoarthritis of the

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

knee?-meta-analysis of randomized controlled trials. J Clin
Orthop Trauma 25:101744

No6th U, Steinert AF, Tuan RS (2008) Technology insight: adult
mesenchymal stem cells for osteoarthritis therapy. Nat Clin Pract
Rheumatol 4:371-380

Park YB, Ha CW, Lee CH, Yoon YC, Park YG (2017) Cartilage
regeneration in osteoarthritic patients by a composite of alloge-
neic umbilical cord blood-derived mesenchymal stem cells and
hyaluronate hydrogel: results from a clinical trial for safety and
proof-of-Concept with 7 years of extended follow-Up. Stem Cells
Transl Med 6:613-621

Pers YM, Ruiz M, Nogl D, Jorgensen C (2015) Mesenchymal stem
cells for the management of inflammation in osteoarthritis: state
of the art and perspectives. Osteoarthr Cartil 23:2027-2035
Rossi MJ, Lubowitz JH, Guttmann D (2002) Development and
validation of the international knee documentation committee
subjective knee form. Am J Sports Med 30:152

Schuster P, GeBlein M, Schlumberger M, Mayer P, Mayr R, Ore-
mek D et al (2018) Ten-year results of medial open-wedge high
tibial osteotomy and chondral resurfacing in severe medial osteo-
arthritis and varus malalignment. Am J Sports Med 46:1362-1370
Song JS, Hong KT, Kim NM, Jung JY, Park HS, Lee SH et al
(2020) Implantation of allogenic umbilical cord blood-derived
mesenchymal stem cells improves knee osteoarthritis outcomes:
two-year follow-up. Regen Ther 14:32-39

Song JS, Hong KT, Kong CG, Kim NM, Jung JY, Park HS et al
(2020) High tibial osteotomy with human umbilical cord blood-
derived mesenchymal stem cells implantation for knee cartilage
regeneration. World J Stem Cells 12:514-526

Song Y, Zhang J, Xu H, Lin Z, Chang H, Liu W et al (2020) Mes-
enchymal stem cells in knee osteoarthritis treatment: a systematic
review and meta-analysis. J Orthop Translat 24:121-130

Vézina Audette R, Lavoie-Lamoureux A, Lavoie JP, Laverty S
(2013) Inflammatory stimuli differentially modulate the transcrip-
tion of paracrine signaling molecules of equine bone marrow
multipotent mesenchymal stromal cells. Osteoarthritis Cartilage
21:1116-1124

Wang AT, Feng Y, Jia HH, Zhao M, Yu H (2019) Application of
mesenchymal stem cell therapy for the treatment of osteoarthritis
of the knee: a concise review. World J Stem Cells 11:222-235
Wang F, Ma W, Chen J, Cong W, Zhang Y, Yu T et al (2022)
Prognostic factors for medial open-wedge high tibial osteotomy
with spacer implantation in patients with medial compartmental
knee osteoarthritis. J Orthop Surg Res 17:50

Wu L, Prins HJ, Helder MN, van Blitterswijk CA, Karperien M
(2012) Trophic effects of mesenchymal stem cells in chondrocyte
co-cultures are independent of culture conditions and cell sources.
Tissue Eng Part A 18:1542-1551

Yang HY, Song EK, Kang SJ, Kwak WK, Kang JK, Seon JK
(2022) Allogenic umbilical cord blood-derived mesenchymal
stromal cell implantation was superior to bone marrow aspi-
rate concentrate augmentation for cartilage regeneration despite
similar clinical outcomes. Knee Surg Sports Traumatol Arthrosc
30:208-218

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1007/s00402-023-04818-w

5318 Knee Surgery, Sports Traumatology, Arthroscopy (2023) 31:5306-5318

Authors and Affiliations

Hamid Rahmatullah Bin Abd Razak' - Katia Corona? - Trifon Totlis>*® - Li Yi Tammy Chan” - Jose Filipe Salreta® -
Obeida Sleiman’ - Michele Vasso® - Mike H. Baums’

P4 Trifon Totlis 3 Yong Loo Lin School of Medicine, National University
totlis@auth.gr of Singapore, 10 Medical Drive, Singapore 117597,
Singapore
1 .
Department of Orthopaedic Surgery, Sengkang General 6 . ST
Hospital, 110 Sengkang East Way, Singapore 544886, Orthopaedic and Traumatology Department, Hospital Garcia

R de Orta, Almada, Portugal
Singapore

Department of Orthopedics, Trauma Surgery and Sports
Traumatology, Catholic Clinical Center Ruhr North (KKRN),
Dorsten, Germany

Orthopedics and Traumatology, Fondazione Policlinico
Universitario A. Gemelli IRCCS-Sacred Heart Catholic
University, Rome, Italy

Department of Medicine and Health Sciences, University
of Molise, Via Francesco De Sanctis, 86100 Campobasso,
Italy

Thessaloniki Minimally Invasive Surgery (The-MIS)
Orthopaedic Centre, St. Luke’s Hospital, Thessaloniki,
Greece

Department of Anatomy and Surgical Anatomy, School
of Medicine, Faculty of Health Sciences, Aristotle University
of Thessaloniki, Thessaloniki, Greece

@ Springer


http://orcid.org/0000-0001-5729-7755

	Mesenchymal stem cell implantation provides short-term clinical improvement and satisfactory cartilage restoration in patients with knee osteoarthritis but the evidence is limited: a systematic review performed by the early-osteoarthritis group of ESSKA-E
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 
	Level of evidence 

	Introduction
	Materials and methods
	Search strategy and search eligibility criteria
	Study selection
	Quality assessment
	Data extraction and outcomes
	Statistical analysis

	Results
	Study identification
	Quality assessment
	Patient and study characteristics
	Clinical outcomes
	Imaging outcomes
	Second-look arthroscopy outcomes and survival rate

	Discussion
	Conclusion
	References




