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Abstract 

Purpose Mesenchymal stem cells (MSCs) present a valuable treatment option for knee osteoarthritis with promising 
results. The purpose of the present study was to systematically review the clinical and functional outcomes follow-
ing mesenchymal stem cell application focusing on early to moderate knee osteoarthritis.

Methods A systematic search was done using the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines in Pubmed, Scopus, Web of Science, and Cochrane Library databases. All Studies published 
between 2017 and March 2023 on patients treated with single mesenchymal stem cell injection for Kellgren-Law-
rence grade I—III knee osteoarthritis reported on clinical and functional outcomes were included.

Results Twelve articles comprising 539 patients and 576 knees treated with a single intraarticular injection of MSCs 
for knee osteoarthritis were included in the current systematic review. In eligible studies, the reported outcomes were 
improved concerning patient-reported outcomes measures, knee function, pain relief, and quality of patient’s life.

Conclusion Based on high-level evidence studies, single intraarticular injection of MSCs is a safe, reliable, and effec-
tive treatment option for Kellgren-Lawrence grade I—III knee osteoarthritis. However, the lack of homogeneity 
in the included studies and the variance in MSCs sources and preparations should be noted.

Level of evidence III.

Keywords Knee osteoarthritis, Outcomes, PROMs, Mesenchymal stem cells, MSCs, Regenerative medicine, 
Intraarticular injection

Introduction
Pain and functional limitations associated with knee 
osteoarthritis (OA) are frequent and negatively influence 
patients’ quality of life [11]. Available conservative treat-
ments include, among others, intraarticular injections 
of corticosteroids, hyaluronic acid (HA), blood deriva-
tives products such as platelet-rich plasma (PRP), or the 
administration of human cells, known as cell therapy 
(CT). Indeed, cell therapy has gained more attention in 
recent decades and features an increasingly accepted 
treatment modality for knee OA [18].

Mesenchymal stem cells (MSCs) hold a great place 
in this direction and play a crucial role in tissue 
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homeostasis, repair, and regeneration. Mesenchymal 
stem cells are characterized by their potential for self-
renewal, plasticity, and the aptitude to differentiate into 
specific tissue cell types, including cartilage and bone 
cells [23]. More specifically, stem cells could act through 
different mechanisms, decreasing inflammation, recruit-
ing cells, regulating the immune response, reducing 
apoptosis, and stimulating angiogenesis [17].

The scientific literature demonstrated growing evi-
dence of efficacy in pain relief and increased function for 
chondral defects and OA using MSCs [19]. There are dif-
ferent sources of autologous MSCs in clinical practice; 
they are obtained most often from the bone marrow in 
the form of bone marrow aspirate concentrate (BMAC) 
or from the adipose tissue as a stromal vascular fraction 
(SVF) [15, 31]. Some authors used the same sources after 
culture expansion to achieve a higher number of stem 
cells again with promising results either as an injectable 
treatment or after surgical implantation [5, 12–14].

Several studies have reported decreased pain and 
improved functional scores after stem cell administra-
tion through intraarticular injection in cases of advanced 
OA [15]. However, the evidence of this challenging topic 
is constantly increasing and changing. This research 
systematically reviews the literature for recent stud-
ies focusing on autologous minimally processed MSCs 
administrated with a single intraarticular injection for 
early to moderate knee OA. It aims to expose post-injec-
tion patient-reported outcome measures (PROMs), radi-
ological evaluation, and complications and give an overall 
use.

Materials and methods
The present systematic review was conducted following 
the Preferred Reporting Items for Systematic Review and 
Meta-Analysis (PRISMA) guidelines [16].

Search strategy
A comprehensive literature search was performed, by 
two investigators (Τ.Κ., C.P.), using the Medline (Pub-
Med), Web of Science, Scopus, and Cochrane Central 
databases on March 2023. Firstly, the titles and abstracts 
of the identified studies were assessed for eligibility, fol-
lowed by the full-text articles screening. Moreover, the 
references of the included articles were screened. A third 
researcher (M.I.) helped resolve any disagreement and 
provide a consensus.

Eligibility criteria
All studies that satisfied the following criteria were 
included in the present systematic review: i) studies on 
adult human subjects treated with intra-articular injec-
tions of MSCs recording PROMS, ii) OA classified as 

Kellgren-Lawrence I-IIΙ, iii) single injection treatment, iv) 
peer-reviewed articles published within the last six years 
and v) English language published studies.

The exclusion criteria were: i) studies used culture-
expanded MSCs, ii) studies performed on cartilage 
defects, iii) intra-articular injections in combination with 
surgical procedures, iv) studies reporting incomplete 
data, and v) abstract, review articles, meta-analyses, or 
in vitro studies/animal studies.

Level of evidence and quality of studies
Each study’s evidence level was assessed using the modi-
fied criteria of the Oxford Centre for Evidence‐Based 
Medicine Working Group (OCEBM). The studies were 
qualitatively assessed using the revised and validated 
version of the MINORS (Methodological Index for Non-
Randomized Studies) score for the non-randomized 
studies and the MJS (Modified Jaded Scale) for the rand-
omized control trials.

Data extraction and analysis
Data were extracted and recorded from each study as 
follows: first author, year of publication, study type, age, 
gender, sample size (number of patients and/or num-
ber of knees), grade of OA, MSCs quantity and source, 
Body Mass Index (B.M.I.), mean follow-up. The col-
lected outcome measures that were available consisted 
of the Visual Analogue Scale (VAS) for pain, the West-
ern Ontario Macmaster University Osteoarthritis Index 
(W.O.M.A.C.), the Knee Injury and Osteoarthritis Out-
come Score (K.O.O.S), the Knee Society Score (K.S.S.) 
clinical and functional, the Lysholm Knee Scoring Scale, 
the Japanese Knee Osteoarthritis Measure (JKOM), the 
Numeric Rating Scale (NAS), the EQ-5D-5L question-
naire, complications, and radiographic analysis. A pooled 
analysis and a meta-analysis of the clinical outcomes 
were considered inappropriate due to the heterogeneity 
of the included studies and the significant risk of bias.

Results
Literature search and study identification
The literature search yielded 2558 potentially relevant 
studies. A total of 722 duplicate articles were excluded; 
thus, after the removal, 1836 were identified. The screen-
ing of the titles and abstracts demonstrated 1626 irrel-
evant articles. Two hundred ten records were retrieved 
for full-text evaluation. Based on inclusion and exclusion 
criteria, a further 198 articles were excluded. The remain-
ing 12 studies were eligible for inclusion. The PRISMA 
flowchart (Fig. 1) illustrates the whole selection process.
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Characteristics of the eligible studies and patients
A total of 539 patients and 576 knees treated with 
intraarticular injection of stem cells were included in 
this systematic review. The mean reported age in the 
included studies ranged from 54—73 years, and the mean 
B.M.I. from 25.1 – 27 kg/m. The follow-up ranged from 
3  months to at least 5  years. All the included studies 
were level 1 or 2. Characteristics of the included studies, 
study period, type of the study, level of evidence, quality 
of studies, and patient demographics are summarised in 
Table 1. The risk of bias in the analysed studies was low 
based on the MINORS (range 12/16—14/16) and the 
MJS (range 5/8 – 8/8).

MSCs sources and site of injection
All the included studies used autologous-derived MSCs. 
Seven studies used MSCs provided by the abdominal 
adipose tissue [1, 10, 21, 27–29], four used bone mar-
row from the iliac crest [2, 7, 22, 24], and one from both 

sources [3]. Different reported devices were used for har-
vesting adipose or bone marrow-derived MSCs (Celu-
tion, Lipogems, Lipocell, GID SVF-2, PureBMC) [2, 8, 10, 
21, 27, 28]. The most often superolateral approach was 
used, and some authors injected [2, 21, 22, 24] it under 
ultrasound guidance. Cell number was calculated in four 
studies [8, 21, 24, 28].

Clinical outcomes
Table  2 summarizes all reported outcomes that were 
improved in all eligible studies. Most studies evaluated 
pain relief with the VAS score [1, 7, 10, 21, 22, 27, 29]. Sev-
eral PROMs were used to quantify clinical outcomes. Six 
studies reported the Western Ontario Macmaster Univer-
sity Osteoarthritis Index (WOMAC) [2, 7, 8, 10, 21, 28], 
five the Knee Injury and Osteoarthritis Score (KOOS) [1, 
10, 21, 22, 27], two the International Knee Documenta-
tion Committee (IKDC) [3, 10], and from one study the 
Knee Society Score (KSS) clinical and functional [3], the 

Fig. 1 PRISMA flow diagram for search results. From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(6): e1000097. doi:10. 1371/ journ al. pmed1 000097

http://orcid.org/10.1371/journal.pmed1000097
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Japanese Knee Osteoarthritis Measure (JKOM) [21], and 
the Lysholm score [22]. One study used the EQ-5D-5L 
to assess health-related quality of life. The same research 
estimates patients’ mobility with the time up and go, five 
times sit to stand, and 10 min walk tests [10].

Radiological outcomes
Two studies analyzed radiological changes [28, 29]. One 
study used X-rays to determine the KL grade and the 
mechanical axis of the knee and MRI to evaluate the carti-
lage structure and volume, patella-femoral pathology, and 
bone marrow lesions and compared the pre-injection and 
5-year follow-up status [28]. Based on the X-rays, the KL 
grade was increased by 15.7% and remained unchanged 
at 84.3%, and the varus mechanical axis was increased 
from 1,5° to 1,8ο. The MRI findings were as follows: 
the size of the full-thickness defect decreased by 5.9%, 
increased by 7.8%, and remained unchanged by 86.3%; 
the total cartilage volume decreased from 16.467,1 mm3 
to 15.121,1  mm3; the rate of patella-femoral degeneration 
was increased from 49% to 58.8%; and the bone marrow 
lesion size was decreased from 123,5  mm2 to 90,3  mm2. 
The other study used the Whole-Organ Magnetic Reso-
nance Imaging Score (WORMS) to assess the knee, while 
the MOCART score was used to examine cartilage repair 
[29]. Between the baseline and the 12-month follow-
up, the WORMS improved from 54.9 to 40.5 in the KL2 
group and from 75.7 to 57.5 in the KL3 group. Between 
the 6- and 12-month evaluation, the MOCART score was 
improved from 52.9 to 62.1 in patients with KL2 and from 
46.5 to 57.1 in patients with KL3.

Complications
In total, three studies reported complications. One of 
them noted weakness in the knee (2 knees), pain around 
the injection site (1 knee), minor bleeding from the aspi-
ration site (1 knee), and minor redness or swelling around 
the injection site (3 knees) [24]. The two other post-injec-
tion swelling in one knee [2, 7].

Discussion
The most important finding of this systematic review 
was that a single intraarticular administration of MSCs 
is a safe and efficient treatment option with good clinical 
results for dealing with early to moderate knee joint OA.

The recent literature has demonstrated encouraging 
results in managing knee OA. For instance, Song et  al. 
[20], in a meta-analysis of 15 randomized control tri-
als, including 584 patients with knee OA, found that the 
injection of MSCs has been associated with a significant 
decrease in both VAS and WOMAC scores at 12 months 
and six months follow-up, respectively, compared to con-
trols. In another most recent meta-analysis of 43 studies, 

Zhao et al. [30] found an improvement in pain and func-
tional scores at six but not 12 months after MSCs injec-
tion. Similarly, Shoukrie et  al. [19] systematically 
reviewed ten studies. They concluded that MSCs injec-
tion significantly improved VAS, WOMAC, and KOOS 
scores and featured better post-injection MRI findings 
in patients with osteoarthritic knees. However, this study 
is differentiated from the present systematic review as it 
includes all grades of K-L classification.

Nevertheless, some authors question such studies’ reli-
ability and risk of bias [6, 25, 26]. In light of the above 
hesitation, the present systematic review tries to cover 
this question and contributes to the evidence of this 
challenging topic. This systematic review included 12 
high-level evidence studies, treating 539 patients and 576 
knees with a single intraarticular injection of MSCs. The 
reported outcomes showed that intraarticular adminis-
tration of MSCs is an efficient and safe procedure associ-
ated with reduced pain and increased function in patients 
with early to moderate knee OA.

The VAS was mainly used to evaluate pain relief, and 
eight studies [1, 7, 10, 21, 22, 27–29] assessed it at base-
line and after administration. The follow-up period was 
ranged between 3  months to 5  years, and the improve-
ment varied between 0.9 to 5.2 points. It is essential to 
note that all the studies included patients with KL grade 
1 to 3 OA, but only two studies [21, 29] presented the 
results of each degree separately. Thus, evaluating the 
improvement and efficacy in different severities of knee 
OA is difficult.

On the other hand, six studies [2, 7, 8, 10, 21, 28] 
described the clinical evaluation of the patients before 
and after the administration of the MSCs with the 
WOMAC score. One study [7] had a limited follow-up 
period of 6 months, three studies [8, 10, 21] reported the 
results after 12 months, and two studies had more than 
one-year evaluation, precisely 2 [2] and 5 [28] years, 
respectively. Again, all analyses presented an improve-
ment. However, almost all studies have shown short-
term clinical outcomes, and thus the interpretation of 
these results should be made cautiously. One of the 
studies showed the K-L grade 2 and 3 OA results sepa-
rately and demonstrated more remarkable progress in 
the case of grade 2 arthritis which was predictable [21]. 
Another study [8] reported the results in two groups of 
thirteen patients receiving low and high doses of SVF and 
reported a dose-dependent improvement with the high-
dose group to present better results. Again, these results 
are unsurprising as the literature has already demon-
strated a clear relationship between the number of MSCs 
and better outcomes [9].

Two included studies were randomized control tri-
als comparing the outcomes after SVF administration 
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to hyaluronic acid. Zhang et al. [28] concluded that VAS 
and WOMAC scores in the SVF group were significantly 
better than in the HA group during the 5-year follow-
up after treatment. Moreover, the average responsive 
time to SVF treatment (61.5  months) was significantly 
longer than the HA treatment (30.4  months) calculated 
by the Kaplan–Meier responsive curves. The other study 
[29] compared 53 knees with K-L grade 2 and 3 OA that 
received an intra-articular injection of SVF and 51 knees 
that received HA. The patient’s VAS, WOMAC pain, 
stiffness, and physical function were evaluated at baseline 
and 1, 3, 6, and 12 months after injection with SVF and 
HA. SVF-treated knees showed significant improvement 
in clinical scores at both grades of OA till the final follow-
up. On the contrary, in the control group, clinical scores 
were relieved one month after HA injection and ampli-
fied until the 12-month follow-up evaluation. Therefore, 
both studies demonstrated that using MSCs provides 
better clinical outcomes than HA. Moreover, it is a safe 
procedure as minor, or no adverse events were recorded 
in these studies.

In the last few years, there has also been a constantly 
increasing interest in platelet-rich plasma (PRP) injec-
tions. The PRP is derived after autologous blood cen-
trifugation and contains several growth factors to cope 
with musculoskeletal disorders, mainly knee OA [4]. This 
systematic review includes two randomized control tri-
als comparing the clinical outcomes of MSCs to that of 
platelet-rich plasma. Interestingly enough, both studies 
do not demonstrate the superiority of MSCs on PRP.

More precisely, Anz et al. [2] compared the efficacy of 
BMAC and PRP on pain and function in patients with 
knee OA up to 24 months after injection. Ninety sympto-
matic participants (KL grades 1–3) were randomized into 
PRP and BMAC injection groups. Both groups completed 
the WOMAC and subjective IKDC questionnaire before 
and after a single intra-articular leukocyte-rich PRP or 
BMAC injection. Both groups had significantly improved 
from baseline to 24 months after the injection; however, 
no difference was found at any time during the evalua-
tion. In the other study, Estrada et al. [3] compared PRP, 
BMAC, and adipose-derived MSCs injections in treating 
OA of the knee using functional scores. Again, a statisti-
cally significant improvement was observed in the three 
groups at all time points during follow-up compared with 
baseline; nevertheless, without difference among treat-
ment types.

The strengths of this review are the following: first, the 
fact of reporting the outcomes following intraarticular 
injection of autologous MSCs in early to moderate OA. 
Second, focusing on the recent literature as the included 
studies are published within the last six years. Third, all 
the included studies are of a high level of evidence. The 

clinical relevance of the present study is that it provides 
evidence to endorse the use of MSCs intraarticular injec-
tion for knee OA. Based on the promising outcomes, 
there should be part of the possible treatment algorithm 
during the decision-making in patients suffering from 
early to moderate knee OA.

This study should be considered on the subject of the 
following limitations. Firstly, the included studies lack 
homogeneity regarding PROMs, and thus the study was 
limited to presenting the data descriptively. Moreo-
ver, the diversity in the included studies and the vari-
ance in MSCs sources, preparations, and administration 
make the treatment not reproducible. Next, most of the 
included studies had a limited number of participants 
with different grades of O.A. Therefore, evaluating the 
treatment’s effectiveness in each stage of O.A. is ambi-
tious. Another potential limitation is that most included 
studies referred to a relatively short follow-up period. 
Nevertheless, ten of the twelve included studies had at 
least twelve months of follow-up, which is considered 
a sufficient period to evaluate the treatment’s efficacy 
in this kind of research. However, further studies with 
a higher follow-up time are needed to validate these 
results. Last, the number of stem cells applied was not 
quantified to verify the required quantity to reach posi-
tive results. However, this is a common limitation in sim-
ilar studies, as quantification of the cells is not routinely 
performed during the procedure.

Conclusion
Based on high-level evidence studies, the single intra-
articular injection of MSCs is a safe, reliable, and effec-
tive treatment option for Kellgren-Lawrence grade I—III 
knee OA patients However, the lack of homogeneity in 
the included studies and the variance in MSCs sources 
and preparation should be noted.
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