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Abstract
Knee osteoarthritis (KOA) is a progressive degenerative joint disease with limited treatment options that effectively modify 
disease progression. This study evaluates the safety and efficacy of allogeneic adipose-derived mesenchymal stromal cells 
(ADMSCs) injected under ultrasound guidance in patients with symptomatic stage III KOA. In this single-site, randomized, 
double-blind, placebo-controlled trial, patients were assigned to receive either 2 doses of allogeneic expanded ADMSCs, 
administered 2 weeks apart (Arm A, mean total dose: 69.58 × 106 ADMSCs), or 2 equal-volume normal saline injections (Arm B). 
Blinding was maintained for 12 months, after which follow-up of Arm A continued to 60 months. Treatment efficacy was 
assessed using normalized Knee Injury and Osteoarthritis Outcome Score and Western Ontario and McMaster Universities 
Osteoarthritis Index at 6, 12, 24, 36, 48, and 60 months, while magnetic resonance imaging (MRI) evaluations were performed 
at baseline and 12 months. A total of 29 subjects (21 in Arm A, 8 in Arm B) completed the study. Adverse events in Arm A were 
mild and transient, including localized pain and swelling. Patients in Arm A demonstrated significant improvements in clinical 
scores compared to baseline, with highly significant differences at 6, 12, 24, and 36 months (P < .0001). MRI assessments at 12 
months revealed structural improvement (P < .02). However, clinical improvements declined steadily after 36 months, with 
scores nearing baseline at 60 months. These findings suggest that allogeneic ADMSC therapy is safe and provides sustained 
clinical and structural benefits for up to 3 years. Larger trials are needed to optimize dosing and assess long-term efficacy.
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Introduction
Knee osteoarthritis (KOA) is a degenerative joint disease charac-
terized by progressive cartilage loss, subchondral bone sclerosis, 
and osteophyte formation. KOA is a leading cause of chronic pain, 
physical disability, and decreased quality of life, especially in the 
elderly population. Non–surgical interventions, such as physical 
therapy, analgesics, and intra-articular injections, are the first-line 
treatments for KOA.1–3 However, they often provide only tempo-
rary relief and fail to slow the disease progression.

Recently the use of adipose-derived mesenchymal stromal cells 
(ADMSCs) has shown promising results.3,4 ADMSCs are distin-
guished by their relative ease of isolation, while retaining the hall-
mark advantages common to other MSC sources, including high 
proliferative capacity and low immunogenicity.3–5

Several preclinical and clinical studies have investigated the 
safety and efficacy of ADMSC therapy in KOA. In vitro studies have 
demonstrated that ADMSCs can differentiate into chondrocytes 
and produce extracellular matrix components, such as type II col-
lagen and aggrecan, essential for cartilage regeneration.4,5 Animal 
studies have suggested that intra-articular injection of ADMSCs 
may reduce cartilage degeneration, decrease synovial inflamma-
tion, and improve joint function in a dose-dependent manner.5,6

Clinical studies have also shown promising results. A rand-
omized controlled trial of 30 patients with KOA showed that 
intra-articular injection of autologous ADMSCs led to significant 
improvements in pain, function, and quality of life compared to 
saline injection.7 Additionally, Koh et al.8 showed that intra-articu-
lar injection of autologous MSCs derived from the infrapatellar fat 
pad significantly reduced pain, improved knee function and 
enhanced cartilage whole-organ MRI score in KOA patients. 
Recently, Cao et al.9 did a systematic review and meta-analysis of 
8 clinical studies (502 patients) and found that MSC therapy was 
safe and effective in improving pain and function in patients 
with KOA.

Despite these promising results, several questions remain 
unanswered, such as the optimal dose and frequency of ADMSC 
injection, the long-term safety and efficacy of ADMSC therapy, and 
the mechanisms underlying ADMSC-mediated cartilage regenera-
tion. Further research is needed to address these questions and 
optimize ADMSC therapy for KOA.

Mesenchymal stromal cells (MSCs) have emerged as an innova-
tive, minimally invasive therapeutic option for KOA, with potential 
benefits in cartilage regeneration and modulation of joint inflam-
mation. These effects are now understood to be mediated primar-
ily through the immunomodulatory and paracrine properties of 
MSCs, rather than direct differentiation into chondrocytes.10,11 
Preclinical and early clinical studies have suggested that MSCs 
may improve pain, function, and joint structure in KOA patients.7,9

Although early-phase studies have demonstrated the safety and 
efficacy of MSC therapy in KOA, important gaps remain. Most trials 
have been limited to short- or mid-term follow-up (≤24 months), 
leaving the durability of benefit uncertain. Moreover, few studies 
have focused specifically on patients with advanced (stage III) 
KOA, who represent a group with particularly limited therapeutic 
options. Finally, while autologous MSCs have been the focus of 
most published clinical studies, their use is limited by the need for 
invasive harvesting, inter-donor variability, and delays associated 
with individualized cell expansion. Allogeneic ADMSCs, in contrast, 
can be manufactured under cGMP conditions from healthy donors 
to provide a standardized, readily available ‘off-the-shelf’ therapy, 
which was the motivation for our study design. This work aims to 
study the safety of allogeneic ADMSCs in advanced-stage KOA and, 
as a secondary endpoint, to examine the efficacy of this treatment 
with extended follow-up to 60 months.

Patients and methods
Study design and ethical statement
This work is a prospective double-blind placebo-controlled phase I/
II study. Informed consent was obtained from each patient as indi-
cated by Helsinki Declaration. Institutional review board approval 
was obtained from the Cell Therapy Center institutional review 
board committee. The study was prospectively registered at 
ClinicalTrials.gov (NCT02966951). The study’s primary aim was 
safety with a follow-up of 60 months. The secondary aim was to 
evaluate the efficacy by clinical and structural assessments of 
experimental arm (Arm A) versus placebo (Arm B) using normalized 
KOOS and WOMAC scores,12,13 and MRI assessment at 6 and 12 
months. Blinding was lifted at 12 months, and patients in Arm A 
were followed up clinically at 24, 36, 48, and 60 months, while 
patients in Arm B were offered MSC therapy without further analysis.

Safety and clinical efficacy follow-up
Patients in both groups underwent follow-up assessments at 2, 4, 
6, 8, 10, and 12 months post–injection, which included laboratory 
evaluations of hematological parameters, inflammatory markers, 
liver and kidney function, and comprehensive biochemical 
profiling.

Additionally, patients were assessed by clinical evaluation and 
follow-up interviews using a questionnaire developed at the CTC 
(Supplementary Material) as part of the in-house pharmacovigi-
lance program. The questionnaire considers a systemic approach, 
including cardiovascular, neural, respiratory and local site 
adverse events.

Significance statement 
Knee osteoarthritis is a leading cause of pain and disability worldwide, with few treatment options capable of altering its course. 
This study explores a novel cell-based therapy using donor-derived fat tissue cells delivered directly into the knee joint. The findings 
show that this approach may reduce symptoms and improve joint function for several years without serious side effects. By offering 
a non–surgical, regenerative option for patients with advanced disease, this research provides important insights into the future of 
cell-based treatments for degenerative joint conditions.
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Adverse events (AEs) were defined as either new symptoms 
occurring after injection or clinically significant worsening of 
baseline symptoms, assessed using structured follow-up inter-
views, questionnaires, and VAS scoring. Swelling and effusion 
were considered AEs only if they were new or worsened within 7 
days post–injection compared to baseline status.

Clinical efficacy was assessed using the Knee Injury and 
Osteoarthritis Outcome Score (KOOS) and the Western Ontario and 
McMaster Universities Osteoarthritis Index (WOMAC) at baseline 
and multiple follow-up points extending to 60 months. KOOS is a 
comprehensive patient-reported outcome measure that evaluates 
5 domains: pain, symptoms, activities of daily living, sports/recre-
ation, and quality of life. WOMAC is a widely used osteoarthri-
tis-specific instrument, assessed pain, stiffness, and physical 
function. KOOS and WOMAC raw scores were normalized to a 0-100 
scale, where 0 indicates the worst outcome and 100 the best. In 
line with the scoring instructions provided in our version of the 
questionnaires, these normalized values were expressed as per-
centage of the maximum possible score, and changes over time 
were analyzed to compare the treatment effect between groups.

Radiographic assessment
KOA staging was done following the Kellgren and Lawrence classi-
fication as previously described14,15 using standard knee X-ray 
imaging with the standing anteroposterior and horizontal lateral 
projection. Two radiologists independently did image interpreta-
tion and staging. Patients with grades III were selected. No patient 
with significant varus or valgus malalignment or significant effu-
sion of either knee or both knees was included.

Baseline and follow-up MRI scans were performed using a 3.0T 
MRI scanner, with a dedicated 8-channel knee surface coil. The 
imaging protocol included T1-weighted sagittal, T2-weighted sag-
ittal and coronal fat-suppressed, proton density (PD) sagittal, and 
T1-weighted fat-suppressed 3D sagittal and axial sequences. 
Imaging parameters were standardized with a field of view of 140-
150 mm, slice thickness of 2 mm, flip angle of 40°, and voxel size of 
0.07 × 0.04 × 2 mm. Analysis was done as previously reported by 
our group16 developed originally by Meredith et al.17 Briefly, 6 key 
pathological features were analyzed: cartilage integrity, bone 
marrow lesions, osteophytes, subchondral sclerosis, joint effu-
sion, and synovitis. Each parameter was graded on an ordinal 
scale from 0 (none) to 3 (severe). Cartilage damage was assessed 
using a validated scoring system,18 incorporating lesion severity 
and size across 17 anatomical sub–regions.

Cellular preparation and expansion
ADMSCs were isolated and cultured as previously described by our 
group16,19 under cGMP conditions. Briefly, adipose samples were 
obtained from lipoaspirate material collected in a sterile syringe 
from patients undergoing liposuction following a signed informed 
consent. Lipoaspirates were treated with 0.075% collagenase solu-
tion (type I; Worthington) at 37 °C for 30 minutes with shaking 
every 5 minutes, after which the enzyme activity was neutralized 
with phosphate-buffered saline (Gibco). The cell suspension was 
then centrifuged at 1200 × g for 10 minutes to obtain a high-density 
cell pellet. Then the cells were washed with culture medium (Alpha 
MEM (Gibco) with 4 mM glutaMax (Gibco), 5% human platelet 

lysate and 1% Penicillin Streptomycin [Gibco]) at 500× g for 10 min-
utes. The cell pellet was resuspended and passed through a 70 μm 
cell strainer (BD). The cells were seeded at a density of 0.2 × 106/cm2 
and incubated in 5% CO2 at 37 °C. After 24 hours, the culture flasks 
were washed with PBS to remove non–adherent cells and cultures 
were maintained until they reached 80%–90% confluence with 
media being changed every 72 hours. ASCs were harvested using 
10X Tryple E (Gibco) and cultures were expanded to reach passage 
3 then cryopreserved as a cell bank of individual allogenic doses. 
Quality control tests were performed to ascertain identity, purity, 
viability and sterility as per International Council for Harmonisation 
(ICH) guidelines and as explained further in the following section. 
For each injection, the cells were thawed and cultured until conflu-
ence at passage 4, then collected and suspended in normal saline.

MSCs characterization and release
Cells were subjected to quality control tests adhering to European 
Commission Guidelines on Good Clinical Practice specific to 
advanced therapy medicinal products (ATMPs) before release. This 
included MSC phenotypical characterization for MSC markers by 
flow cytometry (BD FACSCanto II; BD Biosciences, USA) using BD 
Stemflow hMSC Analysis Kit, viability testing using trypan blue 
exclusion dye on the Countess automated cell counter system 
(Thermo, USA), mycoplasma using nucleic acid testing (MycoSEQ 
Mycoplasma Detection Kit, Thermo, USA) by real time PCR, endo-
toxin using LAL method (Endosafe, Charles river, USA), bacterial 
contamination using growth method (BactecAlert, Biomeuriex, 
France), and manual karyotyping by G-banding. All methods and 
set criteria were described previously by our group.20,21 
Additionally, MSCs were tested for multilineage differentiation 
potential. For osteogenic and adipogenic differentiation, cells 
were cultured in Stempro Osteogenesis differentiation media and 
Stempro Adipogenesis differentiation media, respectively, as per 
the manufacturer’s recommendation. Following osteogenic induc-
tion, cultures were stained using Alizarin Red (Sigma-Aldrich), and 
following adipogenic differentiation, cultures were stained using 
Oil Red O (Sigma-Aldrich), to assess extracellular deposits.

Sample size and statistical analysis
Sample size was calculated to detect an expected improvement of 
80.35% in the treatment group, based on our previous findings in 
similar pilot studies.15,16 A power of 80% and a significance level of 
0.05 were used. Calculation was performed using Cohen’s d for-
mula for continuous outcomes.

Statistical analyses were performed using Mathmatica and 
Statistical Package for the Social Sciences (SPSS) software. 
Continuous variables, including KOOS and WOMAC scores, were 
expressed as mean ± standard deviation (SD). Comparisons 
between treatment and placebo groups were conducted using 
Mann-Whitney test. Within-group changes over time were ana-
lyzed using Wilcoxon test. The statistical significance of MRI-based 
changes at 12 months was assessed using Wilcoxon test. A P-value 
of <0.05 was considered statistically significant and <0.01 as highly 
significant. Responder rate was defined as the proportion of sub-
jects who show at least a 50% improvement in clinical or MRI out-
come compared to their baseline measurement.
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Results
Cell production and release
Adipose tissue was collected from a single donor undergoing rou-
tine liposuction after obtaining an informed consent. The donor 
was screened for absence of transmissible diseases including 
hepatitis B and C, HIV, and Syphilis. Adipose tissue was transferred 
to the manufacturing facility at the cell therapy center (CTC)/
University of Jordan. MSCs isolated and expanded under cGMP 
conditions showed hallmark characteristics of MSCs by being 
plastic adherent, spindle shaped (Figure 1A), and having the abil-
ity of multi–lineage differentiation (Figure 1B-D).

Quality control assessments confirmed the MSC phenotype 
through flow cytometric analysis (Figure 2), demonstrating posi-
tive expression of CD105, CD73, and CD90, while lacking expres-
sion of CD45, CD34, CD11b, CD19, and HLA-DR. Additionally, 
release testing verified sterility, as evidenced by the absence of 
aerobic and anaerobic bacterial and fungal growth, as well as neg-
ative detection of mycoplasma nucleic acids. Endotoxin levels 
were <0.050 EU/mL, and chromosomal analysis by G-banding 
showed a normal karyotype. Cell viability was assessed immedi-
ately prior to injection and confirmed to be greater than 90%.

Patient enrollment and randomization
Patients complaining of knee joint pain were interviewed and 
checked against pre-defined inclusion and exclusion criteria 
(Table 1), which were similar to our previously published work.16 The 

estimated sample size required was 32 in the treatment group and 11 
in the placebo group. “Sample” was defined as individual knee joints 
rather than patients. A total of 47 patients (61 knees) met all inclusion 
criteria, 43 of whom (55 knees) consented to being enrolled in the 
study. Patients were randomized at a ratio of 3:1 into arm A (treat-
ment) and arm B (placebo) through assigning random numbers by 
an independent study coordinator. Of the enrolled patients, 29 (aged 
48-75 years) received all doses and completed the full follow-up 
period (Figure  3). In total, 29 knees in the treatment group and 8 
knees in the placebo group were treated and followed through to 
study completion. The remaining participants were lost to follow-up 
or relocation. Importantly, no patient discontinued participation due 
to treatment-related adverse events. In the placebo group, several 
patients withdrew because their pain did not subside and their func-
tion did not improve. However, group allocation remained blinded 
until the 12-month time point, in accordance with the study protocol.

The first patient was treated on November 7, 2017, and the last 
patient completed the last dose on November 13, 2018. All 
patients received 2 doses and were followed for a minimum of 60 
months. Patients of both genders were included.

Demographics and clinical features
Patients showed comparable demographic data, with a mean age 
of 64.2 years and 63.5 years, a mean body mass index of 27.14 and 
28.18, a mean KOOS score12 of 50.71% and 51.25% and a mean 
WOMAC score13 of 50.12% and 47.95% for Arm A and Arm B, 
respectively (Table  2). The severity of clinical scores indicate 
advanced symptomatic KOA.

Figure 1  Culture and tri-lineage differentiation of adipose-derived mesenchymal stromal cells (MSCs). Adipose-derived mesenchymal stromal cells 
(ADMSCs) showed a typical spindle-shaped, fibroblast-like, plastic-adherent morphology (A), were able to differentiate into osteogenic (B), adipogenic 
(C), and chondrogenic (D) lineages.
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Safety and adverse events
Patients were followed-up for any adverse events for up to 60 
months. There were no significant short- or long-term adverse 
events. Laboratory tests were insignificant. A limited number of 
patients reported mild to moderate post–injection knee pain, 
effusion, and swelling, developing within 24 hours and clearing no 
later than one-week post–injection. Table 3 shows the number of 
reported adverse events for Arm A and B, compiled for the 2 doses. 
Data suggests MSC injection might be more painful and might 
cause more swelling than placebo. No patient discontinued 

participation or withdrew from follow-up because of adverse 
events, and all reported events were transient and self-limiting. 
Participants who did not complete in-person assessments all 
remained reachable throughout follow-up.

Efficacy of ADMSC treatment
Efficacy outcomes, as assessed by the KOOS and the WOMAC 
scores, are summarized in Table  4. Patients on Arm A (ADMSC-
treated) demonstrated significant improvements in both KOOS 

Figure 2  Flow cytometry analysis of adipose-derived mesenchymal stromal cells (ADMSCs). ADMSCs demonstrated positive expression of CD105, CD73, 
CD44, and CD90, and negative expression of CD45, CD34, CD11b, CD19, and HLA-DR.
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and WOMAC scores compared to Arm B (placebo). At 6 months, 
the KOOS score in Arm A increased from a baseline mean of 
50.71 ± 11.9 to 83.90 ± 10.83, whereas the placebo group showed 
minimal change (51.25 ± 10.28 at baseline to 53.38 ± 9.36 at 6 
months). This improvement was sustained at 12 months, with 
KOOS scores remaining significantly higher in the treatment 
group (81.87 ± 11.3) compared to placebo (45.63 ± 9.43) (P < .0001). 
Similarly, WOMAC scores showed a marked reduction in Arm A, 
decreasing from a baseline of 50.12 ± 11.94 to 23.47 ± 13.02 at 6 
months and further to 19.02 ± 11.42 at 12 months, indicating sig-
nificant symptom relief. In contrast, WOMAC scores in Arm B 
remained unchanged over time (47.95 ± 8.71 at baseline vs. 
52.00 ± 5.81 at 12 months). The between-group differences were 
statistically significant (P < .0001).

MRI analysis of various components of the degenerative 
parameters revealed significant structural improvements in Arm 
1 at 6, and 12 months compared to Arm 2 (Table 5). In Arm 1, car-
tilage scores improved significantly over time (baseline: 
2.43 ± 0.65; 12 months: 1.50 ± 0.76; P < .01). Similar trends were 
observed in osteophyte burden (P < .01), bone marrow lesions 
(P < .01), joint effusion (P < .01), and synovitis (P < .01). In contrast, 
Arm 2 exhibited no significant improvements in any parameter.

Figure 4 shows MRI results as a comparison between Arm 1 and 
Arm 2 at baseline, 6 and 12 months. All parameters in the study 
arm showed a significant (cartilage, osteophytes, effusion, 
subchondral sclerosis; P < .05) or highly significant (BM lesion, 
synovitis; P < .01) improvement as compared to placebo.

Long-term decline in efficacy
We observed a rapid improvement within the first 3 months of 
receiving the treatment, with the maximum improvement at 12 
months. The improvement continued for an additional 24 months. 
After that, we observed a steady decline in WOMAC and KOOS 
scores despite the fact they were still showing a statistically better 
score than baseline as shown in Figure 5. The improvement con-
tinued to be statistically significant, but the level of statistical sig-
nificance declined after 36 months post–therapy.

Discussion
In this randomized, placebo-controlled trial, we demonstrate that 
intra-articular administration of allogeneic ADMSCs in patients 

Figure 3  Flow diagram of patient enrollment, randomization, and procedures.
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with stage III KOA is safe and provides significant improvements in 
pain, function, and MRI-assessed structural parameters. These 
benefits were sustained for up to 3 years, with gradual decline 
thereafter, although scores remained above baseline at 60 
months. To our knowledge, this is one of the longest follow-up 
studies of MSC therapy in KOA and among the first to evaluate a 
2-dose regimen of allogeneic ADMSCs prepared under cGMP 
conditions.

Among the different sources of MSCs, ADMSCs offer particular 
advantages relevant to this trial. Compared with BM-MSCs and 
UC-MSCs, ADMSCs demonstrate superior proliferative capacity 
and immunomodulatory effects, while being associated with 
fewer treatment-related adverse events.23 In addition, their 

relative ease of isolation under cGMP conditions makes them 
especially suitable for development as an “off-the-shelf” alloge-
neic product. These considerations guided our choice of ADMSCs 
for this study, in which we demonstrate both safety and sustained 
clinical benefit in stage III KOA.

Chen et al.23 conducted a meta-analysis evaluating the efficacy 
of bone marrow-derived MSCs (BM-MSCs), adipose tissue-de-
rived MSCs (ADMSCs), and umbilical cord-derived MSCs 
(UC-MSCs) in treating KOA. The analysis included 15 studies 
involving 585 patients. BM-MSCs demonstrated the most signifi-
cant improvement in range of motion and pain relief. At the same 
time, ADMSCs were more effective in enhancing functional out-
comes, as evidenced by improvements in WORMS and WOMAC 
scores. Furthermore, ADMSCs were associated with fewer treat-
ment-related adverse events compared to BM-MSCs. Li et  al.24 
conducted a direct comparison of BM-MSCs and ADMSCs under 
human platelet lysate-supplemented culture conditions, reveal-
ing that BM-MSCs exhibited greater osteogenic and chondro-
genic differentiation potential, whereas ADMSCs demonstrated 
superior proliferative capacity and immunomodulatory effects.

Our study investigated the efficacy of intra-articular administra-
tion of allogeneic ADMSCs in patients with symptomatic KOA. The 
treatment significantly improved pain and functional outcomes, 
as measured by patient-reported outcomes and MRI assessments. 
We utilized the WOMAC and KOOS scores to evaluate changes in 
patient health status and treatment effectiveness.12,13 The WOMAC 
score in the ADMSC group showed a significant decline from 6 to 
48 months post–treatment compared to the control group, though 
a slight increase was observed at 60 months. Similarly, Lee et al. 
reported a notable reduction in WOMAC scores and pain at 6 
months following autologous ADMSC injection, though long-term 
data were not provided.25

The KOOS assessment, which provides a comprehensive evalu-
ation of knee symptoms, revealed significant improvements 
across all dimensions from 6 to 48 months post–treatment. 
However, the level of significance declined at 60 months, suggest-
ing that the long-term benefits of ADMSC therapy may be limited. 
The early clinical improvements observed may be attributed to 

Table 1  Inclusion and exclusion criteria.

Inclusion criteria Exclusion criteria

1. �More than 6 months knee 
joint pain and or swelling

1. �Subjects less than 18 or 
older than 75 years

2. �Grade III knee osteoarthritis 
(KOA)a confirmed by  
2 observers

2. �Intra–articular injected 
treatment in the past 
6 months

3. �No local or systemic 
infection

3. �Significant valgus or varus 
deformity of the knee

4. �No significant 
hematological disease

4. �Knee ligament injury or 
ruptured meniscus 
observed by magnetic 
resonance imaging (MRI)

5. �Absence of significant 
biochemical or hematological 
laboratory test abnormalities

5. �Infection or positive 
serology for 
transmissible agents

6. �Informed consent form 
signed by the patient

6. BMI greater than 30

7. Malignancy
8. Immunosuppressive drugs

aKOA grading as per Kellgren and Lawrence14 radiological assessment of 
osteoarthritis.

Table 2  Demographical data of enrolled subjects and the baseline severity of clinical score by Knee Injury and Osteoarthritis Outcome Score (KOOS) 
and Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) and structural severity by magnetic resonance imaging (MRI).

Group ADMSCs (Arm A) Placebo (Arm B)

Gender Male Female Total Male Female Total

No. of patients 7 14 21 2 6 8
No. of knees and laterality RT LT Total RT LT Total 29 RT LT Total RT LT Total 8

6 5 11 9 9 18 0 2 2 5 1 6
Mean age (range) 65.0 (57-75) 63.4 (55-74) 64.2 (55-72) 68.0 (66-70) 62.0 (48-73) 63.5 (48-73)
Mean BMI (range) 27.14 (23.5-33) 28.18 (24-32)
Baseline KOOS 51.09% 50.00% 50.71% 52.5% 50.83% 51.25%
Baseline WOMAC 46.09% 50.55% 50.12% 48.20% 47.86% 47.95%

Ba
se

lin
e 

M
RI

 
M

ea
n 

± 
SD

  

Cartilage 2.43 ± 0.65 2.10 ± 0.70
Osteophytes 2.5 ± 0.65 2.30 ± 0.67
Bone marrow  
lesion

2.36 ± 0.50 2.30 ± 0.67

Effusion 1.57 ± 0.51 1.50 ± 0.71
Synovitis 1.14 ± 0.66 0.80 ± 0.63
Subchondral 

sclerosis
2.21 ± 0.43 2.30 ± 0.82

D
ow

nloaded from
 https://academ

ic.oup.com
/stcltm

/article/15/5/szag018/8664379 by guest on 27 June 2026



Stem Cells Translational Medicine, 2026, Vol. 15, Issue 5� 9

the paracrine effects of MSCs, including the secretion of immuno-
modulatory cytokines and growth factors.26

Freitag et al. administered single and double doses of 100 × 106 
autologous ADMSCs to KOA patients, observing improvements in 
WOMAC and KOOS scores up to 12 months post–treatment. 
However, MRI osteoarthritis knee scores (MOAKS) did not show 
significant changes.27

In contrast, our study demonstrated significant improvement in 
MRI-derived cartilage integrity scores at 1 year (P < .05), support-
ing the short-term efficacy of allogeneic ADMSC in promoting 
structural joint repair The scoring system was adapted from 
Meredith et al.17 and Wu et al.18 As described by Wu et al., cartilage 
damage is determined by both the depth and surface area of 
lesions, while Meredith et al. applied this concept to MRI by divid-
ing the knee into 17 anatomical sub–regions, grading each for 
lesion severity (0-6) and lesion size (0-4), where lower values indi-
cate greater cartilage preservation. In the ADMSC group, the mean 
cartilage score improved from 2.43 ± 0.65 at baseline to 1.86 ± 0.66 
at 6 months and 1.50 ± 0.76 at 12 months, while the placebo group 
showed no significant change (2.10 ± 0.70, 2.10 ± 0.57, 2.30 ± 0.48). 
These results indicate a steady reduction in both the severity and 
area of cartilage defects following ADMSC therapy.

Furthermore, bone marrow lesion scores declined from 
2.36 ± 0.50 to 1.36 ± 0.50, indicating reduced subchondral bone 
stress and marrow edema. Effusion scores improved from 
1.57 ± 0.51 to 0.29 ± 0.47, showing reduced intra–articular fluid accu-
mulation, while synovitis scores decreased from 1.14 ± 0.66 to 
0.07 ± 0.27. Using the same semi-quantitative MRI framework, these 
improvements across cartilage, bone, and synovium demonstrate a 
joint-wide restorative response to ADMSC therapy, consistent with 
the whole-organ assessment approach proposed by Meredith et al.

We did not investigate biochemically the repair mechanism of 
ADMSC in our patients. Potential hypothetical mechanisms 
include the reduction of serum COMP concentration, a marker of 
cartilage degeneration,6 and the inhibition of TNF-α and IL-6 

production by OA chondrocytes and synovial cells, creating a 
favorable environment for cartilage regeneration.28 Further inves-
tigations are warranted to verify these hypotheses.

The primary endpoint of our study was met, with adverse 
events in the treatment group limited to transient mild-to-mod-
erate pain and swelling at the injection site. A systematic review 
of intra–articular BM-MSC therapy, reported in 3039 patients 
with a 21-month follow-up, concluded that cultured stem cell 
applications in joints are safe, with no serious adverse effects 
reported.29 However, further research is needed to evaluate long-
term safety.

Our findings align with previous studies showing the safety and 
efficacy of MSCs in treating degenerative joint diseases. Sadri 
et al.3 reported similar improvements in KOOS and WOMAC scores 
following a single dose of 100 × 106 allogeneic ADMSCs, with MRI 
assessments confirming cartilage regeneration. Both studies 
highlight the tolerability of ADMSC therapy, though our study 
extends the follow-up period to 60 months and utilizes a 2-dose 
regimen (mean total dose: 69.58 × 106 cells), providing stronger 
evidence for long-term efficacy.3

Huang et al.30 conducted a meta-analysis to determine the opti-
mal ADMSC dose for KOA treatment, categorizing doses as low 
(0–25 × 106), moderate (25–50 × 106), and high (>50 × 106). The 
high-dose group exhibited the most significant early improve-
ments in pain and joint function, though higher doses were asso-
ciated with increased adverse events. Kim et  al.31 utilized 
autologous ADMSCs in a 5-year study, reporting improvements in 
WOMAC scores and MRI-assessed cartilage volume. While their 
study focused on structural changes, our research emphasizes 
functional outcomes and safety over 60 months, with a larger 
sample size (29 patients vs. 11) and more frequent follow-up 
assessments.

Despite promising results, our study has limitations. The sam-
ple size of 29 patients, though informative, is relatively small, 
necessitating larger, more diverse cohorts to validate long-term 
safety and efficacy. An additional limitation relates to partici-
pant retention. Although some individuals did not return for 
scheduled in-person evaluations, all remained reachable by 
phone and were contacted repeatedly throughout the study. 
Their reasons for discontinuation included lack of interest in 
continued visits, perceived improvement, or reluctance to travel 
for further assessments. During these contacts, none of the dis-
continuing participants in either arm reported serious adverse 
effects, and all were reminded that any study-related care 
would be fully covered. Based on maintained communication 
and the absence of reported symptoms, we believe that these 
discontinuations were not related to safety concerns but rather 
reflect the challenges of long-term follow-up adherence in our 
setting.

Additionally, the optimal dosing regimen remains unclear. 
Comparative studies evaluating single versus multiple doses or 
varying intervals are needed to refine treatment protocols. Finally, 
while MRI assessments demonstrated cartilage improvement, 
advanced imaging techniques, and biomarker analyses could pro-
vide a more comprehensive evaluation of joint health over 
extended periods.32

Table 3  Reported adverse events compiled as a sum of adverse events 
reported following the 2 doses.

Adverse 
event (AE)a

Allogeneic/adipose-
derived mesenchymal 
stromal cells (ADMSCs)

Placebo group

Male Female Total Male Female Total

Painb 1-3 6 15 21 1 4 5
Pain 4-5 0 0 0 0 0 0
Pain > 5 0 0 0 0 0 0
Effusion 2 1 3 1 1 2
Swelling 7 16 23 1 4 5
Bruising 0 0 0 0 1 1
Rigors 1 0 1 0 0 0
Fever 1 1 2 0 1 1
aAdverse events represent new symptoms or clinically significant worsening of 
baseline symptoms following injection. Pain was assessed using VAS, and an 
increase from baseline was recorded as an AE. Swelling and effusion were con-
sidered adverse only if new or aggravated compared to baseline.
bAs measured by the visual analog scale.22
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Figure 4  Longitudinal magnetic resonance imaging (MRI) assessment of knee osteoarthritis following allogeneic adipose-derived mesenchymal 
stromal cells (ADMSCs) injection. MRI-based evaluation of cartilage integrity, osteophyte formation, bone marrow (BM) lesions, joint effusion, synovitis, 
and subchondral sclerosis in patients receiving either allogeneic ADMSCs (white bars) or placebo (black bars) at baseline (BL), 6 months, and 12 months 
post-injection against placebo control. Y-axis values represent the mean ordinal scores for each MRI parameter, graded on a 0-3 scale as described by 
Meredith et al.,17 with higher values indicating more severe pathology. Data are presented as mean ± SD; *P < .05, **P < .01.

Figure 5  Long-term functional outcomes following treatment with adipose-derived mesenchymal stromal cells (ADMSCs) or placebo, assessed over a 
60-month follow-up period. (A) Knee Injury and Osteoarthritis Outcome Score (KOOS) and (B) Western Ontario and McMaster Universities Osteoarthritis 
Index (WOMAC) in both groups. The ADMSCs group (blue line) showed a significant improvement in KOOS and WOMAC scores compared to the placebo 
group (red line), with benefits lasting up to 60 months. However, a decline in functional scores was observed around month 36, though values remained 
significantly better than baseline. Statistical significance is indicated by green (ADMSCs group) and purple (placebo group) P-values.

D
ow

nloaded from
 https://academ

ic.oup.com
/stcltm

/article/15/5/szag018/8664379 by guest on 27 June 2026



12� Stem Cells Translational Medicine, 2026, Vol. 15, Issue 5

Acknowledgments
The authors wish to thank Ms. Hala Sroji.RN for her assistance in 
statistical analysis and visualization, and Ms. Zaina Shahin for her 
assistance in preparation of the graphical abstract.

Supplementary material
Supplementary material is available at Stem Cells Translational 
Medicine online.

Funding
This study was funded by The University of Jordan/Deanship of 
Scientific Research. The funder played no role in study design, data 
collection, analysis and interpretation of data, or the writing of this 
manuscript.

Conflicts of interest
All authors declare no financial or non-financial competing 
interests.

Data availability
The datasets generated and/or analyzed during the current study 
are not publicly available due to patient confidentiality rights. 
De-identified clinical data supporting the findings of this study can 
be shared by the corresponding author with qualified investigators 
upon approval by IRB of the Cell Therapy Center, University 
of Jordan.

References
	 1.	 Cross M, Smith E, Hoy D, et al. The global burden of hip and 

knee osteoarthritis: estimates from the global burden of dis-
ease 2010 study. Ann Rheum Dis. 2014;73:1323-1330.

	 2.	 Zhang Y, Jordan JM. Epidemiology of osteoarthritis. Clin 
Geriatr Med. 2010;26:355-369.

	 3.	 Sadri B, Hassanzadeh M, Bagherifard A, et al. Cartilage regen-
eration and inflammation modulation in knee osteoarthritis 
following injection of allogeneic adipose-derived mesenchy-
mal stromal cells: a phase II, triple-blinded, placebo con-
trolled, randomized trial. Stem Cell Res Ther. 2023;14:162.

	 4.	 Romano IR, D’Angeli F, Vicario N, et al. Adipose-derived mes-
enchymal stromal cells: a tool for bone and cartilage repair. 
Biomedicines. 2023;11:1781.

	 5.	 Dragoo JL, Samimi B, Zhu M, et al. Tissue-engineered cartilage 
and bone using stem cells from human infrapatellar fat pads. J 
Bone Jt Surg Br. 2003;85-B:740-747.

	 6.	 An X, Wang T, Zhang W, et al. Chondroprotective effects of 
combination therapy of acupotomy and human adipose mes-
enchymal stem cells in knee osteoarthritis rabbits via the 
gsk3β-cyclin D1-CDK4/CDK6 signaling pathway. Aging Dis. 
2020;11:1116-1132.

	 7.	 Jo CH, Lee YG, Shin WH, et al. Intra‐articular injection of mes-
enchymal stem cells for the treatment of osteoarthritis of the 

knee: a proof‐of‐concept clinical trial. Stem Cells. 
2014;32:1254-1266.

	 8.	 Koh YG, Jo SB, Kwon OR, et al. Mesenchymal stem cell injec-
tions improve symptoms of knee osteoarthritis. Arthroscopy. 
2013;29:748-755.

	 9.	 Cao M, Ou Z, Sheng R, et al. Efficacy and safety of mesenchy-
mal stem cells in knee osteoarthritis: a systematic review and 
meta-analysis of randomized controlled trials. Stem Cell Res 
Ther. 2025;16:122.

	10.	 Xiang XN, Zhu SY, He HC, Yu X, Xu Y, He CQ. Mesenchymal stro-
mal cell-based therapy for cartilage regeneration in knee oste-
oarthritis. Stem Cell Res Ther. 2022;13:14-20.

	11.	 Wang AT, Feng Y, Jia HH, Zhao M, Yu H. Application of mesen-
chymal stem cell therapy for the treatment of osteoarthritis  
of the knee: a concise review. World J Stem Cells. 2019; 
11:222-235.

	12.	 Roos EM, Roos HP, Lohmander LS, Ekdahl C, Beynnon BD. 
Knee Injury and Osteoarthritis Outcome Score (KOOS)—devel-
opment of a self-administered outcome measure. J Orthop 
Sports Phys Ther. 1998;28:88-96.

	13.	 Roos EM, Roos HP, Lohmander LS. WOMAC osteoarthritis 
index—additional dimensions for use in subjects with 
post-traumatic osteoarthritis of the knee. Osteoarthr Cartil. 
1999;7:216-221.

	14.	 Kellgren JH, Lawrence J. Radiological assessment of osteo-ar-
throsis. Ann Rheum Dis. 1957;16:494-502.

	15.	 Al-Najar M, Khalil H, Al-Ajlouni J, et al. Intra-articular injection 
of expanded autologous bone marrow mesenchymal cells in 
moderate and severe knee osteoarthritis is safe: a phase I/II 
study. J Orthop Surg Res. 2017;12:190-196.

	16.	 Samara O, Jafar H, Hamdan M, et al. Ultrasound-guided 
intra-articular injection of expanded umbilical cord mesen-
chymal stem cells in knee osteoarthritis: a safety/efficacy 
study with MRI data. Regen Med. 2022;17:299-312.

	17.	 Meredith DS, Losina E, Neumann G, Yoshioka H, Lang PK, Katz 
JN. Empirical evaluation of the inter-relationship of articular 
elements involved in the pathoanatomy of knee osteoarthritis 
using magnetic resonance imaging. BMC Musculoskelet Disord. 
2009;10:133-139.

	18.	 Wu CW, Morrell MR, Heinze E, et al. Validation of American 
College of Rheumatology classification criteria for knee osteo-
arthritis using arthroscopically defined cartilage damage 
scores. Seminars Arthr Rheumat. 2005;35:197-201.

	19.	 Salah B, Shahin D, Sarhan M, et al. Effect of cigarette smoke  
on the proliferation, viability, gene expression, and cellular 
functions of adipose-derived mesenchymal stem cells from 
smoking and non-smoking donors. Biol Open. 2024;13:061665.

	20.	 Awidi A, Al Shudifat A, El Adwan N, et al. Safety and potential 
efficacy of expanded mesenchymal stromal cells of bone mar-
row and umbilical cord origins in patients with chronic spinal 
cord injuries: a phase I/II study. Cytotherapy. 2024;26:825-831.

	21.	 Jafar H, Alqudah D, Rahmeh R, et al. Safety and potential effi-
cacy of expanded umbilical cord-derived mesenchymal stro-
mal cells in luminal ulcerative colitis patients. Stem Cells Dev. 
2024;33:645-651.

	22.	 Delgado DA, Lambert BS, Boutris N, et al. Validation of digital 
visual analog scale pain scoring with a traditional paper-based 
visual analog scale in adults. J Am Acad Orthop Surg Glob Res 
Rev. 2018;2:e088.

D
ow

nloaded from
 https://academ

ic.oup.com
/stcltm

/article/15/5/szag018/8664379 by guest on 27 June 2026

https://academic.oup.com/stcltm//article-lookup/doi/10.1093/stcltm/szag018#supplementary-data


Stem Cells Translational Medicine, 2026, Vol. 15, Issue 5� 13

	23.	 Chen X, Zheng J, Yin L, Li Y, Liu H. Transplantation of three 
mesenchymal stem cells for knee osteoarthritis, which cell 
and type are more beneficial? A systematic review and net-
work meta-analysis. J Orthop Surg Res. 2024;19:366.

	24.	 Li C-Y, Wu X-Y, Tong J-B, et al. Comparative analysis of human 
mesenchymal stem cells from bone marrow and adipose tis-
sue under xeno-free conditions for cell therapy. Stem Cell Res 
Ther. 2015;6:55-63.

	25.	 Lee WS, Kim HJ, Kim KI, Kim GB, Jin W. Intra-articular injection 
of autologous adipose tissue-derived mesenchymal stem cells 
for the treatment of knee osteoarthritis: a phase IIb, rand-
omized, placebo-controlled clinical trial. Stem Cells Transl 
Med. 2019;8:504-511.

	26.	 Liang X, Ding Y, Zhang Y, Tse HF, Lian Q. Paracrine mechanisms 
of mesenchymal stem cell-based therapy: current status and 
perspectives. Cell Transplant. 2014;23:1045-1059.

	27.	 Freitag J, Bates D, Wickham J, et al. Adipose-derived mesen-
chymal stem cell therapy in the treatment of knee osteoarthri-
tis: a randomized controlled trial. Regen Med. 2019;14:213-230.

	28.	 Wu J, Huang S, Yu Y, et al. Human adipose and synovial-de-
rived MSCs synergistically attenuate osteoarthritis by promot-
ing chondrocyte autophagy through FoxO1 signaling. Stem 
Cell Res Ther. 2024;15:261.

	29.	 Vos T, Flaxman AD, Naghavi M, et al. Years lived with disability 
(YLDs) for 1160 sequelae of 289 diseases and injuries 1990–
2010: a systematic analysis for the global burden of disease 
study 2010. Lancet. 2012;380:2163-2196.

	30.	 Huang Z, Zhang S, Cao M, et al. What is the optimal dose of 
adipose-derived mesenchymal stem cells treatment for knee 
osteoarthritis? A conventional and network meta-analysis of 
randomized controlled trials. Stem Cell Res Ther. 2023;14:245.

	31.	 Kim KI, Lee WS, Kim JH, Bae JK, Jin W. Safety and efficacy of 
the intra-articular injection of mesenchymal stem cells for the 
treatment of osteoarthritic knee: a 5-year follow-up study. 
Stem Cells Transl Med. 2022;11:586-596.

	32.	Du X, Liu Z-Y, Tao X-X, et al. Research progress on the patho-
genesis of knee osteoarthritis. Orthop Surg. 2023;15: 
2213-2224.

D
ow

nloaded from
 https://academ

ic.oup.com
/stcltm

/article/15/5/szag018/8664379 by guest on 27 June 2026


	Active Content List
	Introduction
	Patients and methods
	Results
	Discussion
	Supplementary material
	Funding
	Conflicts of interest
	Data availability


