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ABSTRACT

Mesenchymal stem cells (MSCs) have been the focus of an emerging treatment for osteoarthritis.
However, few studies reported about outcomes of an intra-articular injection of autologous
adipose-derived mesenchymal stem cells (AD-MSCs). This study aimed to assess the efficacy and
safety of a single intra-articular injection of AD-MSCs for patients with knee osteoarthritis. It was a
prospective double-blinded, randomized controlled, phase IIb clinical trial. AD-MSCs were adminis-
tered for 12 patients (MSC group), and the group was compared with 12 knees with injection of nor-
mal saline (control group) up to 6 months. All procedures were performed in the outpatient clinic.
Primary outcome measure was the Western Ontario and McMaster Universities Osteoarthritis index
(WOMAC) score. Secondary outcome measure included various clinical and radiologic examination,
and safety after injection. Change of cartilage defect after injection was evaluated using magnetic
resonance imaging (MRI). Single injection of AD-MSCs led to a significant improvement of the
WOMAC score at 6 months. In the control group, there was no significant change in the WOMAC
score at 6 months. No serious adverse events were observed in both groups during the follow-up
period. In MRI, there was no significant change of cartilage defect at 6 months in MSC group
whereas the defect in the control group was increased. An intra-articular injection of autologous
AD-MSCs provided satisfactory functional improvement and pain relief for patients with knee osteo-
arthritis in the outpatient setting, without causing adverse events at 6 months’ follow-up. Larger
sample size and long-term follow-up are required. STEM CELLS TRANSLATIONAL MEDICINE
2019;8:504–511

SIGNIFICANCE STATEMENT

This study was designed as a prospective, randomized, double-blinded, placebo-controlled trial in
patients with knee osteoarthritis. All procedures were performed in the outpatient clinic setting.
Only intra-articular injection was applied, without surgical intervention and concomitant injection.
An intra-articular injection of autologous adipose tissue-derived mesenchymal stem cells provided
satisfactory functional improvement and pain relief for patients with knee osteoarthritis without
causing apparent adverse events at 6 months’ follow-up.

INTRODUCTION

In osteoarthritis, mesenchymal stem cells (MSCs)
are gaining popularity as a disease-modifying
treatment because of their ease of harvesting,
safety [1, 2], and potential to differentiate into
cartilage tissue [3–5]. Furthermore, MSCs have
been known for paracrine [6–8], anti-inflamma-
tory [9, 10], and immunomodulatory effects
[11–15] through the release of several growth
factors and cytokines [1, 2, 16]. Because the path-
ophysiology of osteoarthritis is based on both
degeneration and inflammation, the paracrine

effect, reducing of immune response, and stimu-
lation of local tissue repair with the properties of
MSCs would be beneficial to improve the intra-
articular environment as a disease-modifying
treatment [11, 12, 17, 18]. Successful pain relief,
functional improvement, and even cartilage
regeneration have been reported in clinical stud-
ies of the intra-articular injection of MSCs for
knee osteoarthritis [1, 2, 16, 19]. However,
besides the study of Vega et al. [16], most stud-
ies were not randomized or blinded and did not
have a comparative group [1, 2, 19]. Some previ-
ous studies used allogeneic MSCs [16, 20], and
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their use has been concerning because of the theoretical poten-
tial for adverse effects such as tumorigenesis or host immune
rejection when compared with autologous MSCs, although no
severe adverse effects have been reported. Our previous phase
I/IIa trial [2] reported the clinical efficacy and safety after using
an intra-articular injection of autologous adipose tissue-derived
MSCs (AD-MSCs) with high dose (1 × 108 cells). However, the
study [2] performed the intra-articular injection of AD-MSCs
after arthroscopic lavage procedure in the operating room.
Therefore, there might be performance bias as clinical and struc-
tural improvements would be affected by surgical procedures. In
addition, there was an open label test without control group [2].

Therefore, we conducted a current phase IIb clinical trial to
assess the efficacy and safety of a single intra-articular injection
of high-dose (1 × 108 cells), autologous AD-MSCs in patients
with knee osteoarthritis through randomized, double-blinded,
and placebo-controlled study in the outpatient setting, without
limitation of daily activity. We report the clinical and radiologi-
cal outcome after a single intra-articular injection of autologous
AD-MSCs.

MATERIALS AND METHODS

Study Design

The present study was performed between June 2015 and
December 2016 in two orthopedic centers. The protocol was
approved by the institutional review board of both institutes,
and Korea Food and Drug Administration. This was designed as
a randomized, double-blinded, placebo-controlled study in
patients with knee osteoarthritis. Eligible patients were between
18 and 75 years of age with osteoarthritis of the knee joint
(Kellgren-Lawrence grade 2 to 4) [21] and had an mean pain
intensity of 4 or more on a 10-point visual analog scale (VAS) for
at least 12 weeks (supplemental online Appendix 1). Patients
underwent physical examination; laboratory tests such as routine
blood and urine tests, serologic test, tumor screening, electrocar-
diogram, and pregnancy test if indicated; and magnetic reso-
nance imaging (MRI) of the knee at screening with informed
consent. To objectively assess cartilage regeneration, we
enrolled patients with at least one focal or localized grade 3 or
4 lesion on MRI scan. All pain medications were discontinued
except the rescue analgesic. All participants who were identified
as eligible for clinical trials returned to the hospital within 1 week
for lipoaspiration. All lipoaspiration procedures were performed
in the outpatient clinic. According to the randomization, partici-
pants were blindly assigned to AD-MSCs injection (MSC group)
or normal saline injection (control group). Three weeks after
lipoaspiration, one of autologous AD-MSC injection or normal
saline injection was administered intra-articularly in the outpa-
tient clinic. No specific physical limitation was recommended from
the day after the injection. Patients were followed up at 1, 3, and
6 months after the injection. At each visit, the efficacy and safety
evaluation were performed. Furthermore, simple radiograph and
MRI of the knee were obtained at 3 and 6 months after the
injection in all patients. The rescue analgesic was defined as an
approved medication for patients’ pain control. The rescue medi-
cation that was permitted was acetaminophen at a dose of
4,000 mg or less per day. Other analgesics were not permitted,
and any medications that patients were taking were recorded. If
the participant had an osteoarthritis medication, the drug was
discontinued for 2 weeks as a wash-out period.

MSC Preparation

All the procedures were performed with an informed consent.
AD-MSCs (Jointstem; R-Bio, Seoul, Korea) used in the current
study were isolated and cultured based on a previously
reported study [22]. Adipose tissues of patients were obtained
by lipoaspiration from abdominal subcutaneous fat under Good
Manufacturing Practices conditions. Lipoaspiration was per-
formed using the tumescent technique, which was defined as
3–5 cc of infiltrate per 1 cc of aspirate at 3 weeks before injec-
tion [23, 24]. The process of lipoaspiration was as follows:
(a) sterile skin preparation; (b) local anesthesia using 2% lido-
caine; (c) stab incision (2 mm) using number 11 mass; (d) injec-
tion of tumescent solution into the subcutaneous fat layer of
the harvesting site; (e) after 10–15 minutes, approximately
20 mL of adipose tissue was collected using an metal cannula
connected to a 10 cc syringe; (f) the collected fat-tumescent
solution was kept at 2�C–8�C in a sterile bag and transported
to the laboratory; and (g) wound suture (number 5 blue nylon)
and dressing. Aspirated tissues were digested with collagenase
I (1 mg/mL) under gentle agitation for 60 minutes at 37�C [22].
The digested tissues were filtered through a 100-mm nylon
sieve to remove cellular debris and were centrifuged to obtain
a pellet. The pellet was resuspended in Dulbecco’s modified
Eagle’s medium (Invitrogen, USA)-based media containing 0.2 mM
ascorbic acid and 10% fetal bovine serum (FBS). The cell suspen-
sion was recentrifuged. The supernatant was removed and the
pellet was collected. The cell fraction was cultured for 4–5 days in
Keratinocyte-SFM (Invitrogen, USA)-based media containing 0.2 mM
ascorbic acid, 0.09 mM calcium, 5 ng/mL recombinant epidermal
growth factor (rEGF), and 5% FBS until confluent (passage 0).
When the cells reached 90% confluency, they were passaged.
AD-MSCs from the control group were also cultured until pas-
sage 1. The cells were then frozen and stored at liquid nitrogen
cell storage (−196�C), which might be the most common method
of storing cells safely for a long period in most laboratories [25].
All of the AD-MSCs used in this study were collected at passage 3.
Culture-expanded cells were then tested for cell number, viability,
purity (CD31, CD34, CD45), identity (CD 73, CD 90), sterility (bac-
terial and fungal), and endotoxin and mycoplasma contamination
as recommended by the Code of Federal Regulations, Title 21
(21CFR), before shipping. Cultured AD-MSCs maintained a survival
rate of more than 80% for 72 hours at 2�C–8�C [22]. This high
level of purity was demonstrated by the consistent expression of
positive or negative surface antigen for MSC up to 72 hours. Thus,
the cells were made and shipped on the day of injection, with a
survival rate of at least 87% (average 92.8%) for 72 hours. And
the MSCs were injected into the knee joint in the outpatient clinic
within an hour after being delivered to the hospital.

Intra-Articular Injection

All injections were administered once into the patient’s knee joint
under the ultrasound guidance. Intra-articular injection was per-
formed by a specialized physician who was not involved in the
entire evaluations of the participants. Also, neither the physician
nor the patient was aware of who was receiving AD-MSCs, hence
double blinding the study. In the MSC group, 1 × 108 cells of AD-
MSCs in 3 mL of saline was administered intra-articularly, and in
the control group, 3 mL of saline (NaCl 9 mg/mL) was administered
intra-articularly under the ultrasound guidance. The dose of cell
injection was determined by the result of the previous study [2].
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Clinical Evaluation

The clinical evaluation was performed by a blinded physician.
Primary outcome was the Western Ontario and McMaster Uni-
versities Osteoarthritis Index (WOMAC) [26] at 6 months after
intra-articular injection.

Secondary outcomes were categorized into clinical scores,
physical examination, radiologic examination, and safety. Clinical
scores included a 10-point VAS for knee pain and Knee Injury
and Osteoarthritis Outcome Score (KOOS) [27]. Physical examina-
tion included range of motion, quadriceps power, presence of
joint effusion, presence of joint crepitus, presence of medial joint
line tenderness, and presence of pes anserinus tenderness.

Radiologic Evaluation

Radiologic outcomes were measured with Kellgren-Lawrence
(K-L) grade [21], joint space width of medial and lateral compart-
ment [28, 29], and hip-knee-ankle (HKA) angle [30] using simple
radiograph. MRI was evaluated before injection and 3 and
6 months after injection. MRI was performed using a 3.0-T scanner
(Achieva 3.0-T; Philips Medical Systems, Eindhoven, Netherlands)
with an 8-channel knee coil. The maximum gradient strength
was 80 mT/m, and the maximum slew rate was 100 mT/m/ms.
The images were transferred digitally to a picture archiving and
communication system (PiView STAR, Seoul, Korea). Radiologic
measurements were performed using the electronic calipers
and goniometer provided in the software.

The size and depth of cartilage defects was also measured
using MRI by two blinded musculoskeletal radiologists. Depth
of the cartilage defect in MRI was classified according to the

modified Noyes grading system [31]. For calculating size of the
cartilage defect in MRI, the maximum diameter of the cartilage
defect with modified Noyes [31] grade 3 and 4 in each compart-
ment was analyzed in the sagittal (anteroposterior) and coronal
(mediolateral) images. Size of the cartilage defect was mea-
sured by multiplying the anteroposterior and the mediolateral
diameter [2]. If multiple defects existed in one compartment,
the highest grade was selected. Calculated size of the cartilage
defects was compared within each group and between both
groups after the injection.

The safety was analyzed with vital signs, physical examination,
laboratory tests (supplemental online Appendix 2), and adverse
events. The severity of adverse events was based on the National
Cancer Institute-Common Terminology Criteria for Adverse Events
(NCI-CTCAE) [32]. When adverse events occurred, the cause-and-
relationship between injection and adverse events was recorded
according to the World Health Organization-Uppsala Monitoring
Centre causality assessment system [33].

Statistical Analysis

Because the primary outcome was the difference in WOMAC
score between baseline and 6 months, sample size was set
based on the results of the previous study (α risk 0.05, power
0.8, changes in WOMAC score 21.3, and SD 19.12) [2]. The
required number of patients was determined to be five. Con-
sidering the representative clinical trial and dropout rate, we
decided to recruit 12 patients in each group. Outcome mea-
sures were analyzed based on the intention-to-treat popula-
tion. Data are reported as means � SD. Unpaired t test was

Figure 1. Study flow diagram.
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used to assess efficacy before and after injection, and
McNemar’s test or Bowker’s test was used for categorical var-
iables. The analysis was performed using SAS version 9.2 (SAS
institute, Inc., Cary, NC).

RESULTS

Demographics

Thirty-three patients were assessed for eligibility, and 24 patients
were enrolled: 12 patients in the MSC group and 12 patients in

the control group through the randomization (Fig. 1). All patients
were followed up. Patients in each group had similar demo-
graphic characteristics (Table 1).

Clinical Outcomes

The intra-articular injection of AD-MSCs was associated with
improvement of the WOMAC score at 6 months after injection
as compared with baseline (Fig. 2). Patients in the control group
were not significantly improved over 6 months. The mean reduc-
tion of the WOMAC score in the MSC group from the baseline
was 55% at 6 months after injection, from 60.0 � 17.0 to
26.7 � 13.3 (p < .001). All subscores of the WOMAC at 6 months
significantly improved from the baseline in the MSC group only
(p < .05 for all; Fig. 2).

The VAS for the knee pain significantly decreased from
6.8 � 0.6 to 3.4 � 1.5 in the MSC group only (p < .001; Fig. 3).
The pain, symptoms, activities of daily living, sports, and quality
of life subscores of the KOOS in the MSC group significantly
increased over 6 months compared with baseline (p < .05 for all;
Fig. 3). However, patients in the control group were not signifi-
cantly improved during the study period.

In the MSC group, range of motion was significantly
improved, from 127.9� � 10.3� to 134.6� � 12.5� at 6 months
after the injection (p = .0299). Patients in the control group
showed no significant change in range of motion. Other physical
examinations, including quadriceps power, presence of joint
effusion, presence of joint crepitus, presence of medial joint
line tenderness, and presence of pes anserinus tenderness,
showed no significant change in both groups at 6 months
after injection compared with baseline.

Radiological Outcomes

K-L grade, joint space width of medial and lateral compartment,
and HKA angle did not change significantly over 6 months in
both groups. The size of the cartilage defect in MRI at 6 months
was not significantly changed in the MSC group (p = .5803),
whereas the size of the cartilage defect in the control group

Table 1. Demographic characteristics in the MSC and the control
group

Characteristics MSC group Control group

Age, years 62.2 � 6.5 63.2 � 4.2

Gender, n (%)

Male 3 (25) 3 (25)

Female 9 (75) 9 (75)

Height, cm 159.4 � 7.2 159.8 � 7.0

Weight, kg 66.5 � 11.1 65.7 � 12.4

Body-mass index 25.3 � 4.9 25.4 � 3.0

Kellgren-Lawrence grade, n (%)

Grade 2 6 (50) 5 (41.7)

Grade 3 6 (50) 6 (50)

Grade 4 — 1 (8.3)

Mechanical axis, � Varus 1.4� � 5.7� Varus 0.4� � 3.6�

Baseline WOMAC score 60.0 � 17.0 56.4 � 16.3

Cartilage defect, mm2a 312.4 � 271.0 389.9 � 273.0

aCartilage defect means the defect in the femoral condyle of each
participant.
Abbreviations: —, no data; MSC, mesenchymal stem cell; WOMAC,
Western Ontario and McMaster Universities Osteoarthritis index.

Figure 2. Changes in the WOMAC score during the 6-month period after intra-articular injection in the MSC group and control group.
Patients with injection of AD-MSC showed significant improvement in the WOMAC score. Patients in the control group did not signifi-
cantly change in the WOMAC score. (A): The WOMAC total score. (B): The pain subscore of the WOMAC. (C): The stiffness subscore of
the WOMAC. (D): The physical function subscore of the WOMAC. Abbreviations: MSC, mesenchymal stem cell; WOMAC, Western Ontario
and McMaster Universities Osteoarthritis index.
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was significantly increased (p = .0049). Moreover, there was
a significant difference between the two groups in the amount
of change in cartilage defect after the injection (p = .0051;
Table 2; Fig. 4).

Safety Outcomes

Adverse events occurred in 10 (83%) patients in the MSC group
and 7 (58%) patients in the control group (Table 3). There were no
grade 4 or 5 adverse events by the NCI-CTCAE scale or serious
adverse events. All adverse events of grade 3 by the NCI-CTCAE

scale were arthralgia, but those completely disappeared within
3 days. Treatment-related adverse events were reported in eight
patients in the MSC group, including arthralgia in six patients and
joint effusion in two patients, and in one patient in the control
group with joint effusion. All treatment-related adverse events
were recovered by the use of intermittent acetaminophen. No
patients were discontinued from the study because of adverse
events. There were no clinically important reports in the outcomes
of physical examination, vital signs, and laboratory tests during the
study.

Figure 3. Changes in VAS for knee pain and KOOS score during the 6-month period after intra-articular injection in the MSC group and
control group. The VAS and all subscores of the KOOS significantly increased over 6 months compared with baseline in only the MSC
group. There were no significant improvements in the VAS and all subscores of the KOOS in the control group. (A): VAS for knee pain.
(B): The pain subscore of the KOOS. (C): The symptoms subscore of the KOOS. (D): The activities of daily living subscore of the KOOS. (E):
The sports subscore of the KOOS. (F): The quality of life subscore of the KOOS. Abbreviations: KOOS, Knee Injury and Osteoarthritis Out-
come Score; MSC, mesenchymal stem cell; VAS, visual analog scale.

Table 2. Changes in the size of cartilage defect in MRI after injection

MSC group Control group

Size of cartilage defect in MRI, mm2a n Mean � SD n Mean � SD p value

Baseline 12 312.47 � 270.97 12 320.02 � 273.02 .4922b

6 months 12 314.86 � 267.33 12 355.61 � 258.54

Change amount of defect after the injection 2.39 � 14.54 35.61 � 58.80 .0051b

p value .5803c .0049c

aCartilage defect means the grade 3 or 4 lesions by modified Noyes grading system [28] on MRI in the medial femoral condyle of each participant.
bUnpaired t test was used to compare the difference of cartilage defect between the groups.
cA paired t test and Wilcoxon signed-rank test were used to compare the cartilage defect at baseline and 6 months in each group. The statistical
significance was set at p < .05.
Abbreviations: MRI, magnetic resonance imaging; MSC, mesenchymal stem cell.
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DISCUSSION

The most important finding of this study was that a single
intra-articular injection of autologous AD-MSCs in patients
with osteoarthritic knees led to satisfactory clinical and func-
tional improvement without adverse events over 6 months of
follow-up. All procedures were accompanied with the outpa-
tient clinic setting. Patients in the MSC group demonstrated
significantly improved WOMAC scores, which was the primary
outcome of this study. This single injection of AD-MSCs signifi-
cantly led to a 55% reduction in the WOMAC total score, 59%

in the WOMAC pain score, 54% in the WOMAC stiffness score,
and 54% in the WOMAC physical function score at 6 months
after injection. Previous studies [1, 2, 16, 19] showed that the
clinical outcomes improved at 6 months after MSC injection.
This is consistent with the results of this study. Moreover, simi-
lar to some previous studies [16, 19], clinical outcomes were
well maintained even at 6 months after injection. This finding
suggests that symptom improvement can be well maintained
over 6 months with a single intra-articular MSC injection.
Therefore, intra-articular injection of MSCs would be a viable
option for the treatment of degenerative osteoarthritis of the

Figure 4. MRI evaluation of the size of cartilage defect in the MSC group and control group at baseline and at 3 and 6 months after
injection. (A): Coronal and sagittal images of the medial femoral and tibial condyles before, 3 months after, and 6 months after injection
of AD-MSCs. The size of cartilage defect of the medial femoral condyle in serial MRI scans did not change over 6 months of follow-up.
(B): Coronal and sagittal images of the femoral and tibial condyles before, 3 months after, and 6 months after injection of normal saline.
The size of cartilage defect of the medial femoral condyle in serial MRI scans significantly increased over 6 months of follow-up. Abbrevia-
tions: AD-MSCs, adipose-derived mesenchymal stem cells; MRI, magnetic resonance imaging; MSC, mesenchymal stem cell.
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knee as a simple method without concomitant surgical proce-
dures, and it is able to be carried out in the outpatient clinic.

Several types of MSCs have been used for an intra-articular
injection in the treatment of knee osteoarthritis [1, 2, 16, 19].
Orozco et al. [1, 19] used autologous bone marrow (BM)-derived
MSCs for the intra-articular injection. They reported significant
improvement in clinical scores over 12 months after the injec-
tion. Vega et al. [16] performed a randomized controlled study
of allogenic BM-MSCs in patients with K-L grade 2 to 4 osteoar-
thritis. They reported significantly improved pain and cartilage
quality, but the efficacy for pain was smaller than that reported
with autologous BM-MSCs [1]. However, direct comparisons are
difficult because the former study [1] was uncontrolled. Both
previous and present studies using high-dose AD-MSCs [2]
showed similar improvements in pain VAS and WOMAC scores.
In the previous study [2], a high dose of AD-MSCs was injected
after concomitant arthroscopy. In contrast, in the present study,
a single intra-articular injection of AD-MSCs was performed in
the outpatient setting. Moreover, whereas the previous study [2]
was an open-label test without a control group, the present
study was a randomized, double-blinded, and placebo-controlled
design. However, it is difficult to determine the actual differences
in intra-articular injections of BM-MSCs and AD-MSCs because
the researches differ in study design, cell type, presence of
adjunctive therapy, and rehabilitation protocols [1, 2, 5, 16, 19].
Meanwhile, there are various options as to whether to use
“autologous” or “allogeneic” MSCs for intra-articular injection [5,
16, 34]. Theoretically, autologous MSCs have been known to be
safe because they do not result in antibody formation [5]. The risk
of tumorigenesis, disease transmission, and possibility of host
immune rejection after use of allogeneic MSCs is still a concern
[20]. In contrast, donor site morbidity to harvest autologous MSCs
would be a negative point compared with allogeneic MSCs [16].
Moreover, autologous MSCs should not be recommended for
genetic disorders [35]. Rather, in patients with genetic disorders,
allogeneic MSCs would be a reasonable option for the treatment
[16, 35]. In a previous study [16] using allogeneic MSCs for intra-
articular injections, few major adverse events were reported, and

improvements in clinical outcomes were similar to studies using
autologous MSCs [1, 2, 19]. However, further clinical research
including safety and efficacy evaluation would be necessary for
clinical practice of an intra-articular injection of allogeneic MSCs.

Previous studies [1, 2, 16, 19] have reported chondral
changes after the intra-articular injection of MSCs in patients
with knee osteoarthritis. Some studies [1, 16, 19] measuring
structural changes after MSCs injection reported on cartilage
regeneration at 6 months after injection using T2 relaxation time
and poor cartilage index on MRI. In the previous study [2], carti-
lage regeneration could be seen in the second-look arthroscopy
at 6 months after the AD-MSCs injection. In the present study,
we could not find significant cartilage regeneration in MRI at
6 months after the injection. However, the cartilage defect was
increased in the control group but maintained in the MSC group
(p = .0051). Moreover, unlike the previous study that recom-
mended partial weight-bearing with crutches for 8 weeks after
injection [2], we allowed normal daily activities without any
restriction or support. Because Orozco et al. [19] reported a con-
tinuous improvement in cartilage quality over a 2-year follow-up
from the baseline, we expect cartilage improvement in our series
with a longer follow-up. Chondral changes over time will require
further research.

Concerns about safety of MSCs remain among clinicians and
patients. According to previous trials [16, 35–37], there were no
major adverse events, but some patients commonly reported
joint pain, swelling, and difficulty with movement in a temporary
period. One previous systemic analysis [5] was performed with
clinical trials on autologous BM-MSCs. The literature found no
serious adverse events with a mean follow-up of 21 months.
The evidences are consistent with the present study in that an
intra-articular injection of MSCs appeared to be safe during the
short-term period. Nonetheless, further research is necessary for
mid- to long-term adverse events.

Our study had some limitations. First, a small number of
patients participated in this randomized, double-blinded, and
placebo-controlled study. It was performed as a pilot, phase IIb
clinical trial, prior to multicenter and large cohort study in the
phase III clinical trials. Second, because the WOMAC score was a
primary outcome, this sample size is insufficient to adequately
analyze the radiologic outcomes. Further larger sample size
would be necessary to confirm these findings. Third, the follow-
up period was 6 months. There might be unexpected outcomes
regarding clinical efficacy, adverse events, and structural out-
comes in the long-term follow-up. In the future, long-term stud-
ies with large sample sizes will be needed.

CONCLUSION

An intra-articular injection of autologous AD-MSCs provided
satisfactory functional improvement and pain relief for patients
with knee osteoarthritis in the outpatient setting, without caus-
ing adverse events at 6 months’ follow-up. Larger sample size
and long-term follow-up is required.
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