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Introduction: Clinical outcomes after the implantation of allogenic human umbilical cord blood-derived
mesenchymal stem cells (hUCB-MSCs) in osteoarthritic knees have been rarely reported. Our study
aimed to investigate clinical outcomes of osteoarthritic patients who underwent hUCB-MSC
implantation.
Methods: In this case series (level of evidence: 4), from January 2014 to December 2015, 128 patients
with full-thickness cartilage lesions (International Cartilage Repair Society grade 4 and Kellgren
eLawrence grade �3) who underwent hUCB-MSC implantation were retrospectively evaluated with a
minimum of 2-year follow-up. After removing the sclerotic subchondral bone with an arthroscopic burr,
4-mm-diameter holes were created at 2-mm intervals, and hyaluronic acid and hUCB-MSCs were sub-
sequently mixed and implanted in the holes and other articular defect sites.
Clinical outcomes were evaluated preoperatively, 1 year postoperatively, and 2 years postoperatively
(minimum) using visual analog scale (VAS), Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAC), and International Knee Documentation Committee (IKDC) scores. To assess clinical
outcomes, patients were divided into two or three groups according to the lesion size, lesion location,
number of lesions, body mass index, and age; statistical analyses were performed using these data.
Results: The mean (±standard deviation) VAS, WOMAC, and IKDC scores at 1 and 2 years after surgery
including hUCB-MSC implantation improved significantly compared to the preoperative scores
(P < 0.001). There were significant differences in the lesion location (P < 0.05). Medial femoral condyle
lesions resulted in worse outcomes compared with lateral femoral condyle and trochlea lesions. No
adverse reactions or postoperative complications were noted.
Conclusions: Implantation of hUCB-MSCs is effective for treating knee osteoarthritis based on a follow-up
lasting a minimum of 2 years.
© 2020, The Japanese Society for Regenerative Medicine. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
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1. Introduction

Osteoarthritis (OA) of the knee is a common problem charac-
terized by joint pain, swelling, stiffness, and disability [1,2]. The
main problem associated with OA is articular cartilage defect,
which has a limited capacity for repair. Because of the lack of
effective cartilage repair, it is important to treat cartilage defects
early to slow the progression of OA [3].

Autologous chondrocyte implantation (ACI) and osteochondral
autologous transplantation (OAT) are effective therapies for articular
cartilage regeneration. However, ACI has some limitations, such as
difficult application during two-step surgery, difficulty obtaining a
suitable amount of chondrocytes, a slow rate of cartilage cell pro-
liferation, and donor-site pathology [4]. OAT is an attractive option
for repairing cartilage defects because it is the only procedure that
involves real hyaline cartilage [5]; however, it is limited by its donor-
site morbidity, a gap or unevenness, and fibrocartilage formation
between the cartilage plug and native cartilage [6].

Recently, mesenchymal stem cells (MSCs) were identified as a
new option in the field of cartilage regeneration, and some authors
have reported that patients with knee OA treated with MSC im-
plantation showed clinical improvements [3, 7e12].

Few studies on the mechanism of allogenic hUCB-MSCs in
humans have been performed [13]. Wang et al. [14] showed that,
similar to bone marrow-derived MSCs (BM-MSCs), allogenic hUCB-
MSCs have morphological phenotype characteristics including the
expression of various phenotypic markers, multilineage differenti-
ation capacity, immunogenicity, and immunoregulatory potency
in vitro. Furthermore, Park et al. reported a symptomatic, large
osteochondral defect of the knee joint that was repaired using a
composite of hUCB-MSCs and hyaluronic acid (HA). Their case
report, which included 5-year follow-up, suggested that pain and
functionwere significantly improved and that a composite of hUCB-
MSCs and HA hydrogel is safe for treating large osteochondral de-
fects of the knee joint. Nevertheless, clinical results after hUCB-MSC
implantation for knee OA have been rarely reported [11, 15].

Allogenic hUCB-MSCs have some advantages over other autolo-
gous adult stem cells such as BM-MSCs and adipose tissue-derived
MSCs (AT-MSCs). First, compared with BM-MSC implantation,
hUCB-MSC implantation is not an invasive procedure and has low
donor-site morbidity [16, 17]. Second, hUCB-MSCs can be easily
collectedandhave ahighexpansioncapacity that is greater than that
of BM-MSCs [18, 19]. Third, hUCB-MSCs have low immunogenicity
in vitro and in vivo [20], and there is no immunological response,
even during xeno-transplantation [18]. Fourth, bone formation oc-
curs after BM-MSC implantation, and decreased cartilage repair has
been shown with AT-MSC implantation. However, in the study of
Park et al. [18], hUCB-MSC implantation in 15 SpragueeDawley rats
resulted in superior cartilage repair without bone formation or
degenerative changes in the cartilage for up to8weeks.Whether the
exact mechanism for cartilage repair with hUCB-MSCs is due to
direct differentiation or paracrine effects remains unknown [21, 22].
Nonetheless, we believe that they are more useful than other MSC
sources for cartilage regeneration because of their advantages and
thus hypothesized that hUCB-MSC implantation is safe and effective
for treatingOA.Hence, this retrospective studyaimed toevaluate the
clinical results of hUCB-MSC implantation as treatment for knee OA.

2. Methods

2.1. Patient selection

This study retrospectively evaluated 128 out of 143 patients
with knee OA who underwent hUCB-MSC implantation from
January 2014 to December 2015 at Gangnam JS Hospital (Seoul,
Korea). Inclusion criteria were age older than 40 years, full-
thickness cartilage lesion measuring at least 2 cm2, femoro-tibial
angle (varus or valgus) < 8� in the mechanical axis, and
KellgreneLawrence (KL) grade between 1 and 3 (CARTISTEM®;
hUCB-MSCs were approved for use for KL grades 1e3 only).
Exclusion criteria were grade 3 or less as graded by the Interna-
tional Cartilage Repair Society, KL grade 4, ligament injuries (such
as injuries of the anterior cruciate ligament and posterior cruciate
ligament), previous cartilage surgery, metabolic arthritis, and joint
infection. All patients provided written informed consent. This
study was reviewed and approved by the public institutional re-
view board of the Ministry of Health and Welfare and was per-
formed in accordance with the principles of the Declaration of
Helsinki.
2.2. Preparation of therapeutic mesenchymal stem cells

In this study, we used CARTISTEM®, which is a medicinal
product for the treatment of knee OA. CARTISTEM® with hUCB-
MSCs for cartilage repair was produced by MEDIPOST (Seongnam,
Gyeonggi-do, South Korea), and its therapeutic use for cartilage
repair was approved by the Korea Food and Drug Administration in
January 2012 [11]. This product contains 1.5 mL of cord blood-
derived MSCs (7.5 � 106) and 4% HA.

According to MEDIPOST, CARTISTEM® is made as follows: UCB
was collected from maternal umbilical veins during delivery with
informed consent and stored at a cord blood bank. hUCB-MSCs
were isolated from hUCB and expanded by repeated subcultures
[16].

Before implantation, hUCB-MSCs and HAwere mixed according
to the manufacturer's instructions during surgery. The therapeutic
dosage of CARTISTEM®was 500 mL/cm2 for a defect area with a cell
concentration of 0.5 � 107 cells/mL; the defect area was evaluated
using magnetic resonance imaging (MRI) before surgery.
2.3. Surgical technique and postoperative management

The patient was placed in the supine position on the operating
table. Standard anteromedial and anterolateral portals were
created. If meniscus problems were found during arthroscopy, then
meniscectomy or meniscal repair was performed as needed.
Arthrotomy was performed 5 mm medial to the patella; a 4-cm
long longitudinal arthrotomy was performed. If there was a
lateral-side cartilage lesion, arthrotomy was performed 5 mm
lateral to the patella. Damaged cartilage was completely removed,
and a ruler was used to measure the height and width of the lesion.

After removing the sclerotic subchondral bone with an arthro-
scopic burr, main holes were created using a drill bit (MEDIPOST) at
2-mm intervals with a depth and circumference of 4 mm, and
smaller holes with a diameter of 2 mm were created between the
main holes. Subsequently, HA and hUCB-MSCs were mixed and
implanted in the holes and trimmed to the height of the sur-
rounding articular surface (Fig. 1). If the lesion was in the tibial
plateau and drilling was not possible, microfracturewas performed.
We closed the wound at 5 min after implantation. Then, a knee
brace was applied.

Patients wore a brace and used a crutch to perform non-weight-
bearing walking for 8 weeks after surgery. If the lesion was an
isolated trochlea lesion, partial weight-bearing was allowed with
full extension with a locking brace. On day 4 postoperatively, pa-
tients started range-of-motion exercises with a continuous passive
motion machine and progressive quadriceps-strengthening
exercises.



Fig. 1. (a) A 58-year-old woman had a lesion on the medial femoral condyle and a focal lesion on the medial tibial plateau of the left knee. (b) The damaged cartilage was completely
removed, and the sclerotic subchondral bone was removed. Multiple holes with a diameter of 4 mm and 2 mm were created on the medial femoral condyle. (c) After a mixture of
hyaluronic acid and human umbilical cord blood-derived mesenchymal stem cells was implanted in the holes and trimmed to the height of surrounding articular surface on the
medial femoral condyle. (d) Second-look arthroscopy at 15 months after surgery. This was performed during opposite knee surgery.
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2.4. Outcome evaluation

The visual analog scale (VAS) scores, Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC) scores, and
International Knee Documentation Committee (IKDC) scores were
evaluated preoperatively and 1 and 2 years postoperatively. Pa-
tients were divided into groups according to characteristics
including age (younger group, younger than 60 years; older group,
60 years or older), body mass index (BMI; not obese group, BMI
<25; obese group, BMI �25), number of lesions (single-lesion
group, two-lesion group, three-lesion group), lesion location
(medial femoral condyle [MFC] lesion group, lateral femoral
condyle [LFC] lesion group, and trochlea lesion group), and lesion
size of the single-lesion group (small group, <4 cm2; large group,
�4 cm2). Then, the influences of these characteristics on clinical
outcomes were evaluated. We also investigated complications such
as infections and allergic reactions after surgery.

Radiological evaluation included the following: (1) morpho-
logical MRI, which was performed in patients who agreed to un-
dergoMRI to assess the status of cartilage repair at 3e6months and
>1 year after surgery, and (2) assessments using the modified
Magnetic Resonance Observation of Cartilage Repair Tissue
(MOCART) scoring system.
2.5. Statistical analysis

In this study, the independent variables were age, BMI, number
of lesions, lesion location, and lesion size; dependent variables
were IKDC, VAS, and WOMAC scores. All values were described as
mean ± standard deviation and range. The Wilcoxon signed-rank
test was performed to compare the IKDC, VAS, and WOMAC
scores preoperatively, 1 year postoperatively, and at the time of the
final evaluation postoperatively for all patients. The
ManneWhitney test and KruskaleWallis test were used to
compare two or three independent variables. After the
KruskaleWallis test was performed, a post hoc nonparametric test
was performed after Bonferroni adjustment of the significance level
and a ManneWhitney U test was performed. All statistical analyses
were performed using IBM SPSS statistics version 23.0 (IBM Corp.,
Armonk, NY); significance was defined as P < 0.05.
3. Results

Fifteen patients were excluded (10 patients younger than 40
years old; 2 patients with small lesions; 1 patient who died of a
heart attack; 2 patients who were lost during follow-up) among
143 patients. Therefore, 128 patients were enrolled in this study.
There were 86 (67.2%) women and 42 (32.8%) menwith a mean age
of 56.5 years (±7.9 years; range, 40e78 years).

There were 109 patients (85.2%) with a meniscal problem; 53
(41.4%) of these patients underwent meniscectomy and 56 (43.8%)
underwent meniscal repair. Furthermore, 96 (75%) patients with a
lesion on the tibial plateau underwent microfracture.

The mean follow-up period was 36.1 ± 6.4 (range, 25e47)
months. The mean BMI was 24.6 ± 3.6 (range, 17e45.8) kg/m2. The
mean sizes of the cartilage lesions of the single-lesion, two-lesion,
and three-lesion groups were 4.5 ± 1.3 cm2 (range, 2.6e8.3 cm2; 67
patients), 7.3 ± 2.9 cm2 (sum of two-lesion site; range,



Table 1
Demographic data.

Patients, n 128

Age, y 56.5 ± 7.9
Sex, female/male, n 86 (67.2%)/42 (32.8%)
Follow-up period, mo 36.1 ± 6.4
Mean BMI, kg/m2 24.6 ± 3.6
Meniscal problem, n 109
Meniscectomy, n 53
Meniscal repair, n 56
Microfracture of tibial plateau, n 96
Lesions, one/two/three, n (cm2) 67 (4.5 ± 1.3)/49 (7.3 ± 2.9)/12 (9.8 ± 3.6)
Lesion site, MFC/LFC/trochlea, n (cm2) 38 (4.3 ± 1.2)/6 (5.2 ± 1.0)/22 (4.6 ± 1.6)

BMI, body mass index; LFC, lateral femoral condyle; MFC, medial femoral condyle; mo., months; N, number; y,
years.

Table 2
Preoperative and follow-up clinical scoresa.

Preoperative 1-year follow-up Final follow-up Pc Pd Pe

VAS scoreb 7.0 ± 1.6 2.5 ± 1.7 2.0 ± 2.1 <0.001 <0.001 <0.001
WOMAC scoreb 39.3 ± 12.2 17.2 ± 12.7 13.9 ± 14.1 <0.001 <0.001 <0.001
IKDC scoreb 32.5 ± 8.3 55.8 ± 14.3 61.2 ± 17.2 <0.001 <0.001 <0.001

a Values are expressed as mean ± standard deviation unless otherwise indicated. Bold indicates statistical significance (P < 0.001). IKDC, International Knee Documentation
Committee; VAS, visual analog scale; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

b Wilcoxon signed-rank test.
c P value of preoperative score vs. score at 1 year after surgery.
d P value of preoperative score vs. score at final follow-up after surgery.
e P value of score at 1 year after surgery vs. score at final follow-up after surgery.
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3.6e20.1 cm2; 49 patients), and 9.8 ± 3.6 cm2 (sum of three-lesion
site; range, 4.6e18.6 cm2; 12 patients), respectively. The mean sizes
of the cartilage lesions of the MFC, LFC, and trochlea groups were
4.3 ± 1.2 cm2 (range, 3.2e7.1 cm2; 38 patients), 5.2 ± 1.0 cm2 (range,
3.2e5.9 cm2; 6 patients), and 4.6 ± 1.6 cm2 (range, 2.6e8.3 cm2; 22
patients), respectively (Table 1).

IKDC, VAS, and WOMAC scores at 1 year and at final follow-up
examination after surgery improved significantly compared to the
preoperative scores (P<0.001 for all) (Table 2). Scores at the final
follow-up after surgery improved significantly compared to those
at 1 year after surgery (P<0.001 for all). Preoperative IKDC scores
were significantly different (P < 0.05), but other scores at 1 year and
the final follow-up after surgery were not significantly different
(P>0.05) between the younger group and older group (Table 3).

All scores at 1 year and at final follow-up after surgery were not
significantly different between the not obese group and the obese
group (P > 0.05) or among the groups with one lesion, two lesions,
and three lesions (P>0.05) (Tables 3 and 4). However, among the
groups with MFC, LFC, and trochlea lesions, the VAS and WOMAC
Table 3
Comparisons of clinical scores according to age and body mass indexa.

Age

<60 (n ¼ 86) �60 (n ¼ 42)

VAS scoreb

Preoperative 7.0 ± 1.6 7.2 ± 1.5
1-year follow-up 2.5 ± 1.7 2.5 ± 1.7
Final follow-up 2.0 ± 2.1 1.9 ± 2.0
WOMAC scoreb

Preoperative 38.4 ± 12.4 41.2 ± 12.0
1-year follow-up 17.0 ± 12.7 17.7 ± 12.9
Final follow-up 13.6 ± 13.9 14.4 ± 14.7
IKDC scoreb

Preoperative 33.9 ± 8.2 29.5 ± 7.7
1-year follow-up 56.7 ± 14.4 53.8 ± 13.9
Final follow-up 62.3 ± 17.2 59.1 ± 17.2

a Values are expressed as mean ± standard deviation unless otherwise indicated. Bold i
Knee Documentation Committee; VAS, visual analog scale; WOMAC, Western Ontario an

b Mann-Whiney U test.
scores at 1 year and at final follow-up were significantly different
(P > 0.05 for all) (Table 5). Preoperative VAS and WOMAC scores
were significantly different between the small lesion group and
large lesion group (P ¼ 0.010 and P ¼ 0.019, respectively); however,
other scores were not significantly different (P > 0.05) (Table 6). No
allergic reaction or infection was associated with hUCB-MSC
implantation.

In this study, the data of 34 out of 128 patients were available for
the analysis of MOCART score. The first MRI was performed at 3e6
months after surgery (average, 3.8 months), whereas the second
MRI was carried out after 12 months (average, 21.2 months). The
average modified MOCART score was 30.58 for the first MRI and
55.44 for the second MRI (Fig. 2).
4. Discussion

To our knowledge, this is the first study to report allogenic
hUCB-MSC implantation used for a large sample comprising 128
patients with OA and to analyze the characteristics of patients
BMI, kg/m2

P <25 (n ¼ 77) �25 (n ¼ 51) P

0.458 7.2 ± 1.6 7.0 ± 1.5 0.563
0.944 2.5 ± 1.7 2.6 ± 1.6 0.393
0.732 2.0 ± 2.2 2.0 ± 1.9 0.547

0.162 39.1 ± 12.7 39.6 ± 11.8 0.604
0.648 17.6 ± 13.7 16.7 ± 11.2 0.872
0.545 14.4 ± 15.4 13.1 ± 12.1 0.979

0.005 32.4 ± 8.3 32.5 ± 8.2 0.808
0.278 55.4 ± 14.5 56.4 ± 14.0 0.752
0.344 61.6 ± 18.0 60.7 ± 16.0 0.644

ndicates statistical significance (P < 0.05). BMI, body mass index; IKDC, International
d McMaster Universities Osteoarthritis Index.



Table 4
Comparisons of clinical scores according to the number of lesionsa.

Single lesion (n ¼ 67) Two lesions (n ¼ 49) Three lesions (n ¼ 12) P

VAS scoreb

Preoperative 6.8 ± 1.6 7.3 ± 1.5 7.6 ± 1.7 0.151
1-year follow-up 2.4 ± 1.8 2.6 ± 1.5 3.0 ± 2.0 0.508
Final follow-up 1.9 ± 2.1 2.1 ± 2.0 2.4 ± 2.0 0.428
WOMAC scoreb

Preoperative 40.2 ± 13.4 38.6 ± 10.3 37.3 ± 13.8 0.848
1-year follow-up 18.6 ± 14.8 15.0 ± 8.6 18.6 ± 13.8 0.723
Final follow-up 14.6 ± 16.0 12.6 ± 11.2 15.1 ± 13.9 0.957
IKDC scoreb

Preoperative 33.7 ± 8.7 31.1 ± 7.6 31.3 ± 8.0 0.295
1-year follow-up 55.2 ± 15.0 56.7 ± 12.3 55.3 ± 18.2 0.915
Final follow-up 62.0 ± 18.1 60.5 ± 2.2 59.6 ± 5.4 0.695

a Values are expressed as mean ± standard deviation unless otherwise indicated. Bold indicates statistical significance (P < 0.05). IKDC, International Knee Documentation
Committee; VAS, visual analog scale; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

b Kruskal-Wallis test.
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during follow-up that lasted a minimum of 2 years. In our study,
outcomes were significantly improved clinically and statistically,
and the final follow-up results were significantly better than the 1-
year follow-up results.

Although we do not know the exact mechanism that led to
improvements in outcomes over time, we believe that allogenic
hUCB-MSC implantation is an effective treatment for OA. Similar to
our study, other studies have reported improvements over time.
Gobbi et al. [7] reported that BM-MSCs and a second-generation
matrix were transplanted in patients with large full-thickness
chondral defects, resulting in VAS scores, Knee injury and Osteo-
arthritis Outcome scores, IKDC scores, Tegner scores, and Lysholm
scores that improved over the course of follow-up lasting a mini-
mum of 3 years. Park et al. [11] implanted allogenic hUCB-MSCs and
hyaluronate hydrogel (same allogenic hUCB-MSCs as those used in
our study) in patients with OA; they reported that pain and func-
tionwere improved and that significant deterioration did not occur
over 7 years of follow-up.

In some in vitro or animal studies, it has been reported that
older age negatively affects autologous MSCs such as BM-MSCs and
AT-MSCs [23e27]. Moreover, in a clinical study, Kim et al. [9]
investigated clinical outcomes, such as IKDC scores, Tegner activity
scores, and patients’ overall satisfaction, and statistically analyzed
factors influencing clinical outcomes after AT-MSC implantation for
patients with knee OA (49 patients; 55 knees). Their study showed
Table 5
Comparisons of clinical scores according to lesion sitea.

MFC (n ¼ 38) LFC (n ¼ 6) Trochlea (n ¼ 22) P

VAS scoreb

Preoperative 6.8 ± 1.7 7.5 ± 1.9 6.6 ± 1.6 0.565
1-year follow-up 2.7 ± 1.8 2.8 ± 2.1 1.6 ± 1.4 0.048c

Final follow-up 2.4 ± 2.3 2.0 ± 2.4 0.8 ± 1.2 0.019c

WOMAC scoreb

Preoperative 41.6 ± 13.0 41.5 ± 9.7 37.45 ± 15.3 0.437
1-year follow-up 22.0 ± 16.3 20.2 ± 11.6 11.8 ± 10.3 0.019
Final follow-up 18.9 ± 18.6 13.0 ± 13.8 7.2 ± 7.4 0.044
IKDC scoreb

Preoperative 33.9 ± 8.3 28.0 ± 11.2 35.0 ± 8.4 0.412
1-year follow-up 52.1 ± 15.6 54.7 ± 15.7 61.5 ± 12.2 0.055
Final follow-up 58.0 ± 19.6 63.4 ± 22.0 69.3 ± 11.7 0.061

a Values are expressed as mean ± standard deviation unless otherwise indicated.
Bold indicates statistical significance (P < 0.05). IKDC, International Knee Docu-
mentation Committee; LFC, lateral femoral condyle; MFC, medial femoral condyle;
VAS, visual analogue scale; WOMAC, Western Ontario and McMaster Universities
Osteoarthritis Index.

b Kruskal-Wallis test. cMFC < trochlea, MFC ¼ LFC, LFC ¼ trochlea (post hoc
nonparametric test used with Bonferroni adjustment of the significance level with
the ManneWhitney U test).
that patient age was an important prognostic factor, especially age
older than 60 years (P < 0.05). In addition, they suggested that
lesion size of 6.0 cm2 is the upper limit for obtaining positive
outcomes; in another study, they reported that large lesion size
(�5.4 cm2) and high BMI (�27.5 kg/m2) were significant predictors
of poor clinical and arthroscopic outcomes. In a systematic review
of ACI, Pareek et al. [28] reported that older age and increased
lesion size (>4.5 cm2) significantly correlatedwith an increased risk
of reoperation and failure.

Obesity is another factor associated with knee OA. Wu et al. [29]
extracted BM-MSCs, subcutaneous adipose tissue, and infrapatellar
fat pad tissue, and MSCs from obese mice showed decreased
chondrogenic potential. They suggested that obesity could change
the characteristics of stem cells. Their results indicated that chon-
drogenic ability was decreased in the obese group.

In our study, we analyzed patients' characteristics, such as age,
lesion size, and obesity, to determinewhether these factors affected
clinical outcomes. Interestingly, there were no significant differ-
ences in clinical outcomes based on age, lesion size, and obesity
(P > 0.05, respectively). Although we cannot accurately explain this
result, we believe that BM-MSCs or AT-MSCs are likely to be
affected by age, lesion size, or obesity because those MSCs are
directly extracted from a patient's body; however, hUCB-MSCs are
allogenic and are extracted from placenta. Therefore, hUCB-MSCs
do not seem to be affected by age, lesion size, and obesity.
Table 6
Comparisons of clinical scores according to lesion sizea.

Lesion size, cm2

Small, <4 cm2 (n ¼ 34) Large, �4 cm2 (n ¼ 32) P

VAS score b

Preoperative 6.4 ± 1.6 7.3 ± 1.5 0.010
1-year follow-up 2.0 ± 1.7 2.7 ± 1.8 0.115
Final follow-up 1.6 ± 2.0 2.1 ± 2.2 0.322
WOMAC score b

Preoperative 38.1 ± 13.7 42.5 ± 13.7 0.119
1-year follow-up 15.9 ± 14.4 21.0 ± 15.0 0.085
Final follow-up 12.5 ± 14.4 16.6 ± 17.7 0.247
IKDC score b

Preoperative 36.6 ± 8.3 30.8 ± 8.3 0.019
1-year follow-up 58.3 ± 16.0 52.5 ± 13.4 0.058
Final follow-up 63.9 ± 16.9 60.5 ± 19.4 0.476

a Values are expressed as mean ± standard deviation unless otherwise indicated.
Bold indicates statistical significance (P < 0.05). IKDC, International Knee Docu-
mentation Committee; VAS, visual analogue scale; WOMAC, Western Ontario and
McMaster Universities Osteoarthritis Index.

b Mann-Whiney U test.
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The hUCB-MSCs that we used in this study are an “off-the-shelf”
product. Because UCB-MSCs have a high capacity for expanding and
high cryopreservation ability, they can be used “off the shelf” [14].
This feature is an advantage because a certain amount of cells can
be transplanted according to the patient's lesion size.

We believe that the amount of stem cells according to the lesion
size is important for cartilage regeneration. Jo et al. [8, 30] reported
that AT-MSCs were injected in 18 patients with knee OA divided
into low-dose (1.0 � 107 cells), mid-dose (5.0 � 107), and high-dose
(1.0 � 108) groups; they showed that pain and function were
improved by hyaline-like articular cartilage regeneration in the
high-dose group. MEDIPOST, which manufactures CARTISTEM®,
recommends increasing the dose according to the lesion size of the
patient.

In our study, we used a mixture of HA and allogenic hUCB-MSCs
supplied by MEDIPOST. Regarding the effects of mixed HA and
allogenic hUCB-MSCs, Park et al. [11] showed that the implantation
of allogenic hUCB-MSCs with 4% HA in cartilage defects led to im-
provements in cartilage repair compared with 4% HA only. The
results of these animal studies revealed that implantation of allo-
genic hUCB-MSCs with 4% HA is a possible alternative treatment for
repairing cartilage defect.

In addition, our study compared the results of lesion location,
lesion numbers, and other patient characteristics. There was no
significant difference among groups with one lesion, two lesions,
and three lesions (P > 0.05), but there was a significant difference
among the groups with MFC, LFC, and trochlea lesions (P < 0.05).
The WOMAC and VAS scores of the trochlea lesion group were
better than those of the MFC lesion group at 1-year follow-up and
final follow-up.

It is difficult to explain why the MFC lesion group had worse
outcomes than the trochlea lesion group, but it was probably due to
the adduction moment acting on the medial side of the knee. Our
study included only patients with knee alignment <8�; however,
Fig. 2. (a) Short tau inversion recovery MRI of a 55-year-old female patient showing Internat
which is completely filled with repair tissue (arrow) at 13 months after surgery.
many studies reported that the knee adduction moment increased
the medial compartment loading of the knee joint approximately
2.5 timesmore than the lateral compartment, whichwas associated
with knee joint OA [31e34]. Therefore, if there is an alignment
deformity during allogenic hUCB-MSC implantation, we recom-
mend conducting high tibial osteotomy to shift the axial load
effectively.

All patients did not agree to undergo postoperative check-up
because of the high cost of MRI. Nevertheless, the MRI data of 34
patients indicated an average modified MOCART score of 55.44,
which was similar to that of other successful cartilage repair
techniques [35].

There were some limitations to this study. First, our study
was a retrospective case series without control groups. How-
ever, there were differences in indications for allogenic hUCB-
MSC implantation and for microfracture or ACI. Microfracture
is not appropriate for patients with severe OA or large lesions,
and ACI is not suitable for patients with severe OA or large
lesions. In Korea, insurance is used only for those younger than
50 years old. However, allogenic hUCB-MSCs were approved for
patients with OA, except for those with K-L grade 4. In the
future, the use of other stem cells such as BM-MSCs or AT-MSC
should be compared to identify the precise effects of allogenic
hUCB-MSCs. Although our study did not have a control group,
it included a large number of patients, and various analyses
were performed. According to the method of Park et al. [11],
who first reported allogenic hUCB-MSC implantation, we
created multiple holes in the lesion before allogenic hUCB-MSC
implantation. However, we do not know how this process
affected the results. This study showed only clinical outcomes
such as IKDC, WOMAC, and VAS scores; second-look arthros-
copy or MRI could not be performed because we did not have
any reason to use these invasive or expensive procedures to
check the cartilage regeneration status.
ional Cartilage Repair Society grade IV defect (arrow) on the medial femoral condyle (b),
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5. Conclusions

In our study, we demonstrated improvements in pain and
function of patients with knee OA at least 2 years after implantation
of allogenic hUCB-MSCs. We believe that the clinical outcomes
were not affected by patient characteristics such as age, obesity,
and lesion size because allogenic hUCB-MSCs were used. In addi-
tion, when performing implantation for MFC lesions, it is desirable
to consider the knee alignment of the patient. If necessary, high
tibial osteotomy should be performed.
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