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Abstract

Background Delaying total knee arthroplasty is crucial for middle-aged patients with severe osteoarthritis. The
long-term outcomes of high tibial osteotomy (HTO) remain uncertain. Recently, mesenchymal stem cells (MSCs)
have shown promising potential in enhancing cartilage regeneration. Therefore, this study aimed to assess cartilage
regeneration following the implantation of allogeneic human umbilical cord blood-derived mesenchymal stem cells
(hUCB-MSCs) with HTO.

Methods In this case series, ten patients underwent hUCB-MSC implantation with HTO. The median age was 58.50
(range: 57.00-60.00) years, and the mean body mass index was 27.81 (range: 24.42-32.24) kg/mz. Clinical outcomes,
including the Western Ontario and McMaster Universities Osteoarthritis Index (WOMACQ), visual analog scale (VAS),
Physical Component Score (PCS) and Mental Component Score (MCS) from the 36-Item Short-Form Health Survey
(SF-36), were evaluated 6 months, 1 year, and 2 years postoperatively. Cartilage status of the medial femoral condyle
(MFC) was assessed during hardware removal surgery, at least 2 years after the initial procedure, and compared

with preoperative MFC cartilage status regarding lesion size and International Cartilage Repair Society (ICRS) grade.
Radiological assessments included the Kellgren—-Lawrence (KL) grading system for medial compartment osteoarthritis
and hip—knee-ankle (HKA) angle.

Results Significant improvements were observed in WOMAC scores (preoperative: 57.00 (range: 44.75-63.00),
postoperative: 27.50 (range: 22.25-28.75)), VAS scores (preoperative: 66.25 (range: 48.00-74.25), postoperative:
26.25 (range: 14.50-31.13)), SF-36 PCS (preoperative: 27.97 (range: 26.64-31.25), postoperative: 55.31 (range: 51.64—
62.50)), and SF-36 MCS (preoperative: 41.04 (range: 29.95-50.96), postoperative: 63.18 (range: 53.83-65.16)) 2 years
postoperatively (p=0.002, 0.002, 0.002, and 0.020, respectively). The MFC chondral lesion demonstrated significant
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postoperatively.

Trial registration NCT04234412.

improvement in both lesion size (preoperative: 7.00 cm? (range: 4.38-10.50 cm?), postoperative: 0.16 cm? (range:
0.00-1.75 cm?), p=0.002) and ICRS grade (preoperative: 4 (range: 4-4), postoperative: 1 (range: 1-2.25), p=0.002).
Additionally, the KL grade significantly decreased from 3 (range: 3-3) preoperatively to 2 (range: 2-2) postoperatively,
while the HKA angle was corrected from 7.50° (range: 7.00-10.25°) preoperatively to -1.00° (range: -3.5-0.00°)

Conclusions hUCB-MSC implantation with HTO is an effective treatment for medial compartment osteoarthritis and
varus deformities, resulting in significant improvements in cartilage regeneration and overall clinical outcomes.

Keywords Cartilage regeneration, High tibial osteotomy, Mesenchymal stem cell, Osteoarthritis

Background

Osteoarthritis (OA) is a whole joint disease involving
inflammation, fibrosis of the infrapatellar fat pad [1] and
meniscal degeneration affecting the cartilage, subchon-
dral bone, and surrounding synovial structures [2]. It is
a major health issue, particularly in aging populations,
with significant economic costs owing to treatments such
as total knee arthroplasty [3]. The global rise in obesity
and joint injuries is contributing to the rising prevalence
of OA [3-5]. Approximately 14 million individuals in the
United States suffer from symptomatic knee OA, with
over half of these cases classified as advanced OA [4]. Sil-
verwood et al. [6] reported that being overweight (pooled
odds ratio 1.98, 95% CI 1.57-2.20) and obesity (pooled
odds ratio 2.66, 95% CI 2.15-3.28) were strongly asso-
ciated with the onset of knee pain in OA. Additionally,
individuals with a history of joint trauma are at a sub-
stantially higher risk of developing knee OA, with odds
approximately 4 to 6 times higher for those with anterior
cruciate ligament or meniscal injuries compared to non-
injured knees [5].

High tibial osteotomy (HTO) has been recognized as
an effective surgical option for middle-aged patients with
severe medial compartment OA and varus deformity [7,
8]. By shifting the weight-bearing axis from the medial to
the lateral compartment, HTO can effectively preserve
the knee joint and achieve favorable clinical outcomes [3,
7, 9]. Although HTO has shown excellent short- and mid-
term results, long-term survival rate cannot be guaran-
teed [3, 7]. Hui et al. [7] reported that the probabilities of
survival after HTO at 5, 10, and 15 years were 95%, 79%,
and 56%, respectively. In a systematic review of 18 stud-
ies including 1296 knees, Fabbro et al. [8] demonstrated
an average 10-year survival rate of 74.6%. Recently, car-
tilage regeneration treatment with HTO has emerged
as a promising approach, demonstrating favorable clini-
cal results and effectiveness in treating chondral lesions
associated with varus deformities [10, 11]. Several stud-
ies have suggested that combining cartilage regeneration
treatment with HTO can promote significant cartilage
regeneration, as observed on second-look arthroscopy
[10, 12]. Kahlenberg et al. [11] reported in a systematic

review that the rate of conversion to total knee arthro-
plasty was 6.8%, with the average time from cartilage
regeneration treatment with HTO to conversion rang-
ing from 4.9 to 13.0 years. However, indications for com-
bined surgery remain controversial.

Various cartilage regeneration techniques are used
with concomitant HTO, including microfracture, bone
marrow aspirate concentrate (BMAC), autologous
chondrocyte implantation, autologous collageninduced
chondrogenesis, and mesenchymal stem cell (MSC)
therapy [10, 13]. While focal chondral lesions have been
effectively treated with isolated cartilage regeneration
techniques alone, large degenerative chondral lesions
lead to rapid OA progression despite cartilage regen-
eration efforts [14, 15]. Allogenic human umbilical cord
blood—derived mesenchymal stem cell (hUCB-MSC)
implantation has emerged as a promising treatment for
degenerative OA and varus deformity [10, 12, 16, 17].
hUCB-MSCs offer several advantages, including non-
invasive collection, hypo-immunogenicity, high expan-
sion ability, and superior cartilage repairability [18, 19].
Additionally, as an allogeneic cell source, hUCB-MSCs
are produced as an off-the-shelf product, providing a
sufficient supply of high-purity stem cells suitable for
addressing large and diffused chondral lesions [10, 20].
However, several limitations have been found, such as
poor survival, engraftment, and control of MSC chon-
drogenic differentiation fate in vivo [17, 21]. To improve
clinical outcomes in patients with chondral lesions and
varus deformity, hUCB-MSC implantation with concom-
itant HTO presents a promising option. However, the
studies demonstrating the implantation of hUCB-MSCs
with concomitant HTO are limited, and few prospective
or comparative studies have been reported [10]. The pur-
pose of this study was to evaluate the clinical outcomes
before and after treatment and to assess cartilage regen-
eration via second-look arthroscopy. We hypothesized
that the implantation of hUCB-MSCs with concomitant
HTO would enhance both clinical outcomes and carti-
lage regeneration.
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Methods

Participants

The study was approved by the Institutional Review
Board of the instate (UC190ISI0134). The diagnosis
of symptomatic medial compartment OA with varus
malalignment in examined patients was confirmed
through clinical symptoms, physical examination, and
radiographic evaluation. The severity of OA was classi-
fied using the Kellgren—-Lawrence (KL) grading system,
and varus malalignment was assessed by measuring the
hip-knee-ankle (HKA) angle on standing lower extremity
radiographs. The inclusion criteria for this study were as
follows: (1) diagnosis of symptomatic (> 3 months) medial
compartment OA of KL Grade II or III with varus defor-
mity (>5° and <15°), (2) age between 50 and 65 years with
a body mass index (BMI) <35 kg/m? (3) full knee flex-
ion>120° with <15° flexion contracture, (4) no severe
knee joint instability, defined as <Grade I on physical
examination (Lachman test, anterior/posterior drawer
test, varus/valgus stress test), (5) no severe OA in the
patellofemoral and lateral compartments on radiographs.
The exclusion criteria included previous knee surgery,
history of metabolic arthritis or knee joint infection, and
presence of articular cartilage lesions in the lateral com-
partment. A total of 10 patients underwent hUCB-MSC
implantation with concomitant HTO, all performed by a
senior orthopedic surgeon in our prospective study. All
data in this study were collected prospectively.

Preparation of hUCB-MSCs

The study employed CARTISTEM® (Medipost, Seong-
nam-si, Gyeonggi-do, South Korea, https://en.medi-po
st.co.kr/cartistem/), an off-the-shelf product designed
for cartilage regeneration. This product contains 1.5 mL
of hUCB-MSCs (7.5 x 10° cells/vial) combined with a 4%
hyaluronic acid hydrogel and was approved for cartilage
regeneration by the Korea Food and Drug Administration
in January 2012. The 4% lyophilized sodium hyaluronate
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was 60 mg per vial. The recommended therapeutic dose,
based on the manufacturer’s guidelines, is 500 pL/cm?
The cartilage defect size was assessed using magnetic
resonance imaging (MRI) before surgery to determine
the precise therapeutic dose. Following the combination
of hUCB-MSCs with the 4% hyaluronic acid hydrogel
using a spatula, the mixture was transferred into a 5-mL
syringe for implantation into the cartilage defect. The
safety of the product was previously evaluated in a clini-
cal trial conducted by Park et al. [19].

Surgical procedure and rehabilitation

The arthroscopic procedure was performed prior to the
HTO. After identifying chondral lesions in the medial
femoral condyle (MFC) through arthroscopic explo-
ration, curettes and gouges were used to debridge the
surface of the chondral lesion, remove the subchondral
sclerosis to expose the subchondral bone, and clearly
define the lesion margins. An additional portal was cre-
ated using a spinal needle to directly access the MFC
chondral defect. Multiple perforations, each 4 mm in
diameter and depth, were made in the chondral defect
of the MFC, with a 2-mm Kirschner wire used to drill
the spaces between each perforation. All debris was irri-
gated and the knee joint was thoroughly flushed. A mix-
ture of hUCB-MSCs and the hyaluronic acid hydrogel
was then implanted into the holes and over the articular
surface. Figure 1 illustrates the surgical procedure for
hUCB-MSC implantation using arthroscopy, as previ-
ously described by Song et al. [10]. Thereafter, open-
wedge HTO was completed with an anatomical locking
metal-block plate (Ohtofix; Ohtomedial Co. Ltd., Goy-
ang-si, South Korea). Biplanar osteotomy was performed
to align the mechanical axis laterally to approximately
62.5% of the tibial plateau. The patients were advised to
engage in isometric quadriceps and hamstring exercises,
while knee flexion was restricted to 90° for the first 4
weeks, progressing to complete weight-bearing at week

Fig. 1 hUCB-MSC implantation in arthroscopy descripted. A: Medial compartment osteoarthritis

in a 61-year-old woman; B: Multiple holes, 4 mm

in diameter and 4 mm in depth, drilled using a drill bit; C: Human umbilical cord blood-derived mesenchymal stem cells mixed with hyaluronic acid
hydrogel and implanted into the cartilage lesion. hUCB-MSC, allogenic human umbilical cord blood-derived mesenchymal stem cell
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6. Second-look arthroscopy with hardware removal was
performed 2 years after the primary surgery.

Clinical outcomes

The Western Ontario and McMaster Universities Osteo-
arthritis Index (WOMAC) [22] and visual analog scale
(VAS) were used to assess clinical outcomes by compar-
ing the preoperative state with states observed 6 months,
1 year, and 2 years postoperatively. Additionally, the
36-Item Short-Form Survey (SF-36) was used to evalu-
ate clinical outcomes based on the Physical Component
Summary (PCS) and Mental Component Summary
(MCS) [23].

Radiologic and arthroscopic evaluations

The HKA and KL grading were compared between pre-
operative and 2-year postoperative states to assess coro-
nal alignment. The HKA angle was measured using
standing lower extremity radiographs by drawing a line
from the center of the femoral head through the mid-
point between the tibial intercondylar eminences, then
extending to the center of the talus, to assess alignment.
KL Grading was determined using standing anteroposte-
rior, lateral, and Rosenberg radiographs. Figure 2 shows
a comparison of the HKA angles and KL grades between
the preoperative and 2-year postoperative periods.
Arthroscopic evaluations were conducted both preop-
eratively and 2 years postoperatively using the Interna-
tional Cartilage Repair Society (ICRS) grading system to
assess and compare cartilage status [24]. In this grading
system, grade 1 cartilage defects refer to superficial chon-
dral lesions such as superficial fissures and cracks; grade
2 defects refer to lesions that extend to less than 50% of
the cartilage depth; grade 3 defects are characterized by
extensions that penetrate more than 50% of the cartilage

Page 4 of 10

depth without reaching the subchondral bone; and grade
4 defects involve the subchondral bone [24]. Further-
more, chondral lesion size was evaluated both preopera-
tively and postoperatively. Figure 3 shows a comparison
of chondral lesions between the preoperative and 2-year
postoperative periods.

Statistical analysis

Statistical analyses were performed using the Statisti-
cal Package for Social Sciences version 29 (IBM Corp.,
Armonk, NY, USA), with the significance threshold set
at p<0.05. The results are reported as mean +standard
deviation or number (percentage). For skewed variables,
the Wilcoxon signed-rank test was used to analyze differ-
ences between the preoperative and 2-year postoperative
states for clinical outcomes, radiological assessments,
and arthroscopic cartilage evaluations. Additionally,
Friedman’s test was used to evaluate differences in clini-
cal outcomes across the preoperative and 6-month,
1-year, and 2-year postoperative states.

Results

Figure 4 presents the study flowchart. In this study,
10 patients with a median age of 58.50 (range: 57.00—
60.00) years were included; 7 (70%) were female and
3 (30%) were male patients. The average body mass
index (BMI) was 27.81 (range: 24.42—32.24) kg/m?, and
the mean HKA angle for measuring varus deformity
was 7.50 (range: 7.00-10.25)°. Table 1 presents patient
demographics.

In arthroscopic evaluations, the ICRS grade signifi-
cantly improved from grade 4 preoperatively to 1 (range:
1-2.25) postoperatively (p=0.002) as confirmed on sec-
ond-look arthroscopy at 2 years postoperatively. The size
of the chondral lesion significantly decreased from 7.00

Fig. 2 Comparison between preoperative and 2-year postoperative states in a 59-year-old man who underwent HTO on the right knee. A: preoperative
state with KL grade IIl; B: 2-year postoperative state after hardware removal with KL grade II; C: preoperative state with HKA 5° angle; D: postoperative state
with HKA —1.5° angle. KL, Kellgren-Lawrence grading; HKA, Hip—knee-ankle; HTO, High tibial osteotomy
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Fig. 3 Comparison between preoperative and second-look arthroscopy. (A, D) Chondral lesion of MFC in a 60-year-old male patient preoperatively (A)
and 2-year postoperatively (D). (B, E) Chondral lesion of MFC in a 59-year-old male patient preoperatively (B) and 2-year postoperatively (E). (C, F) Chon-
dral lesion of MFC in a 57-year-old female patient preoperatively (C) and 2-year postoperatively (F). MFC, medial femoral condyle

(range: 4.38-10.50) cm? preoperatively to 0.16 (range:
0.00-1.75) cm? postoperatively. Radiologic assessments
showed a significant improvement in the KL grade
from grade 3 (range: 3-3) preoperatively to 2 (range:
2-2) at 2 years postoperatively. The HKA angle demon-
strated a significant adjustment from 7.50 (range: 7.00—
10.25)° to -1.00 (range: -3.5-0.00)°. Table 2 presents the
arthroscopic and radiological evaluations.

Based on Friedman’s test, the preoperative, 6-month
postoperative, 1-year postoperative, and 2-year post-
operative WOMAC, VAS, and SF-36 PCS and MCS
scores were evaluated and demonstrated significant
improvement (WOMAC: p<0.001, VAS: p<0.001,
SE-36: p<0.001, SF-36 MCS: p<0.014). VAS (preop-
erative: 66.25 (range: 42.25-75.50), 6-month postopera-
tive: 38.75 (range: 25.50-58.50), 1-year postoperative:
38.00 (range: 16.63—48.50), 2-year postoperative: 26.25
(range: 13.63-32.38)) and SF-36 PCS scores (preopera-
tive: 27.97 (range: 25.39-37.34), 6-month postoperative:
43.75 (range: 29.84-48.98), 1-year postoperative: 48.91
(range: 35.55-59.29), 2-year postoperative: 55.31 (range:
49.38-63.75)) showed significant improvement over
the follow-up period. WOMAC and SF-36 MCS scores

showed no significant improvement 6 months postopera-
tively (WOMAC: 47.50 (range: 35.50—54.50), SE-36 MCS:
55.94 (range: 38.13-59.43)) compared with preopera-
tive scores (WOMAC: 57.00 (range: 44.75-63.00), SF-36
MCS: 41.04 (range: 26.33-53.98)). However, significant
improvements were confirmed at both 1 year (WOMAC:
36.0 (range: 28.50-47.75), SF-36 MCS: 54.06 (range:
40.65-66.98)) and 2 years (WOMAC: 27.50 (range:
21.50-29.50), SF-36 MCS: 63.18 (range: 53.67-66.33))
postoperatively. No reoperations or complications were
observed. Table 3 presents the clinical outcomes.

Discussion

The most significant finding of this study was that the
clinical outcomes of hUCB-MSC implantation with
concomitant HTO were excellent, with prominent carti-
lage regeneration observed on second-look arthroscopy.
The patients included in our study were relatively older,
with a median age of 58.50 (range: 57.00—60.00) years.
The BMI was 27.81 (range: 24.42-32.24) kg/m?, indicat-
ing overweight patients, and approximately 30% of the
total participants had a BMI>30 kg/m® The mean size
of the preoperative chondral lesions was 7.00 (range:
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Persistent knee pain (> 3 months )
in middle aged patients
(=50 and < 65 years old)

Varus deformity (HKA angle > 5°)
KL grade IT / III

hUCB-MSCs implantation

with concomitant HTO

Fig. 4 Flow chart of the study. KL, Kellgren-Lawrence grading; HKA, Hip—
knee-ankle; HTO, High tibial osteotomy; hUCB-MSC, allogenic human um-
bilical cord blood-derived mesenchymal stem cell

Table 1 Basic characteristics
Sex, male/female (n/n) 3/7

Age (years) 58.50 [57.00-60.00]
Side of involvement, right/left (n / n) 6/4

BMI (kg/cmz) 27.81[24.42-32.24]
Lesion size (cm?) 7.00 [4.38-10.50]
HKA angle () 7.50[7.00-10.25]
ICRS grade (n) 4 [4-4]

KL grade (n) 3[3-3]

Surgery, Partial meniscectomy / Root repair (n/n) ~ 5/5

WOMAC 57.00 [44.75-63.00]
VAS score 66.25 [42.25-75.50]
SF-36 PCS 27.97 [25.39-37.34]
SF-36 MCS 41.04[26.33-53.98]

BMI, Body mass index; HKA, Hip-knee-ankle angle; ICRS, International
Cartilage Repair Society; KL, Kellgren-Lawrence grading system; SF-36 MCS,
36-ltem Short-Form Mental Component Summary; SF-36 PCS, 36-Item Short-
Form Physical Component Summary; WOMAC, Western Ontario and McMaster
Universities Osteoarthritis Index; VAS, Visual analog scale

4.38-10.50) cm® with 90% of all participants having
chondral lesions >4 cm?. Therefore, hUCB-MSC implan-
tation with concomitant HTO proved to be effective even
in patients with large-sized chondral lesions (>4 cm?)
and varus deformity (HKA >5°) as well as in middle-aged
overweight patients.

All clinical outcomes significantly improved in this
study. The statistical difference indicated by Friedman’s
test suggests that the clinical outcomes at the preopera-
tive and 6-month, 1-year, and 2-year postoperative stages
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Table 2 Comparison of preoperative and 2-year postoperative
statuses based on arthroscopic and radiologic evaluations

Preopera- Postopera- Difference p
tive (n=10) tive (n=10)

Lesion size (cm?)  7.00 0.16 6.00 [438-7.811 0.002°
[4.38-10.50] [0.00-1.75]

HKA angle (°) 7.50 -1.00 10.50 0.002°
[7.00-10.25] [-3.5-0.00]  [8.5-11.25]

ICRS grade (n) 4 [4-4] 1[1-2.25] 3[1.75-3] 0.002°

KL grade (n) 3[3-3] 2[2-2] 101-1] 0.004°

“Wilcoxon signed-rank test: Preoperatively vs. 2 years postoperatively

HKA, Hip-knee-ankle; ICRS, International Cartilage Repair Society; KL,
Kellgren-Lawrence grading system

showed significant gradual improvement over the fol-
low-up period. In this study, no significant improvement
was observed in WOMAC and SF-36 MCS scores at the
6-month postoperative stage compared with the preop-
erative stage. However, at the 1-year and 2-year postop-
erative stages, all clinical evaluations showed significant
improvements compared with the preoperative stage.
All clinical evaluations at the 2-year postoperative stage
showed significant improvement compared with the pre-
operative stage, confirming that the short-term follow-up
results were positive.

For radiologic assessments in this study, KL grade 3
patients showed a significant improvement to grade 2 at
2 years postoperatively. This improvement is likely owing
to corrected alignment and improved joint space nar-
rowing after surgery. Several studies have already dem-
onstrated medial joint space widening following HTO,
reporting an improvement in the OA grade [25, 26]. Pre-
operative joint space narrowing and the joint line con-
vergence angle significantly impact clinical satisfaction
in patients following HTO and are also considered risk
factors for OA progression [27, 28]. However, although
an improvement in the KL grade may be observed, it is
not necessarily associated with cartilage regeneration.
Several authors, in retrospective studies of patients who
underwent isolated HTO, reported that medial joint
space widening showed a significant correlation with the
weight-bearing line ratio but did not exhibit a significant
correlation with cartilage regeneration [29, 30].

HTO has been an alternative treatment for middle-
aged patients with severe OA in the medial compartment
and varus malalignment (>5°), aiming to prevent further
OA degeneration and progression to total knee replace-
ment. The long-term clinical outcomes have already been
well established [8, 31, 32]. Constatin et al. [31] reported
that the 5-, 10-, and 20-year HTO survival rates of 88%,
77%, and 44% for HTO, respectively, with favorable can-
didates (age <55, BMI< 30, and WOMAC pain score >45)
achieving a survival rate of 62% at 20 years. Mechanical
alignment and ligament stability have been demonstrated
to influence clinical outcomes and survival rate in the
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Table 3 Comparison between preoperative and postoperative clinical outcomes

- WOMAC p VAS p
Preoperative 57.00 [44.75-63.00] <0.001°? 66.25 [42.25-75.50] <0.001°
6-month postoperative 4750 [35.50-54.50] 0.189° 38.75 [25.50-58.50] 0.002°
1-year postoperative 36.0 [28.50-47.75] 0.004¢ 38.00 [16.63-48.50] 0.002¢
2-years postoperative 27.50[21.50-29.50] 0.002¢ 26.25[13.63-32.38] 0.002¢

- SF-36 PCS p SF-36 MCS p
Preoperative 27.97 [25.39-37.34] <0.001° 41.04 [26.33-53.98] 0.014°
6-month postoperative 4375 [29.84-48.98] 0.037° 55.94 [38.13-59.43] 0.064°
1-year postoperative 4891 [35.55-59.29] 0.002¢ 54,06 [40.65-66.98] 0.049°
2-years postoperative 55.31[49.38-63.75] 0.002¢ 63.18 [53.67-66.33] 0.020¢

2Friedman test: Preoperatively vs. 6 months postoperatively vs. 1 year postoperatively vs. 2 years postoperatively

bWilcoxon signed-rank test: Preoperatively vs. 6 months postoperatively
“Wilcoxon signed-rank test: Preoperatively vs. 1 year postoperatively

dWilcoxon signed-rank test: Preoperatively vs. 2 years postoperatively

SF-36 MCS, 36-Item Short-Form Mental Component Summary; SF-36 PCS, 36-ltem Short-Form Physical Component Summary; WOMAC: Western Ontario and

McMaster Universities Osteoarthritis Index; VAS: Visual analog scale

long-term follow-up [32, 33]. The load distribution after
HTO shifting weight-bearing axis to the lateral compart-
ment lead to increase contact pressure of lateral com-
partment, which may affect MFC articular cartilage [34].
However, simple HTO alone has not shown significant
superior advantage of MFC cartilage regeneration com-
pared to simple cartilage repair in second-look cartilage
status in short-term follow-up studies, although post-
operative MFC cartilage has demonstrated significant
improvement [35, 36]. Kim et al. [35] observed that, fol-
lowing HTO without additional cartilage repair, chondral
lesions in the MFC and medial tibial plateau improved
in 54 knees (51.9%) and 36 knees (34.6%), respectively
(=104, mean age: 56.3+5.4 years, mean follow-up
25.0+ 5.8 months, mean HKA: 6.0 +£2.2°). Jung et al. [36]
reported that chondral lesions in the MFC exhibited
grade II cartilage status (white scattering with fibro-
cartilage, partial coverage with fibrocartilage, or even
coverage with fibrocartilage), in 94% of patients under-
going HTO (n=31, mean age: 58.6 + 6.9 years) and 100%
of patients undergoing HTO with subchondral drilling
(n=30, mean age: 61.5+7.5 years), with no significant
difference between the two groups (p=0.492). Addition-
ally, several comparative studies have demonstrated that
simple cartilage repair methods show improved cartilage
regeneration in the short-term follow-up compared to
the microfracture with HTO group [18, 37].

Cartilage repair techniques are considered contro-
versial to influence clinically in long-term follow-up.
Unfortunately, many studies have failed to demonstrate
cartilage improvement in long-term follow-up with iso-
lated cartilage repair alone. Recent studies have been
reported that HTO with ACI improve clinically in the
long-term follow-up [38-40]; however, it has been lim-
ited to the patients with small to medium chondral lesion
or relatively young patients. Cartilage improvement in
large-sized, degenerative chondral lesions of the medial
compartment is highly challenging [41]. Throughout our

study, hUCB-MSC implantation with concomitant HTO
may be alternative treatment that can influence cartilage
status and clinical outcomes compared to conventional
HTO treatment or simple cartilage repair.

In this study, all patients showed improvement on
second-look arthroscopy 2 years postoperatively com-
pared with preoperative values without complications. A
notable point in our study is that cartilage regeneration
at the 2-year follow-up is considerably better compared
to other MSC implantation studies [12, 18, 42]. These
results demonstrate that hUCB-MSC implantation with
concomitant HTO is an effective treatment for patients
with large chondral lesions and varus deformities. Jung
et al. [18] conducted a prospective comparative study
with a one-year follow-up, evaluating the outcomes of
hUCB-MSC implantation without osteotomy versus
microdrilling with HTO. The mean ICRS grade follow-
ing hUCB-MSC implantation was 2.2 +0.68 grade (n=15,
mean age: 59.2+5.4 years, preoperative MFC chondral
lesion: 7.2+2.0 mm?). In contrast, the mean ICRS grade
after microdrilling with HTO was 2.5 +0.97 grade (n =10,
mean age: 57.9+3.7 years, preoperative MFC chondral
lesion: 5.2+2.1 mm?). Song et al. [10] reported a retro-
spective study in which the ICRS grade after hUCB-MSC
implantation combined with HTO was 1.54+0.70 grade
(n=125, mean age: 58.3+6.8 years, preoperative MFC
chondral lesion: 6.9+2.0 mm?, mean HKA: 7.6 +2.4°). In
our study, the ICRS grade after hUCB-MSC implantation
combined with HTO was 1 (range: 1-2.25). Compared to
the methods applied in the study by Jung et al. [18] with
simple hUCB-MSC implantation and the study by Song
et al. [10], the outcomes of this study can be considered
superior. Therefore, the results of our study suggest that
hUCB-MSC implantation enhances cartilage regenera-
tion more effectively when combined with HTO, offering
a promising therapeutic strategy for patients with medial
compartment OA and varus deformity.
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There is a need to investigate the reasons for the supe-
rior outcomes of hUCB-MSC implantation both clini-
cally and biologically. Lee et al. [12] reported that ICRS
grading at second-look arthroscopy was better in patients
who underwent hUCB-MSC implantation (n =32, mean
age: 58.1 + 3.6 years, mean MFC chondral lesion: 7.0+1.9
mm?, ICRS grading: from 3.9 to 2.0) combined with
HTO compared to those who received BMAC with HTO
(n=42, mean age: 60.7+4.1 years, mean MFC chondral
lesion: 6.5+2.9 mm? ICRS grading: from 3.9 to 2.8),
even though no significant differences were observed in
clinical and radiologic outcomes between the two groups
(mean follow-up: 18.7+4.6 months). Similarly, Park et
al. [42] conducted a systematic review and meta-analy-
sis, concluding that hUCB-MSCs combined with HTO
(n=330, mean age: 57.8+5.4 years) were more effective
in articular cartilage regeneration than BMAC augmen-
tation with HTO (n=169, mean age: 57.7+7.3 years),
with greater improvement in articular cartilage regen-
eration in patients treated with hUCB-MSCs (SMD,
4.18; 95% CI, 3.61-4.75) compared to those treated with
BMAC (SMD, 1.81; 95% CI, 1.10-2.53; p<0.001). These
clinical findings suggest that hUCB-MSCs may have a
higher capacity for multilineage differentiation com-
pared to bone marrow-derived mesenchymal stem cells
(BM-MSCs). However, there are few comparative stud-
ies evaluating cartilage regeneration in knee OA between
hUCB-MSCs and adipose tissue-derived mesenchymal
stem cells (AD-MSCs) implantations. Koh et al. [43]
reported 87.5% of elderly patients (14/16, mean age: 70.3
[65—-80] years) showed improvement or maintained carti-
lage status in second-look arthroscopy at least two years
after AD-MSCs implantation however, no control group
was observed. Since there are limited comparative stud-
ies among different types of MSCs and a lack of long-
term clinical studies, further research is necessary for a
more comprehensive comparison and analysis.

Biologically, hUCB-MSCs can differentiate into various
musculoskeletal lineages, including cartilage, bone, and
adipose tissue, and have shown particularly strong chon-
drogenic differentiation potential, which is beneficial for
cartilage repair [44, 45]. hUCB-MSCs are considered
more primitive compared to other MSC sources, contrib-
uting to lower immunogenicity and allowing for a greater
degree of HLA mismatch in transplantation [44, 45]. Oh
et al. [46] compared AD-MSCs, BM-MSCs, and UCB-
MSCs in a rat model of pulmonary hypertension and
found that UCB-MSCs had the strongest effect in reduc-
ing inflammation and improving right ventricular func-
tion. The chondrogenic ability of AD-MSCs is generally
considered inferior to that of BM-MSCs, but AD-MSCs
possess a greater proliferative capacity. However, Ma
et al. [47] concluded that amniotic membrane-derived
MSCs, umbilical cord-derived MSCs, and chorionic
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plate-derived MSCs exhibited similar chondrogenic
potential, as indicated by comparable expression levels
of DCN, COMP, and COL2A1 in real-time PCR analysis.
MSCs have emerged as a promising option for cartilage
repair due to their ability to differentiate into chondro-
cytes and their immunomodulatory effects. However,
they frequently result in suboptimal tissue composition
and mechanical performance, leading to limitations in
long-term efficacy. Additionally, challenges related to
donor selection, the invasiveness of procedures, and vari-
ability in tissue responses must be addressed to improve
clinical outcomes in cartilage regeneration [48].

Although this study presents important findings, it has
some limitations. First, this study had a relatively short
follow-up period and small sample size. Mid- or long-
term follow-up with a large patient study will provide
accurate results for the efficacy of hUCB-MSC implanta-
tion with concomitant HTO. Second, there was no con-
trol group in this study, and the efficacy of hUCB-MSC
implantation could not be definitively established. A
comparative analysis with control groups, such as iso-
lated hUCB-MSC implantation or isolated HTO, would
provide stronger evidence for the effectiveness of hUCB-
MSC implantation with concomitant HTO. Third, while
MRI is a non-invasive tool that can assist in evaluating
cartilage repair, we used second-look arthroscopy as it
allows for direct visualization and grading of cartilage
quality, which is considered the gold standard for assess-
ing cartilage regeneration. Arthroscopic evaluation pro-
vides a more detailed assessment of the repaired tissue’s
structural integrity, surface smoothness, and integration
with native cartilage, which MRI may not fully capture.
However, future studies incorporating MRI-based assess-
ments, such as the Magnetic Resonance Observation
of Cartilage Repair Tissue 2.0 knee score, could further
complement arthroscopic findings and offer a compre-
hensive evaluation of cartilage regeneration from mul-
tiple perspectives.

Conclusion

The implantation of hUCB-MSCs with concomitant
HTO is an effective treatment for patients with medial
compartment OA and varus deformity, resulting in
improved cartilage regeneration. This study suggests
that hUCB-MSC implantation with concomitant HTO
is an appropriate treatment option, even for middle-aged
patients with large chondral lesions, overweight BMI,
and varus deformity.

Abbreviations

AD MSC-adipose tissue—derived mesenchymal stem cell
BMI Body mass index

BMAC Bone marrow aspirate concentrate

BM MSC-bone marrow-derived mesenchymal stem cell
HKA Hip-knee-ankle



Bae et al. Stem Cell Research & Therapy (2025) 16:211

hUCB MSC-human umbilical cord blood-derived mesenchymal stem
cell

HTO High tibial osteotomy

ICRS International Cartilage Repair Society

KL Kellgren-Lawrence

MCS Mental Component Summary

MFC Medial femoral condyle

MRI Magnetic resonance imaging

OA Osteoarthritis

PCS Physical Component Summary

SF 36-36-Item Short-Form Survey

VAS Visual analog scale

WOMAC  Western Ontario and McMaster Universities Osteoarthritis Index

Acknowledgements

The authors declare that they have not use Al-generated work in this
manuscript. The stem cell product in this study was supported by Medipost
[td and this research was supported by the National Research Foundation
(NRF) funded by the Korean government (No. NRF-2022R1A6A3A01086587,
No. RS-2023-NR077015).

Author contributions

Bae BS & Jung JW wrote the manuscript; Kim SJ designed the study and
surgery. Kim SA, Go EJ & Jo GY performed the clinical research; Cho ML
analyzed data; Shetty AA contributed to the conception of the study and
research of the background literature;

Funding
Not applicable.

Data availability
All additional files are included in the manuscript.

Declarations

Ethics approval and consent to participate

Title of the approved project; Academic observational research of high
tibial osteotomy with allogenic umbilical blood stem cell application for
the osteoarthritis of knee. Name of the institutional approval committee or
unit; IRB of the Catholic university of Korea, Uijeongbu St. Mary's hospital.
Approval number; UCT90ISI0134. Date of approval; Nov. 28, 2019. Medipost
has confirmed that the collection of human cells was conducted with initial
ethical approval and that informed consent was obtained from all donors.

Consent for publication
Consents were obtained in this research.

Competing interests
The authors declare no potential conflicts of interest with respect to the
research, authorship, and/or publication of this article.

Author details

'Department of Orthopaedic Surgery, College of Medicine, The Catholic
University of Korea, Seoul, Republic of Korea

*The Rheumatism Research Center, Catholic Research Institute of Medical
Science, College of Medicine, The Catholic University of Korea, Seoul,
Republic of Korea

3Institute of Medical Sciences, Faculty of Health and Social Care,
Canterbury Christ Church University, Canterbury, UK

“Department of Orthopedic Surgery, Uijleongbu St. Mary’s Hospital,
College of Medicine, The Catholic University of Korea, 271, Cheonbo-ro,
Uijeongbu-si, Gyeonggi-do, Republic of Korea

Received: 19 December 2024 / Accepted: 22 April 2025
Published online: 28 April 2025

Page 9 of 10

References

1. Belluzzi E, MacchiV, Fontanella CG, Carniel EL, Olivotto E, Filardo G, et al.
Infrapatellar fat pad gene expression and protein production in patients with
and without osteoarthritis. Int J Mol Sci. 2020;21:6016.

2. Battistelli M, Favero M, Burini D, Trisolino G, Dallari D, Franceschi LD, et al. Mor-
phological and ultrastructural analysis of normal, injured and Osteoarthritic
human knee menisci. Eur J Histochem. 2019;63:2998.

3. Hunter DJ, Bierma-Zeinstra S. Osteoarthr Lancet. 2019;393:1745-59.

4. Deshpande BR, Katz JN, Solomon DH, Yelin EH, Hunter DJ, Messier SP, et al.
The number of persons with symptomatic knee osteoarthritis in the united
States: impact of race/ethnicity, age, sex, and obesity. Arthritis Care Res
(Hoboken). 2016;68:1743-50.

5. Poulsen E, Goncalves GH, Bricca A, Roos EM, Thorlund JB, Juhl CB. Knee
osteoarthritis risk is increased 4-6 fold after knee injury — a systematic review
and meta-analysis. Br J Sports Med. 2019;53:1454-63.

6. SilverwoodV, Blagojevic-Bucknall M, Jinks C, Jordan JL, Protheroe J, Jordan
KP. Current evidence on risk factors for knee osteoarthritis in older adults: a
systematic review and meta-analysis. Osteoarthr Cartil. 2015;23:507-15.

7. HuiC, Salmon LJ, Kok A, Williams HA, Hockers N, van der Tempel WM, et al.
Long-term survival of high tibial osteotomy for medial compartment osteo-
arthritis of the knee. Am J Sports Med. 2011;39:64-70.

8. Dal Fabbro G, Grassi A, Agostinone P, Lucidi GA, Fajury R, Ravindra A, et al.
High survivorship rate and good clinical outcomes after high tibial oste-
otomy in patients with radiological advanced medial knee osteoarthritis: a
systematic review. Arch Orthop Trauma Surg. 2024;144:3977-88. https.//pub
med.ncbi.nim.nih.gov/38430233/

9. Yang H-Y, Kwak W-K, Kang SJ, Song E-K, Seon J-K. Second-look arthroscopic
cartilage status is related to intermediate-term outcomes after medial
opening-wedge high tibial osteotomy. Bone Joint J. 2021;103-B:1686-94.

10.  Song J-S, Hong K-T, Kong C-G, Kim N-M, Jung J-Y, Park H-S, et al. High tibial
osteotomy with human umbilical cord blood-derived mesenchymal stem
cells implantation for knee cartilage regeneration. World J Stem Cells.
2020;12:514-26.

11. Kahlenberg CA, Nwachukwu BU, Hamid KS, Steinhaus ME, Williams RJ.
Analysis of outcomes for high tibial osteotomies performed with cartilage
restoration techniques. Arthroscopy. 2017,33:486-92.

12. Lee N-H, Na S-M, Ahn H-W, Kang J-K, Seon J-K, Song E-K. Allogenic human
umbilical cord blood-derived mesenchymal stem cells are more effective
than bone marrow aspiration concentrate for cartilage regeneration after
high tibial osteotomy in medial unicompartmental osteoarthritis of knee.
Arthroscopy. 2021;37:2521-30.

13. Lee DH, Kim SA, Song J-S, Shetty AA, Bo-Hyoung K, Kim SJ. Cartilage regen-
eration using human umbilical cord blood derived mesenchymal stem cells:
A systematic review and meta-analysis. Medicina. 2022;58:1801.

14. Pareek A, Carey JL, Reardon PJ, Peterson L, Stuart MJ, Krych AJ. Long-term
outcomes after autologous chondrocyte implantation: A systematic review
at mean follow-up of 114 years. Cartilage. 2016;7:298-308.

15. Kumagai K, Akamatsu Y, Kobayashi H, Kusayama Y, Koshino T, Saito T. Factors
affecting cartilage repair after medial opening-wedge high tibial osteotomy.
Knee Surg Sports Traumatol Arthrosc. 2017;25:779-84.

16.  Song J-S, Hong K-T, Kim N-M, Jung J-Y, Park H-S, Lee SH, et al. Implantation of
allogenic umbilical cord blood-derived mesenchymal stem cells improves
knee osteoarthritis outcomes: Two-year follow-up. Regen Ther. 2020;14:32-9.

17. Razak HRBA, Corona K, Totlis T, Chan LYT, Salreta JF, Sleiman O, et al. Mesen-
chymal stem cell implantation provides short-term clinical improvement and
satisfactory cartilage restoration in patients with knee osteoarthritis but the
evidence is limited: a systematic review performed by the early-osteoarthritis
group of ESSKA-European knee associates section. Knee Surg Sports Trauma-
tol Arthrosc. 2023 [cited 2024 Oct 7];31. Available from: https://pubmed.ncbi.
nlm.nih.gov/37737920/

18. Jung S-H, Park H, Jung M, Chung K, Kim S, Moon H-S, et al. Implantation
of hUCB-MSCs generates greater hyaline-type cartilage than microdrilling
combined with high tibial osteotomy. Knee Surg Sports Traumatol Arthrosc.
2024,32:829-42.

19. Park Y-B,Ha C-W, Lee C-H, Yoon YC, Park Y-G. Cartilage regeneration in Osteo-
arthritic patients by a composite of allogeneic umbilical cord blood-derived
mesenchymal stem cells and hyaluronate hydrogel: results from a clinical trial
for safety and proof-of-concept with 7 years of extended follow-up. Stem
Cells Transl Med. 2017,6:613-21.

20. Kern S, Eichler H, Stoeve J, Kliter H, Bieback K. Comparative analysis of
mesenchymal stem cells from bone marrow, umbilical cord blood, or adipose
tissue. Stem Cells. 2006;24:1294-301.


https://pubmed.ncbi.nlm.nih.gov/38430233/
https://pubmed.ncbi.nlm.nih.gov/38430233/
https://pubmed.ncbi.nlm.nih.gov/37737920/
https://pubmed.ncbi.nlm.nih.gov/37737920/

Bae et al. Stem Cell Research & Therapy

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

(2025) 16:211

Somoza RA, Welter JF, Correa D, Caplan Al. Chondrogenic differentiation of
mesenchymal stem cells: challenges and unfulfilled expectations. Tissue Eng
Part B Rev. 2014;20:596-608.

McConnell S, Kolopack P, Davis AM. The Western Ontario and McMaster
universities osteoarthritis index (WOMAQC): a review of its utility and measure-
ment properties. Arthritis Care Res. 2001;45:453-61.

Ware JE, Kosinski M, Bayliss MS, McHorney CA, Rogers WH, Raczek A. Compar-
ison of methods for the scoring and statistical analysis of SF-36 health profile
and summary measures: summary of results from the medical outcomes
study. Med Care. 1995;33:A5264-279.

Brittberg M, Winalski CS. Evaluation of cartilage injuries and repair. J Bone
Joint Surg Am. 2003;85:58-69.

Shon O-J, On JW, Kim GB. Particulated costal hyaline cartilage allograft with
subchondral drilling improves joint space width and second-look macro-
scopic articular cartilage scores compared with subchondral drilling alone in
medial open-wedge high tibial osteotomy. Arthroscopy. 2023;39:2176-87.
Lee B-S, Kim T-H, Bin S-I, Kim J-M, Kim H. Clinicoradiologic outcomes of
medial open-wedge high-tibial osteotomy are equivalent in bone-on-bone
and non-bone-on-bone medial osteoarthritis. Arthroscopy. 2021,37:638-44.
Sohn S, Koh IJ, Kim MS, Kang BM, In Y. What factors predict patient dissatisfac-
tion after contemporary medial opening-wedge high tibial osteotomy? J
Arthroplasty. 2020;35:318-24.

Gimm G, JiH, Ro DH, Lee MC, Han H-S. Medial joint opening in the oper-
ated knee after unilateral high tibial osteotomy: risk of osteoarthritis and
future surgery in the operated and nonoperated knee. Am J Sports Med.
2024;,03635465241285455.

Jeong HW, Shim SJ, Park SY, Lee YS. Analysis of the determinant factor of the
medial joint space width after medial opening wedge high tibial osteotomy.
Arch Orthop Trauma Surg. 2023;143:4879-88.

Moon H-S, Choi C-H, Yoo J-H, Jung M, Lee T-H, Byun J-W, et al. An increase in
medial joint space width after medial open-wedge high tibial osteotomy is
associated with an increase in the postoperative weight-bearing line ratio
rather than with cartilage regeneration: comparative analysis of patients
who underwent second-look arthroscopic assessment. Arthroscopy.
2021;37:657-e6684.

Constantin H, Salmon LJ, Russell V, Sundaraj K, Roe JP, Pinczewski LA. 20-year
outcomes of high tibial osteotomy: determinants of survival and functional
outcome. Am J Sports Med. 2024;52:344-51.

Ollivier B, Berger P, Depuydt C, Vandenneucker H. Good long-term survival
and patient-reported outcomes after high tibial osteotomy for medial
compartment osteoarthritis. Knee Surg Sports Traumatol Arthrosc.
2021;29:3569-84.

Schuster P, Schlumberger M, Mayer P, Eichinger M, GeRlein M, Schulz-Jahrs-
dorfer M, et al. Excellent long-term results in combined high tibial osteotomy,
anterior cruciate ligament reconstruction and Chondral resurfacing in
patients with severe osteoarthritis and varus alignment. Knee Surg Sports
Traumatol Arthrosc. 2020;28:1085-91.

Agneskirchner JD, Hurschler C, Wrann CD, Lobenhoffer P. The effects of valgus
medial opening wedge high tibial osteotomy on articular cartilage pressure
of the knee: a Biomechanical study. Arthroscopy. 2007;23:852-61.

Kim K-, Seo M-C, Song S-J, Bae D-K, Kim D-H, Lee SH. Change of Chondral
lesions and predictive factors after medial open-wedge high tibial osteotomy
with a locked plate system. Am J Sports Med. 2017;45:1615-21.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

Page 10 of 10

Jung W-H, Takeuchi R, Chun C-W, Lee J-S, Jeong J-H. Comparison of results of
medial opening-wedge high tibial osteotomy with and without subchondral
drilling. Arthroscopy. 2015;31:673-9.

Kim MS, Koh 1, Choi YJ, Pak KH, In Y. Collagen augmentation improves

the quality of cartilage repair after microfracture in patients undergoing

high tibial osteotomy: A randomized controlled trial. Am J Sports Med.
2017;45:1845-55.

Ackermann J, Merkely G, Arango D, Mestriner AB, Gomoll AH. The effect of
mechanical leg alignment on cartilage restoration with and without con-
comitant high tibial osteotomy. Arthroscopy. 2020;36:2204-14.

Bode L, Eberbach H, Brenner A-S, Kloos F, Niemeyer P, Schmal H, et al. 10-year
survival rates after high tibial osteotomy using angular stable internal plate
fixation: case series with subgroup analysis of outcomes after combined
autologous chondrocyte implantation and high tibial osteotomy. Orthop J
Sports Med. 2022;10:23259671221078003.

Ehmann YJ, Esser T, Seyam A, Rupp M-C, Mehl J, Siebenlist S, et al. Low
postoperative complication rate with high survival rate and good clinical
outcome 9 years after autologous chondrocyte transplantation of the knee
joint. Arch Orthop Trauma Surg. 2023;143:2665-74.

Dekker TJ, Aman ZS, DePhillipo NN, Dickens JF, Anz AW, LaPrade RF. Chondral
lesions of the knee: an evidence-based approach. JBJS. 2021;103:629.

Park D, Choi YH, Kang SH, Koh HS, In Y. Bone marrow aspirate concentrate ver-
sus human umbilical cord blood-derived mesenchymal stem cells for com-
bined cartilage regeneration procedure in patients undergoing high tibial
osteotomy: A systematic review and meta-analysis. Medicina. 2023;59:634.
Koh Y-G, Choi Y-J, Kwon S-K, Kim Y-S, Yeo J-E. Clinical results and second-look
arthroscopic findings after treatment with adipose-derived stem cells for
knee osteoarthritis. Knee Surg Sports Traumatol Arthrosc. 2015;23:1795.

Kim J-Y, Jeon HB, Yang YS, Oh W, Chang JW. Application of human umbilical
cord blood-derived mesenchymal stem cells in disease models. World J Stem
Cells. 2010;2:34-8.

Jin HJ, Bae YK, Kim M, Kwon S-J, Jeon HB, Choi SJ, et al. Comparative

analysis of human mesenchymal stem cells from bone marrow, adipose
tissue, and umbilical cord blood as sources of cell therapy. Int J Mol Sci.
2013;14:17986-8001.

Oh'S, Jang AY, Chae S, Choi S, Moon J, Kim M, et al. Comparative analysis on
the anti-inflammatory/immune effect of mesenchymal stem cell therapy for
the treatment of pulmonary arterial hypertension. Sci Rep. 2021;11:2012.

Ma J,Wu J, Han L, Jiang X, Yan L, Hao J, et al. Comparative analysis of mes-
enchymal stem cells derived from amniotic membrane, umbilical cord, and
chorionic plate under serum-free condition. Stem Cell Res Ther. 2019;10:19.
ZhaK, Li X, Yang Z Tian G, Sun Z, Sui X, et al. Heterogeneity of mesenchymal
stem cells in cartilage regeneration: from characterization to application. NPJ
Regen Med. 2021,6:1-15.

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



	﻿Treatment of osteoarthritic knee with high tibial osteotomy and allogeneic human umbilical cord blood–derived mesenchymal stem cells combined with hyaluronate hydrogel composite
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Participants
	﻿Preparation of hUCB-MSCs
	﻿Surgical procedure and rehabilitation
	﻿Clinical outcomes
	﻿Radiologic and arthroscopic evaluations
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


