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Abstract

Purpose
We compared the clinical and radiologic results of human umbilical cord-blood derived mesenchymal
stem cells (hUCB-MSCs)cartilage regeneration procedures combined with HTO to those of microfracture
with HTO.

Methods
From August 2017 to December 2018, HTO patients with International Cartilage Regeneration and Joint
Preservation Society (ICRS) grade IV cartilage defects over 200 mm2 on medial femoral condyle (MFC)
were enrolled. For comparison, all participants were divided into two groups: those who had undergone
an hUCB-MSC induced cartilage regeneration procedure (group MSC) and those with microfractures only
(group C, controls). Clinically, Hospital for Special Surgery (HSS), International Knee Documentation
Committee (IKDC), and Lysholm scores were evaluated post-operatively at 18 months. Radiologically,
mechanical axis (MA) and joint space width (JSW) were evaluated.

Results
A total of 100 knees were enrolled (43 in group MSC, 57 in group C). The IKDC score in group MSC (69)
was better than that in group C (62; P < 0.05). The JSW increment in the MSC group (0.6 mm) was more
than that in group C (0.1 mm; P < 0.05). No patient developed nonunion, correction loss, or arthroplasty
conversion.

Conclusion
hUCB-MSCs can improve clinical outcome and JSW better than microfracture only in HTO patients.

Introduction
High tibial osteotomy (HTO) is a well-established surgery for patients with medial osteoarthritis (OA) with
varus alignment. Many studies have reported long-term survival to be over 80%.1–6 Furthermore, a
combined cartilage regeneration procedure such as microfracture (MFx) has an even better survival rate
in the long-term.7–9 Failed cartilage regeneration is closely related to the early failure of HTO and the need
for total replacement arthroplasty.

Various methods have been proposed for cartilage regeneration. MFx has been used widely; however,
there are concerns with this procedure, such as �brocartilage formation and its unsuitability for arthritic
cartilage defects.10–12 Various augmentation methods, such as collagen substitutes, osteochondral
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grafts, and autologous chondrocyte implantation have been suggested, but the use of these is limited to
elderly patients with OA.13,14 Since the development of cell therapy, various groups have used
mesenchymal stem cells (MSCs) for cartilage regeneration, including autologous bone marrow aspirate
concentrate (BMAC), autologous fat-derived stromal vascular fraction, autologous stem cells from fat or
synovial tissue, and human umbilical cord-blood derived mesenchymal stem cells (hUCB-MSCs).15–20

Previous studies have shown good results for cartilage regeneration using MSCs in HTO patients.16–18

However, there is still concern about using autologous MSCs for cartilage regeneration in elderly
patients.21–24 Because HTO is used commonly in patients who are elderly and suffer with advanced OA,
another surgical option, such as allogenic MSC therapy, is needed. One option for cartilage regeneration
in old age is allogenic hUCB-MSCs, an allogenic MSC therapy for cartilage regeneration that has been
used for over 50 years and is known as a successful cartilage regeneration technique.25

However, there are limited studies about hUCB-MSCs. In the current study, we evaluated the clinical and
radiological outcomes of patients who had undergone hUCB-MSC treatment combined with HTO
compared with those of patients who had undergone MFx combined with HTO. The hypothesis was that
hUCB-MSC-treated patients would have better clinical and radiological outcomes than MFx in HTO
patients.

Materials And Methods
The protocol and design of the current study were reviewed and approved by the Ethics Committee of the
Public Institutional Review Board Designated by Ministry of Health and Welfare (IRB approval 2020-2698-
001).
Medical records and radiological results of HTO patients were retrospectively reviewed to compare them
based on the use of hUCB-MSC treatment and MFx only.
The written informed consent were obtained for all participants before surgery, and all relevant guidelines
were followed for the study

Inclusion criteria of the study were

1. International Cartilage Regeneration and Joint Preservation Society (ICRS) grade IV cartilage defect
of medial femoral condyle (MFC) over 200 mm2

2. Medial opening-wedge HTO �xed by locking plate with metal wedge (OhtoFix type I plate;
Ohtomedical Co. Ltd., Goyang, Korea)

3. A minimum follow-up of 18 months after surgery
4. All surgery performed in a single institution

Surgical procedures and postoperative rehabilitation
protocol
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Preoperatively, the correction amount was measured using Miniaci’s method, targeting the lateral tibial
spine at the standing anteroposterior (AP) view of the whole lower extremity using the PiView STAR
(INFINITT, Seoul, South Korea), a type of picture archiving and communication system (PACS).

Under spinal anesthesia, standard anteromedial and anterolateral portals were made. Arthroscopic
examination was performed, including synovectomy, debridement, partial meniscectomy, and/or
meniscal repair. For cartilage defects of MFC, radial debridement was performed at the subchondral bone
level. Then, an anteromedial portal was extended about 2 cm. Using a 4 mm-diameter reamer, multiple 4
mm-deep holes were made in subchondral bone in cartilage defects. After saline drainage, off-the-shelf
hUCB-MSC product, Cartistem (MEDIPOST, Seongnam, South Korea), was applied. This product consists
of 1.5 mL hUCB-MSCs (7.5 × 106 cells/vial) and 4% hyaluronic acid hydrogel, and it was approved by the
Korea Food and Drug Administration in 2012 and is used for cartilage regeneration15,19,20,25 (Fig. 1). After
arthroscopic examination and hUCB-MSC implantation, medial opening-wedge HTO was performed
conventionally using an anatomical locking plate with metal wedge (Ohto�x type I).26

Postoperative rehabilitation protocol, early weight-bearing, was the same in both groups. Patients started
continuous passive motion exercise and were given a hinged knee-brace postoperative day 2 after
drainage removal. At postoperative day 7, partial weight bearing was permitted with crutch. Tolerable full-
weight bearing was allowed at postoperative 4 weeks. Patients wore the hinged knee-brace for 8 weeks.
Plate removal was recommended after 18 months, after con�rming union by radiographs.

Evaluation and statistical analysis
At postoperative day 2, all patients had magnetic resonance imaging (MRI) to determine if any of them
had lateral hinge fracture or other problems. Follow-up in the outpatient department was recommended at
2, 6, 12, and 18 months after the operation. At each follow-up, radiographs, including the Rosenberg view,
lateral view, and standing AP view of the whole lower extremity were taken, and the joint space width
(JSW) in Rosenberg27 and the mechanical femorotibial angle (MA) in the standing AP view of the whole
lower extremity were measured in the previous PACS viewer. The minimum differences that the software
could detect were 0.1° in angle and 0.1 mm in length. At postoperative 18 months, clinical outcome was
checked by the Hospital for Special Surgery (HSS), Lysholm, and International Knee Documentation
Committee (IKDC) subjective scores.

Post-hoc power analysis for effect size, using a two-sided hypothesis test to obtain a power of 0.8 and a
signi�cance level of 0.05, reported that 41 knees for each group were considered adequate for detection
of signi�cant differences in IKDC subjective score between the two groups.

Statistically, the pre- and postoperative MA (+, mean varus; -, mean valgus) and JSW, difference in MA,
JSW increment, size of wedge, size of cartilage defect, the postoperative HSS, Lysholm, and IKDC
subjective scores were compared by Student’s t test. The Statistical Package for the Social Sciences
(SPSS) 12.0 (SPSS Science, Inc., Chicago, IL, US) was used for all statistical analyses, and P < 0.05 was
considered to be statistically signi�cant.
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Results
From August 2017 to December 2018, a total of 100 knee joints were enrolled in the current study; 43
knees were implanted with hUCB-MSCs for cartilage regeneration (group MSC), and the other 57 knees
underwent MFx only (group C). The patients’ demographics are shown in Table 1; there were no
signi�cant differences between the two groups.

Intra-operatively, mean cartilage defects were 442 ± 210 mm2 in the MSC group and 401 ± 162 mm2 in
group C, and there was no signi�cant difference between the two groups. Mean sizes of the wedge were
10.0 ± 2.0 mm and 10.3 ± 1.9 mm in the MSC group and group C, respectively, and there was also no
signi�cant difference between the two groups (Table 1).

Radiologically, mean pre-MA, post-MA, and the difference in MA were 6.7 ± 2.2, -1.5 ± 1.4, and − 8.1 ± 2.3
degrees in the MSC group and 7.3 ± 2.3, -1.3 ± 1.7, and − 8.7 ± 2.7 degrees in group C. In the MSC group,
mean pre-JSW and post-JSW were 3.0 ± 1.7 mm and 3.6 ± 1.5 mm, and the JSW increment was 0.6 ± 0.9
mm. In group C, mean pre-JSW and post-JSW were 3.7 ± 1.7 mm and 3.8 ± 1.8 mm, and the increment
was 0.1 ± 1.3 mm. There was a statistically signi�cant difference in the JSW increment between the two
groups (Table 2). There were no severe complications, such as nonunion, correction loss, or arthroplasty
conversion, in either group.

Clinically, mean postoperative HSS, Lysholm, and IKDC subjective scores were 92.5 ± 3.9, 69.0 ± 7.7, and
84.0 ± 11.2 in the MSC group and 90.2 ± 6.2, 62.1 ± 12.9, and 79.2 ± 13.0 in group C. There was a
statistically signi�cant difference in the IKDC subjective score between the two groups (Table 2). A 60-
year-old male patient in the MSC group showed good cartilage regeneration in second-look arthroscopy,
and he had a JSW increment of 1.3 mm and good clinical results: 91 in HSS, 80 in Lysholm, and 71 in
IKDC subjective score (Fig. 2).

Discussion
The main purpose of the current study was to evaluate the effect of hUCB-MSC treatment in HTO patients
by comparing the clinical and radiological outcomes between two groups. The results showed better
clinical and radiological outcomes in the MSC group at postoperative 18 months. This is the �rst study to
compare hUCB-MSC treatment and MFx in HTO patients and to show that hUCB-MSC had better clinical
results and JSW increments in early follow-up.

HTO is a good surgical option for advanced OA with varus alignment. Previous HTO studies about
patients with advanced OA reported good results in the long-term.3,5,28 Schuster et al reported on the long-
term survival of HTO in patients with severe OA. They reported 80% survival at 10-year follow-up with
MFx chondroplasty.5 The current study evaluated patients with advanced ICRS grade IV cartilage defects
over 200 mm2 on MFC, and both groups reported good clinical results at 18 month follow-up. These
results show the effectiveness of HTO for patients with advanced OA in the knees.
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For patients with advanced OA, cartilage regeneration can result in better clinical outcome.16,18,29,30 Koh
et al reported that autologous fat-derived stromal vascular fraction had better cartilage regeneration and
clinical results than MFx only in HTO patients.30 Jin et al reported autologous BMAC in HTO and better
cartilage regeneration in the BMAC group than in the MFx group.16 Kim et al studied collagen
augmentation in HTO compared with MFx alone, and their results were similar to previous studies.29 The
current study agreed with these studies: allogenic hUCB-MSC augmentation resulted in better IKDC scores
and more JSW increments than MFx only in HTO patients with cartilage defects over 200 mm2. These
results showed that cartilage regeneration procedures combined with HTO result in better cartilage
regeneration and better clinical outcome.

However, there are concerns about using autologous cell cartilage augmentation procedures in older
patients. Autologous chondrocyte implantation is not suitable in patients over 45.13,14 In a previous study
about BMAC, cell counts and the differential potency of BMAC in elderly patients were lower than in
younger patients, which suggests against using BMAC in elderly patients.24 Previous laboratory studies
on MSC and age reported that elderly patients had lower cell counts and lower proliferation of MSCs
derived from autologous bone marrow or adipose tissue.22,23 They suggested the necessity of allogenic
MSCs in elderly patients, such as hUCB-MSCs. The current study was initiated to investigate the use of
allogenic MSCs for cartilage regeneration in elderly patients with OA.

The hUCB-MSCs, allogenic stem cells from umbilical cord-blood, have enough growth factors and
cytokines for regeneration,25 which can affect cartilage regeneration in patients over 50. Park et al
reported that hUCB-MSCs made more hyaline-like cartilage in patients over 50 than MFx.25 These �ndings
suggest that hUCB-MSCs result in better cartilage regeneration than other cartilage augmentation
procedures in HTO patients over 50 years old. Previous case series about HTO with hUCB-MSCs reported
good clinical outcomes and cartilage regeneration.15,19,20 The current study agreed with these results,
with good clinical outcomes and JSW increments in elderly patients.

The JSW in Rosenberg view is a relevant numeric value showing the cartilage regeneration and
progression of OA. Previous studies used the JSW as the cartilage thickness and considered it the
simplest value of OA progression.27,31,32 The current study also used the JSW as a radiological result to
evaluate cartilage regeneration, because postoperative MRI and second-look arthroscopy were not
applied routinely. In the current study, JSW increment and postoperative IKDC score were better in the
MSC group than in the control group. Considering the relationship between cartilage regeneration and
clinical outcome, these results show the hUCB-MSCs may reinforce cartilage regeneration in HTO patients
with cartilage defects over 200 mm2.

There were limitations in the study. First, it was a small, not-randomized study. Second, the follow-up
period was short. Third, there were no pre-operative clinical data. Fourth, there were no detailed data on
cartilage regeneration, such as MRIs or second-look arthroscopy. However, the demographics and pre-op
radiological data were not different in the two groups, and a statistically signi�cant difference was found
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in postoperative 18-month IKDC scores and JSW differences. This showed the probability of
effectiveness of the hUCB-MSCs. Considering that the previous studies about long-term results of HTO
were related to cartilage regeneration, hUCB-MSC treatment combined with HTO is a good option for
patients with advanced OA who are over 50 years old.

Conclusions
hUCB-MSC treatment can improve clinical outcomes and JSW more than MFx only in HTO patients.
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Tables

Table 1. Patient demographics (range)

  Group MSC Group C p value *

N 43 57 -

Sex (M/F) 15 / 28 12 / 45 ns

Age (yrs old) 56.5 (48-65) 58.6 (48-66) ns

Heights (cm) 162 (150-180) 160 (149-179) ns

Weights (Kg) 71 (53-92) 67 (51-89) ns

Body mass index (BMI) 27.0 (21-34) 26.3 (21-34) ns

Mechanical axis (°) 6.7 (2.9-12.5) 7.3 (3.2-14.0) ns

Joint space width, mm 3.0 (0-7.6) 3.7 (0-7.7) ns

Defect on MFC, mm2 442 (200-1200) 401 (200-800) ns

Size of wedge, mm 10.0 (6-14) 10.3 (7-15) ns

MFC, medial femoral condyle
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*Student’s t test

P < 0.05, statistical significance

Table 2. Clinical and radiologic results (± standard deviation)

    Group MSC Group C p value *

Clinical outcome

 

Lysholm 92.5 ± 3.9 90.2 ± 6.2 ns

IKDC 69.0 ± 7.7 62.1 ± 12.9 0.002

HSS 84.0 ± 11.2 79.2 ± 13.0 ns

Radiological

outcome

 

Mechanical axis ( ° ) -1.5 ± 1.4 -1.3 ± 1.7 ns

MA diff. ( ° ) -8.1 ± 2.3 -8.7 ± 2.7 ns

Joint Space Width (mm) 3.6 ± 1.5 3.8 ± 1.8 ns

JSW increment (mm) 0.6 ± 0.9 0.1 ± 1.3 0.036

IKDC, International Knee Documentation Committee; HSS, Hospital for Special Surgery;

MA, mechanical axis; JSW, joint space width

*Student’s t test

P < 0.05, statistical significance

Figures
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Figure 1

Cartilage augmentation procedure using human umbilical cord-blood derived mesenchymal stem cells
(hUCB-MSCs) with hyaluronic acid hydrogel. (a) On chondral defect of medial femoral condyle (MFC),
radical debridement and multiple 4 mm holes 4 mm deep were drilled on subchondral bone. (b) After �uid
drainage, a mixture of hUCB-MSCs with hyaluronic acid hydrogel (Cartistem; MEDIPOST, Seongnam,
Korea) was applied on the defect site. (c,d) A cartilage defect of MFC was �lled with regenerated
cartilage, as shown with magnetic resonance imaging (MRI) after 18 months.
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Figure 2

Mesenchymal stem cells (MSCs). (a,b) A male 60-year-old patient showed varus alignment, and his joint
space width (JSW) was narrowed to 1.6 mm preoperatively. (c) Intra-operatively, a 500 mm2 cartilage
defect was identi�ed on medial femoral condyle (MFC) and human umbilical cord-blood derived
mesenchymal stem cell (hUCB-MSC) application combined with HTO was performed. After 18 months (d-
f), slightly valgus alignment was maintained with the JSW increased to 2.9 mm. On second-look
arthroscopy, cartilage was well regenerated.


