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Abstract
Purpose This study aimed to compare the clinical, radiological, and second-look arthroscopic outcomes of implanting 
mesenchymal stem cells (MSCs) alone and together with allogenic cartilage in patients treated with concomitant high tibial 
oteotomy (HTO) for varus knee osteoarthritis.
Methods Eighty patients treated with cartilage repair procedures and concomitant HTO were prospectively randomized 
into two groups: MSC implantation (MSC group), and MSC implantation with allogenic cartilage (MSC-AC group). Clini-
cal outcomes were evaluated using the Lysholm Score and the Knee Injury and Osteoarthritis Outcome Score (KOOS) at 
preoperative and every follow-up visit. Radiological outcomes were evaluated by measuring the femorotibial angle and pos-
terior tibial slope. During second-look arthroscopy, cartilage regeneration was evaluated according to the Kanamiya grade.
Results Clinical outcomes at the second-look arthroscopy (mean 12.5 months [MSC group] and 12.4 months [MSC-AC 
group]) improved significantly in both groups (P < 0.001 for all). Clinical outcomes from the second-look arthroscopy to the 
final follow-up (mean 27.3 months [MSC group] and 27.8 months [MSC-AC group]) improved further only in the MSC-AC 
group (P < 0.05 for all). Overall, the Kanamiya grades, which were significantly correlated with clinical outcomes, were sig-
nificantly higher in the MSC-AC group than in the MSC group. Radiological outcomes at final follow-up revealed improved 
knee joint alignments relative to preoperative conditions but without significant correlation between clinical outcomes and 
Kanamiya grade in either group (n.s. for all).
Conclusion Implantation of MSCs with allogenic cartilage is superior to implantation of MSCs alone in cartilage regenera-
tion accompanied with better clinical outcomes.
Level of evidence Therapeutic study, level II.

Keywords High tibial osteotomy · Mesenchymal stem cell · Allogenic cartilage · Varus knee osteoarthritis · Second-look 
arthroscopy

Introduction

Asymmetric joint loads in the knee due to varus deform-
ity can cause increased loads on the medial compartment 
and induce progressive cartilage degeneration, leading to 

medial compartmental knee osteoarthritis (OA) [10, 33]. 
For patients who have medial compartmental OA with 
varus deformity of the knee, high tibial osteotomy (HTO), 
which corrects the limb deformity by shifting the mechanical 
axis to the lateral side and decreasing the contact pressure 
on the affected medial cartilage, can provide the adequate 
mechanical environment for preventing further degenera-
tion of the articular cartilage [2, 3, 24, 40]. Although many 
authors have reported encouraging short-term and mid-term 
outcomes of HTO [7, 36, 39], satisfactory long-term out-
comes of HTO are questionable until adequate regeneration 
of cartilage in the medial compartment of the knee joint is 
accomplished [36, 41]. According to the recent literature, 
insufficient regeneration of medial compartmental cartilage 

Yong Sang Kim and Pill Ku Chung contributed equally to this 
work and should be considered co-first authors.

 * Yong Gon Koh 
 yonggonkoh@gmail.com

1 Department of Orthopaedic Surgery, Center for Stem Cell 
and Arthritis Research, Yonsei Sarang Hospital, 478-3, 
Bangbae-dong, Seocho-gu, Seoul 137-060, South Korea

http://orcid.org/0000-0002-3041-0858
http://crossmark.crossref.org/dialog/?doi=10.1007/s00167-019-05729-3&domain=pdf


545Knee Surgery, Sports Traumatology, Arthroscopy (2020) 28:544–554 

1 3

in the knee has been reported after HTO [28, 29, 40]. There-
fore, several studies performing additional cartilage repair 
procedures with concomitant HTO have emerged to obtain a 
more adequate regeneration of cartilage in the medial com-
partment of the knee joint [15, 17, 29, 34]. Recently, cell-
based tissue engineering approaches have been performed to 
repair the articular cartilage by filling cartilaginous lesions 
with mechanically stable hyaline cartilage-like substances 
that will not deteriorate over time and can integrate well 
with the surrounding tissue [42]. In this approach, two 
candidate cell types, chondrocytes and mesenchymal stem 
cells (MSCs), can be considered for use in cartilage lesions. 
Several authors have performed additional procedures using 
chondrocyte or MSCs as cell-based therapies to obtain supe-
rior cartilage regeneration associated with more favorable 
clinical outcomes [5, 6, 9, 15, 23, 37]. However, the most 
effective procedure for cartilage repair has yet to be estab-
lished, as no studies comparing cartilage repair procedures 
in terms of efficacy have been conducted. The aim of this 
study was to compare clinical and second-look arthroscopic 
outcomes of two different cartilage repair procedures in 
patients with knee OA who underwent HTO. It was hypoth-
esized that implantation of MSCs with allogenic cartilage 
would be useful in achieving greater cartilage remodeling 
with better clinical outcomes after HTO than the implanta-
tion of MSCs alone.

Materials and methods

Patient selection and study design

The present study was conducted as part of a prospective 
randomized trial that compared the outcomes of two dif-
ferent cartilage repair procedures in patients with knee OA 
who underwent HTO. The reporting of data from this trial 
complies with the CONSORT statement (Consolidated 
Standards of Reporting Trials). The inclusion criteria were 
as follows: persistent knee pain without responding to 
conservative treatments, radiographs showing grade III or 
IV medial compartmental knee OA according to the Kell-
gren–Lawrence classification [19], and varus deformity 
between the tibial and femoral mechanical axis measured on 
a hip-to-ankle standing anterior–posterior (AP) radiograph 
[32]. The exclusion criteria included the following: previ-
ous surgical history (n = 9), cartilage lesions of the lateral 
or patellofemoral compartment that were observed by pre-
operative magnetic resonance imaging (n = 14), rheumatoid 
arthritis (n = 4), hemophilia (n = 1), posttraumatic osteoar-
thritis (n = 6), active knee infection (n = 2), chronic anterior 
cruciate ligament or posterior ligament instability (n = 7 and 
4, respectively), mechanical pain caused by meniscal tears 
(n = 8), or inability to provide informed consent (n = 15). 

From March 2015 to April 2016, 94 patients with varus knee 
OA were screened, and 14 were excluded because they did 
not meet the inclusion criteria (n = 11) or refused to partici-
pate in this study (n = 3). A total of 80 patients were enrolled 
in this study and randomly allocated in a 1:1 ratio to undergo 
MSC implantation (MSC group; n = 36) or MSC and allo-
genic cartilage implantation (MSC-AC group; n = 34), by 
an independent investigator who did not participate in the 
surgical procedures. Among the patients, three in the MSC 
group and four in the MSC-AC group declined second-look 
arthroscopy, which was recommended to be performed 
simultaneously with the metal removal, and these patients 
were excluded from the study. Additionally, one patient in 
the MSC group and two patients in the MSC-AC group were 
excluded because of inadequate/loss to follow-up. There-
fore, 36 patients in the MSC group and 34 patients in the 
MSC-AC group were finally enrolled in this study (Fig. 1). 
The general characteristics of the study population are sum-
marized in Table 1. There were no significant differences 
between groups with respect to age, sex, body mass index, 
side of involvement, follow-up period, time to second-look 
arthroscopy, or lesion size.

Preparation of mesenchymal stem cells

One day before cartilage repair procedures with concomitant 
HTO, subcutaneous adipose tissue samples were obtained 
from the patients through liposuction from the gluteal 
region. After surgical preparation, a hollow blunt-tipped 
cannula was introduced into the subcutaneous space through 
a small incision and the subcutaneous adipose tissue was 
infiltrated with the mixture solution to minimize blood loss 
and tissue contamination by peripheral blood cells prior to 
aspiration. The mixture solution consisted of 0.9% saline 
solution (500 ml) supplemented with 2% lidocaine (10 ml; 
400 mg/20 ml), 8.4% sodium hydrogen carbonate (4 ml; 
20 mg/ml), and 0.1% epinephrine (0.7 ml; 1 mg/ml). The 
liposuction material was aspirated by gentle suction and the 
gluteal fat pad was collected. Separation of the stromal vas-
cular fraction by centrifugation was performed according to 
a previously reported method [45]. Stem cells were isolated 
from the lipoaspirate by enzymatic digestion and cultured 
to characterize the adipose-derived stem cells. The adipose-
derived stem cell immunophenotype was investigated using 
cell markers by analytical flow cytometry, as reported previ-
ously [27]. The differentiation potential of adipose-derived 
stem cells into adipogenic, osteogenic, and chondrogenic 
cell lineages also was assessed using specific inductive cul-
ture media [27]. These isolation and characterization pro-
cedures determined that the stromal vascular fraction con-
tained the adipose-derived MSCs, which made up 9.9% of 
this fraction. Consequently, an average of 4.7 × 107 cells in 
the stromal vascular fractions, which contained an average 
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of 4.7 × 106 stem cells (9.9% of 4.7 × 107 cells in the stromal 
vascular fraction), were used for MSC implantation.

Preparation of allogenic cartilage

MegaCartilage (particulate allogenic cartilage, L&C Bio, 
Seoul, KR) was used for the allogenic cartilage implanta-
tion. This allogenic cartilage was harvested from the costal 
cartilage of fresh cadavers. Donor tissue was obtained from 

Fig. 1  Flow diagram of patient involvement in the study. MSC mesenchymal stem cell; MSC-AC mesenchymal stem cell-allogenic cartilage

Table 1  Patient demographic characteristics in both groups

Data are presented as the mean ± standard deviation unless otherwise indicated
MSC mesenchymal stem cell, MSC-AC mesenchymal stem cell-allogenic cartilage

MSC MSC-AC P value

No. of patients 36 34
Age (years) 55.6 ± 2.9 (range 48–67) 56.1 ± 3.6 (range 42–68) n.s.
Sex, male/female, n 15/21 14/20 n.s
Body mass index (kg/m2) 26.8 ± 2.4 (range 22.1–28.9) 26.6 ± 2.4 (range 22.2–29.7) n.s.
Side of involvement, right/left, n 15/16 15/14 n.s.
Follow-up period (months) 27.3 ± 3.3 (range 24–36) 27.8 ± 3.9 (range 24–36) n.s.
Time to second-look arthroscopy (months) 12.5 ± 1.3 (range 11–15 months) 12.4 ± 1.1 (range, 11–14 months) n.s.
Lesion size  (cm2)
 Femoral condyle 5.6 ± 2.6 (range 2.2–9.3) 5.6 ± 2.4 (range 2.3–9.5) n.s.
 Tibial plateau 4.5 ± 1.6 (range 2.1–8.7) 4.6 ± 1.5 (range 2.4–8.9) n.s.
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an accredited tissue bank that recovered and prepared the 
fresh cartilage. Serological and microbiological tests and 
sterilization processes were performed. Allogenic cartilage 
is a relatively immune-privileged tissue, which means that 
blood vessels do not reach the cartilage, and the chondro-
cytes are protected from the immune system. Therefore, 
there was no need for tissue matching or immunosuppres-
sion [12] because the tissues are designed to cryopreserve 
chondrocytes and they contain various chondrogenic factors 
and extracellular matrix (ECM) proteins. The MegaCartilage 
was administered using two syringes: one containing 1 ml 
of costal cartilage with 1.5 ml of normal saline, and the 
other containing allogenic skin-derived matrix with ECM 
proteins. The two syringes were connected using the con-
nector included in the MegaCartilage kit.

Surgical procedure

The patients were positioned supine on the operating table, 
and a thigh tourniquet was applied. In all patients, open-
wedge HTO was performed as recommended by the AO 
International Knee Expert Group [26]. Preoperative planning 
determining the desired correction angle and wedge size was 
calculated using a hip-to-ankle standing anterior–posterior 
(AP) radiograph with the aim of mild overcorrection [14]. 
The mechanical axis was shifted to a point 62% lateral on 
the transverse diameter of the tibial plateau. Open-wedge 
HTO was performed with the angular-stable TomoFix plate 
(Synthes, Solothurn, CH) and the osteotomy site was filled 
with a β-tricalcium phosphate wedge (Synthes, Solothurn, 
CH), which is a synthetic resorbable substitute having a 
compressive strength similar to that of cancellous bone, 
in compliance with the open space. After performing the 
HTO, arthrotomy via a medial mini-incision was performed 
to proceed with the cartilage repair procedures. In the MSC 
group, fibrin glue from the commercially available Green-
plast kit (Greencross, Seoul, KR) was used as the scaffold. 
The prepared MSCs were loaded into the fibrin glue and 

implanted as described in a previous study [20]. In the MSC-
AC group, the MegaCartilage was implanted in the cartilagi-
nous lesions and the prepared MSCs were injected into the 
implanted MegaCartilage, so that they could percolate down 
through the MegaCartilage (Fig. 2).

Postoperative rehabilitation

All groups were prescribed the same rehabilitation process. 
The patients were allowed to move their knee from 0° to 
90° after 2 weeks. Toe-touch weight bearing was allowed 
for 2 weeks after surgery, followed by partial weight bear-
ing for the next 2 weeks. Full weight bearing was allowed at 
4 weeks, after radiographic evidence of bone consolidation 
at the osteotomy site was confirmed.

Clinical and radiological evaluation

All patients were evaluated clinically and radiologically 
before surgery and postoperatively at 4 weeks, at 3 months, 
at 6 months, at 1 year, and at the last follow-up visit (mean 
27.6 months; range 24–36 months). For the clinical eval-
uation, the Lysholm Score [22] and the Knee Injury and 
Osteoarthritis Outcome Score (KOOS) [35] were used. 
Radiographs of the knee joints including AP views, true 
lateral views at 30° of knee flexion, and AP long-leg weight-
bearing views were taken before surgery. To investigate the 
mechanical effects of HTO, the femorotibial angle [32] and 
posterior tibial slope [30] were measured using standing AP 
radiographs and lateral radiographs, respectively.

Second‑look arthroscopic evaluation

Second-look arthroscopy was performed at an average of 
12.5 months (range 11–15 months) postoperatively in the 
MSC group and 12.4 months (range 11–14 months) post-
operatively in the MSC-AC group (n.s.) when the plates 
and screws were removed after radiological and clinical 

Fig. 2  a Intraoperative arthroscopic view showing articular cartilage 
lesions in the medial femoral condyle and medial tibial plateau. b 
Intraoperative findings showing a cartilage lesion in the medial com-

partment of the knee. c The cartilage lesion was covered with the 
implanted MegaCartilage with MSCs. d Second-look arthroscopic 
finding showing complete coverage of the lesion site with cartilage
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confirmation of union at the osteotomy site. During this pro-
cedure, cartilaginous lesions were macroscopically evalu-
ated using the Kanamiya grading system [18] (Fig. 3). In 
patients with pathological lesions found during second-look 
arthroscopy, additional arthroscopic procedures including 
synovectomy, adhesiolysis, or debridement of the impinged 
soft tissue were performed.

This study was reviewed and approved by the Institutional 
Review Board of Yonsei Sarang Hospital (registration num-
ber 14-DR-07), and written informed consent was obtained 
from all participants.

Statistical analysis

To determine the study sample size, an a priori power anal-
ysis was performed to provide a statistical power of 80% 
at a type I error level of 0.05, with an expected dropout 
rate of 20%. A sample size of at least 30 subjects in each 
group was required. The primary dependent variables were 
Lysholm score and KOOS score at final follow-up as clini-
cal outcomes, postoperative femorotibial angle and posterior 
tibial slope as radiological outcomes, and Kanamiya grade 
at second-look arthroscopy. The Wilcoxon signed-rank test 
was used to evaluate differences between the preoperative 
and final follow-up values, and Fisher’s exact test was used 
to compare categorical data. Differences between the groups 
were analyzed using the Mann–Whitney U test. The Spear-
man rank-order correlation test was used to evaluate the 
potential bivariate associations between the different factors 
to test whether there was a statistically significant correla-
tion. The correlations between Kanamiya grades and clinical 
outcomes at second-look arthroscopy, and between postop-
erative radiological outcomes, the clinical outcomes at final 
follow-up, and the Kanamiya grades were analyzed using 
the Spearman rank-order correlation test. All analyses were 
conducted using SPSS version 13.0 (IBM Corp., Armonk, 
NY, USA), with significance defined as P < 0.05.

Results

Clinical and radiological outcomes

The clinical outcomes from the preoperative evaluation to 
the final follow-up for each group are shown in Table 2. The 
mean Lysholm Score and KOOS were significantly improved 
at the time of second-look arthroscopic surgery in both 
groups (P < 0.001 for all) compared to the preoperative val-
ues. At final follow-up, the mean Lysholm Score and KOOS 
in the MSC-AC group were further improved compared to 
the values at second-look arthroscopic surgery (P < 0.05 for 
all). However, the mean Lysholm Score and KOOS in the 
MSC group were not improved at final follow-up compared 
to the values at second-look arthroscopic surgery (n.s. for 
all). In addition, the MSC-AC group showed significantly 
greater improvements in the mean Lysholm Score and 
KOOS relative to the MSC group at final follow-up (P < 0.05 
for all). Radiological outcomes at final follow-up showed a 
corrected knee joint alignment compared to the preopera-
tive states. The mean femorotibial angle and posterior tibial 
slope were significantly changed from varus 3.2° ± 1.9° and 
10.3° ± 3.6° to valgus 8.9° ± 2.8° and 10.5° ± 2.8°, respec-
tively (P < 0.001 and P = 0.034, respectively) in the MSC 
group, and from varus 3.2° ± 1.8° and 10.2° ± 3.2° to val-
gus 8.8° ± 2.7° and 10.4° ± 2.7°, respectively (P < 0.001 and 
P = 0.026, respectively) in the MSC-AC group (Table 3).

Second‑look arthroscopic outcomes

Second-look arthroscopic surgery was performed at a mean 
of 12.5 months postoperatively (range 11–15 months) in 
the MSC group and 12.4 months postoperatively (range 
11–14 months) in the MSC-AC group (n.s.). The Kan-
amiya grades in each group are summarized in Table 4. 
According to the Kanamiya grades, 38.9% and 58.9% of 
lesions in the MSC and MSC-AC groups, respectively, 
were grade 3 or 4 on the femoral condyle. Similarly, 38.9% 

Fig. 3  Cartilage regeneration by Kanamiya grade. a Grade 1, no cartilage regeneration. b Grade 2, white scattering coverage. c Grade 3, partial 
cartilage coverage. d Grade 4, even cartilage coverage



549Knee Surgery, Sports Traumatology, Arthroscopy (2020) 28:544–554 

1 3

and 55.9% of lesions in the MSC and MSC-AC groups, 
respectively, were grade 3 or 4 on the tibial plateau. The 
overall Kanamiya grades were better in the MSC-AC 
group than in the MSC group. Significant differences in 
Kanamiya grades between the groups were found with 

respect to the femoral condyle (P < 0.001) and tibial pla-
teau (P = 0.017).

Correlations between clinical, radiological, 
and second‑look arthroscopic outcomes

There were significant correlations between Kanamiya 
grades and clinical outcomes at second-look arthroscopy 
in both groups (all P < 0.05) (Table 5). Thus, the Lysholm 
Score and KOOS improved significantly as the level of the 
repaired cartilage improved in both groups. However, the 
postoperative radiological outcomes were not significantly 
correlated with clinical outcomes at final follow-up or the 
Kanamiya grades at the time of second-look arthroscopy 
(Table 6).

Discussion

The principal finding in the present study is that the clini-
cal and second-look arthroscopic outcomes in the MSC-AC 
group were more favorable than those in the MSC group. 
The clinical and radiological outcomes were similarly 
improved in both groups. However, cartilage regeneration 
according to Kanamiya grade, which was significantly cor-
related with clinical outcomes (Table 5), was significantly 
better among those in the MSC-AC group (Table 4). In addi-
tion, the clinical outcomes were further improved from the 
time of second-look arthroscopic surgery to final follow-up 
in the MSC-AC group. On the other hand, there were no sig-
nificant correlations of postoperative radiological outcomes 
with clinical outcomes or Kanamiya grade (Table 6). There-
fore, it is considered that the improved cartilage regeneration 
may attribute to the better clinical outcomes in patients who 
underwent open-wedge HTO and MSC-AC implantation 
compared to those who underwent open-wedge HTO and 
MSC implantation.

Increased joint loadings concentrated on the medial 
compartment of the knee joint in patients with varus knee 
OA result in continuous degeneration of cartilage, induc-
ing medial compartmental knee OA. Therefore, ideal 
treatments for varus knee OA would restore the crucial 
biochemical and biomechanical properties of the degener-
ated cartilage. Although HTO provides the ideal biome-
chanical environment that is essential for cartilage regen-
eration by restoring the knee joint orientation and axial 
alignment, if cartilage regeneration is insufficient, then 
the articular surface may continue to degrade and lead to 
degenerative arthritis of the knee joint, despite correcting 
the malalignment of the varus knee with HTO. Recently, 
many authors have reported encouraging short-term or 
mid-term outcomes of HTO through the adequate correc-
tion of knee joint malalignment [7, 8, 31]. However, these 

Table 2  Comparison of serial clinical outcomes in both groups

Data are presented as the mean ± standard deviation
MSC mesenchymal stem cell, MSC-AC mesenchymal stem cell-allo-
genic cartilage, KOOS Knee Injury and Osteoarthritis Outcome Score
*Mann–Whitney U test
† Wilcoxon signed-rank test for comparison of clinical outcomes at 
second-look arthroscopy versus preoperative values
‡ Wilcoxon signed-rank test for comparison of clinical outcomes at 
second-look arthroscopy versus final follow-up

MSC MSC-AC P value*

Lysholm score
 Preoperative 57.8 ± 11.9 58.6 ± 12.1 n.s.
 Second-look arthroscopy 81.2 ± 14.9 84.9 ± 15.2 n.s.
 Final follow-up 85.4 ± 15.9 89.3 ± 16.1 0.002
 P  value† < 0.001 < 0.001
 P  value‡ n.s. 0.034

KOOS pain
 Preoperative 45.6 ± 12.9 46.4 ± 13.1 n.s.
 Second-look arthroscopy 68.9 ± 12.3 71.3 ± 13.5 n.s.
 Final follow-up 70.4 ± 13.2 75.6 ± 12.8 0.041
 P  value† < 0.001 < 0.001
 P  value‡ n.s 0.043

KOOS symptom
 Preoperative 42.5 ± 16.5 41.7 ± 15.7 n.s.
 Second-look arthroscopy 63.2 ± 14.3 65.3 ± 14.9 n.s.
 Final follow-up 67.3 ± 17.2 73.6 ± 17.8 < 0.001
 P  value† < 0.001 < 0.001
 P  value‡ n.s 0.007

KOOS activities of daily life
 Preoperative 53.5 ± 16.2 51.8 ± 15.9 n.s.
 Second-look arthroscopy 69.3 ± 15.8 70.3 ± 16.1 n.s.
 Final follow-up 70.3 ± 16.7 76.2 ± 17.2 0.0017
 P  value† < 0.001 < 0.001
 P  value‡ n.s 0.045

KOOS sports and recreation
 Preoperative 25.6 ± 20.8 21.4 ± 18.2 n.s.
 Second-look arthroscopy 43.5 ± 19.5 46.8 ± 21.2 n.s.
 Final follow-up 48.6 ± 18.8 53.2 ± 22.1 < 0.001
 P  value† < 0.001 < 0.001
 P  value‡ n.s. 0.002

KOOS quality of life
 Preoperative 37.2 ± 15.2 38.2 ± 17.8 n.s.
 Second-look arthroscopy 49.2 ± 18.3 51.3 ± 19.2 n.s.
 Final follow-up 52.1 ± 20.3 62.3 ± 23.1 0.009
 P  value† < 0.001 < 0.001
 P  value‡ n.s. 0.004
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studies mainly focused on the biomechanical mechanisms 
associated with HTO and the subsequent clinical and 
radiological outcomes. Satisfactory long-term outcomes 
of HTO are questionable until adequate regeneration of 
cartilage in the medial compartment of the knee joint is 
accomplished. From this viewpoint, several authors have 

performed various cartilage repair procedures with con-
comitant HTO to improve long-term outcomes after HTO 
[17, 34, 40]. Although remodeling of the articular carti-
lage can be achieved after HTO [18, 29, 40], HTO alone 
seems to be insufficient for recovering the essential bio-
mechanical and biochemical properties of the degenerated 

Table 3  Comparison of serial 
radiological outcomes in both 
groups

Data are presented as the mean ± standard deviation
MSC mesenchymal stem cell, MSC-AC mesenchymal stem cell-allogenic cartilage
*Mann–Whitney U test
† Wilcoxon signed-rank test for comparison of clinical outcomes at final follow-up versus preoperative val-
ues

MSC MSC-AC P value*

Femorotibial angle (°)
 Preoperative (varus) 3.2 ± 1.9 (range 2.8–5.2) 3.2 ± 1.8 (range 2.9–5.4) n.s.
 Final follow-up (valgus) 8.9 ± 2.8 (range 8.1–9.6) 8.8 ± 2.7 (range 8.2–9.5) n.s.
 P  value† < 0.001 < 0.001

Posterior tibial slope (°)
 Preoperative 10.3 ± 3.6 (range 8.6–11.8) 10.2 ± 3.2 (range 8.6–11.4) n.s.
 Final follow-up 10.5 ± 2.8 (range 9.0–12.1) 10.4 ± 2.7 (range 8.8–12.1) n.s.
 P  value† 0.034 0.026

Table 4  Kanamiya grade 
at second-look arthroscopy 
according to the location of 
cartilage lesions in both groups

Data are presented as n (%)
MSC mesenchymal stem cell, MSC-AC mesenchymal stem cell-allogenic cartilage

Femoral condyle Tibial plateau

MSC MSC-AC P value MSC MSC-AC P value

Kanamiya grade < 0.001 0.017
 Grade 1 7 (19.4) 5 (14.7) 8 (22.2) 6 (17.6)
 Grade 2 15 (41.7) 9 (26.5) 14 (38.9) 9 (26.5)
 Grade 3 9 (25.0) 12 (35.3) 10 (27.8) 12 (35.3)
 Grade 4 5 (13.9) 8 (23.5) 4 (11.1) 7 (20.6)

Table 5  Correlations between 
Kanamiya grades at second-
look arthroscopy and clinical 
outcomes at the time of second-
look arthroscopy in both groups

Data are calculated using the Spearman rank-order test
MSC mesenchymal stem cell, MSC-AC mesenchymal stem cell-allogenic cartilage, S Spearman, KOOS 
Knee Injury and Osteoarthritis Outcome Score

Kanamiya grade

Femoral condyle Tibial plateau

MSC MSC-AC MSC MSC-AC

S rho P S rho P S rho P S rho P

Lysholm score − 0.602 < 0.001 − 0.729 < 0.001 − 0.667 0.004 − 0.745 < 0.001
KOOS score
 Pain − 0.589 < 0.001 − 0.673 < 0.001 − 0.876 0.004 − 0.784 < 0.001
 Symptom − 0.662 < 0.001 − 0.712 < 0.001 − 0.550 0.012 − 0.612 0.023
 Activities of daily life − 0.796 < 0.001 − 0.873 < 0.001 − 0.695 0.002 − 0.592 < 0.001
 Sports and recreation − 0.729 < 0.001 − 0.779 < 0.001 − 0.819 < 0.001 − 0.824 < 0.001
 Quality of life − 0.851 < 0.001 − 0.794 < 0.001 − 0.748 < 0.001 − 0.729 < 0.001
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cartilage compared with native hyaline cartilage [29]. In 
addition, several authors have suggested the application of 
MSCs to provide superior cartilage regeneration accompa-
nied by more favorable clinical outcomes in patients who 
underwent HTO [9, 21, 23, 37, 43]. Sufficient cartilage 
regeneration is essential for avoiding continuous degrada-
tion of the articular surface, which can lead to degenera-
tive arthritis of the knee joint despite the correction of 
varus knee malalignment during HTO. Although MSCs 
can differentiate into different specialized cell types, they 
tend to form a phenotypically unstable cartilaginous tis-
sue with inferior biochemical and biomechanical proper-
ties compared to the native tissue [11]. Thus, it should 
be considered that the development of an advanced cell-
based tissue engineering approach using MSCs for carti-
laginous lesions should address: (1) ability to repair with 
a mechanically stable hyaline cartilage-like substance, 
(2) capacity to not deteriorate over time, and (3) suffi-
cient integration with the surrounding tissue. Based on 
these needs, we implanted MSCs in combination with 
MegaCartilage to enhance cartilage regeneration. Meg-
aCartilage is an allogenic cartilage that contains various 
chondrogenic factors and ECM proteins, and is designed 
to cryopreserve chondrocytes. It is anticipated that MSCs 
and chondrocytes contained in the MegaCartilage would 
interact synergistically with each other to improve carti-
lage regeneration when implanted together into the carti-
laginous lesion. Currently, the combination of MSCs and 
chondrocytes for cell-based cartilage repair has become 
the focus of increased interest because of its potential to 
provide adequate chondrogenesis. Several previous stud-
ies have investigated the effects of co-culturing MSCs and 
chondrocytes [1, 4, 16, 44]. There are some debates about 
the mechanism of cellular interactions in co-culture pellets 

of MSCs and chondrocytes. Several authors have indicated 
that chondrocytes stimulate MSCs to undergo chondro-
genic differentiation [1, 4, 16, 25], whereas other authors 
have reported MSC trophic effects that stimulate chon-
drocyte proliferation and cartilage matrix deposition [13, 
38, 44]. Although the mechanism by which a co-culture 
enhances chondrogenesis is not completely understood, 
these studies have established the beneficial effects on car-
tilaginous matrix formation in co-culture pellets of MSCs 
and chondrocytes. To enhance cartilage regeneration, it 
also is crucial to provide an optimal microenvironment 
that includes growth factors and ECM that will selectively 
promote chondrogenesis and cartilage production, as well 
as encouraging cell-to-cell interactions between MSCs 
and chondrocytes. In the present study, it was found that 
the clinical and second-look arthroscopic outcomes in the 
MAC-AC group were better compared with those in the 
MSC group, although the differences were relatively small. 
Although the clinical and radiological outcomes were 
similarly improved in both groups, cartilage regeneration 
according to Kanamiya grades, which significantly cor-
related with clinical outcomes (Table 5), was significantly 
better in the MSC-AC group (Table 4). Although the exact 
mechanism behind this improved cartilage regeneration 
in the MSC-AC group cannot be explained, cell-to-cell 
interactions between MSCs and chondrocytes, as well 
as chondrogenic factors and ECM proteins contained in 
the MegaCartilage might be attributed to better cartilage 
regeneration. These results suggest that the implantation of 
MSCs with MegaCartilage contributed to improved carti-
lage regeneration that resulted in better clinical outcomes 
for HTO. The better improvement in the MSC-AC group 
might result from more efficient cartilage repair (Table 4), 
probably due to greater mechanical integrity provided by 

Table 6  Correlations between 
postoperative radiological 
outcomes and clinical outcomes 
at final follow-up and Kanamiya 
grades at second-look 
arthroscopy in both groups

Data are calculated using the Spearman rank-order test
MSCs mesenchymal stem cell, MSC-AC mesenchymal stem cell-allogenic cartilage, S Spearman, KOOS 
Knee Injury and Osteoarthritis Outcome Score

Femorotibial angle Posterior tibial slope

MSC MSC-AC MSC MSC-AC

S rho P S rho P S rho P S rho P

Lysholm score − 0.318 n.s. − 0.145 n.s. − 0.303 n.s. − 0.198 n.s.
KOOS score
 Pain − 0.354 n.s. − 0.317 n.s. − 0.278 n.s. − 0.212 n.s.
 Symptom − 0.423 n.s. − 0.675 n.s. − 0.687 n.s. − 0.045 n.s.
 Activities of daily life − 0.204 n.s. − 0.258 n.s. − 0.467 n.s. − 0.245 n.s.
 Sports and recreation − 0.413 n.s. − 0.309 n.s. − 0.372 n.s. − 0.543 n.s.
 Quality of life − 0.349 n.s. − 0.136 n.s. − 0.205 n.s. − 0.450 n.s.

Kanamiya grades
 Femoral condyle 0.374 n.s. − 0.042 n.s. 0.236 n.s. − 0.056 n.s.
 Tibial plateau 0.294 n.s. − 0.135 n.s. 0.074 n.s. − 0.178 n.s.
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resurfacing the lesion with the combination of MSCs and 
MegaCartilage associated with better cell survival, pro-
liferation, differentiation, and matrix synthesis. Although 
still in the early stages of use, we found that implant-
ing MSCs with MegaCartilage is an effective method of 
stimulating cartilage regeneration. Moreover, there were 
no complications such as infection, fever, hematoma, 
tissue hypertrophy, adhesion formation, or other major 
adverse events associated with the implantation of MSCs 
and MegaCartilage. Therefore, the implantation of MSCs 
with MegaCartilage during HTO could be considered as 
an effective and safe treatment option for patients with 
varus knee OA.

The current study does have some limitations. First, the 
number of patients was relatively small and the follow-up 
period was short. Nonetheless, as the first human study, 
given that no similar studies of this size have been published, 
we believe that these data are valuable for comparing the 
outcomes of the two cartilage repair methods using MSCs 
during concomitant HTO in patients with varus knee OA. 
Second, this study was performed to compare clinical and 
second-look arthroscopic outcomes of two different cartilage 
repair procedures in patients who underwent HTO. For a 
more precise evaluation of the cartilage regeneration after 
cartilage repair procedures, a control group with HTO alone 
will be essential to differentiate the results of this study. 
Third, the Lysholm Score and KOOS were used to evaluate 
clinical outcomes and the Kanamiya grades were used to 
investigate second-look arthroscopic outcomes after surgery. 
It is important to examine the mechanical properties and bio-
logical functions of regenerative cartilage and compare them 
with those of native cartilage. Although biopsy with a histo-
logical evaluation is the most reliable method to examine the 
biomechanical properties of regenerated cartilage, biopsies 
solely for research purposes could not be conducted because 
of ethical issues related to possible morbidity. Fourth, the 
mixture ratio between the cell suspension of MSCs and Meg-
aCartilage was determined arbitrarily. In the MSC-AC group 
in this study, the MegaCartilage was implanted into the car-
tilage lesions and the prepared MSCs were injected into the 
implanted MegaCartilage to be percolated down through the 
MegaCartilage. In addition, the number of MSCs applied to 
achieve the optimal response remains unknown. Therefore, 
future research is required to clarify an optimal cell density 
and ratio of MSCs to chondrocytes to achieve suitable cel-
lular communication and subsequent cartilage regeneration 
provided by the MSCs and MegaCartilage. Last, second-
look arthroscopy was performed at 1 year postoperatively. 
It is unknown how repaired cartilage will behave over time, 
and changes in the influential factors after the first year can-
not be predicted.

The clinical relevance of this study is that implantation 
of MSCs with allogenic cartilage may be a useful option for 

achieving superior cartilage regeneration with encouraging 
clinical outcomes after HTO. This study makes a significant 
contribution towards developing the most effective method 
of cartilage repair procedures.

Conclusions

Implantation of MSCs with allogenic cartilage may be an 
effective additional procedure for improving cartilage regen-
eration associated with clinical outcomes in patients under-
going HTO for varus knee OA.
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