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Comparison of Bone Marrow Aspirate
Concentrate and Allogenic Human
Umbilical Cord Blood Derived
Mesenchymal Stem Cell Implantation on
Chondral Defect of Knee: Assessment of
Clinical and Magnetic Resonance Imaging
Outcomes at 2-Year Follow-Up
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Abstract
Biological repair of cartilage lesions remains a significant clinical challenge. A wide variety of methods involving mesenchymal
stem cells (MSCs) have been introduced. Because of the limitation of the results, most of the treatment methods have not yet
been approved by the Food and Drug Administration (FDA). However, bone marrow aspirate concentrate (BMAC) and
human umbilical cord blood derived mesenchymal stem cells (hUCB-MSCs) implantation were approved by Korea FDA. The
aim of this study was to evaluate clinical and magnetic resonance imaging (MRI) outcomes after two different types of MSCs
implantation in knee osteoarthritis. Fifty-two patients (52 knees) who underwent cartilage repair surgery using the BMAC (25
knees) and hUCB-MSCs (27 knees) were retrospectively evaluated for 2 years after surgery. Clinical outcomes were evaluated
according to the score of visual analogue scale (VAS), the International Knee Documentation Committee (IKDC) subjective,
and the Knee Injury and Osteoarthritis Outcome Score (KOOS). Cartilage repair was assessed according to the modified
Magnetic Resonance Observation of Cartilage Repair Tissue (M-MOCART) score and the International Cartilage Repair
Society (ICRS) cartilage repair scoring system. At 2-year follow-up, clinical outcomes including VAS, IKDC, and KOOS sig-
nificantly improved (P < 0.05) in both groups; however, there were no differences between two groups. There was no sig-
nificant difference in M-MOCART [1-year (P ¼ 0.261), 2-year (P ¼ 0.351)] and ICRS repair score (P ¼ 0.655) between two
groups. Both groups showed satisfactory clinical and MRI outcomes. Implantation of MSCs from BMAC or hUCB-MSCs is safe
and effective for repairing cartilage lesion. However, large cases and a well-controlled prospective design with long-term
follow-up studies are needed.
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Introduction

Articular cartilage is known to have low potential for heal-

ing, and damage from degeneration or trauma can lead to

focal cartilage lesions and subsequent osteoarthritis1. Carti-

lage lesion remains a challenging area in orthopedics,

despite various treatment methods having been attempted.

The technique of microfracture has shown good short-term

clinical results within 2 years; however long-term data for

larger and more aged patients have suggested inferior
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results2,3. In general, the resulting reparative fibrocartilage

that develops after microfracture has inferior biomechanical

properties and may undergo degenerative changes. Autolo-

gous chondrocyte implantation has produced successful hya-

line cartilage repair and improved functional outcomes at

long-term follow-up4. Despite these satisfactory results, lim-

itations of this technique have been suggested as follows: (1)

requirement for two-stage procedures, (2) donor site morbid-

ity, and (3) reduced chondrogenic potential in aged patients.

As the cell-based tissue engineering techniques have

improved, various cartilage treatment methods using stem

cells [including mesenchymal stem cells (MSCs)] have been

proposed5,6. Nevertheless, because of a lack of consistency

in studies in terms of treatment methods, number of cells,

incubation methods, and paucity of high-quality controlled

study, no clear standardized treatment methods have been

established6–8. Therefore, most stem cell treatment methods

(e.g., adipose cell-derived MSCs or adipose cell source-

derived stromal vascular fraction cells) have not yet been

approved by the US Food and Drug Administration (FDA).

However, bone marrow aspirate concentrate (BMAC) can be

prepared in a standardized manner with FDA and Korea

FDA (KFDA) approval. Human umbilical cord blood

derived mesenchymal stem cells (hUCB-MSCs) have been

developed as a drug product (Cartistem®, Medipost Inc.,

Sungnam, Gyeonggi-do, South Korea) with the approval of

KFDA and can be used in Korea, and a clinical trial is under-

way in the United States6.

BMAC, containing MSCs, used with hyaluronic acid

based scaffold has generated satisfactory clinical outcomes

and successful cartilage repair9,10. It is fairly easy to perform

bone marrow aspiration from the iliac crest through mini-

incision without position change. Subsequently, BMAC is

generated using commercialized machines. This method can

overcome the limitations of cell-based two-stage procedures,

promising one-stage option for cartilage repair procedure

with chondrogenic potential and easy control of MSCs.

Furthermore, the risk of disease transmission is low. Never-

theless, BMAC contains only a small fraction of MSCs. In

general, we can extract about 1.9� 107 mononuclear cells of

approximately 6 ml capacity after aspirating 60 ml of bone

marrow9. The number of collected MSCs may vary depend-

ing on the patient’s age and general condition11. MSCs from

elderly patients have lower differentiation levels and chon-

drogenicity in vitro12. For these reasons, satisfactory results

may not be obtained. Despite limitations in terms of stem

cell counts and ability of differentiation, BMAC contains not

only stem cells but also hematopoietic stem cells, platelets,

growth factors, and cytokines6,9,13. These components can

have substantial paracrine effect14,15.

hUCB-MSCs were first reported by Erices et al16. They

have high proliferation rates and can be easily induced

to differentiate into chondrocytes. Despite, still under

debate on chondrogenic potential of MSC source17–19,

hUCB-MSCs have low immunogenicity, and therefore are

well suited to allogenic transplantation20. This method has

the advantage of low donor site morbidity, no need for pre-

paration procedures, and uniform cell count and quality.

Furthermore, it allows implantation of a specific amount of

MSCs, regardless of the size of the lesion. Nevertheless,

there are risks of contamination or damage because of mis-

takes in manufacturing or storage prior to use. One study

reported satisfactory outcome with 7-year follow-up after

hUCB-MSCs transplantation21.

Currently, most reported studies of cartilage repair treat-

ments using the stem cells compared results with those of

microfracture10,22. Alternatively, the effects of cartilage

regeneration were assessed by comparing the pre- and post-

operative status23,24. Because of the limitations of the

microfracture technique, it is not appropriate to compare

it with the effects of cartilage regeneration using stem cells.

To our knowledge, there have been no published compar-

isons of the effect of various stem cells for cartilage repair.

Therefore, the aim of this study is to investigate which

approved cell therapy method is more effective for carti-

lage repair procedure.

Materials and Methods

Subject

We conducted a retrospective review of the patient to whom

underwent cartilage repair surgery using the BMAC and

hUCB-MSCs between March 2012 and October 2017. In

Korea, the approved indication of hUCB-MSCs (Cartistem®,

Medipost Inc.) includes cartilage-defective patient with the

International Cartilage Repair Society (ICRS) grade IV

lesions, regardless of age or size. BMAC is only approved

for patients aged between 15 and 50 years, ICRS grade III to

IV, and lesion size 2–10 cm2. In this retrospective study,

because the indications of the two treatment methods are

slightly different, inclusion criteria were set as follows to

reduce the selection bias: (1) focal cartilage defects with

persistent symptoms of knee joint pain or functional dis-

ability, despite a minimum 3 months of conservative treat-

ment; (2) age above 15 years; (3) Kellgren-Lawrence (K-L)

grade�2; (4) lesion size 2– 10 cm2; (5) ICRS grade IV; and

(6) minimum 2-year follow-up. In addition, the BMAC

group was only for age between 15 and 50 years. Exclusion

criteria were as follows: (1) K-L grade �3, (2) tricompart-

ment OA, (3) infectious or inflammatory arthropathy, (4)

rheumatoid disease of cancer patients, and (5) less than 2-

year follow-up. Coexisting knee pathologies such as menis-

cal tears, meniscus deficiencies, ligament insufficiencies

and tibiofemoral axis malalignment were treated during the

same surgical procedure.

Finally, total of 52 patients (52 knees, BMAC: 25 knees,

BMAC group and hUCB-MSCs: 27 knees, hUCB group)

were enrolled in this retrospective study. Detailed demo-

graphic data are summarized in Table 1. All patients pro-

vided informed consent prior to treatment. This study
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protocol was approved by the INHA University Hospital

Institutional Review Board (INHA 2019-02-003).

Surgical Technique

BMAC Group. All the procedures were performed under

spinal anesthesia. An arthroscopic examination was per-

formed using a standard anterolateral and anteromedial por-

tal in the lithotomy position. After complete inspection of

the joints and assessment of the cartilage defects, marrow

aspiration was performed at the ipsilateral iliac crest using an

aspiration kit under routine sterile preparation and draping.

Sixty milliliters of bone marrow was collected, then centri-

fuged using a commercially available BMAC system

(SmartPReP2®, Harvest Technologies, Plymouth, MA,

USA). Coexisting knee pathologies such as meniscus tear

(menisectomy or meniscus repair), meniscus deficiency

(meniscus allograft transplantation), tibiofemoral axial

malalignment (open wedge high tibial osteotomy), and liga-

mentous insufficiency (anterior cruciate ligament recon-

struction) were treated during the same surgery (Table 1).

After evaluation and management of coexisting pathologies,

a mini-arthrotomy through an incision of approximately 3–4

cm in length was made through the anterolateral or antero-

medial portal according to location of the lesion. The chon-

dral defect lesion was debrided and prepared using curettes.

Subsequently, small sized holes were made using microfrac-

ture awl to the depth about 3–5 mm for the containment of

MSCs graft. In the space between the microfracture holes, a

2-mm diameter drill bit was used to create several small

holes. After drilling, irrigation was performed to wash out

debris. Finally, the lesion area was dried prior to implanta-

tion. The defect size was measured and the HA membrane

(Hyalofast®, Anika Therapeutics Inc., Bedford, MA, USA)

templated according to the size. Subsequently, centrifuged

BMAC was added to HA membrane, then implanted on the

prepared lesion. After applying the BMAC þ HA scaffold,

we added fibrin glue (Greenplast®, Greencross, Seoul,

Korea) to create more stable fixation of the lesion.

hUCB Group. The same procedure was done with BMAC

group up to the procedure of managing coexisting pathology

and preparing the lesion without marrow aspiration and mak-

ing containment subchondral hole. Instead of microfracture

awl, 5-mm diameter drill bit was used to perform to the depth

about 3–5 mm for the containment of MSCs graft. After

preparing the lesion, commercially available hUCB-MSCs

[Cartistem®, Medipost Inc., composite of hUCB-MSCs 0.5 x

107/ml and freeze drying sodium hyaluronate (HA)] were

mixed according to the manufacturer’s instructions. After

mixing hUCB-MSCs and HA, it becomes a type of gel21.

Then, the hUCB-MSCs and HA mixture was implanted into

the prepared lesions from the base to the surface slowly to

avoid any defects.

After implantation, the knee was then ranged carefully

through flexion and extension in order to check the stability

of the overlying composite of BMAC or hUCB-MSCs mate-

rials. The wound was closed and a long leg splint was

applied. All the procedures were performed by the MK Kim.

After the procedure, the knee was immobilized for 1 week

with an extension knee splint. Continuous passive range of

motion exercise was recommended at 1 week after surgery,

and weight bearing was restricted for 6 weeks. Partial weight

bearing was permitted using a crutch at 6 weeks after sur-

gery, and full weight bearing was allowed at 12 weeks

postoperatively.

Clinical Evaluation

To assess pain and the functional disability of the knees, we

used the visual analogue scale (VAS) pain score (0¼ no pain,

10 ¼ worst pain), the International Knee Documentation

Table 1. Demographic Data of BMAC and hUCB Group.

BMAC group hUCB group P-value

Number of patients 25 27
Age (years) 39.64 + 9.83 53.93 + 8.6 <0.001
Gender (M:F) 13:12 11:16 0.41
Lesion size (cm2) 4.33 + 1.66 4.77 + 1.81 0.358
BMI 26.19 + 3.74 26.38 + 3.54 0.924
Number of lesions Single lesion Multiple lesions Single lesion Multiple lesions

19 5 16 4
Concomitant surgery 15 19
Menisectomy 5 11
Meniscus repair 2 0
HTO 1 2
HTO þ menisectomy 4 5
HTO þ meniscus repair 0 1
MAT 2 0
ACLR 1 0

ACLR: anterior cruciate ligament reconstruction; BMAC: bone marrow aspirate concentration; BMI: body mass index; hUCB: human umbilical cord blood;
HTO: high tibial osteotomy; MAT: meniscus allograft transplantation.
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Committee (IKDC) subjective score, and the Knee Injury and

Osteoarthritis Outcome Score (KOOS)25 preoperatively, 6

months, 1 year, and 2 years after surgery.

Magnetic Resonance Imaging Evaluation

Magnetic resonance imaging (MRI) was performed at pre-

operative, 1 year, and 2 years after surgery. Preoperative and

follow-up MRI was performed using a 3.0 T MRI scanner,

Discovery MR750W® (GE Healthcare, Chicago, IL, USA)

with a dedicated eight channel knee coil. The following

sequences were utilized: (a) proton density (PD) spectral

presaturation with inversion recovery (SPIR) transversal

image [repetition time/echo time (TR/TE), 3,794/28 ms]:

field of view (FOV), 160 � 160 mm; matrix, 480 � 288;

slice thickness (SL), 3.0 mm with 0.33 mm gap; (b) PD SPIR

coronal image (TR/TE, 3,513/28.2 ms): FOV, 160 � 160

mm; matrix, 480 � 288; SL, 3.0 mm with 0.3 mm gap; (c)

T2 SPIR sagittal image (TR/TE, 2,002/71.3 ms): FOV, 160

� 160 mm; matrix, 288� 256; SL, 0.7 mm with 0.3 mm gap;

and (d) turbo spin echo T1-weighted sagittal image (TR/TE,

461/15.8 ms): FOV, 160 � 160; matrix, 480 � 288; SL, 3.0

mm with 0.33 mm gap.

The MRI images were analyzed using the modified

Magnetic Resonance Observation of Cartilage Repair

Tissue (M-MOCART) score. Although MRI is unable to

accurately determine the status of the cartilage repair26, the

M-MOCART (0¼worst cartilage status, 100¼ best articu-

lar cartilage status) score highly correlated with clinical

outcome24,27. The M-MOCART score was classified as

excellent if the score was 80 or more and poor outcome

when the score was below 50. To avoid bias, a

musculoskeletal-trained radiologist who did not participate

in the care of patients and was blinded to this study eval-

uated the MRI images.

Second-Look Arthroscopy

A second-look arthroscopy was conducted 1 year after first

surgery in patients who underwent surgical treatment on the

same knee for hardware removal and those who agreed to

check repaired cartilage condition during a contralateral

knee procedure. During the second-look procedures, the

repaired cartilage was inspected and evaluated using the

ICRS cartilage repair assessment scoring system (score 0–

12) including the degree of defect fill, the degree of graft

integration to the adjacent normal articular surface, and the

gross appearance of the graft surface28.

Statistical Analysis

The repeated-measures analysis of variance test was used to

determine the significance of repeated-measures parameters

on continuous scale between two groups for metric para-

meters. The independent Student’s t-test was also used to

compare the metric parameters between two groups. In a

prior power analysis, the number of samples required to

perform the noninferiority test between the two groups was

calculated using the VAS score, IKDC score, and KOOS

score as the reference value (a ¼ 0.05, b ¼ 0.2). The non-

inferiority margin of the number of samples was set based on

the established minimal clinical important difference

(MCID) of VAS score and IKDC subjective score29. Refer-

ence values of sample size [mean difference and standard

deviation (SD)] and MCID of KOOS score were set based on

the previously performed joint cartilage repair research10,30.

At least 20 patients in each group were needed. Results of

continuous measurements were presented as mean + SD,

and results on categorical measurements are presented as

number. Statistical analysis was conducted using SPSS (Ver

25.0, IBM, Armonk, NY, USA) with significance defined as

P < 0.05.

Results

Clinical Outcomes

There was a significant difference in age between the two

groups due to differences in age indications (P < 0.0001).

There were no differences in terms of gender, lesion size,

number of lesions, or body mass index (BMI) (Table 1).

There was a difference in concomitant surgeries between the

two groups. The average size of the lesion was 4.33 + 1.66

cm2 in the BMAC group and 4.77 + 1.81 cm2 in the hUCB

group (Table 1).

At final follow-up, VAS scores improved from 5.2 + 1.1

to 0.92 + 0.98 and from 5.0 + 1.2 to 0.85 + 0.86 for the

BMAC and hUCB groups, respectively (Fig. 1); IKDC sub-

jective scores improved from 44.17 + 12.5 to 80.27 + 9.48

and 42.02 + 13.63 to 81.35 + 11.07 for the BMAC

and hUCB groups, respectively (Fig. 2). KOOS scores

also showed improvement in all categories in both groups

Figure 1. Flow of VAS pain score during 2-year follow-up of both
groups. There was no significant difference (P ¼ 0.369) between
two groups. BMAC: bone marrow aspirate concentrate; hUCB:
human umbilical cord blood; preOP: preoperative; VAS: visual ana-
logue scale; 6 M: postoperative 6 month; 1Y: postoperative 1 year;
and 2Y: postoperative 2 year.
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(Fig. 3). However, there were no significant differences in

terms of VAS (P ¼ 0.369), IKDC subjective (P ¼ 0.434),

KOOS scores [symptoms (P ¼ 0.361), pain (P ¼ 0.458),

activity of daily life (P ¼ 0.472), sport and recreation

(P ¼ 0.605), and quality of life (P ¼ 0.36)] between two

groups (Figs. 1–3). Postoperative intra-articular adhesions

occurred in two cases in the BMAC group and three in the

hUCB group. There were no infections or conversion to total

knee arthroplasty (Table 2).

MRI Findings

At 1-year MRI, there were four patients in the BMAC group

and eight patients in the hUCB group with greater than 80

points on M-MOCART score. By contrast, three patients in

BMAC and two patients in hUCB had less than 50 points. At

2-year follow-up, there were seven patients in the BMAC

group and 10 patients in the hUCB group with better than 80

points of M-MOCART score. By contrast, two patients in the

BMAC and one patient in hUCB had less than 50 points. For

both year’s M-MOCART scores, there were no significant

differences between the groups. Results of M-MOCART

score are summarized in Table 2.

Second-Look Arthroscopy

Second-look arthroscopy was performed in 12 patients in the

BMAC group (Fig. 4) and 16 patients in the hUCB group

(Fig. 5) with a mean follow-up of 13.2 months. Eleven

patients (91.6%) of BMAC group and 14 patients (87.5%)

of hUCB group were assessed as normal (ICRS repair score

¼ 12) or nearly normal (ICRS repair score 8–11) condition

repair28,31. There was no significant difference between the

groups (P ¼ 0.655) (Table 2).

Subgroup Analysis Based on Age

When compared the results of the age-based cartilage repair

regardless of the treatment method, there were no significant

differences between younger than 45 years (consist of

BMAC: 15 cases and hUCB: 2 cases) and elder than 45 years

(consist of BMAC: 10 cases and hUCB: 25 cases) in MRI

outcome [1Y-MOCART score (P ¼ 0.849), 2Y-MOCART

score (P ¼ 0.83)] and ICRS repair score (P ¼ 0.926). Pre-

operative and 2-year follow-up, VAS pain score were also no

significant difference (Table 3).

Discussion

The most important finding of our study is that cartilage

repair using both BMAC and hUCB-MSCs had satisfactory

results and there was no difference from the individual find-

ings of previously published studies10,21,30. The hUCB group

showed slightly better results in the M-MOCART score and

ICRS repair score; however, these were not statistically sig-

nificant and there were no significant differences in clinical

outcome. To assess cartilage repair status, arthroscopic eva-

luation is the most accurate method; however, there are lim-

itations for most patients because of the invasive procedure.

In this study, only 50% (22 patients/44 patients) could be

performed. The use of MRI as an indirect method has been

shown to be related to the clinical score26,27,32,33. In this

study, we evaluated the degree of cartilage repair status by

MRI in patients who did not undergo second-look surgery

based on these results. To our knowledge, this was the first

study to compare the clinical and MRI outcomes using two

types of approved MSCs for cartilage repair.

Two of the patients who underwent BMAC had poor

results. One of them was an elite sport coach and one was

an active amateur athlete. One patient in the hUCB group, a

hard working labor, also showed poor results. Commonly,

high physical demand may produce poor results after sur-

gery. In this study, it was difficult to analyze because of the

small cases. In a previous study, still under debate, the

results suggested that age, physical demand, BMI, and con-

comitant knee pathology are risk factors for the failure of

cartilage repair surgery9,24. Therefore, further studies with

larger sample size are necessary to identify the risk factors

and prognostic factors with more precision.

The demographics of this retrospective study revealed

differences between the two groups of subjects, especially

in terms of age and concomitant surgery, when treating only

patients for whom there were approved indications. Many

previous studies have reported that surgical correction of

concomitant knee pathology plays a key role in cartilage

repair procedure. While biologic and graft failures will

occur, the majority of failures were attributed to untreated

background factors such as malalignment, meniscal defi-

ciency, and instability34,35. Although the accompanying

knee pathologies were different, concomitant surgery has

been attempted to adjust for environment favorable for

Figure 2. Flow of IKDC subjective score during 2-year follow-up
of both groups. There was no significant difference (P ¼ 0.434).
BMAC: bone marrow aspirate concentrate; hUCB: human umbilical
cord blood; IKDC: International Knee Documentation Committee;
preOP: preoperative; 6 M: postoperative 6 month; 1Y: postopera-
tive 1 year; and 2Y: postoperative 2 year.
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cartilage repair. We assumed that the environment of the

knee joint in both groups was similarly improved.

Generally, cell count and the differential potency of

BMAC are reported to decrease with age, and this is the

basis for reluctance to use in elderly patients36. In fact, there

have been reports suggesting that sufficient numbers of

MSCs can be collected from elderly patients37,38. Further-

more, mononuclear stem cells from younger healthy donors

have been reported to differ between donors in terms of

differentiation potentials11. A recent study have shown that

elderly patients underwent successful cartilage repair with-

out significant differences24,31. In the present study, there

were no statistical differences between the age groups,

regardless of the treatment method, by contrast with the

expectation that the cartilage repair effect would be better

in younger patients in general.

In the case of hUCB, the same number and capacity of

cells could always be transplanted, irrespective of age. How-

ever, as mentioned above, BMAC has different cell counts,

differentiation potentials, cytokines, and growth factors

depending on the age and individual patient’s conditions.

Nevertheless, there were no significant differences between

the two groups. In this regard, the “medical signaling effect”

proposed by Caplan and Correa39 has attracted attention.

Even after implantation of MSCs, the implanted MSCs dis-

appeared after 6–8 weeks, and the cells were replaced with

host cells40–42. Therefore, in the cartilage repair procedure,

the importance of signaling with the surrounding environ-

ment, i.e., paracrine effect, is emphasized more than stem

cell count. According to this concept, MSCs, rather than

participating in tissue formation, play the role of a site-

regulated “drugstore” in vivo by releasing trophic and immu-

nomodulatory factors31,39,40. Therefore, we believe that even

BMAC with a low fraction of stem cell content can achieve

effective cartilage repair. Many studies are needed to deter-

mine the role of cell count, cytokine, growth factor concen-

tration, and knee joint environment in induction of cartilage

repair6,9,11,43. Considering the results to date, it would be

better to choose the cartilage repair procedure by considering

the patient’s individual characteristics. BMAC may be pre-

ferred for young, physically healthy people, whereas hUCB-

MSCs would be preferred for large sized lesion, old age, or

fear for donor site morbidity.

Figure 3. Flow of KOOS score during 2-year follow-up of both groups. There was no significant difference in all subtypes of KOOS score
[symptoms (P¼ 0.361), pain (P¼ 0.458), ADL (P¼ 0.472), SRA (P¼ 0.605), and QOL (P¼ 0.36)] between two groups. ADL: activity of daily
life; BMAC: bone marrow aspirate concentrate; hUCB: human umbilical cord blood; KOOS: The Knee Injury and Osteoarthritis Outcome
Score; preOP: preoperative; QOL: quality of life; SRA: sport and recreation; 6 M: postoperative 6 month; 1Y: postoperative 1 year; and 2Y:
postoperative 2 year.

Table 2. The Outcome of MRI (M-MOCART Score), Second-Look
Arthroscopy, and Complications of Both Treatment Groups.

BMAC
group (N ¼ 25)

hUCB
group (N ¼ 27) P-value

1Y M-MOCART score 65.4 + 13.46 69.63 + 13.37 0.261
2Y M-MOCART score 70.20 + 13.58 73.7 + 13.2 0.351
1Y 2nd look
ICRS repair grade score

N ¼ 12 N ¼ 16 0.655
9.42 + 1.83 9.75 + 2.05

Complication
Adhesion 2 3
Infection 0 0
TKA conversion 0 0

BMAC: bone marrow aspirate concentration; hUCB: human umbilical cord
blood; ICRS: The International Cartilage Repair Society; M-MOCART: mod-
ified Magnetic Resonance Observation of Cartilage Repair Tissue; MRI:
magnetic resonance imaging; TKA: total knee arthroplasty.
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The present study has some limitations. First, it is a retro-

spective study design, with a small sample size, short-term

follow-up period, and high risk of bias due attributable to

differences in age and coexisting knee pathology between

the two treatment groups. Therefore, there is a need for large

sample sizes in well-designed prospective randomized trial.

Second, biopsy evaluation was not performed. Many studies

reported that repaired cartilage was composed of hyaline like

cartilage30,44,45. However, as Gobbi et al.31 found, although

the ICRS repair score was high, it may not be possible to

show precise results because there were cases where the

actual biopsy showed a mixed (hyaline þ fibrocartilage)

repair. In this case, we could not guarantee the long-term

clinical results. Furthermore, the second-look arthroscopy

was performed at 1 year after surgery; therefore, we could

not determine whether the repaired cartilage changed after

the first year. Also, second-look arthroscopy was conducted

only with a small patient in both groups. There is a high risk

of selection bias to evaluate outcomes. Third, there are a

variety of factors that can affect the results of cartilage

repair, including age, BMI, coexisting knee lesions, and

physical demand, all of which may limit the interpretation

of the results. Fourth, the use of fibrin glue in the BMAC

group may have affected the outcomes. According to a lit-

erature review, the fibrinogen concentration can affect cell

proliferation and migration46,47.

Despite these limitations, our present study has some

merits. To our knowledge, this was the first study to compare

the clinical and MRI outcomes using BMAC and hUCB-

MSCs for cartilage repair. This can help surgeons determine

what kind of cartilage repair method is better for their

patients. We also compared the results of the age-based car-

tilage repair regardless of the treatment method. In this way,

we were able to suggest what additional research would be

needed to determine effective cartilage repair in the elderly

while supporting existing research results.

Figure 4. A representative case of cartilage repair using BMAC (female/47-year-old). (A) Standing anteroposterior knee radiography
showed varus alignment of left knee (HKA axis: varus 7�). (B and C) Preoperative MRI exam showed ICRS grade IV lesion (red arrow)
through T2 proton density fat suppression (T2 PD FS) at MFC through sagittal (B), coronal view (C). (D, E, F) Intraoperative arthroscopic
findings. A 4.5 cm2 sized ICRS IV lesion was observed at MFC through arthroscope (D). After preparation for implantation (E), BMACþHA
scaffold implantation was performed with additional fibrin glue fixation (F). (G, H) After 1-year follow-up, standing anteroposterior radio-
graphy showed corrected varus alignment (HKA axis: valgus 0.8�) (G). During second-look arthroscopy evaluation, repaired cartilage had
some overgrowth, but were well integrated to surrounding tissues and smoothed surface (H). (I, J) At 2-year follow-up, repaired cartilage
(yellow arrow) completely filled defect, showed smooth surface and well integrated to around tissue at T2 PD FS MRI images. There was no
definite subchondral edema at MRI exam sagittal (I), and coronal (J) view. BMAC: bone marrow aspirate concentrate; HKA: Hip-Knee-Ankle;
ICRS: The International Cartilage Repair Society; MFC: medial femoral condyle; and MRI: magnetic resonance imaging.
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Conclusion

The results of our study are encouraging and show that

implantation of MSCs from BMAC or hUCB-MSCs for car-

tilage repair in knee osteoarthritis is safe and effective for

repairing cartilage lesion in each indication. Therefore, if

applied with proper patient indication, both methods could

be expected satisfactory outcome. However, due to differ-

ences in patient groups, the effectiveness of the two methods

could not be accurately compared. Thus, large cases and a

well-controlled prospective design with long-term follow-up

studies are needed to set proper indication.

Ethical Approval

All procedures performed in this study involving human partici-

pants were in accordance with the ethical standards of the institu-

tional and/or national research committee and with the 1964

Helsinki declaration and its later amendments or comparable ethi-

cal standards. The protocol of this study was approved by the Inha

University Hospital Institutional Review Board (approval number:

INHAUH 2019-02-003).

Statement of Human and Animal Rights

All procedures in this study were conducted in accordance with the

Korea Food and Drug Administration (KFDA) guideline for carti-

lage repairing procedure. And the protocol of this study was

Figure 5. A representative case of cartilage repair using hUCB-MSCs (female/53-year-old). (A) Standing anteroposterior knee radiography
showed varus alignment of left knee (HKA axis: varus 6.8�), (B and C) preoperative MRI exam showed ICRS IV lesion (red arrow) at MFC
through T2 proton density fat suppression (T2 PD FS) sagittal (B), and coronal view (C). (D and E) Intraoperative arthroscopic findings. A 3.9
cm2 sized ICRS grade IV lesion was observed at MFC through arthroscope (D). After preparation for implantation, hUCB-MSCs implanta-
tion was performed (E). (F and G) After 1-year follow-up, standing anteroposterior radiography showed corrected varus alignment (HKA
axis: valgus 1.5�) (F). At second-look arthroscopy evaluation, repaired cartilage were well growth and integrated to surrounding tissues and
smoothed surface as almost normal cartilage (G). (H and I) At 2-year follow-up, repaired cartilage (yellow arrow) completely filled defect,
showed smooth surface and well integrated to around tissue at T2 PD FS MRI images. hUCB-MSCs: human umbilical cord blood derived
mesenchymal stem cells; HKA: Hip-Knee-Ankle; ICRS: The International Cartilage Repair Society; MFC: medial femoral condyle; and MRI:
magnetic resonance imaging.

Table 3. Subgroup Study Based on Age Regardless of the Cell
Implantation Method.

Young age
group (�45)

(N ¼ 17)

Elderly
group (>45)

(N ¼ 35) P-Value

Age 33.71 + 9.29 53.54 + 5.5 <0.001
1Y M-MOCART score 67.06 + 14.48 67.86 + 13.13 0.849
2Y M-MOCART score 71.47 + 12.09 72.29 + 14.11 0.830
1Y ICRS repair score 9.67 + 1.63 9.59 + 2.04 0.926
Pre-OP VAS score 5.18 + 1.07 5.06 + 0.99 0.703
2Y F/U VAS score 0.94 + 1.48 0.86 + 0.81 0.829

ICRS: The International Cartilage Repair Society; M-MOCART: modified
Magnetic Resonance Observation of Cartilage Repair Tissue; Pre-OP: pre-
operative; and VAS: visual analogue scale pain score.
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