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Background: Several clinical studies have reported on cell-based treatment using mesenchymal stem cells (MSCs) for cartilage
regeneration in knee osteoarthritis (OA). However, little is known about the factors that influence the clinical outcomes after
surgery.
Purpose/Hypothesis: This study aimed to investigate the clinical outcomes of MSC implantation in patients with knee OA and
assess the factors that are associated with clinical outcomes. The hypothesis was that factors may exist that could influence clinical outcomes.
Study Design: Case series; Level of evidence, 4.
Methods: A total of 49 patients (55 knees) were retrospectively evaluated after MSC implantation for knee OA. The inclusion criteria were patients who had an isolated full-thickness cartilage lesion and Kellgren-Lawrence OA grade 1 or 2. Clinical outcomes
were measured with the International Knee Documentation Committee (IKDC) score, Tegner activity score, and patients’ overall
satisfaction with the surgery. Statistical analyses were performed to determine the effect of different factors on the clinical
outcome.
Results: The mean pre- and postoperative IKDC and Tegner activity scores significantly improved from 37.7 6 6.3 to 67.3 6 9.5
(IKDC) and from 2.2 6 0.7 to 3.8 6 0.7 (Tegner) (P \ .001 for both). Twenty-four patients reported their overall satisfaction with the
surgery as excellent (43.6%), 17 as good (30.9%), 11 as fair (20.0%), and 3 as poor (5.5%). There were significant differences in
clinical outcomes at the final follow-up among the age and lesion size groups (P \ .05 for all). Multivariate analyses showed high
prognostic significance related to patient age and lesion size, and scatter plots suggested a cutoff age of 60 years and a cutoff
lesion size of 6.0 cm2 for the optimum identification of poor clinical outcomes (P \ .05 for both).
Conclusion: The clinical outcomes of MSC implantation for knee OA are encouraging. Patient age and lesion size are important
factors that affect clinical outcomes; thus, these may serve as a basis for preoperative surgical decisions. Cutoff points exist for
the risk of clinical failure in patients older than 60 years and those with a lesion size larger than 6.0 cm2.
Keywords: mesenchymal stem cell; implantation; prognostic factors; osteoarthritis; knee

further affects all the other joint tissues.17,33 The articular
cartilage exhibits little or no ability for self-repair, resulting in progressive tissue loss and dysfunction after isolated
cartilage lesions, and this lack of effective repair contributes to the widespread degeneration of the joint affected
by OA.14 Although joint replacement with artificial components have been suggested as the definitive treatment for
end-stage OA, the limited life span of these prostheses
may restrict their ability in meeting the demands of younger and more active patients.31 Furthermore, patients with
focal cartilage lesions in the earlier stages of OA remain
a challenge because of a combination of high functional
demand and limited indications for joint replacement,34
and restoration of diseased articular cartilage should be
the challenge of researchers and clinicians.36 Therefore,
for these patients, significant needs have arisen for the

Osteoarthritis (OA) is a highly prevalent, progressive,
painful joint disease that is accompanied by an increasing
deficiency in joint function.33 The onset of OA is mainly
characterized by the gradual loss of articular cartilage
due to impaired anabolic and/or catabolic balance, which
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development of novel therapy to protect the cartilage,
inhibit further loss, and even reestablish the knee’s structural integrity.12
As a potential cell-based therapy for cartilage repair,
mesenchymal stem cells (MSCs) have been suggested for
treating diseased articular cartilage because of their ability
to differentiate into chondrocytes and their paracrine effects
of secreted bioactive materials.4,8,37 Currently, several clinical studies concerning the use of MSCs as a cell-based
treatment for knee OA have reported encouraging outcomes
after MSC-based treatment for knee OA.21,26,28-30,38 However, to date, no studies have assessed the factors that influence the outcomes of MSC-based treatment for knee OA.
The identification of factors associated with favorable and
unfavorable outcomes would provide patients with accurate
expectations of the MSC-based treatment. Accordingly, the
aims of this study were to investigate the clinical outcomes
of MSC implantation in patients with knee OA and assess
the factors that are associated with clinical outcomes. We
hypothesized that there are factors that can increase the
risk of clinical failure, which can be isolated and verified
by performing different statistical analyses.

METHODS
Patient Enrollment
We retrospectively reviewed the medical records of 62
consecutive patients (70 knees) with cartilage lesions in
the knees who were treated with arthroscopic MSC
implantation with fibrin glue as a scaffold for cartilage
regeneration between November 2011 and December
2012. The study protocol was approved by our hospital’s
institutional review board, and all patients provided written informed consent before treatment. The inclusion criteria, determined by medical records, plain radiographs,
and magnetic resonance imaging (MRI), were patients
who had an isolated full-thickness cartilage lesion and
Kellgren-Lawrence24 OA grade 1 or 2 with symptoms of
knee joint pain and/or functional limitations despite
a minimum of 3 months of nonsurgical treatments. The
exclusion criteria were the patients with multiple cartilage lesions in their knees, previous surgical treatment,
knee instability, varus or valgus malalignment of 5° of
the knee joint, metabolic arthritis, joint infections, or
large meniscal tears. Of the 62 patients (70 knees), 49
patients (55 knees) met the inclusion criteria and were
ultimately included. The study population included 26
men and 29 women, with a mean age of 58.1 years (range,
48-69 years). The average preoperative body mass index
(BMI) was 26.5 kg/m2 (range, 19.2-31.2 kg/m2), and the
mean follow-up period was 26.7 months (range, 24-36
months) (Table 1).
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TABLE 1
Demographic Dataa
Age, y
Sex, male/female, n
Side of involvement, right/left/both, n
Body mass index, kg/m2
Follow-up period, mo
Lesion size, cm2
Lesion location, medial femoral
condyle/lateral femoral
condyle/trochlea, n

58.1 6 6.0 (48-69)
26/29
24/25/3
26.5 6 3.2 (19.2-31.2)
26.7 6 3.6 (24-36)
5.7 6 2.4 (2.3-12.4).
29/17/9

a

Values are expressed as mean 6 SD (range) unless otherwise
indicated.

patients’ buttocks through tumescent liposuction. After
isolating and characterizing the adipose-derived cells as
described previously,26,28,33 we confirmed that the adipose-derived cells contained MSCs. After isolation, the adipose-derived stem cells represented a mean of 9.4% of the
stromal vascular fraction cells (range, 8.4%-10.3% of the
stromal vascular fraction cells). After the stromal vascular
fractions were isolated, a mean of 4.3 3 106 stem cells
(9.4% of 4.6 3 107 stromal vascular fraction cells; range,
3.7-4.8 3 106) were prepared. Accordingly, we used an
average of 4.6 3 107 stromal vascular fraction cells, which
contained an average of 4.3 3 106 stem cells for MSC
implantation. The surgical procedures were identical in
all the patients, and they were performed as described previously.26 Before MSC implantation, accurate debridement
of all unstable and damaged cartilage in the lesion was performed. The prepared MSCs were loaded into the fibrin
glue product (Greenplast kit; Greencross), which was
used as a scaffold for MSC implantation. Next, after the
arthroscopic fluid was extracted, the MSCs mixed with
fibrin glue were implanted into the lesion site under
arthroscopic guidance. Then, the applied MSCs mixed
with fibrin glue were manipulated using the probe to
evenly cover the surface of cartilage lesion. No marrowstimulation procedures such as microfracture surgery, subchondral drilling, or abrasion arthroplasty were performed
before this procedure. After performing the arthroscopic
procedure, the knee was immobilized for 2 weeks with
a knee brace, and after the sutures were removed, the
patients began range of motion exercises, including both
active and passive exercises of the knee joint. Partial
weightbearing was initiated at 2 weeks after arthroscopy,
and full weightbearing was permitted at 4 weeks postoperatively. Sports and high-impact activities were allowed
after 3 months, and the full return to normal sports or recreational activities was allowed according to patients’ individual recovery.

Outcome Assessment
MSC Preparation and Surgical Procedures
Sample collections and MSC isolation were performed as
described previously.26,28 In brief, 1 day before arthroscopic surgery, adipose tissue was harvested from the

All patients were evaluated clinically preoperatively and
during follow-up. For the clinical evaluation, the International Knee Documentation Committee (IKDC)20 and the
Tegner activity scale43 were used to determine joint
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TABLE 2
Clinical Outcomes by Agea
Age, y

IKDC score
Preoperative
Final follow-up
Tegner activity scale
Preoperative
Final follow-up
Patients’ overall satisfaction, n (%)
Excellent
Good
Fair
Poor

\50 (n = 6)

50-59 (n = 23)

60 (n = 26)

40.7 6 3.6
72.8 6 10.3

38.7 6 7.4
70.6 6 7.9

36.1 6 5.4
63.1 6 9.1

.218b
.004b

2.3 6 0.5
4.0 6 0.6

2.1 6 0.8
4.0 6 0.5

2.2 6 0.6
3.5 6 0.7

.834b
.008b
\.001c

15
5
3
0

4
11
8
3

5 (83.3)
1 (16.7)
0 (0)
0 (0)

(65.2)
(21.7)
(13.1)
(0)

P Value

(15.4)
(42.3)
(30.8)
(11.5)

a

Values are expressed as mean 6 SD unless otherwise indicated. Boldface indicates statistical significance (P \ .05). IKDC, International
knee Documentation Committee.
b
Kruskal-Wallis test.
c
Fisher exact test.

function and sports activities. Additionally, patients rated
their overall satisfaction with the operation as excellent,
good, fair, or poor. To assess patient characteristics (age,
sex, side of involvement, and BMI) and cartilage lesion variables (size and location) that may influence clinical outcomes, the factors were divided into subgroups. We
divided the patients according to age (\50, 50-59, and
60 years), sex, side of involvement (right and left), BMI
(\20.0, 20.0-24.9, 25-29.9, and 30.0 kg/m2), lesion size
(\3.0, 3.0-5.9, 6.0-8.9, and 9.0 cm2), and lesion location
(medial femoral condyle, lateral femoral condyle, and
trochlea).

Statistical Analysis
The principal dependent variables were the IKDC score,
Tegner activity score, and patients’ overall satisfaction
with the operation at the final follow-up. Descriptive statistics were calculated as means 6 SDs. The Wilcoxon
signed-rank test was used to evaluate differences between
the preoperative and final follow-up values. A Fisher exact
test was used to compare the categorical data. The associations among factors were also examined on the basis of
the clinical outcomes. Differences between the groups
were analyzed using the Mann-Whitney U test or the
Kruskal-Wallis test for multiple comparisons. The Spearman rank-order correlation test was used to evaluate the
potential bivariate associations between the different factors to test whether there was a statistically significant
correlation. Bivariate and multivariate logistic regression
analyses were used to assess the various factors that
were independently associated with clinical failure. All
multivariate models were controlled for differences in
age, sex, side of involvement, BMI, and lesion size and location. For the logistic regression models, we reported odds
ratios and 95% CIs relative to a chosen reference group.
Statistical analyses were performed using SPSS (v 13.0;
IBM Corp), with significance defined as P \ .05.

RESULTS
Clinical Outcomes
Before MSC implantation, the mean IKDC score was 37.7
6 6.3, and the mean Tegner activity score was 2.2 6 0.7.
At final follow-up, the mean IKDC and Tegner activity
scores significantly improved to 67.3 6 9.5 and 3.8 6 0.7,
respectively (P \ .001 for both). With regard to overall satisfaction with the surgery, 24 patients reported their satisfaction as excellent (43.6%), 17 as good (30.9%), 11 as fair
(20.0%), and 3 as poor (5.5%).

Association Between Patient Characteristics
and Clinical Outcomes
The clinical outcomes preoperatively and at final follow-up
in each age group are shown in Table 2. There were significant differences in clinical outcomes at final follow-up
among the age groups (IKDC score, P = .004; Tegner activity score, P = .008; and patients’ overall satisfaction, P \
.001). However, no significant differences were found
among the sex, side of involvement, or BMI groups (Tables
3 and 4). According to multivariate analyses, patient age
accounted for 16.7% of the variability in the follow-up
IKDC score. Interestingly, a cutoff point existed for the
prognostic influence of age. As illustrated in the scatter
plot (Figure 1A), the IKDC score of patients aged .60
years was significantly more often \67.3 (the mean
IKDC score at final follow-up) compared with that of
patients aged \60 years. Moreover, only 1 of 6 patients
(16.7%) aged \50 years had a Tegner activity score of
\4, which was similarly observed in 3 of 23 patients
(13%) aged 50 to 59 years; however, many patients had
a Tegner activity score of \4 among those aged 60 years
(57.7%; 15/26) (Figure 1B). Therefore, we considered the
age of 60 years as a cutoff value for obtaining encouraging
outcomes after MSC implantation.

2296 Kim et al

The American Journal of Sports Medicine

TABLE 3
Clinical Outcomes by Sex and Side of Involvementa
Sex

IKDC score
Preoperative
Final follow-up
Tegner activity scale
Preoperative
Final follow-up
Patients’ overall satisfaction, n (%)
Excellent
Good
Fair
Poor

Side of Involvement

Male (n = 26)

Female (n = 29)

P Value

Right (n = 24)

Left (n = 31)

P Value

37.3 6 6.2
65.9 6 9.5

38.0 6 6.5
68.6 6 9.4

.753b
.333b

36.8 6 5.8
68.7 6 10.5

38.4 6 6.6
66.2 6 8.7

.457b
.209b

2.1 6 0.7
3.7 6 0.6

2.3 6 0.6
3.8 6 0.7

.204b
.267b
.577c

2.3 6 0.7
3.9 6 0.7

2.2 6 0.6
3.6 6 0.6

.589b
.139b
.079c

12
4
9
1

12
13
2
2

14 (58.4)
5 (20.8)
5 (20.8)
0 (0)

10
12
6
3

(46.2)
(15.4)
(34.6)
(3.8)

(41.4)
(44.8)
(6.9)
(6.9)

(32.3)
(38.7)
(19.3)
(9.7)

a

Values are expressed as mean 6 SD unless otherwise indicated. IKDC, International knee Documentation Committee.
Mann-Whitney U test.
c
Fisher exact test.
b

TABLE 4
Clinical Outcomes by Body Mass Indexa
Body Mass Index, kg/m2

IKDC score
Preoperative
Final follow-up
Tegner activity scale
Preoperative
Final follow-up
Patients’ overall satisfaction, n (%)
Excellent
Good
Fair
Poor

\20.0 (n = 4)

20.0-24.9 (n = 18)

25.0-29.9 (n = 25)

30.0 (n = 8)

P Value

40.0 6 4.1
68.8 6 9.7

38.9 6 5.4
68.2 6 8.0

37.0 6 7.2
66.6 6 10.0

35.9 6 6.0
66.8 6 12.2

.410b
.883b

2.3 6 0.5
3.8 6 0.5

2.4 6 0.6
3.7 6 0.5

2.1 6 0.7
3.7 6 0.8

2.0 6 0.5
4.0 6 0.8

.233b
.735b
.112c

3
1
0
0

(75)
(25)
(0)
(0)

10
6
2
0

(55.6)
(33.3)
(11.1)
(0)

9
6
8
2

(36)
(24)
(32)
(8)

2
4
1
1

(25)
(50)
(12.5)
(12.5)

a

Values are expressed as mean 6 SD unless otherwise indicated. IKDC, International knee Documentation Committee.
Kruskal-Wallis test.
c
Fisher exact test.
b

Association Between Cartilage Lesion Variables
and Clinical Outcomes
The mean size of the cartilage lesions was 5.7 6 2.4 cm2
(range, 2.3-12.4 cm2); with regard to lesion location, 29
knees had lesions in the medial femoral condyle, 17 had
lesions in the lateral femoral condyle, and 9 had lesions in
the trochlea (Table 1). The clinical outcomes preoperatively
and at final follow-up in each lesion size group are shown in
Table 5. There were significant differences in clinical outcomes at final follow-up among the 4 lesion size groups
(IKDC score, P = .005; Tegner activity score, P = .026;
patients’ overall satisfaction, P \.001). However, no significant difference in the clinical outcomes at final follow-up
was found among the location groups (Table 6). According
to multivariate analyses, the lesion size accounted for 22%

of the variability in the follow-up IKDC score. Interestingly,
a cutoff point existed for the prognostic influence of the
lesion size. As illustrated in the scatter plot in Figure 1C,
the IKDC score of patients with a lesion size .6.0 cm2
was significantly more often \67.3 (the mean IKDC score
at final follow-up) compared with that of patients with
a lesion size \6.0 cm2. Moreover, only 1 of 8 knees
(12.5%) with a lesion size \3.0 cm2 had a Tegner activity
score of \4, which was similar for 5 of 24 patients (20.8%)
with a lesion size of 3.0 to 5.9 cm2; however, the percentage
of patients with a Tegner activity score of \4 was significantly higher in patients with a lesion size of 6.0 to
8.9 cm2 (50%; 9/18) and in patients with a lesion size of
9.0 cm2 (80%; 4/5) (Figure 1D). Therefore, we considered
a lesion size of 6.0 cm2 as a cutoff value for obtaining encouraging outcomes after MSC implantation.
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Figure 1. Correlations between International Knee Documentation Committee (IKDC) score at final follow-up and (A) age and (B)
lesion size, and percentage of patients in each (C) age group and (D) lesion size group according to Tegner activity score at final
follow-up.

Correlations Between the Different Factors
and Clinical Outcomes
The associations among the different factors are shown in
the Appendix (available in the online version of this article
at http://ajsm.sagepub.com/supplemental). The bivariate
correlation showed a statistically significant association
between age and lesion size (correlation coefficient [CC] =
0.471, P \ .001) and between BMI and lesion size (CC =
0.408, P = .002). There were also significant associations
between age and clinical outcomes (IKDC score: CC =
–0.443, P \ .001; Tegner activity score: CC = –0.432, P \
.001) and between lesion size and clinical outcomes
(IKDC score: CC = –0.471, P \ .001; Tegner activity score:
CC = –0.408, P = .002). We used logistic regression models
to assess the effect of different factors on clinical outcomes.
We defined clinical failure as an IKDC score of \68 (mean
IKDC score at final follow-up, 67.3), a Tegner activity score
of \4 (mean Tegner activity score at final follow-up, 3.8), or
fair or poor patient satisfaction at final follow-up. The final
model, as shown in Table 7, controlled for age, sex, side of
involvement, BMI, and lesion size and location. Age and
lesion size were independent predictors of clinical failure

after MSC implantation (P = .003 and .013, respectively).
Compared with patients aged \50 years, those aged 50
to 59 years were 1.39 times more likely to have clinical failure after MSC implantation (95% CI, 0.13-14.78) and those
aged .60 years were 9.44 times more likely to have clinical
failure (95% CI, 0.95-93.64). Compared with patients with
a lesion size \3.0 cm2, those with a lesion size of 3.0 to
5.9 cm2 were 2.88 times more likely to have clinical failure
(95% CI, 0.30-27.97). Meanwhile, patients with a lesion
size of 6.0 to 8.9 cm2 were 11.00 times more likely to
have clinical failure (95% CI, 1.10-109.67), and those
with a lesion size of .9.0 cm2 were 28.00 times more likely
to have clinical failure (95% CI, 1.35-580.59). However, sex
(P = .537), side of involvement (P = .260), BMI (P = .542),
and lesion location (P = .465) did not independently predict
clinical outcomes after MSC implantation.

DISCUSSION
Although MSC implantation has demonstrated encouraging
clinical efficacy for repairing articular cartilage in knee
OA,26,28 we understand little about the contribution that
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TABLE 5
Clinical Outcomes by Lesion Sizea
Lesion Size, cm2

IKDC score
Preoperative
Final follow-up
Tegner activity scale
Preoperative
Final follow-up
Patients’ overall satisfaction, n (%)
Excellent
Good
Fair
Poor

\ 3.0 (n = 8)

3.0-5.9 (n = 24)

6.0-8.9 (n = 18)

9.0 (n = 5)

P value

37.8 6 6.2
73.6 6 8.2

39.1 6 5.8
70.4 6 6.9

36.9 6 6.5
61.4 6 9.3

33.6 6 7.5
63.4 6 11.8

.306b
.005b

2.5 6 0.5
4.0 6 0.5

2.2 6 0.7
4.0 6 0.6

2.2 6 0.5
3.5 6 0.5

1.6 6 0.5
3.2 6 1.1

7
1
0
0

(87.5)
(12.5)
(0)
(0)

13
9
2
0

(54.2)
(37.5)
(8.3)
(0)

3
7
8
0

(16.7)
(38.9)
(44.4)
(0)

.126b
.026b
\.001c

1 (20)
0 (0)
1 (20)
3 (60)

a

Values are expressed as mean 6 SD unless otherwise indicated. Boldface indicates statistical significance (P \ .05). IKDC, International
knee Documentation Committee.
b
Kruskal-Wallis test.
c
Fisher exact test.

TABLE 6
Clinical Outcomes by Lesion Locationa
Lesion Location

IKDC score
Preoperative
Final follow-up
Tegner activity scale
Preoperative
Final follow-up
Patients’ overall satisfaction, n (%)
Excellent
Good
Fair
Poor

Medial Femoral Condyle (n = 29)

Lateral Femoral Condyle (n = 17)

Trochlea (n = 9)

P Value

38.6 6 5.7
69.0 6 8.1

36.6 6 6.6
65.3 6 10.7

36.8 6 7.7
65.4 6 11.1

.583b
.405b

2.2 6 0.7
3.8 6 0.6

2.4 6 0.7
3.6 6 0.7

1.9 6 0.3
3.8 6 0.7

.166b
.598b
.513c

14
9
4
2

(48.3)
(31)
(13.8)
(6.9)

5
7
4
1

(29.4)
(41.2)
(23.5)
(5.9)

5 (55.6)
1 (11.1)
3 (33.3)
0 (0)

a

Values are expressed as mean 6 SD unless otherwise indicated. IKDC, International knee Documentation Committee.
Kruskal-Wallis test.
c
Fisher exact test.
b

known influential preoperative factors have on clinical outcomes after MSC implantation. This is the first study to
assess the effect of factors, including patient characteristics
(age, sex, the side of involvement, and BMI) and cartilage
lesion variables (size and location), on clinical outcomes
after MSC implantation by using different statistical analyses. Understanding the factors that are associated with clinical outcomes will help patients with OA have more realistic
expectations after undergoing MSC implantation for their
knees.
Other than OA itself, patient characteristics may serve
as important selection criteria for stem cell–based repair
strategies. An increased age is a significant risk factor
for OA that may affect the quality of MSCs.14 Chang
et al9 compared the number and function of MSCs in articular cartilage among human fetuses, healthy adults (aged

28-45 years), and elderly adults (aged 60-75 years), and
they found that MSCs accounted for 94.69%, 4.85%, and
6.33% of the cells in the articular cartilage, respectively
(P \ .001). They also reported that a lower chondrogenic
differentiation of MSCs derived from elderly patients
might be associated with the development of OA.9 In addition, several studies have described an age-dependent
effect on the properties of adipose-derived MSCs.6,11,15,44
Choudhery et al11 investigated the expansion and in vitro
differentiation potential of adipose-derived MSCs from
younger (\30 years), adult (35-50 years), and older (.60
years) individuals, and they found that older MSCs displayed senescent features compared with cells that were
isolated from young donors, concomitant with a reduced
viability, proliferation, and differentiation potential. Wu
et al44 compared the biologic features of adipose-derived
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TABLE 7
Association Between Patient and Lesion Characteristics and Clinical Failurea
Factor
Age, y
\50
50-59
60
Sex
Male
Female
Side of involvement
Right
Left
Body mass index, kg/m2
\20.0
20.0-24.9
25.0-29.9
30.0
Lesion size, cm2
\3.0
3.0-5.9
6.0-8.9
9.0
Lesion location
Medial femoral condyle
Lateral femoral condyle
Trochlea

n (%)

Clinical Failure, Odds Ratio (95% CI)

6 (10.9)
23 (41.8)
26 (47.3)

1.00
1.39 (0.13-14.78)
9.44 (0.95-93.64)

26 (47.3)
29 (52.7)

1.00
0.71(0.24-2.09)

24 (43.6)
31 (56.4)

1.00
1.88 (0.62-5.65)

4
18
25
8

(7.3)
(32.7)
(45.5)
(14.5)

1.00
1.50 (0.13-17.67)
3.25 (0.30-35.66)
1.80 (0.12-26.20)

8
24
18
5

(14.5)
(43.6)
(32.7)
(9.1)

1.00
2.88 (0.30-27.97)
11.00 (1.10-109.67)
28.00 (1.35-580.59)

P Value
.003

.537

.260

.542

.013

.465
29 (52.7)
17 (30.9)
9 (16.4)

1.00
2.14 (0.63-7.26)
1.52 (0.33-6.96)

a

Boldface indicates statistical significance (P \ .05).

MSCs isolated from Lewis and Brown Norway rats in the
younger (\4 weeks old) and senior (.15 months old)
groups, and they reported that the yield of MSCs was significantly higher in the younger group than in the senior
group (P \ .02).
There were significant differences in clinical outcomes at
final follow-up among the 3 age groups in this study (P \
.05) (Table 2). Interestingly, we also found that the age of
60 years could be a useful cutoff value for obtaining encouraging outcomes after MSC implantation (Figure 1, A and
B). Furthermore, we found that age was an independent predictor of clinical failure after MSC implantation (P = .003)
(Table 7). We speculated that these findings may have
resulted from a less favorable quality in the cartilage repair
of MSCs from patients aged .60 years. Accordingly, we concluded that the patient age should be considered when using
recipient MSCs in clinical applications.
Patient obesity is another risk factor for OA.14 According
to a previous report, MSCs from obese patients showed
a reduced proliferation rate, greater cell senescence, and
reduced differentiation to multiple lineages, including chondrogenesis.40 In our previous studies,26,28 we reported that
a high BMI (27.5 kg/m2) was a poor prognostic factor
when MSC implantation was performed without a scaffold.
However, we found that the negative effects in patients
with a high BMI can be overcome by using fibrin glue as
a scaffold.26 In the current study, we divided the patients
according to their BMI, and we found that there were no significant differences in the clinical outcomes at final follow-up
among the groups of BMI (Table 4). Although the exact

reason for these findings cannot be explained, we believe
that the fibrin glue scaffold may have affected them. Fibrin
glue, which has been widely used as a cell delivery matrix
for articular cartilage repair,1,10,13,22 promotes the proliferation and gene expression of MSCs.19 In an in vitro human
study, Kim et al25 reported that adipose-derived MSCs in
fibrin glue sustained functional survival and paracrine function, and they suggested further development of the MSCs
with fibrin glue for clinical treatment. Therefore, in the present study, we considered that using fibrin glue as a scaffold
may have induced better cell survival, proliferation, differentiation, and matrix synthesis, which led to the symptom
improvement in patients with degenerative lesions.
Many studies have reported on the prognostic factors of
cartilage regenerative procedures such as arthroscopic
microfracture surgery or autologous chondrocyte implantation in chondral defects of knee, and strong correlations
between the lesion size and clinical outcomes have been
reported by several authors.2,16,18,39,42 Salzmann et al42
reported that microfracture surgeries are usually performed
to treat lesions \3 cm2 in size, and Knutsen et al27 indicated
that full-thickness chondral defects \4 cm2 respond better
to microfracture surgery than lesions .4 cm2. It is well
documented that the average size of a lesion treated with
autologous chondrocyte implantation is about 5.3 cm2,39
and several authors demonstrated better clinical outcomes
after autologous chondrocyte implantation compared with
microfracture surgery in patients with lesions .4 cm2.5,27
However, although several authors have performed microfracture surgery to treat knees with OA,3,23,32,41 only
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a few have reported on the lesion size as a prognostic factor
in using microfracture surgery to treat knees with OA. Kaul
et al23 performed microfracture surgery in 5 patients with
early OA (Kellgren-Lawrence24 grade 1-2) and reported
that the microfracture surgery did not improve small cartilage lesions (range, 2.6-4.0 cm2). Sakata et al41 demonstrated that microfracture surgeries are not suitable for
treating cartilage lesions .6 cm2 in the medial compartmental OA of the knee.
In our previous studies,26,28 we performed MSC implantation in patients with knee OA, and we found that patients
with lesion .5.4 cm2 and .5.7 cm2 showed significantly
worse outcomes in terms of the IKDC score and Tegner
activity score. In the present study, we assessed whether
the cartilage lesion size influenced the clinical outcomes of
MSC implantation. Accordingly, we found significant differences in the clinical outcomes at final follow-up among the
lesion size groups (Table 5). Furthermore, we found that
patients with lesions .6.0 cm2 showed less favorable clinical outcomes after MSC implantation compared with lesions
\6.0 cm2 (Figure 1, C and D). On the basis of our findings,
we can suggest a lesion size of 6.0 cm2 as an upper limit for
obtaining encouraging outcomes after MSC implantation.
However, there is an inherent point that should be considered. In this study, there was a statistically significant association between age and lesion size (CC = 0.471, P \ .001)
(online Appendix): Older patients were more likely to have
larger lesions and therefore worse clinical outcomes. Therefore, further study comparing the outcomes between different age groups with similar lesion sizes is needed to
evaluate the independent effect of lesion size on clinical outcomes after MSC implantation.
The current study has some limitations. First, the number
of patients was relatively small, and the follow-up period was
short. However, given that there are no similar studies published, we believe that these data are important. Furthermore, because this study is ongoing, it can be strengthened
in the future, as the number of patients in the matched
groups will increase over time. Second, the current study
was a retrospective case series that lacked any comparative
cohort or control. A comparative study of MSC implantation
to other cartilage regenerative procedures is required to identify the exact effects of MSC implantation in cartilage regeneration. In addition, we used the IKDC and Tegner activity
scores to evaluate clinical outcomes. Follow-up MRI or second-look arthroscopy with histological evaluation would be
helpful for assessment of the quality of repaired cartilage,
and further, power analyses of correlations of these findings
with clinical outcomes are necessary to identify prognostic
factors more precisely. In the current study, the relatively
small number of patients may have limited the power to
detect other prognostic factors. Third, the quality of MSCs
needed to achieve the optimal response in MSC implantation
remains unknown. Niemeyer et al35 analyzed the influence of
cell quality on clinical outcomes after autologous chondrocyte
implantation in patients with cartilage defects of the knee
joint, and they compared its influence quantitatively with
patient-specific and defect-specific parameters. A future study
that estimates the quality of MSCs that influence the clinical
outcomes of MSC implantation is needed to more accurately
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assess the influential prognostic factors. Furthermore, the
number of MSCs used for implantation is important. Jo
et al21 performed intra-articular injection of adipose-derived
MSCs for knee OA. The study consisted of 3 dose-escalation
cohorts: low dose (1.0 3 107 cells), mid-dose (5.0 3 107), and
high dose (1.0 3 108), each with 3 patients. These authors
found that the radiological, arthroscopic, and histological outcomes of intra-articular injection of 1.0 3 108 MSCs into the
knee OA demonstrated a decrease in the articular cartilage
defects by regeneration of hyaline-like articular cartilage.
Therefore, further studies are required to determine the optimal number of MSCs by comparing the effects of MSCs on
better cartilage regeneration to achieve better clinical outcomes. Fourth, in the current study, fibrin glue was used as
a scaffold in MSC implantation. Although the biomechanical
properties of an optimized scaffold may provide an environment for promoting the differentiation of stem cells toward
the chondrocyte lineage,7 refinement of the chemical and
material properties of scaffolds may improve the biological
cues required for infiltration and proliferation of MSCs in
scaffolds. Therefore, the development of novel scaffolds that
mimic the inherent gradient structure of healthy cartilage
may improve cellular activity in tissue engineering-mediated
cartilage repair, and comparing the effects of various scaffolds
on the clinical outcomes after MSC implantation will
strengthen this study. Lastly, in this study, partial weightbearing was initiated at 2 weeks postoperatively, which might
be a relatively short duration allowing for adequate cartilage
regeneration. Therefore, further study comparing the influence of early and delayed weightbearing on the outcomes
after MSC implantation is needed.

CONCLUSION
The current study showed encouraging clinical outcomes
after MSC implantation in patients with knee OA. Furthermore, patient age and lesion size were important factors that affected the clinical outcomes. When the patient
age was .60 years or the lesion size was .6.0 cm2, there
were less favorable clinical outcomes. Identifying these factors may provide a more accurate screening tool for surgeons to better assess which patients are good candidates
for MSC implantation and which will have a better chance
at successful clinical outcomes.
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