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Factors Influencing Clinical and MRI
Outcomes of Mesenchymal Stem Cell
Implantation With Concomitant High Tibial
Osteotomy for Varus Knee Osteoarthritis
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Investigation performed at Yonsei Sarang Hospital, Seoul, Republic of Korea

Background: Cartilage repair procedures using mesenchymal stem cells (MSCs) can provide superior cartilage regeneration in the
medial compartment of the knee joint when high tibial osteotomy (HTO) is performed for varus knee osteoarthritis (OA). However,
few studies have reported the factors influencing the outcomes of MSC implantation with concomitant HTO.

Purpose: To investigate the outcomes of MSC implantation with concomitant HTO and to identify the prognostic factors that are
associated with the outcomes.

Study Design: Case series; Level of evidence, 4.

Methods: A total of 71 patients (75 knees) were retrospectively evaluated after MSC implantation with concomitant HTO.
Clinical and radiological outcomes were evaluated, and magnetic resonance imaging (MRI) was used to assess cartilage
regeneration. Statistical analyses were performed to determine the effect of different factors on clinical, radiographic, and MRI
outcomes.

Results: Clinical and radiographic outcomes improved significantly from preoperatively to final follow-up (P < .001 for all), and
overall cartilage regeneration was encouraging. Significant correlations were found between clinical and MRI outcomes. However,
radiographic outcomes were not significantly correlated with clinical or MRI outcomes. Patient age and number of MSCs showed
significant correlations with clinical and MRI outcomes. On multivariate analyses, patient age and number of MSCs showed high
prognostic significance with poor clinical outcomes.

Conclusion: MSC implantation with concomitant HTO provided feasible cartilage regeneration and satisfactory clinical outcomes
for patients with varus knee OA. Patient age and number of MSCs were important factors that influenced the clinical and MRI
outcomes of MSC implantation with concomitant HTO for varus knee OA.
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Primary knee osteoarthritis (OA) is caused by a combina-
tion of risk factors, including increasing age and obesity,
knee malalignment, increased biomechanical loading of
joints, and/or genetics.37 Among these risk factors, varus
knee malalignment can lead to increased loads on the
medial compartment and induce progressive cartilage
degeneration, leading to medial compartmental knee OA.5

For patients who have medial compartmental knee OA,
high tibial osteotomy (HTO), which corrects the limb defor-
mity by shifting the mechanical axis to the lateral side and
decreasing contact pressure on the affected medial carti-
lage, can provide the adequate mechanical environment for
preventing further degeneration of articular carti-
lage.2,33,51 Although authors have reported encouraging
short-term and midterm outcomes of HTO,3,48,50 satisfac-
tory long-term outcomes of HTO are questionable until
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adequate cartilage regeneration in the medial compart-
ment of the knee joint is accomplished.48,52 Therefore, sev-
eral studies on additional cartilage repair procedures with
concomitant HTO have emerged in an attempt to obtain
more adequate regeneration of cartilage in the medial com-
partment of the knee joint.13,15,44

Mesenchymal stem cells (MSCs) have been assessed as
a potential cell-based therapy for the treatment of OA
because of their capacity for differentiation into chondro-
cytes and their immunomodulatory properties.16,29 It has
been reported that the addition of MSC treatment is useful
in achieving greater cartilage remodeling and better clin-
ical outcomes in patients undergoing HTO,24,25,28,49,55

which indicates that the outcomes of this combined proce-
dure should be different from those of HTO alone. How-
ever, to date, no studies have assessed factors that
influence the outcomes of MSC implantation in combina-
tion with HTO for varus knee OA. The identification of
factors associated with favorable and unfavorable out-
comes would provide patients with accurate expectations
of this treatment. Accordingly, this study aimed to inves-
tigate the clinical, radiographic, and magnetic resonance
imaging (MRI) outcomes of MSC implantation in combina-
tion with HTO in patients with varus knee OA and to
identify the prognostic factors that are associated with the
outcomes.

METHODS

Patient Enrollment

This study was reviewed and approved by the institu-
tional review board at our institution, and informed con-
sent was obtained from all participants before study
enrollment. We retrospectively reviewed the data of 83
consecutive patients (91 knees) who underwent MSC
implantation in combination with HTO for varus knee

OA between July 2017 and November 2018. The inclusion
criteria, determined by medical records, plain radio-
graphs, and MRI scans, were symptomatic knee pain
unresponsive to nonoperative treatment, radiographs
showing medial compartmental knee OA classified as
Kellgren-Lawrence grade 3 or 4,21 and varus deformity
between the tibial and femoral mechanical axes as mea-
sured on a hip-to-ankle standing anteroposterior (AP)
radiograph.40 The exclusion criteria were previous sur-
gery, cartilage lesions in the lateral or patellofemoral
compartment, and other pathological diseases including
rheumatoid arthritis, hemophilia, active knee infections,
chronic anterior/posterior cruciate ligament instability,
or meniscal tears. Of the 83 patients (91 knees), 12
patients (16 knees) were excluded: 9 patients (13 knees)
did not meet the inclusion criteria, 2 patients (2 knees)
were lost to follow-up, and 1 patient (1 knee) refused to
undergo follow-up MRI. A total of 71 patients (75 knees)
were ultimately included in the analysis (Figure 1). The
baseline demographics of the patients are summarized in
Table 1.

Preparation of MSCs

Subcutaneous adipose tissue samples were obtained
through liposuction from the gluteal regions of the
patients 1 day before MSC implantation with concomitant
HTO. The liposuction material was aspirated by gentle
suction, the gluteal fat pad was collected, and separation
of the stromal vascular fraction (SVF) through centrifuga-
tion was performed in accordance with a previously
reported method.56 Stem cells were isolated from the
lipoaspirate by enzymatic digestion and cultured to deter-
mine the characteristics of the adipose-derived stem cells.
The adipose-derived stem cell immunophenotype was
investigated using cell markers by analytical flow cytome-
try,35 and the differentiation potentials of adipose-derived
stem cells into adipogenic, osteogenic, and chondrogenic
cell lineages were also assessed using specific inductive
culture media.35 These isolation and characterization pro-
cedures determined that the SVF contained adipose-
derived MSCs, which made up 9.8% of this fraction.

Figure 1. Flow diagram of patient involvement in the study.
MRI, magnetic resonance imaging.

TABLE 1
Patient Demographics and Characteristicsa

Variable Value

Age, y 60.2 ± 6.1 (48-73)
Sex, male/female, n 35/40
Side of involvement,

right/left/both, n
37/34/2

Body mass index, kg/m2 25.8 ± 3.0 (19.3-32.9)
Follow-up period, mo 26.8 ± 3.1 (24-34)
Lesion size, cm2

Femoral condyle 7.1 ± 1.0 (4.8-9.1)
Tibial plateau 6.2 ± 0.9 (4.0-8.3)

No. of MSCs 1.19�107 ± 3.72�106 (7.21�106-1.98�107)

aValues are expressed as mean ± SD (range) unless otherwise
indicated. MSC, mesenchymal stem cell.
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Consequently, a mean of 1.21�108 cells in the SVF, which
contained a mean of 1.19�107 stem cells (9.8% of 1.21�108

cells in the SVF; range, 7.21�106 to 1.98�107), were used
for MSC implantation.

Surgical Procedure

The surgical procedure was identical in all patients and
was performed as described previously.23 The patients
were placed in the supine position on the operating table,
and thigh tourniquets were applied. Before MSC implan-
tation, 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
W; Green Cross), which was used as a scaffold for MSC
implantation. After the arthroscopic fluid was extracted,
MSCs mixed with fibrin glue were implanted into the
lesion site under arthroscopic guidance. Next, the applied
MSCs mixed with fibrin glue were manipulated using a
probe to evenly cover the surface of the cartilage lesion.
No marrow stimulation procedures such as microfracture,
subchondral drilling, or abrasion arthroplasty were per-
formed before this procedure. After the arthroscopic
procedure, HTO was performed. During preoperative
planning, the desired correction angle and wedge size
were calculated using hip-to-ankle standing AP radio-
graphs, with the aim of mild overcorrection.11 Open-
wedge HTO was performed with the angular-stable
TomoFix plate (Synthes), and the osteotomy site was filled
with a b-tricalcium phosphate wedge (Synthes), which is a
synthetic resorbable substitute possessing compressive
strength similar to that of cancellous bone, in compliance
with the open space.

As a postoperative rehabilitation exercise, active and
passive range of motion was initiated on the first postoper-
ative day. The patients were allowed to move their knee
from 0� to 90� after 2 weeks. Toe-touch weightbearing was
allowed at 2 weeks after surgery, followed by partial
weightbearing for 2 weeks. Full weightbearing was allowed
at 4 weeks, after radiographic evidence of bone consolida-
tion at the osteotomy site was confirmed. Sports and
intense levels of activity were allowed at 3 months after
surgery.

Clinical and Radiographic Evaluations

All patients were evaluated clinically and radiographi-
cally before surgery and postoperatively at 4 weeks, 3
months, 6 months, 1 year, and annually until the last
follow-up visit (mean, 26.8 months [range, 24-34
months]). For the clinical evaluation, the Lysholm score26

and the Knee injury and Osteoarthritis Outcome Score
(KOOS)47 were used to determine joint function and the
ability to perform sports activities. Clinical outcome
scores were collected by a special nurse who was blinded
to the intention of this study. Radiographs of the knee
joints were obtained and included AP views, true-lateral
views at 30� of knee flexion, and AP long-leg weightbear-
ing views. The femorotibial angle (the angle between the

femoral and tibial shaft axes on AP radiographs)40 and
posterior tibial slope (the angle formed by the tangent to
the medial tibial plateau and the line perpendicular to the
tangent at the anterior tibial cortex) with the knee in 30�

of flexion39 were measured to analyze the mechanical
effects of HTO.

MRI Evaluation

Preoperative and follow-up MRI was performed using a
3.0-T MRI scanner (Achieva 3.0-T SE; Philips) with a
dedicated 8-channel knee coil. Follow-up MRI was per-
formed at a mean of 18.5 months postoperatively. The
following sequences were utilized: (1) proton density
(PD) spectral presaturation with inversion recovery
(SPIR) transversal image (repetition time/echo time
[TR/TE], 4000/15 milliseconds; field of view [FOV],
150�150 mm; matrix, 308�249; slice thickness [SL],
3.5 mm with 0.35-mm gap), (2) PD SPIR coronal image
(TR/TE, 3500/15 milliseconds; FOV, 150�150 mm;
matrix, 260�240; SL, 3.0 mm with 0.5-mm gap), (3)
T2 SPIR sagittal image (TR/TE, 3200/70 milliseconds;
FOV, 150�150 mm; matrix, 240�192; SL, 3.0 mm with
0.3-mm gap), and (4) turbo spin echo T1-weighted sagittal
image (TR/TE, 600/20 milliseconds; FOV, 150�150;
matrix, 240�240; SL, 3.0 mm with 0.3-mm gap). To avoid
potential bias, an independent observer, who was a mus-
culoskeletal radiologist not involved in the care of
patients and blinded to the intention of this study, eval-
uated the MRI scans. The size of the cartilage lesion was
measured using preoperative MRI. On follow-up MRI, the
MOCART (magnetic resonance observation of cartilage
repair tissue) scoring system was used for the evaluation
of repaired cartilage (Table 2).36

Statistical Analysis

The principal dependent variables were the Lysholm
score and KOOS at the final follow-up (clinical outcomes)
as well as the postoperative MOCART score (MRI out-
comes). Data are reported as means ± SDs unless other-
wise indicated. The Wilcoxon signed-rank test was used to
evaluate differences between the preoperative and final
follow-up values. To assess the association of patients’
demographic characteristics with clinical and MRI out-
comes, each category was divided into groups: age (<50,
50-59, 60-69, and �70 years), sex (male/female), side of
involvement (right/left), body mass index (BMI; <20.0,
20.0-24.9, 25.0-29.9, and �30.0 kg/m2), cartilage lesion
size (femoral condyle: <6.0, 6.0-6.9, 7.0-7.9, and
�8.0 cm2; tibial plateau: <5.0, 5.0-5.9, 6.0-6.9, and
�7.0 cm2), and number of MSCs (<1.0�107, 1.0�107 to
1.5�107, and �1.6�107). 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 assess whether a statistically significant
correlation existed. Multivariate logistic regression
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analyses were used to assess the factors that were indepen-
dently associated with unsatisfactory clinical outcomes. We
defined unsatisfactory clinical outcomes as a Lysholm score
of<83 or KOOS subscores of<74 (Pain), 72 (Symptoms), 75
(Activities of Daily Living [ADL]), 54 (Sports and Recrea-
tion [Sports/Rec]), or 62 (Quality of Life [QoL]) because the
mean Lysholm score at the final follow-up was 82.9, and the
mean KOOS subscores were 73.4 for pain, 71.4 for symp-
tom, 74.1 for ADL, 53.2 for Sports/Rec, and 61.1 for QoL,
respectively. We calculated odds ratios and 95% CIs rela-
tive to a chosen reference group for the logistic regression
models. Linear regression analyses were also used to eval-
uate the correlation between number of MSCs and
MOCART score. Statistical analyses were performed using
SPSS (Version 13.0; IBM), with significance defined as
P < .05.

RESULTS

Clinical, Radiographic, and MRI Outcomes

Before surgery, the mean clinical outcome scores were 55.1
± 3.7 (Lysholm), 43.2 ± 2.4 (KOOS-Pain), 41.4 ± 2.4 (KOOS-
Symptoms), 50.8 ± 2.2 (KOOS-ADL), 24.0 ± 4.4 (KOOS-
Sports/Rec), and 39.2 ± 4.1 (KOOS-QoL). At the final
follow-up, all mean scores improved significantly to 82.9 ±
3.8 (Lysholm), 73.4 ± 3.4 (KOOS-Pain), 71.4 ± 3.4 (KOOS-
Symptoms), 74.1 ± 4.6 (KOOS-ADL), 53.2 ± 3.2 (KOOS-
Sports/Rec), and 61.1 ± 4.5 (KOOS-QoL) (P < .001 for all).
In addition, no clinically significant adverse event was
noted. Radiographic outcomes at the final follow-up showed
that knee joint alignment had been corrected. The mean
femorotibial angle and posterior tibial slope were signifi-
cantly changed from varus 3.3� ± 1.9� and 10.0� ± 1.0� to
valgus 8.8� ± 2.4� and 10.3� ± 2.7�, respectively (P< .001 for
both). Follow-up MRI was performed at a mean of 18.5
months postoperatively (Figure 2). Before surgery, the
mean MOCART score was 35.7 ± 9.3 for the femoral condyle
and 35.2 ± 9.7 for the tibial plateau. On follow-up MRI, the
mean MOCART score improved significantly to 74.2 ± 8.6
for the femoral condyle and 74.1 ± 7.5 for the tibial plateau
(P < .001 for both).

Correlations Among Clinical, Radiographic,
and MRI Outcomes

Significant correlations were found between the final clin-
ical and MRI outcomes (all P < .05) (Table 3). The Lysholm
and KOOS scores improved significantly as the level of
repaired cartilage improved. However, the radiographic
outcomes were not significantly correlated with clinical
outcomes at the final follow-up. In addition, no significant
correlation between the postoperative clinical, radio-
graphic, and MRI outcomes was observed (Table 4).

Association Between Patient Demographics
and Clinical and MRI Outcomes

Significant differences were found in clinical outcomes and
MOCART scores between the different age groups, with the
exception of the KOOS-ADL and KOOS-QoL (Table 5). Sig-
nificant differences were also found in clinical outcomes
and MOCART scores with respect to the number of MSCs
(Table 6). However, no significant differences were found in
clinical outcomes and MOCART scores with respect to
patient sex, side of involvement, BMI, or lesion size (Appen-
dix Tables A1-A5).

Multivariate logistic regression analyses were used to
assess the factors that were independently associated with
unsatisfactory clinical outcomes. All multivariate models
were adjusted for differences in age and number of MSCs
(Table 7). Patient age and number of MSCs were found to be
independent predictors of clinical outcomes of MSC implan-
tation with concomitant HTO (P ¼ .014 and P ¼ .037,
respectively). Compared with patients aged <50 years,
those aged 50-59 years were 2.211 times more likely to have
unsatisfactory clinical outcomes (95% CI, 0.223-21.942),

TABLE 2
MOCART Scoring Systema

Variable Score

Degree of defect repair and filling of defect
Complete 20
Hypertrophy 15
Incomplete
�50% of adjacent cartilage 10
<50% of adjacent cartilage 5

Subchondral bone exposed 0
Integration to border zone

Complete 15
Incomplete

Demarcating border visible 10
Defect visible
<50% of length of repair tissue 5
�50% of length of repair tissue 0

Surface of repair tissue
Surface intact 10
Surface damaged
<50% of repair tissue depth or total degeneration 5
�50% of repair tissue depth or total degeneration 0

Structure of repair tissue
Homogeneous 5
Inhomogeneous or cleft formation 0

Signal intensity of repair tissue
Normal (identical to adjacent cartilage) 30
Nearly normal (slight areas of signal alteration) 15
Abnormal (large areas of signal alteration) 0

Subchondral lamina
Intact 5
Not intact 0

Subchondral bone
Intact 5
Not intact 0

Adhesions
No 5
Yes 0

Effusion
No 5
Yes 0

Total 100

aMOCART, magnetic resonance observation of cartilage repair
tissue.
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those aged 60-69 years were 10.599 times more likely to
have unsatisfactory clinical outcomes (95% CI, 1.051-
106.886), and those aged�70 years were 18.167 times more
likely to have unsatisfactory clinical outcomes (95% CI,
0.771-428.211) after MSC implantation. Compared with
patients with �1.6�107 MSCs, those with MSCs between
1.0�107 and 1.5�107 were 2.819 times more likely to have
unsatisfactory clinical outcomes (95% CI, 0.813-9.773), and

those with <1.0�107 MSCs were 5.153 times more likely to
have unsatisfactory clinical outcomes (95% CI, 1.118-
23.753) after surgery. The bivariate correlation analysis
showed a statistically significant association between age
and number of MSCs (rS ¼ –0.479; P < .001).

Figure 2. (A) Preoperative anteroposterior (AP) long-leg weightbearing view. Varus malalignment of the knee joint is observed.
(B, C) Preoperative fat-saturated proton density coronal and sagittal images of the right knee of a 64-year-old female patient.
Cartilage loss is observed in the medial femoral condyle and tibial plateau. (D) Follow-up AP long-leg weightbearing view shows the
correction of varus malalignment of the knee joint. (E, F) Follow-up AP fat-saturated proton density coronal and sagittal images at
18 months after surgery. Cartilage regeneration along with favorable integration with adjacent native cartilage is observed.

TABLE 4
Correlation Between Clinical, Radiographic,

and MRI Outcomesa

Femorotibial
Angle

Posterior Tibial
Slope

rS P rS P

Lysholm score –0.155 .184 0.038 .745
KOOS

Pain –0.199 .655 –0.163 .163
Symptoms 0.110 .087 0.006 .956
Activities of Daily Living 0.048 .346 0.109 .351
Sports and Recreation –0.053 .683 0.109 .350
Quality of Life –0.040 .732 0.049 .678

MOCART score
Femoral condyle –0.056 .633 0.034 .774
Tibial plateau –0.112 .340 0.010 .935

aCalculated using the Spearman rank-order test. KOOS, Knee
injury and Osteoarthritis Outcome Score; MOCART, magnetic res-
onance observation of cartilage repair tissue; MRI, magnetic reso-
nance imaging.

TABLE 3
Correlation Between Clinical and MRI Outcomesa

MOCART Score

Femoral Condyle Tibial Plateau

rS P rS P

Lysholm score 0.324 .005 0.392 <.001
KOOS

Pain 0.477 <.001 0.415 <.001
Symptoms 0.320 .005 0.312 .006
Activities of Daily Living 0.568 <.001 0.484 <.001
Sports and Recreation 0.579 <.001 0.457 <.001
Quality of Life 0.332 .004 0.235 .043

aCalculated using the Spearman rank-order test. KOOS, Knee
injury and Osteoarthritis Outcome Score; MOCART, magnetic res-
onance observation of cartilage repair tissue; MRI, magnetic reso-
nance imaging.
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As illustrated in Figure 3, the number of MSCs was
1.2�107 for the mean postoperative MOCART score (74.2 for
the femoral condyle and 74.1 for the tibial plateau). Accord-
ing to the theoretical extrapolation of the correlation, the
predicted number of MSCs for the highest possible MOCART
score of 100 points was 2.5�107 for the femoral condyle and
2.8�107 for the tibial plateau.

DISCUSSION

The most important finding of this study was that patient
age and number of MSCs were the principal prognostic
factors that were significantly associated with the outcomes
of MSC implantation with concomitant HTO (P ¼ .014 and

P ¼ .037, respectively). Additionally, a statistically signifi-
cant association was found between patient age and num-
ber of MSCs (rS ¼ –0.479; P < .001). Although the
application of MSCs is known to be beneficial for better
cartilage regeneration, with improved clinical outcomes in
patients undergoing concomitant HTO for varus knee
OA,4,25,28,49,55 we understand little about the contribution
of known influential preoperative factors on the outcomes
of MSC implantation with concomitant HTO. To our knowl-
edge, this is the first study to assess the effect of patient
demographic characteristics on the clinical and MRI out-
comes after such a procedure.

Patient age is the main risk factor of OA.37,42,45 In their
study of 3,266,826 participants, Prieto-Alhambra et al45

reported that the incidence rates of knee OA increased pro-
gressively with age, with the steepest slope in those aged
50-70 years, which then slowed down and peaked in those
aged 75-85 years, with a slight decrease in the final years of
life (�85 years). Advanced age is not only a significant risk
factor for OA, but it also affects the quality of MSCs.10

Several studies have described an age-dependent effect on

TABLE 5
Clinical and MRI Outcomes Stratified by Agea

<50 y (n ¼ 8) 50-59 y (n ¼ 30) 60-69 y (n ¼ 31) �70 y (n ¼ 6) P Valueb

Lysholm score 85.2 ± 3.8 84.1 ± 4.0 82.4 ± 3.1 79.6 ± 3.9 .022
KOOS

Pain 76.2 ± 4.1 74.6 ± 2.8 72.4 ± 3.1 70.6 ± 3.5 .002
Symptoms 74.5 ± 3.5 72.2 ± 3.2 70.7 ± 3.0 68.8 ± 2.8 .005
Activities of Daily Living 77.0 ± 5.1 75.1 ± 4.2 72.8 ± 4.7 73.0 ± 3.6 .120
Sports and Recreation 56.0 ± 3.8 53.6 ± 3.2 53.0 ± 2.9 50.5 ± 1.9 .015
Quality of Life 64.5 ± 3.8 61.2 ± 4.5 60.8 ± 4.5 59.4 ± 3.9 .143

MOCART score
Femoral condyle 80.8 ± 11.1 76.8 ± 7.5 71.8 ± 7.3 68.1 ± 10.0 .006
Tibial plateau 80.0 ± 8.4 76.8 ± 6.4 71.5 ± 7.1 69.4 ± 6.2 .002

aValues are expressed as mean ± SD. KOOS, Knee injury and Osteoarthritis Outcome Score; MOCART, magnetic resonance observation of
cartilage repair tissue; MRI, magnetic resonance imaging.

bKruskal-Wallis test.

TABLE 6
Clinical and MRI Outcomes Stratified by Number of MSCsa

<1.0�107

(n ¼ 29)

1.0�107 to
1.5�107

(n ¼ 27)
�1.6�107

(n ¼ 19)
P

Valueb

Lysholm score 81.3 ± 2.6 82.1 ± 3.3 84.2 ± 5.7 .034
KOOS

Pain 71.2 ± 2.5 73.9 ± 3.0 76.0 ± 3.2 <.001
Symptoms 70.3 ± 2.8 71.1 ± 2.8 73.6 ± 3.9 .003
Activities of
Daily Living

71.8 ± 3.7 74.4 ± 4.2 77.1 ± 4.6 .001

Sports and
Recreation

51.2 ± 1.9 53.3 ± 2.5 56.3 ± 3.2 <.001

Quality of Life 59.7 ± 4.2 60.9 ± 4.0 63.6 ± 4.6 .013
MOCART score

Femoral
condyle

66.0 ± 5.7 76.5 ± 3.6 83.4 ± 5.3 <.001

Tibial plateau 67.8 ± 5.1 75.7 ± 4.5 81.6 ± 5.5 <.001

aValues are expressed as mean ± SD. KOOS, Knee injury and
Osteoarthritis Outcome Score; MOCART, magnetic resonance
observation of cartilage repair tissue; MRI, magnetic resonance
imaging; MSC, mesenchymal stem cell.

bKruskal-Wallis test.

TABLE 7
Association of Patient Age and Number of MSCs

With Clinical Outcomesa

n (%)

Unsatisfactory Clinical
Outcomes, Odds Ratio

(95% CI)
P

Value

Age group, y .014
<50 8 (8.0) 1.000
50-59 30 (41.3) 2.211 (0.223-21.942)
60-69 31 (40.0) 10.599 (1.051-106.886)
�70 6 (10.7) 18.167 (0.771-428.211)

No. of MSCs .037
<1.0�107 29 (38.7) 5.153 (1.118-23.753)
1.0�107 to 1.5�107 27 (36.0) 2.819 (0.813-9.773)
�1.6�107 19 (25.3) 1.000

aMSC, mesenchymal stem cell.
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the properties of MSCs.6,7 Chang et al6 compared the num-
ber 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 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.6 Choudhery et al7 investigated the
expansion and in vitro differentiation potential of MSCs
in younger (<30 years), adult (35-50 years), and older
(>60 years) patients, and they found that older MSCs dis-
played more senescent features than MSCs that were iso-
lated from younger donors, concomitant with reduced
viability, proliferation, and differentiation potentials. In
the present study, significant differences were found in
clinical and MRI outcomes among the 4 age groups, with the
exception of KOOS-ADL and KOOS-QoL subscores (Table
5). In addition, we found that age was an independent pre-
dictor of clinical outcomes of MSC implantation (P ¼ .014)
(Table 7), and a significant association between patient age
and number of MSCs was also found (rS ¼ –0.479; P < .001).
We consider that these findings are a consequence of the less
favorable quality of the MSCs in older patients.

Obesity is a well-established risk factor for the develop-
ment and progression of OA, especially in weightbearing
joints.10,37 Furthermore, obesity is known to reduce the
capability of MSCs. Louwen et al34 demonstrated that
MSCs in obese patients have impaired functionalities
including differentiation, proangiogenesis, motility, and
immunomodulation, accompanied by alterations in their
own undifferentiated state and metabolism. Roldan et al46

examined MSCs from obese patients and showed a reduced
proliferation rate, greater cell senescence, and reduced dif-
ferentiation to multiple lineages, including chondrogenesis.

In the present study, we divided the patients into 4 groups
according to BMI, and we found no significant differences
in the clinical and MRI outcomes among the BMI groups
(Appendix Table A3). According to the 1998 “Clinical
Guidelines on the Identification, Evaluation, and Treat-
ment of Overweight and Obesity in Adults,”8 overweight
is defined as a BMI of 25.0 to 29.9 kg/m2 and obesity as a
BMI of �30.0 kg/m2. In the present study, only 4 patients
were in the obesity group, which means that MSCs from
obese patients would not have influenced the outcomes;
thus, no significant differences in the clinical and MRI out-
comes were found among the BMI groups. Further studies
comparing the outcomes between different BMI groups,
including more patients with a BMI of �30 kg/m2, are
needed to evaluate the independent effect of BMI on clinical
and MRI outcomes of MSC implantation with concomitant
HTO.

Although several clinical studies have focused on the use
of MSCs as a cell-based treatment for OA, only a few have
reported cartilage lesion size as a prognostic factor in using
MSCs to treat knee OA.22,23,27 Koh et al27 performed MSC
implantation under arthroscopic guidance and found that
large lesion size (�5.4 cm2) was a factor that resulted in
incomplete cartilage repair and poor clinical outcomes. Kim
et al23 evaluated 54 patients (56 knees) who underwent
second-look arthroscopic surgery after MSC implantation
for cartilage lesions in their OA knees and reported that
large lesion size (�5.7 cm2) was a significant predictor of
poor clinical and arthroscopic outcomes. Kim et al22 evalu-
ated 49 patients (55 knees) who underwent MSC implanta-
tion for knee OA and suggested that a lesion size of 6.0 cm2

was the upper limit for obtaining encouraging outcomes of
MSC implantation.

In the present study, we found no significant differences
in clinical and MRI outcomes between lesion size groups

Figure 3. Correlation between the number of mesenchymal stem cells (MSCs) and postoperative MOCART (magnetic resonance
observation of cartilage repair tissue) score for the (A) femoral condyle and (B) tibial plateau.
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(Appendix Tables A4 and A5). In this study, the mean
lesion sizes were 7.1 cm2 for the femoral condyle and
6.2 cm2 for the tibial plateau, which were larger than those
in previous studies.22,23,27 Furthermore, the distribution
boundary of the lesion size was narrow compared with that
of previous studies,22,23,27 in which most lesion sizes were
�6.0 cm2 (61/75 knees) for the femoral condyle and
�5.0 cm2 (69/75 knees) for the tibial plateau—definitely
large lesion sizes considering the medial tibiofemoral joint
contact area reported by Tummala et al.53 Therefore, we
speculate that lesion size did not influence the clinical and
MRI outcomes of surgery in the current study.

Several studies have documented the biomechanical
improvements in the knee joint that can be achieved by
restoring joint orientation and axial alignment, with satis-
factory clinical outcomes of HTO for varus knee OA.3,17,31,48

Although cartilage regeneration in the medial compart-
ment of the knee joint has been reported to be achieved
after HTO,19,51 the quality of the regenerated cartilage was
mostly insufficient for the load-bearing functions of articu-
lar cartilage.20 In addition, a positive correlation between
cartilage regeneration and clinical outcomes after HTO has
been reported,28,30,43 indicating that the biochemical prop-
erties of the regenerated cartilage are as important as its
biomechanical properties. In this regard, conventional car-
tilage repair procedures with concomitant HTO have been
performed to obtain better cartilage regeneration15,44; how-
ever, such procedures have only been shown to stimulate
the growth of fibrocartilage, which cannot withstand
mechanical stresses as well as native hyaline cartilage.32,38

Thus, several recent studies have suggested the application
of MSCs for superior cartilage regeneration, reporting sat-
isfactory clinical outcomes of concurrent MSC therapy with
HTO.4,24,25,28,49,55 Moreover, Saw et al49 performed a histo-
logical evaluation after chondrogenesis with stem cells in
combination with HTO, and they found that the regener-
ated cartilage closely resembled native articular cartilage.
From this viewpoint, we believe that MSC implantation
plays a role in the restoration of the essential biomechani-
cal and biochemical properties of diseased cartilage in the
medial compartment of the knee joint.

A review of the literature revealed that the number of
MSCs used for the treatment of OA is another important
prognostic factor of the outcomes.1,16 According to Afizah
and Hui,1 who reviewed the use of bone marrow–derived
MSCs for OA treatment, studies used the following num-
bers of MSCs: 8�106 as the lowest number9 and 1.46�107,55

1.3�107,54 2.0�107 to 2.4�107,12 and 4�107 as the highest
numbers,41 and markedly better results were observed in
most studies12,41,54,55 except for the study that used the
lowest number of MSCs (8�106).9 Considering these
results, Afizah and Hui concluded that >1�107 of bone
marrow–derived MSCs are required to achieve signifi-
cantly better repair. In terms of adipose-derived MSCs,
Kim and Koh25 reported improved cartilage regeneration
with better clinical outcomes after injection of adipose-
derived MSCs (4.26�106) with concurrent HTO for varus
knee OA. Jo et al18 performed intra-articular injection of
adipose-derived MSCs with 3 different amounts of MSCs
(1�107, 5�107, and 1�108) for knee OA and found that only

patients injected with 1�108 MSCs demonstrated a
decrease in articular cartilage defects by the regeneration
of hyaline-like articular cartilage.

In the present study, 1.19�107 cells were used, on aver-
age, for MSC implantation, and we assessed whether the
number of MSCs influenced the clinical and MRI outcomes
of MSC implantation. Accordingly, we found significant dif-
ferences in clinical and MRI outcomes among groups
according to the number of MSCs (Table 6). Furthermore,
we found that number of MSCs was an independent predic-
tor of clinical outcomes (Table 7). Although the optimal
number of MSCs to be applied remains unknown, we
believe that a larger number is required to obtain adequate
cartilage regeneration. We used bivariate correlation anal-
ysis to predict the required number of MSCs for a MOCART
score of 100 points, and our results suggested that an
approximate minimum of 2.5�107 cells is necessary to
obtain encouraging cartilage regeneration after MSC
implantation with concomitant HTO (see Figure 3).

This study had some limitations. First, the small number
of study participants may have limited the power to detect
other prognostic factors. For example, given our sample
size, we cannot conclude that there is no relationship
between lesion size or BMI and our primary clinical and
MRI outcomes. However, given that no similar studies of
this size have been published, we believe that these data
are valuable for the assessment of prognostic factors influ-
encing the outcomes of MSC implantation with concomi-
tant HTO. In addition, this ongoing study can be
strengthened in the future, as the number of patients who
underwent this treatment will increase over time. Second,
because of the retrospective nature of this study, specific
patient information that may have improved the quality of
the data reported, such as underlying diabetes, smoking
status, and the use of anti-inflammatory medication, could
not be assessed.

A third limitation was that we did not conduct a histo-
logical evaluation to assess the quality of regenerated car-
tilage. Because MSCs are a heterogeneous population of
cells with variable growth potentials and distinct morpho-
logical and functional characteristics,14 the quality of MSCs
needed to achieve adequate cartilage regeneration should
be identified to predict the outcomes of MSC implantation.
In this study, we found that number of MSCs was a prog-
nostic factor that influenced clinical outcomes, and the opti-
mal number of MSCs is expected to obtain better cartilage
regeneration. However, a future study that estimates other
characteristics of MSCs that influence the clinical outcomes
of MSC implantation is needed to more accurately assess
influential prognostic factors. Finally, follow-up MRI was
performed at about 18 months postoperatively. It is
unknown how regenerated cartilage will behave over time,
and changes in the influential factors after 18 months can-
not be predicted.

CONCLUSION

The study results showed improved clinical and MRI out-
comes of MSC implantation with concomitant HTO for
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varus knee OA. Furthermore, patient age and number of
MSCs were important factors that influenced the clinical
and MRI outcomes. Identifying these factors may provide a
more accurate screening tool for surgeons to better assess
which patients are good candidates for MSC implantation
with concomitant HTO.
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APPENDIX

TABLE A2
Clinical and MRI Outcomes

Stratified by Side of Involvementa

Right (n¼ 39) Left (n¼ 36) P Valueb

Lysholm score 82.9 ± 3.5 83.2 ± 4.2 .701
KOOS

Pain 73.4 ± 3.7 73.4 ± 3.0 .919
Symptoms 71.9 ± 3.7 71.0 ± 3.0 .458
Activities of Daily
Living

74.1 ± 4.3 74.1 ± 4.9 .844

Sports and Recreation 53.1 ± 3.4 53.3 ± 3.0 .781
Quality of Life 60.8 ± 4.5 61.4 ± 4.5 .456

MOCART score
Femoral condyle 73.2 ± 8.8 75.1 ± 8.4 .211
Tibial plateau 73.6 ± 7.4 74.6 ± 7.6 .343

aValues are expressed as mean ± SD. KOOS, Knee injury and
Osteoarthritis Outcome Score; MOCART, magnetic resonance
observation of cartilage repair tissue; MRI, magnetic resonance
imaging.

bMann-Whitney U test.

TABLE A1
Clinical and MRI Outcomes Stratified by Patient Sexa

Male
(n ¼ 35)

Female
(n ¼ 40) P Valueb

Lysholm score 82.5 ± 3.9 83.5 ± 3.8 .301
KOOS

Pain 73.1 ± 3.8 73.7 ± 3.1 .477
Symptoms 71.0 ± 3.5 71.8 ± 3.2 .290
Activities of Daily Living 74.1 ± 5.1 74.2 ± 4.1 .898
Sports and Recreation 53.6 ± 3.0 52.9 ± 3.8 .351
Quality of Life 61.2 ± 4.2 61.0 ± 4.7 .613

MOCART score
Femoral condyle 73.7 ± 8.9 74.6 ± 8.4 .562
Tibial plateau 73.0 ± 8.2 75.1 ± 6.7 .184

aValues are expressed as mean ± SD. KOOS, Knee injury and
Osteoarthritis Outcome Score; MOCART, magnetic resonance
observation of cartilage repair tissue; MRI, magnetic resonance
imaging.

bMann-Whitney U test.
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TABLE A3
Clinical and MRI Outcomes Stratified by Body Mass Indexa

<20.0 kg/m2 (n ¼ 4) 20.0-24.9 kg/m2 (n ¼ 32) 25.0-29.9 kg/m2 (n ¼ 35) �30.0 kg/m2 (n ¼ 4) P Valueb

Lysholm score 87.7 ± 2.5 83.1 ± 3.9 82.9 ± 3.8 82.7 ± 3.8 .225
KOOS

Pain 75.3 ± 1.2 72.7 ± 3.7 73.7 ± 3.2 74.3 ± 3.4 .361
Symptoms 72.0 ± 3.2 70.8 ± 3.3 72.1 ± 3.6 70.6 ± 4.0 .444
Activities of Daily Living 80.7 ± 3.2 73.7 ± 4.9 73.9 ± 4.1 74.4 ± 4.0 .129
Sports and Recreation 56.3 ± 4.7 52.9 ± 2.9 53.3 ± 3.5 53.3 ± 2.0 .503
Quality of Life 62.0 ± 3.2 60.9 ± 4.6 61.2 ± 4.6 61.3 ± 4.6 .879

MOCART score
Femoral condyle 83.3 ± 2.9 73.9 ± 8.6 73.9 ± 8.3 72.9 ± 8.6 .205
Tibial plateau 80.0 ± 7.2 73.9 ± 7.7 73.8 ± 7.6 74.3 ± 7.3 .450

aValues are expressed as mean ± SD. KOOS, Knee injury and Osteoarthritis Outcome Score; MOCART, magnetic resonance observation of
cartilage repair tissue; MRI, magnetic resonance imaging.

bKruskal-Wallis test.

TABLE A4
Clinical and MRI Outcomes Stratified by Lesion Size of the Femoral Condylea

<6.0 cm2 (n ¼ 14) 6.0-6.9 cm2 (n ¼ 23) 7.0-7.9 cm2 (n ¼ 23) �8.0 cm2 (n ¼ 15) P Valueb

Lysholm score 82.3 ± 4.5 83.4 ± 3.3 83.4 ± 3.0 83.2 ± 3.9 .887
KOOS

Pain 74.2 ± 3.1 73.0 ± 3.4 73.7 ± 3.6 72.7 ± 3.5 .881
Symptoms 73.4 ± 2.8 71.2 ± 3.6 71.0 ± 3.6 70.2 ± 2.4 .081
Activities of Daily Living 75.3 ± 5.1 72.4 ± 4.7 75.6 ± 4.3 73.4 ± 3.4 .052
Sports and Recreation 55.2 ± 3.9 52.4 ± 3.0 53.2 ± 2.6 52.6 ± 2.9 .095
Quality of Life 62.7 ± 4.5 61.4 ± 5.0 60.8 ± 4.2 59.3 ± 3.7 .172

MOCART score
Femoral condyle 77.7 ± 8.3 72.2 ± 8.0 75.2 ± 9.6 72.1 ± 7.5 .166
Tibial plateau 76.3 ± 8.3 73.5 ± 6.5 74.1 ± 8.6 72.9 ± 6.1 .439

aValues are expressed as mean ± SD. KOOS, Knee injury and Osteoarthritis Outcome Score; MOCART, magnetic resonance observation of
cartilage repair tissue; MRI, magnetic resonance imaging.

bKruskal-Wallis test.

TABLE A5
Clinical and MRI Outcomes Stratified by Lesion Size of the Tibial Plateaua

<5.0 cm2 (n ¼ 6) 5.0-5.9 cm2 (n ¼ 25) 6.0-6.9 cm2 (n ¼ 32) �7.0 cm2 (n ¼ 12) P Valueb

Lysholm score 83.5 ± 3.3 82.6 ± 4.1 83.5 ± 4.1 83.3 ± 3.9 .765
KOOS

Pain 74.5 ± 3.0 73.6 ± 3.3 73.3 ± 3.4 72.6 ± 4.1 .966
Symptoms 74.0 ± 2.8 72.1 ± 3.6 70.9 ± 3.2 70.2 ± 3.1 .061
Activities of Daily Living 74.3 ± 4.3 73.8 ± 5.3 74.7 ± 4.2 72.9 ± 4.5 .386
Sports and Recreation 57.5 ± 3.0 53.1 ± 3.6 53.4 ± 2.8 51.5 ± 2.3 .056
Quality of Life 62.8 ± 5.9 61.8 ± 4.8 61.5 ± 4.2 58.7 ± 2.6 .053

MOCART score
Femoral condyle 78.8 ± 4.8 73.8 ± 8.9 74.3 ± 9.1 73.2 ± 7.5 .549
Tibial plateau 72.5 ± 6.5 74.6 ± 7.3 73.7 ± 8.2 74.2 ± 7.5 .899

aValues are expressed as mean ± SD. KOOS, Knee injury and Osteoarthritis Outcome Score; MOCART, magnetic resonance observation of
cartilage repair tissue; MRI, magnetic resonance imaging.

bKruskal-Wallis test.

The Orthopaedic Journal of Sports Medicine Prognostic Factors of MSC Implantation With HTO 11



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


