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Particulated Costal Allocartilage With
Microfracture Versus Microfracture Alone
for Knee Cartilage Defects: A Multicenter,
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Background: Microfracture is the first-line treatment for cartilage defects; however, the suboptimal quality of the repaired cartilage
remains an issue.

Purpose/Hypothesis: The aim of this first in-human study was to compare the clinical efficacy and safety of a combination of
particulated costal allocartilage and microfracture versus microfracture alone in treating knee cartilage defects. We hypothesized
that the particulated costal allocartilage with microfracture would result in superior cartilage repair quality and better clinical
outcomes at 48 weeks postoperatively.

Study Design: Randomized controlled trial; Level of evidence, 1.

Methods: Patients with cartilage defects were allocated randomly to the treatment group (particulated costal allocartilage with
microfracture) and control group (microfracture alone). Magnetic resonance imaging (MRI) outcomes of cartilage repair (the pri-
mary outcome measure) were evaluated at the 48-week follow-up using the Magnetic Resonance Observation of Cartilage Repair
Tissue (MOCART) score. Patient-reported clinical outcomes (visual analog scale [VAS] pain score, Knee injury and Osteoarthritis
Outcome Score [KOOS], and International Knee Documentation Committee score) and adverse events were evaluated at 12, 24,
and 48 weeks postoperatively.

Results: Overall, 88 patients were included (44 patients each in the treatment and control groups). The total MOCART score at 48
weeks postoperatively was significantly higher in the treatment group than in the control group (P < .001). Among the 9 MOCART
variables, 6 were significantly superior in the treatment versus the control group: degree of repair and defect filling (P < .001),
integration to the border zone (P< .001), surface (P¼ .006), structure (P¼ .011), signal intensity of the repair tissue (P < .001), and
subchondral lamina (P ¼ .005). There were significant between-group differences in KOOS-Pain (P ¼ .014), KOOS-Activities of
Daily Living (P¼ .010), KOOS-Sports (P¼ .029), and KOOS-Symptoms (P¼ .039) at 12 weeks postoperatively and in VAS pain (P¼
.012) and KOOS-Pain (P ¼ .005) at 24 weeks postoperatively. At 48 weeks postoperatively, clinical outcomes were comparable
between the groups.

Conclusion: Microfracture augmented with particulated costal allocartilage resulted in superior cartilage repair quality compared
with microfracture alone in terms of MRI evaluation of the knee joint cartilage defect at the 48-week follow-up. Functional outcomes
were favorable for both treatments at final follow-up.

Registration: KCT0004936 (Clinical Research Information Service [CRiS] of the Republic of Korea).
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The innate healing capacity of injured articular cartilage
is limited owing to its lack of blood supply and low cel-
lularity.15 Marrow stimulation techniques, such as
microfracture, are reasonable options for the repair of

The Orthopaedic Journal of Sports Medicine, 11(7), 23259671231185570
DOI: 10.1177/23259671231185570
ª The Author(s) 2023

1

This open-access article is published and distributed under the Creative Commons Attribution - NonCommercial - No Derivatives License (https://creativecommons.org/
licenses/by-nc-nd/4.0/), which permits the noncommercial use, distribution, and reproduction of the article in any medium, provided the original author and source are
credited. You may not alter, transform, or build upon this article without the permission of the Author(s). For article reuse guidelines, please visit SAGE’s website at
http://www.sagepub.com/journals-permissions.

https://doi.org/10.1177/23259671231185570
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/


injured cartilage in the knee joint because of their rela-
tively low cost, ease of implementation, low risk of com-
plications, and satisfactory short-term outcomes.24,38

Nonetheless, the mechanically unstable “super clot” at the
defect site and suboptimal quality of the repaired fibro-
cartilage rather than the hyaline cartilage, which conse-
quently influence durability and long-term outcomes,
continue to be areas of concern.27,45 Various types of scaf-
folds have been proposed to manage these issues by pro-
viding mechanical and biochemical support as well as a
suitable environment for cartilage regeneration.37

Decellularized hyaline cartilage is potentially an
ideal scaffold for cartilage regeneration due to its
mechanical, biochemical, and structural properties,
which resemble those of native hyaline cartilage.28 The
extracellular matrix (ECM) scaffold, derived from
native articular hyaline cartilage, is capable of induc-
ing in vitro chondrogenic differentiation in progenitor
cells without external stimuli.5 Similar to the articular
cartilage, the costal cartilage represents another
emerging source of hyaline cartilage scaffold for the
treatment of cartilage defects via promotion of chondro-
genesis.10,34 However, only a few recent observational
studies have reported favorable clinical outcomes after
microfracture augmented with decellularized hyaline
cartilage,4,6 and no previously published work has pre-
sented the outcomes of microfracture augmented with
costal cartilage. Therefore, evaluating the efficacy of
decellularized costal cartilage in treating knee cartilage
defects is imperative.

MegaCarti (L&C BIO Co) is a newly developed hyaline
cartilage-derived ECM scaffold harvested from the costal
cartilage of cadavers under the age of 45 years; it under-
goes particulation and decellularization processes. In this
first in-human study, we aimed to compare the clinical
efficacy and safety between particulated costal allocarti-
lage with microfracture and microfracture alone in treat-
ing knee cartilage defects. We hypothesized that
particulated costal allocartilage with microfracture would
have (1) superior quality of repaired cartilage based on
magnetic resonance imaging (MRI) results and (2) better
clinical outcomes than that of microfracture alone at
48 weeks postoperatively.

METHODS

Study Design and Population

The present study was a multicenter, prospective, ran-
domized, participant- and rater-blinded trial conducted
across 4 hospitals. This study was approved by the
Korean Ministry of Food and Drug Safety and the insti-
tutional review board of each involved hospital, and it
was prospectively registered at the Clinical Research
Information Service (KCT0004936), which is a primary
registry in the World Health Organization registry net-
work and is recognized by the International Committee
of Medical Journal Editors. All participants were pro-
vided with detailed information about the trial; written
informed consent was obtained from each participant
before screening and enrollment.

The inclusion criteria were as follows: age of 19 to 65
years, focal cartilage defects measuring <10 cm2 in size,
International Cartilage Repair Society (ICRS) grade 3 or
4, and knee joint symptoms attributable to cartilage
defects. The exclusion criteria were as follows: a history of
cartilage-related surgery in the 1 year before to screening,
body mass index�30 kg/m2, inflammatory arthritis, arthri-
tis associated with autoimmune disease, intra-articular
injection in the 3 months before screening, intake of sys-
temic steroid medications in the 1 month before screening,
current pregnancy or breastfeeding, and systemic or local-
ized infection.

After assessing 101 patients for eligibility between April
1, 2020 and January 31, 2021, 90 patients were random-
ized in a balanced ratio to either the treatment or control
group using the block randomization method (Figure 1).
Sealed opaque envelopes containing information about
group assignment were provided just before surgery and
were managed by independent personnel unrelated to the
medical institutions. Ultimately, 44 patients were allo-
cated to the treatment group (particulated costal allocar-
tilage with microfracture) and 46 were assigned to the
control group (microfracture alone). The patients and
independent raters were blinded to the group allocation
until 48 weeks postoperation, unless serious adverse reac-
tions were suspected.
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Operative Procedures

Four surgeons specializing in sports medicine (M.J., K-
M.J., S-H.P., and S-H.K.) performed the operation at 4 dif-
ferent hospitals. Diagnostic arthroscopy was conducted on
each compartment of the knee to localize the cartilage
defect and check for the presence of other pathologies. Fol-
lowing confirmation of cartilage defects, the nonfunctional
unstable cartilage flaps were meticulously debrided using
an arthroscopic shaver, gouge, or curette until the defects
were surrounded by healthy stable vertical margins. The
residual calcified layer of the cartilage defects was com-
pletely removed without violating the subchondral bone
by either arthroscopy or mini-open arthrotomy. The micro-
fracture procedure involved creating as many holes as pos-
sible using drills; each hole had a depth >2 mm and was
spaced approximately 3 to 4 mm apart.13,38,39

In the treatment group, paste-type particulated costal
allocartilage was augmented on the microfractured carti-
lage defect. Particulated costal allocartilage (MegaCarti)
with a size of 200 to 1000 mm and weight of 1.5 g was pre-
pared in a prefilled 3-mL syringe (Figure 2). It was pre-
pared in the form of a viscous paste by adding sodium
hyaluronate (Hyundai Bioland) crosslinked with sodium
carboxymethyl cellulose (Sigma-Aldrich). Before applying
the particulated costal allocartilage, the defect site was
dried by removing any intra-articular fluid using suction,
gauze, or cotton swabs. Subsequently, the push stick of the
syringe was gently pressed so that the particulated costal
allocartilage was driven into the defect site. Fibrin glue
(Greenplast; Green Cross, Yongin, Korea) was applied after
adjusting the inserted particulated costal allocartilage to
the same height as or lower height than the surrounding
healthy cartilage. At 5 minutes after setting of the fibrin
glue, the knee was moved manually throughout the range

of motion (ROM) to confirm the stability of the inserted
particulated costal allocartilage.

For patients with varus malalignment of the affected
lower extremity, open-wedge high tibial osteotomy
(HTO) was also performed in the treatment and control
group. The goal of alignment correction was set as the
mechanical axis line passing through the Fujisawa
point, which was determined preoperatively using the
Miniaci method.18

Figure 1. Consolidated Standards of Reporting Trials (CONSORT) flow diagram showing the inclusion and exclusion process.

Figure 2. (A) Particulated costal allocartilage (MegaCarti; L&C
BIO Co) with a size of 200 to 1000 mm and weight of 1.5 g was
prepared in a prefilled 3-mL syringe. (B) The particulated cos-
tal allocartilage was made into a viscous paste by adding
sodium hyaluronate crosslinked with sodium carboxymethyl
cellulose.
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Postoperative Rehabilitation

The postoperative rehabilitation protocol for the treatment
group was identical to that for the control group. Immedi-
ately after surgery, passive patellar mobilization, ROM
exercises, and isometric quadriceps-strengthening exercises
were encouraged. Both active and continuous passive
motion machine-assisted ROM exercises were recommended
daily for 4 to 6 weeks. Ambulation with crutch-assisted par-
tial weightbearing was allowed from 4 weeks postoperatively,
with a gradual increase in intensity. Full weightbearing
was permitted at 8 to 12 weeks postoperatively.

Magnetic Resonance Imaging Evaluation

The quality of the cartilage repair tissue, which was the
primary efficacy endpoint, was evaluated by MRI using a
3-T scanner. Two independent musculoskeletal radiologists
with >5 years of experience evaluated the MRI scans
acquired from all participants at 48 weeks postoperation
in a blinded manner. Standardized, semiquantitative mor-
phological evaluation based on the Magnetic Resonance
Observation of Cartilage Repair Tissue (MOCART) score,
rated from 0 as the worst to 100 as the best, was per-
formed.26 The 2 independent radiologists recorded the
MOCART scores of the variables separately, and the final
scores were calculated as the mean of the 2 scores.

Clinical Evaluation

Clinical outcomes, which were the secondary study end-
point, were evaluated using patient-reported outcome mea-
sures, such as the visual analog scale (VAS) pain score,30

Knee injury and Osteoarthritis Outcome Score (KOOS),3

and International Knee Documentation Committee (IKDC)
score.14,17 Blinded independent raters collected data on
clinical outcomes at 12, 24, and 48 weeks postoperatively.

Safety Evaluation

Patients were monitored for safety parameters at 12, 24,
and 48 weeks postoperatively. Any adverse event that
was not present before the start of treatment or that was
already present but worsened after the treatment was
reported, regardless of whether it was relevant to the inter-
vention. Subsequently, adverse events related to the inter-
vention were identified.

Statistical Analysis

The sample size was calculated a priori based on previous
studies comparing other cartilage restoration procedures
and microfracture.2,8,21,29 In previous studies, the mean
MOCART score at 48 weeks postoperatively was estimated
to be 65.5 and 56.1 in the investigational and control
groups, respectively. In addition, in previous studies, the
highest value of standard deviation of the MOCART score
was estimated to be 14.1. Sample size calculation was per-
formed based on a two-sided independent t test with
a significance level (a) of 5% and power (1 - b) of 80%.

Accordingly, the minimum required sample size was 36 per
group. Considering a possible dropout rate of 20%, 90
patients were planned to be included in the trial.

The full cohort of patients completing the study was used
for baseline demographics and clinical efficacy of treat-
ment, after excluding those who did not fit the inclusion
and exclusion criteria. All patients who were enrolled in
the trial and attended a subsequent visit were included in
the safety analysis. Statistical analyses were performed
using SAS software Version 9.4 (SAS Institute Inc). For all
analyses, statistical significance was set at P < .05. Contin-
uous variables were compared between the 2 groups using

TABLE 1
Baseline Patient Characteristicsa

Variable
Treatment

(n ¼ 44)
Control
(n ¼ 44) P

Age 55.2 ± 9.2 53.2 ± 7.7 .109
�50 years 43.8 ± 9.0 43.6 ± 5.4 .475
>50 years 59.4 ± 4.4 57.3 ± 4.2 .031

Age group distribution .813
�50 years 12 (27.3) 13 (295.5)
>50 years 32 (72.7) 31 (70.5)

Sex .496
Male 13 (29.6) 16 (36.4)
Female 31 (70.5) 28 (63.6)

Height, cm 160.4 ± 7.9 164.1 ± 9.4 .063
Weight, kg 65.2 ± 9.6 69.0 ± 10.9 .081
Body mass index, kg/m2 25.3 ± 2.7 25.6 ± 2.8 .623
Current smoker .110

Yes 1 (2.3) 6 (13.6)
No 43 (97.7) 38 (86.4)

Previous surgical history .787
Yes 9 (20.5) 8 (18.2)
No 35 (79.5) 36 (81.8)

Affected side .831
Right 23 (52.3) 22 (50.0)
Left 21 (47.7) 22 (50.0)

Defect location .103
Medial femoral condyle 31 (70.5) 38 (86.0)
Lateral femoral condyle 3 (6.8) 0 (0)
Trochlea 10 (22.7) 6 (14.0)

Defect size 4.3 ± 2.6 4.0 ± 2.2 .688
�4 cm2 2.2 ± 1.1 2.1 ± 1.1 .947
>4 cm2 5.3 ± 1.3 5.9 ± 1.6 .355

Defect size distribution .647
�4 cm2 31 (70.5) 29 (65.9)
>4 cm2 13 (29.5) 15 (34.1)

ICRS grade .830
Grade 3 24 (54.5) 25 (56.8)
Grade 4 20 (45.5) 19 (43.2)

Previous HTO 2 (4.6) 0 .494
Concurrent HTO .669

Yes 19 (43.2) 21 (47.7)
No 25 (56.8) 23 (52.3)

Approach .269
Miniarthrotomy 11 (25.0) 6 (13.6)
Arthroscopy 33 (75.0) 38 (86.4)

aValues are presented as mean ± SD or No. of patients (%).
Boldface P value indicates statistically significant difference
between groups (P< .05). HTO, high tibial osteotomy; ICRS, Inter-
national Cartilage Repair Society.
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the independent t test or Wilcoxon rank-sum test, depend-
ing on the results of the Shapiro-Wilk test. Categorical
variables were compared between the 2 groups using the
chi-square test or Fisher exact test. Changes in continuous
variables before surgery and at every follow-up visit were
compared within each group using repeated-measures
analysis of variance, and Bonferroni correction was per-
formed for post hoc analysis.

RESULTS

Patient Characteristics

In the control group, 1 patient was lost to 48-week follow-
up, and 1 patient was excluded from analysis, leaving 44
patients each in the treatment and control groups. Other

than the distribution of age >50 years being higher in the
treatment group (P ¼ .031), the baseline patient character-
istics were comparable between the study groups (Table 1).

MRI Outcomes

The total MOCART score at 48 weeks postoperatively,
which was the primary outcome measure in this study, was
significantly higher in the treatment group than in the con-
trol group (56.0 ± 10.5 vs 43.0 ± 17.4; P < .001) (Table 2).
Among the 9 variables of the MOCART score, 6 were sig-
nificantly different between the groups: degree of repair
and defect filling (P < .001), integration to the border zone
(P < .001), surface (P ¼ .006), structure (P ¼ .011), signal
intensity of the repair tissue (P < .001), and subchondral
lamina (P ¼ .005). Variables regarding the subchondral

TABLE 2
MRI Outcomes Evaluated Using the MOCART Score at the 48-Week Follow-upa

MOCART Variableb Treatment Control P

Total score 56.0 ± 10.5 43.0 ± 17.4 < .001
1. Degree of defect repair and defect filling 13.5 ± 2.8 10.3 ± 5.0 .004

[20] Complete (on a level with the adjacent cartilage) 6 (6.8) 3 (3.4) < .001
[15] Hypertrophy (over the level of the adjacent cartilage) 57 (64.8) 37 (42.1)
[10] >50% of the adjacent cartilage 18 (20.5) 16 (18.2)
[5] <50% of the adjacent cartilage 7 (8.0) 27 (30.7)
[0] Exposed subchondral bone (complete delamination of dislocation and/or loose body) 0 (0) 5 (5.7)

2. Integration to the border zone 11.5 ± 3.7 8.4 ± 4.8 .001
[15] Complete (complete integration with the adjacent cartilage) 52 (59.1) 27 (30.7) < .001
[10] Visible demarcating border (split-like) 13 (14.8) 22 (25.0)
[5] <50% of the length of the repair tissue 21 (23.9) 22 (25.0)
[0] >50% of the length of the repair tissue 2 (2.3) 17 (19.3)

3. Surface of the repair tissue 5.3 ± 2.4 3.8 ± 2.4 .005
[10] Intact surface 20 (22.7) 8 (9.1) .006
[5] <50% of repair tissue depth 53 (60.2) 50 (56.8)
[0] >50% of repair tissue depth of total degeneration 15 (17.1) 30 (34.1)

4. Structure of the repair tissue 2.2 ± 1.5 1.3 ± 1.7 .004
[5] Homogeneous 38 (43.2) 22 (25.02) .011
[0] Nonhomogeneous or cleft formation 50 (56.8) 66 (75.0)

5. Signal intensity of the repair tissue 4.8 ± 1.1 3.9 ± 2.1 .011
[15] Normal (identical to the adjacent cartilage) 1 (1.1) 1 (1.1) < .001
[5] Nearly normal (small area of signal alteration) 82 (93.2) 65 (73.9)
[0] Abnormal (large area of signal alteration) 5 (5.7) 22 (25.0)

6. Subchondral lamina 4.0 ± 1.6 3.0 ± 2.0 .017
[5] Intact 70 (80.0) 53 (60.2) .005
[0] Not intact 18 (20.5) 35 (40.0)

7. Subchondral bone 2.2 ± 1.8 1.6 ± 1.8 .095
[5] Intact 39 (44.3) 28 (31.8) .088
[0] Edema, granulation tissue, cysts, sclerosis 49 (55.7) 60 (68.2)

8. Adhesions 5.0 ± 0.0 4.8 ± 0.7 .043
[5] No 88 (100.0) 84 (95.5) .121
[0] Yes 0 (0) 4 (4.6)

9. Effusion 2.6 ± 2.3 2.2 ± 2.1 .346
[5] No effusion 46 (52.3) 38 (43.2) .227
[0] Effusion 42 (47.7) 50 (56.8)

Total MOCART score 56.0 ± 10.5 43.0 ± 17.4 < .001

aValues are presented as mean ± SD or No. of patients (%). Boldface P value indicates statistically significant difference between groups (P
< .05). MOCART, Magnetic Resonance Observation of Cartilage Repair Tissue; MRI, magnetic resonance imaging.

bValues in brackets indicate the number of points possible. Each MOCART variable was evaluated by 2 independent radiologists, and the
MOCART score was calculated from the mean of the 2 reviewers’ scores.
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bone, adhesions, and effusion were not significantly differ-
ent between the groups.

Subgroup analyses of the total MOCART score at 48
weeks postoperatively revealed that the quality of cartilage
repair was better in the treatment group than in the control
group regardless of stratification according to size (�4 cm2,
P ¼ .015; >4 cm2, P ¼ .002) and ICRS grade (grade 3,
P ¼ .038; grade 4, P < .001) of the cartilage defects (Table
3 and Figure 3). The subgroup of patients who were >50
years of age (P < .001) or who underwent concurrent HTO
(P < .001) showed statistically better tissue quality in the
treatment group than in the control group, whereas those
who were �50 years of age (P ¼ .076) or who underwent
operation without HTO (P ¼ .075) did not.

Clinical Outcomes

With respect to the VAS pain score, IKDC score, and KOOS,
the clinical outcomes progressively improved in each
group at the 48-week follow-up (Figure 4). Between-group
comparison indicated that the preoperative functional
scores were not significantly different between the groups
(Table 4). However, there were significant between-group
differences in KOOS-Pain (P ¼ .014), KOOS-activities of
daily living (ADL) (P ¼ .010), KOOS-Sports (P ¼ .029), and
KOOS-Symptoms (P ¼ .039) at 12 weeks postoperatively
and in VAS pain score (P ¼ .012) and KOOS-Pain
(P ¼ .005) at 24 weeks postoperatively. At 48 weeks post-
operatively, patient-reported clinical outcomes were com-
parable between the groups.

Safety Outcomes

Overall, 16 patients (36.4%, 27 cases) in the treatment
group and 14 patients (31.8%, 20 cases) in the control group
experienced adverse events postoperatively (P ¼ .551).

None of the adverse events were related to the operation.
No infection was observed.

DISCUSSION

The primary finding of this randomized controlled trial was
that the quality of cartilage repair yielded by the particu-
lated costal allocartilage with microfracture was superior
to that by the microfracture alone in terms of objective
structural evaluation using the MOCART score. Compared
with the controls, patients treated with the costal allocar-
tilage showed significantly better patient-reported func-
tional outcomes in some endpoints at 12 and 24 weeks of
the relatively early postoperative period; however, the out-
comes were comparable between the groups at the 48-week
follow-up.

The allogeneic hyaline cartilage used in this study served
as a cartilage ECM scaffold augmented on the microfrac-
tured cartilage defect. The ECM derived from the decellu-
larized hyaline cartilage could retain the natural structure
and main components of the native ECM, including type 2
collagen and glycosaminoglycans.46 This could induce pro-
genitor cells to develop chondrogenic direction via migra-
tion, adherence, proliferation, and differentiation.25,32,46

Intrinsic biological elements or bioactive proteins from the
ECM could also support chondrogenesis by regulating car-
tilage homeostasis.7,46 Several in vitro and in vivo studies
have established the chondroinductive potential of this
hyaline cartilage ECM.19,41,42 A case series of 6 patients
treated with dehydrated micronized allogeneic articular
cartilage combined with microfracture reported that the
quality of the restored cartilage was similar to that of the
adjacent native cartilage, as evaluated by T2 mapping.4

More recently, a prospective case series of 49 patients with
cartilage defects reported that the articular allocartilage
showed favorable functional and MRI outcomes at the
24-month follow-up.6

Costal cartilage, which is a type of hyaline cartilage, can
serve as a source of native ECM instead of articular carti-
lage. Similar to articular cartilage, costal cartilage contains
a high amount of type 2 collagen and glycosaminoglycans in
the ECM.35 However, costal and articular cartilages exhibit
some differences in their mechanical and biochemical prop-
erties.16,36 Despite these differences, costal cartilage ECM
can induce chondrogenesis, similar to articular cartilage.10

Setayeshmehr et al. showed that in vitro culture of adipose-
derived mesenchymal stromal cells on human costal carti-
lage ECM could induce chondrogenic differentiation.34

A few recent studies have reported the outcomes of using
costal cartilage as a cell source for autologous chondrocyte
implantation.12,43,44 Nevertheless, the exclusive use of
decellularized costal cartilage as a scaffold alone for the
treatment of cartilage defects is difficult to find in the lit-
erature. To the best of our knowledge, the present study is
the first human study that evaluated the outcomes of using
costal allocartilage as scaffold augmentation over micro-
fracture for the treatment of knee joint cartilage defects.

The results of our study highlight the superior cartilage
repair quality on MRI achieved with microfracture

TABLE 3
MRI Outcomes Evaluated Using the Total MOCART Score

According to Subgroups at the 48-Week Follow-upa

Variable Treatment Control P

Age
�50 years 61.7 ± 8.8 53.7 ± 9.7 .076
>50 years 53.8 ± 10.4 38.5 ± 18.0 < .001

Defect size
�4 cm2 58.5 ± 9.8 48.4 ± 16.1 .015
>4 cm2 50.0 ± 9.8 32.5 ± 15.3 .002

ICRS grade
Grade 3 58.0 ± 9.7 47.5 ± 17.3 .038
Grade 4 53.5 ± 11.0 37.0 ± 16.0 < .001

Concurrent HTO
Yes 52.9 ± 9.5 35.7 ± 16.3 < .001
No 58.3 ± 10.8 49.6 ± 15.9 .075

aValues are presented as mean ± SD. Boldface P value indicates
statistically significant difference between groups (P < .05). HTO,
high tibial osteotomy; ICRS, International Cartilage Repair Soci-
ety; MOCART, Magnetic Resonance Observation of Cartilage
Repair Tissue.
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augmented with costal allocartilage over that attained with
microfracture alone. Microfracture remains the first-line
treatment for cartilage defects; nonetheless, the unpredict-
able quality of the repair cartilage is a concern, leading to
inferior durability that may result in the deterioration of
clinical outcomes at 2 to 3 years after isolated microfrac-
ture.27 Furthermore, lesion size of>4 cm2 and age of>40 to
50 years are considered to be factors related to worse
outcomes.20,23 In our study, the total MOCART score at
48 weeks postoperation was significantly higher in the cos-
tal allocartilage group than in the isolated microfracture
group (56.0 ± 10.5 vs 43.0 ± 17.4; P < .001). Moreover, sub-
group analyses according to lesion size and patient age
showed that costal allocartilage augmentation yielded bet-
ter quality results even in patients aged >50 years or those
with a defect size >4 cm2. This finding implies that costal
allocartilage augmentation could overcome the durability

issue of microfracture and be applied in cases of larger
lesion sizes and older patient age than previously indicated.
A recent meta-analysis of randomized controlled trials com-
paring the outcomes after microfracture treatment with
and without augmentation reported significant improve-
ments in the postoperative MOCART score after microfrac-
ture with augmentation (mean, 64.3) as compared with that
after isolated microfracture (mean, 46.1).11 However, this
meta-analysis included only 3 studies owing to a lack of
high-quality randomized controlled comparison studies, of
which 2 used porcine-derived collagen as an augment. Our
study adds further evidence that augmentation with micro-
fracture could improve the quality of the repaired cartilage,
as compared with isolated microfracture.

In previous studies, augmented microfracture showed
either equivalent or better results with respect to
patient-reported functional outcomes, as compared with

Figure 3. Preoperative (left) and postoperative (right) MRI scans. (A) A 48-year-old woman with a trochlear cartilage defect (arrows)
and (B) successful cartilage repair at 48 weeks after treatment with particulated costal allocartilage combined with microfracture.
(C) A 50-year-old woman with a medial femoral cartilage defect (arrows) and (D) successful cartilage repair at 48 weeks after
treatment with particulated costal allocartilage combined with microfracture. (E) A 65-year-old woman with a medial femoral
cartilage defect (arrows) and (F) successful cartilage repair at 48 weeks after treatment with a combination of particulated costal
allocartilage, microfracture, and HTO. HTO, high tibial osteotomy; MRI, magnetic resonance imaging.
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microfracture alone. In a systematic review of 18 studies
by Arshi et al,1 all included studies demonstrated signifi-
cant improvement in each reported functional outcome for
patients with combined microfracture and augmentation
at a mean follow-up of 2 to 5 years. However, a subjective
synthesis performed with 4 randomized controlled trials
noted that 2 trials showed significantly greater improve-
ments in the KOOS or IKDC score after combined micro-
fracture and augmentation at the 2-year follow-up;
conversely, the other 2 studies showed no differences
when compared with microfracture alone. Recently,

Fortier et al11 performed a systematic review and meta-
analysis of 744 patients within 14 studies comparing aug-
mented microfracture using various types of adjuvants
and isolated microfracture. They reported a significant
improvement in the Lysholm score for patients who under-
went augmented microfracture, but similar improvement
in VAS, IKDC, or Western Ontario and McMaster Univer-
sities Arthritis Index (WOMAC) scores compared with
patients who underwent only microfracture. In our study,
the patient-reported clinical outcomes significantly
improved from baseline but were comparable between the

Figure 4. Changes in patient-reported functional outcomes from the preoperative baseline to 12, 24, and 48 weeks postoperatively
for the treatment and control groups: (A) IKDC, (B) VAS pain, (C) KOOS-Pain, (D) KOOS-Symptoms, (E) KOOS-ADL, (F) KOOS-
Sports, and (G) KOOS-QOL. Statistically significant differences #between groups and *between assessment times (P < .05). ADL,
activities of daily living; KOOS, Knee injury and Osteoarthritis Outcome Score; IKDC, International Knee Documentation Commit-
tee; QOL, quality of life; VAS, visual analog scale.

TABLE 4
Patient-Reported Functional Outcomes Between the Groups at Each Follow-upa

Preoperatively At 12 weeks At 24 weeks At 48 weeks

Variable Treatment Control P Treatment Control P Treatment Control P Treatment Control P

IKDC 41.8 ± 18.6 39.7 ± 13.6 .532 49.4 ± 16.9 45.1 ± 12.6 .181 55.6 ± 15.0 51.7 ± 12.5 .192 64.0 ± 17.5 61.1 ± 15.7 .356
VAS pain 51.0 ± 24.7 50.9 ± 23.2 .812 28.3 ± 20.9 30.4 ± 18.2 .516 24.1 ± 19.1 32.3 ± 18.2 .012 19.1 ± 17.2 26.2 ± 18.9 .056
KOOS

Sports 32.3 ± 27.6 31.4 ± 23.0 .831 38.9 ± 23.5 28.6 ± 19.5 .029 43.4 ± 24.8 36.6 ± 20.1 .156 55.1 ± 27.0 46.8 ± 20.7 .052
Symptoms 53.1 ± 19.5 51.0 ± 15.9 .577 65.5 ± 16.5 58.3 ± 15.9 .039 67.7 ± 16.3 64.7 ± 16.0 .386 75.1 ± 16.9 71.0 ± 13.0 .202
Pain 54.4 ± 21.5 54.2 ± 16.5 .964 69.6 ± 16.1 61.6 ± 13.9 .014 72.9 ± 15.5 65.5 ± 12.5 .005 80.1 ± 15.4 75.6 ± 13.0 .072
ADL 61.4 ± 19.9 62.4 ± 17.8 .803 73.7 ± 13.9 65.5 ± 15.4 .010 75.9 ± 15.7 71.9 ± 12.6 .077 82.6 ± 14.1 78.3 ± 14.3 .085
QOL 36.1 ± 18.3 35.0 ± 14.2 .913 42.2 ± 20.0 36.0 ± 15.6 .256 47.6 ± 20.3 40.2 ± 14.9 .055 51.9 ± 22.4 48.9 ± 16.4 .543

aValues are presented as mean ± SD. Boldface P value indicates statistically significant difference between groups (P < .05). VAS, visual
analog scale; KOOS, Knee Injury and Osteoarthritis Outcome Score; IKDC, International Knee Documentation Committee; ADL, activities of
daily living; QOL, quality of life.
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groups at the 48-week follow-up. The comparable func-
tional outcomes at the final follow-up might be attributed
to the excellent short-term results after isolated micro-
fracture, which could be equivalent to those obtained with
other advanced cartilage restoration procedures.31

Nevertheless, patients treated with costal allocartilage
demonstrated better functional outcomes at 12 weeks
(KOOS-Pain, P ¼ .014; KOOS-ADL, P ¼ .010; KOOS-
Sports, P ¼ .029; KOOS-Symptoms; P ¼ .039) and 24
weeks (VAS pain, P ¼ .012; KOOS-Pain, P ¼ .005) than
those treated with isolated microfracture. This may indi-
cate that costal allocartilage improves functional out-
comes more quickly than isolated microfracture. We
believe that subsequent long-term results will clarify the
beneficial effects of augmented costal cartilage with micro-
fracture on functional outcomes.

Limitations

This study has several limitations. First, the study had a
relatively short follow-up period (48 weeks). The cohort
in this study was designed to be followed up for 5 years;
therefore, subsequent studies with longer follow-up per-
iods will allow us to establish a definitive conclusion
regarding the efficacy of costal allocartilage with micro-
fracture. Second, the quality of cartilage repair was
determined solely by the MOCART score calculated from
MRI images. Although histological analysis remains the
gold standard for evaluating the morphology of the
repaired cartilage tissue, articular biopsy for humans is
invasive and destructive.33 Moreover, the MOCART
score is a widely used and valid tool for assessing the
morphology of the repaired articular cartilage.40 Third,
the results of the subgroup analyses could be underpow-
ered, which could cause false-negative results because a
previous sample size calculation accounted for overall
groups instead of subgroups.9 Fourth, although the age
distribution of patients according to >50 years and
�50 years was not different between the groups, the
mean age in the treatment subgroup of patients aged
>50 years was significantly higher than that in the con-
trol subgroup. Nevertheless, the total MOCART score in
the subgroup of patients aged >50 years was higher in
the treatment group than in the control group. Fifth,
approximately 45% of patients included in the study
underwent concurrent HTO. Simultaneous HTO could
contribute to the restoration of cartilage, especially in
the medial compartment of the knee joint, and could
influence clinical results.22

CONCLUSION

In the current study, microfracture augmented with parti-
culated costal allocartilage resulted in superior cartilage
repair quality compared with microfracture alone in terms
of MRI evaluation of the knee joint cartilage defect at the
48-week follow-up. The functional outcomes were favorable
for both treatments and comparable between the treat-
ments at the final follow-up.

ACKNOWLEDGMENT

The authors thank Sungjun Kim, MD, PhD, and Min-Yung
Jang, MD, for their assistance in the MRI evaluation.

REFERENCES

1. Arshi A, Fabricant PD, Go DE, Williams RJ, McAllister DR, Jones KJ.

Can biologic augmentation improve clinical outcomes following

microfracture for symptomatic cartilage defects of the knee? A sys-

tematic review. Cartilage. 2018;9(2):146-155.

2. Astur DC, Lopes JC, Santos MA, Kaleka CC, Amaro JT, Cohen M.

Surgical treatment of chondral knee defects using a collagen mem-

brane - autologus matrix-induced chondrogenesis. Rev Bras Ortop.

2018;53(6):733-739.

3. Bekkers JE, de Windt TS, Raijmakers NJ, Dhert WJ, Saris DB. Vali-

dation of the Knee Injury and Osteoarthritis Outcome Score (KOOS)

for the treatment of focal cartilage lesions. Osteoarthritis Cartilage.

2009;17(11):1434-1439.

4. Carter AH, Guttierez N, Subhawong TK, et al. MR imaging of BioCar-

tilage augmented microfracture surgery utilizing 2D MOCART and

KOOS scores. J Clin Orthop Trauma. 2018;9(2):146-152.

5. Cheng NC, Estes BT, Awad HA, Guilak F. Chondrogenic differentia-

tion of adipose-derived adult stem cells by a porous scaffold derived

from native articular cartilage extracellular matrix. Tissue Eng Part A.

2009;15(2):231-241.

6. Cole BJ, Haunschild ED, Carter T, Meyer J, Fortier LA, Gilat R. Clin-

ically significant outcomes following the treatment of focal cartilage

defects of the knee with microfracture augmentation using cartilage

allograft extracellular matrix: a multicenter prospective study. Arthros-

copy. 2021;37(5):1512-1521.

7. Commins J, Irwin R, Matuska A, Goodale M, Delco M, Fortier L. Bio-

logical mechanisms for cartilage repair using a biocartilage scaffold:

cellular adhesion/migration and bioactive proteins. Cartilage. 2021;

13(1 suppl):984s-992s.

8. Dasar U, Gursoy S, Akkaya M, Algin O, Isik C, Bozkurt M. Microfrac-

ture technique versus carbon fibre rod implantation for treatment of

knee articular cartilage lesions. J Orthop Surg (Hong Kong). 2016;

24(2):188-193.

9. Dijkman B, Kooistra B, Bhandari M. How to work with a subgroup

analysis. Can J Surg. 2009;52(6):515-522.

10. Erten E, Sezgin Arslan T, Derkus B, Arslan YE. Detergent-free decel-

lularization of bovine costal cartilage for chondrogenic differentiation

of human adipose mesenchymal stem cells in vitro. RSC Advances.

2016;6(96):94236-94246.

11. Fortier LM, Knapik DM, Dasari SP, et al. Clinical and magnetic

resonance imaging outcomes after microfracture treatment with

and without augmentation for focal chondral lesions in the knee:

a systematic review and meta-analysis. Am J Sports Med. 2022;

3635465221087365.

12. Gao Y, Gao J, Li H, et al. Autologous costal chondral transplantation

and costa-derived chondrocyte implantation: emerging surgical tech-

niques. Ther Adv Musculoskelet Dis. 2019;11:1759720x19877131.

13. Hoemann CD, Gosselin Y, Chen H, et al. Characterization of initial

microfracture defects in human condyles. J Knee Surg. 2013;26(5):

347-355.

14. Hong SY, Han W, Jang J, et al. Prognostic factors of mid- to long-term

clinical outcomes after arthroscopic partial meniscectomy for medial

meniscal tears. Clin Orthop Surg. 2022;14(2):227-235.

15. Huey DJ, Hu JC, Athanasiou KA. Unlike bone, cartilage regeneration

remains elusive. Science. 2012;338(6109):917-921.

16. Huwe LW, Brown WE, Hu JC, Athanasiou KA. Characterization of

costal cartilage and its suitability as a cell source for articular cartilage

tissue engineering. J Tissue Eng Regen Med. 2018;12(5):1163-1176.

17. Irrgang JJ, Anderson AF, Boland AL, et al. Development and valida-

tion of the international knee documentation committee subjective

knee form. Am J Sports Med. 2001;29(5):600-613.

The Orthopaedic Journal of Sports Medicine Particulated Costal Allocartilage With Microfracture 9



18. Kang BY, Lee DK, Kim HS, Wang JH. How to achieve an optimal

alignment in medial opening wedge high tibial osteotomy? Knee Surg

Relat Res. 2022;34(1):3.

19. Kang H, Peng J, Lu S, et al. In vivo cartilage repair using adipose-

derived stem cell-loaded decellularized cartilage ECM scaffolds.

J Tissue Eng Regen Med. 2014;8(6):442-453.

20. Kim JK, Vaidya R, Lee SK, et al. Clinical and radiological changes

after microfracture of knee chondral lesions in middle-aged Asian

patients. Clin Orthop Surg. 2019;11(3):282-290.

21. Kim MS, Koh IJ, Choi YJ, Pak KH, In Y. Collagen augmentation

improves the quality of cartilage repair after microfracture in patients

undergoing high tibial osteotomy: a randomized controlled trial. Am J

Sports Med. 2017;45(8):1845-1855.

22. Koshino T, Wada S, Ara Y, Saito T. Regeneration of degenerated

articular cartilage after high tibial valgus osteotomy for medial com-

partmental osteoarthritis of the knee. Knee. 2003;10(3):229-236.

23. Kreuz PC, Erggelet C, Steinwachs MR, et al. Is microfracture of chon-

dral defects in the knee associated with different results in patients

aged 40 years or younger? Arthroscopy. 2006;22(11):1180-1186.

24. Lee DH, Kim SJ, Kim SA, Ju GI. Past, present, and future of cartilage

restoration: from localized defect to arthritis. Knee Surg Relat Res.

2022;34(1):1.

25. Luo L, Eswaramoorthy R, Mulhall KJ, Kelly DJ. Decellularization of

porcine articular cartilage explants and their subsequent repopulation

with human chondroprogenitor cells. J Mech Behav Biomed Mater.

2015;55:21-31.

26. Marlovits S, Singer P, Zeller P, Mandl I, Haller J, Trattnig S. Magnetic

resonance observation of cartilage repair tissue (MOCART) for the

evaluation of autologous chondrocyte transplantation: determination

of interobserver variability and correlation to clinical outcome after

2 years. Eur J Radiol. 2006;57(1):16-23.

27. Mithoefer K, McAdams T, Williams RJ, Kreuz PC, Mandelbaum BR.

Clinical efficacy of the microfracture technique for articular cartilage

repair in the knee: an evidence-based systematic analysis. Am J

Sports Med. 2009;37(10):2053-2063.

28. Monzavi SM, Kajbafzadeh AM, Sabetkish S, Seifalian A. Extracellular

matrix scaffold using decellularized cartilage for hyaline cartilage

regeneration. Adv Exp Med Biol. 2021;1345:209-223.

29. Niemeyer P, Laute V, Zinser W, et al. A prospective, randomized,

open-label, multicenter, phase III noninferiority trial to compare the

clinical efficacy of matrix-associated autologous chondrocyte implan-

tation with spheroid technology versus arthroscopic microfracture for

cartilage defects of the knee. Orthop J Sports Med. 2019;7(7):

2325967119854442.

30. Onoi Y, Hiranaka T, Hida Y, et al. Second-look arthroscopic findings

and clinical outcomes after adipose-derived regenerative cell injec-

tion in knee osteoarthritis. Clin Orthop Surg. 2022;14(3):377-385.

31. Riboh JC, Cvetanovich GL, Cole BJ, Yanke AB. Comparative efficacy

of cartilage repair procedures in the knee: a network meta-analysis.

Knee Surg Sports Traumatol Arthrosc. 2017;25(12):3786-3799.

32. Rothrauff BB, Yang G, Tuan RS. Tissue-specific bioactivity of soluble

tendon-derived and cartilage-derived extracellular matrices on adult

mesenchymal stem cells. Stem Cell Res Ther. 2017;8(1):133.

33. Schagemann JC, Galle L, Gille J, et al. Correlation of the histological

ICRS II score and the 3D MOCART score for the analysis of aged

osteochondral regenerates in a large animal model. Cartilage. 2022;

13(1):19476035211072254.

34. Setayeshmehr M, Esfandiari E, Hashemibeni B, et al. Chondrogenesis

of human adipose-derived mesenchymal stromal cells on the [devi-

talized costal cartilage matrix/poly(vinyl alcohol)/fibrin] hybrid scaf-

folds. Eur Polym J. 2019;118:528-541.

35. Stacey M, Dutta D, Cao W, et al. Atomic force microscopy charac-

terization of collagen ‘nanostraws’ in human costal cartilage. Micron.

2013;44:483-487.

36. Stacey MW. Biochemical and histological differences between costal

and articular cartilages. In: Saxena AK, ed. Chest Wall Deformities.

Berlin: Springer; 2017:81-99.

37. Stampoultzis T, Karami P, Pioletti DP. Thoughts on cartilage tissue

engineering: a 21st century perspective. Curr Res Transl Med. 2021;

69(3):103299.

38. Steadman JR, Rodkey WG, Briggs KK. Microfracture: its history and

experience of the developing surgeon. Cartilage. 2010;1(2):78-86.

39. Steadman JR, Rodkey WG, Singleton SB, Briggs KK. Microfracture

technique for full-thickness chondral defects: technique and clinical

results. Oper Tech Orthop. 1997;7(4):300-304.

40. Trattnig S, Winalski CS, Marlovits S, Jurvelin JS, Welsch GH, Potter

HG. Magnetic resonance imaging of cartilage repair: a review. Carti-

lage. 2011;2(1):5-26.

41. Yang Q, Peng J, Guo Q, et al. A cartilage ECM-derived 3-D porous

acellular matrix scaffold for in vivo cartilage tissue engineering with

PKH26-labeled chondrogenic bone marrow-derived mesenchymal

stem cells. Biomaterials. 2008;29(15):2378-2387.

42. Yin H, Wang Y, Sun Z, et al. Induction of mesenchymal stem cell

chondrogenic differentiation and functional cartilage microtissue for-

mation for in vivo cartilage regeneration by cartilage extracellular

matrix-derived particles. Acta Biomater. 2016;33:96-109.

43. Yoon KH, Park JY, Lee JY, Lee E, Lee J, Kim SG. Costal chondrocyte-

derived pellet-type autologous chondrocyte implantation for treat-

ment of articular cartilage defect. Am J Sports Med. 2020;48(5):

1236-1245.

44. Yoon KH, Yoo JD, Choi CH, et al. Costal chondrocyte-derived pellet-

type autologous chondrocyte implantation versus microfracture for

repair of articular cartilage defects: a prospective randomized trial.

Cartilage. 2021;13(1 suppl):1092s-1104s.

45. Zhang L, Hu J, Athanasiou KA. The role of tissue engineering in artic-

ular cartilage repair and regeneration. Crit Rev Biomed Eng. 2009;

37(1-2):1-57.

46. Zhang Q, Hu Y, Long X, et al. Preparation and application of decel-

lularized ECM-based biological scaffolds for articular cartilage repair:

a review. Front Bioeng Biotechnol. 2022;10:908082.

10 Chung et al The Orthopaedic Journal of Sports Medicine


	Particulated Costal Allocartilage With Microfracture Versus Microfracture Alone for Knee Cartilage Defects: A Multicenter, Prospective, Randomized, Participant- and Rater-Blinded Study
	METHODS
	Study Design and Population
	Operative Procedures
	Postoperative Rehabilitation
	Magnetic Resonance Imaging Evaluation
	Clinical Evaluation
	Safety Evaluation
	Statistical Analysis

	RESULTS
	Patient Characteristics
	MRI Outcomes
	Clinical Outcomes
	Safety Outcomes

	DISCUSSION
	Limitations

	Conclusion
	Acknowledgment
	References



<<
  /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


