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Background: Bone marrow lesions (BMLs) have been found on magnetic resonance imaging in patients with meniscal tears.

Purpose: We sought to determine the prevalence and location of BMLs, the association between BMLs and chondral lesions, and
the association between BMLs and pain in patients without radiographic evidence of degenerative joint disease who underwent
arthroscopic partial meniscectomy (APM).

Study Design: Cohort study; Level of evidence, 2.

Methods: We performed a secondary analysis of the Chondral Lesions And Meniscus Procedures (ChAMP) randomized controlled
trial. BMLs were assessed on preoperative magnetic resonance imaging, and chondral lesions were documented at the time of
surgery. Pain was assessed preoperatively and at 1 year after APM using the Western Ontario and McMaster Universities Osteo-
arthritis Index (WOMAC) and the Knee injury and Osteoarthritis Outcome Score (KOOS). The chi-square test was used to examine the
association between BMLs and chondral lesions, and the F test was used to examine the association between BMLs and pain.

Results: Of 241 patients, 58.9% had >1 BMLs, and most were located on the medial tibial plateau (MTP; 74.6%) and/or medial
femoral condyle (MFC; 28.9%). Most MTP BMLs were submeniscal (56%), and most MFC BMLs extended beyond the meniscus
(73%). There were more MFC chondral lesions for patients with any MFC BMLs (P = .01) and submeniscal MFC BMLs (P = .02)
versus those without BMLs, and there was no association between BMLs and chondral lesions on the MTP. There was also no
association between BMLs and preoperative or postoperative pain scores.

Conclusion: In patients without radiographic evidence of degenerative joint disease who underwent APM, BMLs were found in
58.9% of knees and were primarily located in the medial compartment. There was a borderline statistically significant association
between BMLs and chondral lesions for the MFC; however, BMLs were not associated with pain scores preoperatively or at 1 year
after surgery.
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A bone marrow lesion (BML) on magnetic resonance imag-
ing (MRI) likely represents hemorrhage, edema, or infarc-
tion resulting from trabecular microfracture.'® Diminished
signal intensity on T1-weighted MRI and increased signal
intensity on T2-weighted fat-suppressed MRI indicate a
BML.'* BMLs have been primarily studied in patients
undergoing anterior cruciate ligament reconstruction and
likely represent the footprint of the mechanism of injury;
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however, BMLs have also been found in 39% to 43% of
patients with meniscal tears.>'%22 Most BMLs occur in the
medial compartment of patients with suspected meniscal
tears.??

BMLs have additionally been found in patients with
radiographic evidence of knee osteoarthritis and are predic-
tive of cartilage loss.””1%'7 However, in patients without
evidence of degenerative joint disease (DJD) on radio-
graphs, it is not known if BMLs are associated with chon-
dral lesions or are caused by changes in joint-loading
patterns because of a meniscal tear. Two studies have
found an association between BMLs and function after
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arthroscopic partial meniscectomy (APM), but none has
reported an association with postoperative pain.>!! Also,
Bisson et al* found greater improvement in clinical out-
comes after APM for patients without chondral lesions ver-
sus those with chondral lesions left in situ. Determining the
association between BMLs, chondral lesions, and pain in
patients undergoing APM can help guide treatment regi-
mens and assist in counseling patients about proper expec-
tations after treatment.

We conducted a secondary analysis using data from the
Chondral Lesions And Meniscus Procedures (ChAMP) ran-
domized controlled trial, which was designed to examine
the effect on knee pain of arthroscopic debridement versus
observation (no debridement) of Outerbridge grade II to IV
unstable chondral lesions found during APM in patients
aged >30 years.® The aims of the present study were (1)
to examine the prevalence and location of BMLs in patients
with normal radiographs and symptomatic meniscal tears,
(2) to examine the association between BMLs and chondral
lesions, and (3) to examine the association between BMLs
and pain before and after APM. We hypothesized that
BMLs would be prevalent, be associated with chondral
lesions identified at the time of surgery, and be associated
with increased pain before and after surgery.

METHODS
Study Design

The ChAMP trial was a double-blind randomized controlled
trial that examined the effect of observation versus debride-
ment of unstable chondral lesions on pain in patients
undergoing APM.2 The ChAMP trial is registered at Clin-
icalTrials.gov (NCT01527201) and was approved by an
institutional review board.

Screening and Group Assignment

Six sports medicine fellowship-trained orthopaedic surgeons
(L.J.B.,, WM.W., M.S.F., G.AB., M.AR., JM.M.) recruited
consenting study participants between January 2012 and
April 2015 at a single center. Preoperative inclusion criteria
were age >30 years, persistent symptoms of a meniscal tear
for at least 3 months (ie, joint-line tenderness and pain with
joint compression and rotation), no definitive evidence of
DJD on weightbearing radiographs (ie, Kellgren-Lawrence
[K-L] grades 0-1, no visible osteophytes, and <50% joint
space narrowing on anteroposterior weightbearing
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radiographs), meniscal tear confirmed by MRI, and having
elected to undergo APM.° These indications are consistent
with the current recommendations set forth by the Euro-
pean Society of Sports Traumatology, Knee Surgery and
Arthroscopy (ESSKA).! Exclusion criteria are listed in
Appendix Table Al. Patients and data collectors were blind
to treatment assignment and surgical findings until 1 year
from surgery. A total of 1591 patients were eligible for this
study, of whom 340 enrolled; of these, 241 patients had MRI
scans available for an assessment of BMLs and were
included in the final analysis (Figure 1).

Intervention

All patients underwent diagnostic arthroscopic surgery, at
which time the articular cartilage was examined, followed
by APM of the medial, lateral, or both menisci. Patients
with unstable chondral lesions in any compartment of the
knee were randomized to receive debridement (CL-Deb
group) or no debridement (CL-noDeb group) after APM.3
During the study design, the surgeons met and blindly
reviewed 13 arthroscopic photographs and videos to reach
a consensus about defining unstable chondral lesions using
the Outerbridge grading system. Unstable chondral lesions
were defined as those greater than 1 cm? with flaps that (1)
could be displaced more than 5 mm with a probe or that (2)
contained fibrillated cartilage involving greater than 50%
of the depth of the cartilage. Good interrater reliability was
found among the participating surgeons for chondral grad-
ing using the Outerbridge system (intraclass correlation
coefficient, 0.94; P < .001).

In the CL-Deb group, unstable chondral flaps of fibril-
lated cartilage were excised with a motorized shaver, but
no subchondral debridement or microfracture was per-
formed for any grade IV lesions. Arthroscopic findings for
the CL-Deb and CL-noDeb groups from the original
ChAMP trial study are presented in Appendix Table A2.
Chondral lesions were left unaltered for patients in the
CL-noDeb group. Patients without unstable chondral
lesions were included in the nonrandomized no chondral
lesion (NoCL) group and did not require surgical manage-
ment of chondral lesions. An intra-articular injection of
20 mL of 0.5% bupivacaine was administered at the end
of the procedure. All patients received a prescription for
hydrocodone/acetaminophen 7.5 mg (1-2 pills orally twice
a day as needed) after surgery, and physical therapy
focused on eliminating of effusion, regaining of full range
of motion, and progressive strengthening.
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Assessed for

eligibility (n=1.591) }—  Not meeting preoperative inclusion criteria (n=704)

Enrolled (n=340)

| Excluded (n=1,251)

| _Declined participation (n=547)

i Consented, but cancelled surgery (n=9)

1 Withdrew prior to surgery (n=11)

| Not meeting intraoperative inclusion criteria (n=56)
E Excluded for other reasons postoperatively (n=6)

I MRI available for bone bruising measurement (n=241) |

I

[

| Randomized (n=173) |

I Not Randomized (NoCL, n=68) |

Debridement (CL-Deb,n=88) | [ No Debridement (CL-noDeb, n=g5) |

Figure 1. Sample flow chart. CL-Deb, debridement of unstable chondral lesions; CL-noDeb, no debridement of unstable chondral

lesions; MRI, magnetic resonance imaging.

Measurement of BMLs on MRI

Preoperative MRI scans from all patients were examined by
2 independent reviewers (J.M., P.P.; orthopaedic residents
trained in evaluating BMLs on MRI) for BMLs, as indicated
by hyperintensity on sagittal, coronal, and axial cartilage-
sensitive proton density—weighted high-resolution fast spin
echo sequences when obtained at our institution or on sim-
ilar sequences when patients brought outside scans. The
location of BMLs was classified as the medial femoral con-
dyle (MFC), lateral femoral condyle (LFC), medial tibial
plateau (MTP), and/or lateral tibial plateau (LTP). The
extent of BMLs was classified as none (no tibiofemoral
BML), submeniscal (focally contained above or below the
meniscus, extending to a maximum of 1 cm subchondrally),
or extensive (extending beyond the meniscus and/or greater
than 1 cm subchondrally). Patients with trochlear or patel-
lar BMLs were excluded from the analysis. See Appendix
Figures Al through A4 for sample images of BMLs.

Demographic and Intra-articular Injury Data

Age at the initial visit (years), sex (male/female), and body
mass index (BMI) were recorded. BMI was categorized as
underweight (<18.50 kg/m?), normal weight (18.50-24.99
kg/m?), overweight (25.00-29.99 kg/m?), and obese (>30.00
kg/m?).?! Surgeons recorded arthroscopic findings on a
standard data collection form after surgery. The presence,
site, and Outerbridge grade of unstable chondral lesions on
the tibia and femur were evaluated arthroscopically for this
current study as well as the presence of medial meniscal
(MM) and lateral meniscal (LM) tears.

Pain Scores

A description of all outcome scores that were collected dur-
ing the ChAMP trial can be found elsewhere.? The current
study used preoperative and 1-year postoperative Western
Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) and Knee injury and Osteoarthritis Outcome

Score (KOOS) pain scores, both ranging from 0 (extreme
pain) to 100 (no pain).'®1°

Statistical Analysis

Data from the 3 study groups (CL-Deb, CL-noDeb, and
NoCL) were pooled together. Descriptive statistics were
calculated for demographics stratified by the presence
of BMLs and for the location (MTP, MFC, LTP, and
LFC) and extent (submensical and extensive) of BMLs.
The chi-square test was used to examine the association
between the extent of BMLs and the presence of chon-
dral lesions (yes/no) on the MTP and MFC. The MTP
and MFC were selected because the majority of BMLs
were located at these sites. Because of the small size of
our groups, we did not perform subgroup analyses bro-
ken down by anatomic sites smaller than the medial or
lateral condyles or plateaus. Patients with submeniscal
and extensive BMLs were compared separately and col-
lectively with those without BMLs.

To determine whether the presence or extent of a BML
was associated with preoperative or postoperative pain, we
performed 2 analyses. For analysis 1, we considered the
ideal situation and examined whether the presence of a
BML in the compartment containing the meniscal tear
affected preoperative or 1-year postoperative pain scores.
To do so, we pooled patients with the most common site of
meniscal tears (MM) and compared those with any medial
compartment BML (MFC and/or MTP) to those with no
BMLs. The F test was used to examine the association
between the extent of medial BMLs (located on the MFC
and/or MTP) and preoperative and 1-year postoperative
WOMAC and KOOS pain scores with adjustment for the
presence of chondral lesions and for study group (debride-
ment, no debridement, and no chondral lesions) in patients
with MM tears. We also compared pain scores in all
patients with the presence of any medial BML (submenis-
cal and/or extensive) with those with no BMLs. For analysis
2, to make the results generalizable to the real-life clinical
situation (ie, where BMLs may not always be isolated to the
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TABLE 1
Demographic Factors and Knee Injuries (N = 241)*
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No BMLs BMLs
m=99) nm=142) P

Age, mean + SD, y 53.7+8.1 535+7.3 .8596

Sex .2500
Male 62 (62.6) 99 (69.7)
Female 37(37.4) 43(30.3)

Body mass index category” 7815
Underweight (<18.50 kg/m?) 1(1.0) 2(1.4)

Normal weight (18.50-24.99 kg/m?) 15 (15.5) 29 (20.4)
Overweight (25.00-29.99 kg/m?) 39 (40.2) 51(36.9)
Obese (>30.00 kg/m?) 42 (43.3) 60 (42.3)

Meniscal tears confirmed 5779
arthroscopically
Medial 71 (71.7) 110 (77.5)
Lateral 8(8.1) 9 (6.3)

Medial and lateral 20 (20.2) 23(16.2)

“Data are reported as n (%) unless otherwise indicated. BML,
bone marrow lesion.
®Two patients were missing data.

compartment containing the meniscal tear), the F test was
used to examine the association between BMLs located at
any anatomic site (MTP, MFC, LTP, and/or LFC) and pre-
operative and 1-year postoperative WOMAC and KOOS
pain scores with adjustment for the presence of chondral
lesions and for study group (CL-Deb, CL-noDeb, and
NoCL). The reason that both analyses 1 and 2 were
adjusted for the presence of chondral lesions was because
chondral lesions have been shown to influence postopera-
tive pain and for treatment group was because we wanted
to ensure that this factor did not confound our findings.* It
should be noted that the primary ChAMP trial study
results found no difference between the 2 treatment groups
at 1 year after surgery.’?

RESULTS
Patient Characteristics and Prevalence of BMLs

The mean patient age was 53.5 years, and the majority of
patients were male (66.8%) and obese (42.7%). No patients
had a subchondral fracture. BMLs were present on preop-
erative MRI in 142 (58.9%) patients with normal radio-
graphs and arthroscopically confirmed meniscal tears.
Demographics did not differ between those with and with-
out BMLs (Table 1). The MM was involved in 75% of the
meniscal tears; the location of the meniscal tear(s) did not
differ between those with and without BMLs (Table 1).
Most BMLs were located on the MTP (74.6%) and/or MFC
(28.9%) (Table 2). The majority of MTP BMLs were
submeniscal (56%), and the majority of MFC BMLs were
extensive (73%). Overall, 29% of patients with MTP BMLs
had MTP chondral lesions, and 78% with MFC BMLs had
MFC chondral lesions. Of the patients with MM tears 85%
had MFC and/or MTP BMLs.

TABLE 2
Extent and Location of BMLs (n = 142)¢
n (%)
Extent
Submeniscal 80 (46)
Extensive 95 (54)
Location
Medial tibial plateau
Submeniscal 59 (56)
Extensive 47 (44)
Total 106 (100)
Medial femoral condyle
Submeniscal 11 (27)
Extensive 30 (73)
Total 41 (100)
Lateral tibial plateau
Submeniscal 3(23)
Extensive 10 (77)
Total 13 (100)
Lateral femoral condyle
Submeniscal 7(47)
Extensive 8 (53)
Total 15 (100)

“Data are not mutually exclusive. Submeniscal BMLs were
focally contained above or below the meniscus, extending a maxi-
mum of 1 cm subchondrally. Extensive BMLs extended beyond the
meniscus and were greater than 1 cm subchondrally. BML, bone
marrow lesion.

BMLs and Chondral Lesions

Submeniscal and/or extensive MTP BMLs were not associ-
ated with chondral lesions on the MTP (Table 3). There
were more MFC chondral lesions for patients with any
MFC BMLs (P = .01) and submeniscal MFC BMLs (P =
.02) versus those without BMLs, and there was a borderline
association (P = .05) between extensive MFC BMLs and
chondral lesions on the MFC (Table 4).

BMLs and Pain Scores

For analysis 1, submeniscal or extensive medial BMLs
were not associated with preoperative or 1-year postoper-
ative pain scores in patients with MM tears when adjusted
for chondral lesions and treatment group (Table 5). For
analysis 2, medial and/or lateral BMLs were not associ-
ated with preoperative or 1-year postoperative pain scores
when adjusted for chondral lesions and treatment group
(Table 6).

DISCUSSION

We examined the prevalence of BMLs and their association
with chondral lesions and pain in patients undergoing APM
by conducting a secondary analysis of the ChAMP trial,
which was designed to compare debridement versus obser-
vation of chondral lesions encountered during APM.3 The
ChAMP trial found no difference in outcomes for patients
randomly assigned to CL-Deb or CL-noDeb and also found



The Orthopaedic Journal of Sports Medicine

TABLE 3
Association Between Extent of BMLs and
Chondral Lesions on Medial Tibial Plateau®

Presence of Chondral
Lesions, n (%)

Yes No

No BMLs (n = 134) 34 (25.4) 100 (74.6)

Submeniscal BMLs (n = 58) 15 (25.9) 43 (74.1)
Extensive BMLs (n = 47) 15 (31.9) 32 (68.1)
Any BMLs (n = 105) 30 (28.6) 75 (71.4)
P value®
Submeniscal BMLs vs no BMLs 94
Extensive BMLs vs no BMLs .39
Submeniscal BMLs vs extensive BMLs .49
Any BMLs vs no BMLs .58

“Extent of BMLs was categorized as (1) submeniscal BMLs,
which were focally contained above or below the meniscus, extend-
ing a maximum of 1 cm subchondrally, and (2) extensive BMLs,
which extended beyond the meniscus and were greater than 1 cm
subchondrally. One patient was missing data for the presence of
chondral lesions, and 1 patient was missing data for the extent of
BMLs. BML, bone marrow lesion.

P values were calculated by the chi-square test.

TABLE 4
Association Between Extent of BMLs and
Chondral Lesions on Medial Femoral Condyle®

Presence of Chondral
Lesions, n (%)

Yes No

No BMLs (n = 200)
Submeniscal BMLs (n = 11)

108 (54.0) 92 (46.0)
10 (90.9) 1(9.1)

Extensive BMLs (n = 30) 22 (73.3) 8(26.7)
Any BMLs (n = 41) 32 (78.0) 9 (22.0)
P value®
Submeniscal BMLs vs no BMLs .02
Extensive BMLs vs no BMLs .05
Submeniscal BMLs vs extensive BMLs 4
Any BMLs vs no BMLs .01

“Extent of BMLs was categorized as (1) submeniscal BMLs,
which were focally contained above or below the meniscus, extend-
ing a maximum of 1 ecm subchondrally, and (2) extensive BMLs,
which extended beyond the meniscus and were greater than 1 cm
subchondrally. BML, bone marrow lesion.

P values were calculated by the chi-square test.

that patients with unstable chondral lesions (regardless of
observation or debridement) had worse results than those
without such lesions.*®

In the present study, we hypothesized that BMLs would
be prevalent, be associated with chondral lesions identified
at the time of surgery, and be associated with increased
pain before and after surgery. We found that more than
half of our sample had BMLs on preoperative MRI, and
there was an association between BMLs and chondral
lesions located on the MFC. Contrary to our hypothesis,
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BMLs were not associated with pain scores preoperatively
or postoperatively. Instead, meniscal tears and/or chondral
lesions may be more predictive of pain than BMLs.

The prevalence of BMLs in our study (58.9%) was greater
than in some previous studies (39%-43%) of patients with
meniscal tears, and 85% of patients had concomitant
medial BMLs and MM tears.”?? Zanetti et al®? also found
that BMLs in patients with suspected meniscal tears were
primarily found in the medial compartment. However, sim-
ilar to our study, Bergin et al® found subchondral marrow
edema in 60% of patients with MM tears and in 90% with
LM tears. We found that BMLs on the MTP were primarily
submeniscal or focally contained below the meniscus,
extending <1 cm subchondrally (56%), and that BMLs on
the MFC primarily extended beyond the meniscus and were
>1 cm subchondrally (73%). This could imply different
causes of the BMLs at different sites, for instance, chondral
loss on the femur and increased contact pressure due to the
loss of meniscal integrity on the tibia.

Regarding the relationship between BMLs and chondral
lesions, MFC BMLs were associated with MFC chondral
lesions, but MTP BMLs were not associated with MTP
chondral lesions. This could be explained if BMLs on the
MTP were caused by changes in local contact pressure due
to the meniscal tear itself. It should be noted that our study
was confined to patients without definitive radiographic
signs of osteoarthritis (K-L grade 0-1). It is also a secondary
analysis, so our results should be considered preliminary.
Finally, our outcomes were collected at 1 year, and those
patients with BMLs may progress to osteoarthritis over a
longer time period. Several studies have observed BMLs in
patients with radiographic knee osteoarthritis.!17-20
Women with knee osteoarthritis were 4.3 times more likely
to have a BML, and BMLs greater than 1 cm were associ-
ated with full-thickness cartilage lesions.?° Link et al'?
found increased BMLs with increasing K-L grade in
patients with various degrees of knee osteoarthritis. Ray-
nauld et al'” found that tibiofemoral BMLs in the medial
and/or lateral compartment were associated with the pro-
gression of knee osteoarthritis. While our present study
found no difference between groups in pain scores at 1 year,
we are collecting clinical and radiographic results at 5
years, which should help clarify whether patients with
BMLs at the time of arthroscopic meniscectomy are at a
higher risk for later osteoarthritis compared with those
without BMLs. Also, we do not know if the BMLs resolved
or worsened after meniscectomy.

We performed 2 analyses to explore the association
between BMLs and pain. Analysis 1 was intended to isolate
the contribution of BMLs to pain and therefore included
only patients meeting ideal criteria (ie, patients with iso-
lated meniscal tears and BMLs only in the compartment
containing the meniscal tear). To meet these criteria, we
included only isolated MM tears and compared any con-
fined and extensive medial BMLs with no medial BMLs.
In this analysis, medial BMLs were not associated with
pain in patients with MM tears; however, this subanalysis
resulted in a smaller sample size and may not have been
powerful enough to detect an association between BMLs
and pain. Analysis 2 was intended to reflect the
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TABLE 5
Association Between Extent of Medial BMLs and Preoperative and Postoperative Pain Scores in Patients With Medial
Meniscus Tears®

WOMAC

KOOS

Preoperative Postoperative®

1-Year Difference’

Preoperative Postoperative” 1-Year Difference’

No medial BMLs

58.7£16.5(n =75) 88.3+155(n =58) —28.6+14.5(mn =57) 51.3+148(n =75 85.0+17.5(n=58) -32.1+18.2(n=57)

Submeniscal medial BMLs 61.3+18.1(n=51) 87.5+14.3(n=44) -27.6+181(n=44) 53.8+16.1(n=>51) 84.0+16.5(n =44) -31.3+£17.5(n =44)

Extensive medial BMLs

P value®

No medial 31 7
BMLs vs submeniscal
medial BMLs

No medial BMLs vs 57 77
extensive medial BMLs

Submeniscal medial BMLs .61 .87
vsextensive medial BMLs

59.5+154(n=43) 872+159(n=238) -26.6+17.7(n=238) 51.9+142(n=42) 850+16.4(n =238 -32.1+18.2(n =237

.95 .3 .69 91

13 .55 .47 77

.82 .56 .88 .79

“Data are reported as mean + SD unless otherwise indicated. Extent of BMLs was categorized as (1) submeniscal BMLs, which were focally
contained above or below the meniscus, extending a maximum of 1 cm subchondrally, and (2) extensive BMLs, which extended beyond the
meniscus and were greater than 1 cm subchondrally. Medial BMLs included BMLs on both the medial tibial plateau and medial femoral
condyle. Patients with (1) both medial submeniscal and extensive BMLs and (2) both medial and lateral meniscal tears were excluded. BML,
bone marrow lesion; KOOS, Knee injury and Osteoarthritis Outcome Score; WOMAC, Western Ontario and McMaster Universities Osteo-

arthritis Index.
bPostoperative represents 1 y + 1 mo.

“The 1-year difference is equal to preoperative minus postoperative scores.
9P values were calculated by the F test and were adjusted for the presence of chondral lesions and study group (debridement, no

debridement, and no chondral lesions).

TABLE 6
Association Between Preoperative and Postoperative Pain Scores and BMLs®
WOMAC KOOS
Preoperative Postoperative” 1-Year Difference® Preoperative Postoperative’ 1-Year Difference®
NoBMLs 59.0+159(n=96) 87.5+16.7(n=77) —27.8+172(n=76) 523+150n=96) 84.1+189(n=177) -30.7+17.9(n="176)
AnyBMLs 58.7+174(n=139) 87.0+15.7(n=121) -28.6+184(n=121) 51.7+153(n=138) 83.7+17.3(n=121) -32.4+17.7(n = 120)
P value? .92 .97 .66 .85 .85 34

“Data are reported as mean + SD unless otherwise indicated. The presence of BMLs located on any anatomic site were included (medial
tibial plateau, medial femoral condyle, lateral tibial plateau, and lateral femoral condyle). BML, bone marrow lesion; KOOS, Knee injury and
Osteoarthritis Outcome Score; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

bPostoperative represents 1y + 1 mo.

“The 1-year difference is equal to preoperative minus postoperative scores.
9P values were calculated by the F test and were adjusted for the presence of chondral lesions and study group (debridement, no

debridement, and no chondral lesions).

heterogeneous clinical scenario in which individual
patients have medial, lateral, or MM and LM tears, and
BMLs may be present at multiple sites. This makes the
results more generalizable to actual patient populations
but increases the risk of confounding. In analysis 2, we
examined the association between BMLs located at any
anatomic site and pain in patients with MM and/or LM
tears and also found this association to be null. We were
therefore unable to demonstrate an association between
BMLs and preoperative or postoperative pain, and a post
hoc power analysis demonstrated adequate power to deter-
mine that an association in our population does not exist.
Other studies have sought to explore the contribution of
BMLs to pain in patients with meniscal tears. In patients
undergoing APM, Katz et al® found that medial BMLs

predicted worse function but that BMLs in any compartment
were not associated with pain. Kijowski et al'! found worse
International Knee Documentation Committee (IKDC)
scores for severe MFC BMLs, comorbid MM tears and medial
BMLs, and comorbid LM tears and LFC BMLs after APM.
Their populations included more patients with radiographic
osteoarthritis, however, and this makes their results difficult
to compare to ours. There is also some preliminary research
showing that subchondroplasty may alleviate pain in the
short term after surgery in patients with BMLs.® Obtaining
a better understanding of the effect of BMLs on preoperative
MRI and outcomes after APM can aid in patient counseling
and developing proper treatment regimens.

Strengths of this study include its prospective design and
measurements of both the location and extent of BMLs,
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which have not been reported in previous studies of
patients undergoing APM.%11:22 Also, we were able to
examine the association between the location of BMLs and
chondral lesions, which has not been reported before. Lim-
itations include the fact that we only used preoperative
MRI scans, and some were obtained from outside facilities.
Variation in MRI machines and radiology technician skill
levels may have led to random errors, but all MRI scans
were of sufficient quality to determine the presence, loca-
tion, and extent of any BMLs. We did not routinely obtain
long-leg standing films to assess alignment, leading to the
possible inclusion of patients with malalignment, which
was not evident on standard anteroposterior weightbearing
radiographs. We did not seek to correlate the site of any
BML(s) with the location of the meniscal tear because this
relationship would vary with knee flexion angle for BML(s)
on the femur and because tibial BMLs may not be anatom-
ically co-located with the meniscal tear because of contact
force changes on the tibia that could be found remotely from
the site of the meniscal tear. We also do not know if BMLs
were from acute trauma or chronic stresses, and we did not
perform follow-up MRI to assess the healing rate of BMLs,
which may have prevented us from finding an association
between BMLs and postoperative pain because BMLs could
have healed during the course of follow-up. The time to
resolution of BMLs has been found to range from 3 weeks
to 2 years.'3

Despite these limtations, the finding that the presence of
>1 BMLs on preoperative MRI does not portend a worse 1-
year postoperative result is valuable information to have
when counseling patients about what to expect after APM.
Another theoretical limitation is that osteoarthritis as used
in our analyses was defined arthroscopically rather than
radiographically. In the original ChAMP trial study, using
standing anteroposterior rather than 45° posteroanterior
flexed radiographs may have allowed some patients with
greater degrees of osteoarthritis to be included theoretically;
however, this did not occur based on arthroscopic findings
(ie, no patients in the study had diffuse grade IV chondro-
malacia in any compartment). Standing long-leg radio-
graphs to assess axial alignment were not routinely
obtained during the study, but our inclusion of only patients
with K-L grades 0 and 1 prevented the inclusion of malalign-
ment due to osteoarthritis. We are unaware of a reliable and
reproducible method to quantify the amount of meniscus
resected and cannot provide a subgroup analysis of the effect
of the amount of meniscus resected on outcomes. Our sample
consisted primarily of male and obese patients; however,
these factors were not associated with the presence of BMLs,
and thus, selection bias should not have been an issue. These
demographics also reflect the population of patients generally
indicated for arthroscopic meniscectomy. For instance, the
prevalence of obesity in our sample is nearly identical to the
national prevalence of obesity in middle-aged adults (42.3%).8
Age, sex, and BMI did not differ between patients with and
without BMLs and thus were not adjusted for in our analysis.
There may have been other factors not measured in this study
that could have confounded our results.

Finally, this study was a secondary analysis and was not
powered to detect an association between BMLs and

Bone Marrow Lesions, Chondral Lesions, and Pain 7

chondral lesions or pain. Overall, there was 15% loss to
follow-up. However, a post hoc power analysis showed that
our sample had 97% power to detect a 25% difference in
MTP chondral lesions between those with and without
MTP BMLs and 86% power for analysis 1 to detect a 10-
point difference in the WOMAC pain score between those
with and without medial BMLs. Thus, there may truly be
no association between (1) MTP BMLs and MTP chondral
lesions and (2) the WOMAC pain score and medial BMLs;
however, a definitive answer to this question would require
a study designed specifically to examine the association
between BMLs, chondral lesions, and pain.

CONCLUSION

In patients with meniscal tears, with no radiographic evi-
dence of DJD and who elected to undergo APM, BMLs were
common and primarily located in the medial compartment.
There was an association between BMLs and chondral lesions
located on the MFC and no association between BMLs and
chondral lesions on the MTP. When BMLs are encountered
on the femur, clinicians should therefore strongly consider
the existence of chondral lesions. Finally, we found that
BMLs were not associated with preoperative or 1-year post-
operative pain, once the presence of any associated chondral
lesions was taken into account. These findings should help
clinicians counsel patients with minimal radiographic arthri-
tis and BMLs on MRI who are seeking treatment for meniscal
tears.
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APPENDIX
TABLE Al
Frequency of Patients Meeting Preoperative and Intraoperative Exclusion Criteria®
Exclusion Criteria n (%)
Patients excluded preoperatively (n = 704)
Workers’ compensation claim 195 (27.7)
Previous surgery on operative knee 188 (26.7)
Significant ligamentous instability in operative knee® 165 (23.4)
Tibiofemoral joint space loss >50% compared with nonoperative knee 91 (12.9)
Visible osteophytes in medial or lateral compartment of knee 39 (5.5)
Root avulsion on MRI 36 (5.1)
Intra-articular corticosteroid injections or viscosupplementation in operative knee within 3 months of screening® 32 (4.6)
Inflammatory joint disease, chondrocalcinosis, or gout in affected knee? 27 (3.8)
Large chondral flaps judged to be impending loose bodies on MRI 26 (3.7)
Previous major trauma to operative knee® 9(1.3)
Osteochondritis dissecans 8(1.1)
Other comorbid medical conditions 6 (0.9
Grade IV chondromalacia >4 cm? on MRI® 3(0.4)
Patients excluded intraoperatively (n = 48)
Large chondral flaps judged to be impending loose bodies 17 (35.4)
No meniscal tear 11 (22.9)
Grade IV chondromalacia >4 cm? 10 (20.8)
Root avulsion 9(18.8)
Undergoing meniscal repair 3(6.3)
Undergoing microfracture 1(2.1)
Anterior cruciate ligament tear 121
Inflammatory arthritis 1(2.1)
Traumatic arthropathy of medial femoral condyle requiring abrasion arthroplasty 1(2.1)

“Data are not mutually exclusive. MRI, magnetic resonance imaging.

bSignificant ligamentous instability was defined as a history of partial or complete anterior cruciate ligament or posterior cruciate

ligament tears or a history of grade >2 medial collateral ligament and/or lateral collateral ligament injuries.

“This criterion was removed from the exclusion list 6 months into the study when it was decided that patients who had injections in their

operative knee within the past 3 months would be included in the study to improve enrollment.
9Chondrocalcinosis was diagnosed based on radiographic evidence of meniscal calcification.
“Trauma was defined as a history of fractures involving the tibial plateau, patella, or distal femur.
'The Outerbridge classification was used for grading chondral lesions.
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TABLE A2

Arthroscopic Findings for Debridement Versus No Debridement Groups (n = 190)

Debridement (n = 98)

No Debridement (n = 92)

Arthroscopic Findings Missing, n n (%) Missing, n n (%)
Medial meniscus
Tear present 89 (90.8) 0 86 (93.5)
Zone of medial meniscal tear® 0
Posterior horn 84 (85.7) 81 (88.0)
Middle third 69 (70.4) 66 (71.7)
Anterior horn 3(3.1) 7(7.6)
Meniscal capsular junction 18 (18.4) 11 (12.0)
Outer third 34 (34.7) 37 (40.2)
Middle third 81 (82.7) 81 (88.0)
Central rim 69 (70.4) 58 (63.0)
Type of medial meniscal tear 0
Longitudinal 6(6.1) 0(0.0)
Radial 21 (23.6) 26 (30.2)
Horizontal 7(7.9) 7(8.1)
Bucket 2(2.3) 2(2.3)
Complex 67 (75.3) 64 (74.4)
Other 4(4.5) 4(4.7)
Lateral meniscus
Tear present 28 (28.6) 0 21 (22.8)
Zone of lateral meniscal tear® 0
Anterior horn 7(7.1) 8 (8.7)
Middle third 21 (21.4) 14 (15.2)
Posterior horn 15 (15.3) 9(9.8)
Meniscal capsular junction 6(6.1) 2(2.2)
Outer third 8(8.2) 5(5.4)
Middle third 13 (13.3) 13 (14.1)
Central rim 25 (25.5) 19 (20.7)
Type of lateral meniscal tear 0
Longitudinal 1(3.6) 0 (0.0)
Radial 4(14.3) 3(14.3)
Horizontal 1(3.6) 3(14.3)
Bucket 1(3.6) 1(4.8)
Complex 16 (57.1) 13 (61.9)
Other 7 (25.0) 3(14.3)
Tibia
Chondral lesion present 54 (55.1) 0 47 (51.1)
Site of chondral lesion 0
Lateral only 19 (35.9) 18 (38.3)
Medial only 27 (50.9) 19 (40.4)
Lateral and medial 7(13.2) 10 (21.3)
Grade of lateral chondral lesion® 0
I 8(30.8) 4(14.3)
I-1I 1(3.9 0(0.0)
I 10 (38.5) 16 (57.1)
II-III 0(0.0) 0(0.0)
III 6(23.1) 8 (28.6)
111V 0(0.0) 0(0.0)
v 1(3.9 1(3.6)
Grade of medial chondral lesion® 0
I 0(0.0) 0(0.0)
I-1I 0(0.0) 0(0.0)
I 13 (38.2) 5(17.2)
II-III 0(0.0) 1(3.5)
111 16 (47.1) 22 (75.9)
III-IV 3(8.8) 0(0.0)
v 2(5.9) 1(3.5)

(continued)
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TABLE A2 (continued)

Debridement (n = 98) No Debridement (n = 92)
Arthroscopic Findings Missing, n n (%) Missing, n n (%)
Femur
Chondral lesion present 0 77 (78.6) 0 69 (73.9)
Site of chondral lesion 0 0
Lateral only 4 (5.2) 3(4.4)
Medial only 65 (84.4) 52 (75.4)
Lateral and medial 8(10.4) 14 (20.3)
Grade of lateral chondral lesion® 0 0
1 0(0.0) 3(17.7)
I-I1 0(0.0) 0(0.0)
11 2 (16.7) 5(29.4)
II-111 1(8.3) 1(5.9
111 8 (66.7) 4 (23.5)
III-IV 0(0.0) 1(5.9
1\Y 1(8.3) 4 (23.5)
Grade of medial chondral lesion 0 0
1 1(1.4) 0(0.0)
I-II 0(0.0) 0(0.0)
11 11 (14.9) 11 (16.7)
II-111 1(1.4) 3(4.6)
111 54 (73.0) 48 (72.7)
III-1V 3(4.1) 2 (3.0)
v 3(4.1) 2(3.0)
Patella
Chondral lesion present’ 0 65 (66.3) 0 78 (84.8)
Site of chondral lesion 1 1
Lateral only 6(9.4) 1(1.3)
Medial only 8 (12.5) 10 (13.0)
Lateral and medial 1(1.6) 3(3.9
Central only 25 (39.1) 31 (40.3)
Lateral and central 3 4.7 6 (7.8)
Medial and central 7 (10.9) 11 (14.3)
Lateral, medial, and central 14 (21.9) 15 (19.5)
Grade of lateral chondral lesion 1 0
1 0(0.0) 0(0.0)
I-II 0(0.0) 0(0.0)
II 3(13.0) 3(12.0)
II-111 0(0.0) 0(0.0)
111 17 (73.9) 21 (84.0)
III-1V 1(4.4) 0(0.0)
v 2 (8.7) 1(4.0)
Grade of medial chondral lesion® 2 0
1 2(7.1) 0(0.0)
I-II 0(0.0) 0(0.0)
I 4(14.3) 9(23.1)
II-111 0(0.0) 2(5.1)
111 18 (64.3) 28 (71.8)
III-1V 1(3.6) 0(0.0)
v 3(10.7) 0(0.0)
Grade of central chondral lesion® 0 2
1 3(6.1) 0(0.0)
I-II 0(0.0) 0(0.0)
II 15 (30.6) 17 (27.0)
II-111 0(0.0) 1(1.6)
111 30 (61.2) 43 (70.5)
III-IV 1(2.1) 0(0.0)
v 0(0.0) 1(1.6)
Trochlea
Chondral lesion present 0 48 (49.0) 0 48 (52.2)
Site of chondral lesion 4 0
Lateral only 2 (4.6) 0(0.0)

(continued)
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TABLE A2 (continued)

Debridement (n = 98) No Debridement (n = 92)
Arthroscopic Findings Missing, n n (%) Missing, n n (%)
Medial only 4(9.1) 3(6.2)
Lateral and medial 0(0.0) 0(0.0)
Central only 26 (59.1) 35 (72.9)
Lateral and central 1(2.3) 2(4.2)
Medial and central 4(9.1) 2(4.2)
Lateral, medial, and central 7(15.9) 6 (12.5)
Grade of lateral chondral lesion 1 0
I 0(0.0) 0(0.0)
I-1I 0(0.0) 0(0.0)
I 0(0.0) 0(0.0)
II-III 0(0.0) 2 (25.0)
111 5(55.6) 5(62.5)
III-IV 1(11.1) 0(0.0)
v 3(33.3) 1(12.5)
Grade of medial chondral lesion 0 0
I 0(0.0) 0(0.0)
I-II 0(0.0) 0(0.0)
11 2(13.3) 1(9.1)
II-III 0(0.0) 1(9.1D
111 9 (60.0) 6 (54.6)
III-IV 2(13.3) 0(0.0)
v 2(13.3) 3(27.3)
Grade of central chondral lesion 0 0
I 2(5.3) 1(2.2)
I-1I 0(0.0) 1(2.2)
I 5(13.2) 6(13.3)
II-III 0(0.0) 1(2.2)
111 27 (71.1) 29 (64.4)
III-IV 3(7.9 4 (8.9
v 1(2.6) 3(6.7)

“Categories are not mutually exclusive.

bCategories are not mutually exclusive. One patient had 2 chondral lesions on the lateral aspect of the tibia, which were counted as
separate lesions: one lesion was grade III, and the other was grade IV.

‘P < .05. All P values were obtained from the chi-square or Fisher exact test.

dCategories are not mutually exclusive. One patient had 2 chondral lesions on the lateral aspect of the tibia, which were counted as
separate lesions, and both were grade IV.

°Categories are not mutually exclusive. One patient had 2 chondral lesions on the central aspect of the patella, which were counted as
separate lesions, and both were grade II.

Figure A1. Coronal image on the left depicts no bone marrow
lesions along the medial femoral condyle and tibial plateau.
Sagittal image on the right depicts no bone marrow lesions
along the medial femoral condyle and tibial plateau.

Figure A2. Coronal image on the left depicts a subchondral
bone marrow lesion confined underneath the meniscus
along the medial femoral condyle and tibial plateau. Sagittal
image on the right depicts a subchondral bone marrow
lesion confined underneath the meniscus along the medial
femoral condyle.
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Figure A3. Coronal image on the left depicts a subchondral
bone marrow lesion extending beyond the meniscus along
the medial femoral condyle, with no associated bone marrow
lesions along the medial tibial plateau. Sagittal image on the
right depicts a subchondral bone marrow lesion extending
beyond the meniscus along the medial femoral condyle, with
no associated bone marrow lesions along the medial tibial
plateau.

The Orthopaedic Journal of Sports Medicine

Figure A4. Coronal image on the left depicts a subchondral
bone marrow lesion extending beyond the meniscus along
the medial tibial plateau. Sagittal image on the right depicts
a subchondral bone marrow lesion extending beyond the
meniscus along the medial tibial plateau.




<<
  /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


