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Magnetic Resonance Imaging
for Patellofemoral Chondromalacia

Is There a Role for T2 Mapping?
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Investigation performed at the Kerlan-Jobe Orthopaedic Clinic, Los Angeles, California, USA

Background: Patellofemoral pain is common, and treatment is guided by the presence and grade of chondromalacia.

Purpose: To evaluate and compare the sensitivity and specificity in detecting and grading chondral abnormalities of the patella
between proton density fat suppression (PDFS) and T2 mapping magnetic resonance imaging (MRI).

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

Methods: A total of 25 patients who underwent MRI of the knee with both a PDFS sequence and T2 mapping and subsequently
underwent arthroscopic knee surgery were included. The cartilage surface of the patella was graded on both MRI sequences by 2
independent, blinded radiologists. Cartilage was then graded during arthroscopic surgery by a sports medicine fellowship–trained
orthopaedic surgeon. Reliability, sensitivity, specificity, and accuracy were determined for both MRI methods. The findings during
arthroscopic surgery were considered the gold standard.

Results: Intraobserver and interobserver agreement for both PDFS (98.5% and 89.4%, respectively) and T2 mapping (99.4% and
91.3%, respectively) MRI were excellent. For T2 mapping, the sensitivity (61%) and specificity (64%) were comparable, whereas
for PDFS there was a lower sensitivity (37%) but higher specificity (81%) in identifying cartilage abnormalities. This resulted in a
similar accuracy for PDFS (59%) and T2 mapping (62%).

Conclusion: Both PDFS and T2 mapping MRI were reliable but only moderately accurate in predicting patellar chondromalacia
found during knee arthroscopic surgery.
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Patellofemoral pain is a complaint frequently evaluated by
orthopaedic sports medicine physicians.22 The appropriate
treatment method is based on the cause of the pain. Surgi-
cal treatment is usually reserved for those cases in which
significant chondral abnormalities are present.25 However,
the symptoms and physical examination findings can be
nonspecific and can mimic other abnormalities such as
meniscal tears. Magnetic resonance imaging (MRI) can be

useful in making the correct diagnosis and guiding
treatment.13,21

Previously, there was consensus that the fat-suppressed
gradient-echo sequence was the best method to diagnose
patellofemoral chondral injuries.21 However, it has been
shown to have many limitations, such as the long acquisi-
tion time and insufficient quality to evaluate cartilage,
because of the reconstruction of images from a single
plane.20 Indeed, most standard MRI sequences used have
been shown to underestimate both the size and grade of
chondral lesions.5,10

Advances in imaging have allowed researchers to focus
on the biochemical composition of articular cartilage. This
has led to new MRI techniques to enhance the evaluation of
cartilage, such as T1rho, sodium MRI, delayed gadolinium-
enhanced MRI of cartilage (dGEMRIC), and T2 map-
ping.1,6,11,12,18,19,26 T2 mapping measures the collagen
component of the cartilage extracellular matrix by asses-
sing the changing interactions between water and collagen
molecules and can detect zonal variations in articular car-
tilage.24 T2 maps are influenced by the orientation of
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collagen molecules and dipole-dipole interaction aniso-
tropy.23 T2 signals have an inverse relationship with
anisotropy, and therefore, the high anisotropy deep layer
has a low signal. In contrast, the transitional layer has
more disorganization in the collagen matrix and low aniso-
tropy.9 Disturbance in the collagen structure caused by a
cartilage injury or degeneration leads to more free water
and an increased T2 signal.11 The specific advantages of
T2 mapping are that it can be performed at conventional
field strength, obviates the need for intricate pulse
sequences, and has a short scanning time.11,28-31

The aim of the present study was to evaluate and com-
pare the sensitivity and specificity in detecting and grading
chondral abnormalities of the patella between proton den-
sity fat suppression (PDFS) and T2 mapping MRI. It was
hypothesized that T2 mapping would result in an increased
sensitivity and specificity as compared to PDFS.

METHODS

Before the start of this study, institutional review board
approval was obtained (proposal No. 20140141). This was
a prospective study conducted between 2011 and 2016.

Patients

All patients who underwent MRI of the knee with a PDFS
sequence and T2 mapping and subsequently were
scheduled for arthroscopic knee surgery were eligible for
inclusion in the study. Patients were excluded if they
underwent MRI but did not meet the criteria for surgical
intervention, if they elected not to proceed with surgery, or
if they had a new injury between MRI and the surgical
procedure. A total of 25 patients met the inclusion criteria.
The mean age was 41 years (range, 14-67 years), and 14
patients (56%) were male. The mean time between MRI
and surgery was 6 months (range, 1-42 months). A chart
review was performed to ensure that no new injuries had
occurred in this time frame.

MRI Protocol

All included patients underwent MRI using the same 1.5-T
scanner (Signa LX; GE Medical Systems) with a conven-
tional send-receive extremity coil. PDFS sequences and
T2 mapping were performed during the same examination.
This was done at no additional cost to the patient and took
about 5 to 5.5 minutes of extra scanning time for the
patient. The axial cuts were used for both the PDFS and
T2 mapping sequences, as the patellar cartilage surface is
best visualized on these because of the obliquity of patellar
facets. The slice thickness was 4.0 mm, with a 1-mm inter-
space gap. Table 1 lists the MRI protocols used.

All MRI scans were evaluated by 2 independent observers,
one musculoskeletal radiologist and one musculoskeletal
radiology fellow, both blinded to the clinical assessment of
the orthopaedic surgeon and that of each other. The PDFS
scans were graded based on the modified International Car-
tilage Repair Society (ICRS) classification: grade 0 indicated

normal cartilage, grade 1 indicated superficial fissuring and
softening, grade 2 indicated <50% depth to the subchondral
plate, grade 3 indicated >50% depth to the subchondral
plate, and grade 4 indicated penetration into the subchon-
dral plate. The T2 mapping scoring system assessed 3 areas
of the patella: medial, apex, and lateral. Grading was based
on the amount of cartilage involvement as indicated by the
color map. Normal was characterized by mostly red and a
little yellow, mild chondromalacia was mostly yellow and
some red, moderate was mostly yellow and some green, and
severe was mostly green and some blue (Figures 1-3).

Arthroscopic Procedure

All arthroscopic procedures were performed by a single
sports medicine fellowship–trained orthopaedic surgeon.
The surgeon was able to view the standard MRI scans to
prepare for surgery but was blinded to the T2 map and
the readings from the 2 independent radiologists
involved in the study. Standard anterolateral and antero-
medial portals were used, and the cartilage surface of
the patella was viewed and probed through both portals
in all patients. The same 3 areas as evaluated on MRI
(medial, apex, and lateral) were scored using the Outer-
bridge classification.4

Statistical Analysis

Intraobserver and interobserver agreement were deter-
mined for the MRI evaluations and expressed as percen-
tages of the component of variance analysis. Sensitivity,
specificity, positive predictive value, negative predictive
value, and accuracy of PDFS and T2 mapping were calcu-
lated. This was done by dichotomizing all ICRS-graded
MRI findings as either positive (grades 2-4) or negative
(grades 0-1) as well as dichotomizing all arthroscopic
Outerbridge-classified results as either positive (grades
2-4) or negative (grades 0-1) for cartilage abnormalities .
The arthroscopic evaluation by the surgeon was used as
the gold standard.

TABLE 1
Magnetic Resonance Imaging Protocol Parameters

Parameter Value

Scanner Signa LX 1.5 T (GE Medical Systems)
Acquisition 2-dimensional
Fast spin echo sequence T2/90
Repetition time 1000 ms
Echo time 23.6 ms
Bandwidth 31.2 kHz
Field of view 14 � 14 cm
Slice thickness 4.0 mm
Gap space 1 mm
Matrix 256 � 160
No. of excitations 1.0

Z512
Acquisition time 5:24 min
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RESULTS

Intraobserver reliability was 98.5% for PDFS and 99.4% for
T2 mapping. Interobserver reliability was 89.4% for PDFS
and 91.3% for T2 mapping. The sensitivity, specificity, pos-
itive predictive value, negative predictive value, and accu-
racy of PDFS and T2 mapping for detecting cartilage
abnormalities can be found in Table 2.

DISCUSSION

The primary aim of the present study was to evaluate and
compare the sensitivity and specificity in detecting and
grading chondral abnormalities of the patella between
PDFS and T2 mapping MRI. The most important finding
was that for T2 mapping, sensitivity and specificity were
similar in magnitude, whereas for PDFS there was a

lower sensitivity but higher specificity. Combined, this
led to a comparable moderate degree of accuracy for both
methods. The intraobserver and interobserver agreement
for both PDFS and T2 mapping MRI were excellent.

These findings are consistent with the existing literature.
Various in vitro studies have been performed to assess the
relationship between T2 mapping and cartilage lesions.2

Although T2 mapping has been shown to be correlated to
the integrity of the collagen matrix, this relationship may
be confounded by other variables.2 A study on rat patellar
cartilage by Watrin-Pinzano et al27 examined the influence
of proteoglycan content. They induced proteoglycan loss by
inducing hyaluronidase degradation, which did not affect
collagen and showed a significantly higher T2 signal.2,3,15

With regard to in vivo studies, Mosher et al17 showed
that anisotropy may not be the only determinant of T2
heterogeneity, especially in joint surfaces with a high cur-
vature of articular cartilage. Similarly, other authors have

Figure 1. Example of axial magnetic resonance imaging of a normal patella of a right knee with (A) T2 mapping and (B) a proton
density fat suppression sequence. Normal cartilage is characterized by mostly red and a little yellow.

Figure 2. Example of axial magnetic resonance imaging of a patella with chondromalacia of a left knee with (A) T2 mapping and (B)
a proton density fat suppression (PDFS) sequence. Mild chondromalacia was mostly yellow and some red, moderate was mostly
yellow and some green, and severe was mostly green and some blue. In this example, there is agreement between the appearance
of the cartilage surface on the T2 map and PDFS sequence.
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shown that variations in the anatomic location of cartilage
influence T2 mapping.8 Lastly, T2 values can be con-
founded by patient age.7,16 Indeed, in the present study,
there was a large variation in the age of the included
patients, from 14 to 67 years.

The solution to increasing the accuracy of MRI may be to
use PDFS sequences and T2 mapping to complement each
other. Kijowski et al12 demonstrated that adding T2 map-
ping sequences to routine MRI protocols improved sensitiv-
ity in the detection of cartilage lesions within the knee joint
from 74.6% to 88.9%, with only a small reduction in speci-
ficity. However, in their study, a 3.0-T scanner was used, in
contrast to the 1.5-T scanner in the present study. Since the
acquisition of data in the present study, a 3.0-T scanner has
also been used at our institution. Although the signal-to-
noise ratio of the 3.0-T scans is slightly better than that of
the 1.5-T scans, the contrast in the images is not percepti-
bly better. Indeed, previous studies have only shown mild
improvement in the detection of cartilage lesions at 3.0 T

versus imaging at 1.5 T using standard MRI acquisition
parameters.14 It is therefore not likely that the findings of
the present study would have been qualitatively different if
patients had been imaged at 3.0 T, but it is possible that the
quantitative correlations would have been improved.

This study does have limitations. It consisted of a small
cohort of patients. The surgeon, although blinded to the
readings of the radiologists in the study, was able to view
the routine MRI scans as to not compromise patient care.
Lastly, arthroscopic surgery was used as the gold standard;
however, it may be limited to evaluating structural pro-
blems and may miss isolated biochemical damage.

The topic of this study is clinically relevant. Surgical
options for cartilage restoration are expanding. Treatment
options largely depend on the character, size, and depth of a
lesion.10 For example, patients with a well-defined carti-
lage defect may be excellent candidates for a cartilage res-
toration procedure, whereas those with ill-defined large
zones in an injury are not. These patients may be best sui-
ted for nonoperative treatment with viscosupplementation
or surgical management with chondroplasty. There is an
increasing demand for an accurate, reproducible, noninva-
sive method to assess the type of cartilage lesion. It has
been shown that conventional MRI may underestimate the
size of a lesion, with the defect after debridement being
377% larger than predicted.10 Adding T2 mapping to stan-
dard PDFS sequences may help identify both the area of
full-thickness damage as well as the surrounding zone of
severely fissured, softened, or delaminated cartilage that
will also need to be considered in deciding treatment.

In conclusion, PDFS and T2 mapping MRI were both
reliable, but in isolation, they were only moderately accu-
rate in predicting patellar chondromalacia found during
knee arthroscopic surgery.

Figure 3. Example of axial magnetic resonance imaging of a patella with chondromalacia of a right knee with (A) T2 mapping and
(B) a proton density fat suppression (PDFS) sequence. Mild chondromalacia was mostly yellow and some red, moderate was
mostly yellow and some green, and severe was mostly green and some blue. In this example, there is an abnormality on both the T2
map and PDFS sequence. However, the T2 map’s color-coded image demonstrates a more homogeneous area of significant
chondral degeneration, whereas the PDFS image demonstrates a heterogeneous segment of chondral hyperintensity with fibril-
lation. Although both sequences show the area of involvement, this is more readily apparent with T2 mapping. On the PDFS image,
abnormal cartilage is somewhat similar in density and thickness to the more normal peripheral cartilage but is clearly involved with
degeneration when looking at the T2 map’s color coding.

TABLE 2
Sensitivity, Specificity, Positive Predictive Value,

Negative Predictive Value, and Accuracy of
PDFS and T2 Mapping MRIa

PDFS T2 Mapping

Sensitivity, % 37 61
Specificity, % 81 64
Positive predictive value, % 67 63
Negative predictive value, % 57 62
Accuracy, % 59 62

aMRI, magnetic resonance imaging; PDFS, proton density fat
suppression.

4 van Eck et al The Orthopaedic Journal of Sports Medicine



ACKNOWLEDGMENT

The authors acknowledge Timothy M. Bert, MD, Adam D.
Bier, MD, and Pratima Karia, MD, for their help with data
collection.

REFERENCES

1. Bear DM, Williams A, Chu CT, Coyle CH, Chu CR. Optical coherence

tomography grading correlates with MRI T2 mapping and extracellu-

lar matrix content. J Orthop Res. 2010;28(4):546-552.

2. Blumenkrantz G, Majumdar S. Quantitative magnetic resonance

imaging of articular cartilage in osteoarthritis. Eur Cell Mater. 2007;

13:76-86.

3. Borthakur A, Shapiro EM, Beers J, Kudchodkar S, Kneeland JB,

Reddy R. Sensitivity of MRI to proteoglycan depletion in cartilage:

comparison of sodium and proton MRI. Osteoarthritis Cartilage.

2000;8(4):288-293.

4. Cameron ML, Briggs KK, Steadman JR. Reproducibility and reliability

of the Outerbridge classification for grading chondral lesions of the

knee arthroscopically. Am J Sports Med. 2003;31(1):83-86.

5. Campbell AB, Knopp MV, Kolovich GP, et al. Preoperative MRI under-

estimates articular cartilage defect size compared with findings at

arthroscopic knee surgery. Am J Sports Med. 2013;41(3):590-595.

6. Chu CR, Williams AA, West RV, et al. Quantitative magnetic reso-

nance imaging UTE-T2* mapping of cartilage and meniscus healing

after anatomic anterior cruciate ligament reconstruction. Am J Sports

Med. 2014;42(8):1847-1856.

7. Dardzinski BJ, Mosher TJ, Li S, Van Slyke MA, Smith MB. Spatial

variation of T2 in human articular cartilage. Radiology. 1997;205(2):

546-550.

8. Dunn TC, Lu Y, Jin H, Ries MD, Majumdar S. T2 relaxation time of

cartilage at MR imaging: comparison with severity of knee osteoar-

thritis. Radiology. 2004;232(2):592-598.

9. Dymerska B, Bohndorf K, Schennach P, Rauscher A, Trattnig S,

Robinson SD. In vivo phase imaging of human epiphyseal cartilage

at 7 T [published online July 31, 2017]. Magn Reson Med. doi:10.

1002/mrm.26858.

10. Gomoll AH, Yoshioka H, Watanabe A, Dunn JC, Minas T. Preoperative

measurement of cartilage defects by MRI underestimates lesion size.

Cartilage. 2011;2(4):389-393.

11. Jazrawi LM, Alaia MJ, Chang G, Fitzgerald EF, Recht MP. Advances

in magnetic resonance imaging of articular cartilage. J Am Acad

Orthop Surg. 2011;19(7):420-429.

12. Kijowski R, Blankenbaker DG, Munoz Del Rio A, Baer GS, Graf BK.

Evaluation of the articular cartilage of the knee joint: value of adding a

T2 mapping sequence to a routine MR imaging protocol. Radiology.

2013;267(2):503-513.

13. Linklater JM, Potter HG. Imaging of chondral defects. Oper Tech

Orthop. 1997;7:279-288.

14. Masi JN, Sell CA, Phan C, et al. Cartilage MR imaging at 3.0 versus

that at 1.5 T: preliminary results in a porcine model. Radiology. 2005;

236(1):140-150.

15. Mlynarik V, Trattnig S, Huber M, Zembsch A, Imhof H. The role of

relaxation times in monitoring proteoglycan depletion in articular

cartilage. J Magn Reson Imaging. 1999;10(4):497-502.

16. Mosher TJ, Dardzinski BJ, Smith MB. Human articular cartilage: influ-

ence of aging and early symptomatic degeneration on the spatial

variation of T2. Preliminary findings at 3 T. Radiology. 2000;214(1):

259-266.

17. Mosher TJ, Smith H, Dardzinski BJ, Schmithorst VJ, Smith MB. MR

imaging and T2 mapping of femoral cartilage: in vivo determination

of the magic angle effect. AJR Am J Roentgenol. 2001;177(3):

665-669.

18. Qian Y, Williams AA, Chu CR, Boada FE. Multicomponent T2*

mapping of knee cartilage: technical feasibility ex vivo. Magn Reson

Med. 2010;64(5):1426-1431.

19. Qian Y, Williams AA, Chu CR, Boada FE. Repeatability of ultrashort

echo time-based two-component T2* measurements on cartilages in

human knee at 3 T. Magn Reson Med. 2013;69(6):1564-1572.

20. Recht MP, Piraino DW, Paletta GA, Schils JP, Belhobek GH. Accuracy

of fat-suppressed three-dimensional spoiled gradient-echo FLASH

MR imaging in the detection of patellofemoral articular cartilage

abnormalities. Radiology. 1996;198(1):209-212.

21. Recht MP, Resnick D. MR imaging of articular cartilage: current status

and future directions. AJR Am J Roentgenol. 1994;163(2):283-290.

22. Rothermich MA, Glaviano NR, Li J, Hart JM. Patellofemoral pain:

epidemiology, pathophysiology, and treatment options. Clin Sports

Med. 2015;34(2):313-327.

23. Schmidli RS, Faulkner-Jones BE, Harrison LC, James RF, DeAizpurua

HJ. Cytokine regulation of glutamate decarboxylase biosynthesis in

isolated rat islets of Langerhans. Biochem J. 1996;317(Pt 3):713-719.

24. Soellner S, Goldmann A, Muelheims D, Welsch GH, Pachowsky M.

Intraoperative validation of quantitative T2 mapping in patients with

articular cartilage lesions of the knee [published online August 8,

2017]. Osteoarthritis Cartilage. doi:10.1016/j.joca.2017.07.021.

25. Terry GC, Flandry F, Van Manen JW, Norwood LA. Isolated chondral

fractures of the knee. Clin Orthop Relat Res. 1988;(234):170-177.

26. Urish KL, Keffalas MG, Durkin JR, Miller DJ, Chu CR, Mosher TJ. T2

texture index of cartilage can predict early symptomatic OA progres-

sion: data from the osteoarthritis initiative. Osteoarthritis Cartilage.

2013;21(10):1550-1557.

27. Watrin-Pinzano A, Ruaud JP, Cheli Y, et al. T2 mapping: an efficient

MR quantitative technique to evaluate spontaneous cartilage repair in

rat patella. Osteoarthritis Cartilage. 2004;12(3):191-200.

28. Williams A, Qian Y, Bear D, Chu CR. Assessing degeneration of

human articular cartilage with ultra-short echo time (UTE) T2* map-

ping. Osteoarthritis Cartilage. 2010;18(4):539-546.

29. Williams A, Qian Y, Chu CR. UTE-T2* mapping of human articular

cartilage in vivo: a repeatability assessment. Osteoarthritis Cartilage.

2011;19(1):84-88.

30. Williams A, Qian Y, Golla S, Chu CR. UTE-T2* mapping detects

sub-clinical meniscus injury after anterior cruciate ligament tear.

Osteoarthritis Cartilage. 2012;20(6):486-494.

31. Williams A, Winalski CS, Chu CR. Early articular cartilage MRI T2

changes after anterior cruciate ligament reconstruction correlate with

later changes in T2 and cartilage thickness. J Orthop Res. 2017;35(3):

699-706.

The Orthopaedic Journal of Sports Medicine T2 Mapping for Patellar Chondromalacia 5



<<
  /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


