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INTRODUCTION 

In clinical practice, there is urgent need to improve the prediction of 
fracture risk for cancer patients with bone metastases. Pathological 

fractures that result from these tumors most frequently occur in the 

femur. It is extremely difficult to determine the fracture risk even for 
experienced physicians. Although evolving, fracture risk assessment is 

still based on inaccurate predictors estimated from previous 

retrospective studies. As a result, many patients are surgically over-
treated, whereas other patients may fracture their bones against 

expectations. 

We have previously demonstrated the effective use of non-invasive 
imaging techniques using quantitative computed tomography (QCT) for 

the assessment of structural rigidity and prediction of failure loads in ex-

vivo and in-vivo models.1, 2 Additionally, using the same principle, we 
have shown that finite element (FE) computer models are capable of 

simulating the mechanical behavior of bones under an axial loading 

condition with a high level of precision.3 
The aim of this study is to assess and establish statistical comparisons 

between our proposed QCT structural rigidity analysis (CTRA) and the 

FE computer models, in their accuracy for the estimation of fracture risk 
prediction. 

 

METHODS 

Ten pairs of human cadaveric femurs (obtained with institutional 

approval) were mechanically tested to failure under uni-axial loading. 

The load was increased by 10 N/sec from 0 N until failure. In one femur 
of each pair one or two holes were drilled to simulate metastatic lesions. 

The location and size (22, 30, 40, 45 mm diameter) of each hole varied 

amongst the bones and were realistic to the metastatic lesions found in 
patients. During the experiments, the failure forces and the course of 

failure were registered. 

Before testing, the femurs were CT-scanned (Philips, 120kV, 
220mAs, 3mm slices) in a water basin on top of a solid calibration 

phantom (Image Analysis), which included 0, 50, 100 and 200 mg/ml 

calcium equivalent densities. From the scans, 20 finite element (FE) 
models were generated using tetrahedral elements with edge lengths of 

approximately 2 mm. The mineral density of each element was 

computed from the calibrated CT scan data and non-linear isotropic 
mechanical properties were implemented.4 The exact boundary 

conditions of the experiments were simulated in the FE-models, in 

which plastic deformation simulated failure of the bones.3 
For the CTRA, gray scale values in the CT-scan were converted to 

mineral density by using the linear relationship between Hounsfield 

units and mineral density as established by the hydroxyapatite phantoms 
scanned with each bone. The mineral density of each pixel was 

converted to either modulus of elasticity (E), for axial (EA) and bending 

(EI) rigidity measures, or to shear modulus (G), for torsional (GJ) 
rigidity, using empirically derived constitutive relationships for 

cancellous and cortical bone. For each trans-axial image, EA, EI and GJ 

were calculated by summing the modulus-weighted area of each pixel 
within the bone contour by the position of the pixel relative to the 

centroid of the bone cross-section. The cross-section through the 
affected bone that had the largest reduction in rigidity is the weakest and 

assumed to govern failure of the entire bone. 

The accuracy of the failure loads predicted by CTRA and FE analysis 
were regressed on the experimental failure loads. Furthermore, we 

compared the two modeling techniques by regressing CTRA predictions 

on the FE predictions. Statistical analyses were performed in SPSS 
(version 17.0, SPSS Inc., Chicago, IL, USA). 

 

RESULTS 

The simulated FE-failure predictions showed good correlation with 

values obtained from the experimental mechanical testing (R2=0.89, 

p<0.0001). Similarly, values obtained through CTRA correlated well 

with those obtained from mechanical testing, all achieving statistical 

significance (p<0.0001). For axial rigidity (EA), R2=0.82; for bending 
rigidity (EI), R2=0.86; and for torsional rigidity (GJ), R2=0.79. Linear 

regression with FE simulation analysis and CTRA showed moderately 

high correlation coefficients (FE with EA, R2=0.77; FE with EI, 
R2=0.76; and FE with GJ, R2=0.8). 

 

DISCUSSION 

By quantitatively comparing the predictions of FEA and CTRA to the 

experimental testing conditions, we have shown that both methods 

provide good correlating results. Regression analysis between the 
estimated rigidities and the failure loads as calculated by the FE method 

showed good correlation coefficients as well. 

Unlike previously proposed radiographic guidelines, the main 
advantage of both methods in predicting fracture risk remains in their 

capability of delivering objective data that considers every aspect of 

bone tissue as a three-dimensional structure governed by its material and 
geometric properties. 

 Analyzing such results leaves room for us to compare and establish 

the differences between both methods based on technical and practical 
parameters. Thus, the advantage of CTRA remains in its comparatively 

reduced computational time, approximately 30 minutes. Advantages of 

FE analysis include the possibility of applying daily loading conditions 
so that a physician can give patient-matched advice on daily life 

activities.  

 Limitations of our study are shared with many previous works done 
in the field using ex-vivo models for the assessment of fracture risk 

prediction using non-invasive imaging methods. Evident differences in 

geometry exist between the artificial metastatic lytic lesions simulated in 
this study and those seen in real-life patients. Although these features 

were not included in this study, QCT would be readily able to detect 

these irregularities and incorporate them into the algorithmic analytical 
processes. 

 Further research should focus on in-vivo validation and modeling 

under more realistic and complex loading conditions. This will allow 
clinical experts to implement the proposed techniques as useful tools for 

fracture risk prediction in patients suffering from metastatic bone 

disease. 
 In conclusion, the results of our study support the fact that non-

invasive fracture risk assessment techniques currently developed both 

correlated well with actual failure loads in mechanical testing. We 
believe that the choice of the most appropriate technique should be 

mainly determined by the personnel capabilities and preferences of the 

physician and/or center. 
 

SIGNIFICANCE 

CTRA and FE-model analysis have proven to yield results that are 
highly correlated with actual mechanical testing results. These non-

invasive methods introduce potentially powerful options for the 

clinicians to objectively predict fracture risk and take the most 
appropriate therapeutic approach in patients with metastatic bone 

disease.  
 

ACKNOWLEDGEMENTS 

This project was funded by the Dutch Science Foundation NWO-STW 
(NPG.06778), the Furlong Research Charitable Foundation, and 

Stichting Anna Fonds. 

 

REFERENCES 

1. Hong J et al. J Orthop Res 2004; 22: 479-86 

2. Snyder BD et al. J Bone Joint Surg Am 2006; 88: 55-70 
3. Tanck et al. Bone 2009;45: 777-83 

4. Keyak JH et al. Clin Orthop Relat Res 2005; 437: 219-28 

Poster No. 0363  •  ORS 2012 Annual Meeting


	Main Menu
	Search
	Program
	Author Index
	Keyword Index
	Copyright
	Session Number 001: Stem Cells and Progenitors
	Session Number 002: Tendon and Ligament: Biology & Development
	Session Number 003: Molecular Influences on Cartilage Biomechanics
	Session Number 004: Inflammation in Osteoarthritis and Immune-Medicated Arthritis
	Session Number 005: Cell and Molecular Biomechanics: Osteocytes
	Session Number 006: Intervertebral Disc: Stem Cells & Cell Line
	Session Number 007: Tendon and Ligament: Regeneration
	Session Number 008: Cell and Molecular Biomechanics: Physical Effects
	Session Number 009: Experimental Osteoarthritis Models: Lubrication and Pain
	Session Number 010: Fracture Healing - Quality
	Spotlight Session 011: Spine
	Spotlight Session 012: ACL Reconstruction
	Spotlight Session 013: Non-Coding RNA and Posttranscriptional Regulation in OA
	Spotlight Session 014: Tissue Reactions to Wear
	Spotlight Session 015: Osteoporosis
	Session Number 016: Intervertebral Disc
	Session Number 017: ACL Injury Mechanics
	Session Number 018: Cartilage and Meniscus Repair
	Session Number 019: Cell Signaling
	Session Number 020: Bone - Aging
	Session Number 021: Bone and Spine Biomechanics
	Session Number 022: Tendon Biomechanics
	Session Number 023: Bone Mechanics
	Session Number 024: Cartilage Degradation Biomarkers and Imaging
	Session Number 025: Fracture Healing Modulation
	Spotlight Session 026: Current Trends in Joint Replacement
	Spotlight Session 027: Tendon and Ligament: Translational Research
	Spotlight Session 028: microRNA
	Spotlight Session 029: Regenerative Approaches for Osteoarthritis
	Spotlight Session 030: Muscle/Bone
	Session Number 031: Hip and Femoroacetabular Impingement
	Session Number 032: Knee and Hip Finite Element Modality
	Session Number 033: The Post-Traumatic Joint Experimental Models
	Session Number 034: Muscle and Nerve
	Session Number 035: Tissue Engineering I: Cartilage and Bone
	Session Number 036: Biomaterials Stem Cells and Growth Factors
	Session Number 037: Meniscus
	Session Number 038: Osteolysis and Implant Fixation
	Session Number 039: Tissue Engineering II: Tendon
	Session Number 040: Polymeric and Nano-Biomaterials
	Session Number 041: Foot and Ankle
	Session Number 042: Growth Factors and Bone Fixation
	Session Number 043: Knee, ACL, Patello-Femoral Joint
	Session Number 044: Tumors and Diseases
	Session Number 045: Orthopaedic Infection
	Session Number 046: Cartilage Mechanics
	Session Number 047: Shoulder
	Session Number 048: Spine
	Session Number 049: New Polyethylene Implant Wear
	Session Number 050: Knee Arthroplasty
	NIRA 1: Cartilage and Spine
	NIRA 2: Soft Tissue
	NIRA 3: Cartilage Biology and Osteoarthritis
	NIRA 4: Fracture Repair
	NIRA 5: Bone
	PS1 Bone Mechanics
	PS1 Skeletal Growth and Development - Developmenal Biology
	PS1 Cell and Molecular Biomechanics - Physical Effects on Cells
	PS1 Bone Fracture
	PS1 Fracture Fixation
	PS1 Imaging
	PS1 Cancer/Tumors
	PS1 Bone Biology
	PS1 Bone - Growth Factors
	PS1 Bone - Osteoporosis & Metabolic Bone Disease
	PS1 Progenitors & Stem Cells
	PS1 Biomaterials - Bioactive
	PS1 Tissue Engineering - Soft Tissue
	PS1 Cartilage/Meniscus/Synovium - Genetics/Genomics
	PS1 Cartilage/Meniscus/Synovium - Cartilage & Matrix Proteins
	PS1 Cartilage/Meniscus/Synovium - Cartilage Matrix Degradation
	PS1 Cartilage/Meniscus/Synovium - Cytokines
	PS1 Cartilage/Meniscus/Synovium - Growth Factors & Aging
	PS1 Cartilage/Meniscus/Synovium - Cartilage Repair
	PS1 Cartilage/Meniscus/Synovium - Cartilage Repair - Cell Based Approaches
	PS1 Cartilage/Meniscus/Synovium - Meniscus
	PS1 Cell & Molecular Imaging of Cartilage
	PS1 Cartilage/Meniscus/Synovium - Osteoarthritis
	PS1 Cartilage/Meniscus/Synovium - Cartilage Mechanics
	PS1 Cartilage/Meniscus/Synovium - Mechanobiology
	PS1 Disease Process Knee - Joint Mechanics
	PS1 Disease Process Hip
	PS1 Gait & Kinematics
	PS1 Foot & Ankle
	PS1 Infection & Inflammation
	PS1 Trauma
	PS1 Total Hip Replacement - General
	PS1 Total Knee Replacement - General/Wear
	PS1 Arthroplasty - Osteolysis Wear Debris
	PS1 Arthroplasty - Implant Fixation
	PS1 Total Knee Replacement - Kinematics
	PS1 Arthroplasty - Finite Element Analysis/Hip
	PS1 Polyethylene Wear - UHMWPE
	PS1 Arthroplasty - Finite Element Analysis - Knee
	PS1 Total Hip Replacement - Implant
	PS1 Implant - Uni-Knee Replacement
	PS1 Hip/Knee Arthroplasty - Surgical Navigation & Robotics
	PS1 Implant Wear - Vitamin E Polyethylene
	PS1 Implant Wear - Metal on Metal & Ceramic Bearings
	PS1 Spine
	PS1 Spine Biomechanics
	PS1 Spine - Intervertebral Disc Biomechanics
	PS1 Spine - Intervertebral Disc Biology
	PS1 Spinal Therapeutics
	PS1 Upper Extremity - Shoulder & Elbow
	PS1 Upper Extremity - Hand & Wrist
	PS1 Muscle/Nerve
	PS1 Ligament & Tendon Mechanics
	PS1 Ligament & Tendon Biology
	PS2 Bone Mechanics
	PS2 Publications
	PS2 Cell & Molecular Biomechanics - Physical Effects on Cells
	PS2 Bone Fracture
	PS2 Fracture Fixation
	PS2 Imaging
	PS2 Cancer/Tumors
	PS2 Bone Biology
	PS2 Bone - Growth Factors
	PS2 Bone - Osteoporosis
	PS2 Progenitors and Stem Cells
	PS2 Biomaterials - Bioactive
	PS2 Tissue Engineering - Soft Tissue
	PS2 Cartilage/Meniscus/Synovium - Gene Therapy
	PS2 Cartilage/Meniscus/Synovium - Cartilage & Matrix Proteins
	PS2 Cartilage/Meniscus/Synovium - Immune-Mediated Arthritis
	PS2 Cartilage/Meniscus/Synovium - Cartilage Matrix Degradation
	PS2 Cartilage/Meniscus/Synovium - Cytokines
	PS2 Cartilage/Meniscus/Synovium - Growth Factors & Aging
	PS2 Cartilage/Meniscus/Synovium - Cartilage Repair
	PS2 Cartilage/Meniscus/Synovium - Cartilage Repair - Cell-Based Approaches
	PS2 Cartilage/Meniscus/Synovium - Meniscus
	PS2 Cartilage/Meniscus/Synovium - Cell and Molecular Imaging of Cartilage
	PS2 Cartilage/Meniscus/Synovium - Osteoarthritis
	PS2 Cartilage/Meniscus/Synovium - Cartilage Mechanics
	PS2 Cartilage/Meniscus/Synovium - Mechanobiology
	PS2 Disease Process Knee - Joint Mechanics
	PS2 Disease Process Hip
	PS2 Gait and Kinematics, Kinesiology
	PS2 Foot and Ankle
	PS2 Infection and Inflammation
	PS2 Total Hip Replacement - Resurfacing and Metal on Metal
	PS2 Total Knee Reconstruction - General/Wear
	PS2 Arthroplasty - Osteolysis Wear Debris
	PS2 Arthroplasty - Implant Fixation
	PS2 Total Knee Replacement - Kinematics
	PS2 Arthroplasty - Finite Element Analysis - Hip
	PS2 Polyethylene Wear - UHMWPE
	PS2 Arthroplasty - Finite Element Anlysis Knee
	PS2 Total Hip Replacement Implant
	PS2 Implant - Uni-Knee Replacement
	PS2 Arthroplasty Hip & Knee - Surgical Navigation and Robotics
	PS2 Implant Wear - Vitamin E Polyethylene
	PS2 Implant Wear - Metal on Metal and Ceramic Bearings
	PS2 Spine
	PS2 Spine Biomechanics
	PS2 Spine - Intervertebral Disc Biomechanics
	PS2 Spine - Intervertebral Disc Biology
	PS2 Spine - Spinal Therapeutics
	PS2 Upper Extremity - Shoulder and Elbow
	PS2 Upper Extremity - Hand and Wrist
	PS2 Muscle
	PS2 Ligament and Tendon Mechanics
	PS2 Ligament and Tendon Biology


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


