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Abstract— Patient-specific models of the biomechanics of the
breast based on finite deformation theory is potentially a
valuable tool to assist clinicians in assimilating and assessing
information obtained from different views of the breast, un-
der different loading conditions and using different imaging
modalities. It is anticipated that a computational model of the
large deformation mechanics of the breast will also improve the
accuracy of non-rigid registration techniques by restricting the
deformations imposed by the algorithm to be those which are
physcially plausible. Accurate registration will assist clinicians
in tracking suspicious regions of tissue across multiple views
of the breast, which are typically taken by applying different
loads on the breast during imaging. For instance, a model that
can predict deformations during mammography would help to
track a region of tissue between a cranio-caudal (CC) view
and a medio-lateral oblique (MLO) view. Due to the nonlinear
deformations imposed on the breast during different imaging
techniques, the finite element reference geometry from which
deformations are predicted is important. Gravity loads act
on the breast during all imaging modalities. In this paper,
we describe a novel modification to solving the finite element
implementation of finite deformation theory, which can predict
the reference state of the breast from a deformed configuration
that has been derived from images of a patient placed in a single
known orientation with respect to the direction of gravity.

I. INTRODUCTION

According to the World Health Organization, more than

1.2 million people would have been diagnosed with breast

cancer during 2005 worldwide. The chance of developing

invasive breast cancer during a woman’s lifetime is approx-

imately 1 in 7 (13.4%) [1].

The breast is a highly deformable soft tissue organ that as-

sumes different shapes under the various loading conditions

associated with different imaging modalities. For example,

for x-ray mammography the woman stands and the breast is

compressed between two plates, whilst for MRI the woman

lies prone and the breast is allowed to droop under gravity.

Increasingly, the information from these imaging modalities

(and others) is being combined to provide a more complete

picture of the health of the woman’s breast. Due to the non-

linearity of the large deformations that take place between

the different imaging modalities, non-rigid image registration

techniques and image fusion techniques are being developed

to synthesize the information. These techniques, such as

maximization of mutual information, have previously used

image warping to match intensity based criteria [2]. However,

research has shown that incorporation of physical constraints

can improve the accuracy of registration algorithms [3].

Finite element models of soft tissue mechanics are useful

in computer aided surgeries and image fusion technologies

because they introduce physics-based constraints on non-

rigid registration algorithms.

Yu-Neifert [4] was one of the first to model breast tissue

movement to determine the applicablilty of holographic

interferometry in breast cancer detection. Yu-Neifert created

a three-dimensional finite element model of the breast to

predict deformations under gravity loading conditions. Azar

et al [5] developed a detailed finite element model of the

breast to track internal tissues during MR image-guided

needle biopsy procedures. Tanner et al [6] provided more

quantitative information by presenting a method to assess the

accuracy of biomechanical models in predicting deformation

under compression.

All images of the breast are obtained under gravity loading

conditions (mammographic compression adds compressive

loads as well). Therefore, any finite element geometry cre-

ated from a set of breast images will represent a deformed

state of the breast. As the prediction of large deformations

is a nonlinear problem, it is important to perform forward

simulations from an accurate estimate of the unloaded ge-

ometry (or reference state). To date, no model published in

the literature has addressed this aspect of breast modelling.

We have previously considered this issue by proposing an

optimisation algorithm, which identifies a reference state

from a series of loaded deformed configurations derived

from images of a patient placed in different orientations

with respect to the direction of gravity [7]. We have also

previously proposed a method which requires the reformu-

lation of the finite elasticity equations in which the integrals

are defined over the deformed configuration, rather than the

typical, standard way of defining them over the reference

configuration [8]. In this paper, we describe a third method,

which requires a small modification to the solution technique

for forward deformation predictions, without the need for

reformulating the integrals over the deformed configuration.

This technique is not only applicable to breast mechanics, but

to the wider field of finite deformation elasticity, as one could

obtain the reference state from a deformed state, given the

material properties, and loading and boundary conditions that

imposed the deformation. Here, we illustrate the applicability

of this technique to breast biomechanics.

II. MODELLING THEORY

We model the deformation of breast tissues using finite

deformation theory ([9], [10], [11]), which can accurately

capture soft tissue deformation. Here, we outline the impor-

tant aspects of finite deformation theory.
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A. Finite Deformation Theory

1) Kinematics: The problem is to find the coordinates (x)

of the deformed body, (v), given the coordinates, (X), of

the undeformed body (V). The deformation gradient tensor

F provides the relationship to map between the undeformed

and the deformed states, and is defined as

F =

{
∂ xi

∂ XM

}
(1)

The Lagrangian Green strain tensor E is calculated using:

E =
1

2

(
FT F− I

)
(2)

The aim is to find a solution vector x representing the

degrees of freedom defining the deformed state, such that

the principles of conservation of mass, linear momentum,

and angular momentum are satisfied.

2) Principle Laws of Continuum Mechanics: The mod-

elling framework has been expressed with respect to the

reference configuration and thus the equations below are

written in terms of the undeformed state.

When a body is in equilibrium, all of the forces (body

and traction) must balance. This is achieved by satisfying

the principle of conservation of linear momentum:

∂
∂ XM

(
T MN ∂ x j

∂ XN

)
+ρ0b j = ρ0 f j (3)

where T MN are components of the second Piola Kirchhoff

stress tensor (force per unit area of the undeformed body), b j

are the body forces (such as gravity), and f j are components

of the surface tractions acting on the body.

The stress equilibrium equations (3) can be expressed in

an alternative form using the principle of virtual work as

follows ([12]):

∫

S2

s ·δvdS +

∫

V

ρ
(
b j − f j)dV −

∫

V

1

J
T MN ∂ x j

∂ XM

∂ δv j

∂ XN
dV = 0

(4)

where δv j are the virtual displacements expressed in terms

of the reference coordinate system, S2 is the free boundary

surface on which virtual displacements are applied, and J is

the determinant of the deformation gradient tensor.

These nonlinear governing equations have been formulated

in such a way that they can be solved using an iterative

finite element modelling technique. A description of the finite

element modelling method can be obtained from [12]. The

integrals in equations (4) are evaluated over the undeformed

volume. These equations can be reformulated to integrate

over the deformed configuration. The reader is pointed to

[8] for an outline of this formulation.

B. CALCULATING THE DEFORMED STATE

Given the reference coordinates X, the unknowns in the

set of nonlinear differential equations are the deformed

coordinates and the hydrostatic pressure variables x. A lin-

earised system of equations can be obtained by reformulating

equation (4) to be a set of residuals

R(x) = 0 (5)

that must be minimised with respect to the unknowns. A

search direction for the minimisation may be obtained using

the Newton Raphson technique [13].

The method is derived from the Taylor series expansion of

a function value at a point, r, from the current point, x. Let

us consider the system of n nonlinear residuals Ri(x) with

the current position in the parameter space being (xo) and

the increment from the current position being r. The Taylor

series expansion of each of the equations is

Ri(xo)+
∂ Ri

∂ x1
(xo)r1 +

∂ Ri

∂ x2
(xo)r2+· · ·+∂ Ri

∂ xn
(xo)rn +O(r2) = 0

(6)

Ignoring nonlinear terms, this expansion can be reformu-

lated with Ri(xo) on the right hand side, resulting in the

matrix form :

J(xo)r = −R(xo) (7)

J is the Jacobian (or global stiffness) matrix with the set

of derivatives of the each of the n residuals with respect

to the n solution degrees of freedom. The unknowns are

the increments r to the solution degrees of freedom for the

subsequent solution iteration. The entries in the Jacobian

matrix can be calculated numerically using a finite difference

approach (or analytically). For a one sided finite difference

approximation, a derivative is numerically calculated using

∂ Ri(x)

∂ x j
=

Ri(x+Δ · e j)−Ri(x)

Δ
(8)

Finite difference derivatives for each of the residual

equations are calculated by perturbing each of the solution

degrees of freedom by an amount Δ using equation (8) to

form the global stiffness matrix in equation (7). e j is a

vector of dimension n with a value of 1 at the jth index

and 0 everywhere else. The initial estimate of the deformed

coordinates is typically taken as the undeformed coordinates.

The increments r are then found using direct solver tech-

niques such as LU decomposition or iterative solvers such as

the Generalised Minimum Residual (GMRES) method. The

above steps are repeated until all the residuals are minimised.

C. CALCULATING THE UNDEFORMED STATE

Idenitification of the reference state has been addressed

in the wider field of finite element modelling. Previous

studies reformulated the finite elasticity equilibrium equa-

tions in terms of the deformed configuration such that the

undeformed state degrees of freedom were considered to

be the dependent variables in the equations [14], [15]. This

section will show that the undeformed state can be accurately

determined without the complexities of this reformulation of

the standard finite elasticity equations.

Consider again the finite elasticity equations (4). For

the forward problem, X are known and x are unknown.
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In order to find the values of the unknowns, the system

of residuals are differentiated with respect to each of the

unknown solution degrees of freedom.

On the other hand, for the reverse problem, x can be

considered as the knowns, and X the unknowns. Hence,

the Jacobian matrix could be constructed with the first

derivatives of the same finite elasticity residuals with respect

to the undeformed coordinates

∂ Ri(X)

∂ X j
=

Ri(X+Δ · e j)−Ri(X)

Δ
(9)

An initial estimate of the undeformed coordinates are the

deformed coordinates. The boundary conditions on the un-

deformed state are still applied as if the forward problem was

being solved. The entire problem is set up as if a forward

problem was being solved with the only difference being that

the undeformed coordinates are perturbed to satisfy the usual

equilibrium equations.

The primary advantage of this method is the ease in

setting up the procedure, given an implementation of the

conventional formulation. The advantage of formulating the

equilibrium equations with respect to the reference configu-

ration is that the integrals are all expressed over domains that

do not change as the body deforms and thus are not affected

by variation or linearization steps [12].

III. VALIDATION STUDIES USING SILICON GEL

PHANTOMS

We have previously validated the proposed method [16]

using the analytic solution to the deformation of a thick-

walled cylinder under uniaxial extension and pressure infla-

tion [17]. The analytic solution provided unique deformed

internal and external radii for a specific pressure inflation

and axial extension. Therefore, it was possible to validate

the proposed method by predicting the undeformed state

from the deformed state to the pressure inflation and axial

extension of the cylinder. In this paper, we present the

applicability of the method to breast biomechanics based on

experiments on a homogeneous breast phantom.

A. Methods

We systematically validate assumptions made during the

modelling by measuring the accuracy of our model in

predicting deformations of a silicon gel phantom (Fig. 1).

For this paper, the gel was oriented at several angles to the

direction of gravity and the deformed surface was scanned to

provide a dense sampling of data points. We have conducted

independent experiments to accurately characterise the me-

chanical behaviour of the silicon gel [18]. Our mechanical

tests showed that the silicon gel could be modelled as a

neo-Hookean material with the strain energy function W =
c1(I1−3). The material parameter, c1 was estimated for this

validation exercise using a univariate nonlinear optimisation

technique coupled to a finite element model of the silicon gel

phantom under gravity loading. One deformed configuration

data set was used to estimate the material parameter, and

the other deformed configurations were then used to verify

Fig. 1. Top: Gel phantom used to validate our homogeneous model
predictions. Bottom: Predicted deformation matching scanned surface data
with RMS error 0.9 mm. Gel positioned at an angle of 30 degrees to the
horizontal.

the accuracy of the material parameter in modelling the gel

behaviour.

A geometric model of one deformed configuration (posi-

tioned at 30 degrees to the horizontal direction) was then cre-

ated using a surface fitting procedure developed by Nielsen

[19] to fit a generic model to the deformed surface data set.

This fitted model was then used to calculate the undeformed

state using the proposed method. The predicted undeformed

state was then compared to the known undeformed state,

obtained from the known dimensions of the mould used to

make the gel.

B. Results

The material parameter, c1 in the neo-Hookean strain

energy function, was found to be 1.38 kPa. This parameter

was used to predict the deformations of the five deformed

states using a forward model with RMS errors in the range of

0.7 mm and 0.9 mm (Fig 1). A model of the gel phantom was

fitted to the deformed data set in Fig 1 with an RMS error

of 0.4 mm. The proposed method predicted the undeformed

state using the fitted mesh with an RMS error of 0.9 mm.

Based on the surface profile comparisons, it is clear that

the proposed method accurately predicts the reference con-

figuration when given the deformed configuration, material

properties and loading conditions. However, it must be noted

that this method will predict slightly different reference

configurations for different deformed configurations. This is

primarily due to the errors that are inherently present in all

experimental measurements. To illustrate this issue, figure

2 consists of surface data sets of two predicted reference

configurations using two deformed configurations of the

silicon gel phantom. It is clear from the figure that the two

data sets do not represent the same reference configuration.

This discrepancy in the reference configurations is potentially

more pronounced for more complex systems such as the

breast, due to the inhomogeneity and complex boundary

conditions applied to obtain different images of the breast.

422



Fig. 2. Two predicted reference state surface data sets. The green data set
was obtained from the predicted reference state for deformed state in Fig
1. The red data set was obtained from the predicted reference state for the
gel lying flat on a table

Therefore, it is important to compare the performance of

the optimisation algorithm presented in [7] and the direct

calculation method proposed in this paper to choose the best

method of determining the reference state.

IV. CONCLUSIONS

We have developed a novel but straightforward technique

to identify the reference state of a body given a deformed

configuration, material properties, and loading conditions.

The method requires a simple modification to the standard

implementation of finite elasticity using finite elements, and

is applicable to a wide variety of problems that require the

determination of the reference state. The applicability of the

method was demonstrated on a silicon gel breast phantom,

which showed that the method could predict the reference

configuration with an RMS error of 0.9 mm. Future studies

will further validate the performance of this method for

modelling breast biomechanics.

REFERENCES

[1] website article by Imaginis-The Breast Cancer Resource, April 2005.
[Online]. Available: http://imaginis.com/breasthealth/statistics.asp

[2] M. Wirth, J. Narhan, and D. Gray, “Nonrigid mammogram registration
using mutual information,” SPIE Medical Imaging: Image Processing,
vol. 4684, pp. 562–573, San Diego 2002.

[3] C. Tanner, J. Schnabel, A. Degenhard, A. Castellano Smith, C. Hayes,
M. Leach, D. Rose, D. Hill, and D. Hawkes, “Validation of volume-
preserving non-rigid registration: Application to contrast-enhanced mr-
mammography,” in Medical Image Computing and Computer-Assisted
Intervention (MICCAI 2002). Lecture notes in Computer science, vol.
2489-I, 2002, pp. 307–314.

[4] Q. Yu-Neifert, “A three-dimensional finite element model to predict the
applicability of holographic interferometry to breast tumour detection,”
Ph.D. dissertation, Graduate Faculty of the University of Akron, 1995.

[5] F. Azar, D. Metaxas, and M. Schnall, “A finite element model
of the breast for predicting mechanical deformations during biopsy
procedures,” Mathematical Methods in Biomedical Image Analysis,
pp. 38–45, 2000.

[6] C. Tanner, A. Degenhard, J. Schnabel, A. Smith, C. Hayes, L. Sonoda,
M. Leach, D. Hose, D. Hill, and D. Hawkes, “A method for the
comparison of biomechanical breast models,” in Proceedings of the
Workshop on Mathematical Methods in Biomedical Image Analysis,
2001, pp. 11–18.

[7] V. Rajagopal, J. Chung, P. Nielsen, and M. Nash, “Finite element
modelling of breast biomechanics: Finding a reference state,” in 27th
Annual International Conference of the IEEE Engineering in Medicine
and Biology Society, vol. 27, September 2005.

[8] P. Pathmanathan, D. Gavaghan, J. Whiteley, M. Brady, M. Nash,
P. Nielsen, and V. Rajagopal, “Predicting tumour location by simulat-
ing large deformations of the breast using a 3D finite elementmodel
and nonlinear elasticity,” in Lecutre Notes in Computer Science, vol.
3217, 2004, pp. 217–224.

[9] M. Nash and P. Hunter, “Computational mechanics of the heart,”
Journal of Elasticity, vol. 61, pp. 113–141, 2000.

[10] J. Oden, Finite Elements of Nonlinear Continua. McGraw-Hill, 1972.
[11] L. Malvern, Introduction to the Mechanics of a Continuous Medium.

Prentice-Hall, 1969.
[12] O. Zienkiewicz and R. Taylor, The Finite Element Method: Solid

Mechanics, 5th ed. Butterworth-Heinemann, 2000, vol. 2.
[13] W. Press, S. Teukolsky, W. Vellerling, and B. Flannery, Numerical

Recipes in C, 2nd ed. Cambridge University Press, 1992.
[14] S. Govindjee and P. Mihalic, “Computational methods for inverse

finite elastostatics,” Computer Methods in Applied Mechanics and
Engineering, vol. 136, pp. 47–57, 1996.

[15] S. Govindjee and P. Mihalic, “Computational methods for inverse
deformations in quasi-incompressible finite elasticity,” International
Journal for Numerical Methods in Engineering, vol. 43, pp. 821–838,
1998.

[16] V. Rajagopal, J. Chung, D. Bullivant, P. Nielsen, and M. Nash, “Finite
elasticity: Determining the reference state from a loaded configura-
tion,” International Journal of Numerical Methods in Engineering,
2006, submitted.

[17] R. Rivlin, “Large elastic deformations of isotropic materials vi. further
results in the theory of torsion, shear and flexure,” Philosophical
Transactions, vol. A242, pp. 173–195, 1950.

[18] V. Rajagopal, P. Nielsen, and M. Nash, “Development of a three-
dimensional finite element model of breast mechanics,” in 26th Annual
International Conference of the IEEE Engineering in Medicine and
Biology Society, vol. 26, September 2004, pp. 5080–5083.

[19] P. Nielsen, “The anatomy of the heart: A finite element model,” Ph.D.
dissertation, University of Auckland, 1987.

423


	MAIN MENU
	Go to Previous Document
	CD-ROM Help
	Search CD-ROM
	Search Results
	Print


<<
  /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 /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for export to IEEE PDF eXpress. May 2005. PaperCept.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


