Longitudinal Change Detection: Inference on the
Diffusion Tensor Along White-Matter Pathways

Antoine Grigis!»?'*, Vincent Noblet!, Fréderic Blanc?, Fabrice Heitz',
Jérome de Seze?, and Jean-Paul Armspach?

L University of Strasbourg, LSIIT, UMR 7005, CNRS, France
2 University of Strasbourg, LINC-IPB, UMR 7237, CNRS, France

Abstract. Diffusion tensor magnetic resonance imaging (DT-MRI) trac-
tography allows to probe brain connections in vivo. This paper presents
a change detection framework that relies on white-matter pathways with
application to neuromyelitis optica (NMO). The objective is to detect
global or local fiber diffusion property modifications between two longi-
tudinal DT-MRI acquisitions of a patient. To this end, estimation and
testing tools on tensors along the white-matter pathways are considered.
Two tests are implemented: a pointwise test that compares at each sam-
pling point of the fiber bundle the tensor populations of the two exams in
the cross section of the bundle and a fiberwise test that compares paired
tensors along all the fiber bundle. Experiments on both synthetic and
real data highlight the benefit of considering fiber based statistical tests
compared to the standard voxelwise strategy.

1 Introduction

Diffusion weighted magnetic resonance imaging (DW-MRI) is a non-invasive
method for characterizing the diffusion of water molecules in tissues. The au-
tomated detection of relevant changes in longitudinal DW-MRI sequences may
open promising perspectives for medical diagnosis, follow-up and prognosis. Dif-
fusivity profiles obtained from DW-MRI acquisitions are usually modeled by
diffusion tensors of rank 2 (DTs). Some previous work has addressed change de-
tection between DT-derived scalar images, [2], [4], or between DT fields, [3], [6],
[B]. In [6], statistical tests have been developed to compare two sets of tensors
with application to the comparison of two groups of subjects. Applying these
tests in the context of the longitudinal analysis of a given subject requires to
extract at each voxel two populations of tensors to be compared. This step is not
straightforward since we need to ensure that all the tensors are drawn from the
same distribution. A natural idea is to learn tensor distribution at each voxel by
considering all the tensors in a surrounding user-defined spatial neighbourhood.
This is based on the commonly made assumption of a constant piecewise model,
with known limitations, in particular, at the interface between tissues. To cir-
cumvent this limitation, a local bootstrap strategy can be used to generate a set
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Fig. 1. Flowchart of the proposed framework

of tensors characterizing the variability of each voxel, based on the variability
existing in the DW-MRI images [5].

In this paper we suggest a longitudinal DT change detection framework based
on tractography features (Fig. [[). The construction of a neighbourhood based
on the fiber structures, and the application of statistical tests along the fiber, en-
able the detection of subtle changes along white-matter pathways. The proposed
processing pipeline is as follows. First, eddy current distortions are corrected us-
ing FSI. DTs are then estimated from the DW images using a least square
algorithm. Then, a fiber tract extraction is performed with Slice? (Label Seed-
ing module) exploiting the first exam information. Fibers of the first exam are
clustered to generate homogeneous fiber bundles (section J]). The most repre-
sentative tract of each bundle is extracted and used as a reference tract for the
bundle (section [Z2]). The DTs of the second exam are warped using a linear in-
terpolation in the Log-eulidean space and the preservation of principal direction
(PPD) reorientation strategy to be aligned with the first exam [5]. To this end,
an affine and a Bspline based transformation are estimed from the FA images of
the two acquisitions [5]. Tensor sets reflecting the local variability are extracted
at each sampling point of the reference tract considering the DTs of the two
registered exams that belong to the cross section of the bundle (section Bl). Fi-
nally local and global multivariate statistical tests along white-matter principal
pathways are applied (section B.2]). Experiments on synthetic data highlight the
benefit of considering fiber based statistical tests compared to a standard voxel-
wise strategy. Application to neuromyelitis optica (NMO) also demonstrates the
clinical relevance of the fiber-based strategy.

2 Identifying White-Matter Fiber Bundles in DT Data

2.1 Fiber Clustering

Tractography methods produce a dense set of curves that bear a close resem-
blance to known white-matter pathways [7]. Considering a method that auto-
matically clusters and labels these curves into anatomically plausible pathways

! http://www.fmrib.ox.ac.uk/fsl/
2 http://www.slicer.org/
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is of great interest for a relevant analysis of white matter properties. To this end,
we have implemented a fiber bundle clustering algorithm based on the method
described in [7]. Neighboring fiber tracts are grouped using the mean of thresh-
olded closest distance. With this metric the distance between curves @ and R is
expressed as follows:

di(Q, R,t) = meangeq,||a—b||>¢ Minper ||a — b]| (1)

where t is the threshold below which the distances are discarded. This threshold
enables the separation of two fibers that might run very closely together for
a long course and then diverge abruptly for a relatively short course into two
different clusters [7]. Since this metric is not symmetric, we consider the longer
mean of thresholded closest distances in the clustering algorithm (see [7] for a
discussion on the influence of the chosen symmetrized form):

st(Q> Ra t) = max(dt(Qa R> t)v dt(R> Qv t)) (2)

With this metric it is possible to identify corresponding tracts with high con-
sistency even when the global shapes of the tracts differ markedly in length or
curvature [7]. A single-linkage agglomerative clustering is then performed [7].
The number of clusters is inversely related to a user-defined fusion proximity
threshold dy. The main problem of the tract-clustering algorithm is the com-
putational burden related to the calculation of the pairwise distances between
the current fiber and all the previously clustered fibers. To circumvent this is-
sue, pairwise distances are only computed for fibers belonging to clusters whose
center of mass are close enough to the center of mass of the current fiber (i.e.,
specification of a user-defined distance threshold d.,,). After the clustering step,
bundles with less than N, fibers are rejected in order to have a minimum number
of samples in the statistical population when a pointwise test is performed.

2.2 Bundle Most Representative Tract

We denote each tract belonging to the i*” bundle T; j, where n; is the number
of tracts in the bundle 7 and j € {1,...,n;}. Then the most representative tract
Tref,s of the it" bundle is obtained by selecting the fiber tract that minimizes
the sum of distances with other tracts. The metric used here is the average mean
of closest distances:

di(Q, R,0) + d:(R,Q,0
dre(Q, R) = ! ) 9 : ) 3)
Note that we set t = 0 in the thresholded distance d; since we are dealing with
a coherent bundle. Finally, the criterion used to select the most representative
tract of a bundle i can be summarized as follows:

Tref,i = arg - kvllﬁréill’l___m > duc(Tik Tiy) (4)
’ lel,..,n;
Each most representative tract Tr.y,; is then resampled with N points (N being

user-defined) using a cardinal basis spline interpolation.
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a.

Fig. 2. a. Schematic representation of the extraction of the tensor sets reflecting the
local variability: see text, and b. the result of the clustering step on a tractography
obtained with Slicer from a ROI in the corpus callosum (parameters: see text).

3 Inference on Fiber Bundles

3.1 Extraction of Tensor Populations Reflecting the Local
Variability

Inference on DT is composed of an estimation and a testing step. The estimation
of model parameters requires to consider a population of tensors that are all
assumed to be drawn from the same distribution. In many situations, considering
all the tensors in a given spatial neighbourhood may not satisfy this assumption,
especially at the interface between different anatomical structures. To overcome
this problem we propose to select a tensor population by taking advantage of
the local geometry of the bundles (see Fig. [Zla). For each sampling point [; of
the reference tract Tr.f;, a population of tensors is extracted by considering
the tensors located at the intersections p;; between the plane perpendicular to
Trer; and each fiber T; ; of the bundle. Since points p;; may not lie on the
grid, corresponding tensors are obtained using linear interpolation in the Log-
euclidean space. In some cases, the plane might intersect the bundle in several
points (e.g. for U-shaped bundles). Consequently, only the closest intersection
is considered. Besides to remove outliers, intersections p;  whose distance to Iy
is larger than 30; are discarded, o; being the median absolute distance of the
pj,k’s to their corresponding sampling point I over the i*" bundle.

3.2 Multivariate Statistical Estimation and Testing on Tensors

Many statistical tests rely on the normal distribution. Considering the multi-
variate normal distribution for the symmetric positive definite (SPD) matrices
has the drawback to associate matrices with negative or null eigenvalues with
a non null probability. To circumvent this limitation, Schwartzman suggests to
model the matrix logarithms with the multivariate normal distribution, which
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comes to model the SPD matrices with a Log-normal distribution [6]. To this
end the Log-euclidean metric is used. Note that the logarithm of an SPD matrix
D is obtained as L = Log(D) = ULog(A)U”, where A and U are the matrices
derived from the standard spectral decomposition, containing respectively the
eigenvalues and the eigenvectors of D. Then, the Log-euclidean distance between
two SPD matrices D, and Dy can be defined as the Euclidean distance between
their logarithms d?(D1, Ds) = ||Log(D1) — Log(Ds)||?. According to this metric,
an estimator of the mean D of a set of n tensors D; is given by the exponential
of the arithmetic Log-tensors mean, i.e. D = exp(L), with:

L = argmins Z |Log(D;) — 2> = Z Log(D (5)

=1

An estimator of the variance is then:

s* = Z tr (Log(D;) — L) ? (6)

nfl

Pointwise testing. Based on this model, it is possible to derive a statistical
test on tensor’s eigenvalues. We consider two populations of n; and ny tensors
respectively (n = m1 + ng). Under the assumption that the tensor logarithms
of the two populations follow the normal distributions L; ~ N(My,0%1d) and
Ly ~ N (Ms,0%Id), the maximum likelihood estimates of My, Mz, and o2 are
respectively L1, Lo (EqH), and 62 = [(n1 — 1)s1 + (n2 — 1)sa2]/(n — 2) (Eq[B).
We consider a test [6] that evaluates whether the two populations of diffusion
tensors have similar eigenvalues, but possibly different eigenvectors. Let A1, Uy
and Ay, Uy be the matrices derived from standard spectral decomposition, and
containing respectively the eigenvalues and eigenvectors of M7 and Ms. The test,
based on the log-likelihood ratio under hypotheses Hy : A1 = As vs Hy : Ay # Ao
with Uy # Uy unknown is:

nin - -
Tpointwise,o = 377,125'22 tr [(Al - A2)2] (7)

where A; and Ay are the eigenvalue matrices of L, and L_g, respectively. We
investigate in the sequel the influence of estimating the variance o2 locally for
each sampling point [; or of considering a constant variance ai estimated over

the whole bundle b;. We denote by T, pointwise, o, the corresponding test.

Fiberwise testing. It may be of great interest for physicians or neuroscientists
to identify global modifications along fiber bundles. To this end, we propose to
build a list of putative evolving fibers ordered by decreasing evolution probabil-
ity. At each of the N sampling points of the most representative tracts Tr.cr,;, the
difference between the fiber cross section mean Log-tensors are computed. A pop-
ulation of N Log-tensors is thus obtained for each bundle. Under the assumption
that the Log-tensor population follows the normal distribution L ~ N'(M, 02 Id),
the maximum likelihood estimates of M, and o2 are respectively L (Eq[]), and
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62 = s? (Eql). We consider a test that evaluates whether the population of
Log-tensors has eigenvalues equal to Ay = [0,0,0] [6]. Let A, U be the matrices
derived from standard spectral decomposition, and containing respectively the
eigenvalues and eigenvectors of M. The test, based on the log-likelihood ratio
under hypotheses Hy : A = Ay vs Hy : A # Ay is:

N
Tfiberwise = &2 tr [(A - AU)Q] (8)

where A is the eigenvalue matrice of L.

4 Results

Experiments on simulated changes. We consider two repeated DW-MRI ac-
quisitions of the same healthy subject acquired on a 3T SIEMENS MRI scanner
with 30 encoding gradients (b-value of 1000 s/mm?). In this way, the differences
between the two scans are only due to the acquisition noise and distortion. The
image dimensions are 96 x 96 x 55 and the spatial resolution is 2 x 2 x 2mm?.
The tractography was computed for the first image using the Label Seeding
module in Slicer (integration step length of 0.5mm, minimum tract length of
50mm, and stopping values on the fractional anisotropy and curvature of 0.1
and 0.8 respectively). For the clustering step, a fusion threshold d; of 3.5mm,
a cut-off threshold ¢ in the metric of 0.5mm, and a selection threshold d,,. of
4d; were used. Results are presented in Fig. Blb where each bundle contains at
least N. = 9 fibers. A synthetic fiber alteration is simulated in one of the two
scans as follows. After the fiber clustering step, a bundle is selected to generate
a modification mask. Inside the modification mask, the diffusivity in the princi-
pal direction, i.e. the principal eigenvalue, is uniformly modified by applying a
multiplicative factor k €]1,1.5]. The results of the pointwise test are compared
with the 3 x 3 x 3 spatial neighbourhood approach (SN) described in [5]. To this
end, we use a projection P; from the ijk coordinate system to the fiber coor-
dinate system using the nearest neighbour interpolation. The criterion used to
compare the different methods is the area under Receiver Operating Character-
istic (ROC) curves. A test that allows a perfect discrimination is characterized
by ROC plot with an area of one. A resampling of the most representative fiber
in N = 200 points is done before the bundle cross section point extraction.
The Table [l summarizes the results. The pointwise methods outperform the SN
method, thus pointing out the importance of satisfying the constant piecewise
assumption. Estimating a constant variance for each bundle slightly increases the
performance of the statistical test. The sensitivity of the fiberwise test T'tiperwise
is also explored (Table [I]). Notice that in this particular case the fiberwise test
is more appropriate and gives better results since a global modification has been
simulated.

Experiments on NMO patients. Neuromyelitis Optica (NMO) is an inflam-
matory disease of the central nervous system that predominantly affects optic
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Table 1. Areas under the ROC curves (diffusion modification: see text)

k 1.01 1.02 1.03 1.04 1.05 1.06 1.07 1.08 1.09 1.1 12 13 14
SN 0.581 0.587 0.622 0.663 0.701 0.736 0.767 0.795 0.822 0.843 0.937 0.957 0.965
Tpointwise,o 0.698 0.707 0.724 0.746 0.705 0.793 0.815 0.834 0.852 0.868 0.953 0.979 0.989
Tpointwise,o,,, 0.721 0.727 0.745 0.771 0.801 0.832 0.859 0.884 0.905 0.921 0.986 0.996 0.998
Tfiperwise 0.6050.837 0977 1.0 10 1.0 10 10 1.0 10 1.0 1.0 1.0

Fig. 3. a. fiberwise test (first patient) and b. projection of the pointwise test from the
fiber coordinate system to the ijk coordinate (second patient).

nerves and spinal cord. The frequency of brain lesions is small using standard
sequences of MRI (T1, T2 and T2-FLAIR). However, a recent work has demon-
strated that the majority of NMO patients have cognitive impairment, which is
a subcortical impairment [I]. In the first part of this preliminary study, we com-
pared the cognitive functions outcome of patient 1 (using the French translation
of the Brief Repeatable Battery (BRB-N), a cognitive battery with 14 subtests)
and brain diffusion MRI outcome (using the fiberwise test) done at the same
time at M0 and M18. In the second part, we compared the neurological physical
status outcome of patient 2 (using the expanded disability status scale (EDSS))
to brain diffusion MRI outcome (using the pointwise test) done at the same time
at MO and M18. In this latter in order to simplify the interpretation of the re-
sult, the fiber detections were transformed back to the voxel space. Images were
acquired on a 1.5T STEMENS MRI scanner with 30 encoding gradients (b-value
of 1000s/mm?) at 18 months apart. The images dimensions are 128 x 128 x 41
and the spatial resolution is 1.8 x 1.8 x 3.5mm?. For the first patient the fiberwise
test was applied (Fig. Bla). Two regions stand out: the anterior and posterior
parts of the corpus callosum. These modifications are in accordance with cog-
nitive and behavioral status that worsened. Patient 1 had 6 subtests out of 14
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inferior to the 5th percentile at M0, and 7 subtests at M18. The second patient
had a huge decrease of capacity to walk between M0 and M18. Thus, the EDSS
increased from 6.5 (capable to walk with a constant bilateral assistance, such as
canes) to 8.5 (essentially restricted to bed much of day, not capable to walk).
This aggravation was in accordance with the results of the pointwise test showing
modifications in the corticospinal tracts (Fig. Blb).

5 Conclusions

The proposed multivariate statistical tests along white-matter principal path-
ways provide complementary information. The global test enables the identifi-
cation of the fibers involved in the longitudinal evolution of the pathology, while
the local strategy enables the detection of more subtle changes. Moreover, we
have demonstrated the superiority of such methods compared to the standard
voxelwise strategy. Finally, the proposed approach might open promissing per-
spectives for the follow-up of the NMO pathology, and will give way to further
explorations. In the future we want to investigate whether a joint fiber clustering
of the two exams would lead to a better mapping of the whitte matter tracts.
We also want to study how registration accuracy could affect the statistical tests
and investigate the impact of using a symmetric registration.

References

1. Blanc, F., Zéphir, H., Lebrun, C., Labauge, P., Castelnovo, G., Fleury, M., Sellal,
F., Tranchant, C., Dujardin, K., Vermersch, P., de Seze, J.: Cognitive functions in
neuromyelitis optica. Arch. Neurol. 65(1), 84-88 (2008)

2. Boisgontier, H., Noblet, V., Heitz, F., Rumbach, L., Armspach, J.P.: An automatic
method for change detection in serial DTI-derived scalar images. In: Workshop
MIAMS - MICCALI (2008)

3. Boisgontier, H., Noblet, V., Heitz, F., Rumbach, L., Armspach, J.P.: Generalized
likelihood ratio tests for change detection in diffusion tensor images. In: ISBI, pp.
811-814. IEEE Press, Piscataway (2009)

4. Chung, S., Pelletier, D., Sdika, M., Lu, Y., Berman, J.I., Henry, R.G.: Whole brain
voxel-wise analysis of single-subject serial DTI by permutation testing. Neuroim-
age 39(4), 1693-1705 (2008)

5. Grigis, A., Noblet, V., Renard, F., Heitz, F., Armspach, J.-P., Rumbach, L.: Change
detection in diffusion MRI using multivariate statistical testing on tensors. In:
Jiang, T., Navab, N.; Pluim, J.P.W., Viergever, M.A. (eds.) MICCAI 2010. LNCS,
vol. 6362, pp. 117-124. Springer, Heidelberg (2010)

6. Schwartzman, A.: Random ellipsoids and false discovery rates: statistics for diffusion
tensor imaging data. Ph.D. thesis, Stanford University (2006)

7. Zhang, S., Correia, S., Laidlaw, D.H.: Identifying white-matter fiber bundles in DTT
data using an automated proximity-based fiber-clustering method. IEEE Transac-
tions on Visualization and Computer Graphics 14, 1044-1053 (2008)



	Longitudinal Change Detection: Inference on the Diffusion Tensor Along White-Matter Pathways
	Introduction
	Identifying White-Matter Fiber Bundles in DT Data
	Fiber Clustering
	Bundle Most Representative Tract

	Inference on Fiber Bundles
	Extraction of Tensor Populations Reflecting the Local Variability
	Multivariate Statistical Estimation and Testing on Tensors

	Results
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /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 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice




