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Abstract There are discrepancy between MR findings
and clinical presentations. The compressed cervical cord in
patients of the spondylotic myelopathy may be normal on
conventional MRI when it is at the earlier stage or even if
patients had severe symptoms. Therefore, it is necessary to
take a developed MR technique—diffusion tensor imaging
(DTI)—to detect the intramedullary lesions. Prospective
MR and DTI were performed in 53 patients with cervical
compressive myelopathy and twenty healthy volunteers.
DTI was performed along six non-collinear directions with
single-shot spin echo echo-planar imaging (EPI) sequence.
Intramedullary apparent diffusion coefficient (ADC) and
fractional anisotropy (FA) values were measured in four
segments (C2/3, C3/4, C4/5, C5/6) for volunteers, in
lesions (or the compressed cord) and normal cord for
patients. DTI original images were processed to produce
color DTI maps. In the volunteers’ group, cervical cord
exhibited blue on the color DTI map. FA values between
four segments had a significant difference (P < 0.01), with
the highest FA value (0.85 £ 0.03) at C2/3 level. However,
ADC value between them had no significant difference
(P > 0.05). For patients, only 24 cases showed hyperin-
tense on T2-weighted image, while 39 cases shown patchy
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green signal on color DTI maps. ADC and FA values
between lesions or the compressed cord and normal spinal
cord of patients had a significant difference (both
P < 0.01). FA value at C2/3 cord is the highest of other
segments and it gradually decreases towards the caudal
direction. Using single-shot spin echo EPI sequence and six
non-collinear diffusion directions with b value of
400 s mm 2, DTI can clearly show the intramedullary
microstructure and more lesions than conventional MRI.

Keywords MR - Diffusion tensor imaging (DTI) -
Cervical myelopathy - Apparent diffusion coefficient
(ADC) - Fractional anisotropy (FA)

Introduction

Cervical spondylosis is a very common degenerative dis-
ease of the spine in the elderly [2, 9]. Conventional MR
examination has played an important role in the diagnosis
of cervical spondylosis, appearing intervertebral disk her-
nia, osteophytosis, and cervical canal stenosis, etc. [12].
All these conditions could result in cervical compressive
myelopathy [3, 13, 17, 21]. Spondylotic compressive
myelopathy developed progressively for years because of
long-standing segmental compression of the spinal cord
[8]. Moreover,in some severe cases with obvious clinical
symptoms such as extremity numbness and motion dys-
function, there were no abnormal signal intensity on con-
ventional MR imaging. How to explain the difference
between the clinical manifestations and the MR findings
became very difficult for radiologists and orthopedists due
to the primary disadvantage of routine MR imaging is
unable to display the microstructures of the lesion at
the early stage. The earlier treatment yields to better
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effectiveness. Therefore, it is very important to diagnose
the lesion at the earlier stage.

Diffusion tensor imaging (DTI), a magnetic resonance
technique that is sensitive to the diffusion of water mole-
cules, can diagnose the acute cerebral stroke which can not
be demonstrated on conventional MR examinations [20].
Although DTT has been used widely in the brain [15, 18], it
was seldom used in the spinal cord because the quality of
the images was degraded by artifacts of susceptibility,
pulsation of cerebrospinal fluid (CSF), and heart motion or
respiration motion [4, 6]. Additionally, the signal-noise
ratio and resolution of images of DTI in human spinal cord
was inferior to that of the brain because of the small size of
the spinal cord. The purpose of this study was to elucidate
the usage of DTI in analyzing the early findings of the
compressive cervical spinal cord and in depicting the dif-
fusion characteristics of cervical cord in healthy volunteers
of Chinese. We optimized the scanning parameters and
sequences to study the clinical application value of DTI in
the human cervical spinal cord by selecting the patients
with spondylotic compressive myelopathy and healthy
volunteers.

Materials and methods
Study subjects

Fifty-three consecutive patients with cervical compressive
myelopathy were prospectively studied from May 2006 to
June 2008. There were 28 males, 25 females, and the
mean age 56 years (range 47-71 years). All patients were
diagnosed to be the cervical compressive myelopathy
based on the clinical manifestations(neck pain, extremity
numbness, walking difficulty, etc.) and imaging modali-
ties findings. All patients had the cervical spondylotic
myelopathy, with calcification or thickening of the liga-
mentum flavum in 30 patients, ossification or thickening
of the posterior longitudinal ligament in 16 patients,
cervical disc herniation in 50 patients, and cervical canal
stenosis in 42 patients. The evaluation of myelopathy was
performed according to the Japanese Orthopedic Associ-
ation (JOA) score for cervical myelopathy [21]. Patients
with cerebral palsy, rheumatoid arthritis, or other spinal
diseases, and those who needed spinal surgery due to
kyphotic deformity or severity instability were excluded
from this study.

Twenty healthy volunteers (11 males and 9 females,
mean age 55 years, age range 46—67 years) without neu-
rological deficits and any clinical symptoms were selected
to be control group. The protocol followed ethical rules and
was approved by our institutional review board, and all
patients were informed and gave their consent before study

initiation. Both patients and volunteers in control group
were followed up for 6 months.

MR protocol

All imaging was performed using a 1.5 T scanner (Gyro-
scan NT Intera, Philips Medical Systems, the Netherlands)
equipped with actively shielded magnetic field gradients of
up to 23mT/m, a slew rate of 150 mT/m/ms, and a multi-
channel all-spine coil. For conventional sequences, scan-
ning orientations were sagittal T1-weighted image, sagittal
T2-weighted image and transverse T2-weighted image.
The images were obtained with a field of view (FOV) of
250 mm for sagittal scanning and 230 mm for transverse
scanning, and an image matrix 256 x 256. The conven-
tional MRI sequences were spin-echo T1-weighted image
(TR/TE = 500 ms/15 ms) and fast spin-echo T2-weighted
image (TR/TE = 4,800 ms/120 ms). Slice thickness was
3 mm, and slice gap 0.3 mm and numbers of acquisition 3.

Single-shot fast spin-echo echo-planar imaging (EPI)
was used for DTI acquisition. Parameters for current dif-
fusion tensor imaging were obtained as followed: using
sagittal plane, slice thickness = 3 mm, slice gap = 0 mm,
acquisition matrix = 128 x 128, FOV = 230 mm, num-
bers of acquisition = 4. Diffusion was measured along
six non-collinear directions with two b values (0,
400 s mm™).

Data and images postprocessing and analysis

The diffusion tensor images were transferred to worksta-
tion using a software written in interactive data language
(IDL version 5.6) and were analyzed off-line by two
experienced neuroradiologists (W.J.C, T.F.D) who were
blinded to patients’ clinical data. Disagreements were
resolved via discussion until decisions were reached by
consensus. The evaluation focused on the DTI and con-
ventional MR images analysis, combined with the radio-
graphical findings.

The ADC and FA values were measured using regions
of interest (ROIs, size 50 pixels) technique in cervical
spinal cord at four different level segments, C2/3, C3/4,
C4/5, C5/6 for healthy volunteers, in lesions (or the com-
pressive cord) and normal segments for patients, respec-
tively. The intramedullary lesions were defined as the
hyperintensity on T2-weighted image or the compressive
cervical cord. The normal cord segment for patients was
defined as the segments 1.5 cm distant from the lesion. DTI
original images were automatically processed using IDL
software to produce color DTI maps. The anisotropic dif-
fusion in the craniocaudal direction was shown in blue. The
diffusion in anterioposterior direction and right-left direc-
tion was displayed in red and green, respectively.
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Statistics analysis

A standard SPSS12.0 for windows (SPSS Institute, Chi-
cago, IL) software package was adopted for the statistical
analysis. Data were expressed with mean + stand devia-
tion X £ s. Paired ¢ test, }52 test and one-way ANOVA
(analysis of variance) analysis was used. P < 0.05 was
considered statistically significant.

Results

DTI manifestations of cervical spinal cord in healthy
volunteers

CSF appeared hyperintense on the ADC map and hypointense
on FA map (Fig. 1). Cervical spinal cord showed intermedi-
ated- intense on the ADC map and hyperintense on FA map.
Cervical spinal cord showed a very uniform ADC value on
ADC map. On the color DTI map (Fig. 2), spinal cord showed
blue. Four different level segments of cervical spinal cord,
C2/3, C3/4, C4/5, C5/6, were analyzed and found that FA
value between them had a significant difference using one-
way ANOVA, F = 159.24, P < 0.01, with the highest FA
value (0.85 £ 0.03) of spinal cord segment at C2/3 level.
However, ADC values between four segments had no sig-
nificant difference (F = 2.08, P > 0.05). (Table 1).

MRI and DTI manifestations of cervical spinal cord
in patients

Conventional T,-weighted images showed high signal
intensity within the cervical cord only in 24 cases, without

Fig. 1 Sagittal FA map of cervical spinal cord in a healthy volunteer
demonstrating the homogeneous signal intensity of cervical spinal
cord

@ Springer

Fig. 2 Sagittal color diffusion tensor imaging (DTI) map showing
that cervical cord is blue (b = 400 s mm~2), the same volunteer as in
the Fig. 1

abnormal signal in 26 cases (Figs. 3, 7)."* The remaining
three cases were excluded from the further analysis
because of the poor image quality produced by the motion
artifacts. On DTI maps, 39 cases were found abnormal
signal within the cervical spinal cord as follows: high
signal intensity on ADC maps (Fig. 4), low signal intensity
on FA maps (Fig. 5) and patchy yellow signal on color DTI
maps (Figs. 6, 8) appearing on otherwise normal blue
spinal cord. We found color diffusion tensor images can
show more lesions than routine MR images (1> = 9.65,
P < 0.01). Also, ADC and FA values between lesions (or
the compressive cord) and the non-compressive spinal cord
had significant difference (Table 2, paired ¢ test, for ADC,
t = 2.88, P <0.01, for FA, t = 2.62, P < 0.01).

These volunteers and patients underwent follow-up MR and
DTI examination within 6 months after the first check-up. No
abnormal changes were revealed on the imaging appearances
and clinical presentations in volunteers. The patients with
minor symptoms without obvious evidence of pathologic
reflexes or gait disturbance warrant follow-up observation or
non-operative treatment. Operative intervention was per-
formed in the patients with severe symptoms, including anterior
or posterior approach. These patients took the postoperative
MR and DTI examination to evaluate the curative effect, such
as decompression of cervical canal, decrease of lesion area.

Discussion

MR imaging, owing to its high soft-tissue resolution, has
played an important role in the analyzing the spinal cord’s

! Figures 3, 4, 5, 6 are from the same patients.

2 Figures 7, 8 are from 57-year-old patient with spondylotic
compressive myelopathy.
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Table 1 Comparisons of ADC and FA values of cervical cord in 20
volunteers

Mean ADC value £+ SD Mean FA

(x 10™°mm? s~ ") value & SD
C2/3 level 715.35 +£ 96.76 0.85 + 0.03
C3/4 level 713.27 £+ 86.38 0.81 + 0.02
C4/5 level 728.46 £+ 95.69 0.78 £+ 0.02
C5/6 level 734.42 4+ 64.59 0.66 £+ 0.04

Fig. 3 Sagittal MR T2WI demonstrating C4/5 intervertebral disc
herniation and thickness of the ligamentum flavum but without
abnormal signal intensity in the cervical spinal cord

gross structure and in the diagnosing lesions of spinal cord.
However, the conventional MR imaging could not disclose
the microstructure of the spinal cord, such as fiber tract of
the white matter. With the development of diffusion-
weighted imaging, especially the diffusion tensor imaging,
it becomes possible by analyzing the water molecule dif-
fusion motion in vivo. Compared with conventional MR
imaging, DTI is a promising technique which was used
gradually in clinical [6].

Unlike free water, water molecule diffusion in human
was hindered by cell alignment pattern, cell membranes,
and other intracellular and extracellular structures, showing
the anisotropy [6]. Moseley et al. [15] reported that diffu-
sion-weighted MR imaging can clearly show the ischemic
lesions in the rat brain as early as the 45 min after the
occlusion of middle cerebral artery. ADC maps were
proved to be sensitive for detecting the early structural

Fig. 4 ADC map of the same patient showing no abnormal signal
intensity in the cervical spinal cord

Fig. 5 FA map of the same patient showing slight hyperintensity in
the cervical spinal cord

changes in the cervical compressive cord [1]. We utilized
the DTI technique to observe the compressed spinal cord in
the cervical spondylosis and canal stenosis. The highly
ordered arrangement of axons in the white matter of cer-
vical spinal cord makes its diffusion highly anisotropic.
Water molecules, due to the limitation of the myelin
sheath, moved rapidly along the white matter fiber tract but
slowly along other directions. Diffusion anisotropy in the
white matter of spinal cord was also confirmed in vivo by
animal experiments in many literatures [5, 7, 10, 11].

In human in vivo, DTT of spinal cord began in 1999,
Clark et al. [5] first reported that water diffusion in spinal

@ Springer



426

Eur Spine J (2011) 20:422-428

Fig. 6 The color DTI map of the same patient showing abnormal
green signal intensity in the blue background of normal cervical
spinal cord

Fig. 7 The routine MR T2WI image demonstrating C5/6 interverte-
bral disc herniation and thickness of the posterior longitudinal
ligament but without abnormal signal intensity in the cervical spinal
cord

cord in human is anisotropic. In 2002, Ries reported the
cervical spondylosis and found lesions on DTI map but not
showed on conventional MRI [16]. However, how to select

@ Springer

Fig. 8 Sagittal color DTI map of the same patient showing
intramedullary the pathy green signal at C5/6 level

the regions of interest became a dilemmatic challenge to
radiologists as the cord diffusion anisotropy was measured
in sagittal plane, although with a better coverage of lesions,
probably including both white matter and gray matter.
Notwithstanding it may be easy to discriminate the white
matter from the gray matter in transverse plane, the less
resolution and poor image quality made the cord anisotropy
measured inaccurately. In current study, we still used the
sagittal orientation to produce the DTI maps combined
with the improved parameters, and the good quality image
and cord anisotropy measurement can as well be obtained.

Routine MR imaging could show the cervical canal
stenosis, protrusion of intervertebral disk, thickening of the
ligamentum flavum and the posterior longitudinal ligament,
etc. In this study, abnormal signal intensity was shown only
for 24 patients in T,-weighted imaging, but 39 patients in
DTI colored tensor images, on which green or red signals
were seen on normal blue spinal cord. Demir et al. [8]
reported the MR study of a group of cervical spondylosis in
which 17 cases showed injuries on MR ADC maps, while
only 13 cases in routine MR T2-weighted images. On the
contrary, there were no abnormal findings on volunteers’
DTI maps. For another 26 patients without abnormal signal
on all sequences of routine MR, however, the ADC and FA
values in the segments of the compressive spinal cord
differed obviously with the other segments of non-com-
pressed spinal cord. There was no pathological confirma-
tion of intramedullary lesions as it is impossible to get the
specimens of human spinal cord in vivo. Nevertheless,
those areas showed on DTI maps were correlated well with
locations proved by clinical data.
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Table 2 Comparisons of ADC and FA values of the compressed or compromised cord and non-compressed cord in 50 patients with cervical

spondylotic myelopathy

Lesions (or the compressive cord)

Mean ADC value
Mean FA value

836.57 £ 161.65
736.29 & 84.25

Non-compressed cord t P
733.34 & 82.85 t=2288 P <0.01
77595 £ 67.31 t =262 P <0.01

The cause for the increased ADC values in the com-
pressed cord is still uncertain. Tsuchiya et al. [19]
explained it was possible that the elevated ADC values
indicated the cystic necrosis, syrinx and atrophy were
caused by myelomalacia. On our opinions, hyperostosis,
intervertebral disk herniation and canal stenosis com-
pressing the spinal cord could cause decreasing perfusion
which might lead to ischemia and anoxemia and cellular
membrane injury that could increase cellular membrane
penetrability. And long-term compression to spinal cord
may cause CSF to flow turbulently and to penetrate into
spinal cord and to form intramedullary microcysts which
cannot be displayed on conventional MR examination
[8, 14].

The decreased FA values were attributed to the restric-
ted diffusion of water molecule in the compressed cord.
The intramedullary edema resulted in destroyed balance
between intra- and extra-cellular spaces and the combina-
tion of water molecule and protein could also cause the
decreased diffusivity [14].

The anatomical structure and lesion can be displayed
clearly on DTI images with single-shot spin-echo EPI
sequence which could reduce the motion artifacts, and six-
noncollinear directions using b value of 400 s mm 2. FA
value in spinal cord of Chinese is higher at C2/3 level than
other levels, the lower FA value at C5/6 level. This phe-
nomenon, as Wheeler-Kingshott et al. [20] described, may
be correlated with the ratio of the white matter to the gray
matter. More caudally, the gray matter and the brachial
plexus nerve root which cause directional changes of fibers
gradually increased, resulting in FA value decreased.
Colored-DTI maps can demonstrate lesions not seen on
routine MR images.

Although clinicians can thoroughly and neurologically
check patients even if without abnormal conventional
MR manifestations, they seldom accurately localized the
lesion and quantitatively analyzed the lesion. Indeed,once
the abnormal signal occurred on the DTI, prophylactic
treatment may be taken for severe cases to prevent
clinical symptoms deteriorated. There are many conser-
vative treatments, e.g., applying the cervical orthosis
which is so feasible that patients can sit up and become
ambulatory. Surgery is an alternative option for those
patients who fail to achieve recovery after conservative
treatment.

In conclusion, DTI can display the earlier alterations of
the water molecule within the lesions due to its sensitivity
to the movement of water molecule and can explain the
discrepancy between conventional MRI findings and the
clinical manifestations. However, resolution and image
quality of DTI of spinal cord is also slightly inferior to that
of brain. How to improve the image quality is the main
problem in our further study.

Acknowledgments The manuscript submitted was supported by the
Medical Science Foundation of the Department of Health of
Guangdong Province (No.A2006529), the Medical Science Founda-
tion of the Bureau of Health of Guangzhou city (No.2005-YB-040),
and Doctoral Scientific Research Start-up Foundation of Guangzhou
Medical College (No. 2006GD081). No benefits in any form have
been or will be received from a commercial party related directly or
indirectly to the subject of this manuscript.

References

1. Aota Y, Niwa T, Uesugi M, Yamashita T, Inoue T, Saito T (2008)
The correlation of diffusion-weighted magnetic resonance
imaging in cervical compression myelopathy with neurologic and
radiologic severity. Spine 33:814-820

2. Baptiste DC, Fehlings MG (2006) Pathophysiology of cervical
myelopathy. Spine J 6(6 Suppl):190S-197S

3. Baron EM, Young WF (2007) Cervical spondylotic myelopathy:
a brief review of its pathophysiology, clinical course, and diag-
nosis. Neurosurgery 60(1suppl 1):35-41

4. Cercignani M, Horsefield MA, Agosta F, Filippi M (2003) Sen-
sitivity-encoded diffusion tensor MR imaging of the cervical
cord. AINR 24:1254-1256

5. Clark CA, Barker GJ, Tofts PS (1999) Magnetic resonance dif-
fusion imaging of the human cervical spinal cord in vivo. Magn
Reson Med 41:1269-1273

6. Clark CA, Werring DJ (2002) Diffusion tensor imaging in spinal
cord: methods and applications—a review. NMR Biomed
15:578-586

7. Clark CA, Werring DJ, Miller DH (2000) Diffusion imaging of
the spinal cord in vivo: estimation of the principal diffusivities
and application to multiple sclerosis. Magn Reson Med
43:133-138

8. Demir A, Ries M, Moonen CT, Vital JM, Dehais J, Arne P, Caillé
IJM, Dousset V (2003) Diffusion-weighted MR Imaging with
apparent diffusion coefficient and apparent diffusion tensor maps
in cervical spondylotic myelopathy. Radiology 229:37—43

9. Fehlings MG, Skaf G (1998) A review of the pathophysiology of
cervical spondylotic myelopathy with insights for potential novel
mechanisms drawn from traumatic spinal cord injury. Spine
23:2730-2737

10. Franconi F, Lemaire L, Marescaux L, Jallet P, Le Jeune JJ (2000)
In vivo quantitative micro imaging of rat spinal cord at 7T. Magn
Reson Med 44:893-898

@ Springer



428 Eur Spine J (2011) 20:422-428
11. Gulani V, Webb AG, Duncan ID, Lauterbur PC (2001) Apparent 17. Sampath P, Bendebba M, Davis JD, Ducker TB (2000) Outcome of
diffusion tensor measurements in myelin-deficient rat spinal patients treated for cervical myelopathy: a prospective, multicenter
cords. Magn Reson Med 45:191-195 study with independent clinical review. Spine 25:670-676
12. Kaiser JA, Holland BA (1998) Imaging of the cervical spine. 18. Sinha S, Bastin ME, Whittle IR, Wardlaw JM (2002) Diffusion
Spine 23:2701-2712 tensor MR imaging of high-grade cerebral gliomas. AJNR
13. LaRocca H (1988) Cervical spondylotic myelopathy: natural 23:520-527
history. Spine 13:854-855 19. Tsuchiya K, Katase S, Fujikawa A, Hachiya J, Kanazawa H,
14. Mamata H, Jolesz FA, Maier SE (2004) Characterization of Yodo K (2003) Diffusion-weighted MRI of the cervical spinal
central nervous system structures by magnetic resonance diffu- cord using a single-shot fast spin-echo technique: findings in
sion anisotropy. Neurochem Int 45:553-560 normal subjects and in myelomalacia. Neuroradiology 45:90-94
15. Moseley ME, Kucharczyk J, Mintorovitch J, Cohen Y, 20. Wheeler-Kingshott CA, Hickman SJ, Parker GJ, Ciccarelli O,
Kurhanewicz J, Derugin N, Asgari H, Norman D (1990) Diffu- Symms MR, Miller DH, Barker GJ (2002) Investigating cervical
sion-weighted MR imaging of acute stroke: correlation with spinal cord structure using axial diffusion tensor imaging. Neu-
T2-weighted and magnetic susceptibility-enhanced MR imaging roimage 16:93-102
in cats. AJNR 11:423-429 21. Yukawa Y, Kato F, Yoshihara H, Yanase M, Ito K (2007) MR T2
16. Ries M, Jones RA, Dousset V, Moonen CT (2000) Diffusion image classification in cervical compression myelopathy: pre-

tensor MRI of the spinal cord. Magn Reson Med 44:884-992

@ Springer

dictor of surgical outcomes. Spine 32:1675-1678



	Diffusion tensor imaging in the cervical spinal cord
	Abstract
	Introduction
	Materials and methods
	Study subjects
	MR protocol
	Data and images postprocessing and analysis
	Statistics analysis

	Results
	DTI manifestations of cervical spinal cord in healthy volunteers
	MRI and DTI manifestations of cervical spinal cord in patients

	Discussion
	Acknowledgments
	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


