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Abstract 

Acoustical waves scattered in trabecular bone contain information about its microstructural properties. These 
properties may change on course of a disease. Standard ultrasonic examinations of bone (densitometry) are performed in 
transmission and does not provide complete information about bone strength. We have developed the bone ultrasonic 
scanner that enables measurements of the physical properties of trabecular bone microstructure. Thus the evaluation of 
bone properties using ultrasonic scanner may be essential for bone diseases diagnosis and treatment monitoring. This 
study presents application of the scanner operating at 1,5 MHz frequency for examination of trabecular bone (calcaneus) 
in vivo. Backscattered data were collected and processed in order to obtain power backscattering coefficient (PBSC). 
Calculated values were compared to these published by several authors in order to verify ultrasonic scanner application as 
a tool for trabecular bone examination. This study is an approach towards developing a method for the investigation of 
scattering in trabecular bone that can potentially provide clinically useful information about bone strength and condition.
 
 

1. INTRODUCTION 
In the last 20 years the quantitative ultrasonic methods were 
introduced as alternative procedures to radiographic 
examinations of bone [6, 7, 8]. These methods were based 
on sound transmission and enabled the determination of the 
frequency-dependent attenuation coefficient, called BUA 
(Broadband Ultrasonic Attenuation) and sound velocity – 
SOS (Speed Of Sound) for the bones that are easily 
accessible from the outside. Usefulness and applicability of 
these measurements for prediction of osteoporotic fractures 
of bones have been proved in long-term studies [4, 19]. 
Results from many examinations showed that BUA 
coefficient is closely correlated with BMD (Bone Mineral 
Density) values, obtained by X-ray densitometry. However, 
evaluation of bone strength requires not only the knowledge 
about its density but also about its microstructure. 

Ultrasonic examinations of soft tissues, based on the 
analysis of scattered ultrasonic signal were successfully 
applied to characterize and to differentiate the tissues [1, 
13]. Similarly, signals that have been scattered in trabecular 
bone contain the information about the properties of the 
bone structure. Thus, the scattering-based ultrasonic 
methods potentially enable the assessment of bone 
microscopic structure. 

It has been demonstrated that using the backscattering 
model it is possible to estimate some microstructural 

characteristics from experimental signals measured in vitro 
for calcaneal samples [5, 18]. Many investigations have 
been focused on the measurements and calculations of the 
power backscattering coefficient for trabecular bone and the 
dependency of that coefficient on frequency [2, 9, 10, 17, 
20, 21]. 

In our previous study [12] we have developed a model 
where thick and thin trabeculae ware modeled by two 
populations of cylindrical scatterers (Fig.1.).  
 

 
Fig. 1. Trabecular bone model consisting of two populations of 
cylindrical scatterers. Arrows show the incidence direction of 
ultrasonic wave 
 
Simulation demonstrated that the physical dimensions, such 
as size and shape of the individual scatterers, exerted 
influence on frequency dependence and on the statistics of 
scattered signals. 
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It was presented that amplitude histograms calculated 
using demodulated RF echoes collected using bone 
ultrasonic scanner deviate from the Rayleigh distribution 
[3]. These experimental results correspond well with 
modeling results (model developed by Litniewski et al. [12]) 
obtained for healthy individuals.  

The aim of this study was to perform measurements in 
vivo on calcaneus using ultrasonic bone scanner. Collected 
data ware processed in order to calculate power 
backscattering coefficient and present the dependence of this 
coefficient on frequency. Obtained results are compared to 
the published experimental results [2, 21] in order to verify 
reliability of ultrasonic bone scanner measurements. 
 
2. MATERIALS AND METHODS 
2.1 Trabecular bone structure 
There are two types of osseous tissue [15]: trabecular 
(cancellous) bone (Fig. 2.) and compact bone. Trabecular 
bone is less dense, softer, weaker, and less stiff in compare 
to compact bone. The primary structural and functional unit 
of trabecular bone is the trabecula (Fig. 2. A.) – the tiny 
lattice-shaped rod or plate. Trabecular bone is highly 
vascular and contains red or yellow bone marrow (Fig. 2. 
B.) [15]. Trabecular bone typically occurs at the ends of 
long bones, proximal to joints and within the interior of 
vertebrae. 

Because of a large surface area of trabeculas of 
cancellous bone it is characterized by intensive metabolic 
activity e.g. calcium ions exchange. That is the reason 
cancellous bone is more severely affected than cortical bone 
in osteoporosis and other metabolic illnesses of osseous 
tissue.  

Cancellous bone that can be easily examined in vivo 
because of its accessibility is calcaneus (the heel bone). 

 

 
Fig. 2. Histological slide of decalcified trabecular bone (Schmorl 
stain, zoom 40x). Trabeculae are basic structural units (A) and 
between them bone marrow (B) is located [14]  
 
2.2 Ultrasonic scanner 
Ultrasonic bone scanner (Fig. 4. A.) was developed in our 
department. The scanner is equipped with single element 
scanning head with focused (45 mm focal length) spherical 
transducer (15 mm diameter). It enables transmissions at 
center frequencies of 1,0 MHz, 1,5 MHz and 1,7 MHz.  

The digital programmable coder-digitizer module based 
on the field programmable gate array (FPGA) chip supports 
arbitrary waveform coded transmission and RF echoes 
sampling up to 20 MHz with 11 bits resolution. FPGA can 
be easily reprogrammed from the PC at any time. Both the 
control and data between the PC and the module are passed 

via a high-speed USB 2.0 interface. Analog input/output 
amplifiers, received signal adjustable attenuator and power 
supply are realized as separate modules for greater 
modularity and noise immunity. Block diagram (Fig. 3.) of 
the module reveals its internal architecture. 

 

 
Fig. 3. Block diagram of the coder-digitizer module 

 
Digital signal processing in our system includes 1D RF 

signal and 2D image processing. The received sequences 
were online envelope detected and displayed on the screen. 
This real-time imaging system provides sector scanning with 
the image frame rate up to 6 Hz. Chosen data ware stored 
what involved RF data and B-scan (Fig. 4. B.). Since the 
scanner is equipped with Time Gain Control (TGC), 
separate file containing these data was stored as well. 
 

 
Fig. 4. Ultrasonic bone scanner (A) and exemplary B-scan of 
trabecular bone in vivo (B) 
 
2.3 Data acquisition 

In the experiment participated three healthy 
volunteers (age about 28). The measurements of calcaneus 
through lateral surface on both legs were performed. The 
bone was insonified with one period long sinusoidal signals 
transmitted at driving frequency of 1,5 MHz.  
 
2.4 Signal processing 
It is necessary to take into account that there are effects that 
have impact on signal amplitude and frequency contents. 
Thus, to obtain reliable results it is necessary to perform 
adequate operations to neutralize this influence. Signal 
processing involved compensation of focusing, Time Gain 
Control (TGC) and attenuation. After signal processing 
power backscattering coefficient was calculated.  

For each particular B-scan the different TGC conditions 
were applied and stored. Thus, it was possible to obtain gain 
curve which illustrates the gain level for each sample of 
echo signal [16]. Next, the respective correction curve that 
compensated TGC was calculated for each RF data set.  

The considered signals were emitted from focused 
source. Focal distance depends on frequency. Thus it is 
necessary to compensate this effect before the attenuation 

A 

B 

A B 
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coefficient estimation. In this work the effect of diffraction or 
focusing was compensated using amplitude spectrum of echoes 
obtained from a rigid plane reflector located in water 
perpendicularly to transducer axis at the various axial distances 
from the source. For each spectral component the correction 
that compensated the amplitude was calculated. Consequently 
the attenuation coefficient was then computed using the 
corrected power spectra. 

Attenuation coefficient used to attenuation compensation 
was obtained for each B-scan separately. The attenuation 
coefficient 0 ( )f  was determined using the spectral 
difference technique based on a comparison of the power 
spectrum of the backscattered signals recorded before and 
after propagation through the defined section of the medium. 
The following procedures were used.  

First, selected part of the scattered signal of the duration 
T was divided into N short partial signals Ai. These signals 
were separated by the distance t [11]:  

 0T tt
N

, (1) 

where t0 is Gaussian window length used for Ai signals 
determination. This size was equal to 1,5 pulse duration. 

Afterwards the spectra of iA  signals ( )iF A  were 
calculated by fast Fourier transform and partial attenuation 
coefficients ( )i f  were determined from the formula [11]: 
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where v is the phase velocity of the longitudinal acoustic 
wave. 

Finally average attenuation coefficient was calculated 
using following equation: 

 0
1( ) i

N
f

N
, (3) 

The following algorithm for the compensation of 
attenuation was applied. First, the spectrum of attenuated 
signal FA was calculated. Next, the synthesis of a new 
signal F on the basis of spectral components of the 
backscattered signal was performed. During the synthesis, 
the amplitudes of spectral components were increasing with 
the increasing value of the depth co-ordinate corresponding 
to the penetration depth and the value of frequency-
dependant attenuation coefficient 0k . The process is 

described [11] by the formula: 

 0
1

( ) exp( ) exp( 2 )
M

i k k k i k i
k

F t FA f vt j f t , (4) 

where k stands for the index of the spectral component, fk 
denotes frequency, FAk is a complex spectrum of 
backscattered signal, and 0k is the frequency-dependant 

attenuation coefficient. ti = i· t stands for time, where t is a 
time step given by the signal sampling rate. The summation 

is carried over the whole range of frequencies of 
backscattered signal. The real part of F is the desired 
backscattered signal compensated for attenuation. 
 
2.5 Power backscattering coefficient  
Power backscattering coefficient was calculated following 
the equation: 

 

2

2
0

( )

( )
k

k

k

F S
PBSC

F S
, (5) 

where ( )F S  is spatial backscattered power spectrum and 

0( )F S  is reference power spectrum from standard 
reflecting target. Both signals ware recorded in focus zone. k 
stands for index of spectral component and  denotes 
spatial averaging operation. 
 
3. RESULTS AND DISCUSSION 
Power backscattering coefficient function depends on 
frequency following power-law function (PBSC ~ f n ). 
PBSC values obtained from in vivo experimental 
measurements ware calculated following equation (5) and in 
the range of frequency from 1,0 to 1,7 MHz power-law 
function fitting curve was calculated for each B-scan 
respectively.  

Fig. 5. presents exemplary experimental data and power-
law fir curve for each volunteer.  

1 1.2 1.4 1.6
0

2 10 3

4 10 3

f 

PB
SC

 
Fig. 5. Power backscattering coefficient PBSC vs. frequency f. 
Exemplary power-law fit and experimental data for volunteer 1 
(dots and dashed line), volunteer 2 (crosses and solid line), 
volunteer 3 (squares and dotted line) 
 
Fitting curve for volunteer 1 corresponds to exponent value 
n = 3,09 what is minimum obtained result. For volunteer 2 
presented curve is for n = 3,83 what is maximum calculated 
result. Exemplary curve for volunteer 3 corresponds to              
n = 3,13. 

The frequency dependence of the power backscattering 
coefficient function obtained from in vivo experimental 
measurements corresponds well with the published 
experimental results by Chaffaï [2] and Wear [21]. Table 1 
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presents the comparison of the results obtained in these three 
experiments. 

 
Tab. 1. Results of this study and previously published in vivo 
experimental results 

Author Frequency range 
[MHz] 

Exponent of            
power-law function 

Chafaï et al. [2] 0,3 ÷ 0,7 3,26 ± 0,2 
Wear [21] 0,4 ÷ 1,2 3,38 ± 0,3 
This study 1,0 ÷ 1,7 3,40 ± 0,3 
 

4. CONCLUSIONS 
Obtained exponents of power-law function of PBSC 
correspond to the values published by Chaffaï [2] and Wear 
[21]. This suggests that bone ultrasonic scanner developed 
in our department gives reliable data and can be applied as a 
tool for trabecular bone examination. The system may be 
used both in a laboratory and clinical environment. The high 
level of system programmability enables implementation of 
more advanced processing algorithm. 

This study is an approach towards developing a tool for 
the investigation of scattering in trabecular bone that can 
potentially provide clinically useful information about bone 
strength and condition. 
 
REFERENCES 
1. J. Bamber, C. Hill, J. King, Acoustic properties of 
normal and cancerous human liver, Ultrasound in Medicine 
and Biology, Vol. l7, 121-133, 1981. 
2. S. Chaffaí, V. Roberjot, F. Peyrin, G. Berger, P. Laugier, 
Frequency dependence of ultrasonic backscattering in 
cancellous bone: Autocorrelation model and experimental 
results, Journal of the Acoustical Society of America, Vol. 
108 (5), 2403-2411, 2000. 
3. L. Cie lik, J. Litniewski, M. Lewandowski, A. Nowicki, 
Evaluation of trabecular bone properties using ultrasonic 
scanner, Hydroacoustocs, 2010, vol. 13 
4. D. Hans, P. Dargent-Moline, A. Schott, J. Sebert, C. 
Cormier, P. Kotski, et al. Ultrasonographic heel 
measurements to predict hip fracture in elderly women: the 
Epidos prospective study, Lancet, Vol. 348 (9026), 511-514, 
1996. 
5. F. Jenson, F. Padilla, P. Laugier, Prediction of 
frequancy-dependent ultrasonic backscatter in cancellous 
bone using statistical weak scattering model, Ultrasound in 
Medicine and Biology, Vol. 29, 455-64, 2003. 
6. C. Langton, The role of ultrasound in the assessment of 
osteoporosis, Clinical Rheumatology, Vol. 13 suppl. 1, 13-
17, 1994. 
7. P. Laugier, P. Giat, G. Berger, New ultrasonic methods 
of quantitative assessment of bone status, European Journal 
of Ultrasound, Vol. 1, 23-38, 1994a. 
8. P. Laugier, P. Giat, G. Berger, Bone characterization 
with ultrasound: state of art and new proposal, Clinical 
Rheumatology, Vol. 13 suppl. 1, 22-32, 1994b 
9. P. Laugier, P. Giat, C. Chappard, Ch. Roux, G. Berger, 
Clinical assessment of the backscatter coefficient in 
osteoporosis, 1997 IEEE Ultrasonic Symposium, 1101-
1105, 1997. 
10. P. Laugier, F. Padilla, E. Camus, S. Chaffai, C. 
Chappard, F. Peyrin, M. Talmant, G. Berger, Quantitative 

ultrasound for Bone Status Assessment, IEEE Ultrasonic 
Symposium Proceedings, Vol. 2, 1341-1350, 2000. 
11. J. Litniewski, Wykorzystanie fal ultrad wi kowych do 
oceny zmian struktury ko ci g bczastej, IPPT PAN, 113-
117, Warszawa, 2006. 
12. J. Litniewski, A. Nowicki and P. A. Lewin, Semi-
empirical bone model for determination of trabecular 
structure properties from backscattered ultrasound, 
Ultrasonics, 49, 505-513, 2009. 
13. F. L. Lizzi, M. Ostromogilsky, I. Feleppa, M. Rotke, M. 
Yaremko, Relationship of ultrasound spectral parameters to 
features of tissue microstructure, IEEE Transactions on 
Ultrasonics, Ferroelectrics, and Frequency Control, Vol. 33, 
319-328, 1986. 
14. A. My liwski, P. Trzonowski, M. Okrój, Z. Dobrza ska, 
Atlas histologiczny, Wydawnictwo Pedagogiczne 
OPERON, 22, Gda sk, 2002. 
15. A. My liwski, Podstawy cytofizjologii i histofizjologii, 
AMG, 87-89, Gda sk, 2007. 
16. A. Nowicki, Wst p do ultrasonografii, Podstawy 
fizyczne i instrumentacja, Medipage, 46-47, Warszawa, 
2003. 
17. F. Padilla, F. Peyrin, P. Laugier, Prediction of 
backscattered coefficient in trabecular bones using a 
numerical model of tree-dimensional microstructure, Journal 
of the Acoustical Society of America, Vol. 113 (2), 1122-
1129, 2003. 
18. W. Pereira, S. Bridal, A. Coron, P. Laugier, Singular 
spectrum analysis applied to backscattered ultrasound 
signals from in vitro human cancellous bone specimens, 
IEEE Transactions on Ultrasonics, Ferroelectrics, and 
Frequency Control, Vol. 51, 302-12, 2004. 
19. P. Thomson, J. Taylor, R. Oliver, A. Fisher, Quantitative 
ultrasound (QUS) of the heel predicts wrist and osteoporosis 
related fractures in women ages 45-75 years, Journal of 
Clinical Densitometry, Vol. 1, 219-225, 1998. 
20. K. Wear, B. Garra, Assessment of bone density using 
ultrasonic backscatter, Ultrasound in Medicine and Biology, 
Vol. 24 (5), 689-695, 1998. 
21. K. Wear, Frequency dependence of ultrasonic 
backscatter from human trabecular bone: Theory and 
experiment, Journal of the Acoustical Society of America, 
Vol. 106 (6), 3659-3664, 1999. 

09-Cieslik 2.indd   Sek1:52 08.09.2010   17:23:54



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /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 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 (None)
  /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 <>
    /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.)
    /POL <>
  >>
  /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


