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Abstract Screws, clamps and other spinal instrumenta-

tion materials are tested using healthy animal and healthy

human vertebrae, but the application of similar tests to an

osteoporotic vertebra is generally neglected because of

high costs and limited availability of high quality and

consistent osteoporotic vertebrae. The objective of this

study is to develop an in-vitro method to decrease the

mineral content of an animal vertebra utilizing decalcifying

chemical agents that alters the bone mineral density and

some biomechanical properties to such an extent that they

biomechanically mimic the osteoporotic spine. This study

was performed on 24 fresh calf lumbar vertebrae. Twelve

out of these 24 vertebrae were demineralized and the others

served as control. A hole was opened in the pedicles of

each vertebrae and the bone mineral density was measured.

Each vertebra was then placed into a beher-glass filled with

hydrochloric acid decalcifier solution. The decalcifier

solution was introduced through the holes in the pedicles

with an infusion pump. The vertebrae were then subjected

to DEXA to measure post process BMD. Pedicle screws

were introduced into both pedicles of each vertebrae and

pullout testing was performed at a rate of 5 mm/min. The

difference of BMD measurements between pre- and post-

demineralizing process were also statistically significant

(p \ 0.001). The difference of pullout loads between pre-

and post-demineralizing process were also statistically

significant (p \ 0.001). The acid demineralizing process

may be useful for producing a vertebra that has some

biomechanical properties that are consistent with osteope-

nia or osteoporosis in humans.
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Introduction

Studying the osteoporosis related bone loss and instru-

mentation of osteoporotic vertebra is important in

understanding bone mechanics and development of new

and improved implant designs [8, 11]. Access to consistent

and high quality human cadaveric tissue is limited. Fur-

thermore, human cadaveric specimens are very

heterogeneous from a biomechanical perspective. Since

Swartz et al. [20] have shown that the mean tissue density,

equivalent mineral density, compressive modulus and

strength of calf spine are similar to a young healthy human

spine; the calf spine has been a common substitute for

human cadaveric spines for the biomechanical studies.

Nevertheless, the development of an animal model for

severe osteoporosis is not possible unless dietary restric-

tions or hormonal interventions are performed. This

significantly increases experiment time and cost. Living

animal models simulating the osteoporotic condition

induced by overectomy and dietary restrictions are used to

test drugs developed to treat osteoporosis [6, 10, 17, 21]. A
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living animal model, however, is not necessary for the

majority of biomechanical studies. Hence, there exists a

need to develop a reproducible in-vitro osteoporotic ver-

tebra model for pedicle screw pullout investigations.

Therefore, an in-vitro method of decreasing the mineral

content of an animal cadaveric vertebra, utilizing decalci-

fying chemical agents, was developed. Such a technique

should alter bone mineral density (BMD) and some bio-

mechanical properties as dramatically as it occurs in

osteoporotic human bone. The testing of this model is

presented herein.

Material and methods

Four fresh lumbar spines from 12–14 weeks old calves

were obtained for analysis. All specimens were cleaned of

surrounding musculature, ligaments and periosteum, and

separated into individual vertebrae, yielding 24 individual

vertebrae. The specimens were then wrapped with saline-

soaked gauze, sealed in plastic bags, and stored frozen at

-20�C until the day of testing. Prior to testing, the speci-

mens were thawed at room temperature for 24 h. Care was

taken to keep the specimens moist throughout the experi-

ment. Specimens were randomly divided into two groups

of equal size: demineralized and control. The details of the

demineralization procedure are described below.

Demineralization procedure

a) Specimen preparation

A hole into the pedicles of each vertebra was prepared with

an awl at the junction of midlines of transverse process and

facet. This hole was extended into the vertebra corpus with

a blunt-tip pedicle probe to a depth of 40 mm. The dia-

meter of holes, which is equal to the diameter of blunt type

pedicle probe, is about 4 mm. The specimen was scanned

using a Dual Energy X-ray Absortiometry (DEXA) scanner

to determine BMD and bone mineral content (BMC) data.

Pre-process BMD and BMC data were collected in the

antero-posterior direction.

b) Demineralization

We observed that when a colored solution (methylen blue)

was perfused with a syringe through one of the holes in the

pedicles into the vertebra; the solution permeated all the

trabecular bone network of the vertebral body. It left the

vertebra from basivertebral vein foramina and the hole on

the other pedicle. This implied that the infused decalcifying

solution would permeate throughout as well. To examine

this hypothesis and to determine the optimum time

parameters, pilot experiments were performed with two or

three vertebra (Two vertebrae for 1 h, two vertebrae for 6 h,

two vertebra for 12 h, and three vertebrae for 24 h.). In pilot

experiments, each vertebra, prepared as described above,

was placed into a beher-glass filled with 500 cc hydro-

chloric acid decalcifier solution. The decalcifier solution in

50 cc volumes was then introduced through the holes into

the pedicles with a syringe at 1 h intervals. After keeping

and irrigating, the vertebrae in the decalcifier solution for 1,

6, 12 and 24 h vertebrae were washed under running tap

water. Saline was given through pedicular holes until the

decalcifier solution was completely removed. It was

observed that the extent of demineralization (BMD and

BMC) is correlated to exposure time to the acid bath, pro-

vided all other related variables (i.e., temperature, volume

and concentration of demineralization solution) remained

constant. The percent change of before and after deminer-

alization procedure to time graph is presented in Fig. 1.

The favorable results from the pilot study described

above led to the main research where each vertebra was

individually placed into beher-glasses filled with 500 cc

hydrochloric acid decalcification solution (Shandon TBD-1

Decalcifying Reagent, Thermo Electron Co. Pittsburgh,

PA.). The temperature of the solution was 20–22�C. As the

first step of the demineralization procedure, 50 cc of the

decalcifier solution was flushed through a hole in the

pedicle. Then, 480–500 cc of the decalcifier solution was

introduced through the same hole into the vertebra with a

controlled syringe type infusion pump (IVAC P 6000,

IVAC Medical systems Hampshire, RG24 8WA) which has

an infusion rate of 40 cc/h. The same procedure was
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Fig. 1 The percent change of the BMD to demineralization time

graphic. Data were achieved from pilot studies. As clearly seen, the

percent change of the BMD increases with demineralization time
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repeated for the other pedicle for another 12 h. The overall

duration of the demineralization time was 24 h.

The infusion pump and vertebra were connected by a

60 cm length of plastic tubing and a plastic cone type

connector that snuggly fits the hole on the pedicle. The

experimental setup is shown as a schematic diagram in

Fig. 2. The vertebrae were then washed under running tap

water and flushed with 500 cc of saline solution through

the pedicle holes to completely washout the decalcifier

solution from the specimen.

Control group

The control group consisting of 12 vertebrae was placed

into a beher-glass filled with saline solution for 24 h. For

measuring the post-process BMD, the specimens were

DEXA-scanned as described above.

Pullout testing

After the BMD measurement process, both pedicles of each

vertebra were tapped through the previously prepared

infusion holes and instrumented with pedicle screws with a

size of 6.5 9 40 mm (Tasarimmed, Istanbul, Turkey).

Following this procedure, each vertebra was embedded in a

metal alloy with low melting temperature (Cerrobend,

Cerro Metal Products Co., Bellefonte, PA) and secured into

MTS Alliance RT/10 materials testing machine (MTS Co.

Eden Praire, MN). Pullout test was done at the rate of

5 mm/min and the data were collected at 50 Hz. At the end

of the pullout test, Cerrobend was melted and vertebrae

were removed.

Statistical analysis

Since the paired t test is used when measurements are taken

from the same subject before and after some manipulation;

pre-process and post-process BMD values of vertebrae

were statistically analyzed using a paired t test to determine

significant differences at the 95% confidence level.

Descriptive statistics and non-paired t test were used to

detect differences of the pullout load between decalcified

and control groups

Results

The pre-process and post-process BMD and BMC values

are shown in (Table 1). Mean and standard deviations of

BMD measurements for pre- and post-process were found

as 1.43 ± 0.08 and 1.12 ± 0.07 g/cm2, respectively. A

paired t test showed that the difference between pre- and

post- process BMD measurements were statistically sig-

nificant (p \ 0.001). Mean and standard deviations of

pullout loads were found as 668.13 ± 170.78 N in the

decalcified group and 1,602.50 ± 528.72 N in the control

group, as shown in Fig. 3. An unpaired t test demonstrated

that the difference was statistically significant (p \ 0.001).

Fig. 2 Schematic diagram

showing the experiment setup

used for the demineralization

process

Table 1 The BMD values of vertebra before and after deminerali-

zing procedure

Specimen

No.

BMD before

demineralization

(gr/cm2)

BMD after

demineralization

(gr/cm2)

Change

(%)

1 1,572 1,072 32

2 1,517 1,012 33

3 1,460 1,174 20

4 1,515 1,241 19

5 1,417 1,148 19

6 1,395 1,076 23

7 1,332 1,072 20

8 1,27 1,065 17

9 1,432 1,148 20

10 1,472 1,175 21

11 1,404 1,084 23

12 1,372 1,174 15

Mean ± SD 1,430 ± 0,084 1,120 ± 0,065 21,833 ± 5,458

The percent change is presented in the last column. (Specimens were

demineralized for 24 h)
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Discussion

Gonadectomized laboratory animals such as monkeys,

minipigs, sheep, goats, rats and dogs are well known as

models of experimental osteoporosis. They, however,

present several problems such as unpredictable reproduci-

bility of the extent of osteopenia, high costs, the

consumption of time. Living animal models have been

considered the ideal model to evaluate therapeutic chemi-

cal agents and to investigate the pathophysiological

mechanisms of the osteoporosis. The cadaveric calf spine,

however, is commonly used to evaluate biomaterials and

prosthetic systems for spine fixation. Nevertheless, a calf

model for osteoporosis has not been reported.

In the present study, we were able to create a reprodu-

cible demineralized vertebra model, in which a graded

result was achieved—depending on the time of exposure to

the decalsifier solution. The acid demineralization tech-

nique altered bone density and the screw pullout

characterstics of the vertebrae as dramatically as they

occured in osteoporotic vertebrae. It is well known that the

bony part of the vertebrae is composed of an organic matrix,

mineral and water components. Bone cells and collagen

fibers are the main aspects of the organic matrix. The col-

lagen fibers extend in all directions in the bone. The

collagen fibers are surrounded by flat, plate-like mineral

crystals that are known as hydroxyapatites. Hydroxyapatite

crystals constitute the mineral components of bone [2, 3, 7,

21]. The mechanical properties of the vertebra (stiffness,

strain, ultimate load, etc.,) are related to the extent of

mineralization of the bone matrix [7, 22]. Currey [5] dem-

onstrated that observed torsional strength is proportional to

and most depended on mineral content. Calcium hydroxy-

apatite crystals of the bone could be dissociated by some

acids or chelating agents. This process is known as

demineralization. Demineralization of hard tissue has been

utilized as a step in the preparation for histological and

pathological microscopic examination. The reaction

between acid and hydroxyapatite crystals is considered to

be instantenous. The rate of demineralization is influenced

by the concentration of the acid utilized [12, 13]. In the

static acid bath, the rate of penetration of the demineral-

ization is related to the molecular size of acid employed [1].

In our study, the acid solution was perfused through the

pedicle holes by an infusion pump. In this way, the acid

solution could be delivered to nearly all the trabecular bone

in the vertebra.

Osteoporosis is defined in epidemiologic studies when

bone mineral density is 2.5 standard deviations (SDs) or

more below the mean for healthy young adult women at the

spine, hip, or wrist [14, 15]. The Dual Energy X-ray

Absortiometry scanning (DEXA) is considered the gold

standard for BMD measurements, because it is the most

extensively validated test against fracture outcomes [15].

The in vivo osteoporosis model, created with gonadec-

tomy, has been, however, shown to provide only 11 and

13% decreases in BMD in primates and sheep, respectively

[21]. In the present study, to determine the efficiency of

demineralization and decrease the inter-specimen vari-

ability, the pre-process and post-process DEXA scan

examinations were done for each vertebra individually. The

t test for paired data demonstrated that the difference

between the mean values of BMD in pre-process and

post-process specimens to be statistically significant

(p \ 0.001). The mean BMD value for pre-process speci-

mens was 1.43 ± 0.08 g/cm2 and for post-process

specimens was 1.12 ± 0.07 g/cm2. In our model, the dif-

ference between pre-process and post-process BMD values

was 21.68%. Therefore, it is reasonable to state that our

demineralization protocol was able to successfully

decrease the bone mineral density of a calf vertebra. It is

also shown in Fig. 4 that the demineralization procedure

caused thinning of cortex and demineralizing of the tra-

becular component of the vertebra.

The efficacy of a pedicle screw fixation system defines

the ability of the bone structure to transmit skeletal loads to

the fixation system and to withstand the forces applied to

bone, such as screw pullout forces. BMD is an important

determinant of the holding power of the pedicle screws in

the vertebra [4, 18, 19]. Okuyama and coworkers [16] have

shown that DEXA scan accurately assesses bone mineral

density, which in turn influences biomechanical properties

by determining, among many other factors, axial screw

pullout strength. In addition, the trabecular architecture of

the pedicle is different from that of vertebral body. Tra-

beculae of the pedicle are greater in thickness and

ensemble having less spacing network, which is different

from that of vertebra. Age related changes are observed as

thinning but not loss of trabecula (the inner structure of the
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Fig. 3 Bar graph with error bands showing comparison of mean

pullout loads of the control and demineralized vertebra groups
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pedicle is not substantially altered). Thinning of trabecula

is the result of mineral loss. The presented model is just

mimicking this pattern; hence, we examined the pedicle

screw pullout forces in both groups [9]. The statistical

analysis showed that the difference between the mean

pedicle screw pullout forces of demineralized and control

groups to be statistically significant (p \ 0.001). Our

results showed that the decalcification protocol presented

here was also capable of mimicking the degradation in

mechanical properties of the bone-pedicle screw interface

as seen in the osteoporotic human spine.

Consequently, both DEXA measurements and pedicle

screw pullout forces were consistent with the demineral-

ization that occurred via the acid demineralization process.

Hence, this process is a readily available method for cre-

ating a vertebra, which harbors the biomechanical

properties of a vertebra with advanced osteoporosis. The

calf vertebrae processed with this method could be used for

pedicle screw pullout studies.

It is noteworthy that the histology and morphology

associated with the model presented herein is more con-

sistent with osteomalacia than osteoporosis. In order to

truly mimic osteoporosis, the collagen content and in fact

the structure of the trabeculae itself, would require removal

(which does not occur in the model presented herein).

Unlike osteoporosis, the structure of the trabeculae remains

after decalcification. This histological and morphological

differentiation should not detract from the experimental

significance of this model. From a biomechanical per-

spective, the structural characterics are of the greatest

importance. That is what was studied here. Therefore, the

biomechanical observations and correlations made herein

are of experimental and ultilmately clincal significance.

Conclusion

The acid demineralizing process may be useful for the

creation of an invitro animal model that harbors the some

biomechanical properties that exist in osteopenic or osteo-

porotic vertebra. BMC and pedicle screw pullout loads

were analyzed in calf lumbar vertebrae by the acid

demineralizing method presented herein. More studies are

required to correlate stiffness, compressive strength, and

the other biomechanical properties with the extent of

demineralization.
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Important

Decalcifier solution used in this study is a hydrochloric

acid derivative. Safety glasses and gloves should be uti-

lized for personel protection and a good ventilation must be

ensured in the laboratory when studying with the decalci-

fier solution. Material safety data sheets could be seen for

warnings and precautions.

References

1. Birkedal-Hansen H (1974) Kinetics of acid demineralization in

histologic technique. J Histochem Cytochem 22(6):434–441

2. Boivin G, Meunier PJ (2002) Effects of bisphosphonates on

matrix mineralization. J Musculoskelet Neuronal Interact

2(6):538–543

3. Boskey AL (1992) Mineral-matrix interactions in bone and car-

tilage. Clin Orthop Relat Res 281:244–274

Fig. 4 Representative CT scans

of vertebra. Before (a) and after

(b) demineralizing process.

Cortex thinning (bold arrows)

and the dense subcondral bone

which seen under the endplates

loosening are observed (fine
arrows)

472 Eur Spine J (2008) 17:468–473

123



4. Cook SD, Salkeld SL, Stanley T, Faciane A, Miller SD (2004)

Biomechanical study of pedicle screw fixation in severely oste-

oporotic bone. Spine J 4(4):402–408

5. Currey JD (2003) The many adaptations of bone. J Biomech

36(10):1487–1495

6. Egermann M, Goldhahn J, Schneider E (2005) Animal models for

fracture treatment in osteoporosis. Osteoporos Int 2(Suppl):S129–

S138

7. Faibish D, Ott SM, Boskey AL (2006) Mineral changes in oste-

oporosis: a review. Clin Orthop Relat Res 443:28–38

8. Goldhahn J, Neuhoff D, Schaeren S, Steiner B, Linke B, Aebi M,

Schneider E (2006) Osseointegration of hollow cylinder based

spinal implants in normal and osteoporotic vertebrae: a sheep

study. Arch Orthop Trauma Surg 126(8):554–561

9. Inceoglu S, Burghardt A, Akbay A, Majumdar S, McLain RF

(2005) Trabecular architecture of lumbar vertebral pedicle. Spine

30(13):1485-1490

10. Jee WS, Yao W (2001) Overview: animal models of osteopenia

and osteoporosis. J Musculoskelet Neuronal Interact 1(3):193–

207

11. Kettler A, Schmoelz W, Shezifi Y, Ohana N, Ben-Arye A, Claes

L, Wilke HJ (2006) Biomechanical performance of the new

BeadEx implant in the treatment of osteoporotic vertebral body

compression fractures: restoration and maintenance of height and

stability. Clin Biomech (Bristol, Avon) 21(7):676–682

12. Lewandrowski K, Tomford WW, Michaud NA, Schomacker KT,

Deutsch TF (1997) An electron microscopic study on the process

of acid demineralization of cortical bone. Calcif Tissue Int

61(4):294–297

13. Lewandrowski KU, Venugopalan V, Tomford WW, Schomacker

KT, Mankin HJ, Deutsch TF (1996) Kinetics of cortical bone

demineralization: controlled demineralization—a new method for

modifying cortical bone allografts. J Biomed Mater Res

31(3):365–372

14. Nayak S, Olkin I, Liu H, Grabe M, Gould MK, Allen IE, Owens

DK, Bravata DM (2006) Meta-analysis: accuracy of quantitative

ultrasound for identifying patients with osteoporosis. Ann Intern

Med 6;144(11):832–841

15. Nelson HD, Helfand M, Woolf SH, Allan JD (2002) Screening

for postmenopausal osteoporosis: a review of the evidence for the

US Preventive Services Task Force. Ann Intern Med 137(6):529–

541 Summary for patients in: Ann Inter Med 17 September 2002

137(6):I59

16. Okuyama K, Abe E, Suzuki T, Tamura Y, Chiba M, Sato K

(2001) Influence of bone mineral density on pedicle screw fixa-

tion: a study of pedicle screw fixation augmenting posterior

lumbar interbody fusion in elderly patients. Spine J 1(6):402–407

17. Priemel M, Schilling AF, Haberland M, Pogoda P, Rueger JM,

Amling M (2002) Osteopenic mice: animal models of the aging

skeleton. J Musculoskelet Neuronal Interact 2(3):212–218

18. Reitman CA, Nguyen L, Fogel GR (2004) Biomechanical eval-

uation of relationship of screw pullout strength, insertional

torque, and bone mineral density in the cervical spine. J Spinal

Disord Tech 17(4):306–311

19. Seebeck J, Goldhahn J, Morlock MM, Schneider E (2005)

Mechanical behavior of screws in normal and osteoporotic bone.

Osteoporos Int 2(Suppl):S107–S111

20. Swartz DE, Wittenberg RH, Shea M, White AA III, Hayes WC

(1991) Physical and mechanical properties of calf lumbosacral

trabecular bone. J Biomech 24(11):1059–1068

21. Turner AS (2001) Animal models of osteoporosis-necessity and

limitations. Eur Cell Mater 22(1):66–81

22. Turner CH (2002) Determinants of skeletal fragility and bone

quality. J Musculoskelet Neuronal Interact 2(6):527–528

Eur Spine J (2008) 17:468–473 473

123


	A demineralized calf vertebra model as an alternative to classic osteoporotic vertebra models for pedicle screw pullout studies
	Abstract
	Introduction
	Material and methods
	Demineralization procedure
	a) Specimen preparation
	b) Demineralization

	Control group
	Pullout testing
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgments
	Important
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


