
Spondarthritis in the Triassic
Juan Carlos Cisneros1*, Uiara Gomes Cabral2, Frikkie de Beer3, Ross Damiani4, Daniel Costa Fortier5

1 Centro de Ciências da Natureza, Universidade Federal do Piauı́, Teresina, Brazil, 2 Departamento de Geologia e Paleontologia, Museu Nacional, Universidade Federal do

Rio de Janeiro, Rio de Janeiro, Brazil, 3 Nuclear Technology Division, South African Nuclear Energy Corporation, Pretoria, South Africa, 4 Staatliches Museum für

Naturkunde Stuttgart, Stuttgart, Germany, 5 Departamento de Paleontologia e Estratigrafia, Universidade Federal do Rio Grande do Sul, Porto Alegre, Brazil

Abstract

Background: The evidence of several forms of arthritis has been well documented in the fossil record. However, for pre-
Cenozoic vertebrates, especially regarding reptiles, this record is rather scarce. In this work we present a case report of
spondarthritis found in a vertebral series that belonged to a carnivorous archosaurian reptile from the Lower Triassic (,245
million years old) of the South African Karoo.

Methodology/Principal Findings: Neutron tomography confirmed macroscopic data, revealing the ossification of the entire
intervertebral disc space (both annulus fibrosus and nucleus pulposus), which supports the diagnosis of spondarthritis.

Conclusions/Significance: The presence of spondarthritis in the new specimen represents by far the earliest evidence of
any form of arthritis in the fossil record. The present find is nearly 100 million years older than the previous oldest report of
this pathology, based on a Late Jurassic dinosaur. Spondarthritis may have indirectly contributed to the death of the animal
under study.
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Introduction

The Karoo Basin, comprising South Africa and neighboring

countries, has produced an unparalleled wealth of past life, being

notable for its detailed record of fossil vertebrates that highlight the

Permo-Triassic biotic crisis [1]. In this contribution, we analyze

the vertebral remains of a carnivorous reptile from the Lower

Triassic of South Africa, a specimen that shows macroscopic signs

of a severe bone pathology. The condition is here identified as

spondarthritis, which encompasses a diverse group of related

inflammatory arthritides that share multiple clinical features as

well as common genetic predisposing factors [2], and it represents

the oldest instance of this pathology hitherto known.

Materials and Methods

Specimen BP-1-5796 (stored at the Bernard Price Institute for

Palaeontological Research, Johannesburg) consists of three

articulated anterior caudal vertebrae of a large, basal archosaurian

reptile (Figure 1). The specimen was collected at Driefontein

District, Free State Province, South Africa. This locality produces

a fauna that is considered to represent the lower portion of the

Cynognathus Zone (Cynognathus subzone A), of late Early Triassic age

(Olenekian, ,245 Ma) [3,4,5].

Neutron tomography, a nondestructive technique, was em-

ployed in order to examine the internal structure of the specimen.

This was performed through the SANRAD tomography facility at

the SAFARI-1 nuclear research reactor operated by the South

African Nuclear Energy Corporation (NECSA) in Pretoria. The

reactor has a design power of 20MW and provides a neutron flux

of 1.26107 n.cm-2.s-1 at beam port no-2 at the object under

investigation. For detailed specifications of the SANRAD

tomography facility see [6,7]. The specimen was placed on top

of a rotating desk, on which a total of 180 projections in 180

angular degrees were made (Video S1). The image reconstruction

procedure was performed on IDL based GSECARS Tomography

Processing Software [8]. VGStudio MAX 2.1 software from

Volume-Graphics was used for 3D rendering, segmentation and

slicing of the images obtained.

Results

The specimen here studied is composed by three nearly

complete, fused vertebral bodies and partial zygapophyses

(Figure 1). The vertebrae are almost complete, except for the

missing distal portions of the neural spines. Judging from the size

of these vertebrae, it is assumed that they belonged to a large,

probably old individual. These are overall well preserved and show

no signs of taphonomical alteration. As the vertebrae are fused, it

is not possible to provide the length of each vertebra, the total

length of the specimen being 116 mm.

The osseous reactions in all three vertebrae are very similar,

however, the two posterior vertebrae are visibly more affected

(Figures 1A–C and 2A–D). In these vertebrae, the lateral and

ventral surfaces of the vertebral bodies exhibit an exuberant
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osseous overgrowth, being located below the left and right

transverse processes. This osseous growth precludes the visualiza-

tion of intervertebral limits. Neither zygapophyses or neural arcs

were affected, due to this, they are not fused, and the space

between these structures is filled with sediment.

The neutron tomography (Figure 2) revealed no traces of

fracture or trauma in the vertebral series. Through the

tomography we observed that the intervertebral disc spaces (both

annulus fibrosus and nucleus pulposus) are totally ossified,

producing the complete ankylosis of the vertebrae (Figure 2F

and G, Video S2 and S4). In this way, it is not possible to

distinguish the limits of each vertebral element. No evidence of

zygapophyseal ankylosis, however, was found through the

tomography (Figure 2E and H, Video S1, S3 and S4), thus,

confirming what was recognized by the external exam of the

specimen. Neutron images also showed that in the innermost layer

of the vertebral bodies the trabecular bone forms trabecular

bridges that follow a regular pattern across the ankylosed areas

(Figure 2G, Video S4). The absence of an irregular pattern of

trabecular bone allows to discard the hypothesis of an infectious

process or tumor [9,10].

Differential diagnosis
There are developmental anomalies that can lead to similar

vertebral ankyloses to the one observed in the vertebrae here

studied. This is the case of congenital vertebral synostosis, which

can occur both by an alteration of the secondary embrionary

segmentation or due to absence of intervertebral discs [11]. It is

not common, however, that bones affected solely by this anomaly

bear an external osseous protuberance such as the one found in

our specimen.

Regarding non-congenital pathologies, there is a variety of

processes that can affect, directly or indirectly, leading to vertebral

ankylosis. Fractures on articular surfaces may result in the damage

and osseous ankylosis of these articulations. This problem is

related to cominutive fractures, where more than one articular

surface is involved with the fibrocartilage callus, fusing two or

more bones [12]. In vertebrae, ankylosis is a common sequel to

fractures by compression of one or more vertebral bodies, this

occurs through a mechanism of fibrocartilage callus production

that extends to one or more adjacent vertebrae [12]. In cases of

ankylosis resulting from trauma, evidence of one or more fracture

lines often remains, allowing recognition of this process. However,

there is no evidence that the ankylosis in the vertebrae here studied

was the result of a traumatic process. There is neither presence of

immature bone nor evidence of fracture lines.

Rheumatoid arthritis of the vertebral column, an illness that

may also lead to vertebral ankylosis, is characterized by

progressive synostosis of the following elements: anterior and

posterior ligaments, capsules and small intervertebral articulations,

and intervertebral ligaments [11]. However, intervertebral discs

are not affected, being a pathological condition that is contradicted

by the specimen under study. Furthermore, the bone reaction in

rheumatoid arthritis is minimal or absent [13].

Another disorder that can produce vertebral ankylosis is the

diffuse idiopathic skeletal hyperostosis (DISH). DISH describes a

phenomenon characterized by calcification and ossification of

entheseal sites. The ossification and calcification of the anterolat-

eral aspect of the thoracic spine are regarded as a hallmark of the

disease, however, it is not limited to the spine, as it has often been

reported to involve peripheral sites as well [14]. It is important to

note that DISH should not be considered merely as an isolated

spinal condition but rather a systemic disease. DISH should be

regarded as an extensive proliferative musculoskeletal disease with

clinical and metabolic derangements [14]. Resnick and Niwayama

[15] defined the classification criterion that is currently used:

involvement of at least four contiguous thoracic vertebral

segments, preservation of intervertebral disc spaces, and the

absence of apophyseal joint degeneration or sacroiliac inflamma-

Figure 1. External views of vertebrae BP-1-5796. A. Left lateral
view. B. Right lateral view. C. Posterior view. D. Schematic drawing of a
basal archosaurian reptile, showing the likely placement of the vertebral
series within the caudal region of the column. Scale bars represent
10 mm for (A–B), and 1 m for (D).
doi:10.1371/journal.pone.0013425.g001
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tory changes. The condition is recognized radiographically by the

presence of ‘‘flowing’’ ossification along the anterolateral margins

of the vertebrae and the absence of changes of spondyloarthrop-

athy or degenerative spondylosis [16].

Osteoarthritis is a non-erosive type of arthritis, in which the

primary sites of tissue injury are the cartilage of the joint and the

subchondral bone, directly underlying and supporting it [13]. In

osteoarthritis, overgrowth of bone (osteophytes) do occur, but not

bone resorption. Vertebral phenomena, however, are usually not a

result of osteoarthritis. The term osteoarthritis is properly

restricted in application to diarthrodial joints, thus, excluding the

disk spaces [17]. The only form of spine disease accurately referred

to as osteoarthritis is that producing osseous overgrowth

(osteophytes) of the zygapophyseal joints [10].

The term ‘‘spondyloarthropathy’’ is still frequently employed in

the literature (both medical and paleopathological), however, it is

recommended the use of the term ‘‘spondarthritis’’ (or ‘‘spondy-

loarthritis’’), because the suffix ‘‘arthropathy’’ is too ambiguous

and does not indicate the inflammatory nature of the condition

[18,19,20]. The spondarthrites are characterized by axial and

Figure 2. Neutron tomographies of vertebrae BP-1-5796. A. First (anterior to posterior direction) preserved vertebrae. B. Second vertebrae. C–
D. Third vertebrae. A–C. Transversal slices, in anterior view, at level of anterior border of the transverse process. D. Transversal slice, in anterior view, at
level of maximum thickness of inflammation. E–F. Coronal slices of the vertebral series in dorsal view, (E) at level of the neural canal, (F) at level of the
centrae, anterior to the left. G. Sagittal slice of the vertebral series in right view. H. Raw neutron image in right lateral view. Scale bar represents
10 mm.
doi:10.1371/journal.pone.0013425.g002
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peripheral arthritis, absence of rheumatoid factor, increased

frequency of HLA-B27, overlapping syndromes, familial aggrega-

tion, and mutual association within patients and families [20]. The

following diagnostic criteria have been employed in skeletal

analyses: evidence of zygapophyseal or sacroiliac joint erosion or

ankylosis; asymmetrical arthritis patterns; reactive new bone

formation; syndesmophytes (being either marginals or calcifica-

tions/ossifications within the annulus fibrosus); or, peripheral joint

ankylosis [17,21]. Zygapophyseal joint erosion or ankylosis and

ossification within annulus fibrosus are pathognomonic signals

[17]. In addition, Golding [22] reports that a more florid type of

periosteal reaction occurs in the spondarthritis group of arthritic

disorders, such as Reiter’s disease and psoriatic arthritis.

Furthermore, the presence of annulus fibrosus ossification in

combination with typical syndesmophytes, allows to discard the

diagnosis for DISH, discarthrosis and infectious spondylitis [19].

The diagnosis for some diseases is defined based on the presence

of characteristic features in certain bones or in a group of them.

For this reason, the study of pathologies on isolated bones may

become a delicate question. However, despite of the obstacles that

are inherent to diagnosing isolated bones, these instances of

pathologies do have their own value, specially in relation to

behavior and habitat. In perspective, they reinforce through

understanding the population that they represent [17]. Through

the differential diagnosis of the features found in the vertebral

series, it is possible to discard in our specimen the possibility of

congenital anomaly, fracture, tumor, rheumatoid arthritis, DISH,

or osteoarthritis. Based on the present analysis, the most probable

explanation, supported both by the elimination of other hypothesis

and by the observed characteristics, is that the vertebral ankylosis

was generated by a process of spondarthritis.

Discussion

It is not always feasible to identify the variety of spondarthritis

recorded. Not even clinically, when it is possible to actually talk with an

afflicted human. The presence of ancillary body system involvement

(e.g., dermatologic, genito-urinary symptom) allows spondarthrites to

be distinguished clinically, but discrimination among them may not be

possible when only the skeleton is available for analysis [13].

The present find constitutes the oldest instance of spondarthritis

in the fossil record. The previous oldest evidence of this pathology

was found on vertebrae from the dinosaur Camarasaurus from Utah,

USA [23] of latest Jurassic age (Tithonian, ,147 Ma). Thus, our

find extends the presence of spondarthritis in the fossil record by

nearly one hundred million years, back to the Early Triassic.

The vertebrae under study constitute the remnants of a large,

and presumably old, carnivorous reptile. Being affected by this

pathology, the individual would suffer an increasing constraint of

the movements of its axial skeleton that slowly would hamper its

faculty of locomotion. Such condition was surely disadvantageous

in a number of activities that may require great physical effort,

such as praying and territory defense. By gradually imposing

restrictions in activities that are vital to the individual (i.e.

acquisition of food items) the development of spondarthritis may

have indirectly contributed to the death of this individual.

Conclusions
A severe pathology was recognized in a caudal vertebral series

of a basal archosaurian reptile from the Lower Triassic of the

South African Karoo. Both macroscopic examination and neutron

tomography data revealed features that are diagnostic of

spondarthritis. As such, the present find represents the earliest

example of this pathology in the fossil record. The disease was

likely an indirect cause of the death of the animal.

Supporting Information

Video S1 Rotation of vertebrae BP-1-5796, made from 180

neutron images in 180 angular degrees.

Found at: doi:10.1371/journal.pone.0013425.s001 (3.13 MB

MPG)

Video S2 Parasagittal slices of vertebrae BP-1-5796, from left to

right.

Found at: doi:10.1371/journal.pone.0013425.s002 (1.04 MB

MP4)

Video S3 Transversal slices of vertebrae BP-1-5796, in posterior

to anterior direction.

Found at: doi:10.1371/journal.pone.0013425.s003 (2.21 MB

MP4)

Video S4 Coronal slices of vertebrae BP-1-5796, in ventral to

dorsal direction.

Found at: doi:10.1371/journal.pone.0013425.s004 (1.17 MB

MP4)

Acknowledgments

We are in debt to John Hancox (BPI Palaeontology, Johannesburg) for

collecting the specimen and to Bruce Rothschild (University of Kansas) for

valuable discussion. Editor Gian Paolo Fadini and three anonymous

reviewers are kindly acknowledged.

Author Contributions

Conceived and designed the experiments: JCC FdB RD. Performed the

experiments: FdB. Analyzed the data: JCC UGC. Contributed reagents/

materials/analysis tools: FdB. Wrote the paper: JCC UGC. Processed

images: DCF.

References

1. Rubidge BS (2005) 27th Du Toit Memorial Lecture – Re-uniting lost continents

– Fossil reptiles from the ancient Karoo and their wanderlust. S Afr J Geol 108:

135–172. (doi:10.2113/108.1.135).

2. Ehrenfeld M (2008) Spondyloarthropathies. In: Shoenfeld Y, Cervera R,

Gershwin ME, eds. Diagnostic Criteria in Autoimmune Diseases Human Press.

pp 195–200.

3. Kitching JW (1977) The distribution of the Karroo vertebrate fauna. Memoir of

the Bernard Price Institute for Palaeontological Research, University of the

Witwatersrand 1: 1–131, 1 map.

4. Hancox PJ, Shishkin MA, Rubidge BS, Kitching JW (1995) A threefold

subdivision of the Cynognathus Assemblage Zone (Beaufort Group, South Africa)

and its palaeogeographical implications. S Afr J Sci 91: 143–144.

5. Neveling J, Hancox PJ, Rubidge BS (2005) Biostratigraphy of the lower

Burgersdorp Formation (Beaufort Group; Karoo Supergroup) of South Africa –

implications for the stratigraphic ranges of early Triassic tetrapods. Palaeont afr

41: 81–87. (published 2006).

6. de Beer FC (2005) Characteristics of the neutron/X-ray tomography system at
the SANRAD facility in South Africa. Nucl Instrum Meth A 542: 1–8.

(doi:10.1016/j.nima.2005.01.003).

7. de Beer FC, Strydom WJ (2001) Neutron radiography at SAFARI-l in South

Africa. Nondestruct Test Eva 16: 163–176. (doi:10.1080/10589750108953073).

8. Rivers ML (2001) GSECARS Tomography Processing Software. http://cars9.

uchicago.edu/software/tomography.

9. Rothschild BM, Witzke BJ, Hershkovitz I (1999) Metastatic cancer in the

Jurassic. Lancet 354: 398. (doi:10.1016/S0140-6736(99)01019-3).

10. Rothschild BM, Wang X, Shoshani J (1994) Spondyloarthropathy in

proboscideans. J Zoo Wildlife Med 25: 360–366.

11. Campillo D (2001) Introducción a la Paleopatologı́a. Barcelona: Bellaterra. 591 p.

12. Ortner DJ (2003) Identification of Pathological Conditions in Human Skeletal

Remains, Second Edition. Amsterdam: Academic Press. 645 p.

13. Rothschild BM, Martin LD (2006) Skeletal Impact of Disease. Albuquerque: N

Mex Mus Nat Hist Sci Bull. 226 p.

Spondarthritis in the Triassic

PLoS ONE | www.plosone.org 4 October 2010 | Volume 5 | Issue 10 | e13425



14. Mader R, Sarzi-Puttini P, Atzeni F, Olivieri I, Pappone N, et al. (2009)

Extraspinal manifestations of diffuse idiopathic skeletal hyperostosis. Rheuma-
tology 48: 1478–1481. (doi:10.1093/rheumatology/kep308).

15. Resnick D, Niwayama G (1988) Diagnosis of bone and joint disorders.

Philadelphia: WB Saunders. 5600 p.
16. Belanger TA, Rowe DE (2001) Diffuse Idiopathic Skeletal Hyperostosis:

Musculoskeletal Manifestations. Am Acad Orthop Surg 9: 258–267.
17. Rothschild BM (2009) Scientifically rigorous reptile and amphibian osseous

pathology: Lessons for forensic herpetology from comparative and paleo-

pathology. Appl Herpetol 6: 47–79. (doi:10.1163/157075409X413842).
18. Zochling J, Brandt J, Braun J (2005) The current concept of spondyloarthritis

with special emphasis on undifferentiated spondyloarthritis. Rheumatology 44:
1483–1491. (doi:10.1093/rheumatology/kei047).

19. Kompanje EJO (1999) Considerations on the comparative pathology of the

vertebrae in Mysticeti and Odontoceti; evidence for the occurrence of
discarthrosis, zygarthrosis, infectious spondylitis and spondyloarthritis. Zool

Meded 73: 99–130.

20. François RJ, Eulderink F, Bywaters EGL (1995) Commented glossary for
rheumatic spinal diseases, based on pathology. Ann Rheum Dis 54: 615–625.

(doi:10.1136/ard.54.8.615).
21. Rothschild BM (2010) Macroscopic recognition of nontraumatic osseous

pathology in the postcranial skeletons of crocodilians and lizards. J Herpetol

44: 13–20. (doi:10.1670/08-243.1).
22. Golding DN (1985) Pain and periostitis. J R Soc Med 78: 706–707.

23. Rothschild B, Helbling II M, Miles C (2002) Spondyloarthropathy in the
Jurassic. Lancet 360: 1454. (doi:10.1016/S0140-6736(02)11471-1).

Spondarthritis in the Triassic

PLoS ONE | www.plosone.org 5 October 2010 | Volume 5 | Issue 10 | e13425



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


