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Clinical application of C2 laminar screw technique

Weihu Ma • Leling Feng • Rongming Xu •

Xiaochen Liu • Alan H. Lee • Shaohua Sun •

Liujun Zhao • Yong Hu • Guanyi Liu

Received: 22 June 2009 / Revised: 17 February 2010 / Accepted: 9 May 2010 / Published online: 5 June 2010

� Springer-Verlag 2010

Abstract C2 laminar screws have become an increas-

ingly used alternative method to C2 pedicle screw fixation.

However, the outcome of this technique has not been

thoroughly investigated. A total of 35 cases with upper

cervical spinal instability undergoing C2 laminar screw

fixation were reviewed. All cases had symptoms of atlan-

toaxial instability, such as craniocervical junction pain, and

were fixed with the Vertex cervical internal fixation sys-

tem. A total of 68 screws were placed and hybrid constructs

(a C2 translaminar screw combined with a C2 pars screw)

were incorporated in two patients. In this series, there were

no intraoperative complications and no cases of neurolog-

ical worsening or vascular injury from hardware place-

ment. Computed tomographic scans demonstrated a partial

dorsal laminar breach in ten patients. None of these

resulted in neurological symptoms. None of the patients

was found to have a breach of the ventral laminar cortex.

All the C2 laminar screws fixations were performed suc-

cessfully. There was no instability seen on the films with no

evidence of hardware failure or screw loosening during the

follow-up period in all patients. In conclusion, C2 laminar

screw technique is straightforward and easily adopted; it

can efficiently and reliably restore upper cervical stability.

It is an alternative method to C2 pedicle screw fixation,

especially in patients with unilateral occlusion of vertebral

artery and pedicle deformity of C2.
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Introduction

Instability of the upper cervical spine requiring surgical

stabilization may be treated with a variety of techniques

that have evolved from wiring techniques to more rigid

fixations of the axis, in which transarticular, pedicle/pars or

laminar screws attached to rods are implanted [1–4]. Older

methods of atlantoaxial fixation, such as the Brooks-

Jenkins or modified Gallie wiring techniques, are simpler

procedures but require rigid immobilization after surgery

and have nonunion rates of up to 30% [1, 2]. Several

biomechanical studies have suggested that these posterior

wiring techniques may not provide sufficient immobiliza-

tion of the atlantoaxial complex [3, 5, 6]. As a result, newer

techniques effectively limit motion along all axes. Two

more popular methods are the transarticular screw tech-

nique of Jeanneret and Magerl [1, 2] and the Harms C1

lateral mass technique. The first technique involves placing

a transarticular screw across the C1–C2 joint, while the

second involves screw placement in the C1 lateral masses

and the C2 pedicles, which are then longitudinally con-

nected via rods. Both techniques involve screw fixation

into the C2 pars/pedicle, which can result in a significant

risk to the vertebral artery. Several authors have shown up

to a 20% incidence of vertebral anomalies that would not

allow safe placement of these screws [7, 8]. Injury to the

vertebral artery has been identified in multiple large case
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series and is generally believed to occur with an incidence

of 2–8% [7]. For these reasons, a technique using crossing

screws placed directly onto the cancellous bone of the

laminar of C2 was devised [4]. In this study, we used

crossing C2 laminar screws to effect C2 fixation in 35

patients. The axis was successfully stabilized using this

technique.

Materials and methods

From October 2004 to October 2008, 35 consecutive

patients with upper cervical spinal instability who under-

went C2 laminar screw fixation were reviewed. Prior to

surgery, all patients underwent preoperative radiological

evaluation of the cervical spine, including CT scanning

with multiplanar reconstruction to assess the posterior

anatomy of C2 and ensure adequate thickness of the lam-

inae. There were 19 males and 16 females, with a mean age

of 45 years (ranging from 23 to 73 years old).There were

19 cases of delayed odontoid fracture, 1 case of rupture of

the axis transverse ligament, 2 cases of congenital loose

odontoid process, 7 cases of Jefferson fracture combined

with atlantoaxial instability, 5 cases of traumatic instability

of C2–3 and 1 case of an atypical Hangman fracture. All

cases had symptoms of atlantoaxial instability, such as

craniocervical junction pain, and were fixed with the

Vertex cervical internal fixation system. A total of 68

laminar screws were placed and, in two patients, hybrid

constructs (a C2 translaminar screw combined with a C2

pars screw) were incorporated because the lamina was

found to be too thin. The patients were then assessed both

clinically and radiographically with postoperative com-

puted tomographic scans.

Surgical technique

Patients were placed in the prone position with the head

and cervical spine maintained in the neutral position using

the Mayfield head holder. Exposure of the posterior upper

cervical spine was then accomplished in the usual manner.

The posterior arch of C1 was identified to the lateral aspect.

The spinous process, laminae and medial lateral masses of

C2 were then exposed. The spinous processes, laminae and

lateral masses of the subaxial spine were exposed as nee-

ded. C1 lateral mass screws were placed using the tech-

nique described by Tan [9], with 4.0 9 26 to 4.0 9 30 mm

polyaxial lag screws (Vertex; Medtronic Sofamor Danek,

Memphis, TN) inserted bilaterally. For constructs involv-

ing the subaxial spine, 3.5 9 14 mm polyaxial screws were

inserted in the lateral masses using the technique described

by Roy-Camille [10] or pedicle screw fixation.

For fixation of C2, using crossing screws placed directly

onto the cancellous bone of the laminar of C2 described by

Wright [4], a high-speed drill was then used to open a small

cortical window at the junction of the C2 spinous process

and lamina on the right, close to the rostral margin of the

C2 lamina. With a hand drill, the contralateral lamina was

carefully drilled to a depth of 30 mm, with the drill visually

aligned along the angle of the exposed contralateral lami-

nar surface. To avoid injury to the spinal canal, the tra-

jectory of insertion was kept slightly less than the

downslope of the lamina to ensure that any possible cor-

tical breakthrough would occur dorsally through the lami-

nar surface, rather than ventrally into the spinal canal.

Additionally, a small ball probe was used to palpate the

length of the hole to verify that no cortical breakthroughs

into the spinal canal had occurred. A 4.0 9 26 to

4.0 9 32 mm polyaxial screw was then carefully inserted

along the same trajectory. In the final position, the screw

head remained at the junction of the spinous process and

lamina on the right with the length of the screw within the

left lamina.

A small cortical window was then made at the junction

of the spinous process and lamina of C2 on the left, close to

the caudal aspect of the lamina. Using of the same tech-

nique as above, a 4.0 9 26 to 4.0 9 32 mm screw was

then placed onto the right lamina, with the screw head

remaining on the left side of the spinous process. After

screw placement, all exposed laminar surfaces were dec-

orticated with a high-speed drill. Rods were contoured and

then secured to the remaining screw heads in the construct.

Local autograft and morselized autologous iliac crest bone

graft were packed around the remaining exposed bone

surfaces and into the decorticated facet complexes. An

intraoperative lateral cervical spine radiograph was always

obtained to corroborate positioning of the instrumentation.

All patients were immobilized with rigid cervical collars

for 6 weeks. Radiographs and CT scans obtained in the

immediate postoperative period were used to confirm

accurate placement of hardware. All patients were evalu-

ated at 6 weeks, 3 and 6 months with flexion and extension

lateral radiographs (Fig. 1).

Results

The average operative time was 102 min (with a range

from 78 to 129 min). No patient received blood transfu-

sion. The average length of hospitalization was 8.2 days

(range 4–19 days). There were no intraoperative compli-

cations and no cases of neurological worsening or vascular

injury from hardware placement. Computed tomographic

scans demonstrated a partial dorsal laminar breach in ten

patients. None of these resulted in neurological symptoms.

Eur Spine J (2010) 19:1312–1317 1313

123



None of the patients was found to have a breach of the

ventral laminar cortex. All patients were followed up from

6 to 54 months, with the average being 29 months. There

was no instability seen on these films and no clinical

evidence of hardware failure or screw loosening during the

follow-up period in all patients.

Discussion

Instrumentation of C1–2 instability can be accomplished

via multiple possible constructs. The traditional transar-

ticular technique, combined with various wiring methods,

has demonstrated enhanced biomechanical outcomes when

compared with stand-alone wiring methods [3, 5]. How-

ever, variations in bone anatomy may result in an increased

risk of vertebral artery injury during transarticular screw

placement procedures. Vertebral artery injuries can cause

serious complications, such as brain infarction in the

regions of the cerebellum and posterior cerebral artery, as

well as life-threatening brain stem infarction [7, 8]. Harms

described posterior C1–C2 fusion using a polyaxial screw

into the lateral mass of C1 as well as C2 pedicle screws [2].

This technique is thought to have less risk of injury to the

vertebral artery secondary to a more superior and medial

trajectory of the C2 pedicle screw. However, risk of injury

to the vertebral artery still exists, and the technique can be

technically challenging. Variable pedicle size, angle and

location of the foramen transversarium and either asym-

metry or hypoplasia of the vertebral artery can make

placement of this screw difficult with a high risk of injuring

either the adjacent vertebral artery or spinal cord [7, 8].

Igarashi et al. [11] showed that 20% of specimens had a

pedicle diameter less than 3.5 mm. Ebraheim et al. [8]

showed a high rate of violation of the foramen trans-

versarium with attempted pedicle screw placement.

Wright [4] recently described a novel technique of screw

fixation into the axis using bilateral, crossing laminar

Fig. 1 A 35-year-old female with type II delayed odontoid fracture.

a Lateral X-ray view; b intraoperative X-ray view; c intraoperative

picture; d postoperative lateral X-ray view; e, f postoperative CT

reconstruction; g, h postoperative CT scan; i, j flexion and extension

lateral X-ray views, postoperative 6 months
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screws. This technique allows for immobilization of the

axis without risk to the vertebral artery. The technique was

thought to be advantageous because of the large size of the

C2 lamina and the ability to directly visualize all relevant

structures, potentially decreasing the need for intraopera-

tive navigation. The screw is placed parallel to the down-

slope of the contralateral lamina to avoid penetration into

the spinal canal. Dissection under the C2 lamina can be

performed to prevent canal penetration. These screws can

be connected to C1 lateral mass screws. The lateral mass

screw is connected to the ipsilateral screw head of the C2

laminar screw using a connecting rod, thus stabilizing the

lateral mass to the contralateral C2 lamina. A similar

connection can be undertaken for incorporation of C2 into

subaxial constructs.

Biomechanical stability of this fixation technique has

recently been evaluated by Gorek et al. [12], who found

intralaminar screw constructs to be biomechanically

equivalent to the Harms construct, and by extrapolation to

the Magerl-Gallie construct for atlantoaxial fixation. In a

similar study, Lapsiwala et al. [13] have reported on a

cadaveric biomechanical study comparing intralaminar to

pedicle and transarticular screws for C1–C2 fixation. They

demonstrated in both intact and destructive cadaveric

models that C2 fixation was equivalent to other methods in

flexion/extension and axial rotation, but somewhat less

rigid in lateral bending.

The anatomic study of Cassinelli et al. [14] showed that

71% of specimens had a laminar thickness of C2 C 5 mm

and 93% had C4 mm, but there was a wide range of

Fig. 2 A 28-year-old male. a Preoperative reconstructed CT showed

C1 fracture combined with C1–C2 instability; b preoperative CT

scan; c preoperative three-dimension CT showed a small pedicle of

the left side of C2; d preoperative CT scan of C2; e, f postoperative

AP and lateral X-ray views; g postoperative CT reconstruction;

h postoperative CT scan
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laminar thicknesses noted (1.35–9.77 mm). As a result,

insertion of the screw at the junction of the contralateral

spinolaminar junction would permit placement of at least a

20-mm screw in virtually all adult patients without entering

the lateral mass. This study shows that C2 laminar screws

can be safely used in a large percentage of patients.

Besides avoiding vertebral artery injuries, the insertion

of a laminar screw into C2 has another advantage: a

navigation system is not necessary because the screws can

be inserted under direct vision of the lamina. On the other

hand, one disadvantage of this method is that injuries to

the spinal canal located in the ventral area cannot be

easily observed. Wang [15] reported on 30 patients who

underwent high cervical intralaminar fixation with cross-

ing intralaminar screws. Computed tomographic scans

demonstrated a partial dorsal laminar breach in 11 patients

and violation of the spinal canal in 1. None of these

resulted in neurological symptoms. In this series, there

were no intraoperative complications and no cases of

neurological worsening or vascular injury from hardware

placement in 35 patients. Computed tomographic scans

demonstrated a partial dorsal laminar breach in 10

patients. None of these resulted in neurological symptoms.

None of the patients was found to have a breach of the

ventral laminar cortex.

From our clinical experience, the ability to place a

laminar screw under direct visualization may allow a size

of 3.5–4.0 9 26–30 mm screw to be acceptable. The only

major structure at risk with placement of these screws is

penetration into the spinal canal. If there is concern of this

occurring, a slightly more dorsal trajectory can be used

resulting in slight penetration of the dorsal cortex. Another

option is to introduce a blunt dissector extraperiosteally

onto the canal side of the lamina to help against screw

penetration into the canal. Even if penetration of the spinal

canal occurs, however, the risk of injury to the neural

elements is low since the screw trajectory is virtually tan-

gential to the spinal cord. The author used a hand drill to

carefully advance down the contralateral lamina to prevent

breakout into the spinal canal and probed the hole carefully

prior to screw placement. Therefore, when planning screw

insertion, a preoperative evaluation of the laminar diameter

is necessary to select screws with an appropriate diameter

and length before the operation. Preoperative CT scans are

useful to determine whether the laminae are of sufficient

thickness and height to accommodate two crossed laminar

screws at the same level.

Therefore, crossed laminar screws are a useful alterna-

tive for fixation as a salvage technique when there is

anomalous anatomy, when other spinal fixation techniques

have failed or as a primary fixation technique. Particularly,

the laminar screw of C2 basically should be used for the

following cases: a small pedicle of the vertebral arch to

which even a screw of 3.5 mm in diameter cannot be

inserted (Fig. 2), cases with remarkably severe osteoscle-

rosis of the pedicle of he vertebral arch that has no med-

ullary space, the dominant side of the asymmetric vertebral

arteries, the opposite side of unilateral vertebral artery

occlusion or patients with a high-riding vertebral artery

[16]. This technique is not suited for patients who have thin

laminae or severe osteoporosis.

Conclusion

Crossing C2 laminar screws provide the surgeon with an

expanded armamentarium for fixation in the high cervical

spine. This technique is straightforward and easily adopted.

Posterior C2 laminar screw fixation is an efficient and

reliable technique and has the advantage of being a rela-

tively simple and safe operation, especially using a laminar

screw (intralaminar screw) in a patient with unilateral

occlusion of vertebral artery and pedicle deformity of C2.

References

1. Jeanneret B, Magerl F (1992) Primary posterior fusion C1/2 in

odontoid fractures: indications, technique, and results of tran-

sarticular screw fixation. J Spinal Disord 5:464–475

2. Harms J, Melcher RP (2001) Posterior C1–C2 fusion with poly-

axial screw and rod fixation. Spine 26:2467–2471

3. Reilly TM, Sasso RC, Hall PV (2003) Atlantoaxial stabilization:

clinical comparison of posterior cervical wiring technique with

transarticular screw fixation. J Spinal Disord Tech 16:248–253

4. Wright NM (2004) Posterior C2 fixation using bilateral, crossing

C2 laminar screws: case series and technical note. J Spinal Disord

Tech 17:158–162

5. Richter M, Schmidt R, Claes L, Puhl W, Wilke HJ (2002) Pos-

terior atlantoaxial fixation: biomechanical in vitro comparison of

six different techniques. Spine 27:1724–1732

6. Grob D, Crisco JJ III, Panjabi NM, Wang P, Dvorak J (1992)

Biomechanical evaluation of four different posterior atlantoaxial

fixation techniques. Spine 17:480–490

7. Wright NM, Lauryssen C (1998) Vertebral artery injury in C1-2

transarticular screw fixation: Results of a survey of the AANS/

CNS section on disorders of the spine and peripheral nerves.

American Association of Neurological Surgeons/Congress of

Neurological Surgeons. J Neurosurg 88:634–640. doi:103171/

jns.1998.88.4.0634

8. Ebraheim N, Rollins JR Jr, Xu R, Jackson WT (1996) Anatomic

consideration of C2 pedicle screw placement. Spine 21:691–695

9. Tan M, Wang H, Wang Y, Zhang G, Yi P, Li Z, Wei H, Yang F

(2003) Morphometric evaluation of screw fixation in atlas via

posterior arch and lateral mass. Spine 28:888–895

10. Roy-Camille R, Bouchet TH, Saillant G (1984) Fractures des

predicles d l’axi.Journees d’orthopedie a la Pitie. Masson, Paris,

pp 119–134

11. Igarashi T, Kikuchi S, Sato K, kayama S, Otani K (2003) Ana-

tomic study of the axis for surgical planning of transarticular

screw fixation. Clin Orthop Relat Res (408):162–166. doi:

10.1097/01.bl0.0000048136.30533.4f

1316 Eur Spine J (2010) 19:1312–1317

123

http://dx.doi.org/103171/jns.1998.88.4.0634
http://dx.doi.org/103171/jns.1998.88.4.0634
http://dx.doi.org/10.1097/01.bl0.0000048136.30533.4f


12. Gorek J, Acaroglu E, Berven S, Yousef A, Puttlitz CM (2005)

Constructs incorporating intralaminar C2 screws provide rigid

stability for atlantoaxial fixation. Spine 30:1513–1518. doi:

10.1097/01.brs.0000167827.84020.49

13. Lapsiwala SB, Anderson PA, Oza A, Resnick DK (2006) Bio-

mechanical comparison of four C1 to C2 rigid fixative tech-

niques: anterior transarticular, posterior transarticular, C1 to C2

pedicle, and C1 to C2 intralaminar screws. Neurosurgery 58:516–

521. doi:10.1227/01.neu.0000197222.05299.31

14. Cassinelli EH, Lee M, Skalak A, Ahn UN, Wright NM (2006)

Anatomic considerations for the placement of C2 laminar screws.

Spine 31:2767–2771. doi:10.1097/01.brs.0000245869.85276.f4

15. Wang MY (2007) Cervical crossing laminar screws: early clinical

results and complications. Neurosurgery 61:311–316. doi:

10.1227/01.neu.0000303987.49870.76

16. Matsubara T, Mizutani J, Fukuoka M, Hatoh T, Kojima H,

Otsuka T (2007) Safe atlantoaxial fixation using a laminar screw

(intralaminar screw) in a patient with unilateral occlusion of

vertebral artery: case report. Spine 32:E30–E33. doi:10.1097/

01.brs.0000250994.24462.ec

Eur Spine J (2010) 19:1312–1317 1317

123

http://dx.doi.org/10.1097/01.brs.0000167827.84020.49
http://dx.doi.org/10.1227/01.neu.0000197222.05299.31
http://dx.doi.org/10.1097/01.brs.0000245869.85276.f4
http://dx.doi.org/10.1227/01.neu.0000303987.49870.76
http://dx.doi.org/10.1097/01.brs.0000250994.24462.ec
http://dx.doi.org/10.1097/01.brs.0000250994.24462.ec

	Clinical application of C2 laminar screw technique
	Abstract
	Introduction
	Materials and methods
	Surgical technique
	Results
	Discussion
	Conclusion
	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


