
Case Reports in
Ophthalmology

Case Rep Ophthalmol 2024;15:689–695
DOI: 10.1159/000540878
Received: July 5, 2024
Accepted: August 8, 2024
Published online: September 12, 2024

© 2024 The Author(s).
Published by S. Karger AG, Basel
www.karger.com/cop

This article is licensed under the Creative Commons Attribution 4.0 International License (CC BY) (http://www.
karger.com/Services/OpenAccessLicense). Usage, derivative works and distribution are permitted provided
that proper credit is given to the author and the original publisher.

Case Report

Roller Coasters and Retinal Detachment:
Case Series and Review of
Acceleration-Deceleration Retinal Injury
Lauren Pickela Miguel Cruz Pimentelb Sumana Naidub

Robert G. Devenyib, c EfremMandelcornb, c Peng Yanb, c, d

aTemerty Faculty of Medicine, University of Toronto, Toronto, ON, Canada; bDepartment of
Ophthalmology and Vision Sciences, University of Toronto, Toronto, ON, Canada; cDepartment
of Ophthalmology, Toronto Western Hospital, University Health Network, Toronto, ON, Canada;
dKensington Eye Institute, Toronto, ON, Canada

Keywords
Retinal detachment · Acceleration · Traumatic · Roller coaster · Case report

Abstract
Introduction: Anecdotal reports and limited reports suggest a possible link between activities
involving rapid acceleration and retinal detachment. We present two novel such cases and
review existing literature to investigate the plausibility of this association and delineate in what
populations such an association may be more likely. Case Presentation: We report 2 cases of
retinal detachment following roller coaster riding. The first, a 24-year-old woman with a family
history of retinal detachment, presented with floaters after consecutive rides and was found to
have an inferior temporal macula-sparing retinal detachment with associated retinal breaks. The
second case, a 25-year-old female with a history of high myopia, presented with visual field
defect and was found to have a macula-on retinal detachment with an accompanying tear at the
edge of an area of lattice degeneration. Both were successfully treated with pneumatic
retinopexy followed by laser retinopexy. Conclusion: Rapid acceleration/deceleration forces,
such as those experienced on roller coasters, could potentially lead to retinal detachment.
Structural predisposition is likely necessary for acceleration/deceleration injury to lead to retinal
detachment, with all known cases having risk factors, including high myopia and positive family
history. These same forces in eyes without structural predisposition have resulted in
hemorrhage, but not detachment.
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Introduction

A retinal surgeon goes to the amusement park with his family. Standing at the base of a
roller coaster, he remembers a colleague’s claim that the rapid twists and turns can cause a
retinal detachment. He pauses. Should the retinal surgeon get on the roller coaster?.

To date, limited research has addressed the relationship between amusement rides or
extreme sports and the risk of retinal detachment. Anecdotes and case reports document
instances of retinal detachment occurring in close temporal association with riding roller
coasters and bungee jumping. This raises the question of whether activities involving rapid
changes in velocity carry the risk of retinal damage – and if so, by what mechanism.

The most common type of retinal detachment is rhegmatogenous retinal detachment
(RRD), where a retinal break allows vitreous fluid to influx into the subretinal space [1].
Almost all traumatic retinal detachments are RRD [2]. Known risk factors for RRD include
myopia, cataract surgery, personal history of retinal detachment in the fellow eye, family
history, and trauma to the head or orbit [1].

Apart from direct blunt trauma to the head or orbit, whether indirect trauma inflicted by
rapid changes in velocity may also increase the risk of RRD is poorly understood. We present
two novel cases of retinal detachment occurring in close temporal association with roller
coaster riding. Existing evidence for the risk of retinal detachment with rapid acceleration/
deceleration forces, and the mechanistic plausibility of this association, are examined.

Case Presentation

Case 1
A 24-year-old healthy female presented to the emergency department because of floaters

in her left eye. She presented approximately 2 h after riding a roller coaster three times earlier
that day. The patient reported experiencing blurred vision after the third ride and sought
immediate medical attention after riding a roller coaster four consecutive times. Family
history was significant for retinal detachment in her mother. She was mildly myopic. BCVA
was 20/20 OU at the presentation.

A dilated fundus exam revealed a bilateral tilted disc but was otherwise normal in the
right eye. In the left eye, examination revealed an inferior temporal retinal detachment
extending from 4:00 to 6:00. The detachment spared the macula and there was no posterior
vitreous detachment (shown in Fig. 1). This was caused by two paravascular irregular retinal
breaks/holes with adjacent retinal hemorrhage located at 4:00 near the equator (shown in
Fig. 2). No other breaks or tears were found during the scleral depressed exam. There was no
posterior vitreous detachment in either eye. The patient was treated with pneumatic reti-
nopexy with C3F8 gas followed by a laser barricade (shown in Fig. 3). Two years after
treatment, there was no progression of the retinal detachment (shown in Fig. 4). The patient
was counseled to avoid acceleration/deceleration activities.

Case 2
A 25-year-old female presented by referral from her optometrist to the emergency room

with a 5-day history of a visual field defect in her left eye. She was previously healthy and on
no medications. She was a −7 diopter myope and had a family history of retinal detachment in
her father.

She described intense pressure on her head with head bobbing after going on a roller
coaster 5 days prior. Examination revealed a left macula-on retinal detachment with a retinal
tear at the edge of lattice degeneration in the superotemporal periphery. The detachment was
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successfully treated with pneumatic retinopexy with SF6 followed by laser retinopexy. The
CARE Checklist has been completed by the authors for these cases and is attached as online
supplementary material (for all online suppl. material, see https://doi.org/10.1159/
000540878).

Discussion

Traumatic RRD accounts for a small proportion of all retinal detachment, with an even
smaller proportion of traumatic RRD occurring in association with recreational activities [3],
most commonly in contact sports [4]. These cases all involve direct trauma to the orbit or
head. Experimental blunt orbital trauma demonstrates the mechanism of injury in direct
trauma due to the deformation of the globe and shockwave propagation through the vitreous
[5]. On the other hand, injury related to the rapid acceleration/deceleration forces experi-
enced on roller coasters is indirect, occurring because of unconstrained movements of the
head. This mechanism of injury has been characterized in the context of traumatic brain and
ocular injury as contrecoup type 1, in which injury occurs because of a sudden change in the
velocity of the head [6]. Previous evidence for acceleration/deceleration-associated ocular
injury comes from a small number of case reports in the literature. To our knowledge, 2
previous cases of RRD occurring shortly after a roller coaster ride have been reported [7]. The
first, a 54-year-old female, experienced vision loss within hours of riding a roller coaster,
while the second, a 35-year-old female, noticed only floaters. Both were significantly myopic
with refractive error of more than 6 diopters, and in both cases, the detachments occurred in
the superior retina through a region of lattice degeneration. Only the first case had mild
vitreous hemorrhage.

Vitreous hemorrhage [8, 9] or intraretinal hemorrhage [10] alone without retinal de-
tachment has also been reported following roller coaster riding in young individuals without
known risk factors. Similarly, the ride “Spaceball,” in which the rider is rapidly spun, resulted
in multiple instances of ocular hemorrhage and one instance of retinal tear without de-
tachment [11]. In a tragic roller coaster accident that resulted in the death of a 20-year-old
healthy woman from severe whiplash, post-mortem examination of the eyes revealed optic
nerve sheath and intraretinal hemorrhages and extensive RPE detachment but only focal
small areas of retinal detachment [12]. Notably, the affected individuals in each of these cases
were not known to have myopia or other RRD risk factors.

Like roller coasters, bungee jumping involves rapid acceleration/deceleration that
would translate to similar forces on the retina. Two instances of bungee jumping-associated
retinal detachment have been reported. The first was a healthy 28-year-old male with
known myopia (−3D bilaterally), who noticed monocular blurred vision and flashes within
minutes of bungee jumping and was found to have an inferior retinal tear and detachment
[13]. The second, a 23-year-old male with a history of myopia (−2D) and lattice

Fig. 1. Optical coherence tomography at
presentation showing no involvement of the
macula and absence of posterior vitreous
detachment.
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degeneration, was found to have bilateral retinal holes, right RRD and intraretinal hem-
orrhage [14]. The occurrence of RRD depends on the interaction between vitreoretinal
traction and predisposing structural factors, including liquefaction of the vitreous,
anomalous vitreoretinal adhesions, and areas of degeneration or retinal thinning. Activities
involving rapid changes in the velocity of the head, and therefore of the orbit, may alter the
dynamics of vitreoretinal traction. In theory, the forces produced by rapid head
acceleration/deceleration on amusement rides could overcome vitreoretinal adhesive
forces [15, 16]. However, these forces alone are probably not sufficient to cause retinal
breaks without underlying structural changes.

There is a clear pattern of predisposing risk factors among the cases of patients with RRD
following rapid acceleration/deceleration injury: all had myopia, and most had lattice de-
generation (Table 1). Indeed, most cases of RRD in young individuals are associated with high
myopia [17, 18]. The lifetime risk of RRD is 3-fold higher with myopia compared to em-
metropic eyes, and 39-fold higher in high myopia because of retinal thinning, early vitreous
syneresis, and abnormal vitreoretinal adhesions surrounding lattice degeneration [19]. As an
extreme counterexample, the “Fastest Man on Earth,” John Stapp, experienced an equivalent

Fig. 2.Ultra-widefield fundus photo showing
2 paravascular irregular tears located at 4:00
near the equator of the eye. No other breaks,
tears, or lattice degeneration were found
during a 360 scleral depressed exam.

Fig. 3. Ultra-wide field fundus photo
showing early laser retinopexy reaction
10 days post laser barricade treatment.
Residual C3F8 gas from failed pneumatic
retinopexy can be seen in the vitreous cavity.

Fig. 4. Ultra-wide color photo showing no
progression of the retinal detachment be-
yond the laser barricade 2 years after
treatment. Patient remained asymptomatic.
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force of 46.2 G when coming to a stop on a rocket-powered sled in 1954 [20], and while
intravitreal hemorrhage rendered him temporarily blind, he did not experience retinal de-
tachment. Likewise, violent head-shaking injuries in young adults resulted in retinal hem-
orrhages in areas of maximal vitreoretinal adhesion but did not cause retinal detachment
[21, 22].

It is possible that roller coasters cause occult tears in some riders. Detachments resulting
from blunt trauma often are not clinically apparent until several months or even years after
the tear-causing injury [2, 5]. Moreover, in the young healthy eye, well-formed vitreous acts as
a tamponade, such that even a full-thickness retinal tear does not result in detachment [23].
However, based on the autopsy results of extreme acceleration/deceleration injury to healthy
young eyes [12], occult retinal tears from roller coasters are less likely. In younger riders in
whom vitreoretinal adhesion is more uniform and the vitreous remains highly viscous,
acceleration-deceleration injury appears more likely to cause intraocular hemorrhage
without retinal detachment [8–10].

It could also be considered that roller coasters cause the progression of existing tears.
From autopsy reports, as much as 10% of the adult population has asymptomatic retinal tears
[1, 24]. Left untreated, these rarely progress to retinal detachment [25–27]. The vitreous
currents and sudden changes in the vitreoretinal traction produced on roller coasters may
allow fluid into the subretinal space, causing the progression of asymptomatic retinal tears to
RRD shortly after riding. Whether there were pre-existing tears in any of the reported cases is
not known.

Conclusion

Activities involving rapid acceleration/deceleration of the head, such as riding a
roller coaster or bungee jumping, can potentially transmit forces to the vitreoretinal
interface sufficient to provoke retinal detachment, as evidenced by a small number of
cases in individuals with predisposing risk factors. These factors include myopia or high
myopia with associated lattice degeneration and family history. While individuals with
known risk factors for RRD may consider precautions at the amusement park such as
sensible ride choices and ensuring proper head supports, current evidence based on
limited case reports is not sufficient to make broad recommendations to patients. For the
ophthalmologist, the index of suspicion for RRD in young patients presenting with

Table 1. Summary of retinal detachment associated with rapid acceleration/deceleration

Case Activity Risk factors Presentation (time post-activity)

24 F Roller coaster Myopia, family history of RD Floaters (2 h)

25 F Roller coaster High myopia (−7D), lattice
degeneration

Visual field defect (NA)

54 F [7] Roller coaster High myopia (−6D), lattice
degeneration

Visual field defect (within hours)

35 F [7] Roller coaster High myopia (−6D), lattice
degeneration

Floaters (within hours)

23 M [14] Bungee jumping Myopia (−2D), lattice
degeneration

Blurriness, floaters (NA)

28 M [13] Bungee jumping Myopia (−3D) Blurriness, flashes (immediate)

Case Reports in
Ophthalmology

Case Rep Ophthalmol 2024;15:689–695 693
DOI: 10.1159/000540878 © 2024 The Author(s). Published by S. Karger AG, Basel

www.karger.com/cop

Pickel et al.: Roller Coasters and Retinal Detachment

https://www.karger.com/cop
https://www.karger.com/cop
https://doi.org/10.1159/000540878
https://www.karger.com/cop


symptoms of RRD may be heightened if there is a history of rapid acceleration/
deceleration, even without direct trauma to the head or orbit. Finally, should the reti-
nal surgeon get on the roller coaster for the third time? Depending on his risk factors,
maybe after a dilated fundus exam.

Statement of Ethics

Written informed consent was obtained from the patient for publication of the details of
their medical case and accompanying images. Research Ethics Approval was not required for
this paper as per the University of Toronto Research Ethics Board. The study complies with
the guidelines for human studies and was conducted in accordance with the World Health
Organization Declaration of Helsinki.

Conflict of Interest Statement

The authors have no conflicts of interest to declare.

Funding Sources

This study was not supported by any sponsor or funder.

Author Contributions

L.P. contributed to acquisition of data, drafting the manuscript, and final approval. M.C.P.
and E.M. contributed to acquisition of data, critical revision, and final approval. S.N. and R.G.D.
contributed to critical revision and final approval. P.Y. contributed to conception and design,
acquisition of data, critical revision, and final approval.

Data Availability Statement

All data generated or analyzed during this study are included in this article and its online
supplementary material. Further inquiries can be directed to the corresponding author.

References

1 Steel D. Retinal detachment. BMJ Clin Evid. 2014;2014:0710.
2 Hoogewoud F, Chronopoulos A, Varga Z, Souteyrand G, Thumann G, Schutz JS. Traumatic retinal detachment:

the difficulty and importance of correct diagnosis. Surv Ophthalmol. 2016;61(2):156–63. https://doi.org/10.
1016/j.survophthal.2015.07.003

3 Mitry D, Charteris DG, Fleck BW, Campbell H, Singh J. The epidemiology of rhegmatogenous retinal de-
tachment: geographical variation and clinical associations. Br J Ophthalmol. 2010;94(6):678–84. https://doi.
org/10.1136/bjo.2009.157727

4 Karpman S, Reid P, Phillips L, Qin Z, Gross DP. Combative sports injuries: an edmonton retrospective. Clin J
Sport Med. 2016;26(4):332–4. https://doi.org/10.1097/JSM.0000000000000235

5 Liu X, Wang L, Wang C, Sun G, Liu S, Fan Y. Mechanism of traumatic retinal detachment in blunt impact: a finite
element study. J Biomech. 2013;46(7):1321–7. https://doi.org/10.1016/j.jbiomech.2013.02.006

Case Reports in
Ophthalmology

Case Rep Ophthalmol 2024;15:689–695 694
DOI: 10.1159/000540878 © 2024 The Author(s). Published by S. Karger AG, Basel

www.karger.com/cop

Pickel et al.: Roller Coasters and Retinal Detachment

https://doi.org/10.1016/j.survophthal.2015.07.003
https://doi.org/10.1016/j.survophthal.2015.07.003
https://doi.org/10.1136/bjo.2009.157727
https://doi.org/10.1136/bjo.2009.157727
https://doi.org/10.1097/JSM.0000000000000235
https://doi.org/10.1016/j.jbiomech.2013.02.006
https://www.karger.com/cop
https://www.karger.com/cop
https://doi.org/10.1159/000540878
https://www.karger.com/cop


6 Wolter JR. Coup-contrecoup mechanism of ocular injuries. Am J Ophthalmol. 1963;56:785–96. https://doi.
org/10.1016/0002-9394(63)92943-x

7 Shaikh S. Roller coaster-associated retinal detachments. Reports. 2011;5(2):128–9. https://doi.org/10.1097/
ICB.0b013e3181c65479

8 Kim M, Kim K, Son D, Kim S. Peripapillary subretinal hemorrhage and vitreous hemorrhage after roller coaster
riding. J Korean Ophthalmol Soc. 2020;61(5):570–4. https://doi.org/10.3341/jkos.2020.61.5.570

9 Brent AJ, El-Khayat AR, Peart SAM, Banerjee S. A case report of conservative management for a roller-coaster-
related vitreous haemorrhage. Ophthalmol Ther. 2018;7(1):191–5. https://doi.org/10.1007/s40123-018-
0124-z

10 Patel YP, Saraf SS, Desai A, Desai UR. Roller coaster retinopathy: case report of symptomatic bilateral in-
traretinal hemorrhages after shaking injury in an otherwise healthy adult. Retin Cases Brief Rep. 2016;10(3):
259–62. https://doi.org/10.1097/ICB.0000000000000245

11 Morris CC. Amusement ride related injuries and deaths in the United States: 1987-2000. 1993.
12 Parsons MA, Talbot JF, Mudhar HS, Rutty GN. The pathology of whiplash maculopathy and retinopathy :

illustrated observations derived from a fatal roller-coaster accident. Forensic Sci Med Pathol. 2005;1(1):
19–25. https://doi.org/10.1385/FSMP:1:1:019

13 Koirala B, Sapkota A. Retinal detachment secondary to bungee jump. Ann Med Surg. 2023;85(2):195–7.
https://doi.org/10.1097/MS9.0000000000000143

14 Calderón CO, Polania EJ, Hoyos A, Caicedo LJE, Amaya A. Desprendimiento de Retina Bilateral Asociado al
Bungee Jumping: Reporte de Caso. 2016.

15 Kita M, Marmor MF. Retinal adhesive force in living rabbit, cat, and monkey eyes. Normative data and en-
hancement by mannitol and acetazolamide. Invest Ophthalmol Vis Sci. 1992;33(6):1879–82.

16 Repetto R, Tatone A, Testa A, Colangeli E. Traction on the retina induced by saccadic eye movements in the
presence of posterior vitreous detachment. Biomech Model Mechanobiol. 2011;10(2):191–202. https://doi.
org/10.1007/s10237-010-0226-6

17 Marques JH, Castro C, Malheiro L, Alves Correia N, Pessoa B, Melo Beirão J, et al. Dealing with rhegmatogenous
retinal detachment in patients under 40 years old: a tertiary center results. Int Ophthalmol. 2021;41(2):
475–82. https://doi.org/10.1007/s10792-020-01597-w

18 Mura M, Engelbrecht L, de Smet MD, Schatz P, Iannetta D, Semidey VA, et al. Minimally interface vitrectomy for
rhegmatogenous retinal detachment with a single break in young patients. Am J Ophthalmol Case Rep. 2020;
19:100739. https://doi.org/10.1016/j.ajoc.2020.100739

19 Ludwig CA, Vail D, Al-Moujahed A, Callaway NF, Saroj N, Moshfeghi A, et al. Epidemiology of rhegmatogenous
retinal detachment in commercially insured myopes in the United States. Sci Rep. 2023;13(1):9430. https://
doi.org/10.1038/s41598-023-35520-x

20 Evans V. Newton’s Laws, G-forces and the impact on the brain. Australas J Neurosci. 2020;30(1):24–9. https://
doi.org/10.21307/ajon-2020-003

21 Pounder DJ. Shaken adult syndrome. Am J Forensic Med Pathol. 1997;18(4):321–4. https://doi.org/10.1097/
00000433-199712000-00001

22 Azari AA, Kanavi MR, Saipe NB, Potter HD, Albert DM, Stier MA. Shaken adult syndrome: report of 2 cases. JAMA
Ophthalmol. 2013;131(11):1468–70. https://doi.org/10.1001/jamaophthalmol.2013.5073

23 Ghazi NG, Green WR. Pathology and pathogenesis of retinal detachment. Eye. 2002;16(4):411–21. https://doi.
org/10.1038/sj.eye.6700197

24 Foos RY, Allen RA. Retinal tears and lesser lesions of the peripheral retina in autopsy eyes. Am J Ophthalmol.
1967;64(3):Suppl:643–55. https://doi.org/10.1016/0002-9394(67)90571-5

25 Combs JL, Welch RB. Retinal breaks without detachment: natural history, management and long term follow-
up. Trans Am Ophthalmol Soc. 1982;80:64–97.

26 Davis MD. Natural history of retinal breaks without detachment. Arch Ophthalmol. 1974;92(3):183–94.
https://doi.org/10.1001/archopht.1974.01010010191001

27 Byer NE. Subclinical retinal detachment resulting from asymptomatic retinal breaks: prognosis for progression
and regression. Ophthalmology. 2001;108(8):1499–504. https://doi.org/10.1016/s0161-6420(01)00652-2

Case Reports in
Ophthalmology

Case Rep Ophthalmol 2024;15:689–695 695
DOI: 10.1159/000540878 © 2024 The Author(s). Published by S. Karger AG, Basel

www.karger.com/cop

Pickel et al.: Roller Coasters and Retinal Detachment

https://doi.org/10.1016/0002-9394(63)92943-x
https://doi.org/10.1016/0002-9394(63)92943-x
https://doi.org/10.1097/ICB.0b013e3181c65479
https://doi.org/10.1097/ICB.0b013e3181c65479
https://doi.org/10.3341/jkos.2020.61.5.570
https://doi.org/10.1007/s40123-018-0124-z
https://doi.org/10.1007/s40123-018-0124-z
https://doi.org/10.1097/ICB.0000000000000245
https://doi.org/10.1385/FSMP:1:1:019
https://doi.org/10.1097/MS9.0000000000000143
https://doi.org/10.1007/s10237-010-0226-6
https://doi.org/10.1007/s10237-010-0226-6
https://doi.org/10.1007/s10792-020-01597-w
https://doi.org/10.1016/j.ajoc.2020.100739
https://doi.org/10.1038/s41598-023-35520-x
https://doi.org/10.1038/s41598-023-35520-x
https://doi.org/10.21307/ajon-2020-003
https://doi.org/10.21307/ajon-2020-003
https://doi.org/10.1097/00000433-199712000-00001
https://doi.org/10.1097/00000433-199712000-00001
https://doi.org/10.1001/jamaophthalmol.2013.5073
https://doi.org/10.1038/sj.eye.6700197
https://doi.org/10.1038/sj.eye.6700197
https://doi.org/10.1016/0002-9394(67)90571-5
https://doi.org/10.1001/archopht.1974.01010010191001
https://doi.org/10.1016/s0161-6420(01)00652-2
https://www.karger.com/cop
https://www.karger.com/cop
https://doi.org/10.1159/000540878
https://www.karger.com/cop

	Roller Coasters and Retinal Detachment: Case Series and Review of Acceleration-Deceleration Retinal Injury
	Introduction
	Case Presentation
	Case 1
	Case 2

	Discussion
	Conclusion
	Statement of Ethics
	Conflict of Interest Statement
	Funding Sources
	Author Contributions
	Data Availability Statement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /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 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 150
  /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 150
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /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 [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


