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Background: Ceramic surfaces off er excellent tribological properties and for this reason are frequently used in 
younger patients with osteoarthritis of the hip. However, they may fracture easily owing to low tolerance to tensile and 
impact stresses in particular. We report a case of early fracture of a currently available ceramic liner in a 44-year-old 
woman with revision total hip arthroplasty.

Methods and Results: Scanning electron microscopy and macroscopic fractographic examination were done to 
elucidate the cause of failure. These showed the fracture started most probably at the inner surface of the cup. Several 
mechanisms of fracture initiation are discussed in the paper. 

Conclusion: This is the fi rst report on early fracture of the Plasma cup ceramic liner in white man. The fracture 
occurred intraoperatively or early postoperatively while the diagnosis was determined much later despite the patient 
had experienced sensations of subluxations long time before.

INTRODUCTION

Alumina-on-alumina ceramic hip prostheses were intro-
duced into the practice of total hip arthroplasty (THA) to 
reduce periprosthetic osteolysis by signifi cantly reducing 
the generation of wear debris. Also, ceramic wear parti-
cles have much lower biological activity than do polyeth-
ylene particles1. Current alumina ceramics have excellent 
tribology characteristics and good resistance to compres-
sive loading; their fatigue limits signifi cantly exceed the 
stresses induced by daily living activities2. Consequently, 
they are often used in young patients with a higher level 
of activity and increased motion demands. 

Despite advances in manufacturing, alumina ceramics 
remain a subject of concern due to their hardness and 
limited fracture toughness, which may predispose them 
to fracture3–5. Ceramic head and liner fractures have been 
reported, often associated with massive metallosis and 
exposure of the body to particles of titanium or cobalt-
chromium alloy from the metallic shell6. It was recently 
found that serum titanium levels may remain elevated for 
more than 1 year after revision7. 

In this case report, we present a very early failure of an 
alumina ceramic liner in a modern total hip arthroplasty. 
Scanning electron microscopy and macroscopic fracto-
graphic analysis were performed, and possible mecha-
nisms of fracture initiation are discussed. 

CASE REPORT

In December 1995, a 37-year-old woman underwent 
a cementless Anatomique Benoist Girard (ABG) hip ar-
throplasty (Howmedica, Staines, England) for advanced 
osteonecrosis of the left femoral head. Throughout the 
normal course of the surgery and postoperative period 
the patient was never fully satisfi ed with the surgery and 
complained early of instability and intermittent pain. The 
patient’s weight and height were 90 kg and 168 cm, re-
spectively (body mass index = 31.8).

In January 2002, the patient complained of pain, and 
periprosthetic osteolysis was observed on x-ray (Fig. 1A). 
Revision surgery was performed. Interestingly, no sign of 
impingement of the neck of the stem on the edge of the 
cup was identifi ed on the polyethylene liner. A type-II8 de-
fect was found at the acetabular site, and the region of the 
major trochanter was largely destroyed by osteolysis, while 
the diaphyseal bone was uncompromised. After meticu-
lous debridement of the osteolysis and spongioplasty, a 
hemispherical cup (Plasma cup SC, Aesculap, Tuttlingen, 
Germany) and press-fi t stem (Wagner SL, Centerpulse, 
Switzerland) were implanted. The outer diameter of the 
cup was 52 mm; thus, a ceramic liner for a 28-mm-diam-
eter ceramic head was chosen (Biolox Forte, CeramTec, 
Plochingen, Germany). The hip was confi rmed to be 
stable, with no observed neck-rim impingement in any 
direction intraoperatively. On radiograph (Fig. 1B), the 
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cup was observed to be settled across the Kohler line with 
an abduction angle of 48°. 

As early as 3 months after the revision surgery the pa-
tient again complained of pain. Early sepsis was excluded 
by routine procedures including serological tests and aspi-
ration9. Neurological examination excluded neurological 
disease as a primary source of complaints. One year later 
the patient presented subluxations of the left hip. Thirty 
months after the revision surgery, ceramic fragments were 
apparent on x-ray (Fig. 1C) but were misjudged as ossifi ca-
tion. The diffi  culties with instability and pain increased 
until October 2005 when squeaking manifested. However, 
the patient refused revision surgery at that time. Revision 
surgery was performed in May 2006 when the squeaking 
noise accompanied each step, and gross dislocation of the 
ceramic liner was observed on x-ray (Fig. 1D). 

Arthrotomy revealed excessive metallosis, and 2 large 
pieces of ceramic liner and numerous small ceramic frag-
ments (ranging from 1 mm to 1 cm) were retrieved. It was 
clear when examining the components that the alumina 
head had been articulating directly against the stable me-
tallic shell. The metallic shell and neck of the femoral stem 
were damaged but not fractured. The femoral stem was 
well fi xed to the bone tissue; thus, a transfemoral approach 
was used to extract it. After a meticulous debridement, 
a cementless threaded cup (Bicon plus; Endoprothetik 
plus, Switzerland) and Wagner revision stem (Zimmer, 
USA) were implanted. The bearing surfaces consisted of 
a polyethylene liner and alumina-ceramic head (Biolox 
Forte). 

Description of the retrieved surfaces
Following clearing and sterilization, the retrieved dam-

aged ceramic components were coated with gold (approxi-
mately 5 nm; Polaron E5100, Polaron, UK). They and 
the metallic shell were examined using a stereo binocular 
microscope with a fi ber optical light source (JD and DG) 
and a Tesla BS 340 scanning electron microscope (SEM; 
RN) (Tesla, Czech Republic). 

The retrieved metallic shell was greatly damaged, with 
almost complete “wear-through” in some places where it 
was obvious that the ceramic head had been articulating 
(Fig. 2). An irregular net of grooves was observed, sug-
gesting long-term abrasion.

The ceramic liner was completely destroyed (Fig. 3), 
and only a part of the original fracture surface was pre-
served at the time of surgery. The portions of the ceramic 
liner remaining in the metal shell were greatly damaged, 
probably by the interposed ceramic debris and impinge-
ment by the neck of the stem. 

The prosthetic ball was not fractured. However, its 
surface was seriously damaged by wear and had lost its 
spherical shape. At the surface of the prosthetic ball, there 
were signs of contact fatigue, together with pinholes after 
chipping (Fig. 4). 

The probable reason of fracture
Because the remnants of the ceramic liner retrieved 

during surgery were severely damaged, assessment of the 
true cause of failure was very diffi  cult. Based on the mac-

ro-fractography analysis of the destroyed parts of the ce-
ramic liner, it can be concluded that the primary fracture 
was initiated at the inner surface of the cup (Fig. 3B). A 
large part of the inner surface of the cup was damaged by 
wear, most likely due to third-body abrasion prior to cata-
strophic fracture of the cup. The wear damage initiated 
multiple cracks during the loading regime until 1 crack 
reached a critical size, resulting in catastrophic failure.

We propose several possible causes for the fracture. 
The fi rst is the presence of a micro-defect (manufacturing 
imperfection) at the surface or subsurface of the ceramic 
material. The second is introduction of micro-damage in-
traoperatively during fi xation of the liner to the metallic 
shell. The third is trapping of a μm-sized, hard foreign 
body between the ceramic liner and the prosthetic ball, 
initiating wear. The location of impingement could not 
be identifi ed due to severe damage and absence of large 

Fig. 1.  A, Anteroposterior (AP) radiograph of the left 
hip taken before revision surgery and showing 
retroacetabular and femoral osteolysis (arrows). 
B, AP radiograph of the same hip postoperatively. 
C, AP radiograph taken 30 months later, demon-
strating small pieces of ceramic dislodged from 
the shell (arrows). D, AP radiograph performed 
before the second revision and showing dislocat-
ed large piece of ceramic liner (black arrow) and 
many small ceramic pieces along the stem (white 
arrow).
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Fig. 2.  A, A new cup created in the original metallic shell by the ceramic head after dislodgement of a large ceramic 
piece. B, Detail of the sharp ridge of the newly developed cup (big frame). SEM: scale bar = 1 mm. C, Detail 
of the undamaged metallic shell (intermediate frame) with fi ne roughness on the original surface. The deep 
groove with an irregular edge was probably caused by a ceramic fragment. SEM: scale bar = 500 μm. D, Detail 
of the damaged surface (small frame) with a net of irregular striae probably caused by large ceramic debris. 
SEM: scale bar = 20 μm. 

pieces of the ceramic liner rim. However, the neck of the 
stem may have repeatedly impinged on the rim of the 
acetabular cup until brittle fracture occurred at the pro-
truding rim, producing a chip that then may have been 
trapped inside the bearing. 

Improper positioning of the ceramic liner is another 
reported cause of fracture. Had the liner not been fully 
seated in the metallic shell, or had it been seated in an 
angular position, this may have resulted in high point-
contact stresses during normal gait10. Improper alignment 
and positioning of the shell can encourage rim contact 
referred to as stripe wear. Recent reports show that even 
well fi xed and properly positioned acetabular components 
can exhibit this form of damage11. The stripe wear phe-
nomenon is explained by micro-separation of the bear-
ing centers during the swing phase of normal walking 
and subsequent edge loading on heel strike. Edge loading 
can cause a localized concentration of stress between the 
femoral head and the rim of the acetabular cup, leading to 
a characteristic stripe wear pattern. Postoperative causes 

of failure in such implants may be related to heavy falls, 
dislocations, or repetitive subluxations.

DISCUSSION

We describe the catastrophic failure of a Plasma cup 
SC ceramic liner in revision THA. Based on the patient’s 
symptoms, it appears that the fracture occurred soon after 
surgery. This implies the presence of a defect originating 
in the manufacturing process or design, which was further 
propagated in response to intraoperative (heavier reduc-
tion of the hip) or early postoperative (subluxations or 
fall) events. In addition, the patient’s high weight (body 
mass index = 31.8) may have accelerated crack propaga-
tion. 

There is a previously reported case of fracture of a 
Plasma cup ceramic liner in a 34-year-old man (67 kg, 
164 cm) from South Korea, 1 year and 9 months after 
surgery12. The fracture was probably caused by neck-rim 
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impingement due to extreme hip motions related to the 
daily activities of Asian people, who frequently squat or 
sit cross-legged. Evidence of contact between the femo-
ral neck and acetabular rim was reported as a common 
feature on retrieved acetabular liners12, 13. Although such 
extreme hip-joint motion is not likely in our case, stem-rim 
impingement cannot be completely excluded. 

Intraoperative fi ndings in our study were unlike those 
in the previous case report. Extensive metallosis was 
observed, compromising the bone bed due to both dis-
semination of hard ceramic fragments and direct wear of 
the metallic shell. In the Min et al12 report, the degree of 
damage to the ceramic inlay, shown in Figure 5 of their 
paper, was mild in comparison to that observed in our 
study. Earlier surgery would undoubtedly have diminished 
metallosis. The reasons for the delay were late diagnosis 
and patient-related factors. 

To prevent catastrophic development, early and reli-
able diagnosis is needed. In our patient, the history of 
pain and feelings of subluxations continued from the 
pre-revision stage and were superimposed on the specifi c 

symptoms of ceramic liner fracture. In addition, other 
sources, including sepsis and extrinsic sources of hip pain, 
were investigated. This, together with late manifestation 
on radiographs, led to delayed diagnosis. Toni et al14 found 
a positive correlation between ceramic liner fracture and 
a noisy hip on clinical examination. They recommended 
computed tomography (CT) and joint aspiration in any 
snapping hip after ceramic THA to rule out early failure. 
However, we doubt that particle analysis of the joint aspi-
rates is suffi  ciently widespread to enable routine examina-
tion. Also, if very early fracture occurs without dislocation 
of ceramic fragments, then the results of CT examination 
may be of limited value. Radiographic signs of fracture 
occurred late in our case. However, we suspect earlier frac-
ture of the liner, since the ceramic pieces were contained 
within the metallic shell, their release being diffi  cult15. 
Thus, awareness of that complication in conjunction with 
close follow-up may be of paramount importance during 
the early phase of ceramic THA failure. 

 The rate of ceramic liner fracture has been reported 
to be between 0 % and 3.5 %, with a higher incidence 

Fig. 3. A, Retrieved piece of ceramic liner with only a small area of preserved edge surface. B, View of the fracture 
surface. The fracture was probably initiated at the inner surface of the liner (big frame) and grew under the 
infl uence of a third-body abrasion wear mechanism. C, Detail of the interface between the fractured and un-
fractured surfaces of the retrieved portion of the ceramic liner. SEM: scale bar = 500 μm. D, An articulating 
surface of the ceramic liner (small frame) was damaged by ceramic wear. SEM: scale bar = 50 μm. 
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among sandwich-type ceramic cups versus 1-piece com-
ponents3, 13, 16. Furthermore, the risk of fracture seems to 
be greater in the Asian population, where squatting, kneel-
ing, and sitting cross-legged are more common than in the 
Western population. However, in the Western population, 
regardless of progress that has been made in optimizing 
the design of the insert and neck, impingement is also 
possible, especially with suboptimal implant positioning 
and in patients with a high range of motion4. Regarding 
the predisposition of alumina ceramic liners to fracture, 
an essential question remains: does this material easily 
fracture? Based on current quality requirements (FDA, 
ISO, etc.), experimental studies, and the rare rate of these 
events in clinical practice5, 15, 17, 18, the answer seems to be 
no. The fracture strength of alumina ceramic liners was 
found to be more than 70 kN19, and modern modular 
ceramic-on-ceramic hip arthroplasty can withstand a re-
petitive impact of up to 12 kN15. But naturally, the hip is 
cyclically loaded with alternating phases of touch-down 
and separation during gait. In addition, the hip joint nor-

mally transmits forces much lower than this, between 4.8 
and 10 kN, depending on the method of measurement and 
the type of daily activities, including unwanted stumbling 
and falling20, 21. As these values are far below the reported 
fracture threshold of modern ceramic liners, events such 
as fracture of a 1-piece ceramic liner should be interpreted 
as irregularities that might be explained as part of a range 
of pathological scenarios described in our case report. 
The likelihood for fracture under physiological conditions 
and precise operative techniques remains low.
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Fig. 4. A, Gold-coated ceramic ball before SEM investigation with an almost completely damaged surface and loss 
of ideal sphericity. B, Comparison of distinct regions of the surface of the prosthetic ball showing the wear 
damage. SEM: scale bar = 500 μm. C, The same area as in B but at a diff erent viewing angle that illustrates 
the damage features after contact fatigue load. SEM: scale bar = 500 μm. D, Features of the damaged ceramic 
surface and damaged surface of the liner (Fig. 3D) are similar. SEM: scale bar = 50 μm.



346 J. Gallo, T. Stewart, R. Novotny, J. Dusza, D. Galusek

REFERENCES

 1.  Warashina H, Sakano S, Kitamura S, Yamauchi KI, Yamaguchi 
J, Ishiguro N, et al. Biological reaction to alumina, zirconia, tita-
nium and polyethylene particles implanted onto murine calvaria. 
Biomaterials 2003; 24:3655–3661.

 2.  Nizard R, Sedel L, Hannouche D, Hamadouche M, Bizot P. 
Alumina pairing in total hip replacement. J Bone Joint Surg Br 
2005; 87:755–758.

 3.  Park YS, Hwang SK, Choy WS, Kim YS, Moon YW, Lim SJ. 
Ceramic failure after total hip arthroplasty with an alumina-on-
alumina bearing. J Bone Joint Surg Am 2006; 88:780–787.

 4.  Barrack RL, Burak C, Skinner HB. Concerns about ceramics in 
THA. Clin Orthop Relat Res 2004; 429:73–79.

 5.  Sedel L, Raould A. Engineering aspect of alumina on alumina hip 
prosthesis. Proc Inst Mech Eng [H] 2007; 221:21–27.

 6.  Hannouche D, Nich C, Bizot P, Meunier A, Nizard R, Sedel L. 
Fractures of ceramic bearings: history and present status. Clin 
Orthop Relat Res 2003; 417:19–26.

 7.  Quitmann H, Wedemeyer C, von Knoch M, Russe K, Saxler G. 
Titanium serum levels may remain elevated despite hip revision 
surgery for wear-through of an acetabular component. Biomed Tech 
(Berl) 2006; 51:27–29.

 8.  Davis AM, Schemitsch EH, Gollish JD, Saleh KJ, Davey R, Kreder 
HJ, et al. Classifying failed hip arthroplasty: generalizability of reli-
ability and validity. Clin Orthop Relat Res 2003; 415:171–179.

 9.  Parvizi J, Ghanem E, Menashe S, Barrack RL, Bauer TW. 
Periprosthetic infection: what are the diagnostic challenges? J Bone 
Joint Surg Am 2006; 88 (Suppl 4):138–147.

10.  Anderson IA, Bowden M, Wyatt TP. Stress analysis of hemispheri-
cal ceramic hip prosthesis bearings. Med Eng Phys 2005; 27:115–
122.

11.  Walter WL, Insley GM, Walter WK, Tuke MA. Edge loading in 
third generation alumina ceramic-on-ceramic bearings: stripe wear. 
J Arthroplasty 2004; 19:402–413.

12.  Min BW, Song KS, Kang CH, Bae KC, Won YY, Lee KY. Delayed 
fracture of a ceramic insert with modern ceramic total hip replace-
ment. J Arthroplasty 2007; 22:136–139.

13.  Ha YC, Kim SY, Kim HJ, Yoo JJ, Koo KH. Ceramic Liner Fracture 
after Cementless Alumina-on-Alumina Total Hip Arthroplasty. Clin 
Orthop Relat Res 2006; 458:106–110.

14.  Toni A, Traina F, Stea S, Sudanese A, Visentin M, Bordini B, et 
al. Early diagnosis of ceramic liner fracture. Guidelines based on 
a twelve-year clinical experience. J Bone Joint Surg Am 2006; 88 
(Suppl 4):55–63.

15.  Maher SA, Lipman JD, Curley LJ, Gilchrist M, Wright TM. 
Mechanical performance of ceramic acetabular liners under im-
pact conditions. J Arthroplasty 2003; 18:936–941.

16.  D'Antonio J, Capello W, Manley M, Naughton M, Sutton K. 
Alumina Ceramic Bearings for Total Hip Arthroplasty: Five-year 
Results of a Prospective Randomized Study. Clin Orthop Relat Res 
2005; 436:164–171.

17.  Hannouche D, Hamadouche M, Nizard R, Bizot P, Meunier A, 
Sedel L. Ceramics in total hip replacement. Clin Orthop Relat Res 
2005; 430:62–71.

18.  Pfaff  HG. Ceramic component failure and the role of proof testing. 
Clin Orthop Relat Res 2000; 379:29–33.

19.  Hasegawa M, Sudo A, Hirata H, Uchida A. Ceramic acetabular 
liner fracture in total hip arthroplasty with a ceramic sandwich 
cup. J Arthroplasty 2003; 18:658–661.

20.  Bergmann G, Deuretzbacher G, Heller M, Graichen F, Rohlmann 
A, Strauss J, et al. Hip contact forces and gait patterns from routine 
activities. J Biomech 2001; 34:859–871.

21.  van den Kroonenberg AJ, Hayes WC, McMahon TA. Hip impact 
velocities and body confi gurations for voluntary falls from standing 
height. J Biomech 1996; 29:807–811.



<<
  /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

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /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


