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Abstract Wear particle-induced osteolysis is a major

cause of aseptic loosening in THA. Increasing wear resis-

tance of polyethylene (PE) occurs by increasing the cross-

link density and early reports document low wear rates

with such implants. To confirm longer-term reductions in

wear we compared cross-linked polyethylene (irradiation

in nitrogen, annealing) with historical polyethylene

(irradiation in air) in a prospective, randomized clinical

study involving 48 patients who underwent THAs with

a minimum followup of 7 years (mean, 8 years; range,

7–9 years). The insert material was the only variable. The

Harris hip score, radiographic signs of osteolysis, and

polyethylene wear were recorded annually. Twenty-three

historical and 17 moderately cross-linked polyethylene

inserts were analyzed (five patients died, three were lost to

followup). At 8 years, the wear rate was lower for cross-

linked polyethylene (0.088 ± 0.03 mm/year) than for the

historical polyethylene (0.142 ± 0.07 mm/year). This

reduction (38%) did not diminish with time (33% at

5 years). Acetabular cyst formation was less frequent (39%

versus 12%), affected fewer DeLee and Charnley zones

(17% versus 4%), and was less severe for the cross-linked

polyethylene. The only revision was for an aseptically

loose cup in the historical polyethylene group. Moderately

cross-linked polyethylene maintained its wear advantage

with time and produced less osteolysis, showing no signs of

aging at mid-term followup.

Level of Evidence: Level I, therapeutic study. See

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Wear particle-induced osteolysis is the major cause of

aseptic loosening and (premature) revision in THA. The

osteolytic effect of wear debris depends not only on par-

ticle size and shape but also mainly on the particle volume

released into the surrounding tissue [14, 24]. Numerous

authors have reported, with standard 28-mm heads, linear

wear rates greater than 0.2 mm per year always produce

wear particle-induced osteolysis, whereas this mostly is

absent at annual wear rates less than 0.05 to 0.1 mm per

year [1, 4, 10, 11, 20, 29, 32, 34, 35]. Therefore, increasing

wear resistance of the PE for acetabular cups has been a

major target. This can be achieved by increasing the cross-

link density of the PE [41]. A wear simulator study sug-

gested wear reduction of moderately cross-linked PE over

historical PE is between 32% and 45% by volumetric wear

rates [15].

Cross-linking is a process usually initiated by gamma

irradiation whereby hydrogen atoms are removed from the

PE molecules, creating free radicals, which recombine by
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linking with free radicals of neighboring PE molecule

chains. This new network of cross-linked PE chains dra-

matically increases the wear resistance but also increases

the stiffness of the PE and makes it more brittle [21, 28]. A

PE that is too stiff or brittle may have reduced fatigue

strength, which in clinical applications may lead to stress

cracking and subsequent failure of the locking mechanism,

or when impingement occurs, the insert rim may crack and

delaminate [39].

However, not all free radicals created by the irradiation

recombine to form cross-links. These residual free radicals

are highly reactive and are responsible for early oxidation

(aging) of the PE [12]. Oxidized PE exhibits accelerated

wear and delamination. Free radicals can be removed using

two postirradiation heat treatments, remelting or annealing.

Remelted PE is more oxidation-resistant but has less

mechanical strength than historical PE. In annealed PE,

strength is maintained, but because of residual-free radi-

cals, oxidation should appear, which could lead to

accelerating long-term wear rates [12, 36].

Our primary study question was whether cross-linked

PE could maintain its increased wear resistance with time

up to 8 years when oxidation and aging effects may have

affected the original properties. A secondary study question

was whether the reduced wear rate of cross-linked PE led

to reduced signs of osteolysis.

Materials and Methods

We compared the first-generation moderately (B 50-kGy

total irradiation dose) cross-linked PE (DurationTM; Stry-

ker Orthopaedics, Mahway, NJ) with PE gamma-sterilized

in air, a clinical standard at the time the study began but

now considered and in the following referred to as histor-

ical PE. We enrolled 48 patients (48 hips) after informed

consent and ethical approval in a randomized, prospective

clinical study. Patients were included who had primary

THAs who had a diagnosis of osteoarthritis, rheumatoid

arthritis, avascular necrosis of the femoral head, or post-

traumatic arthritis of the hip. The patients were between 48

and 74 years of age on enrollment. Patients were excluded

if they had prior reconstructive procedures, such as surface

replacement arthroplasty or fracture fixation, or hemi-

arthroplasties. We also excluded patients if they had active

infections or if they had a malignancy in the area of the

involved hip. We obtained the patients’ medical histories,

including demographics, joint disease diagnosis, and con-

current diseases. Included patients were assigned to either

the historical PE insert (26 hips) or the moderately cross-

linked PE insert (22 hips) by double-blind block random-

ization. Five patients died of unrelated causes and three

were lost to followup, leaving 40 patients (23 historical, 17

DurationTM) for clinical and wear analyses. The historical

PE and DurationTM PE groups were similar in terms of

gender distribution (13 males/10 females versus 11 males/

six females), average age (64 years), body mass index

(28 kg/m2 versus 29 kg/m2), preoperative (40 versus 39)

and postoperative (93 versus 95) Harris hip scores [19],

stem size (4 versus 4), average cup diameter (54 mm

versus 54 mm), cup inclination (47� versus 48�), liner

thickness (8 mm versus 8 mm), and average followup

(8 years). The randomization process resulted in good

matching, leaving the insert material as the only variable of

the study (Table 1). A priori power analysis (G*Power 3;

Düsseldorf University, Düsseldorf, Germany) [13] was

performed, assuming an annual wear rate of 0.15 mm

per year for the historical PE based on published values

[11] and a wear rate of 0.09 mm per year for the Dura-

tionTM PE based on the 45% reduction in linear wear rate

predicted from a simulator study [15]. Assuming conser-

vative standard deviations for the wear rate measurement

(± 0.07 mm/year) based on a pilot study and standard

values for alpha (a = 0.05) and power (b = 80%), a total

sample size of 46 was calculated. After loss to followup

(n = 40), post hoc analysis confirmed a power of

b = 92%, benefiting mainly from the lower than assumed

standard deviations.

Both of the acetabular cup inserts used were of the same

hemispheric design and were mated to an ABG1 II

hydroxyapatite-coated hemispheric acetabular shell made

of titanium alloy (Stryker) and matching press-fit

hydroxyapatite-coated ABG1 II stem (Stryker). All fem-

oral heads were of CoCr alloy and measured 28 mm

in diameter. Both inserts were manufactured from

Table 1. Patient demographics, surgical and implant parameters, and

wear

Variable Historical PE DurationTM PE

Total/available 26/23 22/17

Age (years) 64 (54–72) 64 (48–74)

Body mass index (kg/m2) 28 (23–49) 28 (24–36)

Male/female 13/10 11/6

Harris hip score preoperatively 40 ± 19 39 ± 16

Stem size 4 (2–5) 4 (3–5)

Head diameter (mm) 28 28

Cup diameter (mm) 54 (48–62) 54 (48–60)

Cup inclination (degrees) 47 ± 7 48 ± 6

Liner thickness (mm) 9 (7–11) 9 (6–12)

Followup (years) 8 (7.2–8.8) 8 (6.9–9.0)

Harris hip score postoperatively 93 ± 14 95 ± 12

Wear rate (mm/year) 0.142 ± 0.07 0.088 ± 0.03*

Values are expressed as mean or mean ± standard deviation, with

range in parentheses; *p = 0.01; PE = polyethylene.
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ram-extruded rods converted from Hoechst GUR 415 resin

by Poly Hi Solidur, Inc (Reading, PA) with a molecular

weight between 5 and 6 million g/mol. The historical PE

inserts were packaged and sealed in a double-plastic blister

surrounded by air and the package then was irradiated at a

dose of 30 kGy. The moderately cross-linked PE inserts

were placed in two sealed blisters, which were evacuated

and then flushed with nitrogen before sealing. The oxygen

concentration in the inner blister was less than 0.5% (v/v)

and the concentration in the outer blister was less than 5%

(v/v) at the time of packaging. The completed package then

was gamma-irradiated with a dose of 30 kGy. After irra-

diation, packages were placed in an oven for annealing at a

temperature of 50�C for 144 hours density by promoting

free radical recombination. The elevated cross-link density

of moderately cross-linked PE was verified using a small

punch test [37]. Additional mechanical tests showed

strength, stiffness, and elongation to break as a measure of

brittleness were not affected by the moderately cross-

linked PE process.

Clinical followup parameters were assessed at patient

visits postoperatively at less than 6 weeks and at 1, 2, 3, 5,

and 8 years postoperatively. Standard standing radiographs

were obtained for subsequent wear measurement (5 and

8 years). Two of us (AJT, WV, blinded to PE insert used)

identified migration, loosening, and potentially wear-rela-

ted phenomena, such as osteolytic cyst formation and

radiolucent lines, in the femur and acetabulum. Migration

was defined as a change in distance between the proximal

tip of the hip stem and trochanter major on anteroposterior

radiographs reaching or exceeding 3 mm or greater than

3 mm displacement of the cup in any direction. Findings

were located according to the seven zones of Gruen et al.

[18] for the femur and the three zones of DeLee and

Charnley [6] for the acetabulum. On the femur and ace-

tabulum, osteolytic cysts or radiolucent lines were rated as

present or nonpresent. On the acetabulum, where multiple

cysts were seen, also the number, size, and shape (affected

bone-implant interface) of cysts were evaluated and scored

in a composite severity index. In the absence of a gold

standard rating system, the following classification was

used: one point was given to one small cyst covering a

small proportion of the bone-implant interface; two points

were given for either two such small cysts or one medium-

sized cyst affecting approximately ½ the bone-implant

interface of the zone under investigation; two points also

were given for a large cyst extending from a neighboring

zone into the investigated zone affecting approximately ½

the bone-implant interface; three points were given when

two medium-sized cysts or a large cyst affected all or most

of the bone-implant interface of the zone under investiga-

tion. With three acetabular zones, the total severity index

ranged from 0 (no cysts) to 9 (extensive cysts in all three

zones). A similar rating of radiolucent lines was not

applied, as they were present in only one patient.

Wear was measured by one blinded observer (WV) on

standard anteroposterior standing digital radiographs (5-

MPix resolution) determining femoral head penetration

[27] using the Roman V 1.70 software (Institute of

Orthopaedics, Oswestry, UK). Accuracy, intraobserver and

interobserver reliability of this method, and software

reportedly are equal or superior to other common methods

[16].

We statistically compared the linear wear rates of both

groups using the nonparametric two-tailed Mann-Whitney

test. Proportions of patients with wear rates greater or less

than clinically relevant thresholds were compared using

Fisher’s exact test. Also, the proportions of patients

showing cysts as a sign of osteolysis were compared using

Fisher’s exact test.

Results

At 8 years’ followup, the linear wear rates were less

(p = 0.007) for the moderately cross-linked PE (0.088 ±

0.03 mm/year) than for the historical PE (0.142 ± 0.07

mm per year). More patients (p = 0.006) with the histor-

ical PE had annual wear rates greater than 0.1 mm per year

than did patients with the moderately cross-linked PE insert

(17 of 23 versus five of 17, respectively) (Fig. 1). More

patients (0 = 0.2) in the historical PE group also had high

wear rates (greater than a threshold value of 0.2 mm per

year) than in the moderately cross-linked PE group (four of

23 versus 0 of 17, respectively). At 5 years, the annual

wear rate also was less (p = 0.02) for the cross-linked PE

(0.106 ± 0.037 mm/year) than for the historical PE

(0.152 ± 0.062 mm/year) group. The average reduction in

wear rate with cross-linked PE at 8 years (38%) did not

decrease when compared with the rate at the 5-year fol-

lowup (30%).
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Fig. 1 A histogram shows annual linear wear rates for each patient

measured at 8 years.
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One patient in the historical group had osteolysis with

acetabular radiolucencies in all three DeLee and Charnley

zones. This patient also had aseptic acetabular loosening

and underwent revision surgery. The annual wear rate of

this patient was at the higher end of the distribution at

0.22 mm per year. Acetabular radiolucencies or loosening

were absent in the moderately cross- linked PE. Radio-

graphic appearance of one or more osteolytic cysts in

the acetabulum was greater (p = 0.057) in patients in the

historical PE (nine of 23) group than in patients in the

cross-linked PE (two of 17) group. When the number of

affected DeLee and Charnley zones was counted, the

proportion of zones showing cyst formation also was

greater (p = 0.022) with historical PE (12 of 69, 17%) than

with cross-linked PE (two of 51, 4%). When cyst formation

was weighted by size using the 0- to 9-point severity index,

the higher level of cyst formation for the group with his-

torical PE became even more pronounced (14.5% versus

2.9%) (p = 0.021). Although there were no femoral

radiolucencies seen in either group, femoral osteolysis was

noted in similar numbers (p = 0.489) of patients in both

groups (four of 23 for the historical PE group and two of 17

for the moderately cross-linked PE group).

Discussion

Wear particle-induced osteolysis is a major cause of aseptic

loosening in THA. Wear resistance of PE may be enhanced

by increasing the cross-link density. Simulator studies and

short- to midterm clinical studies with as much as 6 years

followup [1–3, 7–9, 15, 17, 21, 22, 25, 30, 31] document

reduced wear. However, aging may influence the material

as in vivo oxidation may start to degrade the beneficial

properties of cross-linked PE with its higher residual

amount of free radicals, especially in material that is

annealed and not remelted. We therefore asked whether

cross-linked PE could maintain its increased wear resis-

tance with time up to 8 years when oxidation and aging

effects may have affected the original properties. Our

secondary question was whether the reduced wear rate of

cross-linked PE led to reduced osteolysis. This relationship

is being scrutinized because wear particles of cross-linked

PE have been suspected to have a higher osteolytic

potential, and it can be investigated only when followups

are long enough for development and radiographic diag-

nosis of cyst formation.

Our study is limited by the relatively small group size,

which nonetheless was sufficiently powered to investigate

the first question regarding wear rate reductions but weakly

powered to draw conclusions on the second question

regarding effective reduction of osteolysis with cross-

linked PE. Quantifying osteolysis in an objective and

reliable manner generally is difficult and was not well

described before the study by Dumbleton et al. [11] in

2002. Our two experienced observers tried to classify size,

number, and position in a composite severity index.

However, periacetabular cyst formation can be evaluated

only partially from anteroposterior radiographs, as

approximately ½ the periacetabular cyst is covered by the

insert and projected in the anteroposterior plane [5, 26, 43].

A set of oblique radiographs or three-dimensional CT may

resolve this problem but poses ethical issues. As in any

study trying to link wear rates to wear debris-induced

osteolysis, the highly individual response of periprosthetic

tissue to particle load (responders and nonresponders)

probably confounds studies on wear and osteolysis unless

joint register-sized databases can be used. Although accu-

rate and reliable digital wear-measurement software was

used on high-resolution radiographs, the prospective nature

of the study would have allowed radiostereometric analysis

(RSA) to be used. This would have further increased

accuracy and improved analysis of the wear angles and

creep or liner settling.

Our study also is limited by the fact that the wear

analysis was performed only at 5 and 8 years but not after

short followup, so we have no information regarding

whether both materials differed regarding creep or liner

settling was completed after 6 to 24 months. Studies such

as those of Digas et al. [7, 8] showed highly cross-linked

PE has not only reduced steady-state wear rates at 5 years

but also less creep and liner settling, which also tends to be

completed earlier. If this would apply to a lesser degree

also to the moderately cross-linked PE used in our study,

the reduction in steady-state wear rate measured at 5 or

8 years could still be larger. However, with creep and liner

settling measuring less than 0.1 mm [9], the effect size is

smaller than the pixel of a standard digital radiograph and

thus hardly can be captured with conventional radiographic

wear measurement but with RSA only.

Although many factors possibly confounding this com-

parative wear study were controlled or matched, activity

level as a major factor affecting wear [32] was not mea-

sured or controlled. Whereas demographics (gender, age,

body mass index) and postoperative clinical outcome as

measured using the Harris hip score were the same between

groups, these provide only slight indication regarding

functional capacity and overall activity level. With the

advance of activity-monitoring technologies, wear studies

such as this would benefit from information about activity.

Finally, a minimum of 7 years’ followup is still too

short to analyze and draw conclusions regarding long-term

effects. However, PE intentionally cross-linked to reduce

wear over PE gamma-irradiated solely for the purpose of

sterilization was introduced for widespread clinical use in

the mid- to late 1990s and thus clinical evidence from 8 to
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10 years followup is the longest that can be reported at this

stage. Although newer generations of highly cross-linked

PE inserts reportedly have promising low wear rates, from

59% to greater than 95% wear reduction compared with

rates of historical PE inserts in simulator or short-term

clinical studies, the longest published followup of these

studies is only 6 years, and prospective randomized com-

parisons between alternative PE inserts are scarce [2, 3, 7–

9, 17, 22, 31].

We found the wear rates of the moderately cross-linked

PE at 8 years were less than than those of historical PE.

The reduction of 38% correlated well with reductions of

33% to 45% reported for comparisons of these materials in

hip simulator studies [8]. The absolute wear rate of the

historical PE compared well with the rate in another wear

study that measured penetration rates for PE not inten-

tionally cross-linked for wear reduction (eg, 0.16 mm/year)

[33]. The reduction of this first-generation cross-linked PE

is less than the clinically reported wear rate reductions

observed at 5 years for highly cross-linked PE, ranging

between 59% [30] and 95% [7]. Highly cross-linked PE

inserts of newer generation than the DurationTM PE used in

our study have been exposed to much higher irradiation

doses in the order of 100 kGy and thus have a much higher

cross-link density and consequently wear resistance. The

relative reduction also depends on which PE is used in the

control group. The 38% reduction in wear rate observed at

8 years is not less than the 30% reduction measured at the

5-year followup in our patients or the 33% reduction

reported for larger groups comparing the same materials

[15]. It seems more that the benefit of using a cross-linked

PE over historical PE may increase with time. Fears that

cross-linked PE, especially the annealed versions such as

DurationTM that have more free residual radicals prone to

oxidation than the remelted alternatives [42], may degrade

in vivo so that wear accelerates beyond the 5-year point

cannot be supported based on our results. The fact that

absolute annual wear rates decreased for both materials

between 5 and 8 years may be attributable to lower activity

levels as patients are aging during followup.

Cysts suggesting wear debris-driven osteolysis report-

edly occur more frequently on the acetabulum than the

femur [23]. This can be expected because the acetabular

bone-implant interface is closer to the origin of wear debris

and because the interface between the proximal femur and

hydroxyapatite-coated stem probably is better sealed

against particle migration [40]. It also may be a hint that

the osteolysis observed is wear particle driven and not bone

resorption owing to other effects such as stress shielding.

Cysts on the acetabular side were observed less frequently,

affected fewer zones, and were smaller for the cross-linked

PE at good evidence level. The trend toward less osteolysis

also was visible on the femoral side, although without

statistical evidence. The only acetabular revision attribut-

able to aseptic loosening was in a patient in the control

group with one of the highest wear rates. Although strong

correlations between wear rates and osteolysis were

reported in a literature review [11], such findings could be

expected, as smaller particle volumes are released into the

periprosthetic tissue triggering less cytotoxic response.

However, a cell culture study [38] suggested wear particles

of cross-linked PE can be smaller and shaped differently

from those of alternative PE and thus may have a higher

cytotoxicity (functional osteolytic potential). As a result,

cross-linked PE may produce equal or higher levels of

osteolysis despite reduced wear volumes. The results of our

study do not support this concern.

Moderately cross-linked PE reduced in vivo wear rates

compared with historical PE at 8 years. The reduced wear

was accompanied by reduced signs of osteolytic cyst for-

mation. The wear reduction was maintained and even

augmented between 5 and 8 years, indicating no oxidation

effects had yet degraded the material at clinically notice-

able levels. The wear rate reduction correlated well with

simulator predictions, providing confidence in predictions

for newer generations of cross-linked PE. Cross-linked PE

seems to be a superior choice over historical material, even

after longer times in vivo, therefore, cross-linked PE may

deserve to become the new standard.
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31. Röhrl SM, Li MG, Nilsson KG, Nivbrant B. Very low wear of

non-remelted highly cross-linked polyethylene cups: an RSA

study lasting up to 6 years. Acta Orthop. 2007;78:739–745.

32. Schmalzried TP, Shepherd EF, Dorey FJ, Jackson WO, dela Rosa

M, Fa’vae F, McKellop HA, McClung CD, Martell J, Moreland

JR, Amstutz HC. The John Charnley Award. Wear is a function

of use, not time. Clin Orthop Relat Res. 2000;381:36–46.

33. Sechriest VF 2nd, Kyle RF, Marek DJ, Spates JD, Saleh KJ,

Kuskowski MJ. Activity level in young patients with primary

total hip arthroplasty: a 5-year minimum follow-up. J Arthro-
plasty. 2007;22:39–47.

34. Shih CH, Lee PC, Chen JH, Tai CL, Chen LF, Wu JS, Chang

WH. Measurement of polyethylene wear in cementless total hip

arthroplasty. J Bone Joint Surg Br. 1997;79:361–365.

35. Sochart DH. Relationship of acetabular wear to osteolysis and

loosening in total hip arthroplasty. Clin Orthop Relat Res.

1999;363:35–50.

36. Streicher RM. Ionizing irradiation for sterilization and modifi-

cation of high molecular weight polyethylenes. Plast Rubber
Proc Appl. 1988;10:221–229.

37. Test Method for Small Punch Testing of Ultra-High Molecular

Weight Polyethylene Used in Surgical Implants (ASTM F 2183–

02). Annual Book of ASTM Standards. Vol 13.01. West Cons-

hohocken, PA: ASTM International; 2003.

38. Tipper JL, Galvin AL, Williams S, McEwen HM, Stone MH,

Ingham E, Fisher J. Isolation and characterization of UHMWPE

wear particles down to ten nanometers in size from in vitro hip

and knee joint simulators. J Biomed Mater Res. 2006;78:473–

480.

39. Tower SS, Currier JH, Currier BH, Lyford KA, Van Citters DW,

Mayor MB. Rim cracking of the cross-linked longevity poly-

ethylene acetabular liner after total hip arthroplasty. J Bone Joint
Surg Am. 2007;89:2212–1127.

40. van der Wal BC, Rahmy AI, Grimm B, Blake GM, Heyligers IC,

Tonino AJ. The influence of implant design on periprosthetic

bone remodeling of two types of uncemented HA-coated hip

stems: a two year follow-up study using DEXA. Hip Int. 2006;

16:8–17.

41. Wang A, Polineni VK, Stark C, Dumbleton JH. Effect of femoral

head surface roughness on the wear of ultrahigh molecular weight

polyethylene acetabular cups. J Arthroplasty. 1998;13:615–620.

42. Wolf C, Macho C, Lederer K. Accelerated ageing experiments

with crosslinked and conventional ultra-high molecular weight

polyethylene (UHMW-PE) stabilised with alpha-tocopherol for

total joint arthroplasty. J Mater Sci Mater Med. 2006;17(12):

1333–1340.

43. Zimlich RH, Fehring TK. Underestimation of pelvic osteolysis:

the value of the iliac oblique radiograph. J Arthroplasty. 2000;15:

796–801.

984 Geerdink et al. Clinical Orthopaedics and Related Research

123


	Cross-linked Compared with Historical Polyethylene in THA: An 8-year Clinical Study
	Abstract
	Introduction
	Materials and Methods
	Results
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


