
ORIGINAL ARTICLE

Does Hip Resurfacing Require Larger Acetabular Cups
Than Conventional THA?

Florian D. Naal MD, Michael S. H. Kain MD,

Otmar Hersche MD, Urs Munzinger MD,

Michael Leunig MD

Received: 28 April 2008 / Accepted: 15 December 2008 / Published online: 14 January 2009

� The Association of Bone and Joint Surgeons 2009

Abstract Hip resurfacing is femoral bone preserving, but

there is controversy regarding the amount of bone removed

at the acetabular side. We therefore compared the

implanted acetabular cup sizes in primary THAs between

two resurfacing devices and a conventional press-fit cup

using a series of 2134 THAs (Allofit1 cup 1643 hips,

Durom1 Hip Resurfacing 249 hips, and Birmingham Hip1

Resurfacing 242 hips). The effects of patient demographics

and cup position in the horizontal plane also were assessed.

After controlling for gender, patients were matched for

height, weight, body mass index, and age. The mean size

for Allofit1 cups was smaller than the sizes for Durom1

and Birmingham Hip1 Resurfacing cups in women

(49.9 mm, 51.6 mm, 52.3 mm, respectively) and men

(55.1 mm, 56.7 mm, 57.8 mm; respectively). Although

patient height was associated with the implanted cup size,

the cup position in the horizontal plane had no effect on the

size used. Larger cups were used with hip resurfacing than

for THA with a conventional press-fit cup. However,

additional studies are needed to determine whether these

small differences have any clinical implications in the long

term. The association of cup size and patient height should

be considered in future studies comparing component sizes

among different implants.

Level of Evidence: Level III, therapeutic study. See the

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Metal-on-metal hip resurfacing arthroplasty (HRA) has had

encouraging short- to midterm results in predominantly

young and active patients [1, 2, 10, 17]. The life expec-

tancy of these patients, mainly in their 40s and 50s, may

exceed 30 years. Many patients seek hip arthroplasty rel-

atively early and do not accept activity restrictions after

surgery [17, 18]. Therefore many of these patients likely

will require additional hip surgery or revision arthroplasty

later in their lives. One benefit of HRA is preservation of

femoral bone stock, which might ease future revision sur-

gery [5, 21]. Preservation of acetabular bone during

primary THA is similarly important as treatment of ace-

tabular bone deficiency during revision arthroplasty is

demanding and surgery becomes more technically difficult

with decreasing bone stock [7–9, 16, 22]. However, con-

troversy exists regarding the amount of bone removed from

the acetabular side. Two studies suggest removal of ace-

tabular bone during HRA is comparable to that of

conventional THA [15, 23], whereas another study reported

increased acetabular bone resection for HRA [13]. These

studies are difficult to compare because they have some
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methodologic limitations (ie, small series of unmatched

patients [13], no data for patient height or weight [15],

heavier patients in the THA cohort [23]) and different

implants (ie, Allofit1 and Durom1 [13], Allofit1, Anca-

fit1, Trident1, and Birmingham Hip1 Resurfacing

[BHR1] [15], AGBTM II, Trilogy1, and BHR1 [23]) and

implantation techniques used [13, 15, 23].

Considering the aforementioned background, our study

addresses the following questions: (1) Does HRA require

larger acetabular components than conventional THA

using a press-fit cup? (2) Do any demographic patient

variables correlate with the implanted acetabular compo-

nent sizes? (3) Does cup position along the horizontal plane

(medialization/lateralization) have an effect on the required

cup sizes?

Material and Methods

We retrospectively analyzed prospectively recorded data

for all patients who underwent THA at our clinic between

January 2003 and December 2007. During this period, 2946

primary THAs were performed, of which 491 were HRAs.

The standard press-fit cup used for stem-type THA was the

Allofit1 cup (Zimmer, Inc, Warsaw, IN). The Allofit1 cup

was implanted in 1643 hips using a posterior approach. This

cup has a titanium grit-blasted surface, providing a total

wall thickness of 2.9 mm. The cup has a flattened pole and

an expanded rim and does not represent a full hemisphere.

For resurfacing surgery, in which a posterior approach also

was used, the Durom1 Hip Resurfacing System (Zimmer)

was implanted in 249 hips, and the Birmingham Hip1

Resurfacing System (BHR1; Smith & Nephew, Solothurn,

Switzerland) was implanted in 242 hips. The Durom1

resurfacing system has a cobalt-chrome acetabular com-

ponent with a titanium vacuum plasma-sprayed coating,

providing a 4-mm wall thickness. It has a flattened pole and

a peripheral fin and does not have a full hemisphere. The

femoral components are available in 2-mm increments and

match one cup size, which is 6 mm larger. The hemispheric

BHR1 component has a hydroxyapatite-coated surface,

providing a 4-mm wall thickness. The femoral components

of the BHR1 are available in 4-mm increments only and

match two cup sizes, which are 6 or 8 mm larger. Hip

replacements (overall 812) in which other cups were used

and/or in which an approach different from the posterior

approach was performed (12 different cups in 691 hips and/

or anterolateral approach in 281 hips, lateral approach in

324 hips) were excluded. Indications for HRA comprised

young age (ie, normally younger than 60 years), active

lifestyle (ie, participation in impact sports, such as jogging,

tennis, and downhill skiing, or regular heavy labor, eg,

mechanic, warehouseman, construction worker, or

carpenter), the absence of radiographically visible osteo-

porosis or cystic degeneration of the femoral head, and the

absence of severe anatomic abnormalities of the proximal

femur. All HRAs were performed by two experienced

orthopaedic senior surgeons; conventional THA was per-

formed by eight different orthopaedic surgeons from our

clinic. Surgical preparation of the acetabulum was similar

for resurfacing and conventional THA components. We

began reaming at 40 mm down to the natural bottom of the

acetabulum; in some cases, the central osteophyte was

removed first. Sequential reaming in 2-mm increments

using the same standard reamer in all cases followed to the

intended component size for the Allofit1 and Durom1

components (eg, 54 mm for a Size 54 cup); for the BHR1

cup, we underreamed 2 mm (eg, 52 mm for a Size 54 cup).

Peripheral osteophytes were removed back to the implant

rim after placement of the cup to assure bony coverage

particularly at the anterior wall. Both surgeons who per-

formed HRA followed similar surgical steps, with

implantation of the acetabular component after defining the

minimum size of the femoral component. During the study

period, both surgeons also performed 1088 stem-type pri-

mary THAs.

The sizes of the acetabular components used were

obtained from the operative notes. For analyses, we con-

trolled for gender by separating patients into women and

men. Matched groups were created as follows: starting with

the smallest cohort (BHR1), all patients whose height,

weight, body mass index (BMI), and age were greater or

less than two standard deviations (SD) of each mean were

removed. Afterward, patients were selected randomly from

the two larger cohorts (Durom1 and Allofit1) and matched

to the patients with BHR1 prostheses for height, weight,

BMI, and age. This matching procedure created compara-

ble groups of 56 women and 125 men each (Tables 1, 2).

The cup sizes of the different implants were compared

using unpaired t tests after testing for normal distribution

(Shapiro-Wilk W test). To account for underreaming of the

BHR1, we repeated the analyses for the last used reamer

size, which was 2 mm smaller than the cups in hips with

the BHR1 prostheses.

To determine whether any demographic patient vari-

ables were associated with acetabular cup size, we

correlated height, weight, BMI, and age with the sizes of

the implanted cups using Pearson correlation coefficients

after testing for normal distribution (Shapiro-Wilk W test).

To assess the effect of the cup position in the horizontal

plane, one of the authors who was not involved in surgery

(MSK) measured the preoperative and postoperative hori-

zontal distances between the hip center and a vertical line

drawn through the medial edge of the ipsilateral teardrop

on plain anteroposterior radiographs [11]. If the teardrop

was not visible, the ilioischial line (Kohler’s line) was used
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as reference [11]. We subtracted the postoperatively mea-

sured distance from the preoperatively measured distance

and correlated the obtained values with the cup sizes using

Pearson correlation coefficients after testing for normal

distribution (Shapiro-Wilk W test). We also compared the

sizes of the 15 most medialized cups with those of the 15

most lateralized cups (unpaired t tests after testing for

normal distribution).

All statistical tests were performed using SPSS1 (Ver-

sion 13; SPSS Inc, Chicago, IL). Unless otherwise stated,

all data are presented as the mean ± SD.

Results

Combining the data of both resurfacing implants, HRAs

required larger cups than conventional THAs in women

(52.0 ± 3.0 mm versus 49.9 ± 2.6 mm; p = 0.000012)

and in men (57.3 ± 2.4 mm versus 55.1 ± 3.0 mm; p =

4.1E�14). The last used reamer size was greater in HRAs

than in conventional THAs in women (51.0 ± 3.0 mm

versus 49.9 ± 2.6 mm; p = 0.015) and in men (56.3 ±

2.4 mm vs. 55.1 ± 3.0 mm; p = 1.7E�05).

In women, we found the Allofit1 components were

smaller than Durom1 cups and smaller than BHR1 cups,

while there were no differences between Durom1 and

BHR1 shells (Fig. 1). In men, Allofit1 components were

smaller than Durom1 cups and smaller than BHR1 cups,

and Durom1 components were smaller than the BHR1

shells (Fig. 1).

The last used reamer size was smaller in Allofit1 hips

than in BHR1 hips in men, and in women and men, the last

used reamer size was smaller in BHR1 hips than in Du-

rom1 hips (Table 3).

Acetabular component size correlated with patient

height (r = 0.67; p = 4.9E�275), as did patient weight

(r = 0.48; p = 2.4E�121) and BMI (r = 0.15; p = 3.0E�
012). Patient age did not correlate (r = � 0.02; p = 0.26)

with acetabular component size.

The position of the cup in the horizontal plane did not

correlate with the used cup size (Table 4). Similarly, the

mean cup size of the most medially placed components did

not differ from the mean cup size of the most laterally

placed components (Table 5).

Discussion

Although HRA preserves femoral bone, there is contro-

versy regarding the amount of bone resected on the

acetabular side. Two previous studies suggest removal of

acetabular bone during HRA is comparable to that of

conventional THA [15, 23], whereas another report sug-

gests increased acetabular bone resection is required for

resurfacing surgery [13]. However, these reports are diffi-

cult to compare because they had methodologic limitations,

Table 1. Matched groups (women)

Variable Acetabular component p Value

Allofit1 Durom1 BHR1

Number of hips 56 56 56

Age (years) 48.7 ± 11.0 (21–71) 48.7 ± 11.1 (20–73) 48.7 ± 11.1 (19–68) [ 0.9

Height (cm) 166.1 ± 6.3 (155–179) 166.1 ± 6.2 (152–180) 166.1 ± 6.5 (151–178) [ 0.9

Weight (kg) 66.4 ± 11.8 (50–98) 66.5 ± 12.8 (50–98) 66.5 ± 10.4 (50–95) [ 0.9

BMI (kg/m2) 23.9 ± 5.1 (19.4–32.3) 24.0 ± 3.5 (19.2–35.6) 24.1 ± 3.6 (18.7–34.9) [ 0.9

Values are expressed as mean ± standard deviation, with range in parentheses; BHR1 = Birmingham Hip1 Resurfacing System; BMI = body

mass index.

Table 2. Matched groups (men)

Variable Acetabular component p Value

Allofit1 Durom1 BHR1

Number of hips 125 125 125

Age (years) 54.8 ± 7.2 (32–69) 54.3 ± 8.2 (34–69) 53.9 ± 8.4 (34–69) [ 0.5

Height (cm) 178.2 ± 5.3 (164–192) 178.2 ± 4.8 (165–190) 178.2 ± 4.9 (166–190) [ 0.9

Weight (kg) 85.0 ± 8.4 (70–102) 85.0 ± 8.6 (70–102) 85.0 ± 4.5 (70–104) [ 0.9

BMI (kg/m2) 26.8 ± 2.2 (23.0–31.6) 26.8 ± 2.3 (23.0–31.6) 26.8 ± 2.2 (23.1–31.6) [ 0.9

Values are expressed as mean ± standard deviation, with range in parentheses; BHR1 = Birmingham Hip1 Resurfacing System; BMI = body

mass index.

Volume 467, Number 4, April 2009 Acetabular Bone Loss in Resurfacing and THA 925

123



used different implants and techniques, and had different

patient demographics [13, 15, 23]. We therefore addressed

the following questions: (1) Does HRA require larger

acetabular components than conventional THA using a

press-fit cup? (2) Which demographic patient variables

correlate with the implanted acetabular component sizes?

(3) Does the cup position in the horizontal plane (medial-

ization/lateralization) have an effect on the required cup

sizes?

Our study has certain limitations. The major limitation is

that we cannot conclude whether the observed small dif-

ferences have any long-term implications for implant

survival or number of future revisions in these young

patients. This important issue should be addressed in future

investigations with long-term clinical followup. The ret-

rospective study design offers the advantage that the

surgeons were not biased by a known comparison of their

implanted cup sizes. The collection of data from several

surgeons might be considered a limitation of our study,

however, it more accurately reflects clinical reality. A

comparison of the distribution of cup sizes used by the

different surgeons revealed no differences (data not

shown).

Our data showed HRA used larger acetabular compo-

nents and larger reamers compared with conventional THA

using a standard press-fit cup. Our data compare with that
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Fig. 1 A graph shows the implanted

cup sizes of three different acetabular

components for primary THA after

matching the patients for height, weight,

BMI, and age. In men, Allofit1 cups

were smaller than Durom1 (p = 7.1E�
07) and BHR1 (p = 2.6E�14) cups.

Durom1 cups were smaller (p =

0.0002) than BHR1 shells. In women,

Allofit1 components were similarly

smaller than Durom1 (p = 0.0019)

and BHR1 (p = 3.4E�06) components.

There was no size difference (p = 0.2)

between Durom1 and BHR1 cups.

Table 3. Comparisons of the last used reamer sizes

Implant Female patients Male patients

Last reamer

size (mm)

p Value Last reamer

size (mm)

p Value

Allofit1 49.9 ± 2.6 * 55.1 ± 3.0 �

Durom1 51.6 ± 3.2 * 56.7 ± 2.2 �

BHR1 50.3 ± 2.7 * 55.8 ± 2.4 �

Values are expressed as mean ± standard deviation; BHR1 = Bir-

mingham Hip1 Resurfacing System; *Allofit1/Durom1:

p = 0.0019; Allofit1/BHR1: p = 0.36; Durom1/BHR1: p = 0.023;
�Allofit1/Durom1: p = 7.1E�07; Allofit1/BHR1: p = 0.024; Du-

rom1/BHR1: p = 0.003.

Table 4. Correlation between cup medialization and cup sizes

Implant Female patients Male patients

Correlation

coefficient (r)

p Value Correlation

coefficient (r)

p Value

Allofit1 0.07 0.610 �0.06 0.527

Durom1 �0.06 0.656 �0.12 0.204

BHR1 �0.05 0.751 0.10 0.295

Correlations expressed as Pearson coefficients; BHR1 = Birming-

ham Hip1 Resurfacing System.

Table 5. Effects of cup position in the horizontal plane on implanted cup sizes

Implant Female patients Male patients

Size of most

medialized cups

Size of most

lateralized cups

p Value Size of most

medialized cups

Size of most

lateralized cups

p Value

Allofit1 50.0 ± 2.7 (46–56) 49.9 ± 2.3 (46–54) 0.886 54.8 ± 2.9 (50–58) 55.2 ± 3.1 (48–60) 0.718

Durom1 52.0 ± 2.0 (50–56) 52.0 ± 4.7 (46–62) 0.898 56.8 ± 2.5 (52–60) 56.9 ± 2.3 (52–60) 0.879

BHR1 52.4 ± 3.4 (48–58) 52.5 ± 2.1 (48–56) 1.000 58.0 ± 2.5 (52–60) 57.5 ± 2.7 (52–62) 0.577

Values are expressed as mean ± standard deviation, with range in parentheses; BHR1 = Birmingham Hip1 Resurfacing System.
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of Loughead et al. [13], who reported the mean implanted

acetabular diameter was 56.5 mm in the BHR1 group and

52.0 mm in the THA group, using either the AGBTM II

(Stryker Orthopaedics, Mahway, NJ) or Trilogy1 (Zim-

mer) cup (Table 6). In contrast, Vendittoli et al. [23]

reported no difference in the size of the acetabular com-

ponents between the press-fit Allofit1 cup (54.7 mm) and

the Durom1 resurfacing implant (54.9 mm). The mean cup

size they reported for the Durom1 cup was smaller than

the value we found. This might be explained by different

demographic patient variables, particularly gender distri-

bution, patient height, and patient weight. Vendittoli et al.

[23] stated they made no attempt to seat all components to

the natural bottom of the acetabulum, but our results refute

the possible hypothesis that consequential cup lateraliza-

tion might have resulted in the use of smaller components.

Our data suggest the amount of medialization or laterali-

zation did not correlate with the used component sizes, and

similarly, the mean size of the most medially placed cups

did not differ from that of the most laterally placed cups.

The presumption that patient demographics have a stronger

association with acetabular component size than cup

position in the horizontal plane is supported by comparison

of our results with those of Moonot et al. [15]. They per-

formed a matched-group analysis separately for women

and men comparing BHR1 and THA cup sizes. Contrary

to our findings, they reported no differences in men and

smaller outside diameters of the BHR1 components than

those of the THA components in women [15]. Addition-

ally, the mean cup sizes they presented were larger than

those we found. These differences again might be related to

relevant differences in patient demographics. Moonot et al.

[15] performed only an age- and gender-matched analysis,

without providing data on patient height or weight. Our

data suggest patient height and weight are associated with

the implanted acetabular component size, but not patient

age. Nevertheless, in comparison to other studies, partic-

ularly studies of US patients, the comparatively low BMI

values in our cohort must be considered.

Conservation of bone stock, not only on the femoral

side, is an increasingly important issue in THA, consid-

ering the demographics of patients are changing toward

an increasing proportion of younger and more active

individuals [17–19]. These patients in their 40s and 50s

are likely to undergo revision THA later during life,

which would be aggravated by compromised bone stock

owing to excessive bone removal during primary THA [3,

19]. It is true that HRA preserves bone on the femoral

side. However, the minimum size of the femoral com-

ponent is defined by the femoral neck diameter; otherwise

notching will occur, resulting in an increased risk for

femoral neck fractures, a major cause of failure in HRA

[4, 6, 14, 20]. Therefore, considering the large femoral

components and minimum wall diameter of the acetabular

cups necessary to provide sufficient internal rigidity [24],

additional bone resection on the acetabular side might be

the result of femoral bone preservation [12]. This

assumption was affirmed by Loughead et al. [13] and by

our results. However, we are not aware of studies show-

ing larger cup sizes or removal of more bone during

primary THA will lead to earlier failures or more revi-

sions in the future. Despite published evidence that

conservation of acetabular bone is eminently important

for revision THA and that technical difficulties during

revision increase with decreasing bone stock [7–9, 16,

22], it is unclear if the small differences we observed,

despite being statistically significant, will have any clin-

ical implications in the long term. The differences of

approximately 2 mm correspond to one incremented cup

size, and if the last reamer size is considered, these dif-

ferences are reduced to approximately 1 mm; this 1-mm

difference could be easily explained by the different wall

thickness: 4 mm in HRA and 2.9 mm in Allofit1 com-

ponents. Therefore, it seems, with proper surgical

techniques, differences in cup sizes between HRA and

conventional THA can be reduced to implant design

specifics. The small differences we observed between the

Durom1 and BHR1 prostheses might be related to

implant characteristics, with a hemispheric cup design of

the BHR1 and a nonhemispheric design of the Durom1,

and availability of 2-mm increments for the Durom1

femoral component but only 4-mm increments for the

BHR1.

Our study showed HRA required larger (52.0 versus

49.9 mm in women and 57.3 versus 55.1 mm in men)

acetabular components than THA using a conventional

press-fit cup and differences between the BHR1 and

Durom1 resurfacing systems were marginal. Future studies

should investigate if these small differences have any

clinical implications in the long term. Although cup posi-

tion in the horizontal plane had no effect, patient height

was associated with the size of the implanted acetabular

Table 6. Comparison of resurfacing and conventional THA cup sizes

Study Cup size (mm) p Value

Resurfacing Conventional THA

Current authors 52.0 (46–62)* 49.9 (46–58)* 0.000012

57.3 (50–64)� 55.1 (48–62)� 4.1E�14

Loughead et al. [13] 56.5 52.0 \ 0.001

Moonot et al. [15] 51.6 (46–58)* 53.6 (46–66)* \ 0.001

57.8 (52–64)� 57.6 (52–64)� 0.77

Vendittoli et al. [23] 54.9 (44–64) 54.7 (48–62) 0.77

Values are expressed as mean, with range in parentheses; *female

patients only; �male patients only.
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components. These observations should be considered in

future studies comparing component sizes among implants

or between HRA and conventional THA.
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21. Shimmin A, Beaulé PE, Campbell P. Metal-on-metal hip resur-

facing arthroplasty. J Bone Joint Surg Am. 2008;90:637–654.

22. Sporer SM, Paprosky WG, O’Rourke M. Managing bone loss in

acetabular revision. J Bone Joint Surg Am. 2005;87:1620–1630.

23. Vendittoli PA, Lavigne M, Girard J, Roy AG. A randomised

study comparing resection of acetabular bone at resurfacing and

total hip replacement. J Bone Joint Surg Br. 2006;88:997–1002.

24. Yew A, Jin ZM, Donn A, Morlock MM, Isaac G. Deformation of

press-fitted metallic resurfacing cups Part 2: Finite element

simulation. Proc Inst Mech Eng H. 2006;220:311–319.

928 Naal et al. Clinical Orthopaedics and Related Research

123


	Does Hip Resurfacing Require Larger Acetabular Cups �Than Conventional THA?
	Abstract
	Introduction
	Material and Methods
	Results
	Discussion
	Acknowledgments
	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


