
SYMPOSIUM: PAPERS PRESENTED AT THE 2009 CLOSED MEETING OF THE INTERNATIONAL

HIP SOCIETY

What is the Midterm Survivorship and Function After Hip
Resurfacing?

Luthfur Rahman MRCS, Sarah K. Muirhead-Allwood FRCS,

Muhannad Alkinj MBBS

Published online: 24 June 2010

� The Association of Bone and Joint Surgeons1 2010

Abstract

Background Hip resurfacing arthroplasty is a common

procedure that improves functional scores and has a

reported survivorship between 95% and 98% at 5 years.

However, most studies are reported from the pioneering

rather than independent centers or have relatively small

patient numbers or less than five years followup. Various

factors have been implicated in early failure.

Questions/purposes Our purposes were to determine: (1)

the midterm survival of the BHR; (2) the function in

patients treated with hip resurfacing; and (3) whether age,

gender, BMI, or size of components related to failure.

Methods We reviewed the first 302 patients (329 hips) on

whom we performed resurfacing arthroplasty. We assessed

the survivorship, change in functional hip scores (HHS,

OHS, WOMAC, UCLA), and analyzed potential risk fac-

tors (age, gender, BMI, component size) for failure. The

mean age at the time of surgery was 56.0 years (range,

28.2–75.5 years). The minimum followup was 5 years

(mean, 6.6 years; range, 5–9.2 years).

Results Kaplan-Meier analysis showed survival of 96.5%

(95% CI, 94.7–98.4) at 9 years taking revision for any

cause as the endpoint. All functional hip scores (HHS,

OHS, WOMAC, UCLA) improved. Survivorship was

higher in men compared with women. The component sizes

and body mass index were smaller in the revised group

compared with the nonrevised group.

Conclusions Medium-term survivorship and functional

scores of hip resurfacing are comparable to those from the

pioneering center. Hip resurfacing remains a good alter-

native to THA, particularly in the younger male population

with relatively large femoral head sizes.

Level of Evidence Level IV, therapeutic study. See the

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Over the last decade, hip resurfacing has become an

increasingly common option, predominantly for younger

patients with greater physical demand particularly because

the revision rates of conventional THA in younger patients

are generally higher, ranging from 12% to 67% at 4.5 to

16.2 years [7, 15, 24, 28, 34]. However, Marker et al. [35]

reported similar functional hip scores and radiographic

assessment in a recent review of the literature comparing

hip resurfacing with THA, although a number of studies

included in the review did show better clinical outcomes

after hip resurfacing [35]. In addition to this, Killampalli

et al. [27] reported no differences in functional scores in

young patients treated with hip resurfacing compared with

THA at a minimum 5-year followup. Despite this, hip

resurfacing as an alternative to conventional THA does

offer a number of advantages: preservation of the meta-

physeal and diaphyseal femoral bone; improved

radiographic biomechanical parameters of the hip e.g.

femoral offset [16, 45]; larger femoral head sizes reducing
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the risk of dislocation [9]; and improved wear properties of

the metal-on-metal bearing surfaces [23, 36].

Various studies from one pioneering center have

reported survivorship of up to 99.8% at a mean of 3.3 years

[11] and 98% at 5 years [48] with the Birmingham Hip

Resurfacing (BHR; Smith & Nephew, Memphis, TN).

Other independent series have reported survivorship with

the BHR of up to 99% at 3 years [4] and 96.3% at 5 years

[22], although this has been on smaller numbers of patients

or studies with followup of 5 years or less. Similar survi-

vorship has also been reported using other brands of hip

resurfacing with a 94% survival at 3.4 years [39] and 94%

survivorship at 5.5 years [1] using the Conserve Plus hip

resurfacing (Wright Medical Technology Inc, Arlington,

TN). More recently, other studies with longer followup

have also reported midterm survivorship of 95.7% at

7 years [26] and 95% at 8 years [47].

Various studies have also reported substantial

improvements in activity levels and functional hip scores

after hip resurfacing [1, 11, 22, 39, 42, 48]. In addition,

Marker et al. [35] reviewed various comparative studies

and found conflicting observations with some studies

showing patients with hip resurfacing had higher postop-

erative activity levels than patients who underwent THA,

while other studies [35] demonstrated similar clinical hip

scores. Patient selection for hip resurfacing is particularly

important and a number of risk factors for failure have been

reported [43], including increasing age, female gender [3,

8], low body mass index (BMI) [29], and smaller compo-

nent sizes [3].

To confirm these previous findings we determined: (1)

the midterm survival of the BHR; (2) the functional scores

in patients treated with hip resurfacing; and (3) asked

whether age, gender, BMI, or size of components related to

failure.

Patients and Methods

We retrospectively reviewed all 302 patients (329 hips)

who underwent resurfacing arthroplasty between May

2000 and June 2004 and the data were collected pro-

spectively. The most common indication was primary

osteoarthritis (Table 1). In general, the operation was

offered to men younger than age 65 years and women

younger than age 60 years with good bone stock as judged

on plain radiographs. Contraindications were severe bone

loss of femoral head; multiple large femoral head or neck

cysts (greater than 1 cm); severe osteopenia or osteopo-

rosis as assessed using dual-energy xray absorptiometry if

bone stock was questionable on plain radiographs; and

known metal sensitivity. During the study period, we

performed 1475 conventional THAs in 1187 patients. All

patients had a BHR; this implant is currently the most

widely used resurfacing prosthesis, accounting for 47% of

all hip resurfacings and 9% of primary hip procedures in

the United Kingdom [41]. Among the 302 patients, there

were 89 women and 213 men. The mean age at the time of

surgery was 56.0 years (range, 28.2–75.5 years). Twenty-

seven patients had bilateral procedures, all of which were

staged surgeries. Two of the 302 patients were lost to

followup and were included in the statistical analysis for

both preoperative to postoperative differences in func-

tional hip scores and survivorship analysis up until the last

recorded followup. Six patients died during the study

period for reasons unrelated to their hip procedure and

were also included in the analysis up until the last fol-

lowup as for the patients who were lost to followup. The

minimum followup was 5 years (mean, 6.6 years; range,

5–9.2 years).

All patients underwent a standard pre- and postoperative

regimen performed by a single consultant orthopaedic

surgeon (SKM-A). All patients received antibiotic pro-

phylaxis with three doses of intravenous cefuroxime

perioperatively. After initial templating of preoperative

radiographs, surgery was carried out using a standard

technique with the patient under a general anesthetic. The

patient was placed in the lateral position and an extended

posterior approach used. After releasing the short external

rotators, the femoral head was dislocated and initially

debulked to improve acetabular exposure. The acetabulum

was then sequentially reamed but undersized by 1 mm

relative to the size of the prosthesis. A trial component was

then impacted and any rim osteophytes removed. The

definitive component was then impacted into position

ensuring that care was taken to obtain the correct amount of

inclination and anteversion (40 of inclination and 20 of

anteversion) [37]. For preparation of the femoral head, an

alignment pin was inserted into the lateral femoral cortex

as determined by preoperative templating. The alignment

guide (as supplied by the implant company) with the stylus

was then used in conjunction with the alignment pin to

Table 1. Summary of preoperative diagnoses

Diagnosis Number of hips (%)

Osteoarthritis 304 (92.4)

Dysplasia 8 (2.4)

Avascular necrosis 4 (1.2)

Rheumatoid arthritis 3 (0.9)

Ankylosing spondylitis 2 (0.6)

Other* 8 (2.4)

Total 329

* Includes osteoarthritis secondary to slipped upper femoral epiphysis

and Perthes.
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position the guide rod for preparation of the femoral head.

The femoral head was then reamed to accept the appro-

priate femoral head size. The definitive femoral component

was then cemented with Simplex P (Stryker, Newbury,

UK) with erythromycin and colistin medium-viscosity

bone cement. The femoral component was then reduced

and the ROM assessed. The posterior capsule, the short

external rotators, and the insertion of the gluteus maximus

were then repaired.

Postoperatively, the patients were mobilized fully

weightbearing on the day of the operation. All patients

received 30 minutes of supervised physiotherapy twice a

day, which was continued throughout the inpatient stay as

they progressed from using assistive devices as tolerated.

All patients received thromboprophylaxis in the form of

low-molecular-weight heparin during their inpatient stay,

thromboembolic deterrent stockings, pneumatic calf

pumps, and on discharge they were given 75 mg aspirin

once daily for a duration of 6 weeks.

Postoperatively, the patients were followed up at

4 weeks, 3 months, 1 year, and then at 2-year intervals. For

the purposes of this study, a combination of clinical fol-

lowup and a postal questionnaire (which included a Harris

hip score (HHS) [19], Oxford Hip Score (OHS) [13],

WOMAC [6], and a modified University of California Los

Angeles Activity (UCLA) scale [11]) were used. Of the

302 patients, 213 patients had clinical followup, whereas

89 had only postal questionnaires. In addition, the sizes of

the hip resurfacing components were recorded prospec-

tively. For the purposes of this study, radiographic analysis

was not performed.

One patient had a superficial wound infection treated

with oral antibiotics with resolution. One patient developed

a deep vein thrombosis and pulmonary embolus treated

with warfarin and with resolution. There were no other

major medical or surgical complications in the early

postoperative period.

We calculated descriptive statistics (mean, SD, and

range) for continuous study variables. The Kaplan-Meier

method [25] was used to estimate implant survival after

surgery, censoring at the date of death or date of last fol-

lowup for patients who did not experience implant failure.

The log rank test was used to compare survivorship

between male and female subjects. The Mann-Whitney

U-test was used to compare differences in age, BMI,

and component sizes between surviving and revised

resurfacings.

Results

There were 10 revisions (Table 2) at a mean time to revi-

sion of 3.7 years (range, 2.5–6.5 years); five (50%) were in

women and five (50%) were in men. Kaplan-Meier survival

analysis showed a cumulative survival of 96.5% at 9 years

(95% confidence interval, 94.7–98.4) using revision for all

causes as the end point (Fig. 1).

The mean HHS was 51.3 (SD, 17.1; range, 7–91) pre-

operatively and 94.3 (SD 9, range, 24–100)

postoperatively. The mean OHS was 38.3 (SD, 9.8; range,

16–60) preoperatively and 15.9 (SD, 4.9; range, 12–46)

postoperatively. The mean WOMAC score was 47.9 (SD,

17.4; range, 5–96) preoperatively and 6.9 (SD, 9; range, 0–

58) postoperatively. The mean UCLA activity score was

4.7 (SD, 1.9; range, 1–9) preoperatively and 7.5 (SD 1.3;

range, 3–10) postoperatively.

We observed a 2.36 times higher failure rate in females

compared with males. There were two revisions for late

deep infection, one of which underwent a single-stage

revision and the other underwent a two-stage revision

Table 2. Summary of revision cases

Patient

number

Age

(years)

Gender Time to revision

(years)

Acetabular size

(mm)

Femoral head size

(mm)

Reason for revision

1 59 F 3.0 54 46 Pain/effusion

2 53 F 6.5 48 42 Neck fracture

3 56 M 3.3 58 50 Infection

4 55 M 2.9 56 50 Pain/effusion/socket loosening

5 48 M 4.0 54 46 Femoral head collapse

6 54 M 2.5 54 46 Infection

7 66 M 3.0 54 46 Pain/effusion/socket loosening

8 58 F 5.7 50 42 Neck fracture

9 48 F 2.8 46 38 Femoral head collapse

10 53 F 3.4 48 42 Pain/effusion/osteolysis around

socket/socket loosening

F = female; M = male.
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procedure; these were both in men. Revisions for aseptic

mechanical failure would account for eight revisions with

five in women (63%) and three in men (37%) giving a 3.9

times higher failure rate in women compared with men.

This equates to a lower survival (p = 0.04) of 94.9% in

women compared with 98.7% survival in men. There were

in total 10 revisions (Table 2). Two revisions were the

result of fractured neck of femur (Fig. 2) giving a fracture

rate of 0.6%. For the revision cases, the primary diagnoses

were primary osteoarthritis (OA) for nine hips and OA

secondary to congenital dislocation [10] for the remaining

hip. The mean age of patients who required revision of

their resurfacing was (mean ± SD, 54.8 ± 5.5; range,

47.7–66.2 years) was similar to (p = 0.915) that of the

unrevised group (56.1 ± 8.2; 28.2–75.5). The femoral

head size in the revised hips (mean ± SD, 44.8 ± 3.8 mm;

range, 38–50 mm) was smaller (p = 0.01) than the mean

femoral head size in the unrevised hips (mean ± SD,

48.2 ± 3.8 mm; range, 38–54 mm). Similarly, the

mean ± SD (52.2 ± 3.9 mm; range, 46-58 mm) acetabu-

lar size was also smaller (p = 0.02) in the revised hips

compared with the unrevised hips (mean ± SD,

55.1 ± 3.6 mm; range, 46–62 mm). BMI was smaller

(p = 0.028) in the revised group (23.9 ± 2.7; 18.8–28.1)

compared with the unrevised group (26.2 ± 3.8; 18.2–

56.2).

Fig. 1 Kaplan-Meier survival

analysis showed a survival of

96.5% at 9 years (95% confidence

interval [CI], 94.7–98.4).

Fig. 2A–B A fracture of the fem-

oral neck is shown at 1 year

postoperatively (A) and revised

to a THA (B) in a 51-year-old

woman.
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Discussion

Hip resurfacing arthroplasty has become a common option

as an alternative to THA, particularly in the younger

patient with greater physical demand. There are a number

of advantages of hip resurfacing over conventional THA as

noted earlier, and various studies have reported high mid-

term survival and functional scores. We determined the

midterm prosthetic survival and functional scores of the

BHR in this independent series. In addition, we examined

whether age, gender, BMI, or size of components was

related to failure.

We acknowledge some limitations of our study. First,

we had no radiographic followup and cannot determine

how many of these patients might have had asymptomatic

loosening which required revision in the foreseeable future.

Second, we retrospectively analyzed risk factors for failure.

A prospective study design controlled for other potential

risk factors [43] would yield more robust data, for example,

the role of femoral head cysts and bone density. Third,

while ours is a relatively large single-surgeon series that

would reduce some forms of variability resulting from

surgeon-related factors, the findings may not be general-

izable. In addition the total number of resurfacings

performed represents 18% of the surgeon’s workload of

primary hip arthroplasty, which is a relatively high per-

centage. Fourth, we do not have data on metal ion levels

which has been a major concern in patients with large

metal-on-metal bearing surfaces. Nonetheless, this study

represents a cohort of hip resurfacing arthroplasty with

prospectively collected data.

We found an overall cumulative survival at 9 years of

96.5%. This is well within the guidelines set by the

National Institute of Clinical Excellence [40]. These results

from an independent single-surgeon series are similar to

other published studies (Table 3). The results presented

here compare well with those of THA, particularly in the

younger population [7, 15, 24, 28, 34], although the etiol-

ogy, the indications and patient demographic data may be

different between patients in hip resurfacing arthroplasty

and those in THA. There is also a potential advantage of

conservation of proximal femoral bone when compared

with THA, although further comparative studies are

required to elucidate the benefits. An important cause of

failure in hip resurfacing arthroplasty is fracture of the

femoral neck (Fig. 2). In this series, there were two femoral

neck fractures; both of these cases were in women (and

were converted to THA), giving a fracture rate of 0.61%;

this is substantially lower than previously reported rates of

1.62% [26] and 1.46% [44]. This result correlates favorably

with those by Treacy et al. [48] who reported one fracture

in 144 hip resurfacings. The variability is likely to be

related to surgical technique and accuracy as well as

patient selection, confirming its importance. Beaule et al.

[5] reported a low neck-shaft angle was a risk factor for

lower functional scores in hip resurfacing arthroplasty,

reiterating the importance of careful patient selection in

potentially excluding patients with a varus femoral neck

and ensuring the femoral component is placed in a relative

valgus position without notching of the superior cortex.

The two femoral fractures in this series were at a later time

period (Table 2) than one would expect [44]; however, no

precipitating factors were identified. In addition to ensuring

surgical accuracy with regard to the femoral component,

surgical accuracy is also important with regard to the

acetabular component because a high inclination angle has

Table 3. Summary of literature for implant survival

Source Implant type Number of hips Followup (years)* Survivorship (%)

Daniel et al. [11] BHR 446 3.3 (1.1–8.2) 99.78

Treacy et al. [48] BHR 144 5 98

Nishii et al. [42] BHR 50 5.6 (5–7) 96

Heilpern et al. [22] BHR 110 5.9 (5–12) 96.3

Steffan et al. [46] BHR 610 4.2 (2–7.6) 95

Khan et al. [26] BHR 679 6 (5–8) 95.7

Madhu et al. [33] BHR 117 7 (5–9.4) 91.5

Amstutz et al. [1] Conserve Plus 687 5.5 (2–9) 94

Mont et al. [39] Conserve Plus 84 3.4 (2–5) 94

Mont et al. [38] Conserve Plus 49 1.5 (1–2) 100

Lilikakis et al. [31] Cormet 2000 70 2.3 (2–3) 97

Grigoris et al. [17] Durom 200 2.2 (1–3) 100

Beaule et al. [5] Conserve Plus 94 3 (2–5.6) 97

Rahman et al. [current study] BHR 329 6.6 (5–9.2) 96.5

* Ranges in parentheses.
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also been associated with high blood metal ion levels [14,

20] with potential adverse effects. In all 10 revisions there

was no intraoperative evidence of ‘‘pseudotumor’’, which

has been a particular concern.

The patients with surviving hips also showed improve-

ment in function as assessed by the HHS, WOMAC, and

OHS scores. Activity levels also improved. This confirms

previous findings from a number of studies [1, 11, 22, 39,

42, 48].

Various risk factors for failure of hip resurfacings have

been reported in the literature. These include female gen-

der, smaller component sizes, increasing age [2, 3, 5, 8,

43], and increased BMI [29]. Although Khan et al. [26]

reported no effect of gender on survivorship, our data show

a higher failure rate in women. Our failures also had

smaller component sizes when compared with the hips that

have not failed. This is in agreement with findings from

Amstutz et al. [2] and Steffan et al. [47]. Amstutz et al. [2]

reported individuals with smaller femoral component head

sizes had more femoral loosening and radiolucencies. The

authors concluded femoral fixation is critical to long-term

durability, and individuals with smaller head sizes have a

smaller area available for cement fixation. The coverage

angle, which represents the coverage of the femoral head

by the acetabular component, is also less in the BHR rel-

ative to conventional hip arthroplasties. The relative

coverage of the femoral head decreases as the size of the

components decrease; this results in a reduction in

peripheral cover for the femoral head and is less forgiving

of minor surgical errors in component positioning and can

lead to edge wear and device failure [12]. Furthermore,

smaller component sizes have also been directly associated

with higher wear rates [30]. Other factors that may also

contribute to an unfavorable functional hip score or early

failure after resurfacing include short stature, preoperative

low horizontal femoral offset, and high femoral anteversion

[42].

There are various concerns regarding hip resurfacing

arthroplasty, particularly with regard to the large metal-on-

metal bearing surfaces and high blood cobalt and chro-

mium levels [21] and potential hypersensitivity reactions

[18, 32] and carcinogenic effects [32]. Long-term fol-

lowup is the only way to clearly answer these questions.

Despite these concerns, hip resurfacing remains a common

alternative to THA, particularly in the younger male

population with relatively large femoral head sizes. The

midterm survival and functional scores in this independent

series are similar to those from other centers, including

results from the pioneering center for this particular

implant.
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34. Mäkelä KT, Eskelinen A, Pulkkinen P, Paavolainen P, Remes V.

Total hip arthroplasty for primary osteoarthritis in patients fifty-

five years of age or older. An analysis of the Finnish arthroplasty

registry. J Bone Joint Surg Am. 2008;90:2160–2170.

35. Marker DR, Strimbu K, McGrath MS, Zywiel MG, Mont MA.

Resurfacing versus conventional total hip arthroplasty—review

of comparative clinical and basic science studies. Bull NYU Hosp
Jt Dis. 2009;67:120–127.

36. McKellop H, Park SH, Chiesa R, Doorn P, Lu B, Normand P,

Grigoris P, Amstutz H. In vivo wear of three types of metal on

metal hip prostheses during two decades of use. Clin Orthop
Relat Res. 1996;329(Suppl):S128–S140.

37. McMinn DJW. Acetabular preparation and insertion of the

standard Birmingham Hip Resurfacing cup. In: McMinn D, ed.

Modern Hip Resurfacing. London, England: Springer-Verlag;

2009:223–236.

38. Mont MA, Ragland PS, Marker D. Resurfacing hip arthroplasty:

comparison of a minimally invasive versus standard approach.

Clin Orthop Relat Res. 2005;441:125–131.

39. Mont MA, Seyler TM, Marker DR, Marulanda GA, Delanois RE.

Use of metal-on-metal total hip resurfacing for the treatment of

osteonecrosis of the femoral head. J Bone Joint Surg Am.

2006;88(Suppl 3):90–97.

40. National Institute for Clinical Excellence. Guidance on the

use of metal on metal hip resurfacing arthroplasty. 2002. Avail-

able at: www.nice.org.uk/nicemedia/pdf/HipResurfacing-Final

Guidance.pdf. Accessed October 13, 2009.

41. National Joint Registry 6th Annual Report. Available at: www.

njrcentre.org.uk/NjrCentre/LinkClick.aspx?fileticket=V5%2bELEM

fw20%3d&tabid=86&mid=523. Accessed October 13, 2009.

42. Nishii T, Sugano N, Miki H, Takao M, Koyama T, Yoshikawa H.

Five-year results of metal-on-metal resurfacing arthroplasty in

Asian patients. J Arthroplasty. 2007;22:176–183.

43. Nunley RM, Della Valle CJ, Barrack RL. Is patient selection important

for hip resurfacing? Clin Orthop Relat Res. 2009;467:56–65.

44. Shimmin AJ, Back D. Femoral neck fractures following Bir-

mingham Hip Resurfacing. J Bone Joint Surg Br. 2005;87:463.

45. Silva M, Lee KH, Heisel C, Dela Rosa MA, Schmalzried TP. The

biomechanical results of total hip resurfacing arthroplasty. J Bone
Joint Surg Am. 2004;86:40–46.

46. Steffen RT, Foguet PR, Krikler SJ, Gundle R, Beard DJ, Murray

DW. Femoral neck fractures after hip resurfacing. J Arthroplasty.

2009;24:614–619.

47. Steffen RT, Pandit HP, Palan J, Beard DJ, Gundle R, McLardy-

Smith P, Murray DW, Gill HS. The five-year results of the Bir-

mingham Hip Resurfacing arthroplasty: an independent series. J
Bone Joint Surg Br. 2008;90:436–441.

48. Treacy RB, McBryde CW, Pynsent PB. Birmingham hip resur-

facing arthroplasty: a minimum follow-up of five years. J Bone
Joint Surg Br. 2005;87:167–170.

Volume 468, Number 12, December 2010 Hip Resurfacing Arthroplasty 3227

123

http://www.nice.org.uk/nicemedia/pdf/HipResurfacing-FinalGuidance.pdf
http://www.nice.org.uk/nicemedia/pdf/HipResurfacing-FinalGuidance.pdf
http://www.njrcentre.org.uk/NjrCentre/LinkClick.aspx?fileticket=V5%2bELEMfw20%3d&tabid=86&mid=523
http://www.njrcentre.org.uk/NjrCentre/LinkClick.aspx?fileticket=V5%2bELEMfw20%3d&tabid=86&mid=523
http://www.njrcentre.org.uk/NjrCentre/LinkClick.aspx?fileticket=V5%2bELEMfw20%3d&tabid=86&mid=523

	What is the Midterm Survivorship and Function After Hip Resurfacing?
	Abstract
	Background
	Questions/purposes
	Methods
	Results
	Conclusions
	Level of Evidence

	Introduction
	Patients and Methods
	Results
	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


