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Abstract In the current study, we evaluated changes in

the patellofemoral joint indices in 49 knees from 39

patients (11 men and 28 women with a median age of

64 years; range 53–79) who had undergone an opening

wedge high tibial osteotomy (OWHTO). Osteoarthritis had

been diagnosed in 39 knees and osteonecrosis in the other

10 knees in this patient cohort. Radiographs showing

anteroposterior and true lateral views of the knee joints

while standing, and also skyline views while standing with

a 30� flexion, were taken both pre- and postoperatively.

Radiographic assessments were then performed using the

following five parameters: femorotibial angle (FTA),

modified Blackburne-Peel ratio (mBP), tibial slope (TS),

lateral patellar tilt (LPT), and lateral patellar shift (LPS).

The average LPT decreased significantly from 7.4� ± 3.7�
to 5.2� ± 3.6� (P \ 0.01). Patients treated with a greater

than 15� correction showed a significantly bigger change in

their LPT than those with corrections of 15� or less. No

statistical differences were found between the preoperative

(10.2 ± 4.5%) and postoperative (10.2 ± 4.7%) LPS

measurements. Changes in the radiographic parameters

were also observed in the patellofemoral joint after OW-

HTO. It is unclear to what extent the postoperative patellar

shift and tilt affects the long-term clinical outcomes but our

current results suggest that OWHTO negatively affects the

congruency of the patellofemoral joint and should not

exceed a correction of 15�.
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Introduction

High tibial osteotomy (HTO) is currently one of the most

effective surgical procedures in the treatment of medial

compartment osteoarthritis (OA) and osteonecrosis (ON) of

the knee [2, 27]. Satisfactory long-term outcomes follow-

ing HTO have been well documented to date [1, 9, 10, 17].

In addition, several reports have described the radiographic

changes in the lower limb alignments following this pro-

cedure [3, 20, 28]. However, despite the clinical success

associated with performing valgus corrections by various

methods, patella baja remains a possible postoperative

complication resulting from these corrective procedures [5,

8, 9, 13–16, 21, 23, 26, 29–31]. The alteration of the patella

height via a lateral closed wedge HTO (CWHTO) is caused

by interstitial scarring of the patella ligament and bone

formation behind this ligament [23]. In medial opening

wedge HTO (OWHTO), this complication is caused by a

distalization of the tibial tuberosity [13, 23, 29]. In addition

to changes in the patellar height, patellar tracking may also

be affected by HTO. The resulting alterations in the pa-

tellofemoral (PF) congruency and contact stress would thus

increase the cartilage pressure and lead to patellofemoral

osteoarthritis [11].

Although there are many reports of patella baja, few of

these studies have addressed the changes to the PF joint

after HTO. Saito et al. [22] reported that the width of the

lateral facet joint space is extensively opened after closed

wedge HTO by the reverse effects on PF articulation,

which is performed in case the medial facet joint space is
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larger than its lateral counterpart preoperatively. In another

earlier study, Gaasbeek et al. [12] have assessed dynamic

patellar tracking after OWHTO and CWHTO using

cadavers.

This study was designed to test the hypothesis that dis-

talization and minor lateralization of the tibial tuberosity

during OWHTO increase the lateral inclination and devia-

tion of the patella. The radiographic indices in the PF joint

after OWHTO were assessed, and the relationship between

the correction angle and the patellar dynamics was clarified.

Materials and methods

This study cohort comprised 35 knees from 28 women and

14 knees from 11 men for whom OWHTO was performed

by the same surgeon from 2005 to 2008. The median age of

the patients was 64 years (range, 53–79) at the time of

surgery and all knees were radiographically evaluated both

before and after the procedure. Thirty-nine knees of 29

patients were diagnosed with a medial compartmental OA

and 10 knees of the remaining 10 patients with a sponta-

neous ON of the medial femoral condyle. Our inclusion

criteria for receiving OWHTO were (1) isolated medial

compartmental OA or ON of the medial femoral condyle,

which included patients with a varus malalignment of the

leg and persistent pain in spite of having undergone con-

servative treatment for more than 3 months; (2) active

compliance with our postoperative rehabilitation program;

and (3) a range of motion of more than 120� flexion. There

were no age restrictions. Patients with infection of the

knee, severe OA of the PF joint, an FTA of over 185� (5�
anatomical varus), an ACL or PCL tear, or a flexion con-

tracture of over 15� were excluded.

Surgical procedures

An oblique osteotomy was initiated at a point 35 mm distal

to the medial tibial plateau and ending 5 mm from the

lateral cortical margin just at the upper level of the prox-

imal tibiofibular joint. A frontal osteotomy was then

commenced at a point 10–20 mm proximal to the insertion

of the patellar tendon and ending at the first osteotomy

plane (biplanar osteotomy). The dilatation width was

determined to be an FTA of 170� (10� anatomical valgus

angulation) using a goniometer under fluoroscopic control

[26]. Two wedge-shaped blocks composed of b-tricalcium

phosphate with a 60% porosity (Osferion 60, Olympus

Terumo Biomaterial, Tokyo, Japan) were placed into the

osteotomy gap to provide added stability, particularly in

the sagittal plane. The osteotomy site was fixed using a

Locking Compression Plate System (TomoFix
TM

, Synthes,

Solothurn, Switzerland).

Postoperative rehabilitation

None of the patients were treated with a cast. Standing

exercises were also initiated immediately after OWHTO.

One week after surgery, the patients were allowed to start

partial weight-bearing exercise with a walker. Every

patient in our treatment group was able to walk with a full

weight load, with or without a T-cane, at two weeks

postsurgery and was discharged within three weeks of their

operation.

Radiographic assessments

Standing anteroposterior and true lateral radiographs of the

tibiofemoral joint were taken before the OWHTO proce-

dure and at three months after this surgery. The standing

skyline view was obtained with flexion of 30� from the

vertical direction [6]. Radiographic assessments taken in a

standing view included measurements of five parameters:

(1) the femorotibial angle (FTA) by use of a standing AP

view; (2) the modified Blackburne-Peel ratios (mBP) by

use of a lateral standing view of the knee joint extension

(Fig. 1a) [4]; (3) the tibial slope (TS, defined as the angle

between the line perpendicular to the mid-diaphysis of the

tibia and the posterior inclination of the tibial plateau) by

use of a lateral standing view of the knee joint extension

(Fig. 1b); (4) the lateral patellar tilt (LPT; defined as the

angle between the line intersecting the widest bony struc-

ture of the patella and the line passing the anterior surfaces

of the femoral condyles tangentially; Fig. 1c) by use of a

standing skyline view [18]; and (5) the lateral patellar shift

(LPS, defined as the PP0/CC0 ratio; Fig. 1d) by use of a

standing skyline view. CC0 is defined as the distance

between the summits of the medial and lateral femoral

condyles of the femur. PP0 is defined as the distance

between the summit of the lateral femoral condyle and the

point at which a line from the lateral edge of the patella that

is perpendicular to the line that passes through the summits

of the femoral condyles crosses that line. All radiographic

measurements were made by two independent observers in

a blind fashion. To ensure accuracy, the inter-observer

variance was assessed using paired t tests, and no signifi-

cant differences were found between the observers

(P [ 0.05).

To assess the relationship between the correction angle

and the change of the patellofemoral indices, the 49 knees

in our study cohort were divided into three groups

according to the change between the pre- and postoperative

FTA (DFTA); Group A (DFTA \ 12�), Group B

(12� 2 DFTA 2 15o), and Group C (DFTA [ 15o). Two

patellofemoral indices were investigated, the first being the

degree change between the pre- and post-LPT, defined as

the DLPT. The second index was the DLPS, defined as the
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change in the percentage between the pre- and postopera-

tive LPS. In addition, we divided the patients into three

additional groups using the DBP (post-mBP/pre-mBP) as

we surmised that we could consider the patellar reduction

rate to equal the rate of change in the mBP; Group A0

(DBP \ 70%), Group B0 (70% 2 DBP 2 85%), and Group

C0 (DBP [ 85%).

Statistical analysis

Paired t test or Wilcoxon signed-ranks test was used to test

for statistically significant differences in the measured

indices between pre- and posttreatment cases. For corre-

lations among the three patient groups, statistical differ-

ences were evaluated using one-factor ANOVA for

independent samples, and the Student’s t test was used to

verify the differences between two groups. P values of less

than 0.05 were considered significant.

Results

Following OWHTO, the mean femorotibial angle (FTA)

changed significantly, from 182.3� ± 2.2� (2.3� of

Fig. 1 Radiographic assessments. a modified Blackburne-Peel ratios

(mBP). Modified Blackburne-Peel ratios (mBP) were measured by

use of a lateral standing view with a knee joint extension. The original

BP was measured using a lateral view of the knee flexed to at least

30� and with no weight bearing. ‘‘A’’ is the perpendicular height of

the lower end of the articular surface of the patella from the tibial

plateau line and ‘‘B’’ is the length of the articular surface of the

patella. The A/B ratio provides a measure of the patella level. b Tibial

slope (TS). The tibial slope was defined as the angle between the line

perpendicular to the mid-diaphysis of the tibia and the posterior

inclination of the tibial plateau. c Lateral patellar tilt (LPT). The LPT

was defined as the angle between the line intersecting the widest bony

structure of the patella and the line passing the anterior surfaces of the

femoral condyles tangentially via a standing skyline view. d Lateral

patellar shift (LPS). In a standing skyline view, LPS is defined as the

ratio of the distances PP0/CC0. CC0 is defined as the distance between

the summits of the medial and lateral femoral condyles of the femur.

PP0 is defined as the distance between the summit of the lateral

femoral condyle and the point where a line from the lateral edge of

the patella perpendicular to the line that passes through the summits

of the femoral condyles crosses that line
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anatomical varus angulation) preoperatively to 169.6� ±

2.6� (10.4� of anatomical valgus angulation) postopera-

tively (P \ 0.01). There was also a statistically significant

increase in the mean modified Blackburne-Peel ratio

(mBP) value after this procedure, from 0.86 ± 0.15 pre-

operatively to 0.66 ± 0.14 postoperatively (P \ 0.01),

and in the mean tibial slope (TS) from 8.4 ± 3.5� to

11.9 ± 3.5� (P \ 0.01). The average lateral patellar tilt

(LPT) decreased significantly, from 7.4 ± 3.7� to 5.2 ±

3.6� (P \ 0.01). No statistical differences were found,

however, between the preoperative (10.2 ± 4.5%) and

postoperative (10.2 ± 4.7%) lateral patellar shift (LPS;

Fig. 2 and Table 1). The mean DLPT was -0.6� (indicat-

ing a decreased LPT) in Group A, -2.2� in Group B, and

-4.2� in Group C (P \ 0.01). In addition, significant dif-

ferences were found between Group A and Group C

(P \ 0.01) and between Group B and Group C (P \ 0.05).

There were no significant differences, however, between

the DLPS among the three groups of patients (Table 2). In

classification using DBP, there were no significant differ-

ences between the DLPT and DLPS values among the three

groups (A0, B0, and C0), which was contrary to our expec-

tations (Table 3). There was also no correlation found

between the DFTA and DBP using a Pearson’s correlation

coefficient test.

Discussion

The most important findings of the present study were the

increases in the lateral inclination and deviation of the

patella caused by distalization and minor lateralization of

the tibial tuberosity during OWHTO. OWHTO is com-

monly accepted as a clinically effective procedure and has

thus gained increased popularity in recent years. Several

reports have described favorable postoperative clinical and

functional outcomes of this surgery [19, 24, 26, 27].

Takeuchi et al. [26] previously reported the results of early

full weight bearing after OWHTO and that 40 of 52

patients could sit comfortably in the Japanese style after

this operation. However, many reports have highlighted

that the open wedge technique results in a decrease in the

patellar height, which may lead to patella baja complica-

tions. Patella baja following medial OWHTO leads to

anterior knee pain, crepitus, patellar locking, and a reduced

range of motion. Furthermore, OWHTO produces an

alteration in the cartilage pressure, a factor linked to the

Fig. 2 Representative case study of a 69-year-old woman with OA.

a A preoperative FTA of 184�. b A standing skyline view before

OWHTO. The LPT is 8�, and the LPS is 5.3%. c A postoperative FTA

of 166� at 3 months after an OWHTO procedure with TomoFix.

d The LPT has decreased 3� postoperatively, and the LPS is 6%

Table 1 Mean (and SD) values for indices before and after OWHTO

Measurements Preoperative Postoperative P value

FTA (�) 182.3 (2.2) 169.6 (2.6) \0.01

mBP 0.9 (0.1) 0.7 (0.1) \0.01

TS (�) 8.4 (3.5) 11.9 (3.5) \0.01

LPT (�) 7.4 (3.7) 5.2 (3.6) \0.01

LPS (%) 10.2 (4.5) 10.2 (4.7) n.s.

P values of less than 0.05 were considered significant

FTA femoro tibial angle, mBP modified Blackburne-Peel ratio, TS
tibial slope, LPT lateral patellar tilt, LPS lateral patellar shift
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degeneration of joint cartilage. Altered patellofemoral

congruency and contact stress can eventually lead to

patellofemoral osteoarthritis.

Buckland-Wright [7] have reported that in the supine

position, the knee joint is under neither muscular nor

mechanical load and that when the muscles and ligaments

are relaxed, the joint space opens up resulting in a false

radiographic evaluation. In this study, we used standing

lateral and skyline views to evaluate the PF joint. The

standing knee position places the joint under load, pro-

viding an evaluation of the functional height, tilt, and shift

of the patella, which is not always achieved when the

patient is radiographed in the supine position. The Black-

burne-Peel Index has generally been used to evaluate

patellar height and been measured both pre- and postop-

eratively to check for possible patella baja. We expected a

greater reduction in the patellar height following OWHTO,

which would require a massive correction angle, and also

anticipated a negative correlation between the DFTA and

DBP. However, no such correlation was evident.

The three principal causes of patella baja following

OWHTO are a shortening of the patellar ligament, distal

transfer of the tibial tuberosity, and elevation of the tibio-

femoral joint line [8, 31]. In our current study, the TS

increased significantly following OWHTO. Brouwer et al.

[5] have reported previously that an increase in the tibial

posterior slope is also significantly associated with patella

baja, according to the BP index. Moreover, Kesmezacar

et al. [15] have indicated that the BP index may alter

depending on changes in the tibial posterior slope that are

frequently seen after an opening wedge osteotomy. For this

reason, the BP index was not an appropriate measure of the

patellar height following OWHTO in our current study.

The lateral patellar tilt and shift after OWHTO have not

previously been investigated with any clarity. We expected

that the distal and lateral transfer of the tibial tuberosity as

a result of OWHTO would cause an increase in the LPT

and LPS. However, these results indicate that the LPT

significantly decreases and that the changes in the LPS are

not significantly different following OWHTO. Gaasbeek

et al. [12] have reported using cadaver knees that the

patella tilts more medially and does not translate medially

or laterally following OWHTO, and our current in vivo

results corroborate these findings. In addition, Gaasbeek

and colleagues further reported that the decreased LPT

could be explained by the increased lateral pull on the

patella as they found that the lateral patellar facet was

pressed against the lateral wall of the trochlea and that the

patella was forced up the lateral groove leading to a medial

tilt. Stoffel et al. [25] have also reported that the cartilage

pressure on the PF joint following OWHTO increases

significantly when compared with an intact knee. We

therefore speculate that the attenuation of the LPT causes

increased contact pressure in the patellofemoral joint.

The patients examined in this study were divided into

three groups using the DFTA as an index, and the DLPT

and the DLPS were evaluated between these groups. We

thereby clarified that the DLPT decreases significantly in

the group with a DFTA of greater than 15�. In this regard,

Tigani et al. [29] have reported previously that in an

OWHTO group with a greater than 15� knee axis correc-

tion, there was a significant decrease in the patellar height

Table 2 Mean (and SD) values for patellofemoral indices in 3 groups according to the degree of change between pre- and postoperative FTA

(AFTA)

Measurements Group A (n = 14) Group B (n = 14) Group C (n = 12) P value

LPT (�) -0.6 (2.8) -2.2 (2.3) -4.2 (2.4) \0.01

LPS (%) -0.5 (1.8) 0.3 (3.2) 0.2 (3.9) n.s.

P values of less than 0.05 were considered significant

FTA femorotibial angle lateral patellar tilt, LPS lateral patellar shift, DLPT post-LPT - pre-LPT, DLPS post-LPS - pre-LPS

Group A: DFTA \ 12�, Group B: 12�2DFTA 2 15�, Group C: 15�\DFTA

Table 3 Mean (and SD) values for patellofemoral indices in 3 groups divided it using DBP (post-mBP/pre mBP)

Measurements Group A0 (n = ll) Group B0 (n = 26) Group C0 (n = 12) P value

DTPT (�) -1.8 (3.7) -2.2 (2.6) -2.6 (2.0) n.s.

DLPS (%) -1.2 (1.8) 0.6 (3.3) 0.2 (3.4) n.s.

P values of less than 0.05 were considered significant

mBP modified Blackburne-Peel ratio, LPT lateral patellar tilt, LPS lateral patellar shift, DLPT post-LPT - pre-LPT, DLPS post-LPS - pre-LPS

Group A0: DBP \ 70%, Group B0: 70% 2DBP 2 85%, Group C0: 85% \DBP
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using Caton’s index. Hence, patellar tracking will be

affected seriously if the correction of the knee axis exceeds

15�.

Conclusions

The results of this study demonstrate that changes in the

radiographic parameters occur in the PF joint following

OWHTO. We have also found that the lateral patellar tilt

decreases after OWHTO and that with a greater than 15�
correction, the lateral patellar tilt decreases significantly

and affects the congruency of the patellofemoral joint.

References

1. Aglietti P, Buzzi R, Vena LM et al (2003) High tibial valgus

osteotomy for medial gonarthrosis: a 10–21-year study. J Knee

Surg 16:21–26

2. Bauer GC, Insall J, Koshino T (1969) Tibial osteotomy in gon-

arthrosis (osteo-arthritis of the knee). J Bone Joint Surg Am

51:1545–1563

3. Bito H, Takeuchi R, Kumagai K et al (2009) A predictive factor

for acquiring an ideal lower limb realignment after opening-

wedge high tibial osteotomy. Knee Surg Sports Traumatol

Arthrosc 17:382–389

4. Blackburne JS, Peel TE (1977) A new method of measuring

patellar height. J Bone Joint Surg Br 59:241–242

5. Brouwer RW, Bierma-Zeinstra SM, van Koeveringe AJ et al

(2005) Patellar height and the inclination of the tibial plateau

after high tibial osteotomy. The open versus the closed-wedge

technique. J Bone Joint Surg Br 87:1227–1232

6. Buckland-Wright C (1995) Protocols for precise radio-anatomical

positioning of the tibiofemoral and patellofemoral compartments

of the knee. Osteoarthritis Cartilage 3(Suppl A):71–80

7. Buckland-Wright C (2006) Which radiographic techniques

should we use for research and clinical practice? Best Pract Res

Clin Rheumatol 20:39–55

8. Chae DJ, Shetty GM, Lee DB et al (2008) Tibial slope and

patellar height after opening wedge high tibia osteotomy using

autologous tricortical iliac bone graft. Knee 15:128–133

9. Coventry MB, Bowman PW (1982) Long-term results of upper

tibial osteotomy for degenerative arthritis of the knee. Acta

Orthop Belg 48:139–156

10. Coventry MB, Ilstrup DM, Wallrichs SL (1993) Proximal tibial

osteotomy. A critical long-term study of eighty-seven cases.

J Bone Joint Surg Am 75:196–201

11. Flahiff CM, Kraus VB, Huebner JL et al (2004) Cartilage

mechanics in the guinea pig model of osteoarthritis studied with

an osmotic loading method. Osteoarthritis Cartilage 12:383–388

12. Gaasbeek R, Welsing R, Barink M et al (2007) The influence of

open and closed high tibial osteotomy on dynamic patellar

tracking: a biomechanical study. Knee Surg Sports Traumatol

Arthrosc 15:978–984

13. Gaasbeek RD, Sonneveld H, van Heerwaarden RJ et al (2004)

Distal tuberosity osteotomy in open wedge high tibial osteotomy

can prevent patella infera: a new technique. Knee 11:457–461

14. Kaper BP, Bourne RB, Rorabeck CH et al (2001) Patellar infera

after high tibial osteotomy. J Arthroplasty 16:168–173

15. Kesmezacar H, Erginer R, Ogut T et al (2005) Evaluation of

patellar height and measurement methods after valgus high tibial

osteotomy. Knee Surg Sports Traumatol Arthrosc 13:539–544

16. Kitson J, Weale AE, Lee AS et al (2001) Patellar tendon length

following opening wedge high tibial osteotomy using an external

fixator with particular reference to later total knee replacement.

Injury 32(Suppl 4):SD140–SD143

17. Koshino T, Yoshida T, Ara Y et al (2004) Fifteen to twenty-eight

years’ follow-up results of high tibial valgus osteotomy for

osteoarthritic knee. Knee 11:439–444

18. Kujala UM, Osterman K, Kormano M et al (1989) Patellar

motion analyzed by magnetic resonance imaging. Acta Orthop

Scand 60:13–16

19. Lobenhoffer P, Agneskirchner J, Zoch W (2004) Open valgus

alignment osteotomy of the proximal tibia with fixation by medial

plate fixator. Orthopade 33:153–160

20. Marti CB, Gautier E, Wachtl SW et al (2004) Accuracy of frontal

and sagittal plane correction in open-wedge high tibial osteot-

omy. Arthroscopy 20:366–372

21. Okamoto R, Koshino T, Morii T (1993) Shortening of patellar

ligament and patella baja with improvement of quadriceps muscle

strength after high tibial osteotomy. Bull Hosp Jt Dis 53:21–24

22. Saito T, Takeuchi R, Ara Y et al (2002) High tibial osteotomy

with anterior advancement of distal fragment for medial and

patellofemoral compartmental osteoarthritis of the knee. Knee

9:127–132

23. Scuderi GR, Windsor RE, Insall JN (1989) Observations on

patellar height after proximal tibial osteotomy. J Bone Joint Surg

Am 71:245–248

24. Staubli AE, De Simoni C, Babst R et al (2003) Tomofix: a new

lcp-concept for open wedge osteotomy of the medial proximal

tibia—early results in 92 cases. Injury 34(Suppl 2):B55–B62

25. Stoffel K, Willers C, Korshid O et al (2007) Patellofemoral

contact pressure following high tibial osteotomy: a cadaveric

study. Knee Surg Sports Traumatol Arthrosc 15:1094–1100

26. Takeuchi R, Ishikawa H, Bito H et al (2009) Medial opening

wedge high tibial osteotomy with early full weight bearing.

Arthroscopy 25:46–53

27. Takeuchi R, Aratake M, Bito H et al (2009) Clinical results and

radiographical evaluation of opening wedge high tibial osteotomy

for spontaneous osteonecrosis of the knee. Knee Surg Sports

Traumatol Arthrosc 17:361–368

28. Terauchi M, Shirakura K, Kobuna Y et al (1995) Axial param-

eters affecting lower limb alignment after high tibial osteotomy.

Clin Orthop Relat Res 317:141–149

29. Tigani D, Ferrari D, Trentani P et al (2001) Patellar height after

high tibial osteotomy. Int Orthop 24:331–334

30. Westrich GH, Peters LE, Haas SB et al (1998) Patella height after

high tibial osteotomy with internal fixation and early motion. Clin

Orthop Relat Res 354:169–174

31. Wright JM, Heavrin B, Begg M et al (2001) Observations on

patellar height following opening wedge proximal tibial osteot-

omy. Am J Knee Surg 14:163–173

960 Knee Surg Sports Traumatol Arthrosc (2010) 18:955–960

123


	Opening wedge high tibial osteotomy affects both the lateral patellar tilt and patellar height
	Abstract
	Introduction
	Materials and methods
	Surgical procedures
	Postoperative rehabilitation
	Radiographic assessments
	Statistical analysis

	Results
	Discussion
	Conclusions
	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


