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Abstract. The problem of fracture of composite resin under flexure and shear 

loads has regularly been encountered. Few studies claimed that the addition 

of fiber improves the mechanical properties of dental composite. The aim of 

this study was to evaluate the effect of the addition of polyethylene fiber to 

hybrid composite on the following properties; water sorption, compressive 

strength, flexural strength, shear bond strength to enamel, and shear bond 

strength to dentin. A total number of 100 specimens were used to conduct 

this study. The results were collected, tabulated and statistically analyzed 

using ANOVA and “student’s” t test. It was found that the addition of 

polyethylene fiber resulted in a significant increase in the water sorption and 

in the flexure strength properties of hybrid composite (p < 0.05). It was 

concluded that the addition of polyethylene fiber does not significantly 

improve the properties of hybrid composite, and further studies are required 

to evaluate the effectiveness of adding fiber to hybrid composite. 

Keywords: Composite resin, Fiber reinforced composite, Mechanical 

properties, Water sorption. 

Introduction 

Patients are asking for nonmetallic restoration for esthetic reasons and 
because of the supposed mercury toxicity. Composite with good 
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mechanical properties was recommended for posterior use. During the 
last decade, new formulation of nano-composite has been presented, 
which can achieve high wear resistance, low thermal conductivity and 
easy handling

[1]
.
 

Fiber -reinforced composite improves the mechanical properties. 
Examples of reinforcing fiber are carbon, glass fibers or polyethylene 
fiber. Polymeric reinforcements such as polyethylene are often used for 
chair side application

[2]
. The interaction between the fibers and polymer 

matrix plays a vital role for transferring load from the matrix to the 
fibers

[3,4]
. 

The fiber-reinforcing principle can be used in dentistry on the 
removable appliances

[5]
, temporary resin bridge work and splinting of 

traumatized. Additionally, on periodontally involved teeth in the implant 
prosthodontics, and as post and core

[6]
. Glass, polyaramid, carbon fiber 

and polyethylene fiber can be used to reinforce resins
[7,8]. 

The reinforcing efficiency of fibers depends on the component of 
fiber, fiber orientation, the ratio of fiber to resin, and the adhesion 
between fiber and resin. Silane coupling agent has been used to improve 
adhesion between polymer matrix and the fibers. It was reported that 
silane coupling agent significantly increases the flexural strength of 
resin

[9] 

Ellakwa et al.
[10]

 found that the placement of fiber at the tensile side 
of heat polymerized acrylic resin specimens had improved their flexural 
strength property. Unidirectional glass fibers were effective in improving 
the flexural strength and elastic modulus of the resin composite

[11]
. 

The shear bond strength is influenced by the concentrations of defects 
at the interface

[12]
. The flow ability of composite at the adhesive inter 

phase did not improve the bond strength value
[13]

. Failure occurs as a 
result of complex shear and tensile stress within the sample

[14]
. This may 

be attributed to the dump under compressive loading, and thus, act as 
inclusion bodies that lead to break up of the composite resin matrix

[15]
. 

Water sorption of the material represents the amount of water 
adsorbed on the surface, and absorbed into the body of material during 
fabrication and during service

[12]
. 

Composite degradation results from the diffusion of water into the 
material

[16,17]
. Penetration of water enhances the surface deterioration of 

polymer matrix, plasticization of polymatrix and erosion of filler 
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bonding. This erosion results in a mass loss of composite material
[18]

. 
Fiber reinforced composite is affected by the degree of impregnation of 
fibers within the resin

[19]
. 

The use of polyethylene fiber, over or under mesioocclusodistal 
(MOD) composite restorations, increased the fracture strength. However, 
when the fiber was placed on the occluscal surface of the restoration 
from buccal to lingual direction, a significantly higher fracture resistance 
was observed

[20]
. It was found that addition of polyethylene fiber to 

hybrid composites, contributed to the improvement of ultimate tensile 
strength, with reduction in the multiple cracking behaviors of hybrid fiber 
composites

[21]
. Incorporation of glass fiber enhanced tensile, flexural and 

impact strength. Furthermore, adding glass fiber improves the wear 
resistance of composite

[22]
. 

Aims and Objectives 

The present study evaluates the effect of the addition of polyethylene 
fiber to the hybrid composite on the following properties: 

1. Water sorption 
2. Compressive strength  
3. Flexural strength  
4. Shear bond strength to enamel 
5. Shear bond strength to dentin 

Materials and Methods 

Two types of composite materials were used. Hybrid composite (as a 
control) and polyethylene fiber reinforced composite (FRC) (Ribbond

®
 

bonded reinforcement ribbon, Ribbond, Seattle WA, USA). A total 
number of 100 specimens were divided equally into two groups: Group I 
(Hybrid) and Group II (FRC). Then, each group was subdivided equally 
into five subgroups according to the tests used in this study (Table 1). 

Table 1. Groups and subgroups tested. 

No. Test Hybrid (Control) FRC Total 

1 Water sorption 10 10 20 

2 Compressive strength 10 10 20 

3 Flexural strength 10 10 20 

4 Shear bond to enamel 10 10 20 

5 Shear bon to dentin 10 10 20 

Total 50 50 100 
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1. Water Sorption 

A teflon mold was fabricated with 10 mm in diameter and 2 mm in 

thickness. The mold was placed over a glass slab and the composite filled 

the mold. Another glass slab was placed over the material and curing was 

done for 40 seconds according to manufacturer’s instructions. The 

composite disc was removed and finished to remove flashes. 

The discs were transferred to desiccators for 1 hour and then 

weighted using electric balance (dry weight) (Precisa 120A, PAG 

Oerlikon AG, Zurich, Switzerland). The specimens were immersed in 

water for 48 hrs. Then, they were removed from water, wiped off, waved 

in air for 15 second and weighted (wet weight). Afterwards, the water 

sorption was calculated using the following equation. 

Water sorption =
wet weight – dry weight

× 100
Dry weight 

Lloyd materials testing machine were used to test materials 

properties. The loads were applied at a cross head speed of 0.5 mm/min. 

(Lloyd Instruments Ltd, Model LRY plus No. 01/2962. West Sussex, 

U.K.).  

2. Compressive Strength 

A split teflon mold 4 mm in diameter and 6 mm in height was 

fabricated according to Piwowarczyk et al.
[28]

. The compressive strength 

was calculated in megapascals (MPa) according to the following 

equation:  

Compressive strength =
F

D
2

Where F = Maximum force in Newton on the specimen  

D = Diameter of specimen in millimeters 

3. Flexural Strength  

A split teflon molded with dimension of 25 mm in length 2 mm in 

breadth, and 2 mm in thickness. The flexural strength in MPa was 

calculated using the following equation: 

Flexural strength =
3pl 

2WT
2
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Where: 

P = Maximum load in Newton 

L = Length of specimens 

W = Width 

T = Height of the specimens in mm 

4. Shear Bond Strength for Enamel & Dentin 

Freshly extracted teeth were sectioned mesio-distally; the teeth, then 

embedded in self-curing acrylic resin using a mold. A split teflon ring of 

a 5 mm diameter and 3 mm in height was used. 

The surfaces of enamel or dentin were finished using 600 fin grit 

sand paper. The composite was manipulated according to the 

manufacturer’s instruction. The shear bond strength was calculated using 

the following equation: 

Shear bond strength =
Maximum load in Newton

Area in mm
2
 

The results were statistically analysed using ANOVA and “student's” 

t tests.  

Results 

1. Water Sorption 

The fiber reinforced composite (FRC) recorded a higher mean water 

sorption than the hybrid composites, but statistically there was no 

significant difference (p > 0.05). There was a statistically significant 

increase (p < 0.05) in water sorption percentage after 7 days for hybrid 

and FRC composite (Table 2). 

Table 2. Statistical analysis of water sorption for tested materials in mg. 

Material Hybrid Composite FRC Composite P – Value 

Mean and SD (after 4 hours) 0.019 0.06 + 0.05 0.152 

Mean and SD (after 7 hours) 0.093 0.15 + 0.09 0.045 

2. Compressive Strength 

Hybrid composite registered a higher mean compressive strength than 

the fiber reinforced composite, but no significant difference was 

statistically detected (p > 0.05) (Table 3). 
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Table 3. The statistical analysis of the compressive strength in MPaf the two tested 

materials. 

Materials Hybrid Composite FRC Composite  p Value 

Mean 

+SD 

139.82 

+12.02 

130.94 

+14.43 
0.338 

3. Flexural Strength 

The FRC composite showed a higher mean flexural strength than 

hybrid composite (as a control). Statistical analysis showed a significant 

difference between the two groups (p < 0.05) (Table 4). 

Table 4. The statistical analysis of the flexural strength in MPa the two tested materials. 

Materials Mean and SD P-Value 

Hybrid Composite 122 ± 15.63 
p<0.05 

Fiber reinforced composite 156.52 ± 18.15 

Significant at p < 0.05 

4. Shear Bond Strength 

Fiber reinforced composite showed a higher mean shear bond 

strength value than hybrid composite, but statistically there was no 

significant difference between the two tested material (p > 0.05) (Table 

5), but a significant difference was statistically detected between bond to 

enamel and to dentin. The mean shear bond strength to enamel was 

higher than that to dentin in the two tested materials. 

Table 5 The statistical analysis of the shear bond strength in MPa for the two tested 

materials to enamel and dentin.  

Materials 
Hybrid Composite Mean 

and SD 

F.R.C Composite Mean 

and SD 
P-Value 

Enamel 18.89 + 1.6 20.12 +2.5 0.336 

Dentin 12.38 + 14.65 + 2.4  

Significant at p < 0.05 

Discussion 

This study evaluates the effect of the addition of fibers on the 

reinforcement of hybrid composite resin as regards to water sorption, 

compressive strength, flexural strength, and shear bond strength to 

enamel and dentin.  
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The water sorption increased by time of immersion for the two 

groups with more sorption in the FRC. The hybrid composite as the fiber 

may avail more matrix to water sorption, inducing more localized water 

entrapment resulting in more absorption of water in the FRC. Also, the 

environmental temperature may have an effect on the rate of diffusion of 

fluids into the polymer and increased water sorption
[23]

. 

Compressive strength was measured as it was considered important in 

the process of mastication. The result of this study showed that the mean 

compressive strength for hybrid composite was higher than that of FRC. 

This may be attributed to the anisotropic nature of FRC. The presence of 

fibers in the resin matrix led to its discontinuity in the resin, and initiated 

cracks that propagated under compressive loading. Ellakwa et al.
[24]

 

stated that the fibers may not affect the strain energy stored within the 

composition allowing initiation of cracks and failure. 

Flexural strength was evaluated for composite resin as it was 

subjected to bending in clinical service. The results of this study showed 

that the flexural strength of FRC was significantly higher than the hybrid 

composite. These results are in agreement with the result of Karacaer et 

al.
[25]

 and Hamza et al.
[26]

. While Rahamneh et al.
[27]

 stated that the fibers 

may act as an area of stress concentration, which may actually weaken 

rather than strengthen the matrix. 

In the present study, the shear bond strength of hybrid composite and 

FRC to the enamel and dentin were measured to each other. The results 

showed no statistically significance between them. This may have 

attributed to the fiber content as well as to the direction of fiber in FRC. 

Furthermore, the presence of fibers may create stresses at the resin-tooth 

interface that will initiate crack, and causes adhesive bonding failure in 

FRC less than that in hybrid composite. These results were in agreement 

with the results of Piwowarczyk et al.
[28]

, Meiers et al.
[29]

, and Tezvergil 

et al.
[30]

. The bond strength to enamel was higher than that of dentin, this 

may be related to hydrolytic pressure in dentinal tubule that interfere with 

penetration of composite into dentine irregularities. Voids may also be 

present at the composite dentin interface decreasing bond strength than 

that of enamel. 
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Conclusion and Recommendation 

Within the limitation of this in vitro study, it concludes that 

polyethylene fiber has only a significant increase in the water sorption, 

storage time and flexural strength of hybrid composite. The results were 

not conclusive enough to find hybrid composite with polyethylene fiber 

as a material with superior properties than the regular hybrid composite. 

Further studies are needed to evaluate whether Polyethylene fiber is an 

effective modality in improving the properties of hybrid composite 

significantly.  

Acknowledgement  

The Ministry of Higher Education, King Abdulaziz University, 

Kingdom of Saudi Arabia, Project No. 429/006-9, funded this 

investigation. 

Therefore, we would like to express our special thanks and sincere 

appreciation to all members in the Deanship of Scientific Research, King 

Abdulaziz University, KSA.  

References 

[1] Manhart J, Kunzelmann KH, Chen HY, Hickel R. Mechanical properties and wear 

behavior of light-cured packable composite resins. Dent Mater 2000; 16(1): 33-40. 

[2] Ellakwa AE, Shortall AC, Shehata MK, Marquis PM. The influence of fiber placement 

and position on the efficiency of fiber reinforced bridges. J Oral Rehabil 2001; 28(8): 785-

791. 

[3] Ashby MF, Jones DR. An introduction to their properties, application and designs. In: 

Engineering Materials 1, Second Edition. Oxford, U.K.: Butterworth-Heinemann, 1996. 

chp 1: 129. 

[4] Isaac D. Engineering aspect of fiber reinforced composites. Symposium book of the 

European Prosthodontics Association 22nd Annual Conference in Turkey, P .1998; 1-12. 

[5] Cheng YY, Chow TW. Fabrication of complete denture bases reinforced with 

polyethylene woven fabric. J Prosthodont 1999; 8(4): 268-272. 

[6] Lassila LV, Tanner J, Le Bell AM, Narva K, Vallittu PK. Flexural properties of fiber 

reinforced root canal posts. Dent Mater 2004; 20(1): 29-36. 

[7] Freilich MA, Kamaker AC, Burston CJ, Goldberg AJ. Development and clinical 

application of a light-polymerized fiber reinforced composite. J Prosthet Dent 1998; 80(3): 

311-318. 

[8] Ellakwa AE, Shortall AC, Shehata MK, Marquis PM. Influence of bonding agent 

composition on flexural properties of an Ultra-High Molecular Weight Polyethylene Fiber -

Reinforced Composite. Oper Dent 2002; 27(2): 184-191. 

[9] Kanie T, Fujiik, Arikawa H, Inoue K. Flexural properties and impact strength of denture 

base polymer reinforced with woven glass fiber. Dent Mater 2000; 16(2): 150-158. 



A Comparison between Fiber Reinforced and Hybrid Composite 53

[10] Ellakwa AE, Morsy MA, El-Sheikh AM. Effect of aluminum oxide additition on the 

flexural strength and thermal diffusivity of heat-polymerized acrylic resin. J Prosthodont 

2008; 17(6): 439-444. 

[11] Bea JM, Kim KN, Hattori M, Hasegawa K, Yoshinari M, Kawada E, Oda Y. The 

flexural properties of fiber–reinforced composite with light polymerized polymer matrix. 

Int J Prosthodont 2001; 14(1): 33–39. 

[12] Craig R, Powers J. Restorative Dental Materials. 11th ed., St. Louis, MO: Mosby P. 2002. 

87-88. 

[13] Tezvergil A, Lassila LV, Vallitu PK. Strength of adhesive bonded fiber reinforced 

composite to enamel and dentin substrate. J Adhes Dent 2003; 5(4): 301-311. 

[14] Palin WM, Fleming GJ, Burke FJ, Marquis PM, Randall RC. The reliability in flexural 

strength testing of a novel dental composite. J Dent 2003; 31(8): 549-557. 

[15] EL Kourashy D. Formation of experimental Pre-impregnated glass fibers and evaluation of 

its strengthening effect on acrylic resin and composite resin. PhD. Thesis Biomaterial 

Department, 2005. 

[16] Ruyter IE. Physical and chemical aspect related to substances released from polymer 

materials in an aqueous environment. Advanced Dental Research 1995; 9: 344-349.  

[17] Geurtsen W. Substances released from dental resin composites and glass ionomer cements. 

Eur J Oral Sci 1998; 106(2 Pt2): 687-695. 

[18] Ortengren U, Wellendorf H, Karlsson Sand Ruyter IE. Water sorption and solubility of 

dental composites and identification of monomers released in aqueous environment. J Oral 

Rehab 2001; 28(12): 1106-1115. 

[19] Vallitu PK. Effect of 180-week water storage on the flexural properties of E-glass and 

silica fiber acrylic resin composite. Int J Prosthodont 2000; 13(4): 334-339. 

[20] Belli S, Erdemir A, Yildirim C. Reinforced effect of polyethylene fiber in root–filled 

teeth: comparison of two restoration techniques. Int Endo J 2006; 39(2): 136-142. 

[21] Ahmed Maalej M. Tensile strain behavior of hybrid steel-polyethylene fiber reinforced 

cementations composites. Science Direct 2009; 23: 96-106. 

[22] Jarukumjorn K, Suppakam N. Effect of glass fiber hybridization on properties of sisal 

fiber–polypropylene. Composites: Part B Engineering 2009; 40(7): 623-627. 

[23] Yap AU, Wee KE. Effects of cyclic temperature changes on water sorption and solubility 

of composite restoratives. Oper Dent 2002; 27(2): 147-153. 

[24] Ellakwa A, Shortall A, Marquis P. Influence of fiber position a flexural properties and 

strain energy of a fiber-reinforced composite. J Oral Rehabil 2003; 30(7): 679-682. 

[25] Karacaer O, Polat TN, Tezrergil A, Lassila LV. Vallittu PK. The effect of length and 

concentration of glass fiber on the mechanical properties of an injection and a compression 

molded denture base polymer. J Prosthet Dent 2003; 9(4): 385-393. 

[26] Hamza TA, Rosenstiel SF, Elhosary MM, Ibraheem RM. The effect of fiber 

reinforcement on the flexural strength, fracture resistance and marginal integrity of 

provisional restorations. J Prosthet Dent 2004; 91(3): 258-264. 

[27] Rahamneh A, Jagger DC, Harrison A. The effect of addition of different fibers on the 

transverse and impact strength of acrylic resin denture base material. Eur J Prosthodont 

Restor Dent 2003; 11(2): 75-81. 

[28] Piwowarczyk A, Ottl P, Lauer H, Büchler A. Laboratory strength of glass ionomer 

cement, compomers and resin composites. J Prosthodont 2002; 11(2): 86-91. 

[29] Meiers JC, Kazemi RB, Donadio M. The influence of fiber reinforcement of composite 

on shear bond strengths to enamel. J Prosthet Dent 2003; 89(4): 388-393. 

[30] Tezvergil A, Lassila LV, Vallittu PK. The shear bond strength of bidirectional and 

random-oriented fiber-reinforced composite to tooth structure. J Dent 2005; 33(6): 509-516. 

  



M.A. Ghulman et al. 54

 ����� ���	
 �����
 �������� ��� ��� ���� ��� ���

������ !�"���# 

����� ���	 
�� ������� ������� و ����� ���� ��� و، �������
 ،  

���%�و $���# �"�� �!��و����������  

�
  �������	
� ��
�� � 

� ��� �����
�� ��
�� ���
� ����	 ����  

 �
�
 �����
� ����!� "# ��$� ��� 

 %�$� ����!� "#� �&� '$(
� %�(�� )�)�
�  

 ��� � %�����
� %�&*�
� %�$((
�  

�������	.  ������ �	
�� ������  ����
��� �� �������� ��������
 ��	�������� !"�������� �#$������
 �#��"������� %����� ����������� ��	�����&� '����( )������

 �
�* ��+,�� �-� ���� ���
 �.����� /�'� ��0���� ��	�&� !"����
�	+�� . 1����,� �����	������ 2�
���� ���-� �"��"$�� 1����� ��3� ��

���������� 1�������
 "�������� ��
������� . #+�"��-
� ��0���3  1�����4 ��
�����
 ������+������� �����-���� #3�4
 2�
� ���������� ����-�	�� 5���(-� . �����
�����

� 6��
 ������� ��
��� ���� ���
 ���	��� /' %��� � !�"���
�	+�� "	7�  8��� 9�-��� �:�; 1"��� <�:�� 1������ ���3� ��+,�� ������

 �
����* 8�����7 ���������� �������
����� �"������� ��������+� ��
������� ������ ��7�	����=��
���=(�� '������ �
��*
 ���	+�� �
��*
 '���3�� ������ >���$��
 ���	���� ���(�' 6��� !

 �
��* )����(� �
���0���� ���� /����* %���7 "��$� ����	�$�� ����3-� !��� ���$��'��
'�3���  ��	+�� �
* )��(� ��? /��* %�7 .���$��' ��	�4 6���� !� �

 @��� /���� /����* ��� 6��3
�
 >������ :���4
 �>������ ���7 �
:����� %��= !���

(� >���$�� 
4 ���	���� ���� �������� ���(�' A���=� 9���-� %������ '������ )����



A Comparison between Fiber Reinforced and Hybrid Composite 55

 
 ��=(�� #(�' <�: !�� 
���� ���=
��.  ����
"��
 �BC���	�� 6���� !�

 #�C�=-� �����-� !+�.  ���� BC���	�� �-3
�� 	
 �
�* 1$�3� "�* 1����

	+�� �
* �"��� 6� '�3��� ����  ���=(�� '����� �
* �� "��� ����
����
�� 6���	�.  

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Right
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


