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Design of realistic chewing trajectory
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Purpose: The chewing trajectory in the dynamic analysis of dental prosthesis is always defined as a two-segmental straight polyline
without enough consideration about chewing force and motion laws. The study was aimed to design a realistic human chewing trajectory
for the dynamic analysis based on force and motion planning methods. Methods: The all-ceramic crown restored in the mandibular first
molar was selected as the representative prosthesis. Firstly, a dynamic model containing two molar components and one flat food com-
ponent was built, and an approximate chewing plane was predefined. According to the desired forces (25 N, 150 N and 25 N), three force
planning points were calculated by using tentative trajectories. The motion planning was then executed based on four-segment cubic
spline model. Finally, the new trajectory was re-imported into the dynamic model as the displacement load for evaluating its stress influ-
ence. Results: The maximum lateral velocity was 26.81 mm/s. Besides, the forces in the three force planning points were 14.11 N, 126.75 N
and 13.56 N. The overall repetition rate of chewing force was 77.21%. The force and stress profiles were similar to the sine curve on the
whole. The maximum dynamic stress of the crown prosthesis was 398.5 MPa. Conclusions: The motion law was effectively brought into
the chewing trajectory to introduce the dynamic effect. The global force performance was acceptable, and the force profile was more
realistic than the traditional chewing trajectory. The additional reliable characteristic feature of the stress distribution of the dental pros-

thesis was observed.
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1. Introduction

Human chewing is the predominant loading con-
dition of the prosthesis to cause multiple failure
modes [10]. The stress distribution of prosthesis
during chewing in vivo is valuable data to predict
prosthesis performance and improve prosthesis de-
sign. When the maximum stress during chewing is
equal to the fracture strength of prosthodontic mate-
rial, the loading force is regarded as the fracture
strength of the prosthesis structure [9]. Fatigue life is
also derived from the stress distribution during
chewing, according to the structural fatigue theory [12].
Besides, the prosthesis design, including material

selection and parameter determination, can be im-
proved by comparing these different stress distribu-
tions [2], [7].

In order to obtain accurate stress distribution, fi-
nite element analysis (FEA) is requested to adopt
a realistic loading condition in the occlusal phase (the
effective loading time frame) as far as possible [15].
The loading condition is quite different when the test
food changes. The dynamic analysis (applying dis-
placement loading condition instead of force loading
condition) is a preferable way to reflect the various
chewing feature (the short occlusal time and the
changing force) than the static analysis. Thus, how to
design a realistic chewing trajectory for the dynamic
analysis becomes a research focus [15]. It will im-
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prove the accuracy of the stress result and further help
the dentist to evaluate the performance of the prosthe-
sis. The motion and force laws learned from the clini-
cal statistical data are two basic design principles of
the chewing trajectory.

The motion law, such as the piecewise polyno-
mial model, has been widely applied in the trajectory
planning of chewing robot study [17]. The motion
law is applied in the dynamic analysis in different ways.
The trajectory in the concerning occlusal phase was
always reduced to a two-segment straight polyline
constituted by an initial intrusive point, a centric
occlusal point and a final extrusive point [1]. The
trajectory was also ever generated by defining the
shrinkage of each biting muscle [13]. However, the
trajectories did not follow the motion law as fully as
possible.

The implicit feature of the chewing trajectory is
generating the proper chewing force. The chewing
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force is directly loaded on the occlusal contact sur-
face or distributed on the muscular bonding points,
which is not linked to chewing trajectory [13], [14].
How to design the chewing trajectory reversely ac-
cording to the determined force data is rarely re-
searched. One attempt was adding a fixed penetra-
tion depth between upper and lower teeth on the
trajectory after motion planning [8], [11]. The rea-
sonable penetration depth could generate the desired
average force during one chewing cycle (or the de-
sired force on one typical mandibular position).
However, the whole force profile (or exact forces on
two or more typical mandibular positions) is still
hard to realize. Besides, this method is not suitable
for the dynamic model involving food.

The above traditional trajectory does not take the
full motion and force achievements into consideration,
making the stress distribution of the prosthesis less
accurate. The study was aimed to design a more real-
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Fig. 1. Technology roadmap and explanation of critical steps (a) Technology roadmap overview; (b) Dynamic model;
(c) Chewing plane (« — the lingual slopes plane of buccal cusp of the maxillary molar; § — buccal slopes plane of lingual cusp
of the maxillary molar; y — 2D chewing plane; 6, 8, — the intrusive angle and extrusive angle in horizontal plane;
O., — centric occlusal point; V;, — intersection of the plane y and the plane a; V., — intersection of the plane y and the plane f);

(d) Designed trajectory (V;, — intersection of plane y and plane a; V., — intersection of plane y and plane f; Q;, — centric intrusive point;
Q.. — centric occlusal point; Q., — centric extrusive point, /;, — intrusive sliding displacement; /., — extrusive sliding displacement;
Np, N, and N, — tentative directions of O, O, and Q.; P3, P4 and Ps — three force planning points;

O:1, O, O and Q7 — four initial motion planning points; Py, P,, Ps and P; — four motion planning points)
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istic chewing trajectory for the dynamic analysis of
the prosthesis (with food). In this paper, the man-
dibular first molar with an all-ceramic crown (a nut
was a simulated food) was selected as the representa-
tive prosthesis with the consideration that it is the
most concerning tooth position in the dental material
research. Both the motion law (polynomial model)
and force law (proper force profile) were set as the
planning target. A novel chewing trajectory planning
algorithm was proposed for the dynamic model of that
prosthesis (and the dynamic analysis was executed by
the inbuilt algorithm of FEM software, which was not
studied here). The technology flowchart is shown in
Fig. la.

2. Materials and methods

2.1. Dynamic model
of representative prosthesis

The teeth model consisted of two antagonistic mo-
lars and one food bolus to constitute the tooth-food-
tooth contact (Fig. 1b). The maxillary first molar could
be segmented into a enamel and a dentine, and the
mandibular first molar could be segmented into an all-
ceramic crown and a dentine (abutment tooth after
preparation for a full porcelain crown). The food bolus
was defined as an elastic rectangular flat (13.2 x 10
x 1 mm) [8].

The auto-mesh generating algorithm supplied by
HyperWorks software (Altair Engineering, Troy, MI,
USA) was adopted. The material property obtained
from the previous literature was assigned to the
components (Table 1) [1], [4], [8]. The following
tentative trajectory or chewing trajectory was loaded
on the neck plane of the mandibular molar. The fixed
boundary condition was set on the neck plane of the
maxillary molar. The dynamic analysis in Abaqus
software (3DS, Waltham, MA, USA) was executed
on the Dell Precision T7600 (Dell, Round Rock, TX,
USA).

Table 1. Mechanical properties of dental and food materials

Component Densit}y Elastic modulus Poisspn’s
[kg/m’] [GPa] ratio
Enamel 2958 84.1 0.30
Dentine 2140 24.5 0.31
All-Ceramic Crown 6100 220.0 0.30
Nut Food 1000 0.02157 0.35

2.2. Constraint of chewing plane

In order to restraint the complexity of the follow-
ing force and motion planning, it was assumed that the
chewing trajectory in the occlusal phase was in a 2D
chewing plane y (Fig. 1c). The plane could be deter-
mined through an in-plane point and a normal vector.
In detail, the in-plane point was the centric occlusal
position Q.,, and the normal vector of this plane was
derived from the intrusive angle 4, (10°) and extrusive
angle 6, (10°) in the horizontal plane.

2.3. Force planning
based on tentative behavior

Before force planning, an initial chewing trajec-
tory was defined as a two-segment straight polyline in
the chewing plane (Fig. 1d). The centric occlusal po-
sition Q., was the intersection of two straight lines.
The intrusive vector V;, was the intersection of the
chewing plane y and the guiding plane « (the lingual
slopes plane o of the buccal cusp of the maxillary
molar). The extrusive vector V, was the intersection
of the chewing plane  and the plane g (the buccal
slopes plane S of the lingual cusp of the maxillary
molar). The intrusive and extrusive sliding displace-
ments (/;, and /) were 2.5 mm and 1.5 mm.

A complete tentative trajectory included an origin
point (an initial force planning point selected from the
initial chewing trajectory, and its tentative displacement
was set to 0 mm), a tentative direction and a motion
range (the tentative displacement was from —3 mm
to 0 mm) (Fig. 1d). In order to make the normal contact
force along the chewing trajectory reveal the desired
symmetric force (similar to sine curve), three initial
force planning points including the centric intrusive
point Oy, at the center of the intrusive phase, the cen-
tric occlusal point ., and the centric extrusive point
Q. at the center of the extrusive phase were selected
(Fig. 1d). The centric intrusive point and centric ex-
trusive point were calculated by following equations.
The three tentative directions were Ny, normal to Vi,
N, parallel to z-axis and N, normal to V.

Qin :Qco+0'5><linxl/in’ (1)
Qex = Qco + O‘SXlex XVex . (2)

The tentative trajectory was imported into the dy-
namic model as the displacement load individually.
When the food was severely compressed at one tenta-
tive displacement, the dynamic analysis would termi-
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nate by itself. The normal contact force versus displace-
ment (force range) was output. The desired chewing
forces on the centric intrusive point, the centric occlu-
sal point and the centric extrusive point were 25, 150
and 25 N, respectively [5]. The displacements, d,, dc,
and d.x, were planned backward according to the de-
sired force. Then, three force planning points, P;, P4
and Ps, were calculated based on the following equa-
tions. A modified chewing trajectory represented by
the two-segment straight polyline model was obtained
based on the force planning method (Fig. 1d).

P3=Qin+dianin9 (3)
P4:Qco+dcocho’ (4)
I)SZQex+dex><Nex' (5)

2.4. Motion planning based on
four-segment cubic spline model

The displacement of the chewing trajectory was a
3D curve recorded by the mandibular tracking system
in the previous clinical statistical literature [16]. The
designed trajectory could be decomposed into three
components in different directions. The trajectories in
y and z directions were designed to be coincident with
the motion law, and the trajectory in x-direction was
directly inferred on the basis of the constraint of the
chewing plane [3].

In order to realize the high-quality motion plan-
ning, four detailed chewing phases were built includ-
ing pre-intrusive phase (initial moving point P, and
initial intrusive point P,), intrusive phase (initial intru-
sive point P,, centric intrusive point P; and centric
occlusal point P,), extrusive phase (centric occlusal
point Py, centric extrusive point Ps and final extrusive
point Ps) and pro-extrusive phase (final extrusive
point P and final moving point P;). For keeping the
velocity and acceleration continuous, a four-segment
cubic spline model was used to represent the trajec-
tory in the four phases (Fig. 1d). The time point ;
(t1=0s,t,=0.3s,t; = 0.6 s and the others were un-
known parameters) was set on the corresponding
mandibular position P;.

Four motion planning points (P;, P, Ps and P7)
were needed to be determined. A couple of equations for
solving each segment cubic spline model in z-direction
and y direction are shown in Table 2. The z coordinate
of the four motion planning points was predefined
directly. The four unknown time parameters (%, £, ts
and #;) were adjusted dynamically to make the veloc-
ity and acceleration in z-direction match with the

clinical record [3]. Besides, the y coordinate of the
four motion planning points was predefined indirectly
based on the four initial motion planning points (0.,
On, O and Q1) from the above-modified chewing
trajectory. Four uncertain shape parameters (C;, C,, Cs
and C4) were introduced to make the velocity and
acceleration in y-direction identical to the clinical
record [3]. A final chewing trajectory was obtained
after motion planning (Fig. 1d).

The final chewing trajectory was re-imported into
the dynamic model. The normal/tangential contact
force along the chewing trajectory was exported to
evaluate the force performance of the proposed plan-
ning method. The dynamic stress of the prosthesis on
the typical planning point simultaneously output to
evaluate the stress influence of the trajectory.

Table 2. Constraint equations
of four-segment cubic spline models
in z and y directions

Phase z Direction

@)=z
Silt) = fotr)
1) = f5(5)
flﬂ(tz) = fzﬂ(tz)

y Direction
git) =y + Ci(an —yr)
gi(t) = &)
g1ty =g5(ty)
gl(t,)=g5(t)

Pre-intrusive phase

folts) =z, &ts) = y4
. So(t3) = z3 &) = ys
I h:
nirusive phase f) =z &) =32+ Gy —y2)
f(t)=0 g,(t,)=0
Sit) = z4 g3(t4) = ¥4
. Silts) = zs gs(ts) = ys
E h
xirusive phase Site) =z &i(ts) = ys + C3(vi3 — o)
fit)=0 g:,(t,)=0
Ja(ty) = z7 84(t7) = Y3 + Ca(¥ra — ¥13)

8a(t6) = g5(to)
g4(ts) = g5(t6)
g4(ts) = 83 (ts)

Jats) = f3(t6)
fa(te) = fi(t:)
f4”(t6) = f3”(t5)

Pro-extrusive phase

Note:

1) fi(#) and gi(f) denote cubic spline model in z and y direc-
tions, respectively. When i = 1, 2, 3 and 4, the models denote pre-
intrusive phase, intrusive phase, extrusive phase and pro-extrusive
phase, respectively.

2) t; is the time parameter of the four-segment cubic spline
model. When i =1, 2, 3, 4, 5, 6 and 7, time parameters denote
initial moving time point, initial intrusive time point, centric intru-
sive time point, centric occlusal time point, centric extrusive time
point, final extrusive time point and final moving time point.
When i = 1, 4 and 7, the time parameters are 0, 0.3 and 0.6. When
i=2,3,5 and 6, the time parameters are unknown.

3) y; and z; denote the y and z coordinates of the motion plan-
ning points in corresponding time parameter #;,, When i = 1, 2, 6
and 7, z coordinates are —3.0, —1.2, 0, —1.5 and -3.0. y,; denotes the
y coordinate of the initial motion planning point in corresponding
time parameter #. Four shape parameters (C;, C,, C;, C,) are
unknown.
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3. Results

The planning results of the initial chewing trajec-
tory and the tentative trajectories are shown in Fig. 2a.
The normal contact force versus displacement on the
three force planning points is shown in Fig. 2b. The
tentative trajectories in the three force planning points
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terminated at the different tentative displacements
(0, —0.32 and —0.13 mm), and the forces achieved its
maximum values (44.50, 187.20 and 144.95 N). The
planned tentative displacements (-0.10, —0.38 and
—0.55 mm) were calculated backward.

Figures 3a—c show the motion performance of the
designed chewing trajectory. The initial intrusive
time point, the centric intrusive time point, the
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(e) Stress distribution on centric extrusive point; (f) Stress distribution on final extrusive point

centric extrusive time point and final extrusive time
point were adjusted to be the proper values (0.125,
0.2, 0.42 and 0.49 s). The shape parameters were
modified to be the proper values (0.9, 0.4, 0.8 and
0.2). The maximum displacements in x, y and z di-
rections were 1.01, 5.74 and 3 mm, respectively.
Their velocities were 4.73, 26.81 and 26.56 mm/s.
Figure 3d shows the simulated normal and tangen-
tial contact forces along the designed chewing tra-
jectory, desired force and force range. The forces on

the three force planning points were 14.11, 126.75
and 13.56 N, and the deviations were 10.89, 23.25
and 11.44 N, respectively. The overall repetition
rate was 77.21%.

The stress of the prosthesis under the realistic
chewing trajectory proposed here is output in Fig. 4.
The maximum stresses in different chewing states
were 238.3 MPa, 288.9 MPa, 398.5 MPa, 260.6 MPa
and 144.4 MPa. The whole maximum stress appeared
on the centric occlusal point.
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4. Discussion

4.1. Criticism of the trajectory
planning method

In order to uncouple the force and motion request,
the force planning was manually ahead of the motion
planning in the paper. From an oral process point of
view, the force planning method can be seen as an
analogy of the “first bite” mechanism. The mechanism
is that there exists a tentative trajectory in the chewing
sequence as the first bite to judge the food property
and feedback to the following chewing trajectory [6].
The “first bite” mechanism is a useful step for the
following chewing force generation.

The tentative trajectory terminated due to the ex-
cessive element distortion of the food, which means
that the force range is closely related to the food prop-
erty (such as thickness and elastic modulus). Besides,
the desired force value is needed to be in the force
range. This constraint guarantees that the chewing
trajectory after force planning will be applied success-
fully without the excessive element distortion. Thus,
the force range indicates the possible shape of the
desired force profile. If the force range covers the
human maximum biting force, the chewing trajectory
has the potential to represent the extreme loading con-
dition for the dental prosthesis. Moreover, the force
range can also be used to represent the chewiness of
food in food texture study.

4.2. Evaluation of the motion
and force performances
of the trajectory

The desired motion law is well represented by the
four-segment cubic spline model. The complete motion
law is brought into the dynamic analysis. Other mathe-
matic models, such as the eighth polynomial model,
could be used to substitute the segment cubic spline
model. Nevertheless, compared to the higher-order
polynomial model, the lower order segmental poly-
nomial model can avoid bad Runge’s phenomenon.

The normal contact force on the force planning
points in the chewing trajectory is not well coincident
with the predefined planning values as desired, but the
overall performance is still acceptable. When the po-
sition and deformation of the food in the tentative
trajectory are the same with the one in the designed
chewing trajectory, the normal contact force will be

identical to the predefined force ideally. However,
there still exist certain deviations due to the inevitable
free movement of food. The position of the food com-
ponent in the tentative trajectory is not coincident with
that in the designed trajectory because of the different
tangential movement. Only if the food component
keeps a smaller sliding movement with the mandibu-
lar molar, the force planning method will be more
precise. Although the force performance on controlla-
ble points is not well, the normal contact force profile
is still realistic. It is more similar to the desired sine
curve on the whole than the force profile generated by
setting the fixed penetration depth (the force planning
method mentioned above) [1].

4.3. Evaluation of the trajectory effect
on the stress distribution

The stress influence of the realistic chewing tra-
jectory proposed here was evaluated compared to
other planning methods. The stress is much higher
than that calculated by the single force planning
method (198.80 MPa) [13]. The stress increment is
caused by the dynamic effect brought from motion plan-
ning. It can be further explained by the basic kinematic
equation. The additional inertia force is added into the
equation. The maximum stress in the centric occlusal
point is slightly larger than that calculated by the tradi-
tional chewing trajectory (318.80 MPa) [13]. More
reliable stress distribution on different points (five
points here) can be output, which is also recom-
mended to evaluate. The sine stress profile becomes
available data and can be further investigated. The
reliability comes from above realistic trajectory plan-
ning.

5. Conclusions

A realistic chewing trajectory was proposed for the
dynamic analysis of dental prosthesis based on a joint
planning method (force planning at first and motion
planning at second). The maximum lateral velocity (y
direction) was 26.81 mm/s. The motion law is effec-
tively brought into the chewing trajectory to introduce
the dynamic effect. Moreover, the forces in the three
force planning points were 14.11 N, 126.75 N and
13.56 N. The overall repetition rate of chewing force
was 77.21%. The global force performance was ac-
ceptable, although the force performance on control-
lable points was not well. The sine force profile was
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more realistic than the traditional chewing trajectory.
Lastly, the maximum dynamic stress of the crown pros-
thesis was 398.5 MPa. Compared with other planning
methods, the additional reliable characteristic feature of
the stress distribution of the dental prosthesis is ob-
served. The improvement of the overall force per-
formance is to be studied in the future. This study
supplies a more realistic loading condition to study
other related clinical dental problems.

Acknowledgements

This work was supported by the National Natural Science
Foundation of China (Grant No. 51575078 and No. 51705063).

References

[1] BENAZzzI S., NGUYEN H.N., KULLMER O., Kupczik K., Dynamic
modelling of tooth deformation using occlusal kinematics and
finite element analysis, PloS One, 2016, 11(3), e152663.

[2] BRAMANTI E., CERVINO G., LAURITANO F., FIORILLO L.,
Awmico C.D., DENARO S.S.D., DENARO S.S.D., ANTONELLA P.,
MARco C., FEM and von Mises analysis on prosthetic crowns
structural elements: Evaluation of different applied materials,
Sci. World J., 2017, 1-7.

[3] BuscHANG P.H., HAYASAKI H., THROCKMORTON G.S., Quan-
tification of human chewing-cycle kinematics, Arch. Oral. Biol.,
2000, 45(6), 461-474.

[4] Campos T., RAMOs N.C., MACHADO J., BOTTINO M.A., SOUZAR.,
MELO R.M., 4 new silica-infiltrated Y-TZP obtained by the
sol-gel method, J. Dent., 2016, 48, 55-61.

[5] CHEN l., Food oral processing — A review, Food Hydrocolloid,
2009, 23 (1), 1-25.

[6] DAN H., KoHYAMA K., Interactive relationship between the
mechanical properties of food and the human response during
the first bite, Arch. Oral. Biol., 2007, 52 (5), 455-464.

[7] DE JAGER N., PALLAV P., FEILZER A.]., The influence of de-
sign parameters on the FEA-determined stress distribution in
CAD-CAM-produced all-ceramic dental crowns, Dent. Mater.,
2005, 21 (3), 242-251.

[8] DEJAK B., MLOTKOWSKI A., 3D-Finite element analysis of
molars restored with endocrowns and posts during mastica-
tory simulation, Dent. Mater., 2013, 29 (2), 309-317.

[9] DE LA RosA CASTOLO G., GUEVARA, PEREZ S.V., ARNOUX P.J.,
BADIH L., BONNET F., BEHR M., Mechanical strength and
fracture point of a dental implant under certification conditions:
A numerical approach by finite element analysis, J. Prosthet.
Dent., 2018, 119 (4), 611-619.

[10] Lopr E., WEBER K.R., BENETTI P., COrRAZZA P.H., DELLA
BoNA A., BORBA M., How oral environment simulation affects
ceramic failure behavior, J. Prosthet. Dent., 2018, 119 (5),
812-818.

[11] MAGNE P., CHEUNG R., Numeric simulation of occlusal inter-
ferences in molars restored with ultrathin occlusal veneers
. Prosthet. Dent., 2017, 117 (1), 132-137.

[12] PEREZ M.A., Life prediction of different commercial dental
implants as influence by uncertainties in their fatigue mate-
rial properties and loading conditions, Comput. Meth. Prog.
Bio., 2012, 108 (3), 1277-1286.

[13] RazAGHI R., BIGLARI H., KARIMI A., Dynamic finite element
simulation of dental prostheses during chewing using muscle
equivalent force and trajectory approaches, J. Med. Eng.
Technol., 2017, 41 (4), 314-324.

[14] ReEzeNDE C.E.E., BORGES A.F.S., GoNzAGA C.C., DUAN Y.,
RuBO J.H., GRIGGS J.A., Effect of cement space on stress
distribution in Y-TZP based crowns, Dent. Mater., 2016, 30 (12),
1304-1315.

[15] ROEHRLE O., SAINI H., ACKLAND D.C., Occlusal loading
during biting from an experimental and simulation point of view,
Dent. Mater., 2018, 34(1), 58-68.

[16] TANAKA Y., YAMADA T., MAEDA Y., IKEBE K., Markerless three-
-dimensional tracking of masticatory movement, J. Biomech.,
2016, 49 (3), 442-449.

[17] WANG G.F., CoNG M., REN X, WEN H.Y., QIN W.L., Chewing-
-cycle trajectory planning for a dental testing chewing robot,
I. J. Robotics and Automation, 2019, 34 (3).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /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 1.4
  /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 ()
  /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


