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Abstract: In this study, the important kinematic and post-operative changes in the spinal column and rib cage after 

corrective surgery of scoliosis using the pedicle screw and rod derotation method was determined using a finite element 

scoliosis spine model, and the optimized instrumented levels for scoliosis correction was determined. A three dimensional 

FE scoliosis model was reconstructed by translation and rotation of a normal spinal column model using geometric 

mapping with x-ray and CT. By changing the fusion levels in the calculations, postoperative changes like Cobb angle, 

apical vertebrae axial rotation (AVAR), thoracic kyphosis, and rib hump were qualitatively analyzed. In the analysis of 

operative kinematics, the decrease in Cobb angle was most prominent in distraction than in deroation. Applying only the 

rod derotation was not effective in decreasing the Cobb angle and just caused an increase in the AVAR and rib hump. In 

the operative simulation, co-action of distraction and translation during rod insertion had a major impact on decreasing the 

Cobb angle and maintaining kyphosis. For the rod rotation, a decrease in the Cobb angle was obtained; however, this was 

accompanied by a simultaneous increase in the AVAR and rib hump. When the most extended instrumentation range with 

a 60
o
 rod rotation was used the Cobb angle was decreased in half, but an increase in the rib hump and AVAR also 

occurred. The optimum fusion level was found to be one level less than the inflection position of the thoracic spine 

curvature. 
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1. INTRODUCTION  

 Surgical correction of scoliosis became a rather popular 
treatment after the Harrington rod instrumentation was 
developed. Various improved multisegmental instrumental 
technologies, such as the Luque sublaminar wire and Cotrel-
Dubousset instrumentation, in scoliosis correction have been 
further introduced to overcome the problems associated with 
the Harrington instrumentation including hook dislodgement, 
high pseudarthrosis rates and flatback syndrome. However, 
significant volumetric spinal canal intrusion may occur when 
using those instruments. Since the development and use of 
pedicle screws in the correction of idiopathic scoliosis sur-
gery, many advantages of pedicle screw constructs for 
scoliosis and related deformity corrections have been docu-
mented over the last decade [1]. 

 Surgical correction of scoliosis brings the asymmetries in 
the trunk back to normal shape and also prevents lumbago 
and weakening of the pulmonary functions. Therefore, 
simultaneous deliberations of the rib cage transformation and 
the compensative spinal bending curvature, which are all 
accompanied by surgical correction, should be carried out in 
order to produce sound surgical outcomes. As previously 
proven by other studies, there exists a coupled mechanism  
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between the spine and rib cage. Since cosmetic improvement 
in post operation is also an important factor, changes in both 
the height of the rib hump and the rib cage shape, and 
changes in the shoulder level should also be under 
consideration in the surgical process. 

 Most scoliosis surgeries are performed by utilizing 
instrumentations for spinal fixation through the posterior 
approach. The induction of three dimensional deformations 
of the vertebrae with such instrumentation is, however, 
accompanied by many difficulties since only posterior parts 
are exposed during the operation. In addition, a better 
understanding of the factors that affect the surgical outcome 
prior to surgery is necessary in order to resolve post 
operational problems often found in the final corrected 
configuration of the patient.  

 Most of the previous studies that have examined surgical 
correction of scoliosis just report on the reconstruction 
scheme of the deformed shape during the diagnostic pre-
operational process, the degree of corrections that can be 
obtained with various surgical instrumentations and com-
parative results on the effects of different fixation methods. 
Therefore, an analytical approach that can resolve the 
problems of idiopathic scoliosis from a structural point of 
view is still needed. In this analysis, a detailed scoilotic finite 
element spine model that includes the rib cage and clavicle 
was developed. Furthermore, this model was used to analyze 
the biomechanical effects when applying the pedicle screw 
surgical instrumentation. 
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2. MATERIAL AND METHOD 

2.1 Skeletal Model Development 

 A three dimensional skeletal model was reconstructed 
from surface data [2] of the vertebrae, pelvis, clavicle, and 
scapula. These skeletal parts were modeled as rigid bodies 
by keeping their morphologies and they were constrained by 
ligaments and intervertebral discs. A kinematic joint element 
with six degrees of freedom was adopted to model the inter-
vertebral disc and proper material properties were assigned 
so that the nonlinear behavior of the disc was accurately 
represented. Each ligament was precisely placed in the 
model based on the anatomical data set. The sigmoid shaped 
force-deformation characteristics of the ligament were 
modeled by piecewise linear curve fittings. Various material 
characteristics were employed with the kind and locations of 
the ligaments. The contact phenomena of facet joints were 
included by introducing the sliding interface definitions. The 
constructed spinal column model was then validated by 
comparing with in-vitro test results [3,4]. 

 Clavicles and scapulae were added to the model and they 
were articulated with ligaments to the rib cage, which was 
modeled by beam elements. The sternum was modeled by 
shell elements and connected to the ribs by cartilage beam 
elements. The costovertebral joints between vertebrae and 
ribs were formed by 6 DOF spring elements. The mechanical 
characteristics of the joint spring elements were adopted 
from existing experimental measurements [5] and other 
material properties of the model were adapted from the H-
Model data base [6]. By utilizing this normal skeletal model, 
a three-dimensional model was built to represent scoliosis 
patient. Anterior-posterior and lateral radiographic images of 
a twelve years old King-Moe type II patient were used. 12 
anatomically representative points in the spinal column were 
digitized with respect to the center of a line connecting two 
protrusions in the vertebral pedicles, which was used as an 
origin axis. The coordinate values of these 12 points were 
used to determine the amount of deformation and axial rota-
tion of each vertebra from the normal state. The geometric 

mapping was performed by a specially designed program 
[7]. Because of the difficulties in precisely reading the 
location of the pedicle from the X-radiographic images, the 
obtained changes in axial rotations of each vertebra were not 
smooth along the spinal column. Thus, the process was 
modified by applying a spline curve fitting to produce 
smooth and continuous transitions in the axial rotation 
between adjacent vertebrae. Articulating gap differences 
between the fact joints contact surfaces due to that 
transformation procedure were minimized by modifying the 
geometry of the pedicles. Meanwhile, the deformed shape of 
the rib cage was modeled on the basis of both CT and X-
radiographic images. The overall size of the model was 
scaled to compensate the overall differences with the patient. 
Fig. (1) shows the finite element skeletal model of the 
normal and scoliosis models developed in this study. Due to 
the presence of scoliosis, changes in the mechanical 
properties of intervertebral discs were expected. A correction 
of the mechanical properties was attempted by correlating 
the analytic results from the model with the spinal shape 
changes of the patient during the voluntary lateral bending 
motion.  

2.2 Procedure of Surgical Simulation 

 The operation began with the insertion of a pedicle screw 
on the concave side of each corresponding spinal segment 
with the prone position of the patient. The rod was then 
attached to the screws followed by derotation of the rod. The 
shape of the rod was determined by adopting the target 
configuration of the spine rather than the thoracic kyphotic 
curvature of the patient in the original state. In the case of the 
patient described in this study, instrumentation was applied 
from the upper neutral vertebra (T5) to the lower neutral 
vertebra (T11) shown at the standing AP view of the X-
radiographic image. Accordingly, the first simulation was 
carried out with the same instrumentation level as used in the 
operation. Therefore, the rod shape was analyzed from the 
post operative X- radiographic image and the insertion of 
this rod into the pedicle screw, which would produce the 

          

 (A) (B) 

Fig. (1). Developed (A) Normal and (B) King-Moe type II scoliosis FE model. Enlarged vertebra indicates apical vertebra. 
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spinal deformation, was then set up as the 1st step in the 
simulation. It was assumed that the scoliotic spine would 
deform in accordance with the rod shape during the insertion 
procedure. The 2nd step in the simulation was deforming the 
spine during the derotation step after completion of the 
insertion procedure. The following boundary conditions 
were applied in the correction by using the pedicle screw and 
rod derotation. The sacrum was clamped and the axial 
rotation of the clavicle along the z-axis was fixed according 
to the prone posture of the patient during the operation. In 
order to simulate the derotation of the spine with the rod, the 
beam elements were connected with the joint elements, 
positioned at the insertion points of the screws, which 
represent the coupling interactions between the rod and 
screw head. The rod elements that were axially connecting 
these joint elements were rotated to generate the derotation 
of the spine. The pivot of the derotation was performed in 
the direction of the local coordinate axis, which was 
determined by joining the most superior and inferior pedicle 
screws. Rotations between the pedicle screws and rod were 
allowed to freely occur.  

 The fundamental factors in operative kinematics such as 
distraction, translation and rod derotation were numerically 
performed. The changes in Cobb angle, thoracic kyphotic 
angle, and apical vertebral axial rotation (AVAR) were then 
calculated for comparative analysis and to estimate the 
correction effects. 

 The changes in the Cobb angle, thoracic kyphotic 
curvature, and apical vertebral axial rotation (AVAR) at each 
subdivided stage in the 1st step, i.e. 25%, 50%, 75% and 
100%, of insertion were then calculated. During the 2nd step 
of the simulation, changes in the rod derotation according to 
the four different rotational angles, 15

o
, 30

o
, 45

o
 and 60

o
, 

were analyzed.  

 After this initial test of the simulation was carried out, 
cases of long and short instrumentation fusions were con-
ducted and their effects were investigated. The long instru-

mentation fusion included one level above and one level 
below the neutral vertebra and the short instrumentation case 
excluded ones from each side. An identical rod curvature 
was used to analyze the effects of extending and reducing the 
instrumentation levels on scoliosis correction. In the long 
instrumentation case, the rod model was extended while 
maintaining an identical curvature to cover the T4 and T12 
and the rod was connected to the vertebrae through the 
pedicle screws. The computation of surgical simulation using 
this finite element scoliosis model was performed in Pam-
Crash 2G 2007 (ESI Group) [8]. 

3. RESULTS 

 A simulation of the instrumentation level of T5-11, 
which was the same as the actual surgical case, produced 
following findings. As can be seen from Fig. (2), which 
displays the numerical simulation results of the 1st step, 
when the rod was joined to the screws for the derotation 
operation, the Cobb angle was reduced by 30.5 %, i.e. from 
42.26 degree to 29.39 degree, while the AVAR increased by 
4.12 degrees. Fig. (3) shows the changes in the scoliotic 
spinal shape accompanied by the derotation process, which 
is the 2nd step of the operation. The Cobb angle decreased 
but the AVAR increased as the derotation step proceeded. A 
rise of the rib hump, which was in agreement with the 
increase in AVAR, was also observed during this process, as 
shown in Fig. (4). In general, the decrease of the Cobb angle 
in the coronal plane was larger during the rod insertion 
process (1st step) than during rod derotation (2nd step). A 
slight increase in kyphosis and the amount of AVAR during 
the 1st step of rod insertion was also observed in the 
simulation. In the early stage of rod derotation, no significant 
changes were observed; however, a decrease in the Cobb 
angle and increase in the AVAR was observed as well as a 
rise in the rib hump when a derotation angle of more than 30 
degrees was applied.  
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Fig. (2). Major kinetic changes during the rod attachment procedure. 
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 An extension or reduction in the instrumentation level 
produced noticeable postoperative differences. Compared to 
the instrumentation level of T5-11, a short fixation resulted 
in a relatively small rib hump and kyposis angle, whereas a 
relatively small AVAR and Cobb angle were generated in 
the long fixation during the rod insertion step, as shown in 
Table 1. The fixation of T4-T12 corrected the Cobb angle by 
26.1 degrees, which produced a higher correctional effect 
than the T5-T11 fixation. The correctional effect was further 
improved after the rod derotation step, which decreased the 
Cobb angle by 14.7 when a 60 degree rod derotation step 
was used. When the minimum instrumentation level was 
chosen as T6-T10 fixation, the Cobb angle decreased by 29.4 
degrees during the rod insertion step, which was similar to 
the T5-T11 fixation case. However, the Cobb angle dec-
reased to 24.2 degree after the 60 degree rod derotation step, 
which slightly reduced the correction effect. 

 Correction of the Cobb angle with different instrumen-
tation levels was influenced more by the rod insertion step 
than by the rod derotation step, and the extended fixation 
level showed more correctional effect. The change in rib 
hump was proportional to the level of fixation. The change 
in rib hump was 35.8 mm with T4-12 fixation and 12.4 mm 
with T6-10 after the 60 degree rod derotation step. Fig. (5) 
shows the simulated results of the corrected scoliotic spines 
when the levels between the neutral vertebrae, the extended, 
and the reduced were fixed.  

4. DISCUSSION  

 Based on the simulations of scoliosis correction 
conducted in this study, a larger change was observed during 
the process of rod insertion into the pedicle screw (step 1) 
than during the derotation step (step 2). In particular, the 
Cobb angle changed by 68.5 % during just the insertion step 

 

Fig. (3). Major kinetic changes during the rod derotation procedure. 
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Fig. (4). Rib hump variation during the derotation procedure for the instrumentation level of T5-11. 
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of the correction process. Stoke et al. [9] reported that lateral 
deformation turned into kyphotic deformation and the large 
decrease in the Cobb angle was then induced by rotating the 
rod from 90 degree to 50 degree. However, the co-occur-
rence of translation and elongation were not taken into 
account as well as the fact that model used in that study just 
consisted of six spinal motion segments. Compared to this 
finding, Poulin et al. [10] showed that a significant correc-
tion of scoliosis occurred from the insertion of the rod into 
the screws and hooks when a CD instrument operation was 
applied. Their analysis showed the synchronous production 
of translation and elongation, which resulted in a significant 
amount of scoliotic correction. During the rod insertion 
process in the actual operation, the rod is normally prepared 
with a curvature that is less than the scoliotic angle. Thus, 
the rod insertion process is presumed to provide rotation, 
translation, and elongation to the vertebrae and this pheno-
menon was numerically verified in this study. 

 Excessive rod derotation after insertion produced a dec-
rease in the scoliotic angle but also caused too much 
secondary deformation such as an increase in the rib hump 
and rotation of the vertebrae. Different results on the degree 
of vertebral rotation with rod derotation have been reported: 
Pallock et al. [11] reported that a 30 degree change in rota-
tional was obtained by a CD hook but Lenke et al. [12] 

reported just an 11 degree improvement. In contrast to these 
findings, Gardner-Morse and Stoke [13] reported a degra-
dation of 8 degrees in an FEM study and a 2 degree decrease 
in AVAR after the rod derotation step in an intra operation 
performed by Lee et al. [14]. In this study, the AVAR was 
shown to similarly degrade with an increase in rod dero-
tation. This analytic outcome indicates that the part of the rib 
cage connected on the concave side of thoracic spine played 
a role in supporting the wall and thus the other side of the rib 
cage on the convex side of thoracic spine was further pushed 
back, which resulted in the rise of rib hump. 

 The traditional fusion selection method recommended by 
Harrington was to fuse one above and one below the neutral 
vertebrae. Therefore, the fusion was performed between T5-
T11 for the patient used in this study. It has been believed 
that a short fusion holds a weak correctional force and thus 
can induce a secondary increase in the scoliotic angle after 
operation. However, the simulation results indicate that 
fusion with one less on each side of the neutral vertebra 
could minimize the change in rib hump and was the most 
effective in correcting the scoliotic angle. In addition, the 
lowest repulsive force was observed at the intervertebral disc 
located right under the fused vertebra and this scenario had 
the lowest possibility of secondary disc degeneration. This 
phenomenon occurred because the position of the neutral 

Table 1. Major Kinetic Change According to the Instrumentation Level 

 

Short Fusion Standard Long Fusion 

Postoperative 

Changes 

Fusion 

Level 

Derotation 

Angle 
T6-10 T6-11 T5-10 T5-11 T5-12 T4-11 T4-12 

0° (after 1st step) 28.5 28.5 28.5 28.5 28.4 28.4 28.4 

15° 28.6 29.8 28.4 29.2 31.5 30.2 32.0 

30° 30.4 33.5 30.4 32.3 35.2 33.2 36.1 

45° 32.6 36.4 32.7 35.5 38.6 37.3 40.5 

AVAR 

(degree) 

60° 33.1 37.2 34.0 37.2 40.9 39.7 45.6 

0° (after 1st step) 6.1 6.1 6.1 6.3 6.3 6.3 6.3 

15° 5.9 7.2 5.9 8.7 11.0 9.9 12.3 

30° 8.5 12.2 8.5 11.8 16.7 14.4 19.0 

45° 11.7 16.3 11.7 16.6 21.3 21.7 25.6 

Rib Hump 

(mm) 

60° 12.4 16.8 12.4 18.9 24.2 24.8 35.8 

0° (after 1st step) 29.4 29.4 29.4 29.4 26.1 26.1 26.1 

15° 28.8 28.4 28.8 28.5 24.0 24.6 23.5 

30° 27.2 26.0 27.4 26.5 21.5 23.7 21.0 

45° 26.1 24.3 26.7 25.6 17.6 22.2 17.9 

Cobb Angle 

(degree) 

60° 24.2 20.5 25.4 23.5 13.1 20.0 14.7 

0° (after 1st step) 30.4 30.4 30.4 30.4 30.4 30.4 30.4 

15° 30.7 30.5 30.6 30.7 32.2 30.7 32.2 

30° 32.0 31.7 32.1 31.9 33.9 32.1 34.4 

45° 32.2 31.0 32.6 32.2 34.8 32.9 36.1 

Kyphosis 

Angle 

(degree) 

60° 31.0 27.8 32.3 30.9 33.4 31.7 36.9 
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vertebra changed just prior to rod derotation, which was due 
to the considerable amount of correction in the scoliotic 
spine that had already occurred during the rod insertion 
process. Additional analysis with different scoliotic curva-
tures in comparison with clinical results is planned for 
further validation of this finding. The movable motion of the 
segments in the case of the main curvature in the lumbar 
spine needs to be maintained in this analysis and it is 
expected to deliver very meaningful results if the analysis is 
accompanied by the development of a corresponding model. 
If the fusion level was extended, however the scoliotic 
correction remarkably increased with rod derotation, which 
indicates that the pedicle screw fixation with rod derotation 
would bring more effective correction than just rod dero-
tation alone even though a shorter fixation level was chosen 
for comparison to the case with a conventional Harrington 
instrument. It was also found that an excessive extended 
fixation level and rod derotation could result in a secondary 
increase in the rib hump and increase in the scoliotic curva-
ture after operation. 

 The analysis used in this study might have the following 
limitations in regards to clinical applications. The skeletal 
muscles were not included in the model, which may have 
attributed to the possible over estimation of trunk deforma-
tion during rod rotation. It was also not possible to predict 

changes in the secondary compensation curve due to the 
neural control. Skeletal muscles will subsequently be inclu-
ded in the model to analyze its effects. The sliding of the rod 
along its axial direction between the screws and rod during 
the derotation process was not adequately taken into account 
in the analysis and thus a smaller amount of rod rotation was 
applied in the simulation than is actually used during opera-
tion. Nevertheless, the results obtained from the simulation 
in this study have important implications that should be 
considered prior to operation: no definitive cause for the 
increase in the rib hump after operation has been identified 
and no reason for the possible secondary deformation with 
the case of extended or reduced fixation levels have been 
established.  

 From this analysis, we found that preparing the rod with 
the appropriate curvature and its insertion together with a 
proper amount of rod rotation by considering the changes in 
rib hump is more important than just performing excessive 
derotation for scoliotic correction. Furthermore, the fixation 
level needs to be reduced in order to achieve an overall 
balance of spinal deformation rather than extended for 
correcting the scoliotic angle. It was also found that a short 
fusion, which is similar to the one used in the anterior-side 
approach operation, could be adopted even for the posterior-
side approach operation if a strong fixation force is accom-

 

Fig. (5). Final correction shapes of the scoliotic spine for different instrumentation levels.
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panied like that from the pedicle screw fixation and rod 
derotation. For the case of scoliotic correction with dero-
tation, an inappropriate amount of rod rotation results in a 
secondary post-operational deformation due to the connec-
tion between the rib cage and vertebrae. 

5. CONCLUSION 

 In this study, a finite element model of the spinal system 
of a King-Moe type II patient was developed and a scoliosis 
surgical simulation with segmental pedicle screw fixation 
was performed. The results obtained from the simulation 
were compared to the post operational outcomes and was 
shown to qualitatively predict surgical effectiveness. How-
ever, this model did not include muscular imbalance and 
neurological control, which might lead to an over estimated 
amount of trunk deformation during the rod derotation pro-
cess. Consequently, further steps of adding additional fea-
tures to the model will be necessary to improve the accuracy 
of the surgical simulation. When this is complete, this pre-
operational simulation would be a useful tool for selecting 
appropriate fusion levels and surgical measures as well as 
predicting post-operational deformation. This model is 
currently being modified to investigate different Idiopathic 
scoliosis patients.  

ACKNOWLEDGEMENT 

 This research was supported by Basic Science Research 
Program through the National Research Foundation of Korea 
(NRF) funded by the Ministry of Education, Science and 
Technology (2009-0063176). 

REFERENCES 

[1] Lenke LG, Kuklo TR, Ondra S, Polly D. Rational behind the 

current state-of-art treatment of scoliosis (in the pedicle era). Spine 
2006; 33: 1051-4.  

[2] Digimation premier Anatomy collection. Orlando: Digimation Inc. 
2005. 

[3] Yamamoto I, Panjabi MM, Crisco T. Three-dimensional movement 
of the whole lumbar spine and lumbosacral joint. Spine 1989; 14: 

1256-60. 
[4] White III A, Panjabi M. Clinical biomechanics of the Spine. 

Philadelphia: Lippincott Williams & Wilkins 1999; pp.92-122. 
[5] Lemosse D, Rue OL, Diop A, Skalli W, Marec P, Lavaste F. 

Characterization of the mechanical behavior parameters of the 
costo-vertebral joint. Eur Spine J 1998; 7: 16-23.  

[6] H-SpinalTM user’s manual. Seoul: Hankook ESI/Hangil Engineering 
1998 

[7] Kim YE, Ryu HK. Development of a special program for automatic 
generation of scoliotic spine FE model with a normal spine model. J 

KSPE 2006; 23: 187-94. 
[8] PAM-CRASH 2G 2007 solver manual. Paris: ESI Group 2007. 

[9] Stokes IAF, Laible J. Three-dimensional simulations of scoliosis by 
Cotrel-Dubousset instrumentation. J Biomech 1993; 27: 177-81. 

[10] Poulin F, Aubin CE, Stokes IAF, et al. Biomechanical modeling of 
scoliotic spine instrumentation using flexible mechanisms: 

Feasibility study. Ann Chir 1998; 52: 761-7. 
[11] Pollock FE, Pollock FE Jr. Idiopathic scoliosis: correction of lateral 

and rotational deformities using the Cotrel-Dubousset spinal 
instrumentation system. South Med J 1990; 83: 161-74. 

[12] Lenke LG, Bridwell KH, Baldus C, et al. Cotrel-Dubousset 
instrumentation for adolescent idiopathic scoliosis. J Bone Joint 

Surg 1992; 74-A: 1056-67. 
[13] Gardner-Morse M, Stokes IAF. Three-Dimensional simulations of 

scoliosis derotation by Cotrel-Dubousset instrumentation. J 
Biomech 1993; 27: 177-81. 

[14] LEE SM, Suk SI, Kim JH, et al. Technique of pedicle screw 
fixation and derotation for the improvement of rotational deformity 

in scoliosis surgery-derotation-screw rotataion. J Korean Spine Surg 
2000; 7: 527-34. 

 

Received: August 20, 2009 Revised: November 05, 2009 Accepted: November 10, 2009 
 

© Young Eun Kim; Licensee Bentham Open. 
 

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/3.0/), which permits unrestricted, non-commercial use, distribution and reproduction in any medium, provided the work is properly cited. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


