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Abstract

Objectives: Very few studies focus on the quantification of severity of synostotic anterior brachycephaly. Aim of this study is to
implement Utrecht Cranial Shape Quantifier (UCSQ) in brachycephaly patients to objectively quantify severity for both clinical
and research purposes.

Design: Retrospective study.
Setting: Primary craniofacial center.
Patients and Participants: Fifteen preoperative patients with bilateral coronal craniosynostosis (age <I.5 years).

Intervention: Utrecht Cranial Shape Quantifier was used to quantify severity using the variables: width of frontal peak ratio, dif-
ference forehead peak and occiput peak, and width between sides of the head.

Main Outcome Measure(s): The UCSQ variables were combined and related to Argenta clinical classification and cephalic index (Cl)
using |-way analysis of variance (ANOVA). All parameters were derived from computed tomography scans.

Results: Statistically significant differences were found between group means of UCSQ in the 3 categories of Argenta (ANOVA;
F(2,12) =22.461; P < .0l). Tukey post hoc test showed a significant difference between Argenta types | and 2, types | and 3, and
types 2 and 3 (all P <.0l). Statistically significant differences were found between traditional Cl and Argenta types (F(2,12) = 4.956;
P = .03). Tukey post hoc test showed significantly difference between Argenta type | and 3 (P = .02). No differences were found
between other types. Low correlation was found between UCSQ and CI (r = 0.47).

Conclusions: Utrecht Cranial Shape Quantifier objectively captures and quantifies the shape of synostotic brachycephaly, and we
therefore developed a suitable method to put severity of synostotic (anterior) brachycephaly into numbers.
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This hypoplasia is used for differentiation between the
“syndromic” and “nonsyndromic” type and is present in case
of a syndromic type (Lajeunie et al., 1995). Each of the syndro-
mic individual has a clearly different clinical appearance; how-
ever, they have the synostosis of the bilateral coronal suture in
common and therefore a comparable, typical skull shape.

Introduction

Anterior brachycephaly (bilateral coronal synostosis) is the
result of premature fusion of the bilateral coronal sutures and
includes typical clinical features such as; a sagittally short and
transversely wide skull shape, symmetrical occipital flattening,
and elevation of the height of the forehead (Lajeunie et al.,
1995). These features can be explained by Virchow’s law,

which states that the bicoronal synostosis limits the growth in
the forward and backward direction, resulting in occipital flat-
tening and anteroposterior shortening of the skull. Compensa-
tory growth occurs due to the open sagittal suture sideways and
due to the open lambdoid sutures upward, resulting in parietal
widening and increased forehead height (Virchow, 1851).
Additionally, a frequently found feature is midface hypoplasia.
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1. 3D image is created.
2. Skin surface is reconstructed.
3. External landmarks are located and marked (exocanthion left and right and porion left and right).

(unaffected side).

6. Ateach height images of the skull outline are recontstruct:

reating

7. The 4 cm height plane is used.

9. Sinusoid curve is created based on skull outline properties.

10. The absolute curves are transformed to relative curves.
11. Variables in the curve are measured (Fig. 2).
12. Descriptive and objective analysis is performed.

base plane

4. Script is used to make a base plane (0 cm; an estimation of the skull base plane) using 3 landmarks:
- Left and right exocanthion and left porion, except in left-sided plagiocephaly the right porion is used

5. The plane is shifted (exactly parallel to the base plane) to 2, 3 and 4 cm height.

sinusoid curve

8. Distance and angle from center of mass to outline of skull are measured by the algorithm.

Figure |. Summary of methods.

Currently, there is no golden standard for diagnosing and
classifying anterior brachycephaly and the diagnosis is clini-
cally established and computed tomography (CT) confirmed.
Very few studies focus on the quantification of synostotic
(anterior) brachycephaly (Hutchison et al., 2005; Feijen
et al., 2012). However, the cephalic index (CI) can be used for
determining the skull shape, and the CI is increased in case of
brachycephaly (CI > 85%; Loveday & de Chalain, 2001).

A recently developed method for the classification and
quantification of craniosynostoses is Utrecht Cranial Shape
Quantifier (UCSQ) (Kronig et al., 2020). Utrecht Cranial Shape
Quantifier is an outline-based method and has the advantage
of capturing the actual skull shape variation with every
3-dimensional (3D) diagnostic system capturing the surface
of the head. External landmarks (soft tissue landmarks, visible
with the bare eye) are used to extract an outline of the skull
shape in this study using CT scans, resulting in sinusoid curves.
Specific and characteristic curves and parameters for anterior
brachycephaly are found.

Therefore, the aim of this study is to implement UCSQ in
anterior brachycephaly patients and quantify its severity.

Material and Methods

Patients

We included children with CT-confirmed bilateral coronal synos-
tosis (age <1.5 years). The included patients were diagnosed at
the Erasmus Medical Center, Sophia Children’s Hospital Rotter-
dam. A full head preoperative CT scan needed to be available.

The study was approved by the local medical ethics review
committee (MEC-2016-467). The study was deemed a retro-
spective clinical study and did not require formal research
ethics approval under the Medical Research Involving Human
Subjects Act.

Our Proposed Method (UCSQ)

The methodology for the quantification of craniosynostosis
developed in our previous study (UCSQ) is used (Figure 1)
(Kronig et al., 2020). The curves, generated by the UCSQ
method, were analyzed for different variables (Table 1 and
Figure 2). Figure 2 shows how the curves are derived and an
example of an obtained curve. The curve starts at the occiput and
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Table I. Extracted and Calculated Variables From Curve.

Extracted variable Abbreviation Extracted variable Abbreviation

Maximum value of O
occiput peak

Maximum value of F
forehead peak

X-value (in XFL X-value (in XFR
degrees) for degrees) for
maximum maximum
forehead minus forehead minus
0.1 (F-0.1) on 0.1 (F-0.1) on
left side right side
Minimum value of L Minimum value of R
left side of head right side of
(trough) head (trough)
X-value (in degrees) XL X-value (in degrees) XR
of minimum of minimum value
value of width on of width on right
left side side
Calculated variable Formula Calculated variable Formula
Width of frontal ~ (XFL-XFR)/ Difference F-O
peak ratio (F-0.1) forehead peak
and occiput peak
Width between XL-XR Cl UCSQ (R + L)
both sides of the (F+0O)

head

Abbreviations: UCSQ, Utrecht Cranial Shape Quantifier.

skull outline is followed clockwise. After the first peak, resem-
bling the occiput, the curve decreases, because the distance from
the center of mass to the right side of the head is shorter than the
distance from center of mass to the forehead or occiput. The
second peak resembles the forehead; again, the curve decreases
to the left side of the head and increases to the occiput.
Variables used for quantification of severity of brachycephaly
are the following: width of frontal peak ratio, difference fore-
head peak and occiput peak (F-O) and width between both sides
of the head (XL-XR). Included patients were ranked separately
according to these variables, in which lowest width of peak ratio
was given the lowest rank number (1), the lowest XL-XR was
given the lowest rank number (1), and the highest F-O was given
the lowest rank number (1). All ranking numbers were added.
Additionally, in order to differentiate between the different
levels of severity of brachycephaly, we used the most distinc-
tive variables for brachycephaly, namely the aforementioned:
width of frontal peak ratio, difference forehead peak and occi-
put peak, and width between both sides of the head. As stated
before, the brachycephalic skull is sagittally shorter and trans-
versely wider compared to the normal skull. Therefore, the
difference between the mean values of a control skull for the
previous variables and those of a brachycephaly patient is indi-
cative for severity. We used the mean values from the control
patients, as reported in our previous study (Kronig et al., 2020).
The following calculation to determine cutoff values and
the different classes of severity (mild, moderate, and severe)
was developed: (Difference forehead peak — occiput peak —
0.004) x —4000 + (Width between both sides of the head —
164.4) x 3 + (Width of frontal peak ratio — 82.08) x 1.3.

In this calculation, the values 0.004, 164.4, and 82.08 are the
values of the variables (difference forehead peak and occiput
peak, width between both sides of the head, and width of frontal
peak ratio respectively) in control patients. In the calculation,
the differences between the variables in brachycephaly patients
and control patients are multiplied (by —4000, 3, and 1.3) in
order to give each variable the same weight in the resulting
outcome. Following, cutoff values for each subgroup of sever-
ity were proposed.

Argenta Classification

All patients were graded by 3 experienced raters (1 craniofacial
plastic surgeon and 2 trained students) according to the Argenta
classification method using 3D-CT scan (Table 2) (Argenta
et al., 2004). Mean Argenta classification was calculated for
each patient and used to quantify the severity.

Cephalic Index

Traditional CI represents the ratio of maximum cranial width to
maximum cranial length multiplied by 100 (CI = biparietal
diameter (BPD)/occipitofrontal diameter (OFD) x 100). The
CI gives information of the head shape and the severity of the
malformation of the skull. A CI >85% is considered brachyce-
phaly, CI of 75% to 85% plagiocephaly or normocephaly and
<75% scaphocephaly (Loveday & de Chalain, 2001).

Cephalic index can also be measured using the curve fol-
lowing UCSQ. The maximum cranial width in the new method
was measured by multiplying the mean value of both sides of
the head by 2 (BPD) and the maximum cranial length (OFD)
was measured by adding the value of the maximum of forehead
to the maximum value of the occiput.

Statistical Analysis

Level of agreement between observers was assessed for
Argenta classification by calculating intraclass correlation
coefficients (ICC). The ability of a test to show interobserver
reliability was evaluated using the 2-way random effects model
assuming an average measurement and absolute agreement. An
ICC of 1 means perfect reliability, and an ICC of 0 shows poor
reliability. The outcomes of the ICC are characterized as poor
(0.00-0.20), fair (0.21-0.40), moderate (0.41-0.60), good (0.61-
0.80), or excellent (0.81-1.00) (Landis & Koch, 1977).

One-way analysis of variance (ANOVA) or Kruskal-Wallis
test was used to compare UCSQ (added rank numbers of vari-
ables of UCSQ) and Argenta classification (both traditional and
UCSQ), and CI and Argenta classification. The used test was
based on normality of data and appropriate post hoc tests were
used (Tukey post hoc test).

Pearson correlation coefficient or Spearman rank correla-
tion coefficient was used to determine correlation between
UCSQ and CI, and between the traditional CI and the CI of
UCSQ, depending on normality. The accepted guidelines for
interpreting the correlation coefficients are: +1 indicates a
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Figure 2. Visualization of the starting point of the curve and the resulting sinusoid curves and the used variables; the outline was made with the
slices shown in (B). A, Plane on 0-cm height; this figure shows how the starting point of the curve is determined. Also, the degrees of the circle/
outline are added, which are represented in the curve. B, Plane on 4-cm height; this figure shows the starting point and the direction of the curve.
C, Shows the resulting curve; the different variables are marked. Curve starts at occiput (SP; B) and follows the skull outline (on CT scan)
clockwise; therefore, first trough represents the right side of the head. Second peak is forehead; second trough is left side of the head. Curve
stops where it started (at the occiput). CM, center of mass; F, maximum of forehead; L, minimum value of left side of head; O, maximum of
occiput; R, minimum value of right side of head; SP, starting point; XF, X-value of maximum forehead value; XFL, X-value for the maximum
forehead minus 0.1 on the left side; XFR, X-value for the maximum forehead minus 0.1 on the right side; XL, X-value of the minimum value of the
width on the left side; XR, X-value of the minimum value of the width on the right side. CT indicates computed tomography.

Table 2. Clinical Classification After Argenta.

Argenta Description
Type | Depression of the central skull at the confluence of the
lambdoids with the sagittal suture.
Position of the ears, forehead, and face is otherwise normal.
Type 2 Type | + widening of the skull in its posterior half as the

brain attempts to decompress.

Type 2 + vertical growth of the posterior skull and/or
temporal bulging.

This is a reflection of an extremely flat, constricted skull.

Type 3

perfect positive linear relationship, —1 indicates a perfect neg-
ative linear, and 0 indicates no linear relationship (Ratner,
2009). The size of a correlation coefficient can be interpreted

as follows: negligible correlation (0.00-0.30), low (0.30-0.50),
moderate (0.50-0.70), high (0.70-0.90), and very high (0.90-
1.00) (Hinkle et al., 2003).

Statistical analyses were performed using the Statistical
Package for the Social Sciences (SPSS) for Windows (Version
21, SPSS Inc). Statistical significance was set at a P value less
than or equal to .05.

Results

Patient Characteristics

We included 15 children with anterior brachycephaly. Mean
age at preoperative CT scan was 5.5 (1-18) months. There were
6 male and 9 female patients (40% vs 60%, respectively).
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Figure 3. Mean curves for anterior brachycephaly (n = 15) and
control patients (n = 5).

Intraclass Correlation Coefficient

Intraclass correlation coefficient for Argenta classification was
calculated. The level of agreement between the 3 observers was
0.84, showing excellent reliability.

Utrecht Cranial Shape Quantifier

Figure 3 shows the mean curves for anterior brachycephaly
(n = 15) compared to control (n = 5) patients. Control patients
were as included in our previous study (Kronig et al., 2020).
Used variables for quantification according to UCSQ were
width of frontal peak ratio (mean 158.6 [69.3-232.2]), differ-
ence between peak of forehead and peak of occiput (mean 0.03
[0.01-0.10]), and width between both sides of the head (mean
199 [118-242)).

Mean of the calculation for severity of brachycephaly ((Dif-
ference forehead peak — occiput peak — 0.004) x —4000 +
(Width between both sides of the head — 164.4) x 3 4+ (Width
of frontal peak ratio — 82.08) x 1.3)) was 302.52 (—53.71 to
591.21). Mean (Difference forehead peak — occiput peak
— 0.004) was —0.02 (—0.01 to 0.04), mean (Width between
both sides of the head — 164.4) was 34.80 (—46.40 to 77.60),
and mean (Width of frontal peak ratio — 82.08) was 76.50
(—12.75 to 150.16).

Based on our calculation of severity of brachycephaly ((Dif-
ference forehead peak — occiput peak — 0.004) x —4000 +
(Width between both sides of the head — 164.4) x 3 + (Width
of frontal peak ratio — 82.08) x 1.3), we propose the following
cutoff values in order to classify severity: mild <200, moderate
200 — 350, severe > 350. Figure 4 shows examples of 3 patients
of the different classes of severity; these photographic repre-
sentations visualize how the sinusoid curves correlate to the
skull shape.

Other Variables

Mean Argenta classification was 2 (type 1: 3; type 2: 8; type 3:
4). Mean traditional CI was 0.96 (0.83-1.12). Mean CI of
UCSQ was 0.87 (0.79-0.94).

Comparison UCSQ and Existing Methods

Statistically significant differences were found between group
means of UCSQ in the different categories of Argenta classi-
fication by using 1-way ANOVA (F(2,12) = 22.461; P <.01).
A Tukey post hoc test showed that the mean score for Argenta
type 1 was significantly different from type 2 (mean —12.69,
SE 3.09, P < .01), between mean score of type 1 and 3 (mean
—23.38, SE 3.49, P < .01), and a statistically significant dif-
ference between type 2 and 3 (mean —10.69, SE 2.80, P <.01).

Statistically significant differences were found between
group means of traditional CI and Argenta classification by
using 1-way ANOVA (F(2,12) = 4.956; P = .03). A Tukey
post hoc test showed that the mean score for Argenta type 1
was significantly different from type 3 (mean —0.15, SE 0.05,
P = .02). No statistically significant differences were found
between the other types (types 1 and 2 mean —0.09, SE 0.04,
P > .05 and between type 2 and 3 mean —0.05, SE 0.04,
P> .05).

No statistically significant differences were found between
group means of CI by UCSQ and Argenta classification by
using 1-way ANOVA (F(2,12) =2.647; P> .05). Low correla-
tion was found between UCSQ and CI (r = 0.47), and moderate
correlation was found between traditional CI and calculated CI
of UCSQ (0.55).

Discussion

Very few studies focus on the quantification of severity of
synostotic (anterior) brachycephaly. However, for research
purposes, as well as patient education and clinical outcome,
it is important to be able to quantify severity of a given diag-
nosis. The present study tried to solve this problem.

In general, brachycephaly is less discussed in the literature,
probably because of the posterior, symmetric skull deformity
without ear shift and facial scoliosis (Siegenthaler, 2015).
However, one known classification type is the Argenta classi-
fication system, which is a visual assessment of the skull defor-
mity (Argenta et al., 2004). The patients are clinically
examined in 4 positions: from the front, above, back, and side.
However, the Argenta classification is a subjective method
because the classification is not quantitative and has therefore
less scientific power. When comparing UCSQ to Argenta clas-
sification, we found significant difference between all mean
scores of Argenta subtypes. This indicates that UCSQ quanti-
fies the described visual deformities of the Argenta classifica-
tion. When comparing traditional CI to Argenta classification,
only differences between types 1 and 3 of Argenta classifica-
tion can be found.

Cephalic index is a well-known and used method in clinical
practice; however, Cl is indicative for a certain diagnosis, and it
does not correlate to severity, as found in our study (moderate
correlation). Cephalic index only takes the longest skull width
and length into account and does not capture the skull shape.
Additionally, there is no consistent cutoff point in the literature
defining brachycephaly. It has been defined as a CI of >80%
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Figure 4. Curves and skull slices of 3 patients of the different classes of severity according to our UCSQ severity classification. A, Patient with
mild brachycephaly. B, Patient with moderate brachycephaly. C, patient with severe brachycephaly. UCSQ indicates Utrecht Cranial Shape

Quantifier.

(Bass, 1987; Hall et al., 1989), >82% (Dekaban, 1977), and
>85% (Loveday & de Chalain, 2001).

In contrast, UCSQ captures the skull shape of brachyce-
phaly patients (and patients of each type of craniosynostosis).
The resulting curves show a specific pattern, which are rela-
table to the visual deformities of brachycephaly. The most
distinctive variables of brachycephaly are found to be width
of frontal peak ratio (broad peak is specific for brachyce-
phaly) representing the width of the forehead, difference
between peak of forehead and peak of occiput (due to fusion
of both the coronal sutures a circular head shape develops, the
more severe the brachycephaly, the rounder the head, result-
ing in a difference less than 0), and width between both sides
of the head (the larger this distance, the more severe the
brachycephaly).

Based on our calculation of severity of brachycephaly ((Dif-
ference forehead peak — occiput peak — 0.004) x —4000 +
(Width between both sides of the head — 164.4) x 3 4 (Width

of frontal peak ratio — 82.08) x 1.3), we propose the following
cutoff values in order to classify severity: mild < 200, moderate
200 to 350, severe >350. However, these cutoff values are only
based on 15 patients, and further validation is needed in future
research.

In the clinical setting, CI is easy to obtain and gives valuable
information on parietal width to fronto-occipital length. How-
ever, to be better informed on the width of the forehead and the
relation of the frontal length to the occipital length, UCSQ is
superior. Therefore, UCSQ is a promising tool for outcome
studies and scientific analysis.

Several limitations should be considered when interpreting
the results. First, this study would include the general drawback
of any retrospective study. Secondly, we used data from only
one craniofacial center, resulting in an apparent relatively small
patient group. However, we included a homogeneous group of
patients, with regard to age and preoperative status. Due to the
rarity of synostotic brachycephaly, the included group of
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patients is substantial and large enough for statistical signifi-
cant results.

In conclusion, using UCSQ, we are able to objectively cap-
ture and quantify the skull shape of brachycephaly patients, and
therefore, we developed a suitable method to quantify the
severity of brachycephaly. In our craniofacial unit, the diagno-
sis bilateral coronal synostosis was made by CT scanning. A
more specific diagnosis was made on clinical (facial) features
and genetic testing. However, due to the lack of an objective
method for establishing severity, we started the present study.
The application of UCSQ will lead to accurate classification of
the severity of brachycephaly. Future research can focus on the
application of this method on 3D-photogrammetry, which is
less invasive and not damaging (no radiation load, no need for
sedation) for children. When 3D photogrammetry is used to
perform UCSQ analysis, it can be used for monitoring skull
shape and growth. Furthermore, UCSQ may be used for eva-
luation of (varying) surgical techniques in comparison to non-
surgical management. However, further research is necessary.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iDs

Otto D. M. Kronig, MD
Sophia A. J. Kronig, MD

https://orcid.org/0000-0002-2663-5448
https://orcid.org/0000-0003-0239-0375

References

Argenta L, David L, Thompson J. Clinical classification of positional
plagiocephaly. J Craniofac Surg. 2004;15(3):368-372.

Bass WM. Human Osteology: A Laboratory and Field Manual.
Missouri Archeological Society; 1987.

Dekaban AS. Tables of cranial and orbital measurements, cranial
volume, and derived indexes in males and females from 7 days
to 20 years of age. Ann Neurol. 1977;2(6):485-491.

Feijen M, Schuckman M, Habets E, van der Hulst R. Positional pla-
giocephaly and brachycephaly: is there a correlation between sub-
jective and objective assessment of cranial shape? J Craniofac
Surg. 2012;23(4):998-1001.

Hall JC, Froster-Iskenius UG, Allanson JE. Handbook of Normal
Physical Measurements. Oxford University Press; 1989.

Hinkle DE, Wiersma W, Jurs SG. Applied Statistics for the Behavioral
Sciences. 5th ed. Houghton Miftlin; 2003.

Hutchison BL, Hutchison LA, Thompson JM, Mitchell EA. Quantifi-
cation of plagiocephaly and brachycephaly in infants using a digi-
tal photographic technique. Cleft Palate Craniofac J. 2005;42(5):
539-547.

Kronig OD, Kronig SA, Vrooman H, Veenland J, Jippes M, Boen T,
van Adrichem L. Introducing a new method for classifying skull
shape abnormalities related to craniosynostosis. Eur J Pediatr.
2020;179(10):1569-1577.

Lajeunie E, Merrer ML, Pellie CB, Marchac D, Renier D. Genetic
study of nonsyndromic coronal craniosynostosis. Am J Med Genet.
1995;55(4):500-504.

Landis JR, Koch GG. The measurement of observer agreement for
categorical data. Biometrics. 1977;33(1):159-174.

Loveday BP, de Chalain TB. Active counterpositioning or orthotic
device to treat positional plagiocephaly? J Craniofac Surg. 2001;
12(4):308-313.

Ratner B.The correlation coefficient: its values range between
+1/—1, or do they? J Target Meas Anal Mark. 2009;17(2):
139-142.

Siegenthaler MH. Methods to diagnose, classify, and monitor infantile
deformational plagiocephaly and brachycephaly: a narrative
review. J Chiropr Med. 2015;14(3):191-204.

Virchow R. Uber den cretinismus, namentlich in franken, und uber
pathologische schadelformen. Verhandl Phys-Med Gessellschr
Wurzburg. 1851;2:231-284.


https://orcid.org/0000-0002-2663-5448
https://orcid.org/0000-0002-2663-5448
https://orcid.org/0000-0002-2663-5448
https://orcid.org/0000-0003-0239-0375
https://orcid.org/0000-0003-0239-0375
https://orcid.org/0000-0003-0239-0375


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /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 false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


