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Abstract
The purpose of this study was to investigate the effects of craniofacial structure and nasal septal deviation on frontal sinus
morphology 3-dimensionally. This study of anatomy, anthropology, morphology, and radiology included 74 dry skulls as study
sample. The craniofacial measurements were made through conventional anthropometric methods by the use of calipers. The
nasal septal deviation measurements were done by computerized software on photographs taken from frontal view. Frontal sinus
volumes were estimated by the computerized tomography-based volumetry. The relationships between craniofacial structure,
nasal septal deviation, and frontal sinus morphology were tested by linear regression and correlation analysis. The analysis of
numerical variables and categorical variables within different groups was done by Mann-Whitney U/Kruskal-Wallis, and w2 tests,
respectively. There appeared a positive relationship between the dimensions of the frontal sinuses and the maximal cranial length
and the nasal height especially on the left side (P < .05). However, after multivariate linear regression model for both factors was
created, solely the nasal height kept being a positive factor for frontal sinus size as an independent variable. No statistical relevance
was detected between the presence of metopic suture and frontal sinus morphology. Septal deviation itself affected frontal sinus
morphometry, but the morphometry did not differ between the deviation side and the opposite side. In conclusion, the cranial
structure does not affect the frontal sinus morphology but nasal structure affects. The true influences, among measured
craniofacial elements, in relationship with the pneumatization of frontal sinus are appeared to be the nasal structure related.
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Introduction

The frontal sinus (FS) is a unique anatomical structure that

varies in size and shape and has a different morphology across

individuals. André Vésale (1514-1564), known as the founder

of anatomical science, described the FS as ‘‘a cave full of air’’

in his famous book ‘‘De-Humani Corporis Fabrica libri

septem.’’1

In terms of evolutionary development, most studies

examining the anatomy of the FS were conducted in pri-

mates. Orangutans, unlike African apes and humans, do not

have an FS.2 In 2000, Blaney noted that the FS was found

only in humans and in some large African apes, and there

were racial variations in FS size among the African Great

Ape populations, which mirrors the human condition.3 This

is why it is not surprising that several fields have placed

much emphasis on the FS for its key roles in areas such as

anatomy, paleontology, anthropology, and forensic medicine

given its unique structure. Furthermore, the FS has been

used as a biometric marker, similar to fingerprints, for indi-

vidual identification.4

The development of the FS begins late and is not present at

birth. In the first year of life, primary pneumatization of the

frontal bone is rather slow. Rapid pneumatization begins at the

age of 2 years from the beginning of sequestering pneumatosis

to adolescence, and after about 3 years, the FS becomes visible

by computerized tomography (CT). Pneumatization of the FS,

which becomes detectable at age of 8 years firstly, continues

until approximately 18 to 20 years of age.5,6 Possinger and

Bookstein describes the development of the sinus according

to age in the study of FS morphometry.7 Studies from Ruf and

Panchez on FS development in relation to somatic development

and skeletal development have shown that the largest dimen-

sional increase in FSs and optimal recognition of the sinuses

are accompanied by increases in body height after the peak age

of 1.4 years.8

Some clues exist about the relationship between craniofacial

structure and FS morphology. Although its ontogenic develop-

ment is grounded in the development of the first and second

ethmoturbinalles9, FS development has been associated with

craniofacial structure and the presence of metopic suture dating

back to Schaeffer findings.6 Another study showed that nasal

pyriform aperture size, head measurements such as curvature,

and spino bregmatic height also play roles in FS development.10

It is known that the structure of the FS differs across climatic

regions or in communities with different ethnic origins.11-15 As

craniofacial development is also affected by these factors, it is

worth investigating whether there is a linear relationship

between FS morphology and craniofacial morphology. Some

studies have shown a relationship between FS aplasia and the

presence of a peristaltic metaplastic suture, a fusion anomaly in

the cranial developmental process.16-19 However, predicting FS

morphology according to craniofacial structure is considered

an advanced research area.20

This study sought to investigate the relationships between

FS morphology and craniofacial structure in Aegean Turkish

individuals using conventional anthropometry and CT-based

volumetry.

Materials and Methods

Individuals

After the Ethics Committee of Dokuz Eylul University

approved the study, we scanned dry skull collections available

in the Department of Anatomy of Dokuz Eylul University Med-

ical Faculty to determine suitability for 3-dimensional mea-

surements. Seventy-four adult skulls in the craniofacial study

collection with complete cranial and facial bones and an intact

bony nasal septum were included in the study.

Anthropometric Studies

Craniofacial measurements were made with conventional

anthropometric methods using 0.01-mm-sensitive calipers.

Craniofacial anthropometric distances were measured as indi-

cated by Vallois, who identified the cephalometric points of the

craniofacial indices.21

Photographic Studies

Photographs of the 74 skulls were shot at the ‘‘norma frontalis’’

position.22 A 1-mm pitch ribbon ruler was used during the shots

in order to calibrate the measurement unit in each photographic

image. By using the ‘‘UTHSCSA Image Tool for Windows

version 3.00’’ program, measurements of bony nasal septal

deviation (BNSD) and facial asymmetry were performed with

the photographs (Figure 1).

Classification of BNSD

The presence of BNSD was classified according to the diag-

nostic value points of ‘‘deviation width’’ defined in the

Figure 1. Photographic measurements for bony nasal septal
deviation.
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photographic measurements of a thesis study conducted in our

department.23 A ‘‘no deviation’’ diagnosis was made for devia-

tion widths less than 2.62 mm, and an ‘‘absolute deviation’’

diagnosis was given for widths greater than 4.24 mm. No

BNSD classification was made for deviation values between

2.62 and 4.24 mm.23

Computerized Tomography-Based Volumetry Analysis

The CT images in this study were obtained using a ‘‘Brilliance’’

model 64-canal (Philips, Amsterdam, the Netherlands) CT unit,

and volumetric procedures were performed with the cursor using

the area magnification algorithm with a procedure (Figure 2)

Figure 2. Frontal sinus segmentation (A) and volumetric study (B) on 3-D CT. 3-D CT indicates 3-dimensional computerized tomography.
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previously defined by this study group.24 One hundred forty-

eight FSs of the 74 skulls were evaluated separately for measure-

ments of FS width (FSW), FS height, FS depth (FSD), and FS

volume (FSV). Frontal sinus pneumatization was classified

according to the defined diagnostic cutoff values including

‘‘hypoplasia’’ for FSV less than 1131.25 mm3, ‘‘hyperplasia’’

for FSV greater than 3328.50 mm3 and ‘‘medium-sized’’ if FSV

was between 1131.25 and 3328.50 mm3.

Calculation of the FSV Asymmetry Ratio

The FSV asymmetry ratio (FSVAR) was calculated using the

following formula25:

FSVAR (%) ¼ (right FSV � left FSV)/((right FSV þ left

FSV)/2) � 100.

Classification of FS Pneumatization

Grouping of FS pneumatization variations was established

according to previously defined diagnostic cutoff volumetric

values from this research group.24

Statistical Analysis

For numerical variables, means, standard deviations, minimum,

and maximum values were estimated to define craniometric

examination measurements, photographic BNSD measurements,

and CT-based morphometric examinations of the FSs.

Relations between craniofacial structure, nasal septal devia-

tion, and FS morphology were tested by linear regression and

supported by correlation analysis. The significant variables

were examined by multivariate analysis with linear regression

Table 1. The Craniofacial Characteristics of the Dry Skulls Regarding Conventional Anthropometry.

Definition of Measurements Mean (mm)
Min-Max

(mm)
Standard
Deviation

Maximum head
width

Widest distance between bilateral supramastoid crest perpendicular to sagittal
plane

135,60 113.64-156.58 7.57

Maximum head
length

Distance between the most prominent point of occipital bone and glabella 170.85 151.68-190.00 8.21

Minimum frontal
width

Narrowest distance between bilateral temporal crest of frontal bone 94.42 84.70-111.20 4.66

Maximum frontal
width

Widest diameter of frontal bone 112.34 95.50-134.50 8.50

Bizygomatic
width

Widest distance between bilateral zygomatic arch 125.88 105.70-142.60 6.92

Nasal width Widest diameter of nasal pyriform aperture 23.90 19.50-29.00 2.05
Nasal height Distance between nasion and lower midpoint of nasal pyriform aperture 50.12 41.45-62.00 3.82
Deviation width Distance of the most prominent point of bony septal deviation to the line between

the anterior nasal spin and nasion
4.92 1.50-10.99 1.93

Upper face height Distance between nasion and prosthion 66.51 55.00-80.00 4.66

Index Parameters Mean Min-Max
Standard
Deviation

Cranial index Maximum head width/maximum head length � 100 79.51 66.16-94.02 5.25
Frontal index Minimum frontal width/maximum head width � 100 69.75 63.88-82.42 3.61
Upper face index Upper face height/bizygomatic width � 100 52.92 44.99-63.20 3.65
Nasal index Nasal width/nasal height � 100 47.90 35.27-57.45 4.89

Abbrevitaions: Min: minimum; Max, maximum.

Table 2. The Morphologic Grouping of the Dry Skulls Regarding
Craniofacial Indices.

n %

Cranial index
Hyperdolichocranic (0-69.9) 3 4.1
Dolichocranic (70-74.9) 12 16.2
Mesocranic (75-79.9) 27 36.5
Brachycranic (80-84.9) 21 28.4
Hiperbrachicranic (85- . . . ) 11 14.9

Frontal index
Stenometopic (0-65.9) 10 13.5
Metriometopic (66-68.9) 23 31.1
Eurimetopic (69- . . . ) 41 55.4

Upper face index
Hypereurienic (0-44.9) 1 1.4
Eurienic (45-49.9) 18 24.3
Mesenic (50-54.9) 36 48.6
Leptenic (55-59.9) 16 21.6
Hyperleptenic (60- . . . ) 3 4.1

Nasal index
Leptorhinic (0-47.9) 37 50
Mesorhinic (48-52.9) 26 35.1
Plathyrhinic (53- . . . ) 11 14.9

Abbreviation: n, number.
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modeling to identify independent risk factors. Numerical vari-

ables were compared among different groups using Mann-

Whitney U/Kruskal-Wallis tests. Chi-square test and Fisher

exact tests were used to analyze categorical variables among

the different groups. Relationships of numerical parameters

between 2 different sides of FSs were analyzed by paired t test.

All statistical analyses were performed using the SPSS ver-

sion 20.0 software package for Windows (SPSS Inc, Chicago,

Illinois). The results were evaluated with 95% confidence inter-

vals, and P < .05 was considered to be statistically significant.

Results

The anthropometric measurements and indices (Table 1) of 74

skulls revealed that, in general, the Aegean region population

has a cranium type of medium/wide head, wide forehead,

medium upper face, and narrow nose (Table 2). Among 74 dry

skulls, FS aplasia was found in 3 skulls bilaterally and there

was no any unilateral aplasia noted. The measurements of

BNSD also showed that this population generally has a

deviated nose, plus 28 skulls showed a deviation between the

2.62 and 4.24 mm definitive values and thus were not classified

as an absolute deviation type.

In the univariate linear regression analysis, a model was

created with the ‘‘maximum head length’’ and ‘‘nasal height’’

variables that were found to influence the length and volume

measurements of the FSs independently of the other variables

(Table 3). The analytic results of the model are shown in Table

4. The model’s ‘‘Adjusted R2’’ value showed that this model

correctly estimated right sinus volume in 9.1% of the samples

and estimated left sinus volume in 13.6% of the samples. Thus,

a model including maximum head length and nasal height

Table 3. The Analytic Findings of Univariate Linear Regression With Respect to the Craniometric Variables If They Affect The Frontal Sinus
Morphometry.

AR2
right Pright AR2

left Pleft

FSW
Maximum head width �0.003 .384 �0.12 .680
Maximum head length 0.004 .258 0.046 .040 (B ¼ 0.244)
Minimum frontal width �0.008 .523 �0.014 .998
Maximum frontal width 0.001 .303 �0.013 .755
Bizygomatic width 0.005 .251 �0.008 .518
Nasal width �0.009 .552 �0.013 .716
Nasal height 0.009 .205 0.041 .050 (B ¼ 0.233)
Upper face height �0.002 .358 0.022 .114

FSH
Maximum head width �0.014 .889 �0.006 .435
Maximum head length 0.017 .143 0.044 .043 (B ¼ 0.240)
Minimum frontal width �0.011 .604 0.013 .349
Maximum frontal width �0.013 .783 �0.010 .601
Bizygomatic width �0.013 .750 �0.007 .485
Nasal width �0.014 .901 0.002 .290
Nasal height 0.017 .142 0.030 .081
Upper face height 0.000 .321 �0.003 .375

FSD
Maximum head width 0.025 .099 0.010 .199
Maximum head length 0.027 .092 0.104 .004 (B ¼ 0.341)
Minimum frontal width 0.001 .308 �0.008 .496
Maximum frontal width 0.006 .233 �0.005 .426
Bizygomatic width 0.020 .122 0.035 .065
Nasal width �0.001 .338 �0.013 .765
Nasal height 0.006 .233 0.064 .019 (B ¼ 0.278)
Upper face height �0.005 .431 0.027 .090

FSV
Maximum head width 0.023 .109 0.006 .232
Maximum head length 0.039 .055 0.063 .019 (B ¼ 0.277)
Minimum frontal width 0.024 .105 �0.009 .529
Maximum frontal width 0.011 .183 �0.003 .383
Bizygomatic width 0.028 .087 0.019 .127
Nasal width 0.003 .282 �0.13 .728
Nasal height 0.058 .024 (B ¼ 0.268) 0.095 .005 (B ¼ 0.328)
Upper face height 0.019 .131 0.054 .028 (B ¼ 0.260)

Abbreviations: AR2, adjusted R2 (estimation power); b, regression coefficient (direction of the relationship); FSD; frontal sinus depth, FSH; frontal sinus height,
FSV; frontal sinus volume, FSW; frontal sinus width.
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together was not detected to have a powerful effect on FSV (P

> .05). However, nasal height was correlated with FS morpho-

metry in the model for left-sided measures (Table 4).

The numbers and percentages of differently pneumatized

FSs within the craniofacial and BNSD groups are shown in

Table 5. We identified several significant relationships with

respect to craniometric variables among the FS pneumatiza-

tion subgroups of aplasia/hypoplasia, medium size, and

hyperplasia using the Kruskal-Wallis test; these included

maximum head length (P ¼ .05), upper face height

(P ¼ .039), and nasal height (P ¼ .045) for right-sided FS

subgroups and maximum head length (P ¼ 001), bizygomatic

width (P¼ .018), and nasal height (P¼ .015) for left-sided FS

subgroups. However, similar to most other craniometric mea-

surements and indices (except for maximum head length and

nasal height; Tables 3 and 4), craniofacial structure type also

did not show a relationship with FS length and FSV measure-

ments according to the inverse nonparametric analysis com-

paring the different craniofacial morphologies (Table 6).

Frontal sinuses were mostly medium-sized in the non-

BSND group, whereas they were mostly hyperpneumatized

in both the unclassified and absolutely present BNSD groups.

In contrast, BNSD is positively correlated with the FSW and

FSV measurements, as FSW and FSV increased with the pres-

ence of BNSD (Table 6).

Although we observed greater morphological measurements

for the bilateral sinuses of the skulls with BNSD, only the left-

side FSW and FSV measurements were found to be signifi-

cantly greater in deviated skulls compared to skulls without

Table 4. The Findings of Multivariate Linear Regression Analysis With
Respect to the Independent Craniometric Variables If They Affect the
Frontal Sinus Morphometry.

Correlation
Multivariate Linear

Regression

r P AR2 b P

Right FSV
Maximum head length 0.229 .027 0.091 0.150 .232
Nasal height 0.268 .012 0.212 .093

Left FSV
Maximum head length 0.277 .010 0.136 0.180 .143
Nasal height 0.328 .003 0.261 .035

Abbreviations: AR2, adjusted R2 (estimation power); b, regression coefficient
(direction of the relationship); FSV, frontal sinus volume; r, Pearson correlation
coefficient.

Table 5. The Number and Percentages of Differently Pneumatized Frontal Sinuses Within Craniofacial and Bony Nasal Septal Deviation (BNSD)
Groups.

Right Frontal Sinus Left Frontal Sinus

A/Hypoplasia Medium-Sized Hyperplasia A/Hypoplasia Medium-Sized Hyperplasia

n % n % n % n % n % n %

Cranial Index
Hyperdolichocranic (0-69.9) 0 0.0 2 66.7 1 33.3 0 0.0 2 66.7 1 33.3
Dolichocranic (70-74.9) 3 25.0 5 41.7 4 33.3 1 8.3 4 33.3 7 58.3
Mesocranic (75-79.9) 6 22.2 8 29.6 13 48.1 2 7.4 7 25.9 18 66.7
Brachycranic (80-84.9) 4 19.0 8 38.1 9 42.9 4 19.0 6 28.6 11 52.4
Hiperbrachicranic (85- . . . ) 5 45.5 3 27.3 3 27.3 1 9.1 8 72.7 2 18.2

Frontal Index
Stenometopic (0-65.9) 3 30.0 4 40.0 3 30.0 3 30.0 3 30.0 4 40.0
Metriometopic (66-68.9) 5 21.7 7 30.4 11 47.8 1 4.3 10 43.5 12 52.2
Eurimetopic (69- . . . ) 10 24.4 15 36.6 16 39.0 4 9.8 14 34.1 23 56.1

Upper face index
Hypereurienic (0-44.9) 0 0.0 0 0.0 1 100.0 0 0.0 0 0.0 1 100.0
Eurienic (45-49.9) 4 22.2 8 44.4 6 33.3 3 16.7 6 33.3 9 50.0
Mesenic (50-54.9) 8 22.2 14 38.9 14 38.9 3 8.3 15 41.7 18 50.0
Leptenic (55-59.9) 5 31.2 4 25.0 7 43.8 2 12.5 5 31.2 9 56.2
Hyperleptenic (60- . . . ) 1 33.3 0 0.0 2 66.7 0 0.0 1 33.3 2 66.7

Nasal index
Leptorhinic (0-47.9) 11 29.7 10 27.0 16 43.2 3 8.1 15 40.5 19 48.7
Mesorhinic (48-52.9) 5 27.8 9 34.6 12 40.0 5 19.2 5 19.2 16 61.5
Plathyrhinic (53- . . . ) 2 11.1 7 26.9 2 6.7 0 0.0 7 63.6 4 36.4

BNSD group
Not classified BNSD (n ¼ 18) 5 27.8 5 27.8 8 44.4 1 5.6 7 38.9 10 55.6
No BNSD (n ¼ 10) 2 20.0 5 50.0 3 30.0 2 20.0 6 60.0 2 20.0
Absolute BNSD (N ¼ 46) 11 23.9 16 34.8 19 41.3 5 10.9 14 30.4 27 58.7
Deviation to right (n ¼ 30) 8 26.7 10 33.3 12 40.0 3 10 14 46.7 13 43.3
Deviation to left (n ¼ 14) 1 7.1 6 42.9 7 50.0 0 0.0 0 0.0 14 100.0

Abbreviations: BNSD, bony nasal septal deviation; n, number.
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BNSD (P < .05). Two of the 46 skulls with BNSD showed FS

aplasia (4.3%), and the remaining 44 skulls were compared

with respect to the FS morphometric measurements between

Table 6. The Analytic Findings of Linear Regression of Mean Frontal
Sinus Morphometric Measurements (FSW, FSH, FSD in ‘‘mm’’ and FSV
in ‘‘mm3’’) With Craniofacial and Bony Nasal Septal Deviation (BNSD)
Groups.

Cranial Group
Right

(Mean) Pright

Left
(Mean) Pleft

FSW Hyper/dolichocranic
(n ¼ 14)

28.1357 .847 30.5857 .092

Mesocranic (n ¼ 26) 27.9692 33.9654
Hyper/brachycranic

(n ¼ 31)
28.9194 29.2097

FSH Hyper/dolichocranic
(n ¼ 14)

25.8571 .527 26.8286 .311

Mesocranic (n¼26) 25.4192 26.5231
Hyper/brachycranic

(n ¼ 31)
23.9129 24.8161

FSD Hyper/dolichocranic
(n ¼ 14)

18.7214 .977 21.0286 .391

Mesocranic (n ¼ 26) 18.2615 21.4115
Hyper/brachycranic

(n ¼ 31)
19.2161 19.5710

FSV Hyper/dolichocranic
(n ¼ 14)

3300.4571 .870 3925.9143 .229

Mesocranic (n ¼ 26) 3219.7885 4422.9692
Hyper/brachycranic

(n ¼ 31)
3544.8903 3873.8419

Kruskal Wallis Test

Frontal Group
Right
(Mean)

Pright Left
(Mean)

Pleft

FSW Steno/metriometopic
(n ¼ 32)

28.8313 .736 30.8500 .783

Eurymetopic (n ¼ 39) 28.0769 31.5282
FSH Steno/metriometopic

(n ¼ 32)
24.0875 .427 24.8281 .278

Eurymetopic (n ¼ 39) 25.4718 26.6667
FSD Steno/metriometopic

(n ¼ 32)
19.1969 .610 20.7813 .755

Eurymetopic (n ¼ 39) 18.4179 20.3282
FSV Steno/Metriometopic

(n ¼ 32)
3152.6125 .527 3912.2063 .625

Eurymetopic (n ¼ 39) 3562.2795 4227.1410

Independent Variables T test

Upper Face Group
Right
(Mean)

Pright Left
(Mean)

Pleft

FSW Hyper/euryenic (n¼ 18) 28.4778 .742 29.3167 .563
Mesenic (n ¼ 35) 27.5857 30.8114
Hyper/leptenic (n ¼ 18) 29.9722 33.9278

FSH Hyper/euryenic (n¼ 18) 23.1944 .447 24.3833 .709
Mesenic (n ¼ 35) 25.1457 26.6429
Hyper/leptenic (n ¼ 18) 25.9222 25.7278

FSD Hyper/euryenic (n¼ 18) 19.2278 .824 20.0722 .837
Mesenic (n ¼ 35) 18.6886 20.5743
Hyper/leptenic (n ¼ 18) 18.4667 20.9111

FSV Hyper/euryenic (n¼ 18) 3247.5833 .953 3594.4778 .602
Mesenic (n ¼ 35) 3266.8200 3977.9314
Hyper/leptenic (n ¼ 18) 3723.1833 4784.4944

(continued)

Table 6. (continued)

Cranial Group
Right

(Mean) Pright

Left
(Mean) Pleft

Kruskal Wallis Test

Nasal Group
Right
(Mean)

Pright Left
(Mean)

Pleft

FSW Leptorhinic (n ¼ 36) 28.2972 .913 31.6972 .694
Meso/Plathyrhinic

(n ¼ 35)
28.5400 30.7343

FSH Leptorhinic (n ¼ 36) 25.1417 .732 25.8361 .958
Meso/plathyrhinic

(n ¼ 35)
24.5457 25.8400

FSD Leptorhinic (n ¼ 36) 18.0972 .370 20.8306 .676
Meso/Plathyrhinic

(n ¼ 35)
19.4600 20.2257

FSV Leptorhinic (n ¼ 36) 3209.4389 .595 4071.5333 .966
Meso/Plathyrhinic

(n ¼ 35)
3550.6486 4099.2543

Independent Variables T test

Definite BNSD group
Right
(Mean)

Pright Left
(Mean)

Pleft

FSW Not present (n ¼ 10) 27.2400 .436 25.2300 .022
Present (n ¼ 44) 29.7159 32.7023

FSH Not present (n ¼ 10) 22.6500 .469 21.8200 .053
Present (n ¼ 44) 24.9182 25.8955

FSD Not present (n ¼ 10) 18.4200 .664 19.0500 .490
Present (n ¼ 44) 19.5705 21.0886

FSV Not present (n ¼ 10) 3033.1800 .689 2789.4200 .047
Present (n ¼ 44) 3580.2591 4445.0682

Mann Whitney U test.

Abbreviations: BNSD; bony nasal septal deviation, FSD; frontal sinus depth,
FSH; frontal sinus height, FSV; frontal sinus volume, FSW; frontal sinus width.

Figure 3. Cranium with metopic suture (arrow).
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the deviation side and the opposite side. In 30 skulls, the

BNSD was toward the right side, whereas the other 14

skulls showed BNSD toward left side. Frontal sinus mor-

phology did not differ between the deviation side and oppo-

site side according to paired t test (P > .05), and correlation

analysis showed that the morphometric measurements were

similar and positively related to both sides (P < .05).

Assessing potential differences in FS morphology with the

presence of metopic suture as a craniofacial structure character-

istic, metopic sutures (Figure 3) were observed in 5 of the 74

skulls (Table 7). Frontal sinus morphometric measurements and

craniometric measurements were compared for the 5 skulls with

metopic suture versus the other 69 skulls. Among the cranio-

metric measurements, maximum head width and minimum and

maximum frontal width measurements were observed to be

greater in those with metopic suture than those without (n ¼ 5

for the metopic suture group; statistical analysis was not applica-

ble), whereas no differences were found with the other cranio-

metric variables and FS morphometry measurements.

As summarized in Table 8, there were no significant differ-

ences in FSVAR values among the cranial subgroups, frontal

subgroups, upper facial subgroups, and nasal subgroups (P >

.05). However, when the data in Table 8 were analyzed numeri-

cally, the ratio of right–left asymmetry was found to change in

favor of the right sinus without altering the asymmetry direc-

tion in the skulls with wide/very wide head structure (hyper/

brachycranic), narrow/very narrow upper face structure (hyper/

euryenic), and the skulls without BNSD. The FSVAR values

for the skulls with metopic suture were also not significantly

different from the others (P ¼ .141).

The asymmetry analysis showed that the morphometric

FS measurements at the opposite side of the intersinus sep-

tum deviation (especially in the case of deviation toward the

right) were greater than the measurements at the deviation

side (P < .05). With intersinus septum deviation toward the

right side, FSVAR showed significant asymmetry in favor

of the side opposite to the deviation as detected in the

measurements (P < .001). However, with intersinus septum

deviation toward the left, the mean FSVAR remained in a

positive direction. The association between the presence of

intersinus septum and BNSD was not statistically signifi-

cant. Six of the 10 skulls without definite BNSD also lacked

intersinus septal deviation. None of the 14 skulls with left-

sided BNSD showed left-sided intersinus septal deviation

(n ¼ 5 for right-sided, n ¼ 9 for no intersinus septal devia-

tion). The percentages of right-sided, left-sided, and absence

of intersinus septum deviation in the 30 skulls with right-

sided BNSD were 23.3% (n ¼ 7), 33.3% (n ¼ 10), and

43.3% (n ¼ 13), respectively.

Discussion

Considering the multifactorial developmental effects of the FS,

the current study assessed relationships between craniofacial

morphology and FS dimensions in an Aegean population. The

results suggest that FS morphology is related to facial and

cranial structures at some points, especially the nasal structure,

which links the anterior–posterior cranial base and the midface.

In particular, developmental relations of FSs are important for

surgical purposes as well as for anatomy, anthropometry, and

ontogeny. The second area also connects with geographic and

demographic characteristics of FSs for anthropologists.26,27

Table 7. The Classification of Craniofacial and Frontal Sinus Morphology of the Skulls With Persistent Metopic Suture.

Craniofacial Index Group

BNSD

FSV Group

Cranial Frontal Upper face Nasal Right Left

1 Hyperbrachycranic Eurymetopic Hypereuryenic Mesorrhinic Present Hyperplasia Medium
2 Mesocranic Eurymetopic Euryenic Mesorrhinic Present Hyperplasia Medium
3 Mesocranic Metriometopic Mesenic Mesorrhinic Absent Medium Medium
4 Hyperbrachicranic Stenometopic Mesenic Leptorrhinic Absent Hyperplasia Medium
5 Brachycranic Eurymetopic Mesenic Leptorrhinic Absent Hypoplasia Hyperplasia

Abbreviations: BNSD; bony nasal septal deviation, FSV; frontal sinus volume.

Table 8. The Analytic Differences of Frontal Sinus Volume Asymme-
try Ratios Between the Craniofacial and Bony Nasal Septal Deviation
(BNSD) Groups.

FSVAR P

Cranial index
Hyper/dolichocranic (n ¼ 14) �27.0048 .325a

Mesocranic (n ¼ 26) �33.2416
Hyper/brachycranic (n ¼ 31) �9.9467

Frontal index
Steno/metriometopic (n ¼ 32) �18.8671 .705b

Eurymetopic (n ¼ 39) �24.2807
Upper face index

Hyper/euryenic (n ¼ 18) �8.8700 .551a

Mesenic (n ¼ 35) �25.4501
Hyper/leptenic (n ¼ 18) �27.7935

Nasal index
Leptorhinic (n ¼ 36) �28.1501 .368b

Meso/plathyrhinic (n ¼ 35) �15.3513
Bony nasal septal deviation

Not present (n ¼ 10) 5.9537 .109c

Present (n ¼ 44) �21.9670

Abbreviation: FSVAR; frontal sinus volume asymmetry ratio.
a Kruskal Wallis test.
b Independent variables T test.
c Mann Whitney U test.
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Attempts to link different aspects of FS morphology with

specific influences other than environmental factors, such as

craniofacial development, have been inconclusive. In this

study, we analyzed potential independent variables related to

craniofacial structure that could affect fontal sinus morphology

according to univariate and multivariate linear regression anal-

ysis, which is a superior method compared to other statistical

tests used in the literature.

Statistical analysis showed that left-side sinus measure-

ments correlated with the ‘‘maximum head length’’ and ‘‘nasal

height’’ variables. Maximum head length and nasal height

showed a linear relationship with FSW, FSV, FSD, and FSV

on the left side; whereas only FSV showed this correlation in

the right-side measurements. Potential reasons for the differ-

ences in left side measurements are suggested by the fact that

the left-sided volumetric measurements were larger than those

of the right side. When assessing why these 2 craniometric

variables did not affect FS morphology to a statistically signif-

icant level on the right side, we observed that increases in

maximum head length and nasal height were also associated

with increases in sinus length and volume measurements on the

right side, but the correlations did not reach statistical signifi-

cance. However, the use of the 2 variables together was found

to be a weak model for predicting sinus volume. ‘‘Maximum

head length’’ together with ‘‘nasal height’’ was found to have

no significant effect on FSV separately from the other indepen-

dent variables (P > .05).

In contrast, nasal height was correlated with both right and

left sinus volumes in the univariate and multivariate linear

regression analysis. Filho et al also found a relationship

between nasal pyriform aperture area and left FSV (r ¼
0.435, P ¼ .011) and reported that the degree of nasal cavity

aeration affects FS development.10 In this study, there appears

to be a positive linear relationship between nasal height and

frontal morphometry. In addition, the effect of nasal height is

more apparent than maximum skull length for most of the

analyses.

Previous studies have suggested that FSs are larger in bra-

chiocephalic heads than dolichocephalic heads.10 Filho et al

found a relationship of spin bregmatic distance and glabella-

lambda curvature with left FSV (r ¼ 0.450, P ¼ .009 and r ¼
0.433, P¼ .012, respectively).10 In another report by Tehranchi

et al, a recent study that utilized a weak methodology, they

showed a correlation between FS dimensions and anterior

facial height in males and increased gonial angle in females.28

However, no significant relationship was detected among the

craniometric groups with respect to FS morphology in the pres-

ent study, which used a stronger methodology along with

appropriate data analyses compared to the above 2 reports.

The well-known work of Stammberger and Kennedy9

defined FS development as a continuation of frontal recess.

Accordingly, the previous study of this research group sug-

gested a relationship of frontal recess and the ostium with FS

morphology.29 Together with the associations gathered from

this study, the data clearly show that nasal structure has a

unique influence on FS morphology.

In the 44 skulls with BNSD, morphometric measurements of

the FSs at the deviation side and the opposite side did not differ

statistically. In the correlation analysis, morphometric mea-

surements at the deviation side and opposite side were detected

to be similar and linearly related to each other (P < .05). In the

study of Hafezi et al, individuals with nasal asymmetry showed

retarded orbital and face development on the side where the

nose was concavity.30 In the present study, no similar data were

generated for FS development with respect to BNSD, such as

whether the FS grows less on the deviation side. However, in

the presence of BNSD, asymmetry rates are greater and nega-

tive (FSVAR ¼ �21.97) compared to the nondeviation group.

Although this difference was not statistically significant, the

observed negative asymmetry rates indicate that the FS mea-

surements taken at the deviation side are smaller than those of

the counterparts when considering the formula calculating

these rates.

No studies investigating the developmental association

between nasal structure and FS structure were found in the

literature. In the present study, the relationship between bony

nasoseptal and FS morphometry was also investigated. There

was a linear relationship between the presence of BNSD and

FSW and volume measurements. In the presence of a deviation,

this relationship did not differ between the deviation side and

the opposite side.

In addition to craniofacial index and BNSD groups, when

the relationship between the presence of metopic suture and FS

morphology was analyzed, the hypothesis that sinus aplasia or

hypoplasia developed in the presence of metopic suture was

refuted. It has been suggested that the data supporting a rela-

tionship between metopic suture and FS aplasia or hypoplasia

may be incidental. Among the 74 skulls in the study, metopic

sutures were found in 5 (6.8%). When the FS morphology and

asymmetry measurements were compared between the skulls

with and without metopic suture, no significant difference was

observed. In the study of Bilgin et al, among 631 patients, FS

aplasia was found in 22.7% and metopic suture was found in

9.7%; importantly, no relationship was found between these 2

states.31 However, other studies have also suggested an

increase in FS aplasia frequency in the presence of persistent

metopic suture.16-19,32

Pirner et al showed asymmetry between the right and left

FSs in 3-dimensional models.33 Yoshino et al suggested that

the degree of FS asymmetry differs among different ancestors,

which also indicates variation in craniofacial morphology. The

present study is the first to examine the extent of the asymmetry

between right and left FSs with respect to craniofacial struc-

ture. In this study, FSVAR was higher in skulls with narrow

medium-sized heads, wide frontal and upper faces and narrow

noses. This finding is in concordance with a report by Lang

showing that dolichocephalic heads more commonly have

asymmetric FSs.34 Given the embryologically independent

development of the right and left FSs even in monozygotic

twins,35 a statistically significant difference between the right

and left FS morphometry measurements of the same skull was

considered an expected result in the previous study.29 It has
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also been reported that the intersinus septum separating the

right and left FSs generally deviates to one side.1 In this study,

intersinus septum was found to deviate toward the right in 23%
and toward the left in 18% of the skulls, and there was a non-

significant relationship with BNSD in the negative direction.

Statistical analysis of the FS asymmetry ratios has proven these

facts, and the usage of the FS for identifying individuals con-

tinues to gain prominence.

The FS development is dynamic. They begin to develop

during the second year of life, and they can be detected radio-

graphically after the age of 5 years.13 Although it is generally

accepted that FSs approximately complete their development

by the age of 20 years, Tatlisumak et al proposed that FSs show

their largest morphometric values between the age of 31 and

50 years in both genders.20 A recent study from the same group

reported that FS size in females increased with age, whereas FS

size in males decreased after the age of 50 years.36 Regardless

of age and gender, we found that FS morphology does not

progress in the same direction as craniofacial structure

development.

Decades of studies have investigated FS morphometrics in

several respects, such as individuality studies4 and even the

complexity of FS mathematics.7 The common ground and the

greatest challenge of FS morphometric studies is that a normal

distribution cannot be obtained for most data sets.7 As an ana-

tomical structure at the intersection of many subsciences due to

its proximity to the cranial base, orbita, and maxilla, it is very

important to understand the morphology of the FS according to

cladistic and phylogenetic constructions and to recognize its

importance in evidence-based developmental science.

However, it is important to take certain measures when ana-

lyzing the radiologic features of FS structure, as specific envi-

ronmental factors such as sport activities, trauma, sinonasal, or

certain systemic diseases may cause postmortem changes that

alter FS morphology. Another limitation of this study was its

lack of sex assessment of the dry skulls. However, previous

studies have clearly shown that there is no significant differences

in average FS size between the sexes, as the FS itself has a

unique morphology specific to each individual.13,37 The other

limitation of this study was the indeterminate situation of the

dental structures and the upper and the lower jaw, which is

outside the scope of this study and is a topic of future research.

As an unfortunate situation, surgeons sometimes enter the

cranium through the FS and being aware of asymmetric FS is

crucial to minimize the surgical complications. During FS sur-

geries, especially for the patients who have asymmetrical skull

base angulation and FS and have narrow or medium width head

and/or upper face structure and/or nasal septum deviation;

because of the high frequency of anatomic variations and their

close proximity to vital organs such as the orbita and anterior

skull base; anatomical knowledge, preoperative evaluation of

the CT scans, and surgical experience of the surgeon are very

important. There is a need for further studies in various popula-

tions that will provide the basis for determining methods and

equipment for navigation technology and robotic surgeries to

be used for FS surgeries in the future.

The findings of this study will direct discussions on the rela-

tionship between FS structure and craniofacial elements, which

has not yet been evaluated due to the different conclusions gen-

erated from previous reports. These will facilitate improved

understanding of FS-related physiological associations through

the expansion of anatomical and anthropometric knowledge.

Conclusion

In conclusion, the presence of metopic suture and cranial struc-

ture characteristics do not show a linear relationship with FS

morphology, but ‘‘nasal structure’’ does. Frontal sinus and

nasal morphology are both unique to each individual, and

future studies will provide stronger evidence indicating the

FS and the nasal structure are well associated.
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ment of frontal sinuses by morphometric analysis of the skull.

Acta Sci Biol Sci. 2013;35(2):273-276.

11. Nowak R, Mehls G. Aplasia of sinus maxillares and frontales

under special regard of pneumatization of cleft patients. Anat Anz.

1977;142(5):441-450.

12. Aydinlioglu A, Kavakli A, Erdem S. Absence of frontal sinus in

Turkish individuals. Yonsei Med J. 2003;44(2):215-218.

13. Yoshino M, Miyasaka H, Sato H, Seta S. Classification system of

frontal sinus patterns by radiography. Its application to identifi-

cation of unknown skeletal remains. Forensic Sci Int. 1987;34(4):

289-299.

14. Koertvelyessy T. Relationship between the frontal sinus and cli-

matic conditions: a skeletal approach to cold adaptation. Am J

Phys Anthropol. 1972;37(2):161-172.

15. Hanson CL, Owsley DW. Frontal sinus size in Eskimo popula-

tions. Am J Phys Anthropol. 1980;53(2):251-255.

16. Baaten PJJ, Haddad M, Abi-Nader K, Abi-Ghosn A, Al-Kutoubi

A, Jurjus AR. Incidence of me- topism in the Lebanese popula-

tion. Clin Anat. 2003;16(2):148-152.

17. Das S, Suri R, Kapur V. Anatomical observations on os inca and

associated cranial deformities. Folia Morphol. 2005;64(2):

118-121.

18. Murlimanju BV, Prabhu LV, Pai MM, Goveas AA, Dhanan-jaya

KVN, Somesh MS. Median frontal sutures- incidence, morphol-

ogy and their surgical, radiological importance. Turkish Neuro-

surg. 2011;21(4):489-493.

19. Skrzat J, Walocha J, Zawilinski J. A note on the morphology of

the metopic suture in the human skull. Folia Morphol. 2004;

63(4):481-484.

20. Tatlısumak E, Ovali GY, Asirdizer M, Aslan A, Ozyurt B, Bayin-

dir P, Tarhan S. CT study on morphometry of frontal sinus. Clin

Anat. 2008;21(4):287-293.

21. Vallois HV. Anthropometric techniques. Curr Anthropol. 1965;

6(2):127-143.

22. Mays S. Nasal septal deviation in a mediaeval population. Am J

Phys Anthropol. 2012;148(3):319-326.
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29. Yüksel Aslıer NG, Karabay N, Zeybek G, et al. Computed tomo-

graphic analysis: the effects of frontal recess morphology and the

presence of anatomical variations on frontal sinus pneumatiza-

tion. J Craniofac Surg. 2017;28(1):256-261.

30. Hafezi F, Naghibzadeh B, Nouhi A, Yavari P. Asymmetric facial

growth and deviated nose: a new concept. Ann Plast Surg. 2010;

64(1):47-51.

31. Bilgin S, Kantarcı UH, Duymus M, et al. Association between

frontal sinus development and persistent metopic suture. Folia

Morphol (Warsz). 2013;72(4):306-310.

32. Guerram A, Le Minor JM, Renger S, Bierry G. Brief communi-

cation: the size of the human frontal sinuses in adults presenting

complete persistence of the metopic suture. Am J Phys Anthropol.

2014;154(4):621-627.

33. Pirner S, Tingelhoff K, Wagner I, et al. CT-based manual seg-

mentation and evaluation of paranasal sinuses. Eur Arch Otorhi-

nolaryngol. 2009;266(4):507-518.

34. Lang J. Clinical anatomy of the nose, nasal cavity and paranasal

sinuses. Stuttgart, NY: Thieme; 1989:32.

35. Kjær I, Pallisgaard C, Brock-Jacobsen MT. Frontal sinus dimen-

sions can differ significantly between individuals within a mono-

zygotic twin pair, indicating environmental influence on sinus

sizes. Acta Otolaryngol. 2012;132(9):988-994.

36. Tatlisumak E, Asirdizer M, Bora A, et al. The effects of gender

and age on forensic personal identification from frontal sinus in a

Turkish population. Saudi Med J. 2017;38(1):41-47.

37. Goyal M, Acharya AB, Sattur AP, Naikmasur VG. Are frontal

sinuses useful indicators of sex? J Forensic Leg Med. 2013;20(2):

91-94.

Aslıer et al 647

http://acikerisim.deu.edu.tr/xmlui/handle/12345/12840
http://acikerisim.deu.edu.tr/xmlui/handle/12345/12840


<<
  /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 1.3
  /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


