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Abstract

Background Our goal was to obtain nasal bone and nasal
pyramid morphometric measurements in Caucasian skulls
and analyze variation in different age groups and gender.
Methods Ninety caucasian skulls were grouped according
to three age groups: group I (20-40), II (41-64), and III
(>65). The basion (B)-nasion (N), B-anterior nasal spine
(ANYS), B-supradentale (SD), N-ANS, ANS-SD, and length
and width of each nasal bone, height, width, and angle of
the pyriform aperture were measured. Comparisons were
done between age groups, males and females, between left/
right sides.

Results The distance between B-N, B-ANS, and B-SD
was greater when group I was compared with group II
and III in both genders with the exception that the B-N
distance in male population was slightly (0.2 mm) longer
in group I. There was a statistically significant directly
proportional relationship between B-N and B-ANS

Presented in Jacksonhole/WY (USA): International Society of
Craniofacial Surgery Meeting on Sep 10-14, 2013.

>4 Can Ozturk
Can.Ozturk @RoswellPark.org

Roswell Park Cancer Institute, Department of Head and Neck and
Plastic and Reconstructive Surgery, Elm and Carlton Streets, 3rd
Floor, Buffalo, NY 14263, USA

Cleveland Clinic, Department of Plastic Surgery, Cleveland, OH,
USA

Department of Orthopaedic Surgery, UC San Diego School of
Medicine, San Diego, CA, USA

Department of Plastic and Reconstructive Surgery, SIU School of
Medicine, Springfield, IL, USA

(» < 0.001, rho 0.54), B-N and B-SD (p = 0.001, rho
0.34), and B-ANS and B-SD (p < 0.001, rho 0.90) dis-
tances in all skulls independent of age and gender. The
mean nasal bone lengths were; nasal bone length at mid-
line (F: 20.07/19.67/21.20 mm, M:23.07/22.33/23.13 mm
in groups I/II/III, respectively), at lateral suture lines
(F:23.9/24.93/24.33 mm, M: 27.03/26.95/27.93 mm in
groups I/II/III, respectively).

Conclusion This study not only supports the existing lit-
erature that the midface and the nasal skeleton show var-
iation with age and gender but also adds valuable infor-
mation about the nasal bone and related parameters. Nasal
and midfacial surgeries should be done with particular
attention to different morphology in different age and gen-
der groups in order to provide the patient with an im-
proved physiologic and normal result.

Level of Evidence: not ratable.

Keywords Facial bones - Nasal bone - Maxilla - Midface -
Maxillofacial bones - Craniometric analysis

Background

Aesthetic and functional nasal surgeries, together with na-
sal reconstructive procedures are widely performed plastic
surgery procedures worldwide. A solid knowledge of per-
tinent anatomy is vital to successfully restore or modify
nasal and midface features. Age-related changes of the
nasal skeleton and nasal pyramid structures and their im-
pact on facial appearance have been analyzed in few stud-
ies [1, 2]. Also, cadaver studies and measurements on
three-dimensional computerized tomography (3D-CT)
were done by a group of researchers that analyzed dimen-
sions of nasal bone and nasal pyramid structures in
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different races [3—7]. However, the literature is devoid of
detailed studies about morphology of the nasal bones and
the midface in equally distributed age and gender groups.

Understanding the variation of nasal skeletal character-
istics in different age and gender groups can potentially
improve outcomes of nasal surgeries and midface rejuve-
nation procedures [8]. The goal of this study was to obtain
nasal bone and midface measurements in different age
groups, divided by gender, and to analyze the relation of
these parameters in respect to each other.

Materials and methods

Ninety caucasian skull specimens were acquired from
Cleveland Natural History Museum, Cleveland, Ohio, USA,
and were used for morphometric analysis. The skulls were
taken from the unclaimed dead of Cleveland, OH, and
Cuyahoga County, OH, USA, between 1912 and 1938.
They were macerated using live steam and boiling water.
Once the maceration process was complete, the skulls
were cleaned with brushes to remove the remnants of
the soft tissue and dried. The skulls were then labeled
and stored based on age, gender, and race. The specimens
were randomly chosen according to three age groups:
group I-young age (20-40 years old), group II-middle
age (41-64 years old) and group IlI—old age (>65 years
old). Each group consisted of 15 male and 15 female
skulls. Skull specimens that were edentulous and lacked
dental support were excluded from analysis as well as
those with obvious fractures and other anomalies. The
skulls with sagittal or coronal cuts for internal inspection
were included as long as the landmarks were intact for
measurement.

The following landmarks were measured: (1) basion—
nasion (B-N), (2) basion-anterior nasal spine (B-ANS), (3)
basion—supradentale (B-SD), (4) nasion—anterior nasal
spine (N-ANS), (5) anterior nasal spine—supradentale
(ANS-SD), (6) length of nasal bones, (7) width of nasal
bones, (8) height of pyriform aperture, (9) width of pyri-
form aperture, and (10) angle between paired nasal bones
and pyriform aperture (pyriform aperture angle; PAA)
(Figs. 1, 2, and 3). The width of nasal bones was mea-
sured along proximal and distal edges and the length was
measured along the lateral suture lines and along the mid-
line between the paired nasal bones. The height of the
pyriform aperture was measured between the distal edge
of the nasal midline and ANS while the width was mea-
sured at the widest part (Fig. 3).

Measurements were done utilizing a portable, high-
precision measurement tool, the MicroScribe® (Revware
Systems, Inc., Raleigh, NC, USA) that calculates the dis-
tance between two points in a 3D space with high
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Fig.1 The following landmarks were measured: (1) basion—nasion (B-N),
(2) basion-anterior nasal spine (B-ANS), (3) basion—supradentale (B-SD)

accuracy of up to 0.23 mm, a ruler and a protractor for
measuring angle. To minimize inter-observer and intra-
observer error, the skulls were immobilized on a measur-
ing table and all measurements were done by the same
author (CO) while two other authors (CNO, SU) con-
firmed and entered the data on site. Additionally, the data
collection was completed within a short period of time as
recommended to avoid intra-observer errors.

The analysis of data was done by overall means and
Bonferroni corrected pairwise comparisons for the three
age groups, by gender. Additionally, correlations between
the specific measurements (B-ANS vs. B-N, B-ANS vs. B-
SD, B-N vs. B-SD, and apertura height vs. aperture width)
and symmetry comparisons of nasal bones were done for
both genders. For each of these analyses, an overall p value
that is significant (p < 0.05) states that there is a relation-
ship between three age groups and the skull measurement.
For pairwise differences in three group comparisons, sig-
nificance was p < 0.0167 based on Bonferroni correction
for three possible pairs. Finally, the symmetry comparisons
of left and right nasal bones, and relationship between

%

Fig. 2 The following landmarks were measured: (4) nasion—anterior
nasal spine (N-ANS), (5) anterior nasal spine—supradentale (ANS-SD)
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Fig. 3 The height of the pyriform aperture was measured between the
distal edge of the nasal midline and ANS while the width was measured at
the widest part

specific measurements that is not related with age and gen-
der, were done using correlation analyses that range from
—1 to +1 with 0 being no relationship, and +1 being the
strongest relationship. A positive correlation means that
there is a direct relationship (as one parameter increases
the other one increases as well). A negative correlation
means these two parameters are inversely related.

Fig. 4 Human skull specimens. a
Anterior and b lateral view of the
male skull specimen aged 35. ¢
Anterior and d lateral view of the
female skull specimen aged 34

Results

The mean age of female (F) specimens was 33.13, 49.07, and
72.27 and male (M) specimens were 30.87, 53.73, 69.2 in
groups [, II, and III, respectively. The mean number of max-
illary teeth was 10.80/6.87/2.8 in females, and 13.27/11.60/
6.40 in males groups I, II, and III, respectively. Sample skull
specimens are demonstrated in Fig. 4.

Craniometric analysis of midface parameters

The mean distances were as follows: B-N (F:76.09/80.78/
79.37 mm, M: 81.73/82.33/81.53 mm in groups I/II/III,
respectively), B-ANS (F: 86.16/87.45/89.81 mm,
M:77.46/83.96/83.25 mm in groups I/II/III, respectively),
and B-SD (F:76.06/83.37/81 mm, M:83.67/86.41/
87.39 mm in groups V/II/III, respectively). The distance
between B-N, B-ANS, and B-SD was greater when group
I (young age) was compared with group II (middle age)
and III (older age) in both genders with the exception that
the B-N distance in male population was slightly
(0.2 mm) longer in group I when compared with group
IIT (Tables 1 and 2). However, these results were not sta-
tistically significant (»p > 0.05). In the female subgroup,
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Table 1  Analysis of skeletal measurements compared between three age groups in females is shown

Dependent

Group I (2040 years) (n:15) Group II 41-64 years (n:15) Group III 65years + (n:15)
LS mean (95% CI)

LS mean (95% CI)

LS mean (95% CI)

p value

Pairwise
differences™

Basion—nasion

Basion—anterior nasal spine
Basion—supradentale
Nasion—anterior nasal spine
Anterior nasal spine—supradentale

Apertura width
Apertura height

Pyriform aperture angle

Left nasal bone lateral length
Right nasal bone lateral length
Nasal bone midline length

Left nasal bone proximal width
Left nasal bone distal width
Right nasal bone proximal width
Right nasal bone distal width

76.09 (71.7, 80.5)
77.46 (73.8, 81.2)
76.06 (72.0, 80.1)
42.54 (40.6, 44.4)
16.51 (14.8, 18.2)
22.76 (21.6, 23.9)
30.60 (27.2, 34.0)
33.47 (30.9, 36.1)
24.33 (22.2,26.5)
23.47 (21.5,25.5)
20.07 (17.9, 22.2)
6.93 (6.0, 7.9)

12.53 (11.6, 13.5)
727 (6.5, 8.1)

12.40 (11.4, 13.4)

80.78 (76.4, 85.2)
83.96 (80.3, 87.7)
83.37 (79.3, 87.5)
43.57 (41.7, 45.5)
15.94 (14.2, 17.6)
23.03 (21.8,24.2)
30.52 (27.1, 33.9)
35.73 (33.1, 38.3)
25.13 (23.0,27.3)
24.73 (22.7,26.7)
19.67 (17.5, 21.8)
7.67 (6.7, 8.6)

13.00 (12.0, 14.0)
733 (6.5,8.1)

12.73 (117, 13.7)

79.37 (75.0, 83.8)
83.25 (79.5, 86.9)
81.00 (76.9, 85.1)
45.58 (43.7, 47.5)
14.21 (12.5, 15.9)
22.68 (21.5, 23.9)
33.52 (30.1, 36.9)
35.80 (33.2, 38.4)
24.60 (22.4, 26.8)
24.07 (22.1, 26.1)
21.20 (19.1,23.3)
7.40 (6.5, 8.3)

12.53 (11.6, 13.5)
6.80 (6.0, 7.6)

12.27 (113, 13.3)

0.31
0.031
0.043
0.078
0.14
091
0.37
0.35
0.87
0.67
0.57
0.54
0.74
0.58
0.79

1v2
1v2

n number

*Pairwise differences are significant at P < 0.0167, based on Bonferroni correction for 3 possible pairs (1 = 2140, 2 = 41-64, 3 = 65+)

B-ANS (p = 0.031) and B-SD (p = 0.043) distances were
statistically significant between the groups I and II

(Table 1).

There was a statistically significant directly propor-
tional relationship with positive correlation coefficient

between B-N and B-ANS distances (p < 0.001, rho

Table 2 Analysis of skeletal measurements compared between three age groups in males is shown

Dependent

Group I (2040 years) (n:15) Group II 41-64 years (n:15) Group III 65years + (n:15)
LS mean (95% CI)

LS mean (95% CI)

LS mean (95% CI)

p value

Pairwise
differences™

Basion—nasion

Basion—anterior nasal spine
Basion—supradentale
Nasion—anterior nasal spine
Anterior nasal spine—supradentale

Apertura width
Apertura height

Pyriform aperture angle

Left nasal bone lateral length
Right nasal bone lateral length
Nasal bone midline length

Left nasal bone proximal width
Left nasal bone distal width
Right nasal bone proximal width
Right nasal bone distal width

81.73 (77.4, 86.0)
86.16 (82.1, 90.2)
83.67 (78.7, 88.6)
47.21 (45.1, 49.3)
17.45 (15.6, 19.3)
22.13 (21.3,22.9)
34.44 (32.9, 36.0)
33.47 (30.6, 36.3)
27.20 (25.7,28.7)
26.87 (25.6, 28.1)
23.07 (21.4, 24.7)
8.00 (7.2, 8.8)

14.13 (12.9, 15.3)
8.00 (7.2, 8.8)

13.80 (12.8, 14.8)

82.33 (78.0, 86.6)
87.45 (83.4,91.5)
86.41 (81.5,91.3)
49.55 (47.5, 51.6)
17.24 (15.4, 19.1)
23.50 (22.7, 24.3)
34.22 (32.7, 35.8)
38.47 (35.6, 41.3)
26.90 (25.4, 28.4)
27.00 (25.7, 28.3)
22.33 (20.7, 24.0)
7.80 (7.0, 8.6)

15.00 (13.8, 16.2)
7.80 (7.0, 8.6)

14.60 (13.6, 15.6)

81.53 (77.2, 85.8)
89.81 (85.7, 93.9)
87.39 (82.5, 92.3)
50.14 (48.1, 52.2)
17.91 (16.1, 19.7)
23.56 (22.7, 24.4)
34.18 (32.6, 35.8)
37.80 (35.0, 40.6)
28.00 (26.5, 29.5)
27.87 (26.6,29.1)
23.13 (21.5, 24.8)
8.53(7.8,9.3)

15.07 (13.9, 16.3)
787 (7.1,8.7)

14.40 (13.4, 15.4)

0.96
0.44
0.54
0.12
0.86
0.024
0.97
0.032
0.57
0.48
0.74
0.38
0.46
0.93
0.51

1v3

1v2

n number

*Pairwise differences are significant at P < 0.0167, based on Bonferroni correction for three possible pairs (1 = 2140, 2 = 41-64, 3 = 65+)
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Table 3 Correlations between

the specific measurements are tho 95% CI p value
shown. A positive value means

that there is a positive relationship Basion—anterior nasal spine distance Basion-nasion distance 0.54 (0.36, 0.72) <0.001
fmd a negative Va.lue means there Basion—anterior nasal spine distance Basion-supradentale distance 0.90 (0.80, 0.99) <0.001
1san mllerse relationship between Basion—nasion distance Basion-supradentale distance 0.34 (0.14, 0.54) 0.001

arameters
P Aperture height Aperture width 0.14 (-0.07, 0.35) 0.20

0.54), B-N and B-SD distances (p = 0.001, rho 0.34),
and B-ANS and B-SD distances (p < 0.001, rho 0.90)
in all skulls independent of age and gender (Table 3).

Craniometric analysis of nasal bones and pyriform
aperture

The mean nasal bone lengths were; nasal bone length at
midline (F: 20.07/19.67/21.20 mm, M:23.07/22.33/
23.13 mm in groups I/II/III, respectively), nasal bone
length at lateral suture lines (F:23.9/24.93/24.33 mm, M:
27.03/26.95/27.93 mm in groups I/II/IIL, respectively), na-
sal bone width at proximal edges (F: 7.1/7.5/7.1 mm, M:
8/7.8/8.2 mm in groups I/II/III, respectively), and nasal
bone width at distal edges (F: 12.46/12.87/12.4 mm,
M:13.97/14.8/14.74 mm in groups I/II/III, respectively)
(Tables 1 and 2). Analysis of width of proximal and distal
edges, length along the midline and lateral suture lines did
not show any significant difference between the age
groups and genders (Tables 1 and 2). When symmetry
was analyzed, the left nasal bone distal width was found to
be significantly longer than on the right side in the overall
analysis (female and male groups combined, p = 0.044)
(Table 4).

The pyriform aperture angle was larger in groups Il and
IIT versus groups I in both genders, and also with

significantly (p = 0.032) larger in group II versus group
I in male gender (p = 0.032) (Tables 1 and 2). The width
of the pyriform aperture was significantly larger
(p = 0.024) in group III versus group I in males. There
were no other statistically significant differences in rest of
the parameters (Tables 1 and 2).

There was a positive correlation between aperture width
and aperture height but this did not reach statistical signifi-
cance (p = 0.2, rho 0.14) (Table 3).

Discussion

Characteristics of midface structures and nasal skeleton
show variation in different gender and age groups. A clear
understanding of the morphology is important for surgeons
performing nasal bone and midface surgeries. There are
several published reports about direct measurement of na-
sal bone and nasal pyramid structures [3—7]. Lee et al. re-
ported in their 3D CT study that average Korean nasal bone
midline length was (n = 58):22.00 mm (+5.59 mm) in
males, and (n = 17): 17.30 mm (+£6.00 mm) in females
[3]. Moon et al. had similar results in their 3D-CT analysis
with a mean nasal bone midline length of 21.28 mm in
male group (n = 50) and 18.02 mm in female group
(n = 50) [7]. Another Korean study, Hwang et al. found

Table 4 Symmetry comparison
between left and right across age

groups

n Mean SD Median Min Max p value

Female

L—R nasal bone proximal width 45 0.2 1.4 0.0 2.0 4.0 0.52

L—R nasal bone distal width 45 0.2 1.4 0.0 —2.0 4.0 0.38

L—R nasal bone lateral length 45 0.6 22 1.0 -5.0 7.0 0.070
Male

L—R nasal bone Proximal width 45 0.2 1.1 0.0 2.0 3.0 0.19

L—R nasal bone distal width 45 0.5 1.5 1.0 -3.0 4.0 0.053

L—R nasal bone lateral length 45 0.1 1.9 0.0 —4.0 5.0 0.66
Both genders

L—R nasal bone proximal width 90 0.2 1.2 0.0 -2.0 4.0 0.18

L—R nasal bone distal width 90 0.3 1.5 0.0 -3.0 4.0 0.044

L—R nasal bone lateral length 90 04 2.0 0.0 -5.0 7.0 0.11

n number, L left, R right
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nasal bone length was M: 25.9 mm (+3.8 mm) and F:
24.5 mm (+3.7 mm) [4]. Recently, Lazovic et al. performed
cadaver dissections on 22 female Caucasian males and 22
Caucasian females, age 18 to 55 years old, and reported
their average nasal bone midline length as 24.77 mm, lat-
eral length of nasal bones as 24.87 mm (right) and
24.77 mm (left), proximal width of nasal bones as
7.12 mm (right) and 6.75 mm (left), and distal width of
nasal bones as 11.30 mm (right) and 11.44 mm (left) [5].
Another cadaver study done at Hungary, Palhazi et al.
found the average nasal bone midline length as 24.7 mm
(range 22-27 mm) in 15 cadavers [6]. In our study, the
mean nasal bone lengths of Caucasian skulls at midline
were 20.07/19.67/21.20 mm (females), 23.07/22.33/
23.13 mm (males) in groups I/II/III, respectively. These
and the rest of the nasal bone measurements, as reported
in our results, are similar with the existing literature. Our
study is one of the largest and most detailed cadaver stud-
ies in terms of sample number and analyses in equally
distributed age and gender groups.

According to our study, all measured midface and nasal
parameters appear to be greater in males, with exception
of B-ANS. This might be clinically reflected as a more
defined midface in females. Although not based on an
objective measurement, the nasal bones of males were
observed to be thicker and more durable when compared
to females, as expected. Again based on observation, the
lower half of the nasal bones were thinner and more brit-
tle in the older age groups. Thus, nasal bone procedures
such as nasal bone reductions and osteotomies should be
performed meticulously in older age groups to avoid un-
favorable and communicated fractures.

When symmetry of left and right nasal bones was analyzed,
there was a statistically significant difference between left and
right nasal bone distal width measurements in the overall anal-
ysis with the left side being larger. The significant difference
observed might be due to increased sample size or sampling
bias, without a clinical significance. The rest of the nasal bone
parameters were measured to be symmetrical, with no statis-
tically significant difference.

The facial skeleton is commonly believed to expand
continuously throughout life and there is increase in cer-
tain anthropometric measurements with age such as the
distance between N-ANS [9]. However, it is not clear
whether maxillary bone resorption or nasal bone resorp-
tion is the primary cause of this increase [9—13]. Several
other studies demonstrate that aging of the maxilla is pri-
marily one of bone resorption [14-18]. A longitudinal
methodology demonstrating age-related changes in the
same individual is the preferred way of analyzing this
change. Although not performed with this methodology,
our study shows a tendency of longer N-ANS and shorter
ANS-SD distance in older age groups mostly in females,
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and suggesting that selective bone resorption in the max-
illary skeleton is the primary cause of this skeletal remod-
eling. Although this study focused on the anatomy of the
nasal bones and midface, clinical application of our find-
ings to midface is worth mentioning. As discussed by
Mendelson and Wong, the facial skeleton, especially
midface, is an important target for volume replacement
procedures due to significant bone loss and shrinkage oc-
curring in that area [19]. The correction of the facial skel-
etal framework is increasingly viewed as the new frontier
in facial rejuvenation [19]. The greatest bone change oc-
curs in the bones of dental origin, the maxilla and man-
dible. Our observations showed notable maxillary bone
loss at older age groups, mostly in females. This could
be due to lack of dental support contributing to bony
atrophy as shown in literature [20-22]. Age- and dental-
related changes at maxillary bone in older patients should
be evaluated carefully before planning facial rejuvenation
procedures.

In their adult growth study, Sarnas and Solow found
increase in anterior cranial base length by aging indicating
that these changes might be due to a combination of for-
ward movement of nasion and posterior movement of sella
[23]. In 1985, Behrents noted a similar increase in the
length of sella to nasion with a consistent anterior move-
ment of nasion [24]. In their three-dimensional
stereolithographic study, Pessa et al. tested a model called
Lambro’s algorithm and demonstrated that facial skeleton
changes by aging [15, 16]. According to this hypothesis,
the bones of facial skeleton rotate clockwise by aging, such
as forehead rotates anteriorly and slightly inferiorly while
the midface rotates posteriorly and superiorly. In their lon-
gitudinal cephalometric study of 39 subjects, Pecora et al.
found an increase in the length of sella to nasion, midfacial
length, and lower anterior facial height by aging, signifi-
cantly between late adolescence and midadulthood, that
provides further evidence of continuation of changes in
the craniofacial complex with age [25]. Our findings of a
greater distance of B-N, B-ANS, and B-SD in the older age
group supports the theory of anterior displacement of the
midface and posterior displacement of B-sella with age
(specifically between group I and group II).

Shaw and Kahn’s study found an increase in the pyri-
form aperture area with age due to bone recession around
the pyriform aperture [14, 26]. Our results showed that
there is a positive correlation between aperture width
and height, meaning when aperture width increases the
height also increases. However, these findings were not
statistically significant and did not include the measure-
ment of the pyriform aperture area.

In this manuscript, our goal was to perform morpho-
metric measurements of nasal skeleton and midface in
different age groups, and observe differences by gender.
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We had access to mature skulls and data was compared in
evenly distributed age and gender groups. We utilized a
high precision tool, the MicroScribe®, for calculation of
distances and three-dimensional measurements were done
with accuracy. In literature, both direct measurement of
the dry skulls and CT-based calculations were used in
similar studies [3-7]. Although using 3D-CT is found
clinically accurate in most publications, a few studies
found that CT derived 3D measurements underestimated
direct measurements compared to using dry skulls [27,
28]. The 3D-CT data may have potential technical prob-
lems (soft-tissue attenuation, metallic artifacts, and patient
motion), landmark identification errors (software algo-
rithm, contrast resolution of scan, the thickness and de-
gree of calcification or cortication of bone, and the tech-
nical skill of the operator related with 3D-CT), and sub-
sequent measurement errors [27]. Additionally, most of
the patients undergoing a head CT scan have a history
of cranio/maxillofacial pathology that might distort the
normal anatomy of the region. One of the weaknesses of
our study is lack of longitudinal methodology, which is
the optimal design to evaluate age-related changes.
Studying different skulls in different age groups is not
the same as studying the same skull during the process
of aging. Another shortcoming of our study includes the
lack of measurement of skeletal thickness and the inability
to calculate bone mineral density which provides impor-
tant information about bone structure. Finally, this study
includes only Caucasian skulls that may reduce the world-
wide applicability of our findings.

In conclusion, this study not only supports the existing
literature that the midface and the nasal skeleton show
variation with age and gender but also adds valuable in-
formation about the nasal bone and related parameters.
Longitudinal studies along with analysis of other ethnic
groups will help us better assess the aging of the nasal and
midface bony elements. Also, further studies are needed
to understand the relationship between nasal framework
and overlying soft tissue during aging. Nasal and midface
surgeries should be done with particular attention to dif-
ferent morphology in different age and gender groups in
order to provide the patient with an improved physiologic
and cosmetic result.
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