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Background: The purpose of study was to evaluate normal morphometric meas-
urements of piriform aperture (PA) by limiting the age range in genders to show
the morphometry of the relevant and close proximal cranial structures,; and also
to investigate whether these are in compliance with the golden ratio.

Materials and methods: Our study was performed on 83 (42 female, 41 male)
multidetector computed tomography images obtained from patients. A total of
14 morphological measurements were performed including the height of PA, the
width of PA and 12 cranial structures, and these measurements were evaluated
for compliance with the golden ratio. The differences of 14 parameters between
the genders and age groups, and also the interaction of these two factors were
analysed.

Results: In our morphometric study, significant difference between the genders
was found in all measurements except for the distance between vertex and rhinion
(V~Rh), between rhinion and right foramen supraorbitalis (Rh~FSO,), between
rhinion and left FSO (Rh~FSO,), and the width of PA on the level between the
right and left foramen infraorbitalis (PAW~FIO) with the difference valid for both
age subgroups (p < 0.05). When the differences between the age subgroups
were evaluated, there was significant difference only at the widest distance of
cranium (CW, p = 0.008); and it was observed that the average has increased
with age in both genders. When the golden ratio was examined, the ratio of
the distance between anterior nasal spine and nasion to the height of piriform
aperture (NSA~N:PAH) was found to be within the limits of the golden ratio in
males (p = 0.074). No golden ratio has been found in females.

Conclusions: In our study, significant differences were detected between genders
in all parameters of PA and in some parameters of the close cranial structures
in the age group we examined. The effect of age was detected only in the CW
parameter, and the PA and close cranial structures were not affected. In our study,
the averages of the morphometric measurements of 13 parameters of young
adults were determined. The PA and surrounding cranial structures are important
for the area and related surgical procedures, however, gender differences must
be considered in this respect. In addition to this, in the PA, which is the anterior
limit of the skeletal nose in males, the NSA~N:PAH ratio having the ideal golden
ratio limits is valuable in aesthetical terms and due to its position of the PA in the
face. (Folia Morphol 2019; 78, 4: 839-846)
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INTRODUCTION

The piriform aperture (PA) is the essential localisa-
tion in the centre of the skeletal craniofacial area. PA
is bordered by the nasal bones, the frontal processes
of the maxillary bones and the anterior nasal spine
[17]. This skeletal aperture is the anterior limit of
the skeletal nose and includes the main factors to
create the actual shape, size and form of the nose
[13, 20]. The number of studies on PA is limited. Data
on morphology vary according to ethnic differences,
sexual dimorphism and age-related changes of the
PA, which have already been published [4, 6, 11].
Studies have focused on the relationship between
the nasal bone and PA, the shape of the PA and the
size of the PA [7, 12, 19]. PA is affected by changes
in age, ethnicity and sexual dimorphism [1, 8, 14].
Facial skeleton changes with age. The most significant
amount of bony change occurs within the mid-cheek
skeleton. This leads to a reduction of the bony rim of
the PA [8]. For this reason, age should also be taken
into account for the interpretation of data pertaining
to the morphometry of the PA. Studies in the liter-
ature kept the age range wide without exhibiting
the changes caused by age. Since there would be
age-related changes in the face, the mean measure-
ments need to be grouped according to age. In our
study, we kept the age range narrow and limited it
with 21 to 30 years.

Although previous studies were conducted
by considering the gender, age and ethnicity, the
number of such studies is limited and the cranial
parameters associated with the PA are insufficient.
In order to obtain relevant data, methods such as
direct measurements over the skull, radiography and
computed tomography (CT) were used [3, 9, 16].
Three-dimensional (3D) CT of piriform aperture is an
efficient technique for acquiring quantitative and
objective data [10]. However, when we examined
the literature with regard to the morphology of the
PA, we determined that clear data related to age
limitations had not been provided for males and
females. Additionally, there are no studies examining
whether PA-related measurements comply with the
golden ratio.

The aim of this study is to evaluate the normal
morphometric measurements of the PA with the aid
of CT by limiting the age range in both genders; to
exhibit the morphometry of the related and near
proximal cranial structures, and to examine whether
these comply with the golden ratio.
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MATERIALS AND METHODS

This study was approved by the Bolu Abant Izzet
Baysal University, Clinical Researches Ethics Commit-
tee, with Decision No: 2017/169. Head CT images
of the patients who have been admitted to the hos-
pital and requested head CT examination by either
emergency department or neurology department
with minor head trauma, suspicion of intracranial
haemorrhage between November 2017 and April
2018 have been evaluated retrospectively. There
were 41 male and 42 female patients in the sam-
pling. Since the most significant amount of bony
change occurs in the mid-cheek skeleton leading to
a reduction of the bony rim of the PA, the age range
was limited to 21-30 in our study. In our study,
we limited the age range as 21-30 to achieve the
morphometric normative data of the parameters
of the young adults; and wanted to strengthen our
study by separating the cases into two subgroups
as 21-25 and 26-30.

Nasal pyramid and related cranial anatomical struc-
tures of 83 patients were analysed with 3D CT. These
patients had no diseases affecting the structure of
the cranium, did not have maxillofacial congenital
structural anomalies and did not have intracranial
haemorrhage and surgery or any specific findings on
the CT scan.

CT protocol

All patients underwent CT using a 64-slice multi-de-
tector CT (MDCT) device (Revolution EVO, GE healthcare,
Waukesha, WI, the USA) with the same examination
protocol using 64 X 0.5 mm collimation scanner with
a gantry rotation speed of 400 ms/rotation, range of box
450-500, image thickness 5 mm, standard pitch factor
of 0.641, reconstruction interval 0.625 mm and a total
exposure time 11 seconds. Each scan was obtained with
a tube voltage of 120 KV and 320 mAs. Images were
transferred to a separate workstation (GE, Advantage
Workstation 4.4) for measurements.

Measurements

All patients underwent CT examination in supine
position. Axial reconstructed images with 0.625 mm
thickness were obtained from the CT images on the
axial plane, then 3D volume rendered (VR) images
were obtained from these thin slice reconstructed
images. In order to make the measurements, in all
patients, centre of the nasion was brought to the
centre of the transverse plane, and the image with
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Figure 1. lllustration of four parameters related to piriform aperture measurements on three-dimensional reconstruction of computed tomography
scan: 1 — PAH; 2 — PAW; 3 — PAW~FIO; 4 — NSA~N; abbreviations — see text.

the maximum distance between the vertex and the
prosthion was used. All reconstructions, VR image
adjustments and measurements were made manu-
ally by a single neuroradiologist with 5 years of
experience.

A total of 14 measurements including apertura
piriformis and related anatomical parameters were
performed on 3D-reconstructions of facial CT images.
The parameters were measured in millimetres (mm)
and there was one-step measurement accuracy af-
ter the point. In addition, for each patient, the age,
height, weight, gender, and 14 measurements were
recorded in Excel.

Measurements and abbreviations of measured

14 parameters

— The height of PA (PAH) — maximal height of PA
was measured from the rhinion to the anterior
nasal spine;

— The width of PA (PAW) — maximal width of PA
was measured as the widest between the left and
right bone margin on transverse plane;

— The width of PA on the level between of the right
and left foramen infraorbitalis (PAW~FIO) — the
distance between the right and left sides of the PA
was measured in the transverse plane that passed
the foramen infraorbitalis level;

— The distance between anterior nasal spine and
nasion (NSA~N) — NSA~N was measured as the
maximal distance between anterior nasal spine
and nasion (Fig. 1);

— The distance between anterior nasal spine and
prosthion (NSA~Pr) — NSA~Pr was measured
as the maximal distance between anterior nasal
spine and prosthion;
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— The widest distance of cranium (CW) — CW was
measured as the widest point between right and
left side of cranium on transverse plane;
The widest distance of cranium on the level of PA
(CW~PA) — CW~PA was measured as the widest
point between right and left side of cranium on
transverse plane of equivalent of PA;
The distance between right and left FIO (FIO,~FIO,)
— FIO, ~FIO, was measured as the distance be-
tween the midpoint of right FIO and left FIO on
transverse plane;
The distance between vertex and rhinion (V~Rh)
— V~Rh was measured as the maximal distance
between vertex and rhinion (Fig. 2);
The distance between vertex and prosthion (V~Pr)
— V~Pr was measured as the maximal distance
between vertex and prosthion;
The distance between rhinion and right foramen
supraorbitalis (Rh~FSOR) — Rh~FSO, was meas-
ured as the distance between rhinion and the
midpoint of right foramen supraorbitalis (FSO);
The distance between rhinion and left FSO
(Rh~FSO,) — Rh~FSO, was measured as the dis-
tance between rhinion and the midpoint of left FSO;
The distance between rhinion and right FIO (Rh~FIO,)
— Rh~FIO, was measured as the distance between
rhinion and the midpoint of right FIO;
The distance between rhinion and left FIO (Rh~FIO,)
— Rh~FIO, was measured as the distance be-
tween rhinion and the midpoint of left FIO (Fig. 3);
In addition, for each patient, the ratio of the dis-
tance between anterior nasal spine and nasion to the
height of piriform aperture (NSA~N:PAH) and the
ratio of the height of PA to the width of PA (PAH:PAW)
were measured to evaluate the golden ratio.
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Figure 2. lllusttration of five parameters related to cranial anatom-
ical structures on three-dimensional reconstruction of computed
tomography scan; 5 — NSA~Pr; 6 — CW; 7 — CW~PA;

8 — FI0,~FIO ; 9 — V~Rh; abbreviations — see text.

Figure 3. lllusttration of five parameters related to cranial anatom-
ical structures on three-dimensional reconstruction of computed
tomography scan; 10 — V~Pr; 11 — Rh~FSO0,; 12— Rh~FSO;;
13 — Rh~FIO,; 14 — Rh~FI0 ; abbreviations — see text.
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Statistical analysis

The descriptive values of the data were calculated
as mean = standard deviation (SD). The differences
between the genders and the age groups, and also
the interaction of these two factors were analysed by
factorial analysis of variance with two factors. The cor-
relation between the parameters was analysed using
Pearson correlation test. One sample t-test was used
to compare the golden ratio. P < 0.05 was considered
statistically significant in the statistical test results; and
the SPSS (ver. 18) programme was used for analyses.

RESULTS

In the current study, descriptive values of demo-
graphic data of each gender are given in Table 1.
A positive significant correlation was found between
height and Rh~FSO, (r = 0.379, p = 0.013), Rh~FSO,
(r 0.374, p = 0.015) and NSA~N (r 0.321,
p = 0.038) in males. However, there were no signif-
icant relations between any parameters and body
mass index (BMI) or weight. In females, on the other
hand, a positive significant correlation was found
between height and PAW (r = 0.457, p = 0.003),
height and NSA~N (r = 0.332, p = 0.034), and also
weight and PAW (r = 0.351, p = 0.025). However,
no significant relationship could be found between
any parameter and BMI in females.

According to analysis, the interaction between
age groups and gender was not significant for each
variable in Table 2. Also, the mean values of males
were significantly higher than that of females for
all variables (p < 0.01), except V~Rh, Rh~FSOR,
Rh~FSOL, and PAW~FIO variables. When the differ-
ences between the genders are examined according
to changes at the age subgroups, the differences was
seen to be acceptable in both age subgroups.

In addition, when the difference between the two
age groups were examined, it was seen that there
was only a significant difference in CW (p < 0.01),
and this result was not change according to gender.

In addition, the 14 variables in Table 2 were com-
pared to examine whether they complied with the
golden ratio. Only NSA~N:PAH and PAH:PAW were
found to be close to the golden ratio (approximately
equal to 1.618). But, there were found statistically
significant difference between the golden ratio and
mean ratio of the NSA~N:PAH (p = 0.001), which
was high and not complying with the golden ra-
tio. The mean PAH:PAW was also found to be lower
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Table 1. Demographic characteristics of all cases

Female Male
N Mean SD N Mean SD
Height [m] 42 1.63 0.06 4 1.75 0.07
Weight [kg] 42 61.07 11.83 iy 76.65 12.35
Age [years] 42 23.95 343 4 2541 413
BMI [kg/m?] 42 22.99 4.59 4 24.96 3.55

BMI — body mass index; SD — standard deviation

Table 2. The results of the comparisons between age groups and sexes with regard to the measurements performed

Parameters Age groups Female Male P, Pogegroms  Psex x Age grouss
N Mean SD N Mean SD

1 PAH 21-25 30 29.15 2n 20 2n 3.44 0.0001 0.701 0.743
26-30 12 29.62 2.86 21 32.74 231

2 PAW 21-25 30 2223 231 2 2335 1.75 0.005 0.704 0612
26-30 12 21.81 1.32 21 2340 210

3 PAW~FIO 21-25 30 2014 244 20 19.98 1.64 0.480 0.857 0.290
26-30 12 19.73 1.24 21 20.56 1.99

4 NSA~N 21-25 30 49.83 232 20 53.72 214 0.0001 0.223 0.0958
26-30 12 50.70 355 21 54.51 349

5 NSA~Pr 21-25 30 17.36 2.34 20 18.69 201 0.0001 0.229 0223
26-30 12 17.35 1.86 21 19.97 254

6 cw 21-25 30 142,70 6.34 20 146.93 5.02 0.001 0.008 0.526
26-30 12 14604 1072 21 152.30 6.41

7 CW~PA 21-25 30 128.02 3.84 20 136.89 4.42 0.0001 0415 0.699
26-30 12 128.52 4.54 21 138.29 6.90

8 FIO,~FIO, 21-25 30 46.56 3.96 2 49.35 417 0.0001 0.196 0.117
26-30 12 46.30 1.83 21 52.02 470

9  V~fh 21-25 30 111.67 19.99 20 116.20 749 0.430 0.684 0.489
26-30 12 115.03 6.62 21 115.32 5.08

10 V~Pr 21-25 30 161.30 5.78 20 167.26 6.75 0.0001 0.833 0.770
26-30 12 162.01 5.4 21 167.14 6.35

11 Rh~FSQ, 21-25 30 38.60 4.04 2 37.98 430 0.666 0.257 0.841
26-30 12 39.51 4.58 21 39.29 4.16

12 Rh~FSQ 21-25 30 37.65 3.06 20 36.54 5.75 0.715 0.100 0.493
26-30 12 38.68 5.67 21 39.02 437

13 Rh~FIO, 21-25 30 27.88 3.64 20 3050 285 0.0001 0.943 0.580
26-30 12 21.43 2.00 21 30.85 2.95

14 Rh~FO, 21-25 30 27.83 311 2 29.31 24 0.002 031 0.297
26-30 12 21.80 253 21 30.76 3.63

SD — standard deviation; other abbreviations — see text

at a significant level than the mean golden ratio However, when males and females were exam-
(p = 0.001). This parameter did not comply with the ined separately, a significant difference between
golden ratio, either. the mean NSA~N:PAH and the golden ratio was
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Table 3. The mean values of the parameters related to the golden ratio

Sex Golden ratio parameters N Mean Standard deviation P
Male NSA~N:PAH 4 1.6658 0.16671 0.074
PAH:PAW Iy 1.4088 0.16780 0.001
Female NSA~N:PAH 42 1.7244 0.17845 0.001
PAH:PAW 42 1.3352 0.17224 0.001
All cases NSA~N:PAH 83 1.6955 0.17421 0.001
PAH:PAW 83 1.3716 0.17303 0.001

Abbreviations — see text

not found only in males (p = 0.074), which mean
that the NSA~N:PAH ratio was within the golden
ratio limits in males. The PAH:PAW ratio in males,
however, was found not to comply with the golden
ratio. In females, both the NSA~N:PAH and PAH:PAW
ratios were found not to comply with the golden
ratio (Table 3).

As a result, NSA~N:PAH ratio was found to be con-
sistent with golden ratio in males and no ratios were
found to be compatible with golden ratio in females.

DISCUSSION

The PA has an important position since it is at
the centre of the bone structure of the face, it forms
the bone structure of the nasal entrance and it is the
initial part of the respiratory tract [5, 13, 15]. Ob-
taining morphometric data about the PA and related
cranial structures with regard to age, height, gender,
and ethnicity is required for anthropology, forensic
science, and surgical procedures. New morphometric
data obtained by considering the demographic char-
acteristics of the individual, especially ethnic differ-
ences, should be added to the literature with the stud-
ies which investigate the effects of these differences
[2, 21]. The morphometric evaluation of 3D CT tech-
nique is useful for obtaining reliable and objective
data in anatomical studies [10, 18]. Yuzbasioglu et al.
[20] measured the PA length and width, and deter-
mined the PA length, PA width ratio; and evaluated
the PA types of 120 subjects (58.23 + 16.24 age/
/years) by using 3D CT images. In this study, there
was a significant difference between gender groups
in terms of PA length and width. PA length was
33.4 £ 2.9 mm; 3.01 = 0.30 mm and width was
24.6 = 2.1 mm; 23.3 = 0.1 mm, thus the PA length:PA
width ratio was determined as 13.6 + 1.7; 13.0 = 1.7
in males and females, respectively. The PAs were
classified into seven categories according to their
shapes; however, the golden ratio was not evaluated.
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Yuzbasioglu et al. [20] determined the PA length:PA
width ratiowas 1.36 = 0.17 cm in males, and 1.30 =
+ 0.17 cm in females. Yuzbasioglu et al. [20] con-
ducted a study and determined the age range as very
wide. Although they did not divide the groups further
to age subgroups, the rate of PA height to PA width
and the averages of PA height and width were found
to be similar with our study.

Karadag et al. [9] measured the PA width of
80 patients (age range 16-72) by using CT and found
the PAwidthas 18.83 +2.177mmand 18.19 + 1.85 mm
in men and women, respectively. There was no signif-
icant difference (p = 0.18) between gender groups in
terms of PA width. When these results were compared
with ours, it was seen that the PA width value was
lower than that of ours. We believe that the reason for
this might be the fact that the authors of the previous
studies kept the age range very wide and included
non-adult population in their studies.

Abdelaleem et al. [1] conducted a study on gen-
der determination from the PA length, PA width
and PA area in the Egyptian population (age range
19-78 years) by using 3D CT. PA length was found to
be 38.24 + 7.82 mm, 35.12 = 6.05 mm, PA width
30.53 + 6.68 mm and 27.08 = 2.88 mm, in males
and females, respectively. In this study, measurements
revealed that males presented with significantly great-
er mean values than females. When the results were
compared, it was determined that our measurement
value was lower. This might be explained with the
wider age range and different ethnicity. However,
the golden ratio was not evaluated. Citardi et al. [5]
developed a computer paradigm for the assessment
of bony nasal pyramid dimensions by using CT scans;
and reviewed the data obtained from 8 patients (mean
age 37.5 + 20.4 years). Nasal projection from the
nasomaxillary suture to rhinion in the axial plane was
19.20 = 3.10 mm and the nasion nasal projection was
20.61 + 3.52 mm. The averages between sides were
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statistically significant [5]. Naser et al. [10] studied
74 cone-beam CT images obtained from the Iranian
population, and measured the PA width. There was no
significant difference between males (25.67 + 1.79 mm)
and females (23.77 = 2.8 mm) [10].

Prado et al. [16] evaluated radiographs of 97 in-
dividuals (age range 18-36 years) taken by Caldwell
radiographic technique with front-nasal support [16].
In this study, the highest width of the PA, the height
of the PA and area of PA were measured. Mean PA
width was 35 mm in males, and 30 mm in females.

Hommerich et al. [6] measured the upper and low-
er PA width by using 3D CT in participants with an av-
erage age of 47 years. The mean lower PA width was
23.6 £ 0.5 mm in men, and 22.6 = 0.5 mm in wom-
en. The mean upper PA width was 16.0 = 0.3 mm
in men and 15.4 = 0.3 mm in women. In our study,
we limited the age range and included individuals
who between the ages of 21 and 30. Other studies
have kept the age range very wide [1, 9, 20].

In a study by Hommerich et al. [6], the cases were
separated into groups of 10 according to age; and
it was determined that the mean data varied with
age. When the lower width of the piriform aperture
was examined according to age groups, the great-
est standard deviation in the 10-19 age group be-
low the mean value (20.6 mm) was determined to be
2.5 mm, and the mean value of the 40-49 age group,
where the largest standard deviation was found, was
23.8 mm [6]. In our study, when we examined the cases
in the 21-30 age range by separating them into 21-25
and 26-30 age subgroups, no difference between PAW val-
ues according to age groups was found in both genders.

In our study, the correlations of the parameters
with height, weight, and BMI were evaluated. No
correlations were detected with these variables in
other studies.

In the present study, the mean PA height was
32.72 = 2.90 mm in males, and 29.28 + 2.77 mm in
females. The mean PA width was 23.38 = 1.92 mm
in males, and 22.11 = 2.07 mm in females. In the
current study, the dimensions of the PA except for
PAW~FIO were higher in males compared to females.
Other parameters related to cranial anatomical struc-
tures except for Rh~FSO,, Rh~FSO, and V~Rh were
higher in males compared to females.

As a second result of our study, we determined the
golden ratio between the NSA~N:PAH parameters.
The mean NSA~N:PAH value was found to be 1.66 =
+ 0.16in males, and 1.72 + 0.17 in females. Accord-
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ing to our results, only men’s NSA~N:PAH ratio was
in compliance with the golden ratio.

CONCLUSIONS

Knowing the differences between genders is very
important in fields such as forensic medicine, anthro-
pology, and archaeology with regard to determining
human identity [2, 11]. In our study, the difference
between genders was found to be valid in both the
21-25 and 26-30 age groups. These parameters in-
cluded PAH, PAW, NSA~N, NSA~Pr, CW, CW~PA,
FIO,~FIO,, V~Pr, Rh~ FIO,, Rh~FIO,. In other words,
all parameters of the PA and some parameters of the
close cranial structures were found to be significantly
different between the genders.

Additionally, in our study in which we wanted to
determine the morphometric normative data of young
adults and limited the age range to 21-30, when we
considered the difference between age subgroups, we
determined that there were no differences in any of the
parameters in any gender except for the CW. The age
range was not limited and was kept very wide in other
studies and the difference between age groups was
not considered. The difference in the CW parameter
suggested that age should be taken into account when
studies on CW parameters are performed. Through this
study, the morphometric normative data of the other
13 parameters have been obtained for young adults
and have been added to the literature.

Among the parameters related to PA, only the
NSA~N:PAH ratio was found to be within the limits of
the golden ratio in males. When we examined studies
in the literature similar to ours, we found no studies
of the golden ratio and NSA~N:PAH. This ratio was
first detected in our study.

Although we limited the sexual dimorphism criteria
and the age range with 21-30 in the cranial structures
and in PAiin the age group we included in our study, the
results revealed especially the golden ratio and the CW
parameter, which was affected by age. We believe that
these anatomical data will be beneficial in maxillofacial
procedures by plastic and reconstructive surgeons, for
all pre-operative evaluation of surgical procedures, fo-
rensic anthropology and otolaryngology fields.
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