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Abstract
Background/Aim: Piriform aperture, an anatomical structure usually in the form of a pear, is created by
the maxilla and nasal bone. The shape and width of PA have significant effects on nasal breathing and are
also aesthetically important. In the present study, it was aimed to reveal normal morphometric values by
evaluating the craniofacial parameters of young Turkish male cases at the piriform aperture with the help
of computerized tomography.
Methods: A total of six craniofacial parameters were examined from the 3-dimensional computerized
tomography reconstruction images of 103 young adult male cases with golden ratios between the ages of
21 and 30 years. Three indices were calculated from these craniofacial parameters and nine parameters were
evaluated. The cases were divided into four groups according to the ratio of the piriform aperture. The
descriptive values for the data obtained from craniofacial parameters and indices were calculated as mean
and standard deviation. In terms of measurements, the differences between the groups were examined with
ANOVA analysis.
Results: In our study, there were five cases in the 1st group, 39 cases in the 2nd group, 38 cases in the 3rd
group, and 19 cases in the 4th group. Two cases were not included in any of the groups. Significant
differences were detected between the groups in terms of maximum cranial width, bizygomatic width, nasal
width and upper face index parameters (P<0.05).
Conclusion: Differences were detected between the groups in which craniofacial parameters of all male
cases were examined. In the inter-group examination, the craniofacial parameters of only a few cases fit the
golden ratio fully. For this reason, we recommend examining the identifying values of the craniofacial
parameters of more faces on which the piriform aperture is fully compatible with the golden ratio.
Keywords: Golden ratio, Piriform aperture, Facial aesthetics, Craniofacial parameters, Young adult
Turkish males
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Introduction
Piriform aperture (PA) is an anatomical structure usually
in the form of a pear, created by the maxilla and nasal bone from
facial bones [1]. The shape and width of PA have significant
effects on the effectiveness of nasal breathing and are also
aesthetically important because the PA is at the center of the face
[2, 3].
When the limited number of studies conducted on PA
were examined in the literature, it was seen that the effects of
gender and ethnic differences, particularly morphometric
properties, were evaluated [3-5]. Morphometric studies
concentrated on PA height and width parameters, and the golden
ratio related to these parameters were detected by us in male cases
for the first time [6]. Other researchers examining the golden ratio
in PA studied the effect of gender and age on this rate [7].
The golden ratio is approximately 1:1.618, which is
widely found in nature and is believed to represent an excellent
agreement by ancient Greeks. Because of this feature of the golden
ratio, there are studies conducted on facial aesthetics [8-10].
In the literature, the morphometric measurements of the
parameters of the bony structure of the face were not evaluated
among people with the golden ratio. It is also known that facial
bones are affected by aging [11]. For this reason, there are no
studies limiting the age range of cases and investigating the
normal morphometric values of craniofacial parameters of cases
with a golden ratio in the face area.
The purpose of this study was to limit the age range in
Turkish male cases with the golden ratio in PA, evaluate the
craniofacial parameters of young adults with the help of
computerized tomography (CT), and determine the normal
morphometric measurement values of these parameters.

Craniofacial parameters in Turkish males: Golden ratio

• Cases with ratios of at least 1 SD, at most 2 SD from
the golden ratio (1.3324-1.9992) were included in the fourth
group.
Groups are graphically summarized in Figure 1.
Figure 1: Groups formed by the ratio of nasal height to PA height

The six craniofacial parameters of the cases were
measured by a radiologist with 3-Dimensional Computerized
Tomography (3D-CT) reconstruction images of the head; and
three facial indices were calculated from these measurements.
The seven different anatomical points and abbreviations
regarding our parameters are euryon (eu), nasion (n), rhinion (rh),
zygion (zy), alare (al), nasospinale (ns) and prosthion (pr), as
presented in Figure 2.
Figure 2: Image of 7 different anatomic points in craniofacial skeleton

Materials and methods
This study was conducted in Bolu Abant Izzet Baysal
University, Faculty of Medicine, Department of Radiology.
Ethical permission was obtained from Bolu Abant Izzet Baysal
University, Clinical Research Ethics Board on 29.09.2020 with
the decision number of 2020/235. The principles of the Helsinki
Declaration were obeyed when the study was conducted.
In the literature, studies only include young adult male
with a golden ratio of nasal height to PA height (n-ns:rh-ns) [6].
In this study, a total of 103 male cases aged between 21-30 years
were evaluated with head CT images. The age range was limited
because of the age-related change of the body midface skeleton
and the bony tissue on the PA margins [11]. In our previous study
[6], the average ratio of nasal height to PA height was calculated
as 1.6658 (0.16671), which was presented as the golden ratio. In
this study, the cases were divided into 4 groups, considering the
deviations from the golden ratio.
• Cases that were fully compatible with the golden ratio
(1.618) were included in the first group,
• Cases with values ranging between 1.5825-1.7492 were
included in the second group (0.5 standard deviation (SD) from
the golden ratio),
• Cases in the third group had a ratio of 0.5 SD to 1 SD
from the golden ratio (at least 0.5 SD lower to 1 SD higher)
(1.4991-1.8325),

CT protocol
All patients underwent CT with 64-slice Multi-Detector
CT (MDCT) device (Revolution EVO, GE healthcare, Waukesha,
WI, the USA) with the same examination protocol using 64x0.5
mm collimation scanner with a gantry rotation speed of 400
ms/rotation, range of box of 450-500, image thickness of 5 mm,
standard pitch factor of 0.641, reconstruction interval of 0.625 mm
and a total exposure time of 11 seconds. Each scan was obtained
with a tube voltage of 120KV and 320mAs. Images were
transferred to a separate workstation (GE, Advantage Workstation
4.4) for measurements.
Measurements of parameters
A total of 6 different craniofacial parameters were
measured in the head 3D-CT reconstruction images [12,13]. The
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parameters were measured in millimeters (mm) and had a onedecimal measurement sensitivity. In addition, the age and six
craniofacial parameter measurements were recorded for each
patient in Excel Program.
1) Piriform aperture height (rh-ns): It is the distance
between rhinion and nasospinale points.
2) Nasal height (n-ns): It is the distance between nasion
and nasospinale points.
3) Upper face height (n-pr): It is the distance between
nasion and prosthion points (Figure 3).
4) Maximum cranial width (eu-eu): This measurement,
which is also called as maximum transverse width, is the distance
between the euryon points on both parietal bones.
5) Bizygomatic width (zy-zy): This measurement,
which is called face width, is the distance between the zygion
points, i.e. the most lateral points on the zygomatic arcs.
6) Nasal width (al-al): It is the distance between the
most lateral points of nasal alaria (Figure 4).
Figure 3: The representation of the 3 craniofacial parameters on 3D-CT reconstruction: 1) rhns; 2) n-ns; 3) n-pr

Craniofacial parameters in Turkish males: Golden ratio

From the six craniofacial parameters measured, three
indices were calculated using zy-zy, eu-eu, n-pr, al-al and n-ns
parameters.
The explanations and abbreviations of the three
indices calculated:
1) Transverse Craniofacial Index (TCFI): Calculated
as (zy-zy) / (eu-eu) x 100.
2) Upper Face Index (UFI): Calculated as (n-pr) / (zyzy) x 100.
3) Nasal Index (NI): Calculated as (al-al) / (n-ns) x 100.
Statistical analysis
The descriptive values of the data obtained were
calculated as mean (Standard deviation). The fitness of the
measurements to normal distribution was evaluated with the
Kolmogorov-Smirnov Test, and the differences between the
groups were examined with the ANOVA Model. Significant
differences were determined with the Post-Hoc Tukey Test.
P<0.05 was considered significant, and the SPSS (ver. 23)
Program was used for calculations.

Results
A total of 103 cases aged between 21-30 years were
examined in four groups. There were five cases in the 1st group,
39 cases in the 2nd group, 38 cases in the 3rd group, and 19 cases
in the 4th group. Two cases were not included in any of the groups.
The descriptive values of all cases are presented in Table 1.
The cases were grouped considering the mean and
standard deviation values of the golden ratio index of PA. In the
1st group, the mean age of five patients who fully complied with
the golden ratio of 1.618 was 27.80 (3.35) years. The craniofacial
parameters of these cases are presented in Table 2.
Table 1: The descriptive values of 103 male cases with the golden ratio

Figure 4: The representation of the 3 craniofacial parameters on 3D-CT reconstruction: 4) eueu; 5) zy-zy; 6) al-al

n=103
Age (years)
Golden ratio (n-ns:rh-ns)
rh-ns (mm)
n-ns (mm)
n-pr (mm)
eu-eu (mm)
zy-zy (mm)
al-al (mm)
TCFE (zy-zy:eu-eu)
UFI (n-pr:zy-zy)
NI (al-al:n-ns)

Mean
25.45
1.667
32.34
53.65
73.78
152.87
139.94
24.11
91.60
52.76
45.01

SD
3.58
0.14
2.23
2.41
3.66
6.80
5.17
1.80
2.43
2.65
3.53

Minimum
21
1.368
25.60
49.10
66.90
137.10
124.70
20.30
86.05
47.61
35.30

Maximum
30
2.019
38.90
64.60
85.40
167.80
150.60
27.90
97.00
61.46
51.06

SD: Standard Deviation

Table 2: The descriptive values of the craniofacial parameters and indices of the male cases in
group 1
n=5
Golden ratio (n-ns:rh-ns)
rh-ns (mm)
n-ns (mm)
n-pr (mm)
eu-eu (mm)
zy-zy (mm)
al-al (mm)
TCFE (zy-zy:eu-eu)
UFI (n-pr:zy-zy)
NI (al-al:n-ns)

Mean
1.6143
32.82
52.95
72.44
154.36
139.24
23.88
90.26
52.02
45.09

SD
0.0023
0.63
1.00
3.60
7.15
4.59
1.45
1.99
1.60
2.98

Minimum
1.6110
32.30
52.10
67.90
147.20
135.90
21.70
88.58
49.27
41.33

Maximum
1.6161
33.60
54.30
77.50
165.30
147.20
25.60
92.55
53.46
49.04

The mean age of 39 individuals in Group 2, who had the
closest value to the golden ratio, was 24.97 (3.55) years. The
craniofacial parameters of these cases are given in Table 3.
In the 3rd group, there were 38 cases with a mean age of
25.79 (3.50) years. The craniofacial parameters of these cases are
given in Table 4.
Group 4 comprised 19 cases with a mean age of 24.89
(3.90) years. The craniofacial parameters of these cases are
presented in Table 5.
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Table 3: The descriptive values of the craniofacial parameters and indices of the male cases in
group 2
n=39
Golden ratio (n-ns:rh-ns)
rh-ns (mm)
n-ns (mm)
n-pr (mm)
eu-eu (mm)
zy-zy (mm)
al-al (mm)
TCFE (zy-zy:eu-eu)
UFI (n-pr:zy-zy)
NI (al-al:n-ns)

Mean
1.6587
32.04
53.08
74.04
155.67
141.75
23.53
91.15
52.24
44.36

SD
0.0568
1.36
1.59
2.95
7.50
4.43
1.59
2.11
1.71
3.30

Minimum
1.583
28.20
49.10
68.60
137.10
130.40
20.80
88.34
49.68
37.01

Maximum
1.744
35.00
58.90
79.10
167.80
148.50
26.30
95.36
58.47
50.00

SD: Standard Deviation

Table 4: The descriptive values of the craniofacial parameters and indices of the male cases in
group 3
n=38
Golden ratio (n-ns:rh-ns)
rh-ns (mm)
n-ns (mm)
n-pr (mm)
eu-eu (mm)
zy-zy (mm)
al-al (mm)
TCFE (zy-zy:eu-eu)
UFI (n-pr:zy-zy)
NI (al-al:n-ns)

Mean
1.6256
33.08
53.59
72.89
151.82
139.28
24.69
91.77
52.39
46.13

SD
0.1197
1.78
2.09
3.14
5.35
5.33
1.55
2.64
2.88
3.25

Minimum
1.504
29.20
50.50
66.90
142.10
124.70
21.10
86.09
47.61
36.30

Maximum
1.820
37.40
58.40
79.10
161.00
150.60
27.00
97.00
61.46
51.06

Table 5: The descriptive values of the craniofacial parameters and indices of the male cases in
group 4
n=19
Golden ratio (n-ns:rh-ns)
rh-ns (mm)
n-ns (mm)
n-pr (mm)
eu-eu (mm)
zy-zy (mm)
al-al (mm)
TCFE (zy-zy:eu-eu)
UFI (n-pr:zy-zy)
NI (al-al:n-ns)

Mean
1.7444
31.59
54.35
74.40
148.93
137.46
23.97
92.33
54.15
44.19

SD
0.2296
3.84
3.14
4.61
6.05
5.62
2.33
2.59
3.02
4.35

Minimum
1.368
25.60
50.10
68.50
138.30
125.90
20.30
86.05
49.68
35.30

Maximum
1.996
38.90
60.90
84.50
160.60
147.50
27.90
96.49
59.29
50.80

Two cases with a mean age of 27.50 (2.12) years were
incompatible with the golden ratio and not included in the study
groups. The craniofacial parameters of these cases were as
follows: n-ns:rh-ns: 2.0111±0.0108, rh-ns: 30.25±2.47 mm, n-ns:
60.85±5.30 mm, n-pr: 83.25±3.04 mm, eu-eu: 152.15±0.07 mm,
zy-zy: 142.20±0.85 mm, al-al: 26.60±0.28 mm, TCFE:
93.46±0.51, UFI: 58.54±1.79 and NI: 43.86±3.36.
The mean ages of the groups were similar (P=0.374). In
terms of all the parameters that were examined, the mean values
of only group 4 were significantly lower in terms of eu-eu
measurements compared to the mean values of the 1st and 2nd
groups (P=0.005). In terms of the other parameters (i.e. zy-zy
measurements), the mean value of only group 4 was significantly
lower than the mean value of the 2nd group (P=0.033). In terms of
al-al measurements, which is the PA width, the mean value of
group 3 was significantly higher than the other groups (P=0.014).
The mean UFI value of group 4 was significantly higher compared
to the 1st, 2nd, and 3rd groups (P=0.001). No significant differences
were detected between the groups in terms of other features not
defined above (P>0.05).

Discussion
Anthropometry is the biological science of human body
measurements [14]. Radiological imaging methods in
anthropometric studies are modern methods which decrease the
time and costs needed for analyses [15]. In our study, the purpose
was to examine the craniofacial parameters of male cases with a
golden ratio in the PA skeleton with the help of CT, and to
interpret the relations of these parameters with different golden
ratio groups.

According to the results of our study, differences were
found in eu-eu, zy-zy, al-al, and UFI values among the four
groups.
The n-ns:rh-ns indices in AP were fully compatible with
the golden ratio in five individuals who were included in Group 1
(4.85%). The distribution frequency of the cases with a similar
golden ratio index was not equal among the other three groups.
However, the craniofacial parameters of all young adult males in
four groups varied among the groups except for 2 cases that were
not compatible with the golden ratio.
Studies that investigate PA in morphometric terms are
limited in the literature. The golden ratio in PA was first detected
in our study [6]. The study of Kabakci et al. [7] on the golden ratio
was conducted considering the effects of age and gender on the
index between PA height and PA width. It was found that although
there was no difference between the genders in this index, there
was a difference between age groups. This shows that the PA
skeleton is affected by age. In our study, the normative data of the
craniofacial parameters were obtained by limiting the age range of
the cases by ensuring that the measurement values of the
craniofacial skeleton may be affected by age.
In another study conducted with the help of CT on PA,
PA height, PA width and the indices between PA height and PA
width were evaluated in 120 cases [16]. In this study, a difference
was detected between gender groups in terms of PA height, PA
width and PA height and PA width. Only the nasal bone sizes were
examined as craniofacial parameters in male cases in which the
PA length was 3.34±0.29 cm. In a different study conducted with
the help of CT, the PA length was 38.24±7.82 mm [17]. In the
study investigating the upper and lower width of PA according to
age groups, the mean PA subwidth was 23.6±0.5 mm among
males [2]. Other studies assessing the PA width did not evaluate
the craniofacial parameters [18, 19].
In the present study, the age range was limited, and
individuals between 21 and 30 of age were included. In other
studies, the age ranges were very wide [16-19]. Hommerich et al.
[2] conducted a study and found that the mean of the data varied
with age after they categorized their cases in terms of age into
groups of ten. The PA subwidth was 23.6 mm on average among
male cases. In our study, PA width was 23.29±1.86 mm and PA
height was 32.74±2.94 mm. Although the age ranges in these
studies were different, the results were similar to ours except for
the value of PA width parameter reported in the study of
Abdelaleem et al. [17].
Dry bone studies of craniofacial parameters on the
cranium investigated the distance between the anthropometric
points of 149 male craniums, revealing a range of 43.41±12.88
mm, and the following mean values: eu-eu: 140.86±10.76 mm, nns: 51.25±3.88 mm, n-pr: 68.85±5.41 mm, zy-zy: 127.02±5.97
mm and al-al: 25.83±2.72 mm [20].
In another study, the parameters of 44 male craniums
with unknown age were evaluated, and the following values were
reported: zy-zy: 128.9±4.41 mm, rh-ns: 53.7±3.54 mm, al-al:
24.8±2.21 mm and n-pr: 71.3±3.91 mm. The craniofacial
parameters of 90 males with a high average age (68.94 (13.41)
years) were examined to yield the following values: zy-zy:
130.54±5.13 mm, n-pr: 69.38±6.56 mm, al-al: 23.98±2.54 mm
and rh-ns: 51.60±3.04 mm [13]. The fact that the measurements
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were not performed with the help of CT, the variety of anatomical
points to measure, and the different age range make the study
results difficult to compare. In our study, these parameters were as
follows: rh-ns: 32.34±2.23 mm, n-ns: 53.65±2.41 mm, n-pr:
73.78±3.66 mm, zy-zy: 139.94±5.17 mm, al-al: 24.11±1.80 mm
and eu-eu: 152.87±6.80 mm.
Some researchers analyzed craniofacial skeletal
parameters; however, until now, no studies evaluated the
craniofacial parameters and relevant indices of the cases with a
golden ratio in the face.
The present study provided new data for the analysis and
interpretation of the anatomical characteristics of craniofacial
parameters of male young adults with the golden ratio at the center
of the facial skeleton. Detailed data are provided in our results for
professionals interested in plastic surgery, maxillofacial surgery,
and anthropometry with a better understanding of this complex
clinical anatomic area, which as aesthetic significance.
Conclusion
The descriptive values of the craniofacial parameters of
young adult Turkish males with a golden ratio in PA were
determined with the results of our study. Differences were found
in some craniofacial parameters between the groups. In this intergroup study, the craniofacial parameters of only five males fully
met the golden ratio at PA. We recommend that further studies are
conducted with an increased number of individuals with golden
ratios at PA and the descriptive values of the craniofacial
parameters of these cases are examined.
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