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Abstract
Background  This study aimed to perform a comprehensive morphometric analysis of the epiglottis using cone-
beam computed tomography (CBCT) images, including the determination of epiglottis dimensions, the investigation 
of shape variations, and the assessment of their relationship with gender and age.

Methods  A retrospective analysis was conducted on high-quality CBCT images from 100 patients, obtained using 
the NewTom 5G system. In CBCT images, epiglottis thicknesses (right, midline, left) and horizontal angle at three levels 
(suprahyoid, hyoid, infrahyoid) were measured in axial sections, while the length and vertical angle of epiglottis were 
measured in midsagittal view. Epiglottis shapes were identified through 3D visualization.

Results  The midline epiglottis thicknesses were 4.68 mm at the suprahyoid level, 5.51 mm at the hyoid level, and 
6.80 mm at the infrahyoid levels. Epiglottis thicknesses and length were statistically significantly greater in males. 
Of the 100 patients, 51 had a normal curvature, 41 had a flat epiglottis, and 8 had an omega epiglottis. The omega-
shaped epiglottis was significantly longer compared to both the flat and normal curvature types (p = 0.011). There was 
a positive correlation between age and epiglottis thicknesses at the suprahyoid level and horizontal angles at three 
levels.

Conclusions  This study visualizes epiglottis morphology and uncovers significant morphometric differences. Males 
exhibit greater epiglottis thickness and length compared to females, while the omega-shaped epiglottis is notably 
longer than other types. These findings underscore the need for further investigation into the clinical relevance 
of these morphometric differences, particularly in improving airway management and refining approaches to 
swallowing function.
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Introduction
The epiglottis is a leaf-like shaped cartilage located poste-
rior to the hyoid bone and tongue, protruding superiorly 
[1]. It is a component of the larynx that connects to hyoid 
bone and thyroid cartilage. Its main function is to pro-
tect the airway during swallowing and prevent food or 
liquids from entering the trachea [2]. The epiglottis is an 
important anatomical structure that must be considered, 
especially during intubation. During the procedure, epi-
glottis may fold, edema may occur, and injuries may even 
cause hematoma. These iatrogenic injuries can lead to 
difficulty swallowing, sore throat, and hoarseness, nega-
tively affecting the patient’s quality of life [3]. The clinical 
importance of epiglottis extends beyond this. Acute epi-
glottitis is a potentially life-threatening disease involving 
bacterial inflammation of the supraglottic and epiglottic 
structures, causing airway obstruction. The most com-
mon symptoms are odynophagia, dysphagia and voice 
change. To avoid life-threatening complications of acute 
epiglottitis, it must be treated quickly and carefully [4]. 
Literature reports indicate that the anterior-posterior 
diameter of the epiglottis in patients with acute epiglot-
titis differs significantly compared to healthy individuals 
[5]. It is essential to determine the normal value range of 
epiglottis thickness to distinguish between normal and 
abnormal epiglottis and to provide reference for other 
pathologies.

Current literature includes only a limited number of 
studies focused on the morphology of the epiglottis, 
assessing key features such as its length [3, 6], thickness 
[7], and shape [8, 9]. These studies have employed vari-
ous imaging modalities, including magnetic resonance 
imaging (MRI) [3], computed tomography (CT) [6, 7], 
and ultrasonography [10], to assess the morphometry 
of the epiglottis. While MRI provides the most accurate 
depiction of soft tissue shapes, it suffers from noise and 
long scanning times. CT imaging offers multiple slices 
in different orthogonal planes with minimal thickness, 
but its main drawback is the radiation dose. Cone-beam 
computed tomography (CBCT) is ideal option for 3D 
imaging, enabling effective differentiation between soft 
tissues and bony structures [11]. It can reduce radiation 
exposure by one-fifth while maintaining image quality 
[12]. CBCT is an alternative to CT for examining oro-
pharynx morphology with lower cost and radiation dose, 
providing images similar to those obtained with low-
dose CT protocols [13]. One of the key advantages of 
CBCT imaging is its capacity to generate a range of 3D 
visualizations and multi-planar reformats from isotropic 
volumetric data. Isotropic image data ensures consistent 
image quality regardless of the projection orientation of 
the reformatted slices. This significantly aids in studying 
the complex 3D anatomy of structures and performing 
linear measurements with high reliability and precision 

[14]. However, to date, no study has specifically examined 
the morphometry of the epiglottis using CBCT. This gap 
highlights the significance of our research, which aims to 
leverage CBCT technology to provide new insights into 
the comprehensive morphology of the epiglottis.

This retrospective study aimed to determine the nor-
mal thickness of the epiglottis, determine the frequency 
of epiglottis shapes on 3D images and investigate their 
relationship with gender and age in the Turkish subpopu-
lation, using CBCT for analysis.

Materials and methods
In this study, CBCT images taken for various purposes 
such as diagnosis of pathological formations in the jaws, 
planning of dental implants or orthodontic surgery, and 
examination of impacted teeth at the Department of 
Oral and Maxillofacial Radiology, Faculty of Dentistry, 
Izmir Katip Celebi University between January 2020 and 
December 2020 were retrospectively examined. Of the 
125 patients examined, 25 were excluded from the study. 
The inclusion criteria were clear visualization of the epi-
glottis, artifact-free CBCT images, and patients aged 18 
years and older. The exclusion criteria were the history 
of surgery or trauma in the head and neck region, pres-
ence of pathology in the laryngopharyngeal region, sleep 
apnea, and closed epiglottis. Sample size calculation was 
conducted using G*Power 3.1.9.7 software. The mini-
mum sample size was 98 with 0.665 effect size, 5% signifi-
cance level, and 0.90 power [7]. The patients’ ages were 
grouped as 18–30, 31–50, and ≥ 51 years.

All images were obtained using a CBCT device (New-
Tom 5G, Quantitative Radiology, Verona, Italy) operat-
ing at 110 kVp. The field of view (FOV) of the evaluated 
images was 15 × 12 cm and the voxel size was 0.200 mm. 
Reconstruction and evaluation of images were performed 
using NNT Viewer version 8.0 computer software (New-
Tom - Quantitative Radiology; Verona, Italy). All CBCT 
scans in this study were performed with the patient’s 
mouth closed and in the supine position. All measure-
ments were made by one observer - an oral and maxillo-
facial radiologist with more than five years of experience. 
The intraobserver agreement was assessed using the 
intraclass correlation coefficient (ICC) with measure-
ments made on twenty randomly selected images after 2 
weeks.

For image reconstruction, the patient’s position was 
adjusted parallel to the fourth/fifth cervical disc space. 
In the sagittal sections, the hyoid level (a line parallel 
to the upper edge of the hyoid bone), suprahyoid level 
(4  mm superior to the hyoid level) and infrahyoid level 
(4 mm inferior to the hyoid level) were determined. Epi-
glottis thickness was measured in axial sections at these 
three levels determined in sagittal sections. The epiglottis 
thickness was determined at 3 points at each level: right 
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side, midline, and left side. The thicknesses on the right 
and left sides were measured 5 mm away from the mid-
line [7]. The horizontal angle of the epiglottis between 
the right and left sides was determined (Fig. 1).

The length of the epiglottis (from the free edge to the 
level of the lower border of the hyoid bone) and verti-
cal angle of the epiglottis (the angle between the vertical 
plane and the long axis extending tangentially from the 
anterior surface of the epiglottis to the tip of its free edge) 
were measured in the midsagittal view (Fig. 2).

A 3D reconstruction of the images was performed. The 
images were examined from a superior perspective and 
the shape of the epiglottis was noted. Epiglottis shapes 
were divided into three groups: omega (sharply curved - 
less than 90°), normally curved and flat epiglottis (Fig. 3). 

If there was no anterior convexity in the medial part of 
the epiglottis, it was classified as flat [8].

Statistical analysis was performed with the IBM SPSS 
Statistics Version 26.0 software package (IBM Corp.; 
Armonk, New York, USA). The Shapiro-Wilk test indi-
cated that the distribution of the data was normal. 
Group mean differences were analyzed using t tests and 
one-way ANOVA, with the Tukey test used for pairwise 
comparisons. The Chi-square test was used to compare 
qualitative variables. Correlations between variables were 
determined using the Pearson correlation coefficient. The 
significance level in all statistical analyses was p < 0.05.

Fig. 1  The measurement of epiglottis thicknesses and angles at three levels: (a-b) Suprahyoid level, (c-d) hyoid level, (e-f) infrahyoid level. In sagittal sec-
tions, the blue line indicates the level. In axial sections, bi-directional arrows indicate right, midline, and left thicknesses
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Results
The intra-observer agreement, assessed by the ICC val-
ues (95% CI), ranged from 0.91 to 0.96. In the study, the 
epiglottis region of 100 patients, 60 women and 40 men, 
aged between 18 and 85 (mean age: 40.29 ± 17.13 years) 
was examined.

The comparison of epiglottis measurements accord-
ing to gender and age groups is shown in Table  1. The 
epiglottis length and epiglottis thickness at suprahyoid 
and hyoid levels were statistically significantly higher in 
men. Conversely, the vertical angle of the epiglottis and 
the horizontal angle of the epiglottis at the suprahyoid 
level were greater in women. Significant differences were 
found in epiglottis thickness at the suprahyoid level and 
horizontal angles at the three levels according to age 
groups. There were no significant differences in epiglottis 
length and vertical angle between age groups. Addition-
ally, epiglottis thicknesses (right, midline, left) increased 
significantly from the suprahyoid to infrahyoid level 
(p < 0.05).

Among the 100 patients, 51 had a normal epiglottis 
curvature, 41 had a flat epiglottis, and 8 had an omega-
shaped epiglottis. Epiglottis length (p = 0.011) and hori-
zontal angles (p = 0.000) varied significantly by shape, but 
no difference was found in the vertical angle (p > 0.05). 

The omega-shaped epiglottis was significantly longer 
than both the flat and normal curvature types (Table 2).

There was no significant difference in epiglottis shapes 
by gender (p = 0.102), but a significant difference was 
found across age groups (p = 0.000). In the 18–30 age 
group, 78.8% had a normal epiglottis curvature. In the 
31–50 and 51 + age groups, 56.8% and 63.3% respectively 
had flat epiglottis. Of the omega-shaped epiglottis cases, 
six were found in individuals aged 18–30, two in those 
aged 51 and over, and none in the 31–50 group.

Table  3 shows the correlations of age and epiglottis 
measurements. A weak positive correlation was observed 
between age and epiglottis thickness at the suprahyoid 
level, as well as horizontal angles at three levels. There 
was no significant correlation between age and the length 
and vertical angle of epiglottis.

Discussion
In the present study, we retrospectively analyzed the 
morphometry of the epiglottis using CBCT in 100 
patients from the Turkish subpopulation. Our findings 
provide detailed radio-morphometric values of the epi-
glottis. To the best of our knowledge, this is the first study 
to utilize CBCT for the morphological examination of 
epiglottis. We believe that this study will assist clinicians 
in diagnosing epiglottic abnormalities more effectively 

Fig. 3  The 3D shapes of the epiglottis. (a) Omega, (b) normal curvature, (c) flat

 

Fig. 2  Epiglottis measurements in midsagittal view. (a) Epiglottis length, (b) epiglottis vertical angle
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and enhance awareness of this anatomical region among 
oral and maxillofacial radiologists.

The dimensions and positions of anatomical structures 
in the oropharyngeal region, including the hyoid bone, 
epiglottis, soft palate and tongue, vary depending on 
gravity and therefore the patient’s position. A notable dif-
ference between CBCT and CT is the patient’s position 
during the scan. CT scans are typically performed in the 
supine position [15]. CBCT allows for greater flexibil-
ity, with patients scanned in sitting, standing, or supine 
positions, depending on the device used [16]. Sutthip-
rapaporn et al. [17] reported that the epiglottis moves 

6.8  mm caudally when transitioning from a supine to 
an upright sitting position and 3  mm posteriorly when 
moving from an upright to a supine position. Recogniz-
ing these positional differences is essential to prevent 
potential misdiagnosis. In the present study, all CBCT 
scans were performed with the patient in the supine posi-
tion. The supine position is frequently preferred in clini-
cal settings, particularly during procedures like surgery 

Table 1  The comparison of epiglottis measurements according to gender and age groups
Gender Age groups
Female
Mean (SD)
N:40

Male
Mean (SD)
N:60

p 18–30
Mean (SD)
N:33

31–50
Mean (SD)
N:37

51+
Mean (SD)
N:30

p Total

Suprahyoid level
  Right 2.84 (0.71) 3.45 (0.82) 0.000* 2.82 (0.74)a 3.08 (0.88)ab 3.37 (0.71)b 0.026** 3.08 (0.81)
  Midline 4.31 (0.86) 5.24 (0.75) 0.000* 4.40 (0.78)a 4.62 (0.82)ab 5.06 (1.11)b 0.019** 4.68 (0.93)
  Left 2.74 (0.72) 3.26 (0.64) 0.000* 2.68 (0.61)a 3.03 (0.85)ab 3.14 (0.63)b 0.028** 2.95 (0.73)
  Horizontal Angle 139.53 (21.68) 127.35 (32.68) 0.027* 122.64 (27.95)a 142.22 (20.73)b 138.55 (29.75)b 0.006** 134.66 (27.14)
Hyoid level
  Right 3.62 (0.80) 4.30 (0.77) 0.000* 3.72 (0.88) 3.92 (0.95) 4.04 (0.67) 0.315 3.89 (0.85)
  Midline 5.22 (1.21) 5.96 (1.02) 0.002* 5.30 (1.29) 5.44 (1.10) 5.84 (1.15) 0.183 5.51 (1.19)
  Left 3.50 (0.85) 4.20 (0.60) 0.000* 3.63 (0.85) 3.63 (0.83) 3.87 (0.83) 0.487 3.78 (0.83)
  Horizontal Angle 127.35 (20.58) 117.84 (27.30) 0.065 113.71 (20.73)a 129.57 (18.62)b 126.94 (29.44)ab 0.012** 123.55 (23.84)
Infrahyoid level
  Right 4.08 (0.67) 4.71 (0.82) 0.000* 4.30 (0.94) 4.28 (0.65) 4.43 (0.79) 0.737 4.33 (0.79)
  Midline 6.65 (1.13) 7.00 (1.15) 0.145 6.62 (1.35) 6.71 (1.03) 7.10 (1.00) 0.212 6.80 (1.14)
  Left 3.96 (4.57) 4.50 (0.71) 0.000* 4.19 (0.87) 4.21 (0.71) 4.21 (0.75) 0.995 4.20 (0.77)
  Horizontal Angle 114.14 (21.44) 108.33 (21.20) 0.186 102.16 (18.42)a 117.47 (19.01)b 115.46 (24.17)b 0.005** 111.18 (21.43)
Length 22.09 (3.20) 26.05 (3.91) 0.000* 23.40 (4.15) 23.41 (3.99) 24.29 (3.87) 0.601 23.67 (3.99)
Vertical Angle 29.38 (5.90) 33.02 (6.70) 0.005* 32.44 (7.30) 29.21 (4.51) 31.07 (7.18) 0.109 30.84 (6.45)
*Statistically significant at level p < 0.05 (independent samples t test), ** Statistically significant at level p < 0.05 (ANOVA test)

The lowercase superscript indicates statistical differences within row (Tukey test post hoc analysis), N: Number of patients, SD: Standard deviation

Table 2  The relationship between the angles and length of the 
epiglottis and its shapes

Shapes of Epiglottis
Omega
Mean (SD)

Normal 
Curvature
Mean (SD)

Flat
Mean 
(SD)

p 
value

Length 27.65 (3.61)a 23.15 (3.81)b 23.54 
(3.93)b

0.011*

Vertical Angle 34.21 (8.15) 31.33 (6.10) 29.57 
(6.37)

0.131

Suprahyoid level
Horizontal angle

74.86 (14.14)a 128.55 
(18.09)b

153.92 
(15.37)c

0.000*

Hyoid level
Horizontal angle

79.85 (20.36)a 116.59 
(15.62)b

140.73 
(16.81)c

0.000*

Infrahyoid level
Horizontal angle

87.02 (24.81)a 106.11 
(18.38)b

123.75 
(17.21)c

0.000*

* Statistically significant at level p < 0.05 (ANOVA test)

The lowercase superscript indicates statistical differences within row (Tukey 
test-post hoc analysis), SD: Standard deviation

Table 3  The correlations between epiglottis measurements and 
age

r value p value
Suprahyoid level
  Right 0.233 0.02*
  Midline 0.297 0.003**
  Left 0.259 0.009**
  Horizontal Angle 0.217 0.03*
Hyoid level
  Right 0.156 0.122
  Midline 0.174 0.083
  Left 0.109 0.279
  Horizontal Angle 0.206 0.04*
Infrahyoid level
  Right 0.048 0.635
  Midline 0.141 0.161
  Left 0.013 0.895
  Horizontal Angle 0.221 0.027*
Length 0.101 0.315
Vertical Angle -0.046 0.652
*Correlation is significant at the 0.05 level (two-tailed), **Correlation is 
significant at the 0.01 level (two-tailed), r: Pearson correlation coefficient
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or general anesthesia. Studying the morphology of the 
epiglottis in this position offers valuable insights for cli-
nicians working in these environments. Furthermore, 
previous research has also examined epiglottis in the 
supine position, validating our methodological approach 
and enabling easier comparisons with other studies. 
Nonetheless, we recognize that certain aspects, such as 
the vertical angle of the epiglottis, may vary depending 
on the patient’s position. Future studies could explore 
these variations by comparing CBCT images taken in dif-
ferent positions, providing a more comprehensive under-
standing of epiglottis morphometry.

Pathologies such as cysts [18], papilloma [19], heman-
gioma [20], schwannoma [21] and even osteosarcoma 
[22] can occur in the epiglottis region. CBCT images, 
frequently used in dentistry for various purposes, may 
incidentally capture epiglottic pathologies. Thus, early 
detection and referral of patients can be facilitated. Oral 
and maxillofacial radiologists must be knowledgeable 
about the anatomical structures and pathologies that may 
be incidentally encountered in the imaging field.

Obstructive sleep apnea (OSA) is a multifactorial disor-
der characterized by recurrent obstructive hypopnea and 
apnea during sleep. Upper airway obstruction includes 
the velopharynx, oropharyngeal lateral wall, tongue, and 
epiglottis (VOTE) classification [6]. Recent studies have 
highlighted the role of the epiglottis in OSA, either alone 
or in combination with other pharyngeal structures [8]. 
However, there is no consensus on its significance in 
the management and evaluation of OSA, and research 
is ongoing [23, 24]. Kuo et al. [6] examined factors lead-
ing to epiglottic collapse (EC) in 35 OSA patients, find-
ing a significant difference in epiglottic length between 
the EC group (21.2 ± 3.9  mm) and the non-EC group 
(15.8 ± 2.9  mm) (p < 0.001). They noted the potential 
link between epiglottis collapse and elongated epiglot-
tis. In this study, the overall mean epiglottis length was 
23.67 ± 3.99  mm, with men measuring 26.05 ± 3.91  mm 
and women 22.09 ± 3.20 mm, showing significant gender 
differences (p = 0.000). These measurements were higher 
than those in Kuo et al.’s study [6], likely due to differ-
ences in measurement methods. Kuo et al. [6] measured 
from the free edge to the base of the epiglottis in a mid-
sagittal view without a defined specific reference point. 
In this study, epiglottis length was measured from its free 
edge to the lower border of the hyoid bone, which served 
as the reference point.

Previous studies have evaluated the shapes of the 
epiglottis in OSA patients [8, 9]. Gazayerli et al. [9] 
reported that high body weight in OSA patients could 
lead to an epiglottis deformity (omega shape), caus-
ing chronic collapse of the retroglottal airway during 
sleep. Delakorda and Ovsenik [8], reported that the 
epiglottis is flat in patients with obstruction at the 

base of the tongue or the epiglottis. In their study, 
52.5% of individuals with OSA had normal curvature, 
37.1% had flat, and 11.4% had omega epiglottis. They 
also noted that the shape of the epiglottis did not differ 
in the supine position and the awake sitting position 
during drug-induced sleep endoscopy. In our study, 
among the 100 patients without a history of sleep-
breathing disorders, 51 had normal curvature, 41 had 
flat epiglottis, and 8 had omega epiglottis. During the 
CBCT scan, the patients were awake and in supine 
position. The similarity of epiglottis shape ratios is 
noteworthy. Additionally, we investigated the rela-
tionship between the shape and length of the epiglot-
tis. The mean length of the omega-shaped epiglottis 
(27.65 ± 3.61  mm) was statistically significantly higher 
than the other two shapes. Individuals with omega-
shaped epiglottis may be predisposed to OSA due to 
epiglottic collapse, which may result from the length of 
the epiglottis rather than its shape. More clinical stud-
ies are needed to understand the normal morphology 
of epiglottis and the relationship between epiglottis 
shapes, length and OSA.

The epiglottis morphology shows distinct differences 
between children and adults due to developmental and 
age-related changes. In children, the epiglottis is softer 
and more flexible, resulting in considerable shape vari-
ation. It often takes on an elongated, tubular form, or 
occasionally an omega shape, which is also commonly 
observed in cases of laryngomalacia. Laryngomala-
cia occurs when the supraglottic structures, including 
the epiglottis and aryepiglottic folds, collapse during 
inspiration. This collapse leads to respiratory obstruc-
tion and sleep apnea [25]. Although some studies, such 
as that by Cicekcibasi et al. [26], have investigated 
the morphometric development of the fetal and pedi-
atric larynx, there is a lack of comprehensive studies 
specifically focusing on the epiglottis morphology in 
pediatric populations. Our study, which utilized three-
dimensional CBCT imaging, has provided valuable 
insights into the adult epiglottis morphology. How-
ever, further research is necessary to explore epiglottis 
morphology in children. Such studies would enable a 
deeper understanding of the development and varia-
tion of the epiglottis across different age groups.

In study by Baba et al. [7], the thickness of the epi-
glottis was assessed in 79 patients using CT, reveal-
ing midline thicknesses of 3.8, 4.7, and 6.3 mm at the 
suprahyoid, hyoid, and infrahyoid levels, respectively. 
They reported that all epiglottis thicknesses were sig-
nificantly higher in men. In our study, themidline 
epiglottis thicknesses were 4.68, 5.51 and 6.80  mm at 
the same levels. Except for the midline thickness at 
the infrahyoid level, the right, left and midline thick-
nesses at other levels were significantly higher in men. 
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Compared with the previous study, the greater epiglot-
tis thickness may be due to sample size, differences in 
imaging techniques, and ethnic diversity. Baba et al. [7] 
also observed a significant increase in thickness from 
the suprahyoid level to the infrahyoid level, which 
aligns with our findings. The greater epiglottis thick-
ness, length, and vertical angle in men may contribute 
to a larger airway reduction and a higher prevalence 
of OSA. However, further morphological studies are 
needed for clearer conclusions.

In the study conducted by Chau et al. [10], which 
involved fifty adult volunteers, the normal range of 
epiglottis thickness was evaluated using ultrasonog-
raphy, with a mean thickness of 2.36 ± 0.20  mm. This 
value is thinner compared to the epiglottis thickness 
observed in our study, likely due to differences in the 
imaging techniques used. Ultrasonographic evaluation 
is user-dependent, and standardization of measure-
ments can be challenging. Additionally, Chau et al.‘s 
study [10] utilized two-dimensional ultrasonographic 
images to assess the epiglottis, whereas our study 
employed three-dimensional CBCT images, allowing 
for a more comprehensive and precise evaluation of 
epiglottis dimensions.

The current results indicate a significant difference 
in epiglottis thickness at the suprahyoid level across 
age groups, which differs from the findings of the 
previous study [7]. These thicknesses also showed a 
positive correlation with age. Kano et al. [1], in their 
investigation of age-related changes in the epiglottis 
using microscopic and macroscopic measurements, 
reported a significant increase in epiglottic cartilage 
thickness with age at three height levels. As the loss of 
epiglottis guidance function may cause aspiration, its 
flexibility and elasticity are important in swallowing 
[1]. The observed increase in thickness with age only 
at the suprahyoid level in our study requires further 
microscopic studies.

Based on the findings of this study, the potential 
impact of epiglottis morphometry on intubation dif-
ficulties could be an important clinical outcome. 
Increased epiglottis thickness and length, particularly 
in male patients with narrower airways, may make 
visualization during intubation more challenging, 
potentially leading to more difficult and possibly trau-
matic intubation attempts. The longer omega-shaped 
epiglottis also has clinical significance in this context, 
as it may alter airway anatomy during intubation and 
create additional challenges. Future studies could fur-
ther explore the specific effects of epiglottis thickness 
and length on airway management, intubation, and 
swallowing function.

This study has limitations due to its retrospective 
nature. The presence of sleep-related breathing disorders 

in individuals was recorded in the patient information 
management system based on their self-reports and was 
not medically confirmed. Additionally, the body mass 
index of the patients is unknown. Another important lim-
itation is that environmental and genetic factors specific 
to the Turkish subpopulation may influence the preva-
lence and characteristics of anatomical features, making 
the results less generalizable to other populations.

Conclusions
This study provides a comprehensive analysis of epi-
glottis morphology, revealing significant differences 
in thickness and length between genders. A positive 
correlation was observed between age and epiglottis 
thickness at the suprahyoid level and horizontal angles 
at three levels. The variations in epiglottis shapes, par-
ticularly the longer omega-shaped epiglottis, indicate 
anatomical factors that may influence airway manage-
ment and swallowing mechanics. Further research is 
needed to better understand the clinical significance of 
epiglottis morphometric differences and their implica-
tions for diagnosing and managing related disorders.

Abbreviations
CT	� Computed Tomography
CBCT	� Cone Beam Computed Tomography
MRI	� Magnetic Resonance Imaging
OSA	� Obstructive Sleep Apnea
EC	� Epiglottic Collapse

Acknowledgements
Not applicable.

Author contributions
CÖK: Conception, study planning, data analysis and interpretation, article 
writing. EA: Data collection, study planning, article writing, critical review. All 
authors read and approved the final manuscript.

Funding
The authors did not receive support from any organization for the submitted 
work.

Data availability
The datasets generated and/or analysed during the current study are available 
from the corresponding author upon reasonable request.

Declarations

Ethics approval
All procedures performed in studies involving human participants were in 
accordance with the ethical standards of the institutional and/or national 
research committee and with the 1964 Helsinki Declaration and its later 
amendments or comparable ethical standards. The study was approved by 
the Izmir Katip Celebi University Non-Interventional Clinical Studies Ethics 
Committee (IRB: 26.05.2022,0261). The need for written informed consent to 
participate was waived by the Izmir Katip Celebi University Non-Interventional 
Clinical Studies Ethics Committee due to retrospective nature of the study. 
All methods were conducted in accordance with relevant guidelines and 
regulations.

Consent for publication
Not applicable.



Page 8 of 8Özeren Keşkek and Aytuğar BMC Medical Imaging          (2024) 24:319 

Clinical trial number
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 25 August 2024 / Accepted: 19 November 2024

References
1.	 Kano M, Shimizu Y, Okayama K, Igari T, Kikuchi M. A morphometric study of 

age-related changes in adult human epiglottis using quantitative digital 
analysis of cartilage calcification. Cells Tissues Organs. 2005;180(2):116–237.

2.	 Reina MA, Sala-Blanch X, Boezaart AP, Tubbs RS, Pérez-Rodríguez FJ, Riera-
Pérez R, et al. The size, number, and distribution of nerve endings around and 
within the human epiglottis, focusing on tracheal intubation maneuvers. Clin 
Anat. 2023;36(7):1046–63.

3.	 Derinöz E, Vatansever A, Yanık B, Özcan E, Kuş İ. Evaluation of Epiglottic Carti-
lage Morphometry using magnetic resonance imaging. BAUN Sağ Bil Derg. 
2023;12(1):46–51.

4.	 Abdallah C. Acute epiglottitis: Trends, diagnosis and management. Saudi J 
Anaesth. 2012;6(3):279–81.

5.	 Ko D, Chung Y, Park I, Lee H-J, Park J, You JS, et al. Use of Bedside Sonography 
for diagnosing Acute Epiglottitis in the Emergency Department. J Ultrasound 
Medicine: Official J Am Inst Ultrasound Med. 2012;31(1):19–22.

6.	 Kuo IC, Hsin LJ, Lee LA, Fang TJ, Tsai MS, Lee YC, et al. Prediction of Epiglottic 
Collapse in Obstructive Sleep Apnea patients: Epiglottic Length. Nat Sci 
Sleep. 2021;13:1985–92.

7.	 Baba A, Okuyama Y, Yamauchi H, Ogino N, Dorgu M, Kobashi Y, et al. Evalua-
tion of normal epiglottis on computed tomography with special attention to 
thickness. Bull Tokyo Dent Coll. 2019;60(1):11–6.

8.	 Delakorda M, Ovsenik N. Epiglottis shape as a predictor of obstruction level in 
patients with sleep apnea. Sleep Breath. 2019;23(1):311–7.

9.	 Gazayerli M, Bleibel W, Elhorr A, Maxwell D, Seifeldin R. A correlation between 
the shape of the epiglottis and obstructive sleep apnea. Surg Endosc. 
2006;20(5):836–7.

10.	 Chau CW, Chan HH, Wong CP, Wong TW, Lau CC. Sonographic Measure-
ment of the epiglottis in normal Chinese adults. Hong Kong J Emerg Med. 
2010;17(5):429–34.

11.	 Isaac M, ElBeshlawy DM, ElSobki A, Ahmed DF, Kenawy SM. The role of cone-
beam computed tomography in the radiographic evaluation of obstructive 
sleep apnea: a review article. Imaging Sci Dent. 2023;53(4):283–9.

12.	 Hofmann E, Schmid M, Lell M, Hirschfelder U. Cone beam computed tomog-
raphy and low-dose multislice computed tomography in orthodontics and 
dentistry. J Orofac Orthop / Fortschr Der Kieferorthopädie. 2014;75(5):384–98.

13.	 Chen H, van Eijnatten M, Aarab G, Forouzanfar T, de Lange J, van der Stelt P, 
et al. Accuracy of MDCT and CBCT in three-dimensional evaluation of the 
oropharynx morphology. Eur J Orthod. 2018;40(1):58–64.

14.	 Kiljunen T, Kaasalainen T, Suomalainen A, Kortesniemi M. Dental cone beam 
CT: a review. Phys Medica: Eur J Med Phys. 2015;31(8):844–60.

15.	 Ayoub N, Eble P, Kniha K, Peters F, Möhlhenrich SC, Goloborodko E, et al. 
Three-dimensional evaluation of the posterior airway space: differences in 
computed tomography and cone beam computed tomography. Clin Oral 
Investig. 2019;23(2):603–9.

16.	 Scarfe WC, Farman AG. What is cone-beam CT and how does it work? Dent 
Clin North Am. 2008;52(4):707–30.

17.	 Sutthiprapaporn P, Tanimoto K, Ohtsuka M, Nagasaki T, Iida Y, Katsumata A. 
Positional changes of oropharyngeal structures due to gravity in the upright 
and supine positions. Dentomaxillofac Radiol. 2008;37(3):130–5.

18.	 Cardona JJ, Stormes K, Jackson N, Abe Y, Iwanaga J, Tubbs RS. Epiglottic 
Epidermoid Cyst: Cadaveric Case Report and Clinical-Surgical Applications. 
Cureus. 2023;15(5):e38539.

19.	 Eo TS, Kim EK, Kim JH, Shin HA. Inverted papilloma of the epiglottis: a rare 
case. Ear Nose Throat J. 2022;101(2):114–6.

20.	 Ahmad SA, Basit A, Javed S. Epiglottic capillary hemangioma in an adult 
female: a rare case report. Int J Surg Case Rep. 2024;117:109564.

21.	 Saita V, Azzolina A, Galia A, Fraggetta F. Schwannoma of the epiglottis: case 
report focusing on clinico-pathological aspects. Acta Otorhinolaryngol Ital. 
2005;25(6):378–80.

22.	 Ganguly A, Garza R, Jain V, Narmala S. Osteosarcoma of the larynx: a Case 
Report and Review of Literature. Cureus. 2023;15(5):e39307.

23.	 Paramasivan VK, MS J. An overview on the role of epiglottis in obstructive 
sleep apnoe. Int J Otorhinolaryngol Head Neck Surg. 2024;10(3):362–8.

24.	 Torre C, Camacho M, Liu SY, Huon LK, Capasso R. Epiglottis collapse 
in adult obstructive sleep apnea: a systematic review. Laryngoscope. 
2016;126(2):515–23.

25.	 Petkar N, Georgalas C, Bhattacharyya A. High-rising epiglottis in children: 
should it cause concern? J Am Board Fam Med. 2007;20(5):495–6.

26.	 Cicekcibasi AE, Keles B, Uyar M. The morphometric development of 
the fetal larynx during the fetal period. Int J Pediatr Otorhinolaryngol. 
2008;72(5):683–91.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿3D morphometric analysis of the epiglottis using CBCT: age and gender differences
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿References


