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Evaluation of submandibular gland and submandibular
fossa: A combined cone beam computed tomography and

ultrasound study

Purpose

The purpose of this study was to use Cone Beam Computed Tomography (CBCT)
to evaluate the submandibular fossa (SF) morphometrically and ultrasonography
(USG) to evaluate the submandibular gland (SG).

Materials and Methods

Radiological evaluation was performed on 40 SFs and SGs from 20 patients. The
depth and width of the SF were measured on axial CBCT sections, while the antero-
posterior, medio-lateral, and supero-inferior lengths and volumes of the SGs were
measured by USG. Statistical analysis was performed to evaluate CBCT and USG
measurements.

Results

The study found a statistically significant positive correlation between SF depth
and SG medio-lateral dimension (p = 0.023), SF width and SG antero-posterior
dimension (p =0.021), and SF width and SG volume (p = 0.000). However, there was
no significant correlation between SF depth and SG volume (p=0.146).

Conclusion

The SF is an important area in surgical procedures planned in the mandibular
posterior region, especially in implant applications. The dimensions of the SF are
closely related to the dimensions of the SG. USG can be used to examine the SG
without the risk of ionizing radiation.

Keywords: Submandibular gland, submandibular fossa, ultrasonography, cone beam
computed tomography, implant surgery

Introduction

Submandibular fossa (SF) is a common anatomical variation that occurs
because of the pressure of the submandibular salivary gland on the lin-
gual cortex of the mandible body. It starts from the distal of the mental
foramen inferior to the mylohyoid line and extends to the mandibular
third molars. The submandibular gland is located in this region. Various
imaging methods such as panoramic radiography, Cone Beam Computed
Tomography (CBCT), and Computed Tomography (CT) have been used to
evaluate this region (1-4).

Ultrasonography (USG) is a noninvasive and easy-to-apply imaging
method that does not involve the risk of ionizing radiation. It is used to
examine muscles, tendons, joints, vessels, and internal organs that are not
behind the bone. Due to the superficial location and appropriate homo-
geneous soft tissue densities of the salivary glands, USG is the preferred
imaging technique for their evaluation (5).

CBCT is a convenient imaging method for the three-dimensional eval-
uation of the bony structures of the maxillofacial region. It provides
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high-quality images with low millimeter resolution and low
radiation dose (6-13). Different methods have been used to
measure SF depth in CBCT in various studies in the literature
(1, 3, 14). For instance, Parnia et al. (14) determined the most
prominent upper and lower points of the lingual concavity
corresponding to the submandibular fossa in paraxial sec-
tions and drew a starting line connecting them. They then
measured the SF depth by drawing a second line perpen-
dicular to the first line from the deepest point of the fossa.
In some studies, SF depth was measured on cross-section
CBCT images by drawing a line to the most prominent upper
and lower points of the lingual concavity and a second line
from the deepest point of the concavity to the first line (1, 3).

Implant treatment has become very popular in the re-
habilitation of missing teeth. One of the most important
structures to be examined before placing an implant in the
mandible is the depth of the SF. Damage to the SF due to
lingual plate perforation during surgery can result in severe
bleeding and subsequent hematoma with life-threatening
consequences due to upper airway obstruction.

Since the SGis located in the SF, the depth of the SF should
be related to the dimensions of the submandibular gland.
However, there are no studies on this subject in the litera-
ture. The aim of this study was to evaluate the SF by CBCT
and the SG by USG and to investigate whether there was a
relationship between the SG size and SF dimensions mea-
sured by USG and CBCT, respectively. The null hypothesis
tested in this study is that no correlation could be estab-
lished among measurements made with either device.

Materials and Methods
Ethical approval

This study was conducted at the Department of Oral and
Maxillofacial Radiology, and its compliance with scientific
ethical standards was approved by the faculty ethics com-
mittee’s decision numbered 2021/58. Informed consent
forms were obtained from the patients.

Sample size estimation

The sample size for the Pearson correlation test, which was
used to test the primary hypothesis of the study, was calcu-
lated. As a result of the sample size analysis performed using
Cohen'’s effect size value of 0.50, it was determined that a
minimum of 29 individuals should be included in the study
(1 — B = 0.80) to reveal significant differences between the
groups with 80% power and a = 0.05 error (95% confidence
interval). CBCT and USG were used to evaluate 40 SFs and
SGs of these patients, respectively.

Study design

The patients were randomly selected among those who
applied to the Department of Oral and Maxillofacial Radiolo-
gy for CBCT scans for various reasons in 2021, and the study
took one year to complete. When selecting the patients, the
absence of mandibular bone destruction caused by pathol-
ogy, complete visualization of the mandible, and the pa-
tients’voluntary participation were taken into consideration.

CBCT procedures and measurements

In the study, 40 SFs of 20 patients were included, who were
examined with a flat panel NewTom 3G Dental Volumetric
Tomography device (NewTom FP, Quantitative Radiology,
Verona, Italy). The device had a voxel size of 0.16 mm and a
typical exposure time of 5.4 seconds, and it operated with
the conical beam technique at 110 kVp as standard and a
maximum of 15 mA. The device had an automatic exposure
control system (AEC), which adjusted the dose and exposure
time according to the density of the patient’s skull in the
guide image obtained at the beginning of the shooting. The
study reconstruction was obtained with axial sections at 0.5
mm intervals of the patients whose raw data were obtained,
and it was set parallel to the lower border of the mandible.

The depth of the submandibular fossa was measured on
the axial section where the fossa was seen the deepest. A
line was drawn on the lingual surface of the mandible on the
axial section where the fossa was the deepest, connecting
the anterior and posterior borders of the fossa. The length of
this line was measured and recorded as the SF width. Then, a
perpendicular line was drawn from the first line to the deep-
est point of the fossa to measure and record the SF depth
(Figure 1)

USG procedures and measurements

The submandibular salivary glands of individuals who
had undergone CBCT imaging for various reasons were ex-
amined using USG with their informed consent. The USG
evaluation was performed using a Toshiba Aplio 300 ultra-
sonography device (Toshiba Corporation, Tokyo, Japan) and
a 12-MHz linear array transducer probe. During the USG ex-
amination, the patient’s head was fixed in extension, and the
SG was first examined transversely and then the probe was

Figure 1. Measurement of submandibular fossa width and depth
on the axial CBCT section. The width of the SF was measured by
connecting the anterior and posterior borders of the fossa. The
depth of the SF was measured with a perpendicular line to the
deepest point of the fossa from the first line.
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rotated longitudinally to calculate the volume of the sub-
mandibular salivary gland (Figure 2).

To begin the USG examination, the probe was positioned
parallel to the lower edge of the mandible after locating
the submandibular salivary gland. The homogeneous echo-
genic structure of the SG parenchyma could be easily dis-
tinguished from the surrounding soft tissues using USG. To
make dimensional measurements, the CALIPER option was
selected on the USG device. The image was frozen when
the SG was displayed in full on the USG screen. Distance 1,
which represented the antero-posterior length of the SG,
was measured and recorded (Figure 3). Similarly, the supe-
ro-inferior measurement was made on the same image and
recorded as distance 2 (Figure 4). The probe was then turned
perpendicular to the body of the mandible to measure the
medio-lateral length of the submandibular gland, which was
recorded as distance 3. Finally, the VOLUME icon was clicked
on the touch screen of the device to calculate the volume of
the SG automatically (Figure 4).

Statistical analysis
The statistical analysis was performed using the IBM SPSS

Statistics 20 package program (Armonk, NY: IBM Corp., USA).
Descriptive statistics were utilized to determine the distri-
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Figure 2. Examination of submandibular gland by USG. a:
Transversal direction, b: Longitidunal direction.
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Figure 3. The anteroposterior length of the submandibular
gland was measured and recorded as distance 1. Supero-
inferior measurement was also made on the same image and
it was recorded as distance 2.

Figure 4. To measure the third dimension, the probe was turned
perpendicular to the body of the mandible and the medio-
lateral length of the submandibular gland was measured and
recorded as distance 3. After the dimension measurements
in these three planes are done, the volume was calculated
automatically.

bution of the data, and the conformity of all values to the
normal distribution was assessed. Pearson correlation coef-
ficient was employed to evaluate the relationship between
SF depth and medio-lateral length of SG, SF width and su-
perior-inferior length of SG, and SF width and volume of SG.
However, it was discovered that the antero-posterior length
of SG did not exhibit normal distribution (p<0.05), and there-
fore, Spearman correlation coefficient was utilized to evalu-
ate the relationship between SF width and antero-posterior
length of SG. A significance level of p<0.05 was used for sta-
tistical significance. All measurements were conducted by
the same observer with a minimum of 3 years of maxillofa-
cial USG experience, and the reliability of the measurements
was assessed using the intra-observer correlation test.

Results

The study included a total of 20 patients (6 men and 14
women) and examined 40 SF and SG. The participants had a
mean age of 34.65+15.16. Cronbach’s alpha values of 0.941
and 0.997 were obtained for the CBCT and USG measure-
ments, respectively, which were used to assess intra-observ-
er agreement (95% Confidence Interval). Table 1 presents
the descriptive analysis of antero-posterior, supero-inferior,

Table 1. The descriptive analyses of antero-posterior, supero-inferior,

medio-lateral lengths, and volume of SG, SF depth and SF width.

n Mean+ SD
Antero-posterior length of SG 40 28.272+3.040 mm
Supero-inferior length of SG 40 11.175+2.138 mm
Medio-lateral length of SG 40 26.402+4.059 mm
Volume of SG 40 4.245+0.713 cm?
SF depth 40 4.467+0.801Tmm
SF width 40 30.355+4.618 mm

SG: Submandibular Gland, SF: Submandibular Fossa, SD: standard deviation
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Table 2. Correlation coefficients and significance levels between SF
depth and SG medio-lateral size, SF width and SG supero-inferior size,

SF width and SG volume, and SF width and antero-posterior length of
SG.

re p
SF depth and medio-lateral .
s T 6aE 0.358 0.023
SF width and superior-inferior .
length of SG 0.365 0.021
SF width and volume of SG 0.678 0.000™
rho® P
SF width and antero-posterior 0414 0.008"

length of SG

SG: submandibular gland, SF: submandibular fossa, ® Pearson correlation
coefficient, ® Spearman correlation coefficient, "p <0.05, **p <0.01).

medio-lateral lengths, and volumes of the submandibular
glands, SF depth, and SF width.

Table 2 shows that there is a positive correlation between
the SF depth measured on CBCT and the medio-lateral
length of SG measured by USG (p=0.023, r= 0.358), indicat-
ing that as the medio-lateral length of the SG increases, the
depth of the SF increases. Similarly, a positive correlation
was found between the SF width measured on CBCT and the
antero-posterior and superior-inferior lengths measured by
USG (p=0.021, r=0.365), indicating that as the antero-poste-
rior and supero-inferior lengths of the submandibular gland
increase, the SF width increases (p=0.008, rho=0.414). More-
over, a positive correlation was found between SF width
measured on CBCT and submandibular gland volume mea-
sured by USG (p=0.000, r=0.678), indicating that as the sub-
mandibular gland volume increases, the SF width increases.
However, there was no significant relationship between SF
depth and volume of SG.

Discussion

The submandibular gland is located in the posterior part
of the submandibular triangle, and its size is approximately
30x35x15 mm. The borders of the submandibular triangle
are formed by the anterior and posterior belly of the digas-
tric muscle and the body of the mandible (15).

Many studies in the literature have measured SF depth us-
ing CBCT sections. Stratemann et al. (16) found less than 1%
relative error between their CBCT measurements and physi-
cal measurements on the skull. Other studies have also em-
phasized CBCT as the gold standard (17, 18). While cross-sec-
tional images have been used in many studies to measure
SF depth on CBCT (1-3), Quirynen et al. (13) classified bone
morphologies into three types and found that it may be in-
accurate to work on cross-section images in individuals with
type Il and lll bone morphologies. Therefore, our measure-
ments were made on axial sections.

In edentulous patients, SF depth measured from cross-sec-
tional sections may not reflect accurate facts, as the top of
the fossa may be adjacent to the bone surface. Parnia et al.
(14) excluded some cases from their retrospective study on
CT images of 100 patients due to this issue. In our study, we

also excluded edentulous patients. Additionally, no other
study in the literature has measured the antero-posterior
width of SF.

Gandage et al. (19) investigated the sensitivity and specific-
ity of USG in evaluating the salivary glands and found high
sensitivity (93.33%) and high specificity (98.07%). In our study,
we used USG to measure the size and volume of the sub-
mandibular gland in three dimensions. We found statistically
significant positive correlations between the medio-lateral
length of the submandibular gland and the SF depth mea-
sured on the axial images, and between the antero-posterior
and supero-inferior lengths of the submandibular gland and
the SF width measured on the axial images. These results were
expected based on anatomical considerations.

SF depth and width are important structures to consider in
surgical procedures of the posterior mandible, particularly in
planning implant treatments. Damage to the SF due to lingual
plate perforation during surgery can result in severe bleeding
followed by life-threatening hematoma due to upper airway
obstruction (20, 21). Therefore, USG can be considered as an
alternative to CBCT in cases where rapid assessment of SF
depth is required, as it is practical, non-invasive, inexpensive,
and radiation-free. Furthermore, USG can evaluate any focus
of infection and regional lymph nodes in the region (22).

Dental implants have become increasingly popular in the
rehabilitation of edentulism. However, incorrect planning
before surgery can cause serious damage to anatomical
structures and lead to life-threatening injuries. Mandibular
lingual concavities are depressions formed on the bone by
the submandibular and sublingual salivary glands (23). Im-
aging of the SG helps prevent cortical lingual plate perfora-
tion, allows preservation of vascular structures, and nerves
(24). Although CBCT is undisputedly superior to USG in the
morphological and morphometric evaluation of bone in-
cluding SF before implant, it is expensive, takes time, and
contains ionizing radiation. Therefore, USG can be consid-
ered as an alternative imaging method in the rapid evalua-
tion of SF depth in patients with implant planned.

The most important limitation of the present study is the
sample size. In the future, the sample size should be expand-
ed by increasing the number of patients. However, no other
study in the literature has investigated SF and SG in com-
bination with USG and CBCT. As this is the first study in the
literature to use CBCT and USG in combination, it may pave
the way for more comprehensive studies in the future.

Conclusion

This study found a positive correlation between the size
and volume of the submandibular gland measured by USG
and the SF depth and width measured by CBCT. In cases
where SF depth and width need to be examined, such as in
implant treatment, it may be recommended to use USG in
addition to CBCT imaging.

Tiirk¢e Ozet: Submandibuler bez ve submandibular fossanin deder-
lendirilmesi: Kombine konik 1sinl bilgisayarli tomografi ve ultrason
calismasi. Amag: Bu ¢alismanin amaci Konik Isinli Bilgisayarli Tomogra-
fi (KIBT) ile SF'yi morfometrik olarak ve Ultrasonografi (USG) ile SB'yi
degerlendirmektir. Gere¢ ve Yéntem: Calisma kapsaminda 40 SF ve
20 hastanin SB’leri radyolojik olarak degerlendirildi. Iskeletsel olarak,
SF'nin derinligi ve genisligi aksiyal KIBT kesitlerinde 6l¢lildii. SB'lerin an-
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tero-posterior, medio-lateral ve siiperio-inferior uzunluklari ve hacimleri
USGiile 6l¢tildii. KIBT ve USG dl¢timleriistatistiksel olarak degerlendirildi.
Bulgular: SF derinligiile SB medio-lateral boyutu (p = 0.023), SF genisligi
ve SB antero-posterior boyutu (p = 0.021), SF genisligi ve SB hacmi (p =
0.000) arasinda istatistiksel olarak anlamli pozitif korelasyonlar bulun-
du. Ancak SF derinligi ile SB hacmi arasinda anlamli bir iliski bulunmadi
(p=0,146). Sonug: Alt cene posterior bélgede planlanan cerrahi islem-
lerde é6zellikle implant uygulamalarinda SF ¢cok énemli bir alandir. SF
derinligi ve genisligi, SB boyutlariyla yakindan iliskilidir. USG ile iyonize
radyasyon riski olmaksizin SB de net olarak incelenebilir. Anahtar Kelim-
eler: Submandibular Bez, Submandibuler Fossa, Ultrasonografi, Konik
Isinh Bilgisayarli Tomografi, implant cerrahisi.
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