
Introduction 

Major salivary glands can present a variety of lesions,
which can appear clinically as a lateral facial swelling or
diffuse glandular enlargement accompanied by symptoms
of obstruction or inflammation. Radiographic examination
is essential in diagnosing the lesions, and useful for plann-
ing further management, whether surgery or alternatives.1,2

Plain radiography, sialography, computed tomography (CT),
cone-beam CT (CBCT), ultrasonography (US), magnetic
resonance imaging (MRI), and nuclear scintigraphy/posi-
tron emission tomography (PET) all play roles in the dia-
gnosis of salivary gland lesions.3

Evaluation of the salivary glands by plain radiography is

of limited clinical value. It can show sialoliths or involve-
ment of the adjacent mandible by a tumor. Sialography re-
quires injecting contrast media into the Stensen’s or Whar-
ton’s duct of the major salivary glands to identify the out-
line of the ductal anatomy and any presence of sialoliths.
It creates excellent contrast resolution and allows small
stones or strictures to be detected. The invasiveness of the
technique, use of contrast media, and possible failure of
the technique are limitations of sialography.2 CT is the
technique of choice to look for bony erosion caused by
malignant lesions, small calculi within the salivary gland
or duct, and inflammatory diseases such as abscess, calculi,
major salivary duct dilatation, and acute inflammation.
Also, CT is useful for patients with contraindication for
MRI. Enhanced CT can enable the staging of malignant
disease that involves the salivary glands. Coronal and sagit-
tal reconstructions can be helpful in the evaluation of per-
ineural spread. Moreover, enhanced CT is useful for asses-
sing lymphadenopathy of the pharynx and neck. CT is more
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ABSTRACT

Purpose: The purpose of this study was to assess cone-beam computed (CBCT) sialography imaging in the detection
of different changes associated with lesions of salivary glands.
Materials and Methods: This study consisted of 8 cases with signs and symptoms from salivary gland lesions.
Conventional sialography using digital panoramic and lateral oblique radiographs and CBCT sialography were
performed for each subject. The radiographs were evaluated by 3 radiologists independently of each other. The
results were compared between conventional sialography and CBCT sialography in the evaluation of various
lesions associated with the salivary glands.
Results: There was an agreement between the radiologists in interpreting the lesions that affected salivary glands
with both techniques. The detection of the presence of stones or filling defects, stenosis, ductal evagination,
dilatation, and space occupying lesions was 83% for conventional sialography compared with CBCT sialography.
CBCT sialography was superior to conventional sialography in revealing stones, stenosis, and strictures, especially
in the second and third order branches.
Conclusion: It would be advisable to perform CBCT sialography in cases of obstructive salivary gland diseases for
better demonstration of the ductal system of the gland. (Imaging Sci Dent 2013; 43 : 17-23)
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readily available and of lower cost than MRI; however, its
main disadvantage is the high dose of radiation involved.4-8

Recently, CBCT has been increasingly used for head and
neck and dento-maxillofacial diagnosis. It provides rela-
tively high isotropic spatial resolution of osseous structures.
Due to the cone-shaped x-ray beam and two-dimensional
detectors, the CBCT scanner can collect volume data by
means of a single rotation taking 9-40 seconds. The CBCT
scanners offer hard tissue visualization of the maxillofacial
region and evaluation of skeletal morphology.9 CBCT sia-
lography has rarely been reported. Drage and Brown10 were
pioneers in reporting cases of CBCT sialography. They
concluded that CBCT sialography was superior to conven-
tional sialography and explained that 3D reconstruction
could be performed and then viewed from any direction
and in any slice thickness, and from which cross-sectional
slices might be obtained in any direction. This might prove
useful for demonstrating areas of complex anatomy.

In this study, further investigation of the potentials of
CBCT sialography was conducted. The role of CBCT sia-
lography in diagnosing salivary gland lesions was also
assessed.

Materials and Methods

The study protocol was approved by the Ethics Commit-
tee of the Faculty of Dentistry, Minia University. Eight
patients were selected from among the outpatients of den-
tal clinics. The selection criteria were based on the presen-
ce of the symptoms of pain and swelling of the parotid or
submandibular salivary gland. Detailed history taking and
clinical examination of the patients were performed. Inclu-
sion criteria in this study were having signs and symptoms
related to a salivary gland disease, while exclusion criteria
were the presence of acute stages of inflammation affect-
ing the salivary glands. In total, this study consisted of 8
patients (6 males and 2 females) with ages ranging from
18 to 60 years. 

Sialography was conducted by probing and cannulation
of Wharton’s ducts for submandibular salivary gland and
Stensen’s duct for the parotid gland, followed by injection
of approximately 1.5-2 mL Urografin contrast media until
the patient felt fullness. For conventional sialography eva-
luation in cases involving the submandibular gland, the
patients underwent digital panoramic, lateral oblique, pos-
troanterior, and occlusal imaging. In addition, CBCT exa-

─ 18 ─

Assessment of the role of cone beam computed sialography in diagnosing salivary gland lesions

Fig. 1. Panoramic (A), 3D reconstruction (B), sagittal (C), and coronal (D) images of CBCT with large and small stones in the submandibular
gland (arrows).
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mination was performed using Scanora® 3D with Auto-
SwitchTM (Soredex, Helsinki, Finland) with 85 kVp, 15 mA,
and a field of view (FOV) of 4 cm for the submandibular
gland and 5 cm for the parotid gland. OnDemand 3DTM

software (Cybermed Inc., Seoul, Korea) was used to manip-
ulate the CBCT images in multiplanar slices as well as
three dimensional images to examine the lesions.

Three radiologists evaluated the images separately and
scores were given for the interpretation of the images ac-
cording to the following scoring systems. A scoring system
was performed to evaluate the presence of ductal evagina-
tion (unique diverticulum filled with contrast media and
narrow neck of the duct). The scores given were: 0==defi-
nitely not present, 1==probably not present, 2==not sure, 3
==probably present, 4==definitely present, and 5==many
evaginations within the duct. This rating system was also
used to record the presence of dilatation of the primary and
secondary ducts. The presence of salivary stones or filling
defects was rated as follows: 1==one sialolith, 2==two sia-
loliths, 3==three sialoliths, 4==four sialoliths, and 5==more
than four sialoliths. The presence of stenosis was also rat-
ed as follows: 0==not present, 1==the presence of stenosis,

2==the presence of stenosis in more than one area, and 3==
intraglandular second-order branches. The presence of a
space-occupying lesion and the presence of bizarrely shap-
ed contrast media was rated as follows: 0==definitely not
present, 1==probably not present, 2==not sure, 3==probably
present, 4==definitely present, and 5==bizarre area. The
above mentioned scoring system for evaluation was used
by each radiologist to assess the interpretation criteria sep-
arately and then results were discussed with the others.

Fine needle aspiration biopsy was done when needed to
examine the type of pathology present, while surgical
intervention was conducted in cases of obstructive lesions
(stones and stenosis). Analysis of the resulting data was
performed to evaluate the concordance among interpreta-
tions of the three radiologists. 

Results 

There was agreement among the three radiologists in
interpreting the lesions of the salivary glands with both
techniques. The detection of salivary gland lesions was
100% for both conventional sialography and CBCT sialo-

─ 19 ─

Nagla’a Abdel-Wahed et al

Fig. 2. A. Panoramic sialogram
shows stenosis of the right Stensen’s
duct. B. CBCT sialography axial cut
of the same patient and the relevant
3D reconstruction show stenosis
with areas of strictures through the
glandular ductules (arrows).
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graphy. Among the 8 patients in this study, two patients
suffered from autoimmune disease (Sjögren’s syndrome)
affecting the parotid gland and one case had a lymphoepi-
thelial lesion in the parotid gland (according to biopsy exa-
mination), while the other five cases suffered from obs-
tructive diseases due to stones and calculi in the parotid

gland (2 cases) and in the submandibular gland (3 cases). 
Two parotid gland cases showed the signs of filling de-

fects, strictures in the main duct, and dilatation of the ducts
distal to the filling defect. Three cases of the submandibu-
lar glands showed obstructive diseases with stenosis and
evagination. In addition, stones of various sizes, locations,
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Fig. 4. Axial cut (A) and coronal cut
(B) of CBCT sialography show ste-
nosis of the ductules with punctuat-
ed appearance of the gland (arrow).
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Fig. 3. Coronal (A), sagittal (B),
axial (C), and 3D reconstruction (D)
images show multiple stenoses in
Stensen’s duct (arrow).
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and radiodensities were observed. The detection rate of
the presence of stones or filling defects, stenosis, ductal
evagination, dilatation, and space occupying lesions was
83% for conventional sialography compared with CBCT
sialography (Fig. 1). CBCT sialography was superior to
conventional sialography in revealing stones, especially in
the second and third order branches.

The two cases of autoimmune disease (Sjögren’s syn-
drome) showed stenosis and strictures along the main ducts
and the first, second, and third order branches. CBCT sia-
lography was superior to conventional sialography in re-
vealing the areas with strictures and a punctuated appear-
ance of the glands (Figs. 2-4). 

The case of a lymphoepithelial lesion of the parotid gland
showed no specific radiologic features. It prevented the
contrast medium from distribution inside the gland ductal
system and showed unspecific accumulation of it (Fig. 5). 

Discussion

Despite several limitations of sialography, it remains
widely used for the diagnosis of salivary gland diseases,
which affect the ductal system; in addition it provides the
ability to assess the suitability for interventional proce-

dures and radiolucent stones. Although CT and ultrasono-
graphy have been used, they have shown to be of limited
value in visualizing the ductal system. However, a reliable
technique that generates reproducible results similar to
those of sialography has yet to emerge.1,11-14

CBCT has recently become widespread in maxillofacial
radiology due to its high resolution and low radiation dose.
It offers improvement in demonstration of the ductal sys-
tem over conventional sialography.15 In this study, stenosis,
ductal evagination, dilatation, stones or filling defects, and
space occupying lesions were used as the parameters for
the diagnosis in CBCT sialography since these findings
were the signs of salivary gland diseases. Some authors
have suggested that major salivary gland diseases could be
divided into neoplastic lesions, obstructive or inflamma-
tory lesions, and systemic diseases.4,16 Salivary gland neo-
plasms usually manifest clinically as enlarging masses,
sometimes with dull gnawing pain. In cases of malignant
neoplasms, infiltration of the overlying skin, regional ade-
nopathy, or facial nerve palsy may develop. Primary malig-
nancies of salivary glands, relatively infrequent, can spread
to regional lymph nodes. As a rule in salivary gland neo-
plasms, the smaller the salivary gland, the higher the rate
of malignancy. In contrast to salivary gland neoplasms, the
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Fig. 5. Axial (A), coronal (B), panoramic (C), and 3D reconstruction (D) images of CBCT sialography in a case of lymphoepithelial lesion
show unspecific accumulation of contrast medium.
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obstructive and inflammatory lesions clinically manifest
with cardinal signs of inflammation such as pain and swel-
ling of the gland. Sialolithiasis is the second most common
disease of the salivary glands after mumps. Obstruction of
the salivary gland usually results from the development of
salivary calculi, ductal strictures, or both. Imaging plays a
crucial role in the diagnosis of the cause, extent, and effects
of the obstruction.2,3,17-19

In this study, five of eight cases had sialolithiasis: two
cases in the parotid and three in the submandibular gland.
This was in agreement with previous studies,4,20 which
have stated that the submandibular gland more frequently
forms sialoliths due to more alkaline, thick, and viscous
saliva. It should also be noted that the stasis in the Whar-
ton’s duct is a result of its uphill course with a wider lumen
and a tighter orifice.4,20 The location of the calculi can
affect the symptoms. The symptoms tend to be minor when
the calculi occur within the gland in comparison with a
location within the intraglandular ductal tributaries or
within the main ducts.3 The calculi can be single or multi-
ple. As a complication of sialolithiasis, stricture can occur.
Evagination can be found in cases of the presence of stones
due to wall damage and weakness. It has also been hypo-
thesized that evagination might be a form of duct wall
malformation, which leads to a localized weakness of the
duct wall that becomes evident despite increased pressure
in the ductal system, caused by impairment of excretion
of the saliva.20 In this study, one case with severe stricture
showed evagination. Chronic sialadenitis may result from
the poor outflow of saliva. Moreover, secondary infection
of the gland can originate from incomplete obstruction by
a sialolith. When complete obstruction continues, glandu-
lar atrophy eventually occurs, which was demonstrated in
this study. On the other hand, Sjögren’s syndrome can also
show stenosis and strictures of ductal systems due to auto-
immune inflammatory conditions, which produced chronic
sialadenitis.1,21

One case in this study was diagnosed histopathological-
ly as a benign lymphoepithelial lesion, or Godwin’s tumor,
which represented a manifestation of autoimmune disease
in the salivary glands. It showed no specific findings in
conventional sialography and CBCT sialography. CT or
MRI should be used for the evaluation of the extent and
nature of any space-occupying lesions in the salivary
gland.22,23

The inter-observer correlation in conventional sialogra-
phy to detect signs such as evagination, dilatation, stones,
and presence of a space-occupying lesion was good. Sialo-
graphy represents an appropriate first line investigation in

cases with strong clinical suspicion of inflammatory duct
disease or salivary calculi conditions. Conventional sialo-
graphy uses panoramic, occlusal, and postroanterior radio-
graphs, which provide appropriate views for examining
the major salivary glands.9 Moreover, the high correlation
among the three observers interpreting the salivary gland
lesions, in terms of presence of stenosis, dilatation, evagi-
nation, and stones by using CBCT sialography, suggests
the superiority of using CBCT. The CBCT scanner uses a
cone-shaped X-ray beam with two-dimensional detectors
and collects data by means of a single rotation around the
patient taking 9-40 seconds. The reconstruction is then
processed and the resultant image matrix is isotropic. The
software of the system provides various processed images
such as multiplanar reconstruction, volume rendering,
cross sectional, and partial panoramic images. Due to the
isotropic voxels, the images of the anatomic structures can
be reconstructed clearly and accurately in any plane.9 Li
et al studied the diagnosis of simple bone cysts by CBCT
sialography.15 They noted that the sialographic technique
could be improved by the combination of sialography and
CBCT, especially by 3D formatting. CBCT sialography
was considered to be a novel and promising approach for
investigating simple bone cysts as it provides detailed in-
formation about the content of the cavity.15 Regarding the
effective doses from CBCT examinations centered on the
parotid and submandibular glands, Jadu et al concluded
that they were similar to those calculated for plain radio-
graphy for sialography when 15 cm FOV was chosen in
combination with exposure conditions of 80 kVp and 10
mA.24

In conclusion, in cases that have obstructive salivary
gland diseases, it would be advisable to perform CBCT
sialography as the modality of choice in demonstrating the
ductal system of the gland and as an alternative to conven-
tional sialography.
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