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Abstract

Objective. The aim of
this study was to
evaluate whether High
Resolution Ultrasound
(US) along with Fine
Needle Aspiration
Cytology (FNAC) can
provide the surgeon
with adequate
preoperative
information for masses
in the submandibular
triangle.

Subjects and methods.
Eighty-two
consecutive patients
with suspected masses
of the submandibular
triangle had US with
guided FNAC (49
patients) and final
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histological correlation
(47 patients).

Results. Compared to
final histology, US had
a sensitivity of 97%,
specificity 83%,
positive predictive
value 91% and a
negative predictive
value of 95% while
FNAC had a sensitivity
of 100%, specificity
90%, positive
predictive value 94%
and a negative
predictive value of
100%.

Conclusion. US
combined with a
FNAC is an ideal
initial investigation for
evaluating masses in
the submandibular
area. It is quick,
inexpensive, easily
available, and
provides the surgeon
with relevant
information
preoperatively
obviating the need for
further expensive
imaging.

Introduction

To a surgeon, a patient presenting
with a mass in the submandibular tri-
angle is a common clinical problem.
Clinical examination alone is often
unable to identify the nature and ex-
act origin of the mass and imaging is
necessary. Due to rising medical costs,
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the clinician is faced with the dilemma
of choosing the appropriate initial in-
vestigation which is cost effective and
provides the necessary information.
Computed Tomography (CT), Mag-
netic Resonance Imaging (MRI) and
Ultrasound are well established im-
aging modalities for this area, but
which modality should be chosen for
which problem?

Magnetic Resonance Imaging with
its multiplanar imaging capability and
a high spatial resolution without us-
ing ionizing radiation is often used as
the first investigation for masses in the
submandibular area. However its lim-
ited availability in many countries and
high cost are major limiting factors.
Computed Tomography involves the
use of ionizing radiation, contrast
medium injection and scans have to
be done in more than one plane to
provide adequate information. Also
bone and metal artifact from dental
work often degrade the image quality.

Ultrasound is inexpensive, quick,
easily available and can be combined
with a fine needle aspiration cytology
(FNAC) thus increasing its specificity.
It therefore appears attractive as an
initial investigation of choice. How-
ever the sonologist must be com-
pletely familiar with cervical anatomy.
The rapidity of ultrasound scanning,
as well as the limited value of the
sonogram to the less experienced
mean that the examination should
always be performed by a specialised
person and the results are therefore
operator dependent, a relative draw-
back.

Although the literature contains
many reports and US descriptions of
specific pathologies in the sub-
mandibular triangle, to our knowledge
there is no report of how useful US
might be in a series of consecutive

unselected cases. We were therefore
interested in re-examining the role of
US and combined FNAC as an initial
tool for diagnosis and further manage-
ment.

Materials and
methods

US was performed on 82 consecu-
tive patients presenting with a sus-
pected mass in the submandibular
area. Submental masses which did not
encroach into the submandibular tri-
angle were excluded from the study.
All scans were done with a 7.5 MHz
linear transducer or with a 10 MHz
mechanical sector scanner with an
inset waterbath. Transverse and lon-
gitudinal scans of the submandibular
area were performed with the patient
supine and the head turned away from
the side being examined. The rest of
the neck and other salivary glands
were routinely scanned in all cases
with particular emphasis on the
jugulo-digastric area and the tail of the
parotid gland.

The ultrasound guided FNAC was
done with a 21G needle, and multiple
passes were made through different
parts of the lesion. The specimen col-
lected was sent to the laboratory in 25%
alcohol, where the smears were made
by the medical technologist.

For identifying abnormal lymph
nodes by ultrasound the criteria we
used were echogenicity, the presence
of cystic or coagulation necrosis,' a
short axis to long axis ratio (S/L ra-
tio) greater than 0.5, > matting,
oedema of adjacent soft tissues and
abscess formation. Benign (either re-
active or quiescent) nodes tend to be
oval compared to malignant nodes
which are round.? Nodes less than
5 mm in maximum transverse diam-
eter were considered to be normal.?
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Nodes between 5-8 mm were consid-
ered benign whereas all nodes greater
than 8 mm were considered malig-
nant *and had a guided FNAC on the
largest node.

In calculating the sensitivity, spe-
cificity, positive and negative predic-
tive values for ultrasound and FNAC
respectively, only patients with both
US and histology and FNAC and his-
tology were included in the analysis.

Results

The 82 patients ranged between
1-72 years of age and there were 45
males and 37 females. In 20 patients
no abnormality was detected, 33 pa-
tients had glandular abnormalities and
29 patients had extraglandular lesions.
Table I summarizes the spectrum of
pathology we evaluated during the
course of the study.

Tables II and Il summarize the
presumptive clinical diagnosis, FNAC
diagnosis and the histologic diagnosis
for intraglandular and extraglandular
lesions.

In twenty patients no abnormal-
ity was detected on US. A detailed
clinical examination was otherwise
unremarkable and as the clinical in-
dex of suspicion for the submandibu-
lar area was also low no further imag-
ing was performed. Subsequent fol-
low up examinations in the outpatient
department three to eight months
later were also unremarkable in all
these patients, suggesting the masses
may have been reactive nodes which
resolved prior to the patients having
their ultrasound scans.

Nineteen patients had focal intra-
glandular masses; of these seventeen
were benign and two malignant. Both
the malignant masses were solid, ill
defined, hypoechoic and showed
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Table I: Spectrum of pathology in the
submandibular triangle

Number

Diagnostic

Intraglandular masses
Benign
Pleomorphic adenomas
Oncocytoma
Malignant
Mucoepidermoid Ca
Adenoidcystic Ca
Inflammatory
Sjogren’s
Sialadenitis
Abscess
& Calculus
Post RT oedema

Extraglandular masses
Lymph nodes
B
Reactive
Metastases-NPC
Lymphoma
Misc
Nerve sheath tumour
Haemangioma
Normal

Total

FNAC

16 14
1 1

Inadequate

Histology

Table Il: Comparison between clinical
diagnosis, FNAC and histology for
intraglandular lesions

Clinical diagnosis
Benign mass

Benign:
Malignant:
“?Tumour/node:

Parotid mass:

Malignant mass
Malignant mass:

Sjogren’s

Sjogrens:

TB node:
Sialadenitis

Abscess:

Malignant mass:
Abscess

Abscess:

Calculus
Calculus:
?Tumour/node:

Post RT oedema
Malignant mass:
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FNAC

Benign:
Inadequate:

Pleomorphic
adenoma:

Oncocytoma:

Malignant:

Abscess:

Histology

Pleomorph adenoma: 16
Oncocytoma: 1

Mucoepidermoid Ca
Adenoidcystic Ca

Sjogren’s: 2
Sjogren’s + Lymphoma: 2

Calculus: 5

Table lll: Comparison between clinical
diagnosis, FNAC and histology for

extraglandular lesions

Clinical diagnosis  FNAC

Infective node: 78B: )

?Tumour/node: Inadequate: 2
Reactive nodes

?Tumour:

“?Malignant node:

Reactive: 4

Malignant node:

?Tumour/node:

Malignant node:
Equivocal:

Suspicious: 8
Reactive: 1
Inadequate: 2
?Tumour:
Nerve sheath tumour (NST)
“?Mass/Node:

Haemangioma

?Mass/Node: 1

adjacent malignant appearing lymphad-
enopathy. US and FNAC correctly pre-
dicted malignancy in both the patients
which was confirmed at surgery. Of the
seventeen benign masses there were six-
teen pleomorphic adenomas and one
oncocytic adenoma. On US all the
masses were well defined, homogene-
ous and twelve showed distal enhance-
ment which is seen as an area of bright-
ness posterior to the tumour. It is seen
in tumours which have an homogene-
ous internal architecture and the ultra-
sound beam thus encounters few inter-
faces. No adjacent malignant nodes were
seen and calcification was detected in
only two cases. US predicted benignity
in all the cases, and correctly identified
the one case which was of parotid rather
than submandibular origin. FNAC pre-
dicted eight pleomorphic adenomas and
the oncocytic adenoma. Of the remain-
ing eight cases, FNAC correctly predicted
benignity in six and two were non-diag-
nostic aspirates. At surgery all the seven-
teen masses were confirmed to be benign.

Malignant: 5

Histology
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In Sjogren’s syndrome the glands
were diffusely enlarged in all four
cases. In two cases the glands were
heterogeneous with multiple small
hypoechoic areas, another showed
large cystic spaces throughout the
gland and in one the gland showed an
unusual lobulated and reticulated ap-
pearance which was also seen in the
parotid and lacrimal glands. In two of
our cases in whom abnormal nodes
were detected by US, the patients pro-
ceeded to an excision biopsy which
confirmed high grade malignant lym-
phoma.

In two patients with sialadenitis
the gland was heterogeneous and dif-
fusely enlarged with no obvious cal-
culus. Both the abscesses were seen
as ill-defined cystic areas with irregu-
lar outlines and internal debris. Post
radiation oedema was seen in one pa-
tient; the gland was hypoechoic with
a heterogeneous echo pattern.

In the five patients with calculi,
intraglandular ductal dilatation was
seen in four and an intraglandular ab-
scess in the fifth. In two patients the
calculi were intraglandular, and were
extraglandular in two. The fifth pa-
tient had multiple calculi, intraglan-
dular and extraglandular.

In twenty-seven patients enlarged
nodes were detected in the sub-
mandibular area (nasopharyngeal car-
cinoma [NPC] metastases in five pa-
tients, seven with tuberculosis [TB],
reactive nodes in four and lymphoma
in the remaining 11 patients).

In the NPC category, US and
FNAC predicted metastatic disease
and the probable site of the primary.
On US the nodes were well defined,
round, hypoechoic and seen in the
submandibular area, upper cervical
chain and the posterior triangle, com-
mon sites for NPC metastases in our

experience. Examination of the na-
sopharynx subsequently revealed the
primary tumour. In seven patients US
suggested tuberculous lymphaden-
opathy. The nodes were hypoechoic,
ill defined, heterogeneous with
necrotic changes within. All of these
patients also had similar matted nodes
in the posterior triangle. FNAC
showed granulomatous changes in five
and was non-diagnostic in two patients
who then had an excision biopsy
which confirmed TB.

US and FNAC correctly predicted
benign lymphadenopathy in four
cases. All these had excision biopsies
to confirm the diagnosis as the pa-
tients had a known primary. In eleven
patients US suggested the diagnosis of
lymphoma. The nodes were
hypoechoic, well defined, solid, round
and showed distal enhancement in
nine patients. FNAC suggested suspi-
cious lymphoproliferative lesions in
eight cases and benign reactive aden-
opathy in one. In two patients FNAC
was non-diagnostic. Excision biopsy
confirmed non-Hodgkin’s lymphoma
in seven cases and benign lymphoid
hyperplasia in four. All seven patients
with non-Hodgkins lymphoma
showed distal enhancement, as did
two of the four benign hyperplastic
nodes.

Although US correctly predicted
the haemangioma which was con-
firmed by a Red Blood Cell (RBC)
scan, it was unable to identify the neu-
roma which was reported as probably
a benign node. FNAC suggested the
diagnosis of a benign nerve sheath tu-
mour.

Based on histology US had a sen-
sitivity of 97%, specificity 83%, posi-
tive predictive value 91% and a nega-
tive predictive value of 95%. FNAC
had a sensitivity of 100%, specificity
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90%, positive predictive value 94%
and a negative predictive value of
100%. In 12% of cases (six of 49 cases)
the initial FNAC was non-diagnostic.

Discussion

For the detection of salivary calculi,
US is the investigation of choice, with
a sensitivity of 94%, specificity of
100% and an accuracy of 96%.° In ad-
dition US accurately localizes the cal-
culus i.e intraglandular or within the
main salivary duct, and identifies any
abscess formation. All these factors
may affect patient management. In our
patients with calculus diseases we
were able to identify and locate the
stone in all five cases (Figure 1), and

detect duct dilatation and abscess for-
mation. The surgeon requested no
further imaging.

In non-calculus disease, we at-
tempted to identify the origin of the
lesion i.e from the submandibular
gland or outside the gland.
Sonography can differentiate intrag-
landular tumours from extragland-
ular masses in 98% of cases. * In our
series we were able to identify the
origin of the mass in all the cases.
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Once it was established that the
lesion was intraglandular in origin, we
classified it as focal or diffuse. For the
detection of focal salivary masses
sonography has a reported sensitivity
and accuracy of 100% as compared
to 92% and 87% by palpation.® For
tumours larger than 1 cm the accu-
racy of sonography in predicting be-
nignity is 94%. > We were able to iden-
tify all the focal masses in our series.

Although submandibular gland tu-
mours account for only 10% of all sali-
vary tumours, ° the incidence for ma-
lignancy has been reported to be much
higher for submandibular tumours than
for parotid tumours (47% vs 25%).”

However, in our series only two
out of eigthteen (11%) submandibu-
lar tumours were malignant. Both the
malignant tumours were hypoechoic
with ill defined edges (Figure 2), and
adjacent adenopathy and FNAC con-
firmed their malignant nature. In de-
termining benignity/malignancy we
found that the tumour edge and the

performed at the same time and if
necessary a guided FNAC quickly
confirms the nature of the tumour.
The commonest benign sub-
mandibular tumours we encountered
were pleomorphic adenomas. On US
they were well defined, with homo-
geneous internal echoes and most
showed posterior enhancement (Fig-
ure 3). Only two of the tumours
showed calcification, suggesting a

US is to detect duct dilatation, the
presence of a focal abscess and to
evaluate the glandular echo pattern.
In two of our cases of acute
sialadenitis the submandibular gland
was diffusely enlarged, hypoechoic,
heterogeneous with no evidence of
sialectasia or a focal lesion (Figure 4).
No FNAC was necessary; only follow-
up US scans were performed which
showed resolution of the inflamma-

Figure 3: Transverse sonogram of the submandibular gland
(arrowheads) showing a solid, hypoechoic well-defined benign
tumour (arrows) of the submandibular gland.

tory process. Another two
cases showed abscess forma-
tion which was seen as ill de-
fined cystic areas, with irregu-
lar outlines and internal debris.
A successful guided aspiration
yielded pus in both the cases.

Although the diagnosis of
Sjogren’s syndrome is often
made clinically and confirmed
by sub-labial minor salivary
gland biopsy, US is useful in
surveillance of cervical nodes
for the detection of lymphoma.

e L

long-standing pleomorphic
adenoma which has a higher
risk of developing into a carci-
noma. °

However no malignant
change was seen in either of
these cases on FNAC and final
histology.The single oncocytic
adenoma we saw is more of-
ten seen in the parotid gland,
is usually solitary and histologi-

In addition the lacrimal glands

Figure 4: Transverse sonogram showing diffuse
inflammatory enlargement of the submandibular gland
(arrows) with heterogeneous parenchymal echoes. No
obvious calculus or focal abscess detected.

cally benign. Surgical removal
is the treatment of choice. ® Al-
though on US it does not have

Figure 2: Longitudinal sonogram of the submandibular gland
(black arrows) showing a solid, hypoechoic ill-defined malignant
tumour (white arrows) of the submandibular gland. Arrowheads
identify the mandible.

any specific features and is in-

presence of adjacent malignant aden-
opathy were useful features. With
high resolution transducers US is bet-
ter than CT or MRI in the detection
of indistinct borders, ° cervical lymph
node staging can be accurately

distinguishable from a pleomorphic ad-
enoma, a guided FNAC helped us in
making the diagnosis preoperatively
which was confirmed following surgery.

In diffuse non-calculus disease of
the submandibular gland the role of
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can also be evaluated by high resolu-
tion US. In two of our cases excision
biopsy of adjacent abnormal nodes de-
tected by US confirmed high grade
malignant lymphoma. In one case a
CT sialogram was performed prior to
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the US. However we believe that had
the US been done earlier, the CT sialo-
gram would not have been necessary.

Post-radiation oedema may also
present as a mass in the submandibu-
lar triangle. The skin, subcutaneous and
soft tissues show a diffuse cobblestone
appearance with intervening
hypoechoic septae making visualization
of the submandibular gland difficult.
Follow-up scans after the oedema had
subsided show small, hypoechoic ir-
regular atrophic submandibular glands
with a coarse echo pattern.

Once we established the salivary
glands were normal, the commonest
extraglandular lesions in the sub-
mandibular triangle in our series were
enlarged lymph nodes (Figure 5). In
adults the commonest malignancy of
the upper aerodigestive tract is squa-
mous cell carcinoma (SCCa). The
most important factor that influences

initial investigation. US is also sensi-
tive in detecting compression or in-
vasion of the carotid artery and the
internal jugular vein prior to surgery."?

On US the diagnosis of a haemangi-
oma may be suggested if there is a het-
erogeneous mass with multiple cystic
spaces (Figure 6) with or without

Figure 6: Transverse sonogram of the submandibular
area showing an ill-defined, hypoechoic, heterogene-
ous mass (arrows) with small cystic spaces adjacent
to the submandibular gland (arrowheads).

5 Longitudinal sonogram of the submandibular

 the mandible (arrowheads). White arrows identify the
' visualised portion of the submandibular gland.

showing a malignant node (black arrows) adjacent to

therapeutic outcome is the develop-
ment of metastases to cervical nodes.”
It is therefore important to identify
malignant nodes in the neck. US with
its superior sensitivity over clinical
examination (92% v 70%), '° and its
specificity when combined with
FNAC (92.7%) "' makes it an ideal

areas of calcification within. A RBC
scintigram confirms its nature.” How-
ever in order to define its entire
anatomic distribution and the pres-
ence of intraosseus component, a

MRI is indicated.

Conclusion
US combined with a guided FNAC

answers almost all clinical queries con-
cerning masses in the submandibular
triangle and provides the surgeon with
relevant information preoperatively. In
view of its low cost and easy availabil-
ity compared to CT and MRI it is an
ideal initial investigation. However CT
or MRI are still necessary for accurate
staging of the primary tumour and de-
termining tumour extent.
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