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Abstract

Salivary glands are complex in nature. They could
be either tubulo acinar, merocrine or exocrine glands
secreting mainly saliva. Salivary gland is one of the main
soft tissue structures in the maxillofacial area. Saliva is
a clear, slightly acidic muco serous fluid that coats the
teeth, mucosa and thereby helps to create and maintain a
healthy environment in the oral cavity. Salivary glands may
be affected by a number of diseases: local and systemic
and the prevalence of salivary gland diseases depend on
various etiological factors. The glands may be infected by
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viral, bacterial, rarely fungal or its ductal obstruction which
may cause painful swelling or obstruction, affecting their
functions. The salivary gland may also be affected by a
various benign and malignant tumours. This review article
briefly describes about the various salivary gland disorders,
diagnostic techniques and their management including the
recent advances and the future perspective.

Key words: Salivary gland disorders; Xerostomia;
Salivary biomarker; Salivary diagnostics; Exocrine glands

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The aim of this article was to analyse detailed
aspects of various salivary gland disorders, their
diagnostic and therapeutic advances in the prevention
and management of salivary gland diseases of the oral
cavity, including the recent developments and their
future perspective.

Krishnamurthy S, Vasudeva SB, Vijayasarathy S. Salivary gland
disorders: A comprehensive review. World J Stomatol 2015; 4(2):
56-71 Available from: URL: http://www.wjgnet.com/2218-6263/
full/v4/i2/56.htm DOI: http://dx.doi.org/10.5321/wjs.v4.i2.56

INTRODUCTION

A gland consists of specialized type of cells, wherein
they produce products which are used elsewhere in
the body. Salivary glands are complex, tubulo acinar,
exocrine or merocrine glands secreting mainly saliva.
Saliva is the product of the major and minor salivary
gland dispersed throughout the oral cavity. It is a
complex mixture of organic, inorganic components
and water, carrying out several functions. There are
three pairs of major salivary glands namely parotid,
sub mandibular and sublingual glands in addition to
numerous minor salivary glands in the oral cavity!™..
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Figure 1 Major Salivary Glands and their related structures.

SALIVARY GLANDS DEVELOPMENT AND
ANATOMY

The development of the parotid gland starts from
4-6" week, the submandibular gland at 6™ week and
the sublingual gland including minor salivary glands
develops at 8-12 wk of embryonic life. The various
developmental stages are: Bud formation, Epithelial
cord formation, Branching and glandular differentiation,
canalization and cyto differentiation. The parotid is
ectodermal while the submandibular and sublingual
glands are endodermal in their origins. The parotid
represents the largest of the salivary gland which is
situated between the external acoustic meatus between
the ramus of the mandible and sternocleidomastoid
muscle. Each gland is encapsulated and is composed of fat
tissue and cells that secrete mainly the serous fluids. The
major duct of each parotid gland is called Stensen’s duct
which opens into the vestibule of the mouth opposite
the crown of the upper second molar tooth. The parotid
gland being primarily serous in secretion secretes
watery serous saliva'.

The submandibular glands are located along the side of
the lower jawbone in the anterior part of digastric triangle.
Each gland has a major duct called Wharton’s duct which
opens on the floor of the mouth, on the summit of
sublingual papilla at the side of frenulum of the tongue.
Each of these glands is covered by a capsule which
gives off mixed serous and mucous secretion in nature.
The sublingual glands are the smallest of the major
salivary glands which lies above mylohyoid and below
the mucosa of the floor of the mouth. They are not
covered by a capsule and are therefore more dispersed
throughout the surrounding tissue. Their secretions are
drained by many small ducts known as Rivinus’s ducts
that exit along the sublingual fold at the floor of the
mouth. Sometimes, few anterior ducts may join to form
a common duct called Bartholin’s duct, their secretion
being mixed in nature which empties into Wharton'’s duct.
The sublingual and minor salivary glands are primarily
mucous in nature.
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Figure 2 Mucous secreting cell showing Mucigen vesicle.

Types
Salivary glands can be classified according to size as
major and minor glands. The major salivary glands are
of three pairs namely the parotid, submandibular and
sublingual glands are shown in Figure 1. There are a
numerous minor glands present in labial, buccal, glosso
palatine, palatine and lingual areas in the oral cavity.
Based upon the type of secretion salivary glands
may be predominantly serous, mucous or mixed
depending on the type of secreting cells. Parotid and
Von Ebners glands are purely serous while minor
salivary glands like glosso palatine, palatine and anterior
lingual glands are purely mucous. The mixed types of
salivary glands are submandibular, sublingual, labial,
buccal and posterior lingual glands.

Histology of salivary glands

Each gland has the secretory unit which is mainly
composed of acinus, myoepithelial cells, intercalated
duct, striated and excretory ducts. The acinus could be
serous, mucous or mixed. These acini contain amylase
granules in serous and granules with mucin in mucous
glands and are responsible for producing primary
secretion is shown in Figures 2 and 3. The secretory
granule in mixed salivary glands contains serous
demilunes, capping mucous acinar cells (Demilunes of
Gianuzzi or Heidenham) producing sero mucous saliva.
The ductal system of the salivary gland has a varied
network. The three classes of ducts are intercalated,
striated, and excretory each with different structure and
function.

Saliva: It is mainly secreted and produced by the
salivary gland. The total volume of saliva secreted daily
in an adult person is 600-1000 mL out of which 60%
is secreted by the submandibular glands, 30% by the
parotid, 5% by the lingual and 7% by the minor salivary
glands with a pH in the range of 6.0-7.0. However, the
salivary secretion is a reflex action arising from the
salivary centres dependent on afferent stimulation. The
sublingual and minor salivary glands spontaneously
secrete saliva though the bulk of this secretion is nerve
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Figure 3 Serous secreting cell with secretory granules.

mediated. The normal average salivary flow rate ranges

from 0.1-0.3 mL per minute®™.

Composition

Saliva is mainly composed of the following components.
Electrolytes like sodium, potassium, chloride, bicarbonate,
calcium, magnesium, phosphate, thiocynate, and fluoride.
Secretory proteins/Peptides like Amylase, proline rich
proteins, mucins, histatin, cystatin, peroxidase, lysozyme,
lactoferrin, glycoproteins, lysozyme, defensins, and
cathelicidin LL37. They also contain secretory immune
globulins-(IgA), IgG, IgM, organic components like,
glucose, amino acids, urea, uric acid, and lipid molecules.
The other components that are present are epidermal
growth factors, epithelial cells, insulin, cyclic adenosine
monophosphate, binding proteins and serum albumin.
In addition, biologically active peptides such as leptin,
ghrelin and endothelin which are identified in saliva are
of supreme importance to general health and also oral
health in particular®®. Functions: saliva mainly helps in
lubrication for the movement of oral tissues against each
other and the food, aids in digestion, in taste perception,
neutralises by its buffering action the bacterial acids
and thereby promotes remineralisation by reducing
dissolution of enamel by inhibition of calcium phosphate
precipitate. The saliva over all protects the teeth and the
oral mucosa by the presence of immunoglobulin’s tissue

repair factors and antibacterial system'.

Oral diagnostic approaches to the patients with
salivary gland disorders: (1) Past and Present
History: to enquire about the history of patient who
had undergone any surgery/radiotherapy, or have any
underlying systemic problems/the patient is under
any medications, etc. A thorough medical history and
physical examination are also essential; and (2) Clinical
Examination; a study by Navazesh suggests four clinical
measures to diagnose the hypo function in the salivary
gland. They are dryness of the lips and buccal mucosa,
absence of saliva produced by the gland, bimanual
palpation, and DMFT scores'.,

For evaluations of Dry mouth and a salivary mass
or enlarged salivary gland, the following diagnostic
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approached may be applied: (1) Imaging of salivary
glands; (2) Sialography; (3) Special imaging; (4)
Sialochemistry; and (5) Biopsy and culture.

Salivary gland disorders: (1) Developmental-
Aplasia, Atresia, Aberrancy; (2) Functional Disorders-
Xerostomia, Sialorrhea (Ptyalism); (3) Inflammatory-
infectious conditions; acute and chronic bacterial
infection; Sialadenitis, Viral infection; Mumps, Human
immunodeficiency virus associated salivary gland
disorder; Post irradiation Sialadenitis, chronic sclerosing
Sialadenitis, cheilitis glandularis; (4) Traumatic/
Obstructive-Mucocele, salivary duct cyst (mucose
retention cyst, Ranula), Nicotinic stomatitis, Sialolithiasis;
(5) Autoimmune-Sarcoidosis, Sjogrens syndrome,
Mikulicz’s disease; (6) Neurological-Frey’s syndrome;
(7) Degenerative-idiopathic Sialolithiasis; (8) Non
inflammatory non neoplastic-Sialadenosis; (9) Vascular-
Necrotizing sialometaplasis; (10) Neoplastic-Benign:
Papillary Cystadenoma Lymphomatosum, Pleomorphic
Adenoma, BasalCell Adenomas, Oncocytoma, Canalicular
Adenoma, Myoepithelioma, Sebaceous Adenoma, and
Ductal Papilloma. Malignant: Adenoid Cystic Carcinoma,
Hyalinising Clear Cell Carcinoma, Mucoepidermoid
Carcinoma, Acinic Cell Carcinoma, Adeno carcinoma,
Carcinoma™®; and (11) Classification of Salivary Gland
Tumours according to WHO 2005 is listed in Table 1.

Developmental disorders

Atresia is the congenital occlusion or absence of salivary
ducts which leads to xerostomia or mucous retention
cyst.

Aplasia is the complete absence of one or more
salivary gland which leads to xerostomia, and affected
patients are more susceptible to dental caries. This
condition could be an isolated finding or associated with
other disorder like hemi facial microsomia or Treacher
Collins syndrome. Recent studies suggest that mutation
in fibroblast growth factor 10 (FGF10) affecting the
FGF receptor signalling, has been linked with this
condition'”). Enamel hypoplasia, extensive occlusal
wear of teeth or congenital absence of teeth are other
oral manifestations of salivary agenesis. However the
treatment is supportive.

Aberrancy: it is an anatomic variant wherein the
normal salivary gland develops at an abnormal position.
Sometimes they are found adjacent to lingual surface
of the mandible within a depression. Ex: Staphne’s
bone cyst or Staphne’s bone cavity: It is thought to be
created by an ectopic portion of salivary gland tissue
which causes remodelling of the mandibular bone. This
creates an apparent cyst like radiolucent area seen on
the radiographs™. It appears below the inferior alveolar
nerve canal in the posterior region of the mandible.

This lesion is not discovered during routine examination,
as it causes no symptoms and do not require intervention.
However, surgical intervention is recommended in atypical
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Table 1 World Health Organization 2005 Classification of

salivary gland tumors

Epithelial tumors
Benign epithelial tumors
Pleomorphic adenoma
Myoepithelioma
Basal cell adenoma
Oncocytoma
Canalicular adenoma
Warthins tumors
Cystadenoma
Papillary cyst adenoma
Mucinous cyst adenoma
Benign sebaceous neoplasm
Sebaceous adenoma
Sebaceous lymphadenoma
Ductal papilloma
Intraductal
Inverted ductal
Sialadenoma papilliferum
Malignant epithelial tumors
Mucoepidermoid carcinoma
Acinic cell carcinoma
Adenoid cystic carcinoma
Polymorphous low grade adenocarcinoma
Epithelial myoepithelial carcinoma
Clear cell carcinoma
Basal cell adenocarcinoma
Oncocytic carcinoma
Myoepithelial carcinoma
Adenocarcinoma NOS
Carcinoma ex pleomorphic adenoma
Metastatising pleomorphic adenoma
Carcinosarcoma
Salivary duct carcinoma
Cyst adenocarcinoma
Low grade cribriform cystadenocarcinoma
Sialoblastoma
Malignant sebaceous tumor
Sebaceous adenocarcinoma
Sebaceous lymphadenocarcinoma
Squamous cell carcinoma
Mesenchymal tumors
Benign
Haemangioma
Haemangiopericytoma
Lipoma
Neurofibroma
Schwannoma
Malignant
Fibrosarcoma
Malignant fibrous histiocytoma
Liposarcoma
Malignant lymphoma
Metastatic tumor

regions in which the diagnosis is unclear and a tumor is
suspected.

Functional disorders

Xerostomia: It is defined as the subjective sensation
of oral dryness that may or may not be associated with
a reduction in salivary output. The condition may be
transient, prolonged or permanent depending upon the
duration of the condition.

Baishidenge WS | www.wjgnet.com

59

Krishnamurthy S ef a/. Review of salivary gland disorders

Aetiology: Temporary causes are: (1) Psychological
causes due to anxiety and depression; (2) Drug therapy-
Drugs that exert anti-anticholinergic and decrease the
volume of serous saliva are: anticholinergic ex:atropine,
anti-hypertensive ex: reserpine, methyldopa, antihistamine
ex: diphenhydramine, antidepressant: amitryptiline,
antipsyschotics: diazepam, anti parkinsonian drugs:
procyclidine, anti-emetics: hyoscine and antispasmodics:
tizandine. Drugs that exert sympathomimetic action
and produce more viscous mucinous saliva with less
volume are: Nasal decongestants, appetite suppressants,
bronchodilators, and amphetamines. Some drugs may
also exert their neural effects in higher centres of the brain,
by stimulation of adreno receptors in the frontal cortex that
can produce inhibitory effects on salivary nuclei’s; (3) Duct
calculi: a blockage of the duct of a major salivary gland
(submandibular) can produce dryness on the affected side
with pain and swelling in the gland on stimulation. If left
untreated it can cause progressive fibrosis of the gland
and permanent xerostomia; (4) infections; Sialadenitis is
the inflammation of the salivary gland, acute infections like
mumps and post-operative parotitis, chronic conditions
like swellings related to nutritional deficiency, and iodine
hypersensitivity, wherein in all these conditions causes
hypo salivation®?..

Permanent causes: (5) Salivary gland aplasia,
Sjogrens syndrome: causes dry eyes, dry mouth and
often associated with rheumatoid arthritis. Other
systemic disorders like diabetes mellitus, Parkinson’s
disease, cystic fibrosis, sarcoidosis, vitamin A, riboflavin,
nicotinic acid deficiencies and in anaemia’s; (6) Surgery
or trauma to the ducts may also impair secretion; and
(7) Radiotherapy: hypo salivation occurs on exposure of
major salivary glands to radiation bilaterally in head and
neck cancer. At radiation doses > 3000 cGy, the patient
is at risk if all major glands are in the field of radiation.
Irreversible effects occur at a dose of 6000 cGy for 5
wk. Radiation causes acinar cell atrophy and fibrosis,
changes in vascular connective tissue and neurologic
function. The degree of salivary gland alteration
depends on dose volume factor, patient age, and time
of exposure to radiation. Serous acini are affected
before mucous acini resulting in thick viscous secretion.
Depending on the amount of salivary tissue in the field,
xerostomia may resolve within 6 mo and sometimes
may be permanent. There can also be changes in
salivary composition, decreased secretory IgA and
buffering capacity with increased magnesium, calcium,
potassium and sodium chloride in post radiotherapy
cases”® !,

Signs and symptoms: Lips are often cracked, peeling
and atrophic; Buccal mucosa may be corrugated
and pale: (1) Tongue may be smooth and reddened,
cracked or fissured, with loss of papillation; (2) Increase
in erosion and caries, particularly decay on root surfaces
and even cusp tip involvement; (3) Erythematous form
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of candidiasis is frequent; (4) Lipstick sign: occurrence
of shed epithelial cells on the labial surfaces of maxillary
anterior teeth as the mucosa adheres to the teeth due
to reduced saliva; (5) Tongue blade sign: when held
against buccal mucosa, the tissue adheres to the tongue
blade as it is lifted away; (6) Viscous sticky saliva with
difficulty in speaking and swallowing; (7) Halitosis,
altered taste and smell, gingivitis; (8) Complaint of
burning mucosa, lips or tongue; (9) Ulceration of oral
mucosa; (10) No accumulation of saliva in the floor
of the mouth; (11) Poorly fitting prosthesis; and (12)
Enlargement of salivary glands.

Xerostomia associated problems are: Dental Caries,
Dry mouth, Dysgeusia, Dysphagia, oral Candidiasis, and
Bacterial infections!”.

Treatment of xerostomia associated problems:
Dental caries; use of fluorinated dentifrice (0.05%
NaF)/fluoride gel in the concentration of 1% NaF, 0.4%
Stannous fluoride application of 0.5% sodium fluoride
varnish to teeth, regular use of re mineralising tooth
paste. Dental examination every 6 mo and bitewing
radiograph once a year for early diagnosis of dental
caries. The recent advances in chair side diagnostics
test kits are GC Salivary check-Buffer Kit that identifies,
measures, and assesses patient for caries risk based
on saliva conditions like hydration, consistency, pH
of resting saliva and flow, and buffering capacity of
stimulated saliva™. GC Saliva Check Mutans Kit
is another chair side diagnostic kit used for rapid
detection of high levels of S.mutans without the need
for incubation is possible within 15 min. In a study,
Gopinath et al* evaluated the effect of salivary testing
in dental caries assessment using salivary testing kit (GC
Asia Dental Pvt Ltd, Japan) and recommended adopting
this test in patients with high caries risk.

A similar study conducted by Wennerholm et a/*”
compared Saliva-Check Mutans and Saliva-Check IgA
Mutans with the Cariogram for caries risk assessment
and the data suggested that the combination of Saliva-
Check Mutans and Saliva-Check IgA Mutans could be
used for caries risk assessment.

Kanehire et a/'*®! aimed to develop a simple
screening technique for the diagnosis of hypo salivation
by estimation of capsaicin-stimulated salivary flow using
filter paper. Five spots containing starch and potassium
iodide on filter paper with or without capsaicin and a
colouring reagent was designed in this assay system.
The study suggested that this test would be useful for
evaluating the retained functional ability of salivary
glands and screening of hypo salivation with dry mouth.

Dry Mouth should be hydrated regularly using water
or lozenges with citric acid to stimulate salivation,
artificial salivary substitutes, lubricants such as lanolin
based product Vaseline, olive oil, vitamin E or lip balm,
oral gels such as oral balance, Dry mouth gel (GC Asia
Dental Pvt Ltd, Japan) which can be applied on buccal

Raishidenge ~ WJS | www.wjgnet.com

60

and lingual surfaces of teeth and oral mucosa which
can be applied any time during the day as needed. Even
mouthwashes and sprays, sugar free gums, mints water
or ice chips are recommended®**"”., Sialogogues like
pilocarpine 5 mg 3 times a day, cevimeline 30 mg 3 times
a day, bromhexine, bethanecol, and anethole trithione
are prescribed. Use of Salivary substitute’s solutions
mainly containing electrolytes stimulates natural saliva,
example Salivart, Oralube, Xerolube, Plax may also be
recommended.

Application, in children 1 spray whereas in adult 2-3
sprays should be directed into the back of the mouth
and tongue for the relief of dry mouth symptoms. The
characteristics features that these substitutes possess
are that they have electrolytes and pH similar to saliva
and low viscosity allowing electrolytes particularly calcium
to travel through matrix of saliva substitute which helps
in remineralisation process. Mucin containing saliva
orthana and Glycerate polymer are also suggested for
xerostomia. There are studies suggesting the role of
acupuncture therapy for improvement in salivation as a
treatment option for patients responding to muscarinic
agonists™”.

Measuring biofilm activity is possible by using recently
introduced simple chair side adenosine triphosphate (ATP)
bioluminescence test, CariScreen (Oral BioTech, Albany,
Ore) the caries susceptibility test to assess cariogenic
bacterial activity and their levels in caries free and
caries active patients in about 15 s measurement with a
meter™™®,

Inflammatory

Sialadenitis is an inflammation condition affecting
the salivary glands. Parotid salivary glands are most
commonly affected in adolescents and in children,
debilitated adults, or patients with medication on tricyclic
antidepressants and tranquilizers.

Aetiology: The main etiologic factors for sialadentis can
be either infectious or non-infectious factors. Bacterial
and viral agents can cause of sialadenitis. Bacterial
sialadenitis is caused because of retrograde spread of
infection secondary to decreased salivary flow or ductal
obstruction. Decreased salivary flow can be secondary
to medications, dehydration or debilitating conditions.
Ductal obstruction can be due to sialolithiasis, strictures
within the ductal system and common in submandibular
salivary glands or due to pressure effect from adjacent
tumors.

Staphylococcus aureus is the most common etiologic
agent for acute bacterial parotitis in addition Staph.
Pyogenes, Strep. Viridians and other microorganisms
can also cause sialadenitis. Viruses causing sialadenitis
include paromyxo viruses (mumps-most common),
Coxsackie virus, cytomegalo virus, etc. The patient
may present with fever and dehydration!*®’, Clinical
features: clinically there is sudden pain at the angle of
the jaw which is unilateral with glandular enlargement
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and tender to palpation with purulent discharge over
Stensens duct.

Treatment includes administration of salivary
stimulants, antibiotics and surgical drainage.

Acute postoperative parotitis: Aetiology is a form
of sialadenitis which occurs after a major surgical
procedure where in the patient depends only on
intravenous fluids. In addition these patients are on
atropine which is a pre anaesthetic medication for
drying the secretions and this may contribute to dryness
of mouth and subsequent inflammation of parotid
salivary glands. Non-infectious causes of salivary gland
inflammation are sarcoidosis and Sjogrens syndrome.

Clinical features: Parotid gland is the most common
salivary gland involved in acute bacterial sialadentitis.
The patient presents with painful, usually bilateral
swelling of the parotid salivary glands with low grade
fever. In addition the patient may also complain of
difficulty in opening the mouth. On clinical examination
the skin over the parotid region may be inflamed and
intra orally purulent discharge may be observed from
parotid duct. Treatment-The condition usually resolves
in about 48 h. However, symptomatic treatment is
recommended.

Mumps is an acute paramyxo virus induced infection
of parotid salivary glands. Aetiology- It is a contagious
infection spreading through airborne droplets or direct
contact of saliva. The peak incidence of mumps is
reported during winter and spring season'®. Clinical
features: The infectivity of the mumps virus ranges
from 3 to 4 d after the onset of the disease!*"*.
During the prodromal phase of the disease, the patient
may complain of low grade fever, muscle pain, head
ache and malaise®® followed by unilateral or bilateral
enlargement of parotid salivary glands associated
with pain which is severe during mastication. The
inflammation of the salivary gland starts reducing by
the end of 1% week and the patient returns to normal by
10 d®, Epididymoorchitis, Oophoritis, pancreatitis and
acute meningitis are the complications of mumps™.
Treatment is symptomatic and Mumps vaccination
(MMR) may decrease the incidence of this infection and
considered as preventive measure.

Chronic recurrent parotitis: The proposed etio
pathogenesis for this disorder include, congenital®**
and acquired factors like ductal obstruction secondary to
inflammation infection and autoimmune diseases'*>*®.

Chronic sclerosing sialadenitis: Also known as
Kuttner’s tumour was identified by Kuttner in 1896.
Aetiology-The condition is a chronic inflammatory
reaction secondary to ductal obstruction and subsequent
salivary stasis. However, salivary flow obstruction is
proposed to be the main factor in the pathogenesis of

this disorder*?”..
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Clinical feature: Clinically the condition presents
as a painful, hard swelling of submandibular salivary
gland. The pain and swelling may be present for a
variable duration of time. The differential diagnosis
includes chronic sialadenitis, sialolithiasis, and benign
lymphoepithelial lesions. Treatment-The condition is
managed by surgical excision of the involved gland and
chances of recurrence of the lesion or changing into
malignancy is found to be rare™”.

Hepatitis C virus associated sialadenitis: Aetiology-
hepatitis C virus (HCV) is found to affect the salivary
glands and cause the glandular inflammation. Clinical
feature: The affected patients may present with
mild swelling of the parotid gland with minimum or
no symptoms of dry eyes and dry mouth®®**l, The
diagnosis of HCV is by the detection of HCV DNA and
anti HCV antibodies. Treatment- Hepatitis associated
sialadenitis is treated symptomatically®®®.,

Human immunodeficiency virus infection: In
Human immunodeficiency virus (HIV) infected patients
salivary gland lesions commonly occur which may be
neo plastic or non-neoplastic in nature. AIDS related
tumours such as lymphoma and Kaposis sarcoma and a
Sjogrens syndrome like condition occurs in these patients
and are described as “HIV salivary gland disease”
(HIV-SGD) is considered to be due to reactivation of a
latent virus. Various studies have expressed the strong
association between salivary gland dysfunction seen in
HIV affected patients and Human Cytomegalovirus (CMV)
saliva. Clinical feature: The condition is characterised
by xerostomia with unilateral or bilateral salivary gland
enlargement with reduced tear production. Diagnosis is
by biopsy of the major gland which shows the presence
of hyperplastic lymph nodes with lymphocytes and
cystic cavities obtained from patients affected from HIV-
SGD™?®, Treatment-Administration of oral sialagogues/
frequent sipping of water are recommended for xero-
stomia. Anti-retroviral therapy may be administered
for the management of HIV. Rarely radiotherapy and
parotidectomy may be beneficial in advanced condition.

Iodine 131 indiced sialadenitis: Aetiology-high dose
of oral Iodine 131 in treatment of thyroid carcinomas
can adversely affect the salivary glands leading to
sialadenitis. The incidence of acute salivary gland
inflammation range from 24%-67% and that of chronic
salivary gland inflammation range from 11%-43%">".
Clinical feature: The patients present with pain and
swelling of the salivary glands with or without dry
mouth condition™?. Treatment- Administration of oral
sialagogues/oral hydration, serotonin receptor blocker
and dexamethasone are recommended.

Sialadenosis: Sialadenosis also known as sialosis is an

enlargement of salivary glands which is non-inflammatory
and non-neoplastic more commonly affecting the parotid
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salivary glands.

Etiology: This condition can be associated with:
Endocrine disorders: (1) Diabetes mellitus and insipidus;
(2) Accromegaly; (3) Hypothyroidism; and (4) Pre-
gnancy. Nutritional status: (1) Anorexia nervosa; (2)
Bulimia; (3) Chronic alchoholism; and (4) General
malnutrition. Medication induced sialadenosis®*: (1)
Psychotropic medications; (2) Antihypertensive drugs;
and (3) Sympathomimetic drugs. Clinical features-
Patient presents with a slowly progressing bilateral (rarely
unilateral) swelling of parotid salivary glands which may
be asymptomatic®*. Rarely patients may complain
of reduced salivary flow. Treatment-Management of
underlying systemic condition may help in reversing the
sialdenosis.

Traumatic: Mucocele

Aetiology-They is caused due to rupture of a salivary
gland duct mostly due to trauma resulting in spillage
of mucin into the surrounding tissues. Clinical features:
Clinically a mucocele appear as bluish thin walled
lesion which is fluctuant, and the most common site of
occurrence is on the lower lip. Ranula: is a special type of
mucocele which grows in the floor of the mouth, usually
unilateral and is called due to its similar appearance
to enlarged abdomen region of a frog. Treatment-
in case of superficial recurrent or deep mucoceles,
surgical intervention is indicated while large ranulas are
treated by marsupialization. A study by Wilcox et a/*®
recommends intra lesional corticosteroids administration
before surgery.

Nicotinic stomatitis: Aetiology-The long standing
habits of tobacco and or alcohol/hot liquid consumption.
Clinical feature: Exhibits whitened areas of the hard
palate due to hyperkeratosis caused by the thermal
irritation. This irritation also causes inflammation and
dilatation of the duct openings of the minor salivary
glands of the palate manifesting as red patches or spots
on a white background!!. Treatment- discontinuation of
the habits reverses the condition back to normal.

Autoimmune: Sarcoidosis

Aetiology-is an autoimmune chronic granulomatous
inflammatory condition which causes destruction of
the tissue by T lymphocytic, mononuclear phagocytic
infiltration and granuloma formation™. The parotid
salivary glands are affected in 10%-30% of cases.
Clinical feature: The patient presents with a hard,
bilateral enlargement of the parotid gland usually
asymptomatic in nature. Sarcoidosis of parotid glands
along with uveitis and facial nerve paralysis is termed
as Heerfordt’s syndrome or uveo parotid fever®, The
patient may complain of dry mouth and minor salivary
gland biopsy confirms the diagnosis. Treatment-
palliative treatment primarily relieving of the symptoms
of salivary component of sarcoidosis is advised.
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Corticosteroid or with Chloroquine has been recom-
mended. Immunosuppressive and immune modulatory
medications are administered in patients who do not
respond the corticosteroids.

Sjogrens syndrome: Aetiology-is an autoimmune
disorder associated with HLA-DR3 AND HLA-B8. The
disease was described by Henric Sjogren in 1933.
Clinical feature: The primary Sjogren syndrome/sicca
complex exhibit dry eyes and mouth. The secondary
Sjogren syndrome develops SLE, polyarteritis nodosa,
polymyositis, rheumatoid arthritis and in scleroderma.

This condition is most commonly seen in women
over 40 years with male: female in the ratio of 1: 10.

Sjogrens syndrome case definition'®** requires
at least 2 out of the following 3 criteria as mentioned
in Table 2. Laboratory findings: Anti salivary duct
antibodies, anti-nuclear antibodies, rheumatoid factor
increased ESR, Lip biopsy-lymphocytes around salivary
glands. The other tests are Schirmer test, Rose Bengal
dye test, Sialography and sialochemistry'®. Treatment-
to limit the harmful effects of the disease especially
the ocular and oral conditions, symptomatic relief of
administration of artificial tears, saliva substitutes,
fluoride applications and oral hygiene measures are
suggested'®>*,

Mikulicz’s disease: Aetiology-Mikulicz’s disease of
unknown aetiology was first reported by Johann von
Mikulicz-Radecki in 1888. However, it has been demon-
strated that autoimmune, viral, and genetic factors may
contribute to the pathogenesis of the disease. Clinical
feature: Patients suffering from Mikulicz's disease
present with asymptomatic, bilateral swelling of the
parotid, and submandibular salivary glands along
with lacrimal glands. This disease closely resembles
Sjogren’s syndrome. However the lacrimal and salivary
secretion depletion is very minimal in Mikulicz's disease.
Histologically the disease resembles Sjogren’s syndrome,
but lacks the characteristic anti-SS-A and anti-SS-B
antibodies of Sjogren’s syndrome. Studies have found
increased levels of IgG4 antibodies in the serum of
patients with Mikulicz's disease. Treatment- Mikulicz’
s disease is very much responsive for steroid therapy
particularly to™*! methylprednisolone.

Neurological
Frey’s syndrome also known as Auriculo temporal
syndrome which is characterized by sweating in the pre
auricular and temporal areas after gustatory stimulation.
Aetiology-the condition most commonly caused due to
faulty regeneration of sympathetic and parasympathetic
nerve fibres which were injured during parotid tumor
surgery or ramus resection. Clinical feature: Post-surgery
the parasympathetic fibres start innervating the sweat
glands and vasculature of the skin around the parotid
area. The symptoms usually appear within few minutes of
the start of mastication or during stimulation of saliva and
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Table 2 American College of Rheumatology Classification

Criteria for Sjégren’s Syndrome: Sjogren’s syndrome case
definition requires at least 2 out of the following 3

Positive serum anti-SSA and/or anti-SSB or (positive rheumatoid
factor and ANA = 1:320)

Ocular staining score = 3

Presence of focal lymphocytic sialadenitis with focus score = 1
focus/4 mm’ in labial salivary gland biopsies

may remain up to 30 min after discontinuing mastication.
The diagnosis of the syndrome can be confirmed by starch
jodine test®®, Treatment- Reassurance to the patient is
advocated in most of the cases. Intra cutaneous injection
of botulin toxin is found to be effective in severe condition
and Tympanotomy™ may be the treatment of choice with
severe symptoms.

Degenerative

Sialolithiasis-is a condition of unknown aetiology. How-
ever, there could be several coexisting causes leading to
the salivary stone formation. Some of these cofactors
may be related to disturbed pH of saliva, abnormalities
in the sphincter mechanism related to salivary duct
opening and abnormal calcium metabolism™®!. Clinical
Feature: This condition most often will not produce any
signs and symptoms. Rarely, it may cause complete
ductal obstruction, pain and swelling of the salivary
glands. Treatment- Large salivary stone are managed by
extracorporeal or intracorporal lithotripsy™®*” procedure.

Non inflammatory non neoplastic

Sialadenosis is a non-infectious, non-inflammatory gland
enlargement usually affecting the parotid bilaterally.
This condition is most often seen in women causing
salivary hypo salivation which can occur due to systemic
disorders''?,

Vascular

Necrotizing sialometaplasia: Aetiology-The probable cause
could be due to vascular infarction of the salivary gland
lobules and is often mistaken for oral cancer’”), Vascular
compression is caused by a necrotic myocutaneous
reconstruction of the flap used in palatal surgeries and
embolization from carotid endarterectomises, Berger’
s disease, Raynaud’s phenomenon. Predisposing factors
are dental injections, ill-fitting denture, traumatic injury,
previous surgery and upper respiratory tract infections’
Clinical feature: appears as a non-neoplastic lesion that
usually arises from a minor salivary gland in the lips,
posterior part of the palate, and retro molar regions.
Treatment: The condition is self-limiting and the healing
of the lesion normally takes about 6-8 wk.

Neoplastic

Benign: Pleomorphic Adenoma, Papillary Cystadenoma
Lymphomatosum (warthins tumor), Basal Cell Ade-
nomas, Oncocytoma,Canalicular Adenoma, Myo-
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epithelioma, Sebaceous Adenoma, Ductal Papilloma.

Malignant: Adenoid Cystic Carcinoma, Hyalinising Clear
Cell Carcinoma, Mucoepidermoid Carcinoma, Acinic Cell
Carcinoma, Adeno carcinoma, Pleomorphic Adenoma,
Lymphoma®™®*,

Oral diagnostic approaches to the patients with
salivary gland disorders: (1) Imaging of salivary
glands: Salivary gland is one of the main soft tissue
structures in the maxillofacial area. Imaging is useful
in identifying the masses of salivary glands and also in
differentiating them from the masses/pathologies of
adjacent cervical spaces, especially para pharyngeal,
masticator, submental spaces and mandibular lesions.
Conventional radiography has a very limited role in the
diagnosis of salivary gland pathology which includes
plain radiography. It aids in identifying mainly salivary
stones and calcifications. Gland plain radiography like in
postero anterior skull projection with cheeks blown out
to delineate the parotid duct and submandibular gland
radiography includes lateral oblique radiograph with
mouth wide open; and (2) Sialography was used as the
sole imaging technique before the advent of advanced
imaging techniques which include ultrasonography,
elastography, computed tomography, scintigraphy, and
magnetic resonance imaging. Sialography, an imaging
technique of salivary gland, uses contrast medium to
delineate the ductal system of salivary glands. Due to
use of contrast medium this technique is not suitable
and is contraindicated in acute conditions of salivary
glands®®. However sialography is found to be useful in
assessment of salivary gland dysfunction secondary to
obstructive disorders of the gland™.

Studies have suggested other various diagnostic
methods-magnetic resonance (MR) sialography is a
non-invasive technique useful in evaluating the hypo
functioning of salivary glands. Sialo endoscopy assist in
detecting ductal anomalies that may not be™*” possible
to detect by means of either traditional or new imaging
techniques.

Sialography, Sialoendoscopy, and MR Sialography
are indicated for evaluation of the ductal system of the
salivary glands.

Ultrasonography, computed tomography, magnetic
resonance imaging is helpful in assessment of the
parenchyma of the salivary glands**. However; all
these diagnostic aids have their own limitations in the
diagnosis of salivary gland lesions.

Ultrasonography: Ultrasound examination of salivary
glands with a high resolution transducer is found to be a
highly sensitive, a non-invasive method for salivary gland
evaluation™®, It is a cost effective imaging tool which
displays high definition images useful in evaluating the
superficial structures particularly the peripheral areas
of the affected salivary gland. High frequency linear
probes of 7.5-12 MHz are used in imaging of salivary
glands™®. In acute conditions such as acute radiation
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induced sialadenitis, the gland appears swollen and
show anoechic appearance on ultrasonography™. In a
recent clinical study ultrasonography was found useful in
diagnosing lymph node and salivary gland enlargement
in submandibular region and suggested that it also helps
in identifying the salivary glandular tissue in accessory
salivary gland and salivary calculi*®’.

Shock-wave lithotripsy: Shock-wave lithotripsy is a non-
invasive diagnostic tool suggested for the management of
sialolithiasis. Iro et af*® in 1989 introduced the application
of extracorporeal shock-wave lithotripsy (ESWL) in the
management of salivary gland. Sialolithotripsy helps in
removing salivary stones into smaller particles and thereby
removal by flushing action is possible from the salivary
duct system or after salivation induced by citric acid or
other sialagogues. The shock-waves are generated extra-
corporeally by using Piezoelectric and electromagnetic
techniques or intra-corporeally using electro-hydraulic,
pneumatic or laser endoscopic devices™.

Sonoelastography: Elastography is an ultrasonography
technique which measures the tissue elasticity in vivo.
This imaging technique measures the elasticity of the
glandular parenchyma and is useful in evaluating the
hypo function of saliva especially in post radiation hypo
function of salivary glands'*!.,

Computed tomography: Computed tomography
(CT) scans of the salivary glands are useful in delineate
the extent of the lesion and its relation to adjacent
structures™”. Multi detector CT scans help in characterizing
tumours of salivary glands like Warthin tumor which
demonstrates peak enhancement of signals after
administration of contrast agents which is not found
in other tumors of salivary glands. However CT scans
perform poorly in characterizing the histopathologic
nature of the tumors. CT scans help in differentiating the
benign and malignant neoplasms of salivary glands. The
irregular tumor margin and surrounding tissue infiltration
is the characteristic feature of malignancy™*®. However
studies have found overlap of CT scan characteristics
between malignant and benign lesions. Apart from
tumor identification CT scan also aids to view dystrophic
calcifications in salivary glands.

CT sailography: Interpretation of sailography findings
depend on the imaging technique used to acquire
sailography images. Traditionally plain radiographs
were used for assessment of salivary glands after
injection of the contrast medium. Introduction of CT
and MRI scans in maxillofacial imaging have shifted
the focus from plain radiography to these advanced
imaging techniques. However CT sialography may
have limited applications due to the accessibility and
cost factors. Moreover the prolonged image acquisition
time of CT scans may jeopardize the viewing of CT
contrast medium uptake™; (3) Special imaging; cone
beam computed tomography (CBCT): some of the
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limitations of CT sialography have been addressed
by use of CBCT technology with sialography. A study
reported the usefulness of CBCT in demonstrating the
secondary structures of submandibular salivary glands
in comparison with plain radiography coupled with
sialography. The same study reported that the effective
dose from CBCT scans were comparable to that of plain
radiography when a smaller field of view (FOV) was
used™,

Magnetic imaging resonance (MRI) scans are useful
in assessment of salivary glands. The wide variety of
soft tissue signals differences and multi planar image
acquisition have made MRI an effective imaging
modality for assessment of salivary gland tumors. This
imaging modality is helpful in assessment of tumors
affecting the deep lobes of parotid glands, skull base
invasion of the tumours of salivary glands, evaluation
of recurrent pleomorphic adenomas and much more®®".
Also high resolution MRI scans delineate the intra
parotid course of facial nerve which is an important
landmark for surgeons operating on parotid glands®®”.

Magnetic resonance sialography-Major limitations
of conventional sialography include use of iodine
based contrast agents and inability of the contrast
agent in overcoming the strictures within the ductal
system of the salivary gland which in turn prevent the
visualization. These limitations can be overcome by
switching on to MR sialography which uses patients
own saliva as a contrast medium. MR sialography also
demonstrates the actual ductal diameter due to non-
use of contrast agents>?.,

Scintigraphy-Salivary gland scintigraphy uses Tc-
99m pertechnetate which helps in assessment of
salivary gland dysfunction in disorders like Sjogrens
syndrome. This technique is valuable in assessment of
xerostomia™".

The minimally invasive techniques for preserving
the glandular tissue which are currently being used in
the management of obstructive salivary disease are
sialoendoscopy, shockwave lithotripsy, interventional
radiology, endoscopically video-assisted trans-oral
and surgical retrieval of stones, and botulinum toxin
therapy. Three dimensional reconstruction imaging (MR
sialographic) and MR virtual endoscopy have recently
been suggested for salivary gland ducts studies on par
with their applications in medical field™”..

Emerging imaging based diagnostics: Positron
emission tomography (PET) scan: A PET scan focuses
for areas of high cellular activity suggesting a sign of
cancer growth. It also helps to diagnosed cancer, and to
assess its spread to lymph nodes or any other parts of
the body. This test requires an injection of a very small
quantity of radioactive substance usually a type of sugar
known as FDG, which will be excreted by the body later
in a day. As cancer cells growth is faster in the body,
they absorb more of the radioactive sugar. After about
an hour, the patient is moved onto a table and made
to lie for about 30 min. Meanwhile a special camera

May 20, 2015 | Volume 4 | Issue 2 |



captures a picture of areas of radioactivity in provide
helpful information about whole body. It is also possible
to take a PET and CT scan at the same time (PET/CT
scan). This enables the doctor compare areas of higher
radioactivity on the PET scan with the more detailed
picture of that particular area on the CT scan®; (4)
Sialochemistry and Sialometry: Sialochemistry deals
with chemical analysis of saliva whereas Sialometry is
concerned with measuring salivary flow rates and these
two measurements of saliva helps in assessment of
functioning of salivary glands. The normal volume of the
saliva produced by both the major and minor salivary
glands constitutes around 600 to 1000 mL per day®”.
This volume varies in different individuals and it may
alter in different systemic conditions.

Sialometry can be in relation to whole saliva or gland
specific saliva. Whole saliva is a mixture of salivary
gland secretions, non salivary secretions including
serum transudates, gingival crevicular fluid, food debris
and oral microbes™. Most often clinicians assess the
salivary gland functions through collection of whole
saliva. This method is easy to perform and does not
require any special equipment. However, whole saliva
analysis is of limited value due to its low sensitivity in
detecting gland specific dysfunction and gland specific
changes in salivary chemical composition®®’; and (5)
Salivary gland biopsy or fine needle aspiration (FNA)
helps to determine whether the tumor is benign or
malignant. In some cases this type of biopsy can help a
clinician to avoid unnecessary surgery. Incisional biopsy;
is a type of biopsy sometimes preferred if the FNA
biopsy does not get a large enough sample to examine.
For salivary gland tumors these types of biopsies are
not done often. Surgery can both provide enough of a
sample for a diagnosis and treat the tumor at the same
time®*7,

WHO classification of salivary glands neoplasm is listed
in Table 1

Salivary gland neoplasm-Salivary gland cancers include
tumors of different patho histologic characteristics and
biological behaviour. The most prevalent salivary gland
tumors®®®4 are: (1) Benign Condition: Pleomorphic
Adenoma, Papillary Cystadenoma Lymphomatosum
(Warthins Tumor), Basal Cell Adenomas, Oncocytoma;
and (2) Malignant tumors: Muco Epidermoid Carcinoma,
Adenoid Cystic Carcinoma. Salivary gland neoplasms
according to study report represent less than 3% of all
tumors.

Prevalence: The tumors can arise in about 80% in
parotid gland, 15% in submandibular gland and 5%
in the sublingual and minor salivary gland. 65% of
submandibular, 50% of minor salivary gland and 20%
of sublingual gland tumors are benign®'*®®, Aetiology:
of the salivary gland neoplasm is not known. However,
certain environmental factors and abnormalities are
implicated. Environmental factors such as radiation,
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viruses, extensive use of tobacco and their products,
molecular changes and genetic factors are considered
as the causative factors. Clinical features: Subjects with
benign tumor of parotid gland present with a unilateral,
asymptomatic swelling of the involved gland and rarely
suffer from pain, difficulty in swallowing and extrusion
of fluid from the ears. The benign tumor of other types
of salivary glands also present as asymptomatic mass of
the affected gland without compromising the functions
of the individual.

Malignant tumor of the salivary glands may also
present as asymptomatic mass and in advanced stages
may cause pain and mucosal/skin ulceration. One third
of patients with parotid gland malignancy most often
present with facial nerve paralysis'®”. The signs of
malignancy in a previous benign tumor of parotid gland
can be a sudden increase in the size of the mass, with
facial nerve paralysis and shows ulceration of the skin
overlying the parotid mass®®".

Pleomorphic adenoma: this tumor has many names-
Mixed tumor, Endothelioma, etc. which was termed
by Willis. In 90% of the cases the tumors affects the
parotid gland, most often present in lower pole of
superficial lobe of the gland. It occurs more frequently
in females than in males between 4-6 decade with
average of 43 years. Clinical features: The lesion
presents as small, painless quiescent nodules which
slowly begin to increase in size, sometimes showing
intermittent growth. Surgical excision is the treatment
of choice. Treatment: Based on factors like the high
recurrence rate, the patient’s age, and extensiveness of
resection, XRT may be a useful therapy for this type of
tumor.

Papillary cystadenoma lymphomatosum (warthins
tumor): is the most common tumor in salivary glands
first recognised by Albrecht in 1910 and later in 1929 it
was described by Warthins. Clinical features: The tumor
occurs mainly in parotid, seen over 60 years of age with
the sex prediction is male to female 5:1 ratio. Clinically
seen bilateral in 6%-12% of patients as painless lesion
unless it is secondarily affected’®'”. Treatment is mostly
by surgical excision.

Basal cell adenomas: Clinical features: a benign
salivary gland adenoma constitute to about 1%-2% of
the salivary adenomas occurring mostly in the parotid
gland and upper lip of the minor salivary gland. The other
types of fewer occurrences of benign salivary adenomas
are Canalicular Adenoma, Myo Epithelioma, Ductal
Papilloma, and Sebaceous Adenomas. Oncocytoma is
another benign tumor particularly affecting the parotid
bilaterally seen in both men and women®®*3, Treatment
is by conservative surgical excision.

Muco epidermoid carcinoma is the most common
malignant tumor of the salivary gland mostly affecting
the parotid gland and these accounts for 5% of salivary
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gland tumor. Clinical features: This tumor also affects
minor salivary gland in 15% of these cases. They are
seen in the age group of 40-50 years with female
predilection. The tumor is classified as low grade or
high grade depending on the ratio of epidermal cells to
mucous cells. In this type of tumor the most common
cytogenic abnormality is the recurrent translocation
between chromosomes 11 and 19 to form CRTCI-MAML2
fusion protein®*®!, Treatment is the surgical excision of
the tumor with post-operative radiotherapy™".

Adenoid cystic carcinoma accounts for 30% of tumors
in minor salivary glands and 6% affecting the parotid
gland. Clinical features: It occurs in the middle and older
individuals. The tumor has the ability to infiltrate the
nervous tissue and spread along the nerve pathways.
Biomarkers of epithelial to mesenchymal transition
(EMT) such as Snail and Slug appear to be helpful in the
diagnosis of adenoid cystic carcinomat®%**®,

Treatment is the radical surgical excision followed by
Photon beam radiotherapy has shown to be effective.

Adenocarcinoma is the tumor which takes its origin
from epithelium of the salivary duct®®”. This group of
salivary gland tumors includes specific lesions, like
polymorphous low grade adenomacarcinoma, salivary
duct carcinoma, Cribiform adenoma carcinoma, etc.
These tumors present a painful swelling of the affected
gland and are very rare in occurrence. Management
of these tumors depends on the histologic type of the
tumors.

Cribriform adenocarcinoma of the tongue and
minor salivary glands (CATMSG) is a low grade salivary
gland tumor affecting the minor salivary glands of
the oral cavity. This tumor was earlier described by
Michal et a/®" in 1999 under the name Cribriform
Adenocarcinoma of the tongue. In later years studies
suggested its origin to be renamed and considered as
Cribriform Adenocarcinoma of minor salivary glands a
distinct neoplasm*.

Hyalinizing clear cell carcinoma (HCCC) is a rare,
unique low grade tumor affecting minor salivary gland.
Milchgrub et af®®! in 1994 first described this tumor which
exhibited nests, cords, trabeculae and eosinophilic cells in
a hyalinised stroma. Clinical features: It primarily arises
in the oral cavity but has been described at all salivary
gland and seromucous gland sites. Dardick extensively
studied under electron microscope, and after re-
examination the features of HCCC it was confirmed that
it is a squamous lesion®!, Treatment: the various salivary
gland tumors exhibit different histo biological features. In
benign tumors no other treatment is usually needed. But
when the lesion spreads beyond, treatment of malignant
salivary neoplasms depends on the appropriate
diagnosis, histologic findings, the clinical stage/condition
at presentation and the more recent is the considerations
of genetic factor’®*®”, At present the treatment approach
is towards conservative elective surgical procedures,
combined with the application of postoperative irradiation
and chemotherapy!®”*%, A clinician should have a
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thorough knowledge of the subject, also be aware of
their recent advancements, and work with the group
of associated specialists in the management of salivary
gland disorders. By following the required, appropriate,
systematic diagnostic procedures it helps the dlinician to
establish a definitive diagnosis and finally assesses the
potential for treatment.

Metastatic malignant salivary gland neoplasms:
Studies suggests that polymorphous low grade
adenocarcinoma, adenoid cystic carcinoma and muco
epidermoid carcinoma of the salivary glands®” are
found to have increased metastatic potential. Adenoid
cystic carcinoma™® has been found to metastasize to
lungs, bones, skeletal muscles and skin.

Advances in radiotherapy for head and neck cancer
sparing the salivary glands
Intensity modulated radiotherapy (IMRT) for head and
neck cancer has partial parotid sparing effect which
reduces the intensity of post radiotherapy xerostomia®®.
Exposure of salivary glands to Ionizing radiation
cause damage to the secretory apparatus of the glands
causing xerostomia which could be avoided by the use
of any one of the presently available®®” techniques: (1)
Shielding of one or more salivary glands form radiation-
During radiotherapy for the tumors of parotid gland and
areas outside the oral cavity, radio protecting shield can
be used to protect the major salivary glands. Shielding
may not be feasible in radiotherapy for midline lesions,
cancer of oropharynx and larynx due to the position
of the cancer and the alignment of the radiotherapy
port. Use of conformational dose delivery techniques-
The 3 dimensional imaging techniques like CT scans
provide for accurate and precise delivery of radiation
to the affected tissues with no or minimal damage to
the surrounding normal structures. These radiotherapy
techniques helps in minimizing the radiation induced
xerostomia; (2) Stimulation of acinar cells prior to
Radiotherapy-Administration of salivary stimulants
like Pilocarpine before each radiotherapy session
is found to reduce the complication of diminished
salivary flow. However in radiation dose above 50 Gy
this beneficial effect is reduced; (3) Use of salivary
sparing agents during radiotherapy-Use of agents like
Amifostine and heat shock proteins during radiotherapy
for head and neck cancer helps in protecting the
salivary glands against radiation induced damage;
(4) Transplantation of the salivary gland away from
the radiation filed-A few studies have reported the
beneficial effects of transplanting the major salivary
gland away from the radiation filed with maintenance
of the ductal connection; and (5) Advanced methods
like gene therapy for repairing the damaged acinar
cells, injecting the stored pre radiotherapy salivary
cells after the completion of radiotherapy, inducing the
hematopoietic stem cells to differentiate into salivary
acinar cells and thereby replacing the damaged cells
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and fabricate artificial salivary tissues from donor
tissues and introducing them in place of damaged
glands using tissue engineering techniques help in
restoring the functions of salivary glands and reduce the
complications of reduced salivary flow®”*,

Emerging salivary diagnostics: Molecular and protein
markers of oral diseases

In the oral cavity the presence of multifarious microbial
flora exhibits more than many hundreds of microbial
species which have been identified so far. Advance
microbial research has thrown open to much more new
insights and saliva has become the major source to a
library of information, and the biomarkers represent the
disease and health status of the oral cavity™® ",

Saliva is a fluid that can be easily collected and
contains locally and systemically derived markers of oral
disease™®. The term “salivaomics” was coined in 2008
to reflect the rapid development of knowledge about
the various “omics” constituents of saliva. Salivaomics
includes five diagnostic alphabets proteins, mRNAs,
miRNAs, metabolic compounds, and microbes offers
substantial advantages because disease states may
be accompanied by detectable changes in one, but not
all, dimensions®®. Human salivary proteome analysis
is important for understanding oral health and disease
pathogenesis.

Metabolomics is the global assessment and validation
of endogenous small-molecule metabolites within a
biologic system that has gained increasing popularity
and significance in life sciences””. Analysis of these key
metabolites in body fluids has become an important
role to monitor the state of biological organisms and is
a widely used diagnostic tool for disease. Metabolomics
provides potential advantages that classical diagnostic
approaches do not, based on the discovery of
clinically relevant biomarkers that are affected by the
disease”"®,

Increase in the incidence of oral cancer has prompted
research in salivary biomarkers for oral cancer. More
than 100 different salivary biomarkers for oral cancer
have been identified. A review on salivary biomarkers
for oral cancer categorized this vast variety of salivary
biomarkers under different groups which include: (1) Non-
organic compound biomarkers, e.g., sodium, calcium,
magnesium; (2) Peptide or protein biomarkers, e.g., P53
autoantibody, alpha amylase, etc.; (3) DNA, RNA and
microRNA biomarkers, e.g., P53 gene codon 63, IL 8,
miR-1253, efc.; (4) Metabolomic biomarkers, e.g., Valine,
lactic acid, etc.; and (5) Miscellaneous biomarkers, e.g.,
Telomerase activity™®®" %,

Salivary biomarkers are also used for assessment of
caries risk. DNA based methods like DNA hybridization,
mono clonal antibody (MAb) technique, 16S rRNA/
rDNA, gene cloning and genomic sequencing or T-RFLP
methods of analysis help in identification and cariogenic
microbial taxonomy using saliva without the need for
culture methods™®>">77%%,
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PCR based identification techniques allow for
accurate measurement of cariogenic microbiota. Salivary
diagnostics suggests a new diagnostic tool for the
detection and quantification of oral pathogens directly
from its liquid state without the need for isolation of
bacterial cells. In children low salivary levels of alpha
defensins HNP1-3 may represent biological factor that
contributes to caries susceptibility while salivary IgA
antibody responses to streptococci mutants can be
observed in early childhood”?.

Salivary epithelial cells are found to secrete proteins
into blood stream which has led to research on the
duacrine function of salivary glands. This function of
salivary epithelial cells is being researched as a potential
target site for in situ gene transfer producing proteins
for treating several systemic disorderst”*®,

Saliva, the fluid bathing the oral cavity, is one of the
important secretions in the human body. One of the main
functions of saliva is digestion of complex carbohydrates
and lipids. Technological advancements in the field of
diagnostics have opened new avenues to understand the
other important and far reaching functions of saliva. The
constituents of saliva, also known as biomarkers, act as
an index for underlying systemic disease ranging from
infections to malignancies.

Salivary glands are surrounded by a rich network
of vasculature allowing the biomarker constituents of
blood to enter salivary acinus and finally into the salivary
secretions. Biomarker is defined as an objectively
measured and evaluated indicator of normal biologic
processes, pathogenic processes, or pharmacologic
responses to therapeutic intervention.

Biomarkers can be in the form of proteins, car-
bohydrates, lipids or microorganisms. Change in the
constitution of these biological molecules may reflect the
status of underlying disease processes and can aid in
diagnosis, management, evaluating the prognosis and
monitoring the outcome of the condition”. Biomarkers
in saliva have the potential to be used for screening
purposes in epidemiological studies.

Matias I, Gatta-Cherifi B, in their study were able to
quantify endocannabinoids in human saliva as potential
and useful biomarker of obesity!”*, Two major forms
of Ghrelin (GAH) a recently identified peptide hormone
in saliva shows their decrease levels in salivary samples
in obese type 2 diabetic patients.

The levels of mRNAs regulating the metabolism of
endocannabinoids, N-acylethanolamines and of cannabinoid
type 1 [CB (1)] receptor, were assessed in human salivary
glands. The study helps in further understanding of the
physiopathological mechanisms leading to type 2 diabetes
and obesity.

There are numerous investigative tools to identify
and quantify the type and load of microbes in the oral
cavity. Most of these tools are based on microbial culture
methods for identifying disease specific pathogens.
Biomolecular microarray based diagnostics (quantitative
16S rRNA gene sequencing, terminal restriction
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fragment length polymorphism analysis, etc.) are
advancements over the conventional culture methods.
These methods, when combined with microbial culture
techniques, help in enhancing the chances of accurate
identification of pathogens”””). Salivary fluid can also be
used for detection of systemic infections. Saliva based
enzyme-linked immunosorbent assay (ELISA) has
shown promising results in detection of HIV pathogens
with 99.3% sensitivity and 99.8% specificity. However
positive test results are to be confirmed with western blot
analysis. Other systemic infections which can be detected
by salivary analysis include hepatitis A, B, C infections,
malaria, Ebola, Dengue, CMV, EBVI"*****"] and human
herpes virus (HHV) infections. These infections are
identified by assessing the viral load, viral antibodies and
viral antigens in saliva. These diagnostic parameters are
found to correlate well with their corresponding levels in
serum. Leptin, is a cytokine identified in human saliva
play a protective role in bacterial P. gingivalis infection®®®
induced inflammatory responses. Another salivary
component Ghrelin is found to have a countering effect
on P. gingivalis induced impairment of mucin synthesis
which plays a role in periodontal infections!®".

Molecular analysis of saliva employing next generation
sequencing and human microbe identification micro array
techniques have enabled the clinician to identify and
characterize a large number of oral microbiota in diseases
induding Crohn’s disease, pancareatic cancer, oral cancer and
obesity. In children suffering from Crohn’s disease, there is
an overall decrease in diversity of oral microorganisms
as compared to healthy children. Studies employing the
advance microarray techniques report suggests overall
significant reduction in Neisseria elongate and Stre-
ptococcus mitis species count in the saliva of patients with
pancreatic cancer as compared to normal subjects™®"”,

Future research direction: Advances in the mana-
gement of salivary gland tumours studies stress the
need towards molecular targeted therapy of the unusual
subpopulation of tumorigenic cancer cells which could
arrest the recurrence and metastasis of the tumor. In
this direction the cancer stem cell research needs to be
further explored in the salivary gland tumors!’®%%%,

Recently a non-invasive, academic prototype chair
side cancer diagnostic kit (GC America Inc.) has been
devised by Wong DT for the early detection of cancer””..
Newer field like Proteomics helps in the analysis of the
salivary proteins which is extensively used in identification
of a specific protein biomarker in saliva for diseases
including AIDS, oral cancer, diabetes, periodontal disease
and mammary gland carcinoma. The transudate of
oral mucosa contains secretory immunoglobulin IgG,
IgM and IgA, which serve as a valuable source for
immunodiagnostic-based procedures. Using Point-of-care
salivary diagnostic screening tests kit”>*? it is possible to
detect viruses in viral infectious diseases such as human
papillomavirus (HPV), HCV and HIV.

Advanced Molecular Salivary tests for caries sus-
ceptibility may further aids in motivation and patient’s
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education, evidence based dentistry and also in determining
effectiveness of anti-caries therapy or caries-control
measures including community based services and caries
vaccine!?”, Further advancements are now being focused
at “"Omic technologies”, which include genomics, proteomics,
transcriptomics, and metabolomics have already set their
mark in life sdence research studies’®””””\. These emerging
technologies have shown to offer highly sensitive, specific,
quick and affordable diagnostic test kits in future. Local drug
delivery system is another interesting area with the advent of
Nano medicine being used in pharmaceuticals industry and
biomedical engineering field have shown promising results in
future therapeutics. In cancer therapeutics, Nano particles,
such as, semiconductor quantum dots, biodegradable
micelles, iron oxide nano-crystals”®®#%%! are linked with
bio targeting ligands, to aim at specific sites in malignant
tumors, helpful in cancer therapeutics. Endothelin-1 is one
of the probable salivary biomarkers for oral cancer has been
reported®®* for early cancer detection. Dependability of
saliva for early diagnosis of dengue disease especially useful
in dengue endemic countries is awaited™'. Salivary ghrelin
plays an important protective role in chronic periodontitis
and needs further research®®®”*®, Salivaomics, the future of
saliva-based techniques for early diagnosis of dental diseases,
is promising. However; further long term studies are needed
before these newer methods are adapted to routine dlinical
practice.

Conclusion: Saliva reflects the physiologic state of the
body. Salivary gland diseases may be inflammatory,
non-inflammatory, non-neoplastic or neoplastic lesions.
Only when a definitive diagnosis is established, treat-
ment depends upon the lesion size, cause, severity,
extent and other clinical considerations of the disease.
However, a thorough knowledge of the subject including
their recent advancements together with a team of
associated medical and dental specialists, it is possible
to detect the diseases of salivary glands in their early
stage and manage them more efficiently. Salivaomics,
the future of saliva-based techniques for early diagnosis
of dental diseases is promising. Saliva being readily
available can be used as a diagnostic tool to help the
clinicians for early detection of oral diseases like caries,
periodontal disease, oral cancer, salivary gland disorders
and non-oral diseases by adapting the advance non-
invasive technique and technologies.
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