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Abstract
Saliva plays an important role in maintaining
healthy oral mucosa and teeth as well as oral
function by continually covering and lubricat-
ing the oral tissues. Salivary gland dysfunc-
tion designates decreased saliva flow rate
(salivary gland hypofunction), increased
saliva flow rate (sialorrhea or hyper-
salivation), and changed saliva composition.
Xerostomia (the subjective feeling of oral dry-
ness) is often associated with salivary gland
hypofunction and may severely affect nutri-
tional intake, social interaction and quality of
life. Local or systemic disorders and diseases
are common causes of compromised saliva
secretion. Some of these are related to gland
pathology or to the pathophysiological condi-
tions of the host, whereas others affect the
gland innervation or are an iatrogenic result
of treatment of a disease (e.g., radiation ther-
apy for head and neck cancer, side effects
of medications). In general, many patients
suffering from diseases that influence salivary
gland function also undergo treatments that
may impair saliva secretion and/or induce
xerostomia as an adverse effect. Conse-
quently, it can be difficult to distinguish
what can be attributed to the disease per se
or what can be induced by treatment (e.g.,
medication intake). Thus, a thorough

diagnostic workup and early diagnosis of sal-
ivary gland dysfunction are crucial to provide
appropriate evidence-based treatment of sali-
vary gland dysfunction to prevent oral
sequelae and to initiate individualized allevi-
ating management strategies of xerostomia.

Keywords
Salivary gland · Disorders · Diseases ·
Medications · Dysfunction · Hyposalivation ·
Xerostomia · Hypersalivation ·
Histopathology · Sialometry · Subjective/
objective/semiquantitative assessment

Introduction

Saliva plays an essential role in maintaining oral
mucosal and tooth integrity by continually covering
and lubricating the oral tissues. Salivary gland dys-
function includes a decreased saliva flow rate (sal-
ivary gland hypofunction), an increased saliva flow
rate (sialorrhea or hypersalivation), or changed
saliva composition. Salivary gland hypofunction
designates a decreased saliva flow rate, while a
diagnosis of hyposalivation implies a pathological
low saliva flow rate, i.e., unstimulated whole saliva
flow rate � 0.1 ml/min and/or chewing-stimulated
whole saliva flow rate � 0.5–0.7 ml/min.
Xerostomia (the subjective feeling of oral dryness)
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is often associatedwith salivary gland hypofunction
and usually occurs when the unstimulated whole
saliva flow rate has decreased to approximately
50% or less of its normal level in any given indi-
vidual, indicating that more than onemajor salivary
gland must be affected (Dawes 1987; Fox et al.
1987). Individuals can, however, also complain
about xerostomia while the salivary flow rate is
not reduced.

The composition of saliva is dependent on the
type of glands from which the saliva is secreted
and on the salivary flow rate and thus also on the
type and duration of the stimuli that activates the
secretory reflex (Pedersen et al. 2002). Conse-
quently, the saliva composition varies in different
sites of the oral cavity.

Saliva contains a large variety of proteins and
peptides with lubricating and antimicrobial proper-
ties, including mucins, lysozyme, lactoferrin,
histatins, and antibodies, the latter predominantly
secretory immunoglobulin A (s-IgA). Thus, saliva
reduces the risk of oral infection by preventing
adhesion and proliferation of bacteria and fungi
and reduces the risk of oral mucosal trauma from
mechanical irritation and noxious substances. Fur-
thermore, saliva provides protection against dental
caries by diluting food detritus and bacteria, neu-
tralizing acids from food and bacteria by salivary
buffer systems, and contributing to formation of the
pellicle and by clearance of the oral cavity. More-
over, tooth demineralization is prevented by sali-
vary proteins such as statherin and proline-rich
proteins, which ensure that saliva is supersaturated
with respect to calcium phosphate salts (Lagerlof
and Oliveby 1994; Lenander-Lumikari and
Loimaranta 2000; Dawes et al. 2015). Regardless
of the etiology of salivary gland hypofunction, a
shift toward a more aciduric and acidophilic oral
microbiota occurs when the unstimulated whole
saliva flow rate is reduced below 0.20 ml/min
with an increased risk of dental caries and oral
candidosis as a consequence (Navazesh et al.
1995; Bardow et al. 2001).

The most common causes of salivary gland
hypofunction and xerostomia include medication
intake and polypharmacy, systemic diseases such
as Sjögren’s syndrome (SS), and cancer treatment
such as radiotherapy in the head and neck region

and treatment with radioactive iodine. Furthermore,
since salivary flow rate and composition are
dynamic parameters that are strictly controlled by
the physiological conditions of the host, numerous
other systemic diseases and conditions influence
salivary gland function. Some of these are related
to gland pathology (immune-mediated or endocrine
disorders) or interfere with salivary gland innerva-
tion (neurological disorders), whereas others are
related to metabolic disturbances of the host (e.g.,
uncontrolled diabetes mellitus). In general, many of
the patients who suffer from diseases or conditions
that affect salivary gland function are also pre-
scribed treatments with medications that, as an
adverse effect, decrease saliva flow rate and/or
induce compositional changes as well as
xerostomia. In relation to the diagnostic workup of
salivary gland hypofunction and xerostomia, it may
therefore be difficult to distinguish between what
can be attributed to the disease per se and what
effects are induced by the treatment.

This chapter addresses normal salivary gland
anatomy, histology, and physiology; describes a
number of diseases, conditions, and other causes
that may induce salivary gland dysfunction and/or
xerostomia; summarizes the clinical manifesta-
tions and diagnostic workup of salivary gland
pathology and dysfunction; and provides
evidence-based management strategies for sali-
vary gland dysfunction and xerostomia.

Salivary Gland Anatomy, Histology,
and Physiology

Salivary Gland Anatomy

Saliva is produced by three paired major salivary
glands, i.e., the parotid, the submandibular, and
the sublingual glands, as well as 600–1000 minor
salivary glands. The largest of these, the parotid
glands, are located subcutaneously anterior to the
external ear and posterior to the ramus of the
mandible (Fig. 1). The parotid duct (Stensen’s
duct) extends anteriorly across the masseter mus-
cle to the front border where it turns sharply
inward and opens into the oral cavity in the buccal
mucosa located in the region of the second
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maxillary molar. The submandibular glands are
located in the floor of the mouth where they fold
around the posterior border of the mylohyoid
muscle in close proximity to the inner surface of
the mandibular body (Fig. 1). The excretory duct
(Wharton’s duct) extends forward in the floor of
the mouth and opens into the oral cavity on a small
mucosal eminence, the sublingual caruncle. The
sublingual glands are the smallest of the major
salivary glands and are located in the floor of the
mouth, anterior to the submandibular glands, in
close proximity to the inner surface of the man-
dibular body (Fig. 1). In addition to the 8–20 small
excretory ducts exiting directly into the oral cavity
along the plica sublingualis, the sublingual gland
also has a major sublingual duct (Bartholin’s duct)
which opens into the submandibular duct
(Wharton’s duct) terminating in the sublingual

caruncle. The minor salivary glands are located
within the submucosa of the buccal, lingual, pal-
atal, and labial mucosa and floor of the mouth.
Each minor gland has a single excretory duct,
which exits directly into the oral cavity.

Salivary Gland Histology

The parotid gland is composed of serous acini
made up of pyramidal-shaped cells with a baso-
philic appearance due to the presence of zymogen
granules in the acinar cells. The submandibular
and sublingual glands are composed of a mixture
of mucous and serous acini (Fig. 2). The lobules
of acini and associated ductal structures are sepa-
rated by fibrous connective tissue septa, and vari-
able amounts of adipose tissue may be present.

Buccinator
muscle

Accessory
parotid gland

Parotid gland duct

Parotid gland

Masseter muscle

Submandibular gland
Mylohyoid

muscle
Lingual
nerve

Sublingual
gland

Fig. 1 Anatomic location
of the major salivary glands
(Original drawing by
Dr Hala Al-Janaby, Perth
WA, Australia)
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The minor glands of the palate consist of mucous
acini located in the submucosa with a lobular
arrangement and clear to pale basophilic finely
granular-appearing cytoplasm. The minor glands
of the lip are a mixture of mucous and serous acini,
and the lobules of acini are closely associated with
surrounding structures including the skeletal mus-
cle and nerves. The von Ebner’s glands in the
tongue are purely serous.

The associated ductal system consists of inter-
calated, striated, and interlobular excretory ducts.
Intercalated ducts are closest to the acinus and are
continuous with striated ducts, which are larger.
Both of these ducts are intralobular and known as
secretory ducts. The striated ducts connect with
interlobular ducts located in the septal connective
tissue and are referred to as excretory ducts. Acini
and intercalated ducts have surrounding
myoepithelial cells, while the striated and excre-
tory ducts are associated with basal cells.
Myoepithelial cells are flat with cytoplasmic
processes.

Salivary Gland Physiology

Saliva is of great importance for preserving oral
health, as it is essential for oral functioning and
preservation of the integrity of oral hard and soft
tissues. Daily, in health, salivary glands secrete
approximately 0.6 liter of a complex fluid from
the major salivary glands, which accounts for
about 90% of the saliva production, while approx-
imately 10% is derived from minor salivary
glands. The salivary flow rate has a circadian
variation with a peak in the late afternoon.
Unstimulated whole saliva flow rate averages
0.2–0.5 ml/min, while chewing-stimulated whole
saliva flow rate is approximately 1.0–2.0 ml/min.
Most of the unstimulated saliva during the daytime
is produced by the submandibular glands (60%),
followed by the parotid glands (25%), the sublin-
gual glands (7–8%), and the minor salivary glands
(7–8%) (Pedersen et al. 2002; Dawes et al. 2015).

Saliva is produced by the acinar cells that can be
classified as serous or mucous. Parotid gland acini

Fig. 2 Salivary gland histology, hematoxylin, and eosin
staining. (a) Parotid gland. Parotid gland acini are exclu-
sively serous made up of pyramidal-shaped cells with a
basophilic appearance due to the presence of zymogen
granules in the acinar cells. (b) Submandibular glands.
Submandibular gland acini are mixed seromucous with a
predominance of serous acini. (c) Sublingual glands. Sub-
lingual glands andminor gland acini are mixed mucoserous
with a predominance of mucous acini (Images courtesy of
Professor Camile Farah, UWA Dental School, University
of Western Australia, Perth WA, Australia)
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are exclusively serous, submandibular gland acini
are mixed seromucous with a predominance of
serous acini, and sublingual glands and minor
glands acini are mixed mucoserous with a predom-
inance ofmucous acini (Fig. 2)with the exception of
the von Ebner’s glands in the tongue, which are
purely serous. Serous acini predominantly secrete
non-glycosylated proteins, while the mucous acini
predominantly secrete mucins.

The primary saliva is produced by the acinar
cells and is isotonic to plasma due to the relatively
high water permeability of the epithelium (Fig. 3).
The ion composition of primary saliva is modified
during its transport through the striated ducts. In
these ducts, among others, sodium and chloride
are reabsorbed, and bicarbonate and potassium are
secreted (Fig. 3). As a result, the saliva secreted
into the oral cavity is hypotonic to plasma. The
hypotonicity and the final electrolyte composi-
tion are dependent on the saliva flow rate. In this
respect, it is important to mention that potassium
and bicarbonate are secreted from the ductal cells
into the lumen of the salivary duct at a lower rate
compared with that of the reabsorption of sodium
and chloride. Since the ductal epithelium is
impermeable to water and thus water does not
accompany the reabsorption of sodium and chlo-
ride, this results in hypotonic saliva (Ekstrom
et al. 2012; Villa et al. 2016). Myoepithelial
cells surrounding the acini and ducts help to
move saliva through the ducts (Bardow and
Vissink 2015; Villa et al. 2016).

Salivary secretion is evoked by reflex, nerve-
mediated stimulation (Fig. 3). It is controlled by
autonomic parasympathetic and sympathetic
nerves. The parasympathetic nerves originate
from the salivary nuclei in the pons and medulla
oblongata, whereas the sympathetic center resides
in the thoracic segments of the spinal cord. The
salivary nuclei are modulated by neural inputs
from the higher brain centers resulting in altered
secretory signaling to salivary glands. Parasym-
pathetic stimulation elicits water, electrolyte, and
protein secretion, while sympathetic stimulation
results in secretion of proteins and, to a lesser
extent, secretion of water and electrolytes (Proctor

and Carpenter 2007; Ekstrom et al. 2012; Villa
et al. 2016).

The salivary acinar cells carry muscarinic M1
and M3 receptors, which bind acetylcholine
released from parasympathetic nerves. Both
types of receptors mediate fluid secretion as well
as protein secretion via the inositol 1,4,5-tri-
sphosphate/calcium (IP3/Ca2+) signaling pathway.
Norepinephrine released from the sympathetic
nerves and circulating epinephrine from the adre-
nal medulla act on α1- and β1-adrenergic receptors
of the acinar cells to cause protein secretion and, to
lesser extent, fluid secretion (Ekstrom et al. 2012;
Proctor and Carpenter 2007; Bardow and Vissink
2015; Villa et al. 2016). Acinar cells provide most
of the proteins and peptides, while the contribution
of the ductal cells is minor.

Epidemiology of Xerostomia
and Salivary Gland Hypofunction

Xerostomia is a common health issue worldwide. It
is estimated that on average 20% of the adult pop-
ulation has xerostomia on a daily basis. However, it
is surprising that around 10–20% in the age group
of 20–30 years report xerostomia (Sreebny 2010).
A study among 950 men and women aged 32 years
showed that 10% had xerostomia (Murray et al.
2006). Xerostomia was associated with medication
intake and medical conditions such as anemia,
arthritis, and cardiovascular disease (Murray et al.
2006). In the age group over 65 years, the preva-
lence of xerostomia increases to 30–40%, but these
studies also include populations of institutionalized
and hospitalized elderly persons. The majority of
studies have shown a correlation between
xerostomia and hyposalivation, systemic diseases,
and medication intake (Sreebny 2010; Villa et al.
2015). It is therefore not surprising that the preva-
lence of xerostomia increases with age. A large
number of studies have also shown that xerostomia
is more common in women than in men. This
cannot only be explained by menopause and post-
menopause but may be attributed to the fact that
women generally have a higher medication intake
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than men (Smidt et al. 2010). There is a significant
variation in the prevalence of xerostomia between
studies, which ismost likely due to the wide variety
of questionnaires used to evaluate prevalence and
severity of xerostomia.

In a Danish study of 668 elderly people (age
65–95 years), 12% had xerostomia and 36% of

these also had significantly decreased unstimulated
whole saliva flow rates, i.e., �0.1 ml/min, and 6%
had low stimulated whole saliva flow rates, i.e.,
�0.7 ml/min (Smidt et al. 2010). About 5% had
both low unstimulated and chewing-stimulated
whole saliva secretion. Low minor salivary gland
secretion was also found to be associated with a

Fig. 3 Salivary gland physiology (Reproduced with permission from Bardow and Vissink (2015))
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high prevalence of systemic diseases and medica-
tion intake, in particular in relation to cardiovascu-
lar disease and the pharmacological treatment
hereof, including aspirin and statins (Smidt et al.
2010). Overall, there is consensus that xerostomia
and decreased saliva secretion in the elderly mainly
are associated with the increasing number of sys-
temic diseases and medication intake with age, and
not with age and gender per se. In the years to
come, the incidence of xerostomia and hypo-
salivation is expected to increase in line with the
higher average life expectancy and thus an associ-
ated increase in systemic diseases and concomitant
medication intake. However, it should also be
emphasized that minor salivary gland secretion
plays a major role in the lubrication of the oral
mucosa. Thus, age-related degeneration of the
minor salivary glands may lead to decreased secre-
tion of mucins, consequently contributing to
xerostomia in the elderly, in spite of normal
whole saliva flow rates (Eliasson and Carlen 2010).

Diagnostic Workup of Salivary Gland
Disorders and Diseases

Salivary gland dysfunction and xerostomia can be
a result of local or systemic diseases or disorders,
medication intake, or other iatrogenic factors, e.g.,
an adverse effect of cancer treatment. A diagnostic
workup includes examination of subjective symp-
toms, past and present oral and general medical
history, a physical examination of the oral region,
head and neck, and assessment of salivary gland
function, as well as relevant additional clinical
and laboratory tests (e.g., diagnostic imaging
such as ultrasound and magnetic resonance imag-
ing (MRI), pathology, serology, ophthalmology).

Subjective Symptoms

Xerostomia is rarely an isolated symptom. Usu-
ally, it is elicited by chronic salivary gland hypo-
function and accompanied by other oral and
systemic complaints. The general complaint and
severity of xerostomia are not always related to a
decrease in the saliva flow rate. In about a quarter

of the patients complaining of moderate to
severe xerostomia, the mouth might even appear
moist on clinical inspection (Fox et al. 1987).
Patients may complain of xerostomia that is pre-
sent throughout their oral cavity or localized
xerostomia, e.g., the lips, cheeks, tongue, palate,
floor of the mouth, or throat. Patients may
also complain of difficulty with chewing,
swallowing, and speaking. Most patients carry
bottles of water or other fluids with them at all
times to aid speaking and swallowing and for
their overall oral comfort. The patients also often
have a bottle or glass of water beside their bed.
Mild to modest oral pain is common. The
mucosa may be sensitive to spicy or coarse
foods. This limits the patient’s enjoyment of
meals and may compromise their nutritional sta-
tus (Dormenval et al. 1998; Walls and Steele
2004).

Assessment of Xerostomia

Assessment of xerostomia by patient-reported
outcome measures is an important component of
the diagnostic workup. A systematic and vali-
dated assessment approach will determine the
severity of the patient’s subjective feeling of oral
dryness and to what extent xerostomia interferes
with oral function (chewing, swallowing, and
speech) and impacts on quality of life. A system-
atic assessment will also enable monitoring of
disease progression and effect of treatment/efforts
to alleviate xerostomia.

Xerostomia can be assessed by a visual ana-
logue scale (100 mm horizontal line ranging
from 0 [no xerostomia] to 100 [worst imaginable
xerostomia]) addressing oral dryness-related dif-
ficulties with speech, chewing, and swallowing;
amount of saliva; feeling of dryness of the
mouth, throat, tongue, and lips; as well as level
of thirst. In addition, standardized, validated
questionnaires have been developed for assess-
ment of xerostomia and underlying salivary
gland hypofunction. For getting some insight
into whether and to what extent xerostomia is
present, the following questions can be asked
(Fox et al. 1987):
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1. Does the amount of saliva in your mouth seem
to be too little, too much, or do you not notice
it?

2. Do you have any difficulty in swallowing?
3. Does your mouth feel dry when eating a meal?
4. Do you sip liquids to aid in swallowing dry

food?

Clinical Manifestations

Most patients with chronic salivary gland hypo-
function have obvious signs of mucosal dryness.
The buccal mucosa may be atrophic, pale, and
corrugated in appearance, and the tongue may be
reddish, smooth, and depapillated (Fig. 4). The
lips are often atrophic, cracked, and peel off
(Fig. 5). There is often a marked increase in ero-
sion of the teeth and dental caries, particularly
carious lesions in relation to fillings and decay
on root surfaces and even cusp tip involvement
(Fig. 6). The decay may progress, even in the
presence of thorough oral hygiene. With
decreased saliva secretion, there is an increased
tendency for accumulations of food debris in the
interproximal regions, especially where recession
has occurred (Sreebny and Vissink 2010).

Due to the reduced saliva flow rate and
changed saliva composition, colonization
defense is reduced and is accompanied by a
higher level of colonization with Candida spp.
As a result, patients with salivary gland hypo-
function are predisposed to oral fungal infection.
Oral candidosis most often presents as erythem-
atous oral candidosis characterized by erythem-
atous patches on the oral mucosa, e.g., dorsum
of the tongue, cheeks, palate, or beneath den-
tures (Fig. 7), or it may appear as white, curd-
like mucosal lesions (thrush), i.e., pseudo-
membranous oral candidosis (Fig. 8). Fungal
infection of the corners of the mouth (angular
cheilitis) (Fig. 5) is more likely to occur in
patients with salivary gland hypofunction who
wear dentures and have a posterior bite collapse
(Sreebny and Vissink 2010).

It is important to assess if saliva can be
expressed from the main excretory ducts, either
by visual inspection of saliva expressed from

Fig. 4 Hyposalivation and dry, reddish, depapillated dor-
sum of the tongue

Fig. 5 Hyposalivation and dry, peeling lips with
angular cheilitis (Reproduced with permission from
Pedersen et al. (2011))

Fig. 6 Hyposalivation and dental caries
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individual major salivary glands following
gland massage from back to front or by biman-
ual palpation. The expressed saliva should
be clear, watery, and copious. Viscous or
scant secretions suggest chronically reduced
function.

In addition, the secretory capacity of the sal-
ivary glands should be assessed. This can easily
be done by applying a gustatory or tactile stimu-
lant such as drops of citric acid or chewing gum.
If an increase of salivary flow rate is observed, it
indicates that it may be worthwhile to prescribe a
pharmacologic sialagogue or to use gustatory or
tactile stimulants. If no increase in salivary flow
rate is observed, frequent moistening of the
mouth with water or saliva substitutes is the
only option for alleviation (Sreebny and Vissink
2010).

Assessment of Salivary Gland
Dysfunction

Saliva flow rate and composition vary widely
interindividually and have a diurnal variation. It
also varies dependent on type of secretion, i.e.,
whole saliva or selective gland saliva, and stimu-
latory state. These variables should be standard-
ized when collecting saliva. For routine collection
of saliva, the time of the day for collection is
critical, and collection is recommended in the
morning hours between 8 am and 11 am. The
patient should refrain from eating, drinking,
smoking, and oral hygiene measures for at least
60 min before saliva collection to ensure an
unstimulated baseline measurement.

Unstimulated Whole Saliva
Unstimulated whole saliva flow rate can be mea-
sured by the draining method, the spitting method,
the suction method, or the swab technique. They
provide virtually similar results; however, the suc-
tion and the swab techniques are the least reliable
due to slight tactile stimulation of saliva secretion
during collection. The draining method (Fig. 9) is
the most inert method where whole saliva is allo-
wed to drain passively from the mouth into a
collecting device (Navazesh and Christensen
1982). The spitting method is similar, but the accu-
mulated saliva is expectorated periodically into a
collecting device. The suction method involves the
use of a standard, disposable, plastic dental saliva
ejector suction tip. The swab technique is
performed by placing pre-weighed cotton rolls or
gauze sponges in the mouth and leaving them for a
standardized collection time and then reweighing
the cotton rolls after the collection period.

Stimulated Whole Saliva
Standardized stimulation of salivary glands is
either gustatory, with the use of 1–2% citric acid,
and/or masticatory, induced by chewing on 1–2 g
paraffin wax with melting point 42–44 �C, a piece
of gum base, or a piece of crumbled Parafilm
(ParafilmM®, Bemis Company Inc., Neenah,Wis-
consin, USA). The citric acid can be applied to the
lateral margins of the tongue with a cotton swab
every 30 s for 5 min. Saliva flow rates using acidic

Fig. 7 Erythematous oral candidosis

Fig. 8 Pseudomembranous oral candidosis (Reproduced
with permission from Stegenga et al. (2013))
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stimulation are generally higher than other stimuli.
The stimulated whole saliva accumulated in the
mouth is actively spit into the collection device
every minute during the collection period (Fig. 9).

Parotid Saliva
Parotid saliva can be collected selectively from
the orifice by a Lashley cup or Carlsson-
Crittenden cup. The collection is easily performed
by applying the bichambered cup over the orifice
of the Stensen duct. The inner chamber covers the
duct orifice to collect the saliva and is connected
to a graduated test tube or syringe via a plastic
tube, while the outer chamber is connected to a
suction device to ensure adherence of the cup to
the surrounding oral mucosa by vacuum (Fig. 10).
Parotid saliva flow rate is low or even absent in the
resting state; thus generally parotid saliva is col-
lected under stimulated conditions. Parotid saliva
flow rate is usually measured over a 10 min
period, where the patient is stimulated by applica-
tion of 1–2% citric acid on the lateral margins of
the tongue with a cotton swab at 30 or 60 s
intervals.

Submandibular/Sublingual Saliva
Mixed submandibular and sublingual gland saliva
is usually collected from the floor of the mouth by
the suction method, e.g., aspiration of the accu-
mulated saliva with a syringe, pipette, or gentle
suction (Fig. 11), while the parotid gland secretion
from the Stensen ducts is blocked with either
Lashley cups or cotton rolls. The submandibular/
sublingual salivary glands contribute about 2/3 of
the unstimulated whole saliva. Stimulated sub-
mandibular/sublingual saliva is usually measured
over a 5 min period, where the patient is stimu-
lated by application of 1–2% citric acid on the
lateral margins of the tongue with a cotton swab at
30 or 60 s intervals. Mixing the acid stimulant
with the collected saliva should be avoided.

Salivary Gland Biopsy

Minor Salivary Glands
Biopsy of minor salivary gland tissue involves
removal of glands from the mucosal aspect of the
lower lip (Fig. 12). Enough lobules need to be

Fig. 9 Sialometry, unstimulated and stimulated whole
saliva (draining method) (Navazesh and Christensen
1982). (a) Sialometry requires a balance with two digits
precision, a clock or timer and a plastic cup. (b) The patient
sits relaxed in a chair and is instructed to lean the head
forward, to keep the mouth slightly open and the eyes
open, and to minimize orofacial movements and to avoid
swallowing of saliva during the collection process. The
procedure should take place in a quiet room, where the
patient can sit alone. The unstimulated whole saliva flow
rate is measured over a 15 min period. The stimulated
whole saliva flow rate is measured over at least a 5 min
period, where the patient is stimulated by application of

1–2% citric acid on the lateral margins of the tongue,
chewing a piece of sugar-free chewing gum (exerts both
gustatory and masticatory stimulation) or 1–2 g of paraffin
wax (neutral taste). The patient is chewing with his/her
own normal chewing frequency and spitting the saliva into
a pre-weighed plastic cup. (c) After the saliva collection,
the plastic cup is weighed including the collected saliva,
and the weight of the plastic cup is subtracted and divided
with the collection time, i.e., 15 min for the unstimulated
and 5 min for the stimulated sialometry, respectively. Since
1 g is considered equivalent to 1 ml saliva, the saliva flow
rate is given in ml/min (Reproduced with permission from
Pedersen et al. (2011))
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removed to provide adequate tissue for pathologi-
cal examination. This may be difficult if significant
fibrosis has occurred. The technique involves a

horizontal or vertical linear incision in the mid-
portion of the mucosal aspect of the lip, through
which the lobules will protrude with external dig-
ital pressure for removal. A vertical incision may

Fig. 10 Collection of parotid saliva. (a) Lashley cup
prepared in metal, (b) Lashley cup prepared in transparent
polymethylmethacrylate, ruler unit (centimeter), and (c)
the Lashley cup in place over the orifice of the parotid
(Stensen’s) duct in the cheek. The cup consists of an inner

and outer chamber. The inner chamber serves as the col-
lection chamber and the parotid saliva is clearly visible.
The outer chamber is for suction to hold the cup in place on
the mucosa

Fig. 11 Collection of submandibular/sublingual saliva by
gentle suction from thefloor of themouthwhile the orifices of
the parotid glands are blocked by Lashley cups (Reproduced
with permission from Stegenga et al. (2013))

Fig. 12 Minor salivary gland biopsy exposing the salivary
lobules through a vertical incision on the labial aspect of
the lower lip (Image courtesy of Professor Camile Farah,
Perth Oral Medicine & Dental Sleep Centre, Perth WA,
Australia)
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result in only one or two lobules being removed.
Similarly a punch biopsy may not provide enough
lobules for examination and includes the risk of
damaging nerve fibers as the neurons cannot be
located and avoided through the incision.

Major Salivary Glands
Biopsies can be taken from all major salivary
glands but are mostly limited to biopsies from
the parotid gland to diagnose Sjögren’s syndrome
(SS) or lymphomas associated with SS. Parotid
gland biopsies have few complications, which
include saliva extravasation phenomenon
(mucocele) development (which can be prevented
by meticulous suturing of the parotid gland
capsula) and a temporary change in sensation in
the preauricular area, generally recovering within
6 months. The efficacy of parotid biopsy for diag-
nosis of SS compared with minor salivary gland
biopsy is comparable (Pijpe et al. 2007). Open
biopsy is not a recommended first-line investiga-
tion for parotid gland tumors because of a high
risk of facial nerve injury and potential risk for
tumor seeding. Consequently, fine needle aspira-
tion cytology (FNAC) and core needle biopsy
(CNB) are the diagnostic methods of choice for
parotid gland tumors. FNAC is technically sim-
ple, safe, fast, and cost-effective but demonstrates
relatively low sensitivity in comparison with its
high specificity for diagnosing salivary gland
tumors. The low sensitivity of FNAC is due to
several factors but is primarily due to the difficulty
of diagnosing low-grade carcinomas by cellular
morphology alone. CNB is a newer technique for
diagnosing major salivary gland lesions. Since
intact tissue cores can be retrieved using
ultrasound-guided CNB, improved specimen ade-
quacy is expected with high sensitivity and spec-
ificity as a result.

Diagnostic Salivary Imaging
Techniques

Imaging of salivary gland disease is covered in
extensive detail in the chapter on ▶ “Diagnostic
Imaging Principles and Applications in Head and
Neck Pathology.”

Sialography
Sialography is the radiographic imaging of the
salivary duct system following the retrograde
ductal infusion of oil- or water-based iodine con-
trast fluid (Fig. 13). Sialography has a low mor-
bidity and is well accepted by patients. The main
sialographic characteristic of a normal gland is a
ductal system without dilations or strictures and
without diffuse collections of contrast fluid at the
terminal acini. By contrast, the main sialographic
characteristic of SS and other inflammatory dis-
eases (the appearance is not specific for SS) is a
diffuse collection of contrast fluid at the terminal
acini of the ductal tree, so-called sialectasia or
sialectasis. Sialographs of metabolic disorders
often show enlarged glands with normal (resem-
bling the sialograph of a healthy salivary gland)
or rather thin ducts. Sialography is no longer
used for detection of salivary gland tumors. Cur-
rently, multislice compute tomography (CT),
MRI, and salivary gland ultrasonography
(US) are used for detecting salivary gland
tumors. Moreover, sialography is still in use in
Japan to detect SS (it is part of the Japanese
criteria (Fujibayashi et al. 2004)), while it is
replaced by other functional tests in most other
countries (Kalk et al. 2001; Sreebny and Vissink
2010). Moreover, salivary gland US is an emerg-
ing technique to diagnose SS, relegating
sialography further to the background (Mossel
et al. 2017).

Salivary Scintigraphy
Salivary scintigraphy is based on the ability of
the parotid and submandibular glands to trap the
radionuclide isotope technetium-sodium
(Tc99m) pertechnetate. This ability is due to the
fact that Tc99m replaces the chloride ion in the
active sodium/potassium/chloride cotransport
pump that is located in the striated ducts of the
salivary glands (Hakansson et al. 1994; Klein
Hesselink and Links 2015). Scintigraphy
employs a gamma scintillation camera. The
radioactive isotope is injected intravenously,
and its uptake, accumulation, and excretion are
photographically recorded. Salivary scintigraphy
is used in the diagnostic workup of SS but is not
commonly applied for this purpose anymore
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and, like sialography, probably will be replaced
by salivary gland US for this purpose.

Ultrasonography
US may reveal parenchymal inhomogeneity of
salivary glands. A characteristic alteration, met-
aphorically named pepper-and-salt appearance,
is used to describe sonographic images of
patients with SS (Fig. 14). The hypoechoic
areas in the salivary parenchyma are either con-
sidered to represent local lymphocytic infiltrates
(Takashima et al. 1992) or dilated ducts
surrounded by dense lymphocytic infiltrates
(Salaffi et al. 2000), but it is still not agreed
what these areas represent. US seems to be a
valuable tool for detecting salivary gland abnor-
malities in SS, but the quality of current studies

in SS is low and does not yet allow assessment
of the likelihood of salivary gland US as a reli-
able and practical tool in diagnosing SS (Delli
et al. 2015; Jousse-Joulin et al. 2016). However,
very recent studies indicate that salivary gland
US is indeed a valid tool in characterizing
patients with SS; specifically, when the ultraso-
nographic image of the major salivary gland is
indicative of SS and the patient also has autoan-
tibodies directed toward SS-A, the patient is
very likely to suffer from SS (Mossel et al.
2017).

US is also used to facilitate needle aspiration
biopsies of masses within the salivary glands as
well as to inject botulinum toxin into the major
salivary glands of children and elderly with
drooling problems (Jongerius et al. 2003).

Fig. 13 Normal right parotid sialogram. Four images
from a normal right parotid sialogram, demonstrating a
smooth regular main (Stensen’s) duct (arrows) and a fine

branching duct pattern within the gland (Images courtesy
of Dr Rudolf Boeddinghaus, Perth Radiological Clinic,
Perth WA, Australia)
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Computed Tomography and Magnetic
Resonance Imaging
Although CT and MRI can be used to detect
salivary gland disorders such as SS, they are
mainly used to detect salivary gland tumors. For
this purpose, MRI is better suited than CT as it
provides better imaging of soft tissues. For more
detail on these imaging approaches, refer to the
chapter on ▶ “Diagnostic Imaging Principles and
Applications in Head and Neck Pathology.”

Sialendoscopy
Sialendoscopy allows for endoscopic intraluminal
visualization of the ductal system of the major
salivary glands and offers mechanisms to diagnose
and treat inflammatory and obstructive pathology
related to the ductal system (Gallo et al. 2015).

Serology

Just as saliva can be used as an indicator of sys-
temic disease, tests conducted on serum can be
used to confirm or deny the presence of oral dis-
ease (Vissink 2010). For example, amylase tests
performed on serum can distinguish levels of the
enzyme that arise from the pancreas from those
which stem from the salivary glands. Elevated
salivary gland amylase, amylasemia, may be asso-
ciated with sialadenitis, from initial gland damage

due to radiotherapy and/or SS. Follow-up tests can
measure the rate of progress of the disease(s).
Tests for serum autoantibodies, especially anti
SS-A (anti-Ro) and anti-SS-B (anti-La), might
reveal the presence of SS; antibodies against
dsDNA suggest the presence of systemic lupus
erythematosus (SLE). Analysis of the serum for
HbA1c may uncover long-standing undiagnosed,
or poorly controlled diabetes mellitus. Testing for
thyroid hormones might help explain a case of
persisting salivary gland enlargement and
xerostomia. For more detail on these tests, refer
to the chapters on ▶ “Clinical Immunology in
Diagnoses of Maxillofacial Disease” and ▶ “Lab-
oratory Medicine and Diagnostic Pathology.”

Ophthalmology

Ophthalmologic tests within the dental field are
mainly used to assess ocular symptoms related to
SS (Meiners et al. 2010). The subjective ocular
symptoms are obtained by history taking. With
regard to SS, patients need to have a positive
response to at least one of the following questions:
(1) Have you had daily, persistent, troublesome dry
eyes for more than 3 months? (2) Do you have a
recurrent sensation of sand or gravel in the eyes?
(3) Do you use tear substitutesmore than three times
a day? (Vitali et al. 2002; Shiboski et al. 2017).

Fig. 14 Ultrasonography of the parotid glands. (a) Nor-
mal parotid gland. (b) “Pepper-and-salt appearance,” a
characteristic alteration in ultrasonographic images of

patients with Sjögren’s syndrome (Images courtesy of Dr
Konstantina Delli, University Medical Center Groningen,
The Netherlands)
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To objectively rate the ocular function in patients
complaining of xerostomia, the following tests are
commonly used. In the Schirmer test, a piece of
filter paper is placed laterally on the lower eyelid,
which results in wetting due to tear production
(Fig. 15). If less than 5 mm of paper is wetted
after 5 min, the test result is positive. This test can
also be done in the dental office. The other tests
are in need of an ophthalmologist as special equip-
ment is needed. In the Rose Bengal test, dye stains
devitalized areas of the cornea and conjunctiva,
which can be scored using a slit lamp. A Rose
Bengal score� 4 according to the van Bijsterveld
scoring system is considered abnormal. Lissamine
green is currently used instead of Rose Bengal
stain, which shows comparable results but is less
painful. In 2010, the ocular staining score was
introduced (Whitcher et al. 2010). This ocular
staining score is a composite score of staining of
the surface of the eye with fluorescein and
lissamine green. An ocular staining score � 5
equals a Rose Bengal score � 4.

Salivary Gland Disorders and Diseases

Medication-Induced Salivary Gland
Dysfunction and Xerostomia

Across the spectrum of symptomatology related to
medication-induced salivary gland dysfunction
(MISGD), xerostomia is the best documented
(Aliko et al. 2015; Villa et al. 2015, 2016; Wolff
et al. 2017). A reduced saliva flow rate is considered

the major cause of xerostomia related to MISGD,
but xerostomia cannot consistently be attributed to
salivary gland dysfunction as most studies on
MISGD do not include measurements of actual
saliva flow rate (sialometry) or saliva composition
(sialochemistry). Thus, the degree of xerostomia
and salivary gland hypofunction does not always
correlate.

While generally speaking xerostomia is accom-
panied by a reduced saliva flow rate, an absence of
xerostomia does not necessarily indicate that there is
adequate saliva secretion. Likewise, hyposalivation
does not necessarily mean that the patients feel that
their mouth is dry (Sreebny andVissink 2010). This
discrepancy occurs in a quarter to one-third of
patients (Vissink et al. 1983). Changes in saliva
composition and medications that interfere with
the local sensory system or the cognitive functions
that lead to xerostomia (e.g., lithium is related to a
sensation of thirst which is commonly mis-
interpreted by patients as xerostomia) may also
underlie the sensation of oral dryness. In other
words, the association between xerostomia and
xerogenic medications is probably a multi-
dimensional phenomenon (see Fig. 16).

Xerostomia can be a clinically serious health
problem, which may contribute to impaired tolera-
bility and patients’ compliance with the intake of
some medications (Aliko et al. 2015). In fact,
xerostomia has been found to be the most frequent
among oral adverse effects of medications in most
studies. A recent systematic review documented
that xerostomia was associated with medication
use in a dose-dependent manner in just a few
studies, while the majority of studies did not corre-
late actual saliva flow rates with xerostomia. So,
dose-escalation studies are needed to clarify the
true relation of xerostomia to medication dosage.
Finally, the driest mouths are seen in patients using
several different medications, e.g., polypharmacy
(Fig. 17) (Narhi et al. 1992). Therefore, a careful
check whether a patient indeed needs all medica-
tions he or she uses might be a favorable approach.

Although commonly MISGD goes into remis-
sion when the administration of a medication is
ceased, this does not always occur spontaneously.
Occasionally, if the secretory mechanisms of the
gland tissue have been inhibited by medications

Fig. 15 Schirmer test
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for a longer period of time, the gland has to be
“reactivated” by a systematic gustatory stimula-
tion therapy approach. Moreover, one medication
of a particular category can cause xerostomia in
one patient and another medication from the same
category in another patient. See Table 1 for med-
ications reported to induce xerostomia, salivary
gland hypofunction, or sialorrhea (Wolff et al.
2017). So, when the administration of a presumed
causative medication cannot be discontinued, sub-
stitution of a medication with another with a com-
parable action is worthwhile (Sreebny and Vissink
2010; Wolff et al. 2017). In case the administra-
tion of a medication cannot be changed or ceased
at all, prescribing a gustatory (e.g., sugar-free
sweets) or mechanical (e.g., chewing gum) stim-
ulation therapy can help the patient. A saliva
substitute does not always provide alleviation of
the feeling of oral dryness, particularly if the
patient still has salivary function left as the saliva
substitute may cause a rather sticky feeling and
potentially worsen xerostomia (Regelink et al.
1998). The exception is a gel for night use as the
patient cannot continue a stimulatory action at
night. Finally, medications like pilocarpine and
cevimeline can be prescribed, but it is not advised
to counteract the adverse effect of a medication
with another medication that has adverse effects
of its own (Sreebny and Vissink 2010).

Hypersalivation

Hypersalivation, often also called drooling, is a
phenomenon that often causes distress, irrespective

of whether it is absolute (toomuch saliva secretion)
or relative (the salivary secretion itself is not
increased, but handling of the saliva in the mouth
is impeded). Common phenomena are irritation of
the corners of the mouth, nausea, a wet pillow on
awaking, and wet, dirty clothing. Particularly, the
latter is often a distress to individuals themselves as
well as their relatives.

Hypersalivation is a normal phenomenon in
early childhood (increased basal secretion from
the parotid glands) (Blasco and Allaire 1992),
particularly when teeth are emerging. In elderly,
hypersalivation is often related to orofacial dys-
function, such as incompetence of the lips, but
also neurological disorders may be the underlying
factor (disturbed sensibility of the oral mucosa or
lips, swallowing difficulties). Finally, drooling is a
common phenomenon in the multiple disabled.

When measuring the actual saliva flow rate,
often saliva secretion is not increased but even
decreased. It is often more a saliva handling dis-
turbance than an objectively increased saliva flow
rate.

Local Obstructive, Inflammatory, or
Reactive Disorders

Sialolithiasis

Sialoliths (salivary calculus/salivary stones) most
commonly present in Wharton’s (submandibular)
duct in the floor of the mouth causing pain due to
pressure in the region of the obstructed gland
around meal time. When sufficiently calcified,

m
l/

m
in

Number of medications

Secretion of whole saliva

Unstimulated

Stimulated

0 1-3 4-6 >7

1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2

0

Fig. 17 Association
between medication intake
and whole saliva flow rate
(Adapted from Narhi et al.
1992)
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Table 1 Medications reported to induce xerostomia, sal-
ivary gland hypofunction, or sialorrhea with higher and
moderate level of evidence, grouped according to their
belonging to first, second, fourth and fifth levels of

the Anatomical Therapeutic Chemical (ATC) classification
system (Adapted from Wolff et al. 2017, http://
creativecommons.org/licenses/by-nc/4.0/)

First level,
anatomical main
group

Second level,
therapeutic
subgroup

Fourth level, chemical
subgroup

Fifth level, chemical
substance

ATC
Code

Alimentary tract
and metabolism

Drug for
functional
gastrointestinal
disorders

Synthetic anticholinergics,
quaternary ammonium
compounds

Propantheline A03AB05

Belladonna alkaloids,
tertiary amines

Atropine A03BA01

Hyoscyamine A03BA03

Belladonna alkaloids,
semisynthetic, quaternary
ammonium compounds

Scopolamine/
hyoscine

A03BB01

Antiemetics and
anti-nauseants

Other antiemetics Scopolamine/
hyoscine

A04AD01

Anti-obesity
preparations, excl.
diet products

Centrally acting anti-
obesity products

Phentermine A08AA01

Dexfenfluramine A08AA04

Sibutramine A08AA10

Peripherally acting anti-
obesity products

Orlistat A08AB01

Serotonin-noradrenaline-
dopamine reuptake
inhibitor

Tesofensine ND

Cardiovascular
system

Cardiac therapy Anti-arrhythmics, class Ib Mexiletine C01BB02

Anti-hypertensives Methyldopa Methyldopa C02AB01

Imidazoline receptor
agonists

Clonidine C02AC01

Diuretics Thiazides, plain Bendroflumethiazide C03AA01

Sulfonamides, plain Furosemide C03CA01

Vasopressin antagonists Tolvaptan C03XA01

Beta-blocking
agents

Beta-blocking agents,
non-selective

Timolol C07AA06

Beta-blocking agents,
selective

Metoprolol C07AB02

Atenolol C07AB03

Calcium channel
blockers

Dihydropyridine derivatives Isradipine C08CA03

Phenylalkylamine
derivatives

Verapamil C08DA01

Agents acting on the
renin-angiotensin
system

ACE (angiotensin-
converting enzyme)
inhibitors, plain

Enalapril C09AA02

Lisinopril C09AA03

Genitourinary
system and sex
hormones

Urologicals Medications for urinary
frequency and
incontinence

Oxybutynin G04BD04

Propiverine G04BD06

Tolterodine G04BD07

Solifenacin G04BD08

Trospium G04BD09

Darifenacin G04BD10

Fesoterodine G04BD11

Imidafenacin ND

Alpha-adrenoreceptor
antagonists

Alfuzosin G04CA01

Terazosin G04CA03

(continued)
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Table 1 (continued)

First level,
anatomical main
group

Second level,
therapeutic
subgroup

Fourth level, chemical
subgroup

Fifth level, chemical
substance

ATC
Code

Anti-infectives for
systemic use

Antivirals for
systemic use

Protease inhibitors Saquinavir J05AE01

Nucleoside and nucleotide
reverse transcriptase
inhibitors

Didanosine J05AF02

Lamivudine J05AF05

Non-nucleoside reverse
transcriptase inhibitors

Nevirapine J05AG01

Etravirine J05AG04

Other antivirals Raltegravir J05AX08

Maraviroc J05AX09

Antineoplastic and
immunomodulating
agents

Antineoplastic
agents

Monoclonal antibodies Bevacizumab L01XC07

Musculoskeletal
system

Muscle relaxants Other centrally acting
agents

Baclofen M03BX01

Tizanidine M03BX02

Cyclobenzaprine M03BX08

Medications for
treatment of bone
diseases

Bisphosphonates Alendronate M05BA04

Nervous system Anesthetics Opioid anesthetics Fentanyl N01AH01

Analgesics Natural opium alkaloids Morphine N02AA01

Dihydrocodeine N02AA08

Phenylpiperidine
derivatives

Fentanyl N02AB03

Oripavine derivatives Buprenorphine N02AE01

Morphinan derivatives Butorphanol N02AF01

Other opioids Tramadol N02AX02

Tapentadol N02AX06

Other anti-migraine
preparations

Clonidine N02CX02

Anti-epileptics Fatty acid derivatives Sodium valproate/
valproic acid

N03AG01

Other anti-epileptics Gabapentin N03AX12

Pregabalin N03AX16

Antiparkinson
drugs

Dopamine agonists Rotigotine N04 BC09

Psycholeptics Phenothiazines with
aliphatic side-chain

Chlorpromazine N05AA01

Phenothiazines with
piperazine structure

Perphenazine N05AB03

Butyrophenone derivatives Haloperidol N05 AD01

Indole derivatives Sertindole N05AE03

Ziprasidone N05AE04

Lurasidone N05AE05

Diazepines, oxazepines,
thiazepines and oxepines

Loxapine N05AH01

Clozapine N05AH02

Olanzapine N05AH03

Quetiapine N05AH04

Asenapine N05AH05

(continued)
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Table 1 (continued)

First level,
anatomical main
group

Second level,
therapeutic
subgroup

Fourth level, chemical
subgroup

Fifth level, chemical
substance

ATC
Code

Benzamides Amisulpride N05AL05

Lithium Lithium N05AN01

Other antipsychotics Risperidone N05AX08

Aripiprazole N05AX12

Paliperidone N05AX13

Benzodiazepine derivatives
(anxiolytics)

Clobazam N05BA09

Benzodiazepine related
medications

Zolpidem N05CF02

Eszopiclone N05CF04

Zopiclone N05CF01

Other hypnotics and
sedatives

Scopolamine/
hyoscine

N05CM05

Dexmedetomidine N05CM18

Psychoanaleptics Non-selective monoamine
reuptake inhibitors

Desipramine N06AA01

Imipramine N06AA02

Amitriptyline N06AA09

Nortriptyline N06AA10

Doxepin N06AA12

Dosulepin N06AA16

Selective serotonin
reuptake inhibitors

Fluoxetine N06AB03

Citalopram N06AB04

Paroxetine N06AB05

Sertraline N06AB06

Escitalopram N06AB10

Other antidepressants Bupropion N06AX12

Venlafaxine N06AX16

Reboxetine N06AX18

Duloxetine N06AX21

Desvenlafaxine N06AX23

Vortioxetine N06AX26

Centrally acting
sympathomimetics

Methylphenidate N06BA04

Dexmethylphenidate N06BA11

Lisdexamfetamine N06BA12

Other nervous
system
medications

Medications used in nicotine
dependence

Nicotine N07BA01

Medications used in alcohol
dependence

Naltrexone N07BB04

Medications used in opioid
dependence

Buprenorphine N07 BC01

ND ND Dimebon ND

Tesofensine ND

(continued)
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they may be seen on an intraoral occlusal radio-
graph, orthopantomogram, or cone-beam com-
puted tomogram (Fig. 18). Uncalcified mucous
plugs have the same presentation and if not
removed, act as a nidus for sialolith development.

Sialoliths vary considerably in size. Radio-
graphs of submitted salivary gland tissue may
help determine what to section for histopathologi-
cal review and examination in order to demonstrate
the presence of a sialolith, remembering that
sialoliths can occur in glands affected by an
unrelated pathological process. When sialoliths are
cut in cross-section, they frequently exhibit concen-
tric laminations. Histologically, the ductal epithe-
lium is often compressed and frequently shows
squamous, oncocytic, or mucous cell metaplasia.

Lesions associated with the minor salivary
glands can be excised with the associated gland.
When a sialolith can be palpated in the oral cavity
(bimanual palpation), the sialolith often can be
removed by an intraoral or sialoendoscopic
approach and the affected gland can be left in situ.
Otherwise, the associated gland is often removed.

Mucoceles and Ranulas

Mucoceles are common lesions usually pre-
senting as a lump on the mucosa or vermilion of
the lower lip but can present at other intraoral sites
(Fig. 19). Young persons are more frequently
affected, and there is often a history of lip trauma
(Bezerra et al. 2016). Duration is variable and
often dependent on how much inconvenience the
lesion causes. Two histological types of
mucoceles occur. The most common is the
mucous extravasation cyst on the lower lip and
the other is the ranula or mucous retention cyst
occurring in the floor of mouth (Ha et al. 2014;
Kelloway et al. 2014).

Self-treatment by puncturing the lesion or inci-
sion results in rapid deflation but can be followedby
recurrence of the swelling. Removal of the lesion by
complete excision without rupture including
removal of the associated minor salivary glands is
curative (Fig. 20). Damage to the duct of an adja-
cent gland during removal may result in a new
lesion developing. It is prudent to warn the patient

Table 1 (continued)

First level,
anatomical main
group

Second level,
therapeutic
subgroup

Fourth level, chemical
subgroup

Fifth level, chemical
substance

ATC
Code

Respiratory system Nasal preparations Anti-allergic agents, excl.
corticosteroids

Azelastine R01AC03

Medications for
obstructive airway
diseases

Anticholinergics Tiotropium R03BB04

Anti-histamines
for systemic use

Aminoalkyl ethers Doxylamine R06AA09

Piperazine derivatives Cetirizine R06AE07

Levocetirizine R06AE09

Other anti-histamines for
systemic use

Ebastine R06AX22

Desloratadine R06AX27

Sensory organs Ophthalmologicals Sympathomimetics in
glaucoma therapy

Brimonidine S01EA05

Anticholinergics Atropine S01FA01

Other anti-allergics Azelastine S01GX07

Bold type indicates higher level of evidence
ND not determined
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of sensory nerve damage (typically paresthesia) or
the possible recurrence of the mucocele if another
excretory duct is damaged during the excisional
biopsy. Macroscopically, a pool of mucin may be
visible within the excised mucous extravasation
cyst (mucocele) submitted specimen on sectioning.
The mucin may exude out during the sectioning
process. Frequently, lobules of salivary gland are
also submitted separately with the main specimen.
Microscopically, a space is frequently encountered
partially or completely surrounded by a rim of
granulation tissue without an epithelial lining
(Fig. 21). If present, part of the duct epithelium
may be seen and has often undergone squamous
metaplasia. A mixed acute and chronic

Fig. 18 Sialolith. Clinical (a), radiographic (b), gross pre-
sentation (c), and histopathology (d) (Image (c) courtesy of
Dr Omar Kujan, and image (d) courtesy Professor Camile

Farah, UWADental School, University ofWesternAustralia,
Perth WA, Australia (Images (a) and (b) reproduced with
permission from Stegenga et al. (2013))

Fig. 19 Mucocele involving lower lip appearing as a
dome shaped raised fluctuant soft tissue lump (Reproduced
with permission from Stegenga et al. (2013))
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inflammatory cell infiltrate containing often numer-
ous foamy macrophages is present in the granula-
tion tissue, and if mucin is still present, numerous
foamy macrophages can be seen within it. The
associated minor salivary glands usually contain a
moderately intense chronic inflammatory cell infil-
trate but generally maintain their normal
architecture.

An alternative curative approach for treating
mucoceles is cryotherapy where deliberate
destruction of the mucocele and underlying asso-
ciated salivary gland tissue results in resolution of
the condition (Farah and Savage 2006). Both open
and closed cryotherapy approaches have been
used for this purpose depending on availability
(Figs. 22 and 23). Care should be taken with use
of cryotherapy as unjudicial use can cause damage
to the underlying structures particularly nerves

Fig. 20 Surgical removal of mucous extravasation cyst.
Mucocele on the lower left lip (a), exposed before excision
(b) and removed intact without rupture (c) (Images

courtesy of Professor Camile Farah, Perth Oral Medicine
& Dental Sleep Centre, Perth WA, Australia)

Fig. 21 Histopathology of mucous extravasation cyst
(mucocele) shown in Fig. 20 (Image courtesy of Professor
Camile Farah, Perth Oral Medicine & Dental Sleep Centre,
Perth WA, Australia)
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causing paresthesia. The disadvantage of this
approach is that no specimen is available for his-
topathologic review, so an accurate clinical diag-
nosis is paramount.

Mucous retention cysts are treated by removal
of the lesion by complete excision without rup-
ture including removal of the associated minor
salivary glands. Mucous retention cysts are
caused by obstruction of a duct rather than
trauma and therefore histopathologically
present with an epithelial lined dilated duct.
The epithelium is frequently flattened columnar
or metaplastic squamous in type. On occasions, it
may be columnar with oncocytic change. The
surrounding salivary gland tissue often shows
acinar atrophy and may demonstrate ductal
dilation.

Necrotizing Sialometaplasia

Necrotizing sialometaplasia is a benign, inflam-
matory disorder of the salivary glands. The etiol-
ogy is unknown; however, ischemic necrosis of
minor salivary gland tissue may be the causative
factor, associated with smoking, local trauma,
pressure from a denture, local anesthetic injection,
local surgical procedures, or an immune response
to an unknown allergen. The lesion is usually
located in the posterior region of the hard palate.
The clinical and histopathologic manifestations of
necrotizing sialometaplasia may resemble malig-
nancies (Fig. 24).

The characteristic histopathologic features of
necrotizing sialometaplasia are a lobular arrange-
ment of salivary tissue with squamous cell

Fig. 22 Mucous extravasation cyst (mucocele) on the lower lip (a) treated with cryotherapy (b) (Images courtesy of
Professor Camile Farah, Perth Oral Medicine & Dental Sleep Centre, Perth WA, Australia)

Fig. 23 Mucous retention cyst (a) treated with cryotherapy (b) (Images courtesy of Professor Camile Farah, Queensland
Oral Medicine & Pathology, Brisbane QLD, Australia)
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metaplasia of the ductal system centrally. Islands of
squamous cells can be close to salivary ducts with
features of hyperplasia. These features may be
useful in distinguishing necrotizing sialometaplasia
from squamous cell carcinoma and mucoepider-
moid carcinoma. Necrotic acini and inflammatory
cells are present at the periphery. The inflammatory
infiltrate is diffuse and mixed with lymphocytes,
plasma cells, neutrophils, occasional eosinophils,
and macrophages. Necrotizing sialometaplasia is
self-limiting and typically resolves within 3–10
weeks. Symptomatic treatment is usually adequate,
e.g., analgesics combined with 0.12% chlorhexi-
dine gluconatemouthwash. Surgical intervention is
usually not required.

Salivary Gland Tumors

Salivary gland tumors are a heterogeneous group
of neoplasms, knowledge of which has been
evolving over many years. This is reflected in
the number of changes to the classification of
these lesions. It is beyond the scope of this chapter
to discuss all salivary gland tumors in detail (see
Table 2), but several common neoplasms are
discussed. More detailed information about clas-
sification of salivary gland tumors can be obtained
from other excellent resources (WHO

Classification of Head and Neck Tumours 2017).
Staging applies to carcinomas of the major sali-
vary glands (Table 3). Tumors arising in minor
salivary glands are not included in the staging
classification, but instead at their anatomic site
of origin, e.g. the lip. There should be histological
confirmation of the disease.

Benign Tumors

Pleomorphic Adenoma
Pleomorphic adenoma is the most common benign
neoplasm (including both benign and malignant) in
both the major and minor salivary glands (Fig. 25).
Pleomorphic adenomas usually present as a slow-
growing painless mass, occuring over a wide age
range, and have a female predominance (Fig. 26).
(Buchner et al. 2007). There is often a delay of some
years before medical attention is sought. Thus,
while most parotid tumors are 2–6 cm in diameter,
giant lesions have been reported in the literature
(Perumal et al. 2012; Tarsitano et al. 2015).

Pleomorphic adenoma is extremely variable in
the range of histopathological appearances seen
(Fig. 26). The essential elements are both epithelial
and myoepithelial cells, ductal structures, and mes-
enchymal stroma. The proportion of epithelial/
myoepithelial cell component compared with the

Fig. 24 (a) Necrotizing sialometaplasia appearing as
chronic ulcer in palate (Image courtesy of Dr Omar
Kujan, UWA Dental School, Perth WA, Australia). (b)
Necrotizing sialometaplasia demonstrating infarcted,
necrotic salivary gland acini present at the base of the
biopsy. Pseudoepitheliomatous hyperplasia and ducts
with squamous metaplasia can be seen at one end of the

specimen, and a large excretory duct with squamous meta-
plasia is in continuity with the overlying epithelium.
Necrotic debris is present in several of these ducts. A
sparse to moderately intense chronic inflammatory cell
infiltrate is present in the connective tissue, but does not
extend into the necrotic acini
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Table 2 WHO classification of tumors of salivary glands

Malignant tumors

Mucoepidermoid carcinoma

Adenoid cystic carcinoma

Acinic cell carcinoma

Polymorphous adenocarcinoma

Clear cell carcinoma

Basal cell adenocarcinoma

Adenocarcinoma, NOS

Salivary duct carcinoma

Myoepithelial carcinoma

Epithelial-myoepithelial carcinoma

Carcinoma ex pleomorphic adenoma

Secretory carcinoma

Sebaceous adenocarcinoma

Carcinosarcoma

Poorly differentiated carcinoma

Undifferentiated carcinoma

Large cell neuroendocrine carcinoma

Small cell neuroendocrine carcinoma

Lymphoepithelial carcinoma

Squamous cell carcinoma

Oncocytic carcinoma

Uncertain malignant potential

Sialoblastoma

Benign tumors

Pleomorphic adenoma

Myoepithelioma

Basal cell adenoma

Warthin tumor

Oncocytoma

Lymphadenoma

Cystadenoma

Sialadenoma papilliferum

Ductal papillomas

Sebaceous adenoma

Canalicular adenoma and other ductal adenomas

Non-neoplastic epithelial lesions

Sclerosing polycystic adenosis

Nodular oncocytic hyperplasia

Lymphoepithelial sialadenitis

Intercalated duct hyperplasia

Benign soft tissue lesions

Hemangioma

Lipoma/sialolipoma

Nodular fasciitis

Hematolymphoid tumors

Extranodal marginal zone lymphoma of mucosa-
associated lymphoid tissue (MALT lymphoma)

Modified with permission from WHO (2017)
NOS: not otherwise specified

Table 3 TNM clinical classification and staging of major
salivary gland malignant tumors (Adopted from UICC
TNM staging system, 8th edition) (Brierley et al. 2017)

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

T1 Tumor 2 cm or less in greatest dimension
without extraparenchymal extensiona

T2 Tumor more than 2 cm but not more than 4 cm
in greatest dimension without
extraparenchymal extensiona

T3 Tumor more than 4 cm and/or tumor with
extraparenchymal extensiona

T4a Tumor invades skin, mandible, ear canal, and/
or facial nerve

T4b Tumor invades base of skull, and/or pterygoid
plates, and/or encases carotid artery

Regional lymph nodes (N)

NX Regional nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Metastasis in a single ipsilateral lymph node, 3
cm or less in greatest dimension without
extranodal extension

N2 Metastasis described as:

N2a Metastasis in a single ipsilateral lymph node,
more than 3 cm but not more than 6 cm in
greatest dimension without extranodal
extension

N2b Metastasis in multiple ipsilateral lymph nodes,
none more than 6 cm in greatest dimension,
without extranodal extension

N2c Metastasis in bilateral or contralateral lymph
nodes, none more than 6 cm in greatest
dimension, without extranodal extension

N3a Metastasis in a lymph node more than 6 cm in
greatest dimension without extranodal
extension

N3b Metastasis in a single or multiple lymph nodes
with extranodal extensionb

Distant metastasis (M)

M0 No distant metastasis

M1 Distant metastasis

Staging

Stage TNM classification

0 Tis N0 M0

I T1 N0 M0

II T2 N0 M0

III T3 N0 M0

T1, T2, T3 N1 M0

IVA T1, T2, T3 N2 M0

T4a N0, N1, N2 M0

IVB T4b Any N M0

(continued)
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stroma leads to the terminology cell-rich or stroma-
rich, with the latter being more prone to recurrence
and more common in the parotid gland rather than
the minor salivary glands. Encapsulation is highly
variable but when present is useful in determining
that the lesion is benign. Diagnosis is straightfor-
ward when a completely excised lesion with a range
of epithelial and stromal features is examined but
can be difficult when small incisional biopsies or
fine needle aspirates are submitted for examination
as theymay not be representative of the entire lesion.

Excision of intraoral lesions with a clear margin
is curative. The recurrence rate is very low even if
margins are not definitively clear. Parotid lesions
are however associatedwith a significant recurrence
rate related to enucleation with rupture and incom-
plete tumor excision at operation. Extracapsular
extension may also be associated with recurrence.
Malignant transformation may occur in long-
standing lesions, often associated with accelerated
growth after a lengthy period of slow growth. Pain,
facial nerve palsy and skin fixation may also occur
(Quer et al. 2017; Machado et al. 2017).

Warthin Tumor
Warthin tumor is the second most common sali-
vary gland neoplasm. It almost exclusively
involves the parotid glands presenting as a pain-
less slow-growing lump. It is frequently located in
the inferior pole of the parotid gland and presents
with a mass in the upper part of the neck near the

angle of the mandible (Patel and Morton 2016). It
may be clinically indistinguishable from an
enlarged lymph node of the upper neck. The
mass is generally non-tender, mobile, and well
circumscribed. Ultrasound will often show a par-
tially cystic mass, and fine needle aspiration cytol-
ogy (FNAC) is usually diagnostic (Fig. 27).

Warthin tumor is characterized histopathologi-
cally by the presence of papillary epithelial pro-
jections into cyst-like spaces containing
eosinophilic secretions and a lymphoid stroma
(Fig. 28). A more solid growth pattern with
smaller cystic spaces and less stroma or a multi-
focal growth pattern may be encountered. Super-
ficial parotidectomy and enucleation are the
primary treatment modalities. Malignant transfor-
mation of either epithelial (e.g., squamous, ade-
nocarcinoma, mucoepidermoid, oncocytic) or
lymphoid components (nodal or MALT-type neo-
plasms) has been reported (Bunker and Locker
1989; Skalova et al. 1994; Nagao et al. 1998;
Williamson et al. 2000; Foschini et al. 2005;
Arcega et al. 2015).

Basal Cell Adenoma
Basal cell adenoma can have four different growth
patterns: solid, trabecular, tubular, and membra-
nous. Basal cell adenomas make up 1–3.7% of all
salivary gland tumors (Ethunandan et al. 2002), and
more than 80% occur in the parotid gland, followed
by the submandibular gland and only rarely in the
minor glands (Wilson and Robinson 2015). The
lesion is typically a well defined and moveable
solitary mass. The tumor is usually a well-
circumscribed encapsulated mass measuring
0.2–5.5 cm (Wilson and Robinson 2015). The
solid type may resemble cutaneous basal cell carci-
noma with solid nests of basaloid cells with a
peripheral palisading layer of cuboidal/columnar
cells (Fig. 29). The trabecular type consists of
basaloid cells arranged as strands and cords, vary-
ing in thickness, but frequently thin and narrow. The
tubular type has strands of basaloid cells but has
numerous duct lumina lined by cuboidal cells and
frequently both trabecular and tubular types. The
membraneous type consists of multiple islands and
nests of basaloid cells with palisading of the periph-
eral cells.

Table 3 (continued)

Staging

Stage TNM classification

Any T N3 M0

IVC Any T Any N M1
aExtraparenchymal extension is clinical or macroscopic
evidence of invasion of soft tissues or nerve, except those
listed under T4a and T4b. Microscopic evidence alone
does not constitute extraparenchymal extension for classi-
fication purposes
bThe presence of skin involvement or soft tissue invasion
with deep fixation/tethering to underlying muscle or adja-
cent structures or clinical signs of nerve involvement is
classified as clinical extranodal extension. Midline nodes
are considered ipsilateral nodes
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Fig. 26 Pleomorphic adenoma. Soft tissue lump involv-
ing the posterior left soft palate in a 46-year-old female (a).
The lesion was raised and covered with normal surface
mucosa. The patient reported that the lesion had been
present for up to 1 year. The lesion was excised completely
under local anesthesia (b). Histopathological sections
show a salivary gland tumor composed predominantly of

epithelial and myoepithelial cells with numerous duct-like
structures in a number of regions at low magnification (c).
The stroma consists predominantly of hyalinized connec-
tive tissue and myxoid areas on higher magnification (d)
(Images courtesy of Professor Camile Farah, Perth Oral
Medicine & Dental Sleep Centre, Perth WA, Australia)

Fig. 25 Pleomorphic adenoma: ultrasound (a) and
ultrasound-guided FNA (b) of a well-circumscribed
rounded mass in the right submandibular salivary gland.
This lesion is rounded and slightly distorts the contour of

the gland, consistent with a true neoplasm, which proved to
be a pleomorphic adenoma (Images courtesy of Dr Rudolf
Boeddinghaus, Perth Radiological Clinic, Perth WA,
Australia)
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Myoepithelioma
Myoepitheliomas are an uncommon salivary
gland tumor representing 1–1.5% of all salivary
gland tumors. Of benign neoplasms they account
for 2.2% of major gland lesions and 5.7% of
minor salivary gland lesions (Sciubba and
Brannon 1982; Dardick et al. 1989; Alos et al.
1996). Lesions usually present as a slow-growing
painless mass (Simpson et al. 1995; Alos et al.
1996). Myoepitheliomas are usually encapsulated
and have a combination of morphological types,
although one cell type usually predominates.
Spindle, plasmacytoid, hyaline, epithelioid, or
clear cells therefore may predominate (Fig. 30).
The growth pattern may be solid, myxoid, or
reticular in a uniform pattern. The reticular pattern
consists of a netlike arrangement of cell cords
(Dardick et al. 1992). Recurrences are infrequent
and are generally associated with incomplete
removal (Sciubba and Brannon 1982).

Oncocytoma
Oncocytomas account for 2% of all salivary gland
tumors occurring predominantly in the sixth to
eighth decade with equal sex distribution,

although clear cell oncocytoma is much more
prevalent in women. The lesion is most com-
monly found in the parotid (Fig. 31). Submandib-
ular and minor gland tumors also occur
(Thompson et al. 1996). Presentation is usually a
unilateral painless swelling. Oncocytomas are
well-circumscribed tumors composed of
oncocytes with eosinophilic granular cytoplasm
and centrally located vesicular nuclei and a
single prominent nucleolus. The arrangement of
the oncocytes is in sheets, nests, trabeculae, and
duct-like patterns with an intervening fibrovascu-
lar stroma. Cyst-like structures may be seen. The
clear cell oncocytoma consists of cells with clear
cytoplasm and must be distinguished from other
clear cell salivary gland tumors which are malig-
nant. Immunohistochemistry may be helpful in
diagnosis with expression of p63 and CK5/CK6
(McHugh et al. 2007). Recurrence is rare follow-
ing surgical excision.

Lymphadenoma
Lymphadenoma is a rare benign salivary gland
tumor occurring over a wide age range between
11 and 79 years (Seethala et al. 2012) with equal

Fig. 27 Warthin tumors: coronal PET image (a) performed
for surveillance of treated lymphoma in a 71-year-old man
showing two incidental right parotid FDG-avid tumors
(arrows); US-guided FNA (b) confirmed Warthin tumor in
both lesions. This tumor is frequently multifocal and/or

bilateral. FDG uptake is not specific for malignancy and
can be seen in benign tumors and inflammatory lesions
(Images courtesy of Dr Rudolf Boeddinghaus, Perth Radio-
logical Clinic, Perth WA, Australia)
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sex predilection. Eighty percent of cases occur in
the parotid and two forms exist, sebaceous and
non-sebaceous with the latter accounting for a
third of cases and occurring at a younger age
(Seethala et al. 2012; Liu et al. 2014). Lesions

are encapsulated and may be solid or multicystic
and are composed of anastomosing cords and
nests of basaloid cells and tubuloglandular struc-
tures. Reactive lymphoid follicles with germinal
centers are present throughout. Sebaceous

Fig. 28 Warthin tumor
characterized
histopathologically by the
presence of papillary
epithelial projections into
cyst-like spaces containing
eosinophilic secretions and
a lymphoid stroma. This
parotid tumor appears thinly
encapsulated, and the
capsule appears intact (a).
The tumor is composed of
cystic spaces containing
eosinophilic proteinaceous
material lined by dual
layered oncocytic
epithelium interspersed
with large lymphoid
follicles with prominent
germinal centers (b and c)
(Images courtesy of Drs
David Paton, Benjamin
Wood and Chris Van Vliet,
PathWest, and Professor
Camile Farah, UWA Dental
School, University of
Western Australia, Perth
WA, Australia)
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Fig. 29 (continued)
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differentiation is seen in the sebaceous type, and
rupture with release of sebum leads to a foreign
body giant cell reaction (Seethala et al. 2012).
Complete resection is curative, although malig-
nant transformation of the sebaceous cells (seba-
ceous lymphadenocarcinoma) or basal cells
(basal cell adenocarcinoma) has been reported
with remnants of benign lymphadenoma seen in
lymphadenocarcinoma (Croitoru et al. 2003).

Cystadenoma
Cystadenomas account for 4% of salivary gland
tumors, occur in the fifth to seventh decades, and
are more common in females (Tjioe 2015). Forty-
five to fifty percent occur in the parotid, and the
minor glands are next most frequently involved
(lips, buccal mucosa) (Tijoe 2015). Presentation is
a slow-growing mass, which may contain mucin
and therefore clinically thought to be a mucocele.

Fig. 29 Basal cell adenoma. The tumor is composed
predominantly of basaloid cells with rounded or oval
nuclei, eosinophilic cytoplasm, and indistinct cell borders
(a). Toward the periphery the stroma is somewhat less
dense and more myxoid. A lymphoplasmacytic infiltrate
is noted, particularly at the edge of the tumor. The basaloid
cells are mostly arranged in a glandular and trabecular
pattern with cells showing predominantly ovoid to spin-
dled nuclei and pale cytoplasm arranged in anastomosing
cords and nests, separated by loose or more densely

hyalinized connective tissue (b). The gland lumina contain
thick densely eosinophilic secretions. In some areas neo-
plastic cells are more closely packed and spindled in out-
line but show no marked pleomorphism, and mitotic
activity is not observed. Neoplastic cells show positivity
by immunohistochemistry for CK7 (c), P63 (d), and bcl2
(e) (Images courtesy of Drs Kate Francis, Anitha Thomas,
Jennet Harvey and Chris Van Vliet, PathWest, and Profes-
sor Camile Farah, UWA Dental School, University of
Western Australia, Perth WA, Australia)
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They are usually multicystic with papillary pro-
jections lined by columnar and/or cuboidal epi-
thelial cells often with oncocytic differentiation,
which may predominate. Mucous and squamous

epithelial cells may be seen, and eosinophic mate-
rial may be present in lumina with foamy macro-
phages evident. Cellular atypia, mitoses, or an
aggressive growth pattern is not seen. Recurrence

Fig. 30 (continued)
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following complete conservative local excision is
rare.

Sialadenoma Papilliferum
Sialadenoma papilliferum is a benign tumor most
commonly affecting males over 50 years of age but
has been reported in younger individuals (Mahajan
et al. 2007). Intraoral sites including the hard palate

and buccal mucosa are the most common sites of
occurrence (Fantasia et al. 1986; Kubota et al.
2012; Ubaidat et al. 2001). The lesion presents
with an exophytic papillary configuration fre-
quently thought clinically to be squamous papil-
loma. Papillary projections are lined by squamous
epithelium with parakeratosis and acanthosis. Duc-
tal structures are lined by cuboidal luminal cells
and abluminal flattened myoepithelial cells. Immu-
nohistochemistry shows positive expression for
high molecular weight cytokeratins CK 13 and
14 and myoepithelial markers SMA, S100, and
GFAP (Maiorano 1996). This benign lesion isman-
aged by surgical excision, and recurrences are rare
(Pimentel et al. 1995).

Ductal Papillomas
Both intraductal and inverted ductal papillomas
occur and are rare occurring mainly in adults with
sexes affected evenly (Fig. 32). Lesions have
been reported in children (Noseri et al. 2007).
Lesions occur in both the minor and major salivary
glands presenting as a painless submucosal
nodule. Intraductal papillomas are typically well
circumscribed with epithelial cells and mucous

Fig. 30 Myoepithelioma. The macroscopically detected
nodules show similar lesional cells with variable cellularity
and variable amount of cytoplasm and intra-lesional colla-
gen (a). The lesional cells are arranged in swirls and
fascicles (b). They have oval to spindled nuclei with eosin-
ophilic cytoplasm and inconspicuous cytoplasmic borders.
Occasional cells with clear cytoplasm are also present.
Mitotic figures, necrosis, and pleomorphism are not seen.

Focally toward the edge, an area of myxoid change with
ducts lined by flattened epithelium containing eosinophilic
material is also seen. The tumor cells stain positively with
S100 (c) and smooth muscle actin (d) (Images courtesy of
Drs Sooraj Pillai, Ramela Rajakaruna and Chris Van Vliet,
PathWest, and Professor Camile Farah, UWA Dental
School, University of Western Australia, Perth WA,
Australia)

Fig. 31 Oncocytoma composed of oncocytes with eosin-
ophilic granular cytoplasm and centrally located vesicular
nuclei and a single prominent nucleolus (Image courtesy of
Professor Camile Farah, UWA Dental School, University
of Western Australia, Perth WA, Australia)
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cells forming broad luminal papillary projections.
Inverted ductal papillomas present with an endo-
phytic squamous cell proliferation composed of
sheets of epithelial cells, and a crypt may commu-
nicate with the surface epithelium (Brannon and
Sciubba 2001). Complete excision is curative.

Sebaceous Adenoma
Sebaceous adenomas are very rare, comprising
less than 0.1% of all salivary gland neoplasms
with about half in the parotid, followed by the
minor glands and submandibular gland (Apple
2009; Gnepp 2012; Zare-Mahmoodabadi et al.
2009). Lesions are typically well circumscribed
and composed of sheets and nests of sebaceous
cells interspersed with fibrous connective tissue
stroma. Duct-like spaces may be present. Both
squamous differentiation and oncocytic metapla-
sia may be seen. Complete excision is curative.

Canalicular Adenoma and Other Ductal
Adenomas
These benign neoplasms are composed of epithe-
lial ductal cells arranged in anastomosing cords
within a fibrous connective tissue stroma. Lesions
rarely occur before the age of 50 years and men
are more frequently affected (Buchner et al. 2007;
Thompson et al. 2015). It accounts for up to 12%
of salivary gland neoplasms (Buchner et al. 2007;
Pires 2007; Waldron et al. 1988; Yih et al. 2005).

In a large series of neoplasms from China, no
canalicular adenomas were found in the minor
glands (Wang et al. 2007; Wang et al. 2015).
Canalicular adenoma most commonly involves
the upper lip (Thompson et al. 2015). Lesions
typically present as a painless mass. Lesions are
well circumscribed and may contain multiple nod-
ules. The tumor cells are columnar or cuboidal
epithelial cells arranged as anastomosing,
branching, or budding parallel cords. Cellular
atypia is absent and mitotic figures rare. Complete
excision is curative.

Malignant Tumors

Polymorphous Adenocarcinoma
Formerly known as polymorphous low-grade ade-
nocarcinoma, the name has changed in the 2017
World Health Organization (WHO) classification
of salivary gland tumors. The most common site of
polymorphous adenocarcinoma is the palate, and
this occurs in the hard palate more frequently than
soft palate (Fig. 33), followed by lips, buccal
mucosa, alveolar mucosa, and other intraoral sites
(Aberle et al. 1985; Frierson et al. 1985; Kimple
et al. 2014; Castle et al. 1999). Polymorphous
adenocarcinoma is characterized by an infiltrative
growth pattern, cellular organizational diversity,
relative histologic blandness, and cytologic

Fig. 32 Soft tissue lump presenting on the labial surface
of the lower lip (a). Histopathology confirms the presence
of an inverted papilloma (b) (Images courtesy of Professor

Camile Farah, Perth Oral Medicine & Dental Sleep Centre,
Perth WA, Australia)
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uniformity. The tumor cells are generally small and
uniform, with slightly hyperchromatic nuclei,
inconspicuous to slightly enlarged nucleoli, and
scant to moderately abundant, clear to eosinophilic
cytoplasm. Mitoses are generally infrequent. The
lesion is usually nonencapsulated but may be
circumscribed; however foci of infiltrative growth
(which may take multiple sections to find) occur in
almost all cases. Tumors that commonly invade
adjacent soft tissue including salivary gland lobules
may infiltrate the adjacent bone, and perineural
involvement is a common finding as it is for ade-
noid cystic carcinoma. Diagnostic difficulty may
arise in small biopsy samples where a cellular

pleomorphic adenoma or adenoid cystic carcinoma
may be considered. Excision with clear margins is
considered the treatment of choice. Radiotherapy
may play a role in local control in selected cases
(Uemaetomari et al. 2007; Patel et al. 2015).

Mucoepidermoid Carcinoma
Mucoepidermoid carcinoma, a malignant salivary
gland tumor, occurs over a wide age range and
is the most frequently encountered malignant sal-
ivary gland tumor in the young. It generally pre-
sents as a slow-growing mass but if cystic may
resemble a mucocele, with mucin released if rup-
ture occurs. The lesion is usually nonencapsulated

Fig. 33 (a) Polymorphous
adenocarcinoma (formerly
known as polymorphous
low-grade adenocarcinoma)
presenting as a hard raised
multilobulated lump on the
hard palate in a 65-year-old
female patient (Image
courtesy of Professor
Camile Farah, Queensland
Oral Medicine & Pathology,
Brisbane QLD, Australia).
(b) Polymorphous
adenocarcinoma is
characterized by an
infiltrative growth pattern,
cellular organizational
diversity, relative histologic
blandness, and cytologic
uniformity. (c)
Polymorphous
adenocarcinoma. The tumor
cells are generally small and
uniform, with slightly
hyperchromatic nuclei,
inconspicuous to slightly
enlarged nucleoli, and scant
to moderately abundant,
clear to eosinophilic
cytoplasm
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and composed of a mixture of mucous, interme-
diate, and epidermoid cells (essential for diagno-
sis) and varying numbers of clear cells, columnar
cells, and oncocytes. The cells invade the sur-
rounding stroma producing solid areas and duct
or cyst-like areas in varying proportions. Inflam-
mation and fibrosis are common and perineural
invasionmay be present (Fig. 34). The presence of
mucin can best be demonstrated by mucicarmine
or Alcian blue staining. The clear cells are
diastase-sensitive periodic acid-Schiff (PAS) pos-
itive indicating the presence of glycogen. Exci-
sion with clear margins is considered the
treatment of choice. Radiotherapy may play a
role in local control in selected cases (Chen et al.
2013).

Adenoid Cystic Carcinoma
Adenoid cystic carcinoma is a slow-growing but
relentless malignant salivary gland neoplasm
(Fig. 35). Females are affected more commonly
and the median age is 57 years with no ethnic
predilection (Boukheris et al. 2009). Presentation
is a mass and neurological signs or symptoms may
be evident. The major glands are involved more
frequently than minor glands or other sites includ-
ing the sinonasal tract (Figs. 36 and 37) (Boukheris
et al. 2009; Ellington et al. 2012). The WHO clas-
sification separates adenoid cystic carcinoma into
three microscopic patterns: cribriform (glandular),
tubular, and solid with the cribriform being the
most frequent and the solid the least frequent pat-
tern observed (Figs. 38 and 39). Adenoid cystic
carcinoma is composed of cells of two types: ductal
cells and abluminal myoepithelial cells. Cytologi-
cally, adenoid cystic carcinoma is composed of a
uniform, bland population of cells with oval baso-
philic nuclei with homogeneous chromatin distri-
bution usually with little cytoplasm, similar to
basal cell carcinoma of the skin. The nuclei are
frequently angulated (WHO Classification of
Head and Neck Tumours 2017). Wide excision
with clear margins is considered the treatment of
choice. Treatment of recurrent or metastatic disease
by radiotherapy with or without chemotherapy has
shown limited success. Radiotherapy, however, has
been shown to improve local control in cases with
microscopic residual disease.

Acinic Cell Carcinoma
Acinic cell carcinoma occurs over a wide age
range with most cases occurring in patients over
60 years and is more frequent in females. The
parotid gland is mostly commonly involved
(Fig. 40). Presentation is usually a slow-growing
mass, usually not fixed to the overlying skin.
Pain occurs in some patients and facial nerve
involvement may result in facial paralysis.
Acinic cell carcinoma presents a number of
diagnostic difficulties. There are five cell types
(Ellis and Corio 1983): acinar cells are similar to
normal serous acinar cells containing
PAS-positive diastase-resistant (PAS-D) zymo-
gen granules, vacuolated cells with clear cyto-
plasmic vacuoles, clear cells with clear
PAS-negative cytoplasm, nonspecific glandular
cells and intercalated duct type cells, which are
smaller with less, usually eosinophilic cyto-
plasm and central nuclei. These cells surround
luminal spaces of varying sizes (Fig. 41).

There is wide variation in the histomor-
phologic configurations seen including solid,
microcystic, papillary-cystic, and follicular
(Ellis and Corio 1983). The microcystic pattern,
which is the most common, contains small
spaces in the tumor giving it a lattice-like appear-
ance. Acinic cells and vacuolated and interca-
lated type cells are common. In the solid type,
the cells are closely aggregated in sheets or nod-
ules. Acinic cells are common, but nonspecific
glandular and clear cells may also be seen. In the
papillary-cystic variant, the cysts are usually
prominent and show intraluminal papillary pro-
jections. The follicular variant consists of multi-
ple, variably sized cystic spaces lined mostly by
intercalated duct-type cells and contains homo-
geneous, eosinophilic, proteinaceous fluid
resembling follicular thyroid carcinoma. Surgi-
cal excision is considered the treatment of
choice. Radiotherapy may play a role in selected
cases (Andreoli et al. 2012).

Clear Cell Carcinoma
Clear cell carcinoma occurs most frequently
intraorally presenting as a mass. They are poorly
circumscribed and infiltrative and consist of
sheets, nests, cords, trabeculae, or single-cell

Salivary Gland Disorders and Diseases 1475



Fig. 34 Mucoepidermoid carcinoma. Sections show
parotid parenchyma with a mucoepidermoid carcinoma,
occupying predominantly the inferior half of the gland
(a). The tumor is composed of numerous mucin-filled
cysts of varying shape and size and cribriform structures
set within dense desmoplastic stroma (b). The cystic spaces
are lined by a combination of mucocytes, intermediate
cells, and epidermoid cells (c). The mucous cells contain
pale cytoplasm and peripherally displaced nuclei. The epi-
dermoid cells are polygonal with central, mildly

pleomorphic nuclei and abundant cytoplasm, but no defi-
nite keratinization (d). In the surrounding stroma, there is
extensive sclerosis and a prominent peritumoral inflamma-
tory infiltrate composed of lymphocytes and plasma cells,
with small lymphoid aggregates containing reactive ger-
minal centers (e) (Images courtesy of Drs Nithya Menon
and Chris Van Vliet, PathWest, and Professor Camile
Farah, UWA Dental School, University of Western
Australia, Perth WA, Australia)
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growth patterns of polygonal cells with lightly
eosinophilic to clear cytoplasm (Milchgrub et al.
1994). Intracytoplasmic glycogen is PAS positive
and diastase sensitive and may also demonstrate
mucicarmine-positive staining. The tumor cells
are positive for cytokeratins and p63 but negative
for other myoepithelial markers (Lai et al. 2008).

Basal Cell Adenocarcinoma
Basal cell adenocarcinoma is a rare malignancy
usually involving the parotid gland with no sex

predilection and occurs most frequently in the
sixth or seventh decades (Ellis and Wiscovitch
1990). The tumors are unencapsulated with
solid, tubular, trabecular, and membranous
growth patterns. Typically the cells show periph-
eral palisading of the basal cells and variable
deposition of basement membrane-like material.
Perineural or perivascular invasion may be
found.

Intraductal Carcinoma
These are very rare with little epidemiological
data. The parotid is most commonly affected
(Delgado et al. 1996; Brandwein-Gensler et al.
2004; Kuo et al. 2013). Lesions are
unencapsulated and show cystic spaces macro-
scopically (Delgado et al. 1996; Brandwein-
Gensler et al. 2004). Lesions can be graded on
the basis of cytological features as low, interme-
diate or high grade. Low-grade tumors are pre-
dominantly cystic with cribriform and papillary
patterns (Delgado et al. 1996; Brandwein-Gensler
et al. 2004). The tumor cells may show apocrine
differentiation with nuclear pleomorphism, hyper-
chromatism, and frequent mitoses particularly in
the intermediate- and high-grade lesions where
necrosis may also be found.

Fig. 36 Adenoid cystic carcinoma submandibular gland.
Ultrasound (a) and axial post-contrast CT (b) in a 68-year-
old woman presenting with a left submandibular mass
(arrows). Although well circumscribed, with no aggressive

features on imaging, this proved to be an adenoid cystic
carcinoma on histopathology (Images courtesy of
Dr Rudolf Boeddinghaus, Perth Radiological Clinic,
Perth WA, Australia)

Fig. 35 Adenoid cystic carcinoma presenting as a discrete
palatal lump in a female patient with no surface changes
(Image courtesy of Professor Camile Farah, Queensland
Oral Medicine & Pathology, Brisbane QLD, Australia)
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Adenocarcinoma, Not Otherwise
Specified (NOS)
Approximately 10–15% of salivary gland carcino-
mas are adenocarcinoma NOS (Spiro et al. 1982;
Waldron et al. 1988; Bjorndal et al. 2011). There is
a wide age range, but they are rare in children.
Over 50% arise in the parotid, but the majority of
the rest involve the palate, buccal mucosa, and lips
(Waldron et al. 1988; Foss et al. 1996; Wang et al.
2007). The usual clinical presentation is an asymp-
tomatic mass although occasionally they are pain-
ful at presentation. The tumor may be partially
circumscribed with an infiltrative appearance.
The lesion shows ductal or glandular differentia-
tion and may have cyst formation. The cells in the
tumor may be cuboidal, columnar, polygonal,
clear, mucinous, oncocytoid, or plasmacytoid
with a range of growth patterns including nest

cords or large islands. Grading (low, intermediate,
or high) is based on cellular atypia. Ductal and
glandular structures are more prevalent in the low-
and intermediate-grade lesions. In order to make
the diagnosis, the more common subtypes of
malignant salivary gland carcinomas must first be
excluded and immunohistochemistry may be use-
ful (Nikitakis et al. 2004).

Secretory Carcinoma (Mammary
Analogue Secretory Carcinoma)
Secretory carcinoma is morphologically similar to
mammary analogue secretory carcinoma and is
generally a low-grade malignancy of salivary
glands, predominantly parotid (70%), but also of
the oral cavity (20%) (lip, soft palate, buccal
mucosa) (Bishop 2013). The entity was first
described in 2010 (Skalova et al. 2010). The

Fig. 37 Adenoid cystic carcinoma arising as a lump
involving the right hard palate in a 38-year-old female
(a). CT shows permeation of the alveolar bone of the
right maxilla surrounding the roots 16 and partial resorp-
tion of the cortex of the floor of the right maxillary antrum
with mild mucosal thickening of the right antral floor (b).
MR shows marked palatal soft tissue thickening which

extends into submucosa of the right side of the hard palate
just across the midline (c) and diffuse infiltration of mar-
row of the right hemi-maxilla extending from the maxillary
tuberosity to the midline (d) (Images courtesy of Professor
Camile Farah, Perth Oral Medicine & Dental Sleep Centre,
Perth WA, Australia)

1478 S. B. Jensen et al.



Fig. 38 Histopathology of adenoid cystic carcinoma
shown in Fig. 37. Adenoid cystic carcinoma showing
tubular and focally cribriform growth patterns (a) com-
posed of uniform bland cells with oval basophilic nuclei
(b). By immunohistochemistry, the abluminal cells are
positive for p63 (c), and both abluminal and luminal com-
ponents are positive for SOX10 (d). MYB FISH analysis

with Zytovision Zytolight SPEC MYB Dual color break-
apart probe (e). Only one cell is in the right focal plane with
complete break-apart signal (1 yellow, 1 red, 1 green;
arrow) (Images courtesy of Professor Camile Farah, Perth
Oral Medicine & Dental Sleep Centre, Perth WA,
Australia, and IGENZ Ltd., Auckland, New Zealand
(image e))
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tumor, which generally presents as a painless
slow-growing mass, generally occurs in adults
(mean age 47 years) and more frequently in
males (Chiosea, Griffith et al. 2012; Bishop
2013). Macroscopically lesions are generally
poorly defined and microscopically may be
circumscribed but are frequently infiltrative. Peri-
neural invasion may be seen, but lymphovascular
invasion is not. Growth patterns include micro-
cystic, follicular, papillary, and solid. The cells
have apocrine features with eosinophilic granular
cytoplasm, a large nucleus with prominent nucle-
oli. Eosinophilic secretions can be seen within the
glandular spaces. The secretory material stains
positively for PAS with and without diastase
digestion and for Alcian blue (Fig. 42). The cells
of secretory carcinoma lack PAS-positive secre-
tory zymogen granules. These features are useful
in excluding other salivary gland tumors

including acinic cell carcinoma, low-grade cribri-
form cystadenocarcinoma, cystadenocarcinoma
NOS, and low-grade mucoepidermoid carcinoma
(Skalova 2013). Treatment is generally wide sur-
gical excision with good success rates. Need for
post-operative radiotherapy is equivocal. Fluores-
cence in situ hybridization (FISH) for ETV6
rearrangement is required for definitive diagnosis
(Majewska et al. 2015).

Epithelial-Myoepithelial Carcinoma
Epithelial-myoepithelial carcinoma is uncom-
mon, representing less than 5% of salivary gland
malignancies (Vazquez, Patel et al. 2015) predom-
inantly presenting as a slow-growing lump in the
parotid and submandibular glands. It occurs pre-
dominantly in the sixth and seventh decades and
has a slight female predilection. It often has a
multinodular appearance and is characterized by

Fig. 39 Adenoid cystic carcinoma. This section shows a
grade 3 adenoid cystic carcinoma composed of mainly
cribriform glands but with at least 40% solid component
and a minor tubular component. The stroma ranges from
myxohyaline to dense hyalinized fibrosis. Small foci of
tumor necrosis are observed within the solid tumor islands

(a and b). By immunohistochemistry, the tumor is diffusely
positive for MNF116 (c) and CK7 (d) (Images courtesy of
Drs Jia Chu, Benhur Amanuel and Chris Van Vliet,
PathWest, and Professor Camile Farah, UWA Dental
School, University of Western Australia, Perth WA,
Australia)
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a biphasic appearance consisting of small inner
luminal ductal cells and abluminal polygonal
myoepithelial cells with clear cytoplasm in con-
trast to the dense eosinophilic cytoplasm of the
luminal cells (Fig. 43) (Fonseca and Soares 1993;
Seethala et al. 2007). Necrosis may be seen and
perineural invasion is common and vascular inva-
sion less so (Fonseca and Soares 1993; Seethala
et al. 2007). The abluminal cells stain with
myoepithelial markers, e.g., SMA, HHF35, p63,
and calponin (Seethala et al. 2007).

Carcinoma ex Pleomorphic Adenoma
By definition carcinoma ex pleomorphic adenoma
is an epithelial and/or myoepithelial malignancy
arising in a primary or recurrent pleomorphic ade-
noma (McNamara et al. 2009). It is more common
in females, and peak incidence is approximately
10 years later than the peak incidence of pleomor-
phic adenoma and most commonly presenting as a
rapidly growing parotid mass (Fig. 44). Usually
part of the benign preexisting lesion can be seen
macroscopically. A variety of appearances can be
seen microscopically due to the variety of appear-
ances seen in pleomorphic adenoma and the type

of malignancy which has developed (Fonseca
and Soares 1993; Griffith et al. 2014). The malig-
nant component is most frequently high-grade
adenocarcinoma of salivary duct carcinoma
phenotype, but in a number of cases, a low-grade
myoepithelial phenotype is encountered (Fig. 44).
Intracapsular carcinomas, which is a high-grade
ductal lesion, may be seen (Altemani et al. 2005).
Assessing extracapsular involvement may be dif-
ficult due to incomplete removal with positive
margins or within multinodular or recurrent pleo-
morphic adenoma (Griffith et al. 2014).

Sebaceous Adenocarcinoma
Sebaceous adenocarcinoma is a rare malignant
salivary gland tumor occurring over a wide age
range (6–93 years) with peak incidences in the
third decade and in the sixth and seventh decades
and equal male/female ratio (Altemani et al.
2008; Takada et al. 2015). About fifty cases
have been reported (Altemani, Vargas et al.
2008; Gnepp 2012; Manteghi et al. 2014; Takada
et al. 2015; Wang et al. 2015). The tumors are
often well circumscribed and are composed
of nests and sheets of tumor cells with

Fig. 40 Acinic cell carcinoma: malignant parotid neo-
plasm without aggressive imaging appearance. A
29-year-old woman presented with a right parotid mass.
Ultrasound (a) shows a well-circumscribed mass with
which it is predominantly solid but hypoechoic with pos-
terior acoustic enhancement. An axial T2-weighted
fat-saturated MRI image shows the mass in the superficial

lobe in the right parotid gland (arrow in (b)), appearing
hyperintense and well circumscribed. Although there are
no aggressive features and the imaging could be consistent
with pleomorphic adenoma, this proved to be acinic cell
carcinoma on histopathology (Images courtesy of
Dr Rudolf Boeddinghaus, Perth Radiological Clinic,
Perth WA, Australia)
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Fig. 41 Acinic cell carcinoma. Sections show parotid
salivary gland with an acinar cell carcinoma (a). The
lesional cells are large and polygonal, arranged in acinar
formations (b). The nuclei are round and eccentric and
surrounded by abundant granular cytoplasm. The acinic

cell granules are highlighted with PAS-D (c) (Images cour-
tesy of Drs Celia Green, Nathan Harvey and Chris Van
Vliet, PathWest, and Professor Camile Farah, UWADental
School, University of Western Australia, Perth WA,
Australia)

Fig. 42 Secretory carcinoma (mammary analogue secre-
tory carcinoma). Sections show secretory carcinoma of the
parotid salivary gland (a). The cells have apocrine features
with eosinophilic granular cytoplasm, large nuclei with
prominent nucleoli. Eosinophilc secretions can be seen

within the glandular spaces (b). The secretory material
stains positively for PAS-D (Images courtesy of Drs Greg
Sterrett and Chris Van Vliet, PathWest, and Professor
Camile Farah, UWA Dental School, University of Western
Australia, Perth WA, Australia)
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hyperchromatic nuclei, clear vacuolated to
eosinophilic cytoplasm, and variable cellular
pleomorphism. Tumor necrosis is common, peri-
neural invasion infrequent (20%), and vascular

invasion rare. There is positive staining with
EMA, CA15–3, androgen receptor, and anti-
adipophilin and negative with BerEP4 (Ansai
et al. 2011).

Fig. 43 Epithelial-myoepithelial carcinoma. Sections
show salivary gland tissue with a central fairly encapsu-
lated, cystic, and solid neoplasm (a). The solid areas show
bi-layered duct-like structures composed of an inner layer
of single row of cuboidal cells with eosinophilic cytoplasm
and central or basal round nuclei (b). The outer or
abluminal layer shows single or multiple layers of polyg-
onal cells. The clear abluminal cells have central to eccen-
tric larger irregular nuclei showing some variation in size
and shape and small nucleoli. The cystic areas are lined by

single layer of columnar cells and some contain luminal
blood. Immunohistochemical staining shows the epithelial
cells to be strongly positive for the broad-spectrum
cytokeratin MNF-116 (c). The abluminal myoepithelial
cells are strongly positive for S100 (d) and CK5/CK6 (e)
(Images courtesy of Drs Jason Dyke, Anitha Thomas and
Chris Van Vliet, PathWest, and Professor Camile Farah,
UWA Dental School, University of Western Australia,
Perth WA, Australia)
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Carcinosarcoma
Carcinosarcoma is a biphasic malignant neo-
plasm with both carcinomatous and sarcomatoid
components. It is a very rare malignancy most

commonly affecting the parotid, followed by the
submandibular gland. Of the minor salivary
glands, the palate is most commonly affected. A
reasonably high proportion of lesions arises as

Fig. 44 Recurrent carcinoma ex pleomorphic adenoma.
Axial T1-weighted MRI (a) and coronal post-gadolinium
T1 fat-saturated MRI (b) showing an aggressive mass
(arrows) arising in the left parotid bed, 13 years after
previous resection of a carcinoma ex pleomorphic ade-
noma. The coronal image shows that the tumor extends
intracranially, focally invading the left sigmoid venous
sinus (dotted arrow in b) (Images courtesy of Dr Rudolf
Boeddinghaus, Perth Radiological Clinic, Perth WA,
Australia). (c) Carcinoma ex pleomorphic adenoma. Sec-
tions show a multinodular myoepithelial proliferation
associated with varying amounts of stroma. Much of the
tumor is surrounded by fibrous pseudocapsule though
some nodules lie outside the capsule within fat and

infiltrate with a pushing margin (c). The tumor displays a
variety of growth patterns including solid sheets and large
islands with a peripheral festooning and trabecular growth
patterns and abundant central myxohyaline stroma (d). The
cells are also arranged in narrow anastomosing cords and
reticular patterns, and there are large pools of myxoid
stromal material. The cytomorphology varies from pre-
dominantly small epithelioid cells with pale eosinophilic
or clear cytoplasm to minor foci of plasmacytoid hyaline
cells and spindle cells (Images courtesy of Dr Chris Van
Vliet, PathWest, and Professor Camile Farah, UWADental
School, University of Western Australia, Perth WA,
Australia)
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carcinoma ex pleomorphic adenoma. A rapidly
growing mass is often the presenting complaint,
and macroscopically a large fleshy mass with
hemorrhage and necrosis may be seen. The
microscopic features show a lesion composed
often of poorly differentiated carcinoma or ade-
nocarcinoma and a high-grade sarcomatoid com-
ponent with chondrosarcoma or osteosarcoma
being the most common. This is a highly aggres-
sive neoplasm, and while surgery combined with
radiotherapy may aid local control, mean sur-
vival remains less than 2.5 years (Stephen et al.
1986; Alvarez-Canas and Rodilla 1996).

Cancer Therapy-Associated Salivary
Gland Dysfunction and Xerostomia

Radiation-Induced Salivary Gland
Dysfunction and Xerostomia, Early and
Late Effects

Radiation therapy may induce salivary gland hypo-
function and xerostomia, including treatment regi-
mens of head and neck radiation therapy in which
the salivary glands are within the treatment portal,
total body irradiation in hematopoietic stem cell
transplantation, and radioactive iodine in thyroid
cancer. Irradiation of salivary glands in head and
neck cancer patients results in a substantial decline
in saliva secretion within the first week of radiation
therapy with a subsequent continuous reduction
where whole saliva secretion may reach practically
nil by the sixth week of treatment. Xerostomia
induced by radiation therapy has a major deterio-
rating impact on patients’ quality of life during and
long-term after treatment (Tribius et al. 2015).
When salivary gland-sparing radiation regimens
are applied, such as intensity-modulated radiation
therapy, and if it has been feasible to keep the
cumulative radiation dose to the gland tissue
below thresholds of ~39 Gy for both the parotid
gland and submandibular gland, the reduction of
saliva secretion will be less and some recovery can
be expected (Jensen et al. 2010;Vissink et al. 2015).

Salivary gland function is also affected after
high-activity radioiodine ablation therapy in
patients with differentiated thyroid cancer (Klein

Hesselink et al. 2016). Radioactive iodine is
actively accumulated in salivary gland tissue, and
sialadenitis is a common sequela along with
decreased saliva secretion and xerostomia.
Radiation-induced salivary gland hypofunction
results in xerostomia and implies a high risk of
rapidly progressing dental caries, attrition, abrasion,
and erosion of the teeth, oral candidosis, increased
mucosal sensitivity, and risk for mucosal trauma.

Cancer Chemotherapy

Cancer chemotherapy may induce temporary sal-
ivary gland hypofunction, although there is some
controversy whether it is caused by the chemo-
therapy per se or by other factors, such as the
concomitant intake of xerogenic medications
like antiemetics (Jensen et al. 2010). Salivary
secretion may even be lower in individuals with
cancer prior to the initiation of treatment (Harri-
son et al. 1998; Napenas et al. 2013). Chemother-
apy can induce compositional changes in saliva.
Decreased whole saliva flow rates combined with
the finding of slightly increased salivary sodium
and chloride concentrations as well as decreased
inorganic phosphate concentration suggest that
salivary gland acinar secretion and duct modifica-
tion mechanisms are impaired by chemotherapy
(Jensen et al. 2008). The saliva concentration and
output of secretory IgA have also been shown to
decrease during and following chemotherapy
(Meurman et al. 1997; Harrison et al. 1998; Jensen
et al. 2008). Thus, chemotherapy-induced salivary
gland hypofunction may potentially impair the oral
host defense against oral infections.

Allogeneic Hematopoietic Stem Cell
Transplantation/Chronic Oral Graft-
Versus-Host Disease

Graft-versus-host disease (GVHD) is an autoim-
mune-like complication and is a collective name
for the systemic consequences induced by the pro-
duction of antibodies against the host of an allo-
graft bone marrow transplant or peripheral blood
stem cell transplant, where various tissues and
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organs are damaged by the infiltrating donor graft
T-lymphocytes. GVHD can present in either an
acute or chronic form. Salivary glands are a major
target of GVHD and manifest as hyposalivation
and xerostomia (Bassim et al. 2015). Changes of
saliva composition have also been reported with
decreased salivary concentrations of secretory IgA,
as well as increased concentrations of sodium,
epidermal growth factor, IgG, and albumin (Izutsu
et al. 1983; Nagler and Nagler 2003). Some of
these possibly reflect the leakage of serum into
saliva. Salivary gland biopsies show lymphocytic
infiltration, parenchymal destruction, and fibrosis.

Advanced Cancer/Terminally Ill
Patients

Advanced cancer patients and terminally ill patients
commonly suffer from salivary gland hypofunction
and xerostomia.Xerostomia causes significantmor-
bidity in these patient populations, and aggravating
factors are extensive, such as a high risk of dehy-
dration and xerogenic medications that are impos-
sible to discontinue or can be difficult to substitute,
e.g., opioid analgesics, corticosteroids, antiemetics,
and antidepressants. Hyposalivation has been
reported at a prevalence of 82% and xerostomia at
a prevalence of up to 88% in patients with advanced
malignancies (Davies et al. 2001). Since patients
with advanced cancer are likely to underreport
xerostomia, special care and attention need to be
drawn to these vulnerable patient groups in order to
relieve xerostomia and to prevent the oral sequelae
related to salivary gland hypofunction.

Immune-Mediated Diseases

Sjögren’s Syndrome (SS)

SS is an autoimmune systemic rheumatic disease
characterized by progressive focal lymphocytic
cell infiltration and destruction of exocrine glands.
In particular, salivary and lacrimal glands are
affected by SS, leading to dry eyes (keratocon-
junctivitis sicca) and subjective dry mouth
(xerostomia). SS is in many cases a primary,

idiopathic condition of unknown etiology (pri-
mary SS). The syndrome may, however, also be
secondary to other connective tissue diseases such
as RA, SLE, scleroderma, and mixed connective
tissue disease. In these cases, the condition is
designated as secondary SS (Fox 2005; Moerman
et al. 2013) (see Fig. 16).

Dry mouth and dry eyes are common pre-
senting symptoms, and many patients complain
of malaise and fatigue. In addition, extraglandular
manifestations, like purpura, polyneuropathy,
arthritis, and others, can also be present (see
Table 4). SS is also associated with organ-specific

Table 4 Extraglandular manifestations in primary
Sjögren’s syndrome (Adapted from Meiners et al. 2010)

Anatomic
System Findings

Percentage
(%)

Constitutional
symptoms

Fatigue 80

Fever 5

Lymphadenopathy 15

Joint/muscles Articular
involvement

50

Tendomyalgia 40

Myositis 2

Skin Raynaud’s
phenomenon

40

Cutaneous vasculitis 15

Skin involvement
other than cutaneous
vasculitis

5

Endocrine Autoimmune
thyroiditis

10

Respiratory
tract

Pulmonary
involvement

25

Serositis 2

Gastrointestinal
tract

Esophageal
involvement

5

Autoimmune
hepatitis

10

Acute pancreatitis 1

Nervous system Peripheral
neuropathy

10

Central nervous
system involvement

2

Urogenital tract Renal involvement 10

Bladder involvement 15

Hematology Thrombocytopenia 2

Lymphoproliferative
disease

5
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autoimmune diseases, in particular, autoimmune
thyroid disease, primary biliary cirrhosis, and
autoimmune gastritis. SS patients are prone to
develop malignant lymphomas, mostly of the
mucosa-associated lymphoid tissue (MALT)
type. Five to 10% of SS patients develop such
lymphomas during their life, often in the parotid
glands (Figs. 45, 46 and 47) (Fox 2005; Sreebny
and Vissink 2010; Pollard et al. 2011).

SS affects mainly females with a female/male
ratio of 9:1. The syndrome can occur at all ages,
but the median age of presentation is around
50 years. In the elderly, clinical presentation of
SS can be atypical, and in some cases, it is diffi-
cult to distinguish SS from SLE (Moerman et al.
2013). Although SS can occur at any age, it
seems to be diagnosed nowadays at an earlier
age than previously and is also seen in children.

Fig. 45 Bilateral parotid lymphoma in a background of
Sjögren’s syndrome. Coronal T1-weighted MRI (a) and
axial T2-weighted MRI with fat saturation (b) show
marked enlargement of both parotid glands by confluent

homogeneous masses of relatively low T2 signal in a
middle-aged woman with a long history of Sjögren’s syn-
drome (Images courtesy of Dr Rudolf Boeddinghaus, Perth
Radiological Clinic, Perth WA, Australia)

Fig. 46 Lymphoma in patient with Sjögren’s syndrome:
Ultrasound in a 43-year-old woman with a long history of
Sjögren’s syndrome shows a hypervascular mass in the
right submandibular salivary gland on color Doppler imag-
ing (a). The right parotid gland is also shown (b) and is

atrophic and heterogeneous consistent with the long-
standing Sjögren’s syndrome (Images courtesy of
Dr Rudolf Boeddinghaus, Perth Radiological Clinic,
Perth WA, Australia)
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Fig. 47 MALT lymphoma. The parotid harbors an extra-
nodal marginal zone lymphoma, arising in a background of
chronic lymphoepithelial sialadenitis. The nodule shows
replacement of the normal parotid architecture by a lym-
phoid infiltrate including the formation of numerous
lymphoepithelial islands (a). Peppered throughout are
residual, often hyperplastic lymphoid follicles with wid-
ened and distorted follicular dendritic networks. Atypical
small- to medium-sized centrocytoid lymphocytes, often
with abundant pale cytoplasm imparting a monocytoid
appearance, grow as broad concentric collars and

anastomosing swathes around the lymphoepithelial islands
and follicles (b). They variably infiltrate into residual fol-
licles. Scattered large lymphocytes are present but nowhere
do these cluster or form sheets. Plasmacytoid lymphocytes
are also present in small numbers though mature plasma
cells are relatively few. Immunohistochemically the tumor
is positive for CD43 (c), IgM (d), Kappa light chain (e),
and CD20 (f) (Images courtesy of Drs Celia Green, Dom-
inic Spagnolo, Chris Van De Vliet, PathWest, and Profes-
sor Camile Farah, UWA Dental School, University of
Western Australia, Perth WA, Australia)
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The prevalence of diagnosed primary SS is esti-
mated at 0.05% of the general population (Qin
et al. 2015).

The lymphocytic infiltrates in the exocrine
glands result in malfunctioning glands with sicca
complaints of the eyes (keratoconjunctivitis sicca)
and mouth (xerostomia) as a result (Fig. 48). With
respect to the eyes, symptoms of burning, sandy
sensations with pain, and photophobia/photosen-
sitivity prevail. The decreased saliva secretion
results in difficulties with swallowing and speech,
burning sensations in the mouth, and an increased
risk of progressive dental caries and oral infec-
tions (Fox 2005; Sreebny and Vissink 2010;
Moerman et al. 2013).

Besides redness and dryness of the eyes,
enlargement of the salivary glands (Fig. 49) is a
common phenomenon, in particular of the parotid
and submandibular glands. Enlargement is, gen-
erally, due to the presence of an autoimmune
inflammatory process in these glands. The glan-
dular enlargement may also be due to lymphoma
development within, as mentioned before, in most
cases the parotid gland. Primary SS patients have
a 10–44-fold greater risk of lymphoma than
healthy individuals (odds ratio 18.8; 95% confi-
dence interval, 9.5–37.3) (Zintzaras et al. 2005). It
is usually aMALT lymphoma. Risk factors for the
development of lymphoma are the presence of
cryoglobulins, low complement C4 levels, and
palpable purpura (Voulgarelis and Skopouli
2007; Sreebny and Vissink 2010; Pollard et al.
2011). Primary SS is also associated with the
development of non-hematological cancers of
the thyroid, oral cavity, and stomach in particular
(Brito-Zeron et al. 2017).

Intraoral examination shows dry oral and
tongue mucosa, often erythematous and coated
by adherent, sticky mucus (Fig. 50). Dental caries,
particularly of the smooth surfaces and cervical
regions of the teeth, is not uncommon, as well as
secondary infection of the mucosa with Candida
albicans. It is also not uncommon to observe a
viscous, occasionally purulent, discharge from the
parotid and submandibular main excretory duct
(Fig. 51).

Dryness is not restricted to the eyes and mouth.
Dryness also occurs at mucosal surfaces in the
upper and lower airways frequently leading to
coughing and dryness of the vagina associated
with dyspareunia and at other locations, the skin
in particular (xerosis).

A labial salivary gland biopsy in which 3–6
glands are harvested from the lower lip is the most
common biopsy site to histologically evaluate
SS. The microscopic feature essential for a possi-
ble diagnosis of SS is the presence of focal inflam-
matory infiltrates in the glandular tissue. This
differs from the more common diffuse inflamma-
tory cell infiltrate seen in chronic sialadenitis. The
accepted definition of a focus is the presence of at
least 50 mononuclear cells (lymphocytes with no
more than a small proportion of plasma cells) per
4 mm2 (Fig. 52). Usually many more (several
hundred) lymphocytes in periductal or peri-
vascular distribution adjacent to normal acini in
glands with no duct dilation or fibrosis are
observed. A focal score is ascribed per 4 mm2,
so if no foci are present, a score of 0 is made and if
ten foci are present (in all likelihood they would
be confluent through the lobules examined), the
score is 10. The Greenspan scoring system in

Fig. 48 Sjögren’s
syndrome.
Keratoconjunctivitis sicca
(punctate stained with
lissamine green) (a) and
salivary gland hypofunction
and xerostomia (b)
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which >1 focus per 4 mm2 is an acceptable
threshold for diagnosis is the most frequently
used (Vitali et al. 2002).

The aims of treatment of SS are to control
glandular and extraglandular manifestations, to
prevent damage to organ systems and loss of
function, and to decrease morbidity and mortal-
ity (Moerman et al. 2013). Preventive manage-
ment of oral complications includes regular
dental visits (usually every 3–4 months), guid-
ance from a team of oral health professionals,
and 0.1% fluoride oral rinse (weekly to daily in
case of severe hyposalivation) or up to daily
application of a neutral 1% sodium fluoride gel
with a custom-made carrier. Remineralizing
pastes containing casein phosphopeptide-
amorphous calcium phosphate (CPP-ACP) and
casein phosphopeptide-amorphous calcium fluo-
ride phosphate (CPP-ACFP) may also play a role
in prevention of caries in patients with SS (Peric
et al. 2015). Secondary infection with Candida

albicans is common in patients with SS and may
require prolonged treatment. Oral candidosis has
been reported to occur in 30–70% of SS patients,
especially after use of corticosteroids or antibi-
otics. Infection should be treated with topical
(sugar-free) or systemic antifungal drugs.
Patients should not wear dentures overnight,
and the dentures should be soaked in chlorhexi-
dine solution or diluted sodium hypochlorite
(1:10) to prevent reinfections. Among others,
antifungals, e.g., nystatin or clotrimazole
cream, can be used to treat angular cheilitis, or

Fig. 49 Enlargement of the parotid gland in a patient with
primary Sjögren’s syndrome

Fig. 50 Intraoral examination shows dry oral and tongue
mucosa, often erythematous and coated by adherent, sticky
mucus

Fig. 51 Purulent discharge from the orifice of the parotid
(Stensen’s) duct in a patient with primary Sjögren’s
syndrome (Reproduced with permission from Stegenga
(2013))
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if candidal infection is excluded, topical steroid,
e.g., triamcinolone ointment, can be used
(Sreebny and Vissink 2010).

Avoidance of medications that may worsen
sicca symptoms is recommended. If the glands
respond to stimulation, sugar-free gums or mints
are recommended for patients with xerostomia.
Combined gustatory and masticatory stimula-
tory techniques, such as the use of candies,
assuming they are sugar-free (and acid-free in
dentate patients), are easy to implement and gen-
erally harmless. Alternatively, muscarinic medica-
tions can be tried. Pilocarpine (2.5–5mg q.i.d.) and
cevimeline (30 mg t.i.d.) are effective in the treat-
ment of dry eyes and xerostomia (Brito-Zeron et al.
2013). Both drugs are muscarinic agonists and can
be used in patients who have residual functional
gland tissue. Common adverse effects include
sweating, flushing, urinary urgency, and gastroin-
testinal discomfort but are rarely severe. Patients
with primary SS patients are, however, more likely
to continue cevimeline than pilocarpine long-term
due to fewer reported adverse effects with
cevimeline (Noaiseh et al. 2014). When stimula-
tion is insufficient, many patients use frequent sips
of water during the day and with meals, but the
alleviation is of short duration. There are numerous
oral rinses, mouthwashes, gels, and saliva substi-
tutes available (Sreebny and Vissink 2010; Dost
and Farah 2013; Epstein and Jensen 2015).

Whether saliva substitutes will be accepted by a
patient is heavily dependent on proper instruction
given to the patient (Regelink et al. 1998).

Relief of ocular and oral symptoms has been
reported with the use of biologicals. Well-defined
SS patients treated with anti-CD20, anti-BAFF, or
abatacept showed improvement of subjective
and/or objective measures (Meijer et al. 2010;
Meiners et al. 2014; De et al. 2015). In a larger
phase 3 trial with less well-defined patients, these
results could not be repeated for anti-CD20
(Devauchelle-Pensec et al. 2014; Bowman et al.
2017). However, the inclusion of patients in the
phase 3 trials was not sufficiently targeted toward
the patients who might benefit from rituximab.
Thus, there may be a place for rituximab and
other biologicals in precision medicine for SS
(Bootsma et al. 2017). With regard to the treat-
ment of MALT lymphoma, the algorithm
suggested by Pollard et al. (2011) can be used
(Fig. 53) (Pollard et al. 2011). There is a treatment
need in patients with a high disease activity, while
a regimen of watchful waiting can be applied in
patients with a low disease activity.

Rheumatoid Arthritis

Rheumatoid arthritis (RA) is a chronic auto-inflam-
matory polyarthritis with a prevalence of 0.5–1.0%
in the adult population. RA is more frequent among
women than men (3:1), and its prevalence rises with
age. RA is known to develop in genetically suscep-
tible individuals under certain environmental condi-
tions. Years before start of the synovial
inflammation in RA, autoantibodies such as rheu-
matoid factor (RF) and anticitrullinated protein anti-
bodies (ACPA; also known as CCP) are found to be
present in conjunction with elevated cytokines in
non-symptomatic so-called arthritis risk patients
(Nielen et al. 2004; Trouw et al. 2009; van de
Stadt et al. 2011; Hunt et al. 2016; Rantapaa-
Dahlqvist 2009; Willemze et al. 2012). After the
first stage (activation of the innate response) and
the second stage (activation of the adaptive
response), the third stage of the disease is known
as the destructive phase. Long-standing destructive
RA is characterized by synovitis, fibrous deposition

Fig. 52 Focal inflammatory infiltrates in the glandular
tissue in Sjögren’s syndrome (arrow) (Image courtesy of
Professor Jesper Reibel, University of Copenhagen,
Denmark)
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A B C

DIAGNOSIS
SS diagnostic investigation
(Vitali)
1. Ocular symptoms
2. Oral symptoms
3. Salivary gland tests
4. Full examination by 

rheumatologist/internist
5. Serology, autoantibodies
6. Histopathology: based 

on parotid gland biopsy

Patient with SS suspected 
for lymphoma
• Persistent parotid gland 

swelling
• Low C4, M-protein, 

cryoglobulins
• Vasculitis

Patient with parotid gland 
swelling
• FNA/incision biopsy 

parotid gland/superficial 
parotidectomy

• Lymphoma

MALT-SS

Staging of MALT lymphoma
• Imaging: MRI/CT head/neck
• Debatable: CT thorax/abdomen, bone marrow

DD (disseminated disease)
Distant lymph nodes or 

bone marrow

LD (locally disseminated)
Regional lymph nodes

L (localised)
Only salivary gland(s)

Determine SS activity
Complete physical examination, laboratory tests (blood count, 
IgM-RF, immunoglobulins, complement C3/C4, cryoglobulins 

and M-protein)

TREATMENT

SS with major disease activity
Severe extraglandular disease*

SS with minor disease activity
No severe extraglandular disease

MALT lymphoma
All stages

R-CP x 6-8**

MALT lymphoma
Asymptomatic, all stages

MALT lymphoma
Symptomatic

LD/DD: R-CP x 6-8**

L: Low-dose involved-field 
radiotherapy, 2x2 Gy

No lymphoma treatment, only 
symptomatic treatment SS 
(NSAID, low-dose prednisone, 
hydroxychloroquine 200-400 
mg/day

Fig. 53 Treatment algorithm for mucosa-associated lym-
phoid tissue (MALT) lymphoma (Adapted from Pollard
et al. 2011). SS Sjögren’s syndrome, FNA fine needle
aspiration, R-CP, rituximab with cyclophosphamide and
prednisone, NSAID nonsteroidal anti-inflammatory drugs;
*Extraglandular disease: polyarthritis/myositis and

glomerulonephritis; nervous system involvement;
cryoglobulinemic vasculitis; other severe organ involve-
ment; and serological abnormalities, cryoglobulinemia,
C4 < 0.10 g/l. ** Six intravenous infusions of 375 mg/
m2 of rituximab and 6–8 cycles of cyclophosphamide,
given every 3 weeks
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and damage of the cartilage, erosions of the sub-
chondral bone, and periosteal soft tissue inflamma-
tion (Janssen et al. 2013). Patients with RA aremore
likely to present with periodontal disease, poorer
oral hygiene manifesting as an increased accumula-
tion of bacterial plaque, and decreased salivary flow
rates. The prevalence of secondary SS in RA
patients is about 30%, but there is also evidence
that salivary flow rate is reduced in RA patients
without SS (Silvestre-Rangil et al. 2016).

Systemic Lupus Erythematosus

SLE is an autoimmune disease in which the
body’s immune systemmistakenly attacks healthy
tissue in many parts of the body. Symptoms vary
between people and may be mild to severe. Com-
mon symptoms include painful and swollen
joints, fever, chest pain, hair loss, mouth ulcers,
swollen lymph nodes, feeling tired, and a red rash,
which is most commonly on the face. The cause of
SLE is not entirely clear. It is believed to involve
hormonal, environmental, and genetic factors.

Salivary gland involvement, at least salivary
gland dysfunction, is common in SLE. The prev-
alence of secondary SS in SLE patients is about
20%. A recent study showed that the caries fre-
quency was 85% for SLE subjects (73.3% for
inactive SLE and 100% for active SLE). Active
SLE patients had a lower stimulated salivary flow
rate than inactive SLE patients, 0.65 ml/min ver-
sus 0.97 ml/min, respectively. The salivary pH
also was in the critical region in active SLE
patients (pH 3.9 versus pH 6.1). Moreover, the
numbers of S. mutans and S. sobrinuswere high in
SLE patients (Loyola Rodriguez et al. 2016).

Sarcoidosis

Sarcoidosis is a systemic disease of unknown cause
characterized by the formation of immune granu-
lomas in involved organs. Sarcoidosis most often
involves the lung and lymphatic system, but virtu-
ally any organs can be affected. Sarcoidosis may
encompass numerous different clinical presenta-
tions. It may be symptomatic or not, acute or not,

and involve variable organs with a diverse clinical
impact from benign to very severe.

Oral sarcoidosis is rare, but salivary gland
involvement is rather common. Although being
an exclusion criterion for SS, sarcoidosis can coex-
ist with SS. Sarcoidosis and primary SS share
pathogenic, immunogenetic, and clinical features.
Both diseases are characterized by an intense cel-
lular immune response at disease sites, predomi-
nantly composed of T-lymphocytes. The
prevalence of sarcoidosis in large series of patients
with primary SS ranges from 1 to 2%. Although
differentiating between sarcoidosis and primary SS
may be easy, usually difficulties emerge when the
initial symptoms of sarcoidosis are sicca symptoms
or parotid gland enlargement. Sarcoidosis affects
the lacrimal and salivary glands in 3% and 6% of
cases, respectively, and parotidomegaly is detected
in 6% (Ramos-Casals et al. 2004).

Sarcoidosis involving the salivary glands is
characterized by the presence of numerous granu-
lomas, generally noncaseating, distributed through
the glandular tissue (Fig. 54). The granulomas are
composed of a central focus of packed macro-
phages surrounded by lymphocytes and fibroblasts
at the periphery. An epithelioid appearance of the
packed macrophages may be conspicuous and the
formation of multinucleate giant cells (often
Langhans-type) may be seen (Fig. 54).

Fig. 54 Sarcoidosis. There are granulomas, generally
noncaseating, distributed through the glandular tissue
(Image courtesy of Professor Camile Farah, UWA Dental
School, University of Western Australia, Perth WA,
Australia)
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Scleroderma

Scleroderma is a chronic disease characterized by
excessive deposits of collagen in many organs,
especially the skin. It is a diffuse disease, which
can be lethal due to heart, kidney, lung, or intestinal
damage. It is four times more common in women
than in men. Symptoms usually appear about the
age of 40. The most common clinical manifesta-
tions include changes of the skin of the fingers,
hands, arms, and face (with edema, sclerosis, and
atrophy), sclerodactyly (localized thickening and
tightness of the skin of the fingers or toes), and
telangiectasia. Also, commonly seen are calcinosis,
Raynaud’s phenomenon (discolorations of the fin-
gers and toes with changes in temperature and
emotions), esophageal changes, microstomia, mus-
culoskeletal pain, lung fibrosis, nephropathy, and
hypertension. Seventy percent of the patients suffer
from xerostomia, and, in about 50% of the patients,
the whole saliva flow rate is reduced. The labial
salivary glands display a large variety of inflamma-
tory changes including glandular fibrosis. About
20% of the scleroderma patients qualify the criteria
for secondary SS (Sreebny and Vissink 2010).

Mixed Connective Tissue Disease

Mixed connective tissue disease (MCTD) is a sys-
temic disorder characterized by Raynaud’s phe-
nomenon, nonerosive polyarthritis, and swollen
fingers. MCTD exhibits overlapping features of
SLE, scleroderma, and dermatomyositis/polymyo-
sitis. MCTD primarily affects women (90%), and
the onset is approximately at the age of 30.
Xerostomia and reduced salivary secretion are
quite common (Helenius et al. 2005). The paren-
chyma of the salivary glands often demonstrates
focal lymphocytic infiltrates. It is not uncommon
that MCTD patients suffer from secondary SS.

IgG4-Related Disease

IgG4-related disease is a protean condition that
mimics many malignant, infectious, and inflamma-
tory disorders. This multi-organ immune-mediated

condition links many disorders previously regarded
as isolated, single-organ diseases without any
known underlying systemic condition. The disease
has many similarities to sarcoidosis and some forms
of systemic vasculitis (Figs. 55 and 56) (Kamisawa
et al. 2015). IgG4-related disease is a rare, clinical,
and pathologic disease entity of unknown etiology.
Its main features are increased serum concentrations
of IgG4> 1.35 g/l, lymphocyte, and IgG4+ plasma
cell infiltration within tissues, fibrosis, or sclerosis.
The classical presentation of IgG4-related disease is
pancreatitis, which is combined with the involve-
ment of biliary ducts in 74% of patients. Extra-
pancreatic manifestations include abdominal or
mediastinal lymphadenopathy and the involvement
of salivary glands and lacrimal glands, kidneys,
lungs, and retroperitoneum (Szanto et al. 2014;
Tuttolomondo et al. 2016).

Chronic Inflammatory Bowel Diseases

Crohn’s Disease

Crohn’s disease is a chronic inflammatory, granu-
lomatous disorder that primarily affects the lowest
portion of the terminal ileum; however it can
affect any part of the gastrointestinal tract. The
inflammation often leads to erosions, ulcers, intes-
tinal obstruction, and the formation of fistulas and
abscesses. Symptoms include chronic diarrhea,
abdominal pain, fever, loss of appetite, weight
loss, arthritis, and ocular infections. The exact
cause of Crohn’s disease remains unknown, but
various genetic and environmental factors have
been proposed. The onset of Crohn’s disease
most commonly occurs between the ages of
15 and 30. More than one-third of all children
with Crohn’s disease exhibit oral manifestations
including mucogingivitis, mucosal tags, lip swell-
ing, aphthous ulcerations, and pyostomatitis
vegetans. Also, the salivary glands may display
noncaseating granulomatous inflammation.
Although about one-third of the patients suffer
from xerostomia, salivary flow rates seem unaf-
fected (Katz et al. 2003). Levels of salivary IgA,
IgM, and IgG and interleukin-6 are elevated in
patients with Crohn’s disease (see Fig. 16).
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Ulcerative Colitis

Ulcerative colitis is a chronic inflammation of the
large intestine (colon). The inflammation affects
the mucosa and submucosa and leads to ulcers
that bleed and produce pus and mucous. Its symp-
toms include abdominal pain, diarrhea, rectal
bleeding, painful rectal and/or vesical spasms,
loss of appetite, fever, fatigue, arthritis, and
inflammation of the eyes. The cause of ulcerative
colitis is still unknown, but genetic and environ-
mental factors may be involved in the pathogene-
sis. Symptoms usually develop between the ages

of 15 and 30. The levels of IgA and IgG are
elevated in whole saliva (Crama-Bohbouth et al.
1989).

Autoimmune Liver Diseases

Autoimmune liver diseases are chronic inflamma-
tory disorders of unknown etiology in which an
immune-mediated attack is directed toward the
hepatocytes, small bile ducts, or the entire biliary
system (see Fig. 16). The most predominant dis-
eases are autoimmune hepatitis, primary biliary

Fig. 55 Kuttner’s pseudotumor. Ultrasound of the left
submandibular salivary gland in a patient presenting with
a painless palpable submandibular. Ultrasound (a) shows
the lesion clearly as a circumscribed geographic hypo-
echoic lesion, not deforming the contour of the gland,
with increased vascularity on color Doppler imaging (b).
Ultrasound also guides fine needle aspiration (c) which is

always performed to exclude a true neoplastic mass. The
entity, also known as focal chronic sialadenitis, is now
known to be part of the spectrum of IgG4-related disease.
It is a common cause of a submandibular mass (Images
courtesy of Dr Rudolf Boeddinghaus, Perth Radiological
Clinic, Perth WA, Australia)
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cirrhosis, and primary sclerosing cholangitis. The
clinical symptoms include fatigue, fever, jaun-
dice, polymyalgia, arthralgia, and symptoms of
progressive hepatic dysfunction. These liver

diseases are often present in association with
other autoimmune diseases, predominantly diabe-
tes mellitus type 1, thyroid disease, RA, and ulcer-
ative colitis. Both xerostomia and decreased

Fig. 56 Kuttner’s pseudotumor. Sections show a chronic
sclerosing sialadenitis with relative sparing of only a few
lobules within the salivary gland where there is retention of
acinar cells although chronic inflammation encroaches on
these lobules (a). The lobular architecture is maintained
and increased amounts of fibrosis separate lobules from
one another. Most of the lobules have lost acini, and only
ducts remain with no ductal proliferation seen. The inflam-
mation consists of a lymphoplasmacytic infiltrate with
many lymphoid follicles and large geographic germinal
centers. There are many plasma cells in the inflammatory

infiltrate (b). There are many cells staining positively with
IgG (c) and some are plasma cells, whereas others appear
lymphoid. There are also many plasma cells expressing
IgG4. CD20 is concentrated in lymphoid follicles and
germinal centers (d), but there are also many
CD3-positive T-cells (e) and CD43 positivity (f) through-
out the gland (Images courtesy of Drs Felicity Frost and
Chris Van Vliet, PathWest, and Professor Camile Farah,
UWA Dental School, University of Western Australia,
Perth WA, Australia)
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salivary flow rates have been reported in autoim-
mune liver diseases (Mang et al. 1997).

Musculoskeletal Disorders

Fibromyalgia

The term fibromyalgia covers a syndrome of
chronic, widespread musculoskeletal pain, tender-
ness to light touch, moderate to severe fatigue, and
disturbed sleep. In addition, patients often suffer
from migraine, headache, temporomandibular dis-
orders, depression, and irritable bowel syndrome.
The syndrome more commonly affects women
than men. Xerostomia, glossodynia, and dysgeusia
are common oral symptoms (Rhodus et al. 2003).
Salivary gland hypofunction has also been shown in
fibromyalgia. However, labial salivary gland biop-
sies have not revealed any specific histopathological
changes. Fibromyalgia patients commonly share
many symptoms with SS patients, but there are
great dissimilarities in the pathophysiology under-
lying both diseases as most objective criteria used in
the diagnostic workup of SS are negative in fibro-
myalgia patients (see Fig. 16).

Chronic Fatigue Syndrome

Chronic fatigue syndrome is a condition character-
ized by severe, chronic mental and physical exhaus-
tion, arising in previously healthy and active
persons. Other symptoms include malaise, dyspha-
gia, widespread musculoskeletal pain, headache,
depression, irritability, and sleep disturbances.
Chronic fatigue syndrome usually appears after a
period of stress or after a flu-like illness. Chronic
fatigue syndrome resembles SS in many aspects,
but, like fibromyalgia, most patients do not qualify
for the criteria of SS. The majority of patients with
chronic fatigue syndrome is affected by xerostomia
and dry eyes (Ruiz et al. 2011). Xerostomia occurs
in approximately 50% of the patients, and salivary
flow rate may be decreased. Labial salivary
gland biopsies have shown varying degrees of
ductal and acinar dilation, periductal fibrosis,
lymphoplasmacytic infiltrates, and lymphocytic

foci but lack the characteristics typical for SS
patients (Woo et al. 2000; Sirois andNatelson 2001).

Amyloidosis

Amyloidosis refers to a variety of conditions in
which an abnormal protein polysaccharide sub-
stance with starch-like characteristics, called amy-
loid, is deposited in tissues and organs, thereby
impairing their function. Primary amyloidosis
occurs independently of other diseases and usually
affects the skin, tongue, thyroid gland, intestines,
liver, kidneys, spleen, lung, and heart. Secondary
amyloidosis, the most common type, often appears
with other chronic diseases like multiple myeloma,
RA, tuberculosis, osteomyelitis, or Crohn’s dis-
ease, and it typically affects the kidneys, liver,
spleen, lymph nodes, and vascular system. Other
types include hemodialysis-associated, inherited,
and senile amyloidosis. Amyloidosis is usually
diagnosed after the age of 40, and most patients
are men. Xerostomia and decreased saliva flow
rate, as well as enlargement of the submandibular
glands, have been reported (Prokaeva et al. 2007;
Juusela et al. 2013). Amyloid deposits may appear
in the oralmucosa. Labial salivary gland biopsy is a
highly sensitive method for the diagnosis of pri-
mary and secondary amyloidosis with features dis-
tinct from SS. However, the presence of SS should
be considered in patients with cutaneous amyloid-
osis. The combination of cutaneous amyloidosis
and SS has been shown to be a distinct disease
entity reflecting a particular and benign part of the
polymorphic spectrum of lymphoproliferative dis-
eases related to SS (Meijer et al. 2008).

Endocrine Diseases

Diabetes Mellitus

Diabetes mellitus (DM) is a metabolic disease char-
acterized by hyperglycemia due to insufficient insu-
lin secretion and/or reduced insulin sensitivity. Type
1 DM is characterized by a gradual cellular-
mediated autoimmune destruction of the insulin-
producing β-cells in the pancreas. An exogenous
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supply of insulin is critical to affected individuals.
Type 1 DMmainly affects children and adolescents,
but it may occur at any age. The initial classical
symptoms include polydipsia, polyphagia, polyuria,
fatigue, weakness, irritability, weight loss, and pru-
ritus. Type 2 DM is caused by a combination of
insufficient insulin secretion in the pancreatic β-cells
and insulin resistance in tissues, primarily in skeletal
muscles and hepatic cells. Type 2 DM is predomi-
nantly a disease of middle-aged and older people,
but in recent years, the age of onset has decreased,
even to children and adolescents (see Fig. 16).

Both type 1 and type 2 DM are associated with
an increased risk of developing oral diseases
including periodontal disease, oral candidosis,
dental caries, salivary gland hypofunction,
sialadenosis, and impairment of taste. Xerostomia
is a relatively common complaint, especially
among patients with poorly controlled DM.
Xerostomia is related to decreased unstimulated
and stimulated whole saliva flow rates (Lopez-
Pintor et al. 2016;Malicka et al. 2014). An enlarge-
ment of the parotid glands may also occur in
patients with poorly controlled DM.

Hyperthyroidism

Hyperthyroidism includes any disease which
results in excessive secretion of thyroid hor-
mones, such as Graves’ disease, diffuse toxic goi-
ter, Basedow’s disease, Parry’s disease, and
thyrotoxicosis. Hyperthyroidism mainly affects
women. Although it occurs at all ages, hyperthy-
roidism is most likely to occur after the age of
15 years. Regardless of the cause, hyperthyroid-
ism produces the same symptoms, including heart
palpitations, weight loss with increased appetite,
diarrhea, fatigue, intolerance to heat, weak mus-
cles, tremors, anxiety, eye symptoms, difficulty
sleeping, decreased menstrual flow, and irregular
menstrual cycles.

Hyperthyroidism has been found associated with
an increased salivary flow rate or normal flow rates
(Muralidharan et al. 2013). However, complaints of
xerostomia are not uncommon after treatment with
radioactive iodine and are most probably related to
some extent of radiation injury to salivary gland

tissue due to the uptake of radioactive iodine also
by the salivary glands (Jensen et al. 2010).

Hypothyroidism

Hypothyroidism represents a decreased activity of
the thyroid gland that may affect all body func-
tions. The most common cause of hypothyroidism
is Hashimoto’s thyroiditis, in which the immune
system of genetically predisposed individuals
destroys the thyroid gland. Other causes of hypo-
thyroidism are surgical removal of the thyroid
gland and irradiation of the gland (e.g., status
after radioactive iodine administration to treat
hyperthyroidism). Symptoms include fatigue,
weakness, weight gain, coarse, dry hair and dry,
pale skin, hair loss, cold intolerance, muscle pain,
constipation, depression, irritability, memory loss,
abnormal menstrual cycles, and decreased libido.

It has been shown that both unstimulated and
stimulated salivary flow rate is decreased in patients
with hypothyroidism and autoimmune thyroiditis
(Muralidharan et al. 2013; Agha-Hosseini et al.
2016). Salivary gland enlargement (sialadenosis)
has been described in hypothyroidism.

Cushing’s Syndrome and Addison’s
Disease

In general, endocrine disorders involving the adrenal
cortex will affect the salivary composition.
Cushing’s syndrome is a relatively rare hormonal
disorder caused by prolonged exposure to excessive
levels of cortisol or other glucocorticoids. It can
result from excessive adrenocorticotropic hormone
(ACTH) production by a pituitary adenoma or by
ectopic tumors secreting ACTH or corticotropin-
releasing hormone. ACTH-independent Cushing’s
syndrome is caused by adrenocortical tumors or
hyperplasias. It primarily affects adults aged
20–50 years. Symptoms vary, but most patients
have upper body obesity, a rounded face (moon
face), increased fat around the neck, and thinning
arms and legs, fragile and thin skin that bruises
easily, purple striae on the abdomen, hirsutism,
hypertension, fatigue, elevated blood sugar,
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irritability, anxiety and depression, irregular or
absent menstrual periods in women, and erectile
dysfunction in men.

Addison’s disease, also called primary adre-
nal insufficiency, is an endocrine disorder caused
by insufficient production of glycocorticoids and
mineralocorticoids by the adrenal glands.
Reduced secretion of cortisol can lead to reduced
sodium and increased potassium concentrations
in the blood and acidosis, mainly due to lack of
aldosterone. The disease occurs in all age groups
and afflicts men and women equally. The symp-
toms and disease manifestations include weight
loss, muscle weakness, joint and back pain,
fatigue, hypotension, and darkening of the skin
especially in sun-exposed areas and hyper-
pigmentation of the palmar creases, frictional
surfaces, vermilion border, and oral mucosa.
Since the concentration of cortisol in the saliva
is in equilibrium with the free, active cortisol in
the plasma, measurement of nighttime salivary
cortisol or cortisone may be a relevant adjunct or
alternative to serum screening tests for Cushing’s
syndrome (Antonelli et al. 2015; Restituto et al.
2008) and morning salivary cortisol as a screen-
ing test for Addison’s disease (Restituto et al.
2008).

Neurological Disorders

Central Nervous System Trauma

Craniocerebral injuries can lead to salivary gland
dysfunction and xerostomia (see Table 5). These
include craniofacial fractures; neural disruption
by surgical trauma; cerebrovascular accidents
including stroke, cerebral ischemia, or hemor-
rhage; brain edema; and brain stem injury.

Stroke patients often suffer from reduced
whole saliva flow rate as well as impaired mas-
ticatory function, which adds to the complexity
of dysphagia (Kerr et al. 2009). Patients with
CNS trauma may also experience drooling.
This is not necessarily due to an increased saliva
secretion, but either a disturbed swallowing
ability (disturbed motor control of the muscles
involved in swallowing) or a disturbed

sensibility of the oral mucosa (the patients do
not feel that there is too much saliva in the
mouth), thereby not eliciting the swallowing
reflex (see Fig. 16).

Cerebral Palsy

Cerebral palsy syndromes occur in 0.1–0.2% of
children and the prevalence is higher in babies
born prematurely. The term is an umbrella for a
group of disorders affecting body movement,
balance, and posture caused by abnormal devel-
opment or damage of the part(s) of the brain that
control muscle tone and motor activity. The syn-
drome is characterized by lack of muscle coordi-
nation when performing voluntary movements
(ataxia); stiff muscles and exaggerated reflexes
(spasticity) are also common. Children with cere-
bral palsy may have a low whole saliva flow rate
(see Table 5) (Santos et al. 2010). Drooling is a
major morbidity associated with cerebral palsy
related to swallowing difficulties and is often
causing social handicaps and stigmatization for
the child.

Table 5 Parameters to be taken into consideration in the
workup of salivary gland dysfunction induced by neuro-
logical disorders

Do the salivary reflexes function normally to initiate
saliva secretion via taste and chewing stimuli?

Does the central
modulation and
integration of
incoming signals
function normally?

From the periphery, carried by
the facial, glossopharyngeal and
trigeminal cranial nerves
(unconditioned reflexes)?

Centrally, from the brain’s higher
centers (conditioned reflexes) to
the center of salivary secretion,
i.e. the salivary nuclei in the
medulla oblongata of the brain
stem?

Do the salivary
nuclei transfer the
afferent part of the
reflex to the
efferent part?

The parasympathetic branches of
the autonomic nervous system
that control the salivary glands
and elicit saliva secretion?

The sympathetic branches of the
autonomic nervous system that
control the salivary glands and
elicit saliva secretion?
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Bell’s Palsy

Bell’s palsy is an idiopathic unilateral disruption
of the facial nerve. It may occur suddenly and it
can be total or partial. Around 70% of the patients
recover spontaneously within weeks to a few
months, although it can be permanent. Pregnancy,
diabetes mellitus, and SS are predisposing factors.
Other factors that could induce facial paralysis
include trauma, stroke, tumor, influenza or a bad
cold, middle ear disease, and herpes simplex virus
infection.

Since parasympathetic nerve fibers to the sali-
vary glands travel with the facial nerve, damage to
these nerves, as seen in Bell’s palsy, may result in
a decreased saliva flow rate (see Table 5). A
follow-up time of 12 months is recommended to
assess the ultimate outcome of Bell’s palsy. The
ability of a patient to respond to strong salivary
stimulants seems to be a reliable prognostic factor
for the course of the disease (Ekstrand 1979).

Parkinson’s Disease

Parkinson’s disease (PD) is a progressive neuro-
degenerative cerebral disorder with an unknown
etiology. It is mostly seen in people aged over
50 years. PD causes degeneration of dopamine-
producing neurons. This induces motor dysfunc-
tion, wherein all voluntary movements, particu-
larly those carried out by the small muscles, are
notably slowed (bradykinesia), and spontaneous
movement is diminished (akinesia).

Patients with PD have been shown to have
decreased unstimulated and stimulated whole
saliva flow rates (Fedorova et al. 2015). Further-
more, xerostomia is a common problem in PD
(Barbe et al. 2017; Zlotnik et al. 2015). It has
been suggested that the decreased saliva flow rate
is an indicator of the autonomic dysfunction seen
in early PD (see Table 5). With advanced PD
symptoms, the saliva flow rates become even
lower. This may in some cases be caused by anti-
parkinson xerogenic medications. On the other
hand, administration of levodopa has been demon-
strated to elicit an increase in saliva secretion
without affecting saliva composition. Decreased

frequency and efficacy of swallowing and dyspha-
gia are likely to be the causes of drooling in PD.

Alzheimer’s Disease

This neurodegenerative disorder is progressive and
is seen mostly in people aged above 60 years.
Patients are characterized by loss of intellectual
functions likememory, undergo personality change,
and lose the ability to take care of themselves. It is
common for patients with Alzheimer’s disease to be
treated with antipsychotics and antidepressants to
ameliorate behavioral symptoms and stabilize
mood; thus medication-induced hyposalivation is
a common finding. It has been shown that in
unmedicated patients with Alzheimer’s disease,
impaired saliva flow rate is limited to the subman-
dibular glands (see Table 5) (Ship et al. 1990).

Oral Dysesthesia

Oral dysesthesia also known as burning mouth
syndrome (BMS) is characterized by a painful
burning sensation of the oral mucosa of long-term
duration without any detectable local or systemic
causes. The etiology remains unknown, but recent
research suggests that BMS is a neuropathy
(Puhakka et al. 2016). It typically affects women
over the age of 50 years. Xerostomia is a frequent
symptom in patients with BMS (30–70%), but both
whole saliva and parotid saliva flow rates are nor-
mal, so is the concentration of salivary high molec-
ular weight proteins. However, recently it has been
found that patients with BMS have a lower expres-
sion of salivary low molecular weight proteins
(de Moura et al. 2007). For more details on this
topic, refer to the chapter on▶ “Oral Dysesthesia.”

Infectious Diseases

Epidemic Parotitis

Epidemic parotitis is an acute febrile sialadenitis
caused by a paramyxovirus. It is spread via saliva
droplet infection, the incubation period being
2–3 weeks. Epidemic parotitis commonly affects
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children and young adults, but in parts of the world
where the measles, mumps, and rubella (MMR)
vaccine is routinely used, the prevalence of the
disease is declining. Clinically, epidemic parotitis
causes fever, malaise, nausea, and a tender uni- or
bilateral enlargement of the major salivary glands,
primarily the parotids (Iro and Zenk 2014). Eating
or talking provokes pain. In addition, the enlarge-
ment of the parotid glands may induce an obstruc-
tion of the parotid duct that will further aggravate
the pain when saliva secretion is stimulated. Sali-
vary gland symptoms usually peak within
2–3 days after the first clinical symptoms and
resolve within 1–2 weeks. According to clinical
experience, the affected glands hardly secrete any
saliva, and if saliva is secreted, it is usually a clear,
watery solution (see Fig. 16).

Juvenile Parotitis/Recurrent Parotitis

Juvenile recurrent parotitis is a common condition
of the salivary glands in children, which is char-
acterized by intermittent swelling of the parotid
glands on one or both sides, with or without pain,
and generally associated with nonobstructive
sialectasis of the parotid gland, as well as salivary
gland hypofunction (Leerdam et al. 2005). It is
diagnosed from the medical history and confirmed
by sialography or ultrasonography. Recurrent
juvenile parotitis might be linked to SS, which
occurs in some patients (Nieto-Gonzalez et al.
2014), but in many patients, juvenile parotitis
resolves during adulthood.

Bacterial Sialadenitis

Bacterial sialadenitis can be either acute or
chronic. Decreased saliva flow rate is the primary
predisposing factor, and this allows retrograde
microbial colonization of the duct, which may
result in the development of acute or chronic
suppurative infection. Acute sialadenitis is char-
acterized by a painful swelling of a single salivary
gland, commonly affecting the parotid gland
(Figs. 57 and 58). A purulent discharge may be
expressed from the salivary duct orifice, and the

patient may present with redness of the overlying
skin or even abscess formation within the
inflamed gland tissue, malaise, fever, and cervical
lymphadenopathy. Bacterial sialadenitis often
occurs in elderly patients who suffer from salivary
gland hypofunction due to systemic diseases,
medication intake, or dehydration, or it may be
associated with obstruction of the salivary ducts
by deposition of calculi, mucus plugs, and tumor
growth or by trauma. In medically compromised
or immunosuppressed patients, the infection may
even become life-threatening due to sepsis.
Chronic sialadenitis may develop following
acute sialadenitis if the predisposing factors can-
not be eliminated. Staphylococcus aureus is the
most common pathogen isolated from purulent
sialadenitis; sometimes, it may be caused by strep-
tococci, anaerobic bacteria and, more rarely, by
gram-negative facultative bacteria (Brook 2009).
For more details on this topic, refer to the chapter
on ▶ “Non-odontogenic Bacterial Infections.”

HIV/AIDS

Human immunodeficiency virus (HIV), a retro-
virus transmitted via blood and infection,
induces a chronic progressive decrease in the
number of CD4+ T-cells and seriously weakens
the immune system. It may be clinically asymp-
tomatic in its early stages, but an effect on

Fig. 57 Bacterial sialadenitis. The right parotid gland is
swollen, although less than the left gland (Image courtesy
of Professor Camile Farah, Perth Oral Medicine & Dental
Sleep Centre, Perth WA, Australia)

Salivary Gland Disorders and Diseases 1501

https://doi.org/10.1007/978-3-319-72303-7_46


salivary gland function has been reported in
early-stage HIV disease (Lin et al. 2003). If
untreated, the mean period of asymptomatic
HIV infection is 10 years before the onset of
severe symptoms or illnesses leading to a diag-
nosis of acquired immunodeficiency syndrome
(AIDS). Later, symptoms of HIV infection can
include HIV-associated salivary gland disease
expressed as a uni- or bilateral enlargement of
the major salivary glands, particularly the
parotid glands. This may be due to lymphocytic
infiltration of the salivary glands or to an
increase in the amount of lymphoid tissue within
them. HIV patients demonstrate salivary gland
hypofunction and xerostomia (Navazesh et al.
2003). Low whole saliva flow rates have been
associated with low CD4+ cell counts and with
highly active antiretroviral therapy (HAART),
reflecting disease progression and adverse
effects of the treatment. The HIV virus is present

at low concentrations in saliva of infected per-
sons, but there is no evidence that the virus is
spread by contact with saliva. Clinical and his-
tological manifestations of HIV-associated sali-
vary gland disease may resemble SS.

Hepatitis C Virus

Hepatitis C virus is primarily spread by parenteral
transmission. A chronic hepatitis C virus infection
is established in about 80% of infected individuals.
It is commonly associated with an increased risk of
liver cirrhosis and liver cancer. Chronic hepatitis C
virus infectionmay present with extrahepatic man-
ifestations, including salivary gland hypofunction
(Grossmann et al. 2010). Xerostomia has also been
associated with hepatitis C infection. Active infec-
tion with hepatitis C is an exclusion criterion for
the classification of SS.

Fig. 58 Acute suppurative parotitis (nonobstructive).
Axial post-contrast CT images in a 77-year-old man pre-
senting with acute pain and swelling in the right cheek. The
right parotid gland appears enlarged and edematous, with a
rim-enhancing fluid collection (arrow in a) consistent with

an abscess. Inferior to the parotid tail, there is peri-parotid
edema deep to the platysma (arrow in b). No calculus or
other precipitating lesion was shown (Images courtesy of
Dr Rudolf Boeddinghaus, Perth Radiological Clinic, Perth
WA, Australia)
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Epstein-Barr Virus

The Epstein-Barr virus (EBV) is a member of the
herpes virus family. Primary infection by EBV gen-
erally occurs during childhood and is asymptomatic.
Primary infection in adolescents or in adults is the
etiological cause of infectious mononucleosis, glan-
dular fever that clinically presents with a sore throat,
fever, malaise, cervical lymphadenopathy, and in
some cases, hepatosplenomegaly. EBV is primarily
transmitted from asymptomatic individuals through
saliva, and it establishes lifelong latent infections of
B-cells. EBV can infect salivary gland tissue, and, in
rare cases, this may present as parotitis (Lee et al.
1997). EBV-associated oral tumors can involve the
parotid gland.

Tuberculosis

Tuberculosis is a bacterial infection primarily
caused by Mycobacterium tuberculosis; it is
spread via droplet infection. Primary infection of
the lungs induces the development of a granulo-
matous inflammatory reaction that attempts to
limit or stop the infectious process. This leads to
the development of a latent infection of the tuber-
cle bacilli in dystrophic calcified foci. Secondary
infections may involve other organs. Oral
involvement is not common, but in rare cases,
salivary glands may be affected, primarily the
parotid gland (Catano and Robledo 2016). The
infection may involve the gland parenchyma or
the intraparotid lymph nodes. More detail on this
topic is provided in the chapter on ▶ “Non-
odontogenic Bacterial Infections.”

Genetic Disorders

Salivary Gland Aplasia

Salivary gland aplasia is the congenital absence of
salivary glands. Aplasia is rare and may comprise
absence of some or all of the major salivary
glands. It may be related to genetic syndromes
of the ectodermal tissues, e.g., ectodermal
dysplasia.

Ectodermal Dysplasia

Ectodermal dysplasia (ED) is a group of more
than 150 heritable disorders that affect the ecto-
derm, the outer germ layer in the embryo. The
most common and best characterized type of ED
is the X-linked recessive hypohidrotic ED. The
ectoderm contributes to the formation of most of
the body’s surface tissues: skin, hair, nails, teeth,
and sweat glands. The prominent developmental
defects of ED can be manifested clinically as
hypotrichosis (reduced hair growth), hypodontia
or anodontia (congenital missing number of teeth
or absence of all teeth), and hypohidrosis (reduced
or absent sweat secretion) causing dry skin and
heat intolerance. Salivary glands are derived from
the ectoderm and may be affected by ED so whole
saliva flow rates may be decreased (Lexner et al.
2007). In a subset of ED patients, hypoplasia and
aplasia of the major salivary glands may be pre-
sent. Reduced unstimulated and stimulated whole
saliva flow rates and reduced submandibular
gland secretion have been shown, but no alter-
ation of the parotid gland secretion.

Cystic Fibrosis

Cystic fibrosis (CF) is an autosomal recessive
inheritable disorder that primarily affects the
lungs and the digestive system. CF is caused by
mutations in the cystic fibrosis transmembrane
conductance regulator (CFTR) gene on chromo-
some 7 (Harrington et al. 2016). More than
950 different CFTR mutations have been classi-
fied, with deltaF508 the most frequent. The muta-
tions of the CFTR gene influence epithelial ion
transport in exocrine glands. This affects the
transport of sodium and chloride, as well as pro-
tein, and results in the production of highly
mucous secretions. Clinically, CF is characterized
by recurrent and chronic pulmonary infections
leading to chronic obstructive pulmonary disease,
which is the major cause of morbidity and mor-
tality. Furthermore, glandular dysfunctional man-
ifestations of CF include elevated salt
concentrations (sodium and chloride) in sweat
and pancreatic and lacrimal fluids.
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Salivary gland dysfunction is associated with
CF. Decreased whole saliva flow rates may beman-
ifest in CF patients, but CF seems to affect serous
and mucous salivary gland types differently. In
seromucous submandibular secretions, low salivary
flow rates and high viscosity as well as significantly
higher concentrations of total calcium and total
protein have been found (Davies et al. 1990). Find-
ings in serous parotid gland function are more
inconsistent and parotid flow rate seems to be little
affected (Davis 1987). Salivary gland hypofunction
in CF patients may become further aggravated due
to a daily intake of xerogenic medications.

Prader-Willi Syndrome

Prader-Willi syndrome (PWS) is associated with
genetic abnormalities of chromosome 15. Mani-
festations of PWS are abnormal growth (short
stature, small hands and feet, prominent fore-
head), hypogonadism (decreased function of the
testes or ovaries), infantile hypotonia (abnor-
mally low muscle tone), strabismus (ocular mis-
alignment), mild to moderate mental retardation,
and hyperphagia (abnormally increased appetite)
with consequent obesity. Oral findings of
delayed tooth eruption and hypoplastic teeth
have been reported. Whole saliva flow rate is
significantly decreased and saliva consistency is
highly viscous (Saeves et al. 2012). The thick,
viscous saliva is part of the minor diagnostic
criteria for PWS.

Metabolic Disturbances

Dehydration

Saliva flow rate and composition are dynamic
parameters controlled by the physiological and
pathophysiological conditions of the host. The sal-
ivary glands, in particular the acinar end pieces,
have a high capability of transporting water from
the interstitial fluid to form primary saliva. Impair-
ment of the body’s regulation ofwatermight have a
significant impact on the salivary gland fluid out-
put (see Fig. 16). It has been shown that body

dehydration is associated with decreased parotid
flow rates and that these changes are
age-independent in healthy adults (Ship and
Fischer 1997). Furthermore, dehydration is an
occasional cause of decreased saliva secretion and
complaints of xerostomia, especially in elderly
patients who consume less water and take many
medications that interfere with the body’s salt and
water balance. Also, alcoholics may suffer from
dehydration and consequently salivary gland
hypofunction and xerostomia (Inenaga et al. 2017).

Malnutrition

Patients living on a considerably unbalanced diet
or patients who suffer from malabsorption and
vitamin and mineral deficiencies may develop
salivary gland hypofunction and xerostomia
(Sheetal et al. 2013). Besides giving rise to hor-
monal disturbances including increased concen-
trations of blood and saliva cortisol and impaired
oral mucosal integrity, malnutrition, in particular
insufficient intake of protein, can result in
decreased whole saliva flow rate and composi-
tional changes. Included among the salivary com-
positional changes are significantly decreased
concentrations of secretory IgA. Hunger-induced
salivary changes are rare in Western populations,
but among patients with poor nutritional status
such as some elderly, food eccentrics, alcoholics,
and persons with eating disorders, it is rather
common to experience salivary changes. Thus,
significant associations have been found between
malnutrition, decreased salivary secretion, and
reduced serum albumin concentration, and it has
been suggested that salivary gland hypofunction
and xerostomia have a negative effect on alimen-
tation, appetite, and oral comfort.

Sodium Retention Syndrome

Besides the rather typical sialometrical/
sialochemical profile of patients with hypothyroid-
ism (sialadenosis), there are also patients who are
characterized by a low sodium concentration in
spite of a high flow rate, especially of stimulated
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parotid saliva (van den Berg et al. 2007). Clini-
cally, this condition is characterized by short last-
ing (about one hour), often unilateral, swellings of
the parotid glands. When occurring bilaterally, the
patientsmay complain about painful tension. In the
latter cases, the swelling regresses within days.
This concept is named sodium retention syndrome.
The mechanism underlying sodium retention syn-
drome is still not well understood, but this condi-
tion has been related to hyper- and hypotension,
cardiac failure, local and systemic edema from
other causes, and dehydration.

Eating Disorders

Bulimia Nervosa

Bulimia nervosa is a serious eating disorder pri-
marily affecting young women. In countries with a
westernized lifestyle, it has a prevalence of 1–2%
in 16–35-year-old females but may be even higher,
as persons with bulimia nervosa tend to hide their
disease and avoid professional help. Persons with
bulimia nervosa have an irrational, morbid fear of
weight gain and obesity with immense efforts to
control food intake and eliminate it when food is
consumed. Typically, their lifestyle is character-
ized by recurrent episodes of binge eating, recur-
rent self-induced vomiting, and misuse of
medicines like laxatives and diuretics. Also, they
commonly fast and engage in excessive exercise.
Persons with bulimia nervosa often present with a
normal body appearance.

Dental and salivary gland changes have been
reported in up to two-thirds of the study populations
(Dynesen et al. 2008). Frequently observed are den-
tal erosion, especially the lower anterior teeth
(Fig. 59) due to vomiting, and intermittent painless
bilateral enlargement of the major salivary glands,
especially the parotids. The enlargements of the
parotids usually develop within a few days after a
bulimic episode (see Fig. 16).

Anorexia Nervosa

Anorexia nervosa is a serious eating disorder pri-
marily affecting young women. Its early diagnosis
is often difficult as persons with anorexia nervosa
often hide their disease and avoid professional
help. The prevalence is around 1% with an inci-
dence that has been stable since the 1970s. It is
characterized by the person’s refusal to maintain
their normal body weight and struggle to attain a
weight that is less than 85% of normal weight
expected for their age and height. Despite their
loss of weight, they still possess an intense fear of
gaining weight and suffer from the self-perception
and firm belief that they are too fat. Furthermore,
young post-menarche females often suffer from
amenorrhea. Self-induced vomiting and misuse of
laxatives, diuretics, and enemas are seen in
anorexia nervosa of the purging type, whereas
the restricted type presents without any significant
history of vomiting. Xerostomia is a rather com-
mon complaint among persons with anorexia
nervosa who show different grades of dehydration

Fig. 59 Dental erosion in a patient with bulimia nervosa. Maxillary teeth (a) and mandibular teeth (b) (Images courtesy
of Dr Anja Weirsøe Dynesen, University College Absalon, Denmark)
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caused by starvation, laxatives, diuretics, and/or
vomiting (Montecchi et al. 2003). Decreased
unstimulated whole saliva flow rate and
xerostomia have been reported in anorexia
nervosa. The impaired salivary secretion could
play a role in the development of dental erosion
often seen in persons with anorexia nervosa, even
in the restricted type who may have an excessive
intake of acidic foods like fruit.

Management Protocols

The treatment of xerostomia and salivary gland
hypofunction should be based on answers to the
following determinations (Sreebny and Vissink
2010):

1. Determine the cause of the xerostomia. If the
cause can be determined, attempt to eliminate
it. This may reduce the problem and alleviate
the symptoms that are consequentially associ-
ated with it.

2. If the cause cannot be assessed or if treating the
cause only partially relieves the xerostomia,
determine if it is possible to stimulate the saliva
secretion. This, per se, may readily diminish
oral desiccation.

3. If saliva cannot be adequately stimulated,
determine whether the xerostomia can be alle-
viated by lubricating the surfaces of the oral
mucosa with saliva substitution.

4. Determine what else can be done to preserve
and protect the teeth and oral mucosa and pro-
vide relief to the patient.

Masticatory, Gustatory, and Mild Acid
Stimulation Techniques

Dryness of oral mucosal surfaces, difficulty wear-
ing dentures, interproximal plaque accumulation,
and difficulty with speaking, tasting, and
swallowing may all improve from saliva stimula-
tory methods. The stimulation will only function
if residual salivary gland capacity remains. In
patients with long-term SS and other autoimmune
diseases, the acinar fluid-producing cells may

have undergone atrophy and been replaced by
connective tissue. Similarly, irradiated head and
neck cancer patients with the salivary glands
included in the radiation field are likely to have
lost all functional acinar cells and will not benefit
from salivary stimulatory methods.

Masticatory and gustatory stimulation are easy
to implement, are acceptable to most patients, and
have few adverse effects. The combination of
chewing and taste, as provided by gums, lozenges,
or mints, can be very effective in relieving symp-
toms for patients who have remaining salivary
function. Table 6 lists products that stimulate
saliva secretion. Due to the increased risk for
dental caries and erosion in dentate patients with
salivary gland hypofunction, only sugar-free stim-
ulatory products and acidic products that are spe-
cially prepared, e.g., nonerosive, should be used.
Nonerosive acidic tablets contain a weak acid,
often malic acid, to stimulate saliva secretion;
however, this may be erosive to the teeth in
patients suffering from salivary gland hypo-
function, in particular if used numerous times
daily. Therefore, phosphate and fluoride may be
added to the tablet to compensate for the erosive
potential (examples of commercially available
tablets, lozenges, and wine gums are Xerodent™,
Stisal®, Ekulf) (Lajer et al. 2009). Electro-
stimulation (Fig. 60) may also be beneficial in
the treatment of xerostomia as a
non-pharmacological approach with no reported
adverse effects. Electrostimulation of salivary
secretion may be of particular benefit for potential
use in medicated/polypharmacy patients; how-
ever, there is limited evidence to determine the
effects of electrostimulation devices (Furness
et al. 2013; Alajbeg et al. 2012).

Pharmacologic Stimulation

Pilocarpine and cevimeline are used to treat
xerostomia in patients with some residual func-
tion of the salivary glands. Both of these drugs are
muscarinic agonists that induce a transient
increase in salivary secretion and improve
xerostomia. Common adverse effects of both
medications include sweating, flushing, urinary
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Table 6 Overview of some products available on the market to relieve oral dryness (Modified from the Sjögren’s
Syndrome Foundation: www.sjogrens.org)

Product Producer Website

Products that stimulate saliva secretion

DryGuard™ lozenges BreezeCare Oral Health Company, 159A, New South Head
Road Edgecliff, Australia

www.breezecare.com.
au

DryGuard™ chewing
gum

BreezeCare Oral Health Company, 159A, New South Head
Road Edgecliff, Australia

www.breezecare.com.
au

Evoxac® (cevimeline HCl) Daiichi Sankyo, Two Hilton Court, Parsippany, NJ 07054, USA www.evoxac.com

Migteaflow chewing gum Camellix, LLC,Georgia Health Sciences, University, 1120
15th Street, CA-2149 Augusta, Georgia, USA

www.camellix.com

Migteaflow lozenges Camellix, LLC,Georgia Health Sciences, University, 1120
15th Street, CA-2149 Augusta, Georgia, USA

www.camellix.com

OralMoist™ time-
released dry mouth
patches

Quantum Health, P.O. Box 2791, Eugene, Oregon 97,402,
USA

www.quantumhealth.
com

Salagen® (pilocarpine) Eisai, Inc. Medical Services Dept., 100 Tice Boulevard,
Woodcliff Lake, New Jersey.07677, USA.

www.us.eisai.com

SalivaSure™ Scandinavian Formulas, Inc., 140 E. Church St., Sellersville,
Pennsylvania 18960, USA

www.
scandinavianformulas.
com

Spry gum singles (xylitol) Xlear Inc., 723, South Auto Mall Drive P.O. Box 1421,
American Fork, Utah 84003, USA

www.xlearinc.com

Spry dental mints (xylitol) Xlear Inc., 723, South Auto Mall Drive P.O. Box 1421,
American Fork, Utah 84003, USA

www.xlearinc.com

Stisal® lozenges Meda AS, Solvang 8, DK-3450 Allerod, Denmark www.meda.dk

Xerodent® lozenges Actavis Group, Reykjavikurvegi 76–78, IS-220 Hafnafjordur,
Iceland

www.actavis.no

Xeros Dentaid® spray Ronda Can Fatjó, 10 Parc Technològic Del Vallès, 08290
Barcelona, Spain

www.dentaid.com

Xeros Dentaid® chewing
gum

Ronda Can Fatjó, 10 Parc Technològic Del Vallès, 08290
Barcelona, Spain

www.dentaid.com

Xeros Dentaid® tablets Ronda Can Fatjó, 10 Parc Technològic Del Vallès, 08290
Barcelona, Spain

www.dentaid.com

Xerostom® pastilles Biocosmetics Laboratories, C/Araquil 11, 28,023Madrid, Spain www.biocosmetics.es

Xerostom® chewing gum Biocosmetics Laboratories, C/Araquil 11, 28,023 Madrid,
Spain

www.biocosmetics.es

XyliChew™ chewing
gum (xylitol)

Nature Stance, 13,029 Danielson Street, Suite 204, Poway,
California 92,064, USA

www.xylichew.com

XyliChew™ mints
(xylitol)

Nature Stance, 13,029 Danielson Street, Suite 204, Poway,
California 92,064, USA

www.xylichew.com

XyliMelts® oral adhering
discs

OraHealth Corporation, 19,017 62 Ave South, Seattle,
Washington 98,032, USA

www.oracoat.com

Oral Moisturizers

Aquoral™ (Rx) artificial
protective oral spray

Mission Pharmacal Company, 130 Maple Ave, San Antonia,
Texas 78,230, USA

www.aquoral.com

Biotène® Oral Balance®

dry mouth moisturing gel
GlaxoSmithKline Consumer Healthcare, L.P. P.O.Box 1467,
Pitsburgh, Pensylvania 15,230, USA

www.biotene.com

Biotene® moistering
mouth spray

GlaxoSmithKline Consumer Healthcare, L.P. P.O.Box 1467,
Pitsburgh, Pensylvania 15,230, USA

www.biotene.com

Denta-Med mouth gel Denta-Med Technology, 22 Garden Boulevard, Dingley,
Victoria 3172, Australia

www.denta-med.com.
au

DryGuard™ mouthwash BreezeCare Oral Health Company, 159A New South Head
Road Edgecliff, Australia

www.breezecare.com.
au

(continued)
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Table 6 (continued)

Product Producer Website

Entertainer’s secret™
throat relief

KLI Corporation, 437. B Gradle Drive, Carmel, Indiana
46,032, USA

www.entertainers-
secret.com

GC dry mouth gel GCAmerica, Inc., 3737West 12th Street, Alsip Illinois 60,803,
USA

www.gcamerica.com

Glandosane® Fresenius Kabi Ltd, Cestrian Court,Eastgate Way, Manor Park,
Runcorn, Cheshire WA7 1NT, UK

www.fresenius-kabi.
com

Gum hydral oral spray Oral Company International B.V., Hogeweyselaan 221,1382
JLWeesp, the Netherlands

www.oralcomp.com

Gum hydral oral gel Oral Company International B.V., Hogeweyselaan 221,1382
JLWeesp, the Netherlands

www.oralcomp.com

Moi-Stir® oral spray Kingswood Laboratories, Inc., 10,375 Hague Rd.,
Indianapolis, Indiana 46,256, USA

www.moi-stir.com

MouthKote® dry mouth
spray

Panrell Pharmaceuticals, Inc., 3070 Kernel Boulevard, Ste. a,
San Rafael, California 94,901, USA

www.parnellpharma.
com

MouthKote® oral
moisturizer

Panrell Pharmaceuticals, Inc., 3070 Kernel Boulevard, Ste. A,
San Rafael, California 94,901, USA

www.parnellpharma.
com

NeutraSal® (Rx) calcium
phosphate rinse

Invado Pharmaceuticals, LLC, 25 Ravenna Drive, Pomona,
New York 10970.3607, USA

www.neutrasal.com

Oasis® moisturing mouth
spray

Oasis Consumer Healthcare, 812 Huron Road, Suite
235, Cleveland, Ohio 44,115, USA

www.oasisdrymouth.
com

Oramoist® dry mouth
spray

Periproducts Ltd., P.O. Box 176, Ruislip, Middlesex, HA4
9YR, UK

www.periproducts.co.
uk

OraCoat XyliMelts® OraHealth, 13,434 SE 27th Place, Bellevue, WA 98005, USA www.oracoat.com

Oral7® moisturising
mouthwash

Oral7 International Pty. Ltd., Suite 2, 15 Delawney Street,
Balcatta WA 6021, Australia

www.oral7.com

Oral7® moisturising
mouth gel

Oral7 International Pty. Ltd., Suite 2, 15 Delawney Street,
Balcatta WA 6021, Australia

www.oral7.com

Salese™ dry mouth
comfort

Nuvora, Inc., 3350 Scott Blvd, #502 Santa Clara, CA 95054,
USA

www.nuvorainc.com

Saliva Natura® Medac GmbH, Theaterstraße 6, D-22880 Wedel, Germany www.medac.de

Saliva Orthana® mucin
lozenges

A S Pharma, Unit 5, Beresford Gate, South Way Walworth
Business Park,Andover, Hampshire, SP10 5BN, USA

www.aspharma.co.uk

Saliva Orthana® saliva
substitute

A S Pharma, Unit 5, Beresford Gate, South Way Walworth
Business Park,Andover, Hampshire, SP10 5BN, USA

www.aspharma.co.uk

Spry® rain oral mist spray Xlear Inc., 723 South Auto Mall Drive, P.O. Box 1421,
American Fork, Utah 84,003, USA

www.xclear.com

Xeros Dentaid®

mouthwash
Ronda Can Fatjó, 10 Parc Technològic Del Vallès, 08290
Barcelona, Spain

www.dentaid.com

Xeros Dentaid® gel Ronda Can Fatjó, 10 Parc Technològic Del Vallès, 08290
Barcelona, Spain

www.dentaid.com

Xerostom® saliva
substitute gel

Biocosmetics Laboratories, C/Araquil 11, 28,023 Madrid,
Spain

www.biocosmetics.es

Xerostom® oral spray Biocosmetics Laboratories, C/Araquil 11, 28,023 Madrid, Spain www.biocosmetics.es

Xerostom® saliva
substitute capsules

Biocosmetics Laboratories, C/Araquil 11, 28,023 Madrid,
Spain

www.biocosmetics.es

Xialine® Added Pharma, Smalstraat 3A, 5341 TWOss, The Netherlands www.addedpharma.
com

XyliMelts® oral adhering
discs

OraHealth Corporation, 19,017 62 Ave South, Added Pharma,
Smalstraat 3A, 5341 TWOss, Seattle, Washington 98,032, USA

www.oracoat.com

Zendium Saliva Gel® Zendium/Unilever, Unilever Danmark A/S, Orestads
Boulevard 73, DK-2300 Copenhagen S, Denmark

http://www.zendium.
dk/products
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urgency, and gastrointestinal discomfort. These
adverse effects are frequent but are rarely severe.
Parasympathomimetics are contraindicated in
patients with uncontrolled asthma, narrow-angle
glaucoma, or acute iritis and should be used with
caution in patients with significant cardiovascular
disease, Parkinson’s disease, asthma, or chronic
obstructive pulmonary disease.

The best tolerated doses for pilocarpine are
2.5–5 mg, given three or four times daily. The
duration of action is approximately 2–3 h.
Cevimeline is currently recommended at a dosage

of 30mg 8 hourly, and the duration of secretagogue
activity is longer than pilocarpine (3–4 h), but the
onset is somewhat slower. Patients, however, are
more likely to continue cevimeline than pilocar-
pine long-term due to fewer reported adverse
effects with cevimeline (Noaiseh et al. 2014).

The maximum therapeutic effect of pilocarpine
on xerostomia is normally obtained after
4–8 weeks; however the time to response can be
up to 12 weeks in some patients. Pilocarpine and
cevimeline tablets are not available worldwide, so
an empiric alternative to pilocarpine tablets is the

stem

battery compartment

ON_OFF button and
indicating light

2 arms

2 pairs of electrodes
stimulating

unit

command
unit

a

b c

Fig. 60 Device for electrostimulation of salivary secre-
tion and alleviation of xerostomia. SaliPen (Saliwell Ltd.)
electrostimulating device (a), recommended use 1–5 min,

four times daily or as needed. Placement of SaliPen in the
mouth (b). Placement of SaliPen between the lips (c)
(Images courtesy of Dr Andy Wolff, Saliwell Ltd.)
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oral use of pilocarpine eye drops (off license).
Pilocarpine eye drops are generally available as
2% or 4% solutions. One drop of the 2% pilocar-
pine eye drops approximately equals 1 mg pilocar-
pine, and one drop of the 4% pilocarpine eye drops
approximately equals 2 mg pilocarpine. Thus, a
recommended dose of 2.5–5mg pilocarpine tablets
three or four times daily would be approximately
equivalent to 2–5 drops of 2% pilocarpine eye
drops (2–5 mg) or 1–3 drops of 4% pilocarpine
eye drops (2–6 mg) taken orally three or four times
daily. The eye dropsmay be diluted in water before
taking. There is limited literature available to sup-
port the use of pilocarpine eye drops as an alterna-
tive to pilocarpine tablets for the treatment of
xerostomia. Thus, the use of pilocarpine eye
drops to manage xerostomia is unlicensed, and
the indication and prescription dose should always
be advised by a healthcare professional, with the
same contraindications as for pilocarpine tablets
taken into consideration.

Oral Moisturization

For most patients, frequent sips of water during
daytime are the most efficacious method to alleviate
xerostomia. However, patients should be advised
that aqueous solutions only provide short-term alle-
viation from xerostomia (Vissink et al. 1986).

There are numerous oral rinses, mouthwashes,
and gels available for alleviation of xerostomia
(Dost and Farah 2013; Epstein and Jensen
2015). Patients should be warned to avoid prod-
ucts containing alcohol, sugar, or strong flavor-
ings that may irritate the sensitive, dry oral
mucosa. Moisturizing creams can also be very
helpful. The frequent use of products containing
aloe vera or vitamin E should be encouraged.
Persistent cracking and erythema at the corners
of the mouth (angular cheilitis) should be investi-
gated for a fungal or bacterial cause.

A variety of commercially available salivary
substitutes has demonstrated some efficacy in
patients with xerostomia (Fig. 61). Table 6 lists
saliva substitutes/oral moisturizers. However,
saliva replacements (saliva substitutes or “artifi-
cial saliva”) are not well accepted long-term by

many patients; thus careful instructions on how to
use saliva substitutes are needed for them to be
effective. As a guide to choosing the best substi-
tute for a patient, the following recommendations
for the treatment of hyposalivation and
xerostomia can be used (Regelink et al. 1998):

• Severe hyposalivation: A saliva substitute with
gel-like properties should be used during the
night and when daily activities are at a low
level. During the day, a saliva substitute with
properties resembling the viscoelasticity of
natural saliva, such as substitutes that have
xanthan gum and mucin (particularly bovine
submandibular mucin) as a base, is indicated.

• Moderate hyposalivation: If gustatory or phar-
macological stimulation of residual saliva secre-
tion does not ameliorate xerostomia, saliva
substitutes with a rather low viscoelasticity,
such as substitutes, which have carboxymethyl-
cellulose, hydroxypropylmethylcellulose, mucin
(porcine gastric mucin), or low concentrations of
xanthan gum as a base, are indicated. During the
night or other periods of severe oral dryness, the
application of a gel is helpful.

• Mild hyposalivation: The salivary glands of
these patients usually contain viable, respon-
sive acinar cells. Gustatory or pharmacological
stimulation of residual secretion is the treat-
ment of choice. Little amelioration is to be
expected from the use of saliva substitutes.

Prevention and Treatment of Infection

Caries
The use of topical fluorides in a patient with salivary
gland hypofunction is absolutely critical to the con-
trol of dental caries. There are many different fluo-
ride therapies available, from low concentration,
over-the-counter fluoride toothpaste, gel, or mouth-
wash to more potent highly concentrated prescrip-
tion fluorides: fluoride paste (e.g., 5000 ppm
toothpaste), gel (e.g., 1.0% neutral sodium fluoride
gel applied by brush or in a custom carrier), or
varnish to be delivered by oral healthcare practi-
tioners. The dosage chosen and the frequency of
application (from daily to once a week) should be
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based on the severity of the salivary gland hypo-
function and the rate of caries development
(Sreebny and Vissink 2010). In patients with severe
salivary gland hypofunction, nonacidic fluoride
gels and/or solutions should be used. Other
potential anticariogenic formulations are casein
phosphopeptides (CPPs) which have the ability to
stabilize calcium and phosphate ions, thus creating
the casein phosphopeptides with amorphous cal-
cium phosphate (CPP-ACP) complex promoting
the remineralization process, and phosphoryl oligo-
saccharides of calcium and commercially available
fluoride-containing preparations of these (e.g.,
Tooth Mousse®).

Oral Candidosis

Patients with salivary gland hypofunction also
have an increased risk of oral infections, particu-
larly oral candidosis. This condition often
assumes an erythematous form (without the easily
recognized removable pseudomembranous
plaques). The mucosa is red and the patients com-
plain of a burning sensation of the oral mucosa,
particularly the tongue, or a metallic taste or inten-
sified feeling of xerostomia.

Conclusions and Future Directions

Xerostomia is defined as the subjective sensa-
tion of oral dryness and is usually associated
with decreased saliva secretion, but may occur

without objective salivary gland hypofunction.
The principal causes of xerostomia and salivary
gland hypofunction are various systemic dis-
eases, the intake of a wide variety of medica-
tions, as well as adverse effects of cancer
therapies, e.g., head and neck radiotherapy and
cancer chemotherapy.

Hence, xerostomia is a common complaint,
particularly in the elderly population. However,
xerostomia does not appear to be related to age per
se but rather to the fact that elderly people suffer
from a higher number of systemic diseases and
thus have a higher medication intake.

For adequate and timely diagnosis and man-
agement of xerostomia and salivary gland hypo-
function, a thorough workup including patient
history, clinical examination, and measurement
of unstimulated and stimulated whole saliva flow
rate is essential. Further diagnosis may include
various imaging techniques, salivary gland biop-
sies, and blood tests. The diagnostic approach
often requires an interdisciplinary collaboration.

However, in some cases, it is not possible to
identify the potential underlying causes due to
coexisting systemic diseases that may affect sali-
vary gland function and the intake of potentially
xerogenic medication or polypharmacy, and often
it is limited to what can be done to alter the
underlying cause. Still, in most cases, the symp-
toms and potential oral sequelae of salivary gland
dysfunction can be alleviated to some extent. Cur-
rent management strategies and symptomatic
treatment should focus on ensuring that the patient
is informed of salivary gland dysfunction, advice

Fig. 61 Examples of some
commercially available
saliva substitutes (spray and
gel), saliva stimulating
tablets, and water in a spray
bottle for alleviating
xerostomia
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is given on methods to stimulate any secretory
capacity of the salivary glands, and advice on
adequate use of oral lubricants/saliva substitutes
as well as prevention and treatment of dental
caries and oral infections, in particular oral
candidosis. A variety of newer management strat-
egies under development include use of biologics,
gene transfer, stem cell therapy, and different sal-
ivary gland-sparing approaches in radiation ther-
apy for head and neck cancer.

Biologicals
Biologicals are currently used or tested in many
autoimmune diseases including SS (Brito-Zeron
et al. 2016). Of all clinical trials that have been
conducted in primary SS, only few have evaluated
the effect of treatment on extraglandular symp-
toms. This lack of data can be partially explained
by (i) heterogeneity of extraglandular symptoms,
(ii) inclusion of patients with low systemic disease
activity in clinical trials, (iii) inclusion of a het-
erogeneous group of SS patients, and (iv) the for-
mer lack of validated outcome measures to
evaluate systemic disease activity. These method-
ological issues should be addressed in future clin-
ical trials. The ultimate goal in the management of
primary SS is evidence-based and precision treat-
ment of the broad range of symptoms experienced
by patients suffering from this disease, including
extraglandular symptoms (Verstappen et al. 2015;
van Nimwegen et al. 2016; Bootsma et al. 2017).

Gene Transfer
Depending on the total radiation dose to the sali-
vary glands, few acinar cells survive radiation
therapy leaving the salivary gland tissue with little
residual capacity for primary fluid secretion; how-
ever, salivary duct cells are much less affected after
irradiation. The therapeutic rationale of gene ther-
apy for functional recovery of radiation-damaged
salivary gland tissue is based on a possible inser-
tion of a pathway for water transport in the
remaining duct cell membranes to elicit water
secretion. Phase 1 trials have been performed
(ClinicalTrials.gov Identifier: NCT00372320 and
Principal Investigator I.G.Alevizos 2014;
ClinicalTrials.gov Identifier: NCT02446249 and
Principal Investigator J.A.Chiorini 2015).

Stem Cell Therapy
Another potential method to salvage salivary glands
that are damaged by radiation is stem cell therapy
(Vissink et al. 2015). Preclinical studies have shown
that stem/progenitor cell transplantation not only
rescues salivary gland secretion but also restores
tissue homeostasis of the irradiated gland, necessary
for long-term maintenance of adult tissue. Stem/
progenitor cells might be harvested from salivary
glands before start of radiotherapy and be returned
to the salivary complex after radiotherapy has been
completed. The salivary stem/progenitor cells
might then repopulate the damaged salivary glands.
Phase 1–2 trials are commencing testing stem cells
harvested from different tissues, e.g., salivary gland
stem cells and adipose-derived mesenchymal stem
cells (Pringle et al. 2016; Gronhoj et al. 2017).

Other Management Approaches Under
Development
Each year 500,000 patients are treated with radio-
therapy for head and neck cancer, resulting in rel-
atively high survival rates. However, in 40% of
patients, quality of life is severely compromised
because of radiation-induced salivary gland hypo-
function and consequent xerostomia (van Luijk
et al. 2015). New radiation treatment technologies
enable sparing of parts of the salivary glands. In
mice, rats, and humans, it has been shown that stem
and progenitor cells reside in the region of the
parotid gland containing the major ducts. Minimiz-
ing the cumulative radiation dose on the region of
the salivary gland containing the stem/progenitor
cells is accompanied by better salivary gland func-
tion after radiation therapy (van Luijk et al. 2015).

Current methods to prevent damage are radia-
tion techniques to reduce radiation injury to salivary
gland tissue, as described above, surgical tech-
niques to relocate salivary glands to a region receiv-
ing a lower cumulative radiation dose, and
techniques to make salivary gland cells more resis-
tant to radiation injury. These preventive techniques
cannot be applied in all cases, may reduce tumor
sensitivity, or do not result in a sufficient ameliora-
tion of dryness-related complaints. Stem cell ther-
apy might help recover salivary gland function in
those patients in whom other techniques have been
unsuccessful (Vissink et al. 2015).
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