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Overview
Saliva plays a critical role in health and disease. 
Its components bestow a broad range of 
benefits that can be categorized either as 
protective or as food- and speech-related 
functions. In addition, saliva is an ideal fluid 
for the diagnosis of a range of local and 
systemic conditions. This course provides a 
comprehensive look into the wonders of a body 
fluid we often take for granted and proposes 
diagnostic, preventive, and therapeutic 
strategies to deal with the consequences of 
hyposalivation.

Learning Objectives
Upon completion of this course, the dental 
professional should be able to:
• Understand the physiology of salivary gland

function.
• Discuss the functional components of saliva.

• Recognize the clinical consequences of
hyposalivation.

• Develop and implement appropriate
diagnostic, preventive, therapeutic strategies to
improve health.

Introduction
Most restorative products and impression 
materials perform best in the absence of saliva 
and blood. Consequently, as we continually strive 
to maintain a dry operative field, it is difficult to 
think of saliva as an important indicator of good 
oral and, at times, systemic health. A review of 
the physiology of salivation and the dynamics of 
its many constituents provides for a balanced 
appreciation for this most important body fluid.

Physiology of Salivary Function
Saliva may be considered either as gland-
specific or as whole saliva. Gland-specific saliva 
is secreted by the parotid, submandibular, 
sublingual, and minor salivary glands. Whole 
saliva is a mixture of secretions from the 
salivary glands and constituents of non-salivary 
origin such as gingival crevicular fluid, blood 
and blood derivatives, desquamated epithelial 
cells and other cellular components, nasal and 
bronchial secretions, microorganisms, microbial 
enzymes and other microbial products, and 
many extrinsic substances (e.g., food debris, 
toothpaste and mouthwash components).1

Salivary glands are composed of specialized 
epithelial cells and can be divided into acinar 
and ductal regions. The water-permeable 
acinar region is where the fluid portion of 
gland-specific saliva is generated as a filtrate of 
plasma and its production is linked to body-fluid 
balance and blood flow (primarily branches 
of the maxillary artery) through salivary gland 
tissue.2 Amino acids enter acinar cells by active 
transport and the various proteins synthesized 
are stored in storage granules.

In response to various secretory stimuli afferent 
fibers of the salivary reflex arch are activated in 
salivary nuclei located in the medulla oblongata. 
The efferent part of the secretory reflex arch is 
comprised of sympathetic and parasympathetic 
fibers. Acetylcholine and norepinephrine 
interacting with their plasma membrane-
bound receptors, signal transduction via 
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guanine nucleotide-binding regulatory proteins 
(G-proteins), and activate intracellular calcium 
signaling mechanisms.2

Parasympathetic activity in acinar cells promotes 
the active transport of anions into the ductal 
lumen and water follows along the osmotic 
gradient. Sympathetic activity is responsible 
for the release of various proteins synthesized 
by the acinar cells. The initial fluid secreted by 
acinar cells is isotonic. The hydrophobic ductal 
cells absorb Na+ and Cl- ions from the isotonic 
primary saliva, secrete K+ and HCO3-, contribute 
various proteins, and render the final saliva 
entering the oral cavity hypotonic.2

A number of hormones also influence salivary 
gland function by acting directly on the 
acinar and ductal components of salivary 
glands. Antidiuretic hormone increases water 
resorption from the ductal system, which 
manifests as reduced resting salivary flow and 
increased viscosity of saliva. The effects of 
female reproductive hormones are reflected 
in increased resting salivary flow during 
pregnancy and reduced resting salivation 
during menopause. Testosterone is known to 
increase resting salivary flow.

Saliva is composed mostly of water (≈99% of 
the volume of whole saliva), which serves as 
a solvent for its many organic and inorganic 
components.3-7 Two defining constituents of 
saliva are amylase and mucin.8-10 The parotids 
secrete predominantly amylase-rich serous 
saliva; the sublingual and minor salivary glands 
secrete predominantly mucin-rich mucous 
saliva; and the submandibular glands secrete 
mixed seromucous saliva. Minor salivary glands 
produce up to 70% of the mucin.

Healthy people secrete about 1.5L of saliva per 
day.3 The volume of resting or unstimulated 
saliva in the oral cavity at any given time is 
about 1 mL; submandibular glands contribute 
most (60%), followed by the parotids (20%), 
minor salivary glands (15%), and sublingual 
glands (5%).11 Stimulated saliva is produced 
primarily by the parotids in response to 
smell, taste, tactile (tongue, oral mucosa) and 
proprioceptive activity (via masticatory muscles 
and periodontal ligaments).11-14

A person is considered to have reduced salivary 
flow (hyposalivation) if the unstimulated salivary 
flow rate measured for 5 to 15 minutes is ≤0.1 
mL/min; or if the stimulated salivary flow rate 
measured for 5 minutes is ≤0.5 mL/min.3 If the 
unstimulated salivary flow rate measured for 5 
to 15 minutes is ≥1 mL/min or if the stimulated 
salivary flow rate measured for 5 minutes is 
≥3.5 mL/min, the person is considered to have 
increased salivary flow (hypersalivation).3

Salivary Components and Their Functions
Saliva provides a physical barrier against local 
irritants; lubricates and cleans oral tissues; 
promotes mucosal repair; maintains a stable 
intraoral pH and electrolyte balance; and 
prevents demineralization and contributes to 
remineralization of dental hard tissues.15,16 Saliva 
contains antibacterial, antiviral, and antifungal 
components, which help to maintain the normal 
oral flora.17 Saliva facilitates mastication, the 
formation of a bolus, swallowing, initiates 
food processing, and affects taste. Saliva has a 
salutary effect on speech.11 Collectively, these 
functions can be categorized as protective or 
food- and speech-related; in addition, saliva is an 
ideal body fluid for the diagnosis of a number of 
local and systemic conditions.1,18-20

Protective Functions
Mucin is a glycoprotein that interacts with 
water. This complex is essential for the 
hydration of the oral mucosa, for the lubrication 
of oral tissues, and to protect mucosal surfaces 
from trauma associated with normal masticatory 
function. Reduced water results in a relative 
increase in the concentration of mucin, making 
the saliva more viscous and sticky. Proline-rich 
glycoproteins promote the lubrication of oral 
tissues and sulpho-mucin assists in clearing 
bacteria from the oral cavity by binding to and 
aggregating microorganisms.

Amylase inhibits the growth of certain bacterial 
species. Lysozymes break down peptidoglycan 
in the cell wall of some Gram-positive bacteria, 
e.g., S. mutans. Lactoferrin binds ferric iron and 
inhibits bacteria requiring iron for their survival, 
e.g., S mutans; and appears to be associated 
with antifungal, antiviral, antiinflammatory, and 
immunomodulatory activity. Lactoperoxidases 
catalyze the oxidation of salivary thiocyanite by 
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Saliva plays a pivotal role in maintaining the 
integrity of enamel. While saliva contains many 
inorganic ions (e.g., calcium, phosphates, 
fluoride, magnesium, sodium, potassium, and 
chloride), several salivary components promote 
supersaturation of saliva with calcium ions 
and phosphate ions. High concentrations of 
calcium and phosphates promote post-eruptive 
maturation of enamel and remineralization of 
carious teeth before cavitation occurs. Another 
critical factor to stabilize enamel hydroxyapatite 
is fluoride.

Statherin, a phospho-protein with strong 
affinity for both calcium and enamel, inhibits 
the precipitation of and crystal growth of 
calcium phosphate. Similarly, proline-rich 
glycoproteins bind to calcium phosphate 
crystals and prevent their growth. Together, 
statherin and proline-rich glycoproteins prevent 
the formation of calculus. In addition, proline-
rich glycoproteins are a key component of the 
pellicle, bind strongly to enamel, and by binding 
a considerable portion of the total salivary 
calcium help maintain an optimal calcium-
phosphate ionic ratio.

Food and Speech Related Functions
Mucin and water facilitate mastication, the 
formation of bolus, and swallowing. Amylase 
facilitates the breakdown of starch and glycogen 
into smaller components (e.g., dextrin, maltose). 
By breaking down complex carbohydrates, 
which may adhere to teeth; amylase also serves 
a limited protective role. Lipases secreted by 
the von Ebner’s glands of the tongue enter 
globules of fat and promote their breakdown. 
Other enzymes involved with the process of 
intermediary metabolism include ribonucleases 
and proteases.

As discussed earlier, the hydrophobic ductal 
cells absorb Na+ and Cl- ions from isotonic 
primary saliva, secrete K+ and HCO3-, contribute 
various proteins, and render the final saliva 
entering the oral cavity hypotonic.2 The 
hypotonicity of saliva and its capacity to dissolve 
various substances allows the taste buds to 
perceive flavors. A salivary protein, gustin, 
appears to be necessary for the growth and 
maturation of taste buds. Finally, mucin is 

hydrogen peroxide to hypothiocyanite, which 
inactivates bacterial enzymes essential for 
bacterial survival.

Histatins inhibit the growth of C. albicans, 
S. mutans, and P. gingivalis: neutralize 
lipopolysaccharides of the outer plasma 
membrane of Gram-negative bacteria; and 
modulate inflammation by blocking histamine 
release. Secretory immunoglobulin A (IgA) 
aggregates bacteria and, along with proline-rich 
glycoproteins, prevent bacterial adhesion to 
oral tissues. Secretory IgA can also neutralize 
viruses, bacteria, and bacterial toxins.

Another important function of saliva is to 
maintain the health and integrity of oral soft 
tissues. Cystatins inhibit destructive enzymes, 
i.e., cysteine proteases; while epithelial 
growth factor (EGF), transforming growth 
factor-alpha (TGF-α), transforming growth 
factor-beta (TGF-β), fibroblast growth factor 
(FBF), insulin-like growth factors (IGF-I 
and IGF-II), and nerve growth factor (NGF) 
promote wound healing.

Bicarbonate (HCO3-) ions play a major role in 
the salivary buffering system and mastication is 
a powerful stimulus of the secretion of sodium 
bicarbonate into parotid saliva. The resting 
pH of saliva (range 5.3 to 7.8) is lowest during 
sleep and it increases during waking hours. As 
bicarbonate ion concentrations increase, so 
does the pH and buffering capacity of saliva. 
This suppresses the growth of acidophilic 
microorganisms such as S. mutans and C. 
albicans and facilitates remineralization.

Phosphate ions also contribute to the 
buffering capacity of saliva. The mechanism for 
the buffering action of inorganic phosphates 
is due to the ability of secondary inorganic 
phosphate ions (HPO4

2-) to bind to hydrogen 
ions (H2PO4-). This is particularly important 
in the resting salivary buffering system. In 
addition, a minor role is played in the salivary 
buffering system by a number of proteins, 
i.e., macromolecules containing H-binding 
sites; peptides, e.g., sialin; and urea, which is 
metabolized by oral bacteria to ammonia and 
CO resulting in an increase in the pH.
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essential for the hydration and lubrication of 
oral tissues, which facilitate speech.

Saliva as a Diagnostic Fluid
Gland-specific saliva can be used to diagnose 
pathoses specific to one of the major salivary 
glands. Whole saliva may be used to monitor 
drug and hormone levels, and to diagnose 
a number of oral and systemic conditions, 
e.g., hereditary disorders, autoimmune 
diseases, malignancies, and infectious diseases 
(OraQuick Advance® Rapid HIV-1/2 Antibody 
Test, Orasure Diagnostics. Bethlehem, PA). 
A comprehensive review of the advantages, 
disadvantages, and problems associated 
with the use of saliva as a diagnostic fluid is 
presented elsewhere.18,20,21

Salivary diagnostics, using polymerase chain 
reaction (PCR) technology, may also help to 
identify individuals with genetic susceptibility 
to periodontal disease (MyPerioID®, OralDNA® 
Labs, Eden Prairie, MN) and may help to identify 
the type and concentration of specific bacteria 
that are known to cause periodontal disease 
(MyPerioPath®, OralDNA® Labs, Eden Prairie, 
MN).22 Another salivary diagnostic test available 
may help identify the presence and type(s) of 
oral human papilloma virus (OralRisk® HPV, 
OralDNA® Labs, Eden Prairie, MN).23

Clinical Consequences of Hyposalivation
Qualitative and quantitative changes in saliva 
lead to reduced lubrication of the lips and oral 
tissues. The dryness affects taste, swallowing, 
and speech. The oral mucosal tissues become 
atrophic, the tongue fissured. Reduced 
lavage and cleansing of oral tissues promotes 
plaque accumulation and lead to gingivitis, 
periodontitis, and dental caries.24 Reduced 
concentration of growth factors lead to further 
loss of mucosal integrity. Reduced lysozyme, 
secretory leukocyte protease inhibitor, 
secretory IgA, and histatin activity predispose 
to bacterial, viral, and fungal infections.25

Mucositis and secondary infections may 
interfere with the wearing of tissue-borne 
prostheses and lead to further impaired 
chewing and swallowing. Impaired chewing 
and swallowing and/or the loss of taste may 
cause patients to alter their diet increasing the 

risk of dehydration, malnutrition, and weight 
loss. Decreased retention of even well-fitting 
prostheses may lead to the development 
of traumatic ulcers, which may provide 
additional portals to oral microorganisms and 
in susceptible patients such ulcers may lead to 
osteonecrosis.26,27

Decreased salivary immunoglobulin levels lead 
to a highly cariogenic oral microflora (S. mutans, 
lactobacillus and Actinomyces). In addition, the 
lack of saliva promotes the availability of sugars 
and other substrates essential for microbial 
survival. The loss of salivary buffering capacity, 
loss of the insoluble pellicle, and reduced 
concentrations of salivary calcium and phosphate 
ions interfere with normal remineralization 
of teeth and lead to caries on plaque forming 
surfaces, areas of exposed dentin, and on cusp 
tips and incisal edges of teeth.28

Reduced antibacterial and antifungal activity 
associated with hyposalivation also contributes 
to an increased risk of both acute and chronic 
infection by the Candida species, which under 
homeostatic conditions are inhibited by the 
normal bacterial flora and salivary gland 
function.29 Alteration of the normal flora may also 
increase the potential for aspiration pneumonia 
and colonization of the lungs with Gram-negative 
anaerobes from the gingival sulcus.30,31

Identifying the Patient at High-risk of 
Hyposalivation
The diagnosis of salivary gland dysfunction 
is predicated on a comprehensive evaluation 
of the patient. It typically begins by assessing 
the patient’s chief complaint, identification 
of conditions or predisposing factors in the 
patient’s medical and social histories, and a 
physical examination.32,33

Chief Complaint
Document the character, duration, progression, 
and domain, of the patient’s chief complaint 
and its relationship to physiologic function. 
Determine why the patient is seeking care. 
Is it a perceived dryness of oral tissues or 
lack of lubrication when talking, chewing, or 
swallowing? Is it an awareness of mucosal 
irritation or a problem with denture retention? 
Is it a perception of dygeusia, hypogeusia, or 
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ageusia? Is it halitosis? Are the symptoms 
chronic or did they develop acutely?

Medical History
Identify past and present medical conditions, 
document history of adverse drug effects, 
record drugs /medications taken by the patient.32 
Many patients do not recognize nonprescription 
medications as drugs and, therefore, do 
not mention the habitual use of aspirin, 
decongestants, antihistamines, many other 
over-the-counter medications, and the use of 
oral healthcare products. Inquire about dietary 
supplements or special diets the patient may be 
on. Determine if any of the medical conditions 
may contribute to salivary dysfunction.32,33 
Identify drugs that cause hyposalivation.

Social History
The personal habits of the patient, i.e., lifestyle 
may also reveal important clues that may lead 
to the diagnosis of hyposalivation. Inquire about 
patterns of fluid, fermentable carbohydrate, 
acidic food and drink intake; snacking patterns; 
and the use of caffeine. Excessive use of tobacco 
and alcohol, and the use of illicit substances 
may produce symptoms whose significance 
is lost without knowledge of the patient’s 
recreational habits. The patient’s social history 
should also alert the clinician to the presence of 
occupational and cultural factors and provide 
insight into the patient’s emotional state.

Physical Examination
Subjective assessment of salivation may include 
a simple questionnaire requiring a “yes” or “no”  
response to four questions (Box A).34 A visual 
analogue or an ordinal scale based on ranked 
categories, e.g., “I have no – slight – severe –  
annoying feeling of dry mouth,” may also 
provide subjective data.35 Objective evaluation 
begins with an assessment of labial and 
mucosal dryness; a determination of the 
presence or absence of fissuring and/or loss of 
filiform papillae of the tongue; a quantitative 
assessment of salivary flow; biopsy: and clinical 
presence of candidal infections.

Increased caries activity and/or the presence 
of dental erosions and associated dentinal 
hypersensitivity may reflect persistent dry 
mouth. Further objective data may be obtained 
from visual assessment of mandibular labial 

gland secretion, of salivary flow associated with 
the palpation of the major salivary glands, and 
the presence or absence of pooling of saliva 
on the floor of the mouth. Finally, determining 
the volume of resting and stimulated saliva 
produced over time provides quantitative data 
of salivary function.36

Preventive and Therapeutic Strategies
When natural defense mechanisms are no longer 
able to prevent disease, it is the responsibility 
of healthcare providers to determine the 
nature of the problem (diagnosis and etiology); 
evaluate the patient’s needs; and develop and 
implement appropriate preventive, palliative, 
and, when possible, therapeutic strategies to 
improve health. It is axiomatic, that an important 
element of the success of the clinical process 
is the oral healthcare provider’s awareness of 
the availability, advantages, and limitations of 
diagnostic, palliative, and therapeutic adjuncts.32

Increase Patient Awareness
Patients should receive detailed information 
about the causes and effects of hyposalivation. 
Patient education should emphasize the 
importance of oral hygiene (i.e., regular brushing 
and flossing), regular dental visits, and the use 
of topical fluoride. Patients should be instructed 
to avoid products irritating to oral soft tissues 
such as toothpaste with sodium lauryl sulphate; 
alcohol and tobacco (initiate tobacco-use 
cessation counseling); hot, spicy, and coarse 
foods; fruits and beverages with a high acid 
content; and to eat a soft diet. Patients should 
refrain from wearing removable prostheses 
for extensive periods of time, perform daily 
cleansing of removable prostheses and 
prosthesis-bearing mucosal tissues, and regularly 

Box A. Subjective Assessment of Salivation.
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inspect oral tissues for evidence of candidal 
infection. Provide patients with links to available 
online educational resources (Box B).

Increase Hydration/Lubrication of Oral Tissues
Patients with residual salivary gland function 
may benefit from using simple dietary measures 
such as eating carrots or celery, by chewing 
sugarless gums, and the use sialagogues. 
Pilocarpine hydrochloride (Salagen®), 5 mg, 
four times daily, or cevimeline hydrochloride 
(Evoxac®), 30 mg, four times daily are 
recommended initial dosing regimens.32 
Common dose-dependent side effects include 
sweating, nausea, rhinitis, flushing, and 
increased urinary frequency. Pilocarpine and 
cevimeline are contraindicated in patients with 
uncontrolled asthma or narrow angle glaucoma 
and should be used with caution in patients 
with significant cardiovascular disease.

Patients without functioning salivary glands 
may benefit from frequently rinsing with saline, 
a sodium bicarbonate solution, or a 0.5% 
aqueous solution of sodium carboxymethyl 
cellulose (formulated by the local pharmacist). 
A variety of over-the-counter saliva substitutes, 
moisturizers, and mouthwashes are also 
available (Box C). However, there is no strong 
evidence that any of these products are 
effective in predictably relieving the symptoms 
of dry mouth. Furthermore, patient acceptance 
is depends on taste, duration of perceived 
lubrication, delivery system, and cost.

One of these over-the-counter products, 
Biotène®, is available in toothpaste, mouthwash, 

moisturizing gel, and gum formulations 
(Figure 1). The active ingredient in the 
toothpaste is sodium monophosphate; all 
product formulations contain the enzymes 
glucose oxidase, lactoferrin, lysozyme, and 
lactoperoxidase; plaque biofilm (PBF) products 
also contain mutanase and dextranase. Patients 
may benefit from using Biotène® products; 
however, by themselves they do not appear to 
significantly reduce S. mutans counts, which is a 
reliable indicator of dental plaque formation.37,38

Increase Salivary pH and Buffering Capacity
As discussed earlier, a normal salivary pH 
(normal: 6 to 7, range: 5.3 to 7.8) is imperative 
to maintain a healthy oral environment. 

Box C. Some of the Available OTC Moisturizers 
and Mouthwashes.

Box B. Patient Education Resources.

Figure 1. Biotène Products.
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Consequently, measuring resting and 
stimulated salivary pH is an important element 
of caries risk assessment. Measuring salivary pH 
can also be used to determine the time it takes 
to return to normal pH after an acid challenge 
(Figure 2). This information then provides an 
opportunity to correlate the buffering capacity 
of the patient’s saliva and information obtained 
from the patient’s social history, i.e., their 
pattern of consumption of beverages with a 
pH < 5 such as most soft drinks, citrus juices, 
coffee, wine, energy drinks, and sports drinks.

Bicarbonate (HCO3-) ions play a major role in the 
salivary buffering system. Since mastication is 
a powerful stimulus of the secretion of sodium 
bicarbonate into parotid saliva, patients with 
residual salivary gland function may benefit 
from chewing sugar-free gum (e.g., Biotène Dry 
Mouth Gum, Trident with Xylitol Gum, or Trident 
XtraCare with Recaldent).32 Patients without 
residual salivary gland function can increase 
their salivary pH and their salivary buffering 
capacity by frequently rinsing with a sodium 
bicarbonate solution. In particular, patients 
should rinse vigorously after the intake of acidic 
foods and drinks.

Promote Remineralization
It is well established that the daily use of an 
over-the-counter fluoride dentifrice effectively 
reduces caries. It has also been demonstrated 
that adding calcium, phosphate, and fluoride to 
soft drinks decreased their cariogenic effects.39 
Clearly, patients with hyposalivation, and those 
consuming acidic beverages, would benefit 
from dietary counseling and the routine use 
of products that prevent demineralization and 
promote remineralization.

Xylitol, a nonfermentable five-carbon sugar 
alcohol that interacts with Ca2+, facilitates 
the transport of calcium across biological 
membranes, and promotes the remineralization 
of enamel. Furthermore, as a nonfermentable 
five carbon sugar alcohol, xylitol cannot be 
used as an energy source by bacteria (e.g., 
S. mutans). Reduced bacterial counts and 
increased bioavailability of calcium ions promote 
remineralization and marginally reduce caries 
activity.32,40 Xylitol is available in breath mint, 
candy, and granulated formulations (Figure 3). 
For optimal effect, the recommended rate of 

application is 2 to 3 times a day after meals, i.e., 
5 to 8 grams of xylitol per day.32

Recaldent™ (a casein phosphopeptide 
-amorphous calcium phosphate or CPP-ACP) 
is a milk-derived product that promotes 
the remineralization of teeth. It is available 
in a sugar-free gum (Trident XtraCare with 
Recaldent), toothpaste, and cream formulations 
(Figure 4). The products have the ability to 
stabilize calcium, phosphate, and fluoride 
ions as water-based amorphous complexes; 
increase their bioavailability; and promote the 
remineralization of enamel.41 Remineralization 

Figure 3. Xylitol Products.

Figure 2. Saliva-check Buffer System.
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appears to increase with usage, suggesting dose 
dependency.

It must be emphasized that saliva substitutes, 
sialagogues, and the use of other products 
(including the regular use of over-the-
counter fluoride dentifrices) mentioned 
do not constitute a total chemical solution 
to the problem of demineralization and 
remineralization.42 The daily use of a 
prescription-strength fluoride dentifrices or gels 
contain 1.1 percent neutral sodium fluoride 
or the weekly use of a 0.2 percent neutral 
sodium fluoride mouthrinse combined with 
the application of a 5 percent neutral sodium 
fluoride varnish applied every 6 months is 
recommended for at risk patients of all ages.32

Suppress Cariogenic Microorganisms
Suppression of cariogenic microorganisms 
can be achieved by dietary modification, by 
limiting the intake of fermentable carbohydrate 
(cariogenic foods); by avoiding or limiting the 
intake of acidic foods and drinks; by limiting 
snacks between meals; and by chewing sugar-
free gum. The bioburden of harmful bacteria can 
further be reduced by the addition of beneficial 
bacteria to the oral flora.41 Probiotics (Figure 
5) available in oral formulations, typically as a 
lozenge, appear to be useful in the control of 
cariogenic and periopathogenic bacteria.43

Suppress Candidiasis
Confirmation of clinical impression of 
candidiasis can be obtained by exfoliative 
cytology. Using a sterile instrument or a tongue 
blade, the suspected area is scrapped and 
the harvested material is spread on a glass 
slide. The application of a few drops of 10% 
potassium hydroxide (KOH - formulated by 
your local pharmacist) to the fresh cytological 
smear will allow for immediate microscopic 
examination of the preparation (Figure 6). 
Topical antifungal agents such as nystatin 
oral lozenges and clotrimazole troches may 
be prescribed. Systemic fluconazole may be a 
better alternative.32

Conclusion
Saliva provides for the hydration, lubrication, 
and cleansing of oral tissues. It has antimicrobial 
functions. It promotes tissue repair. It maintains 

a normal oral pH, prevents demineralization, 
and enhances remineralization. It plays a 
critical role in intermediary metabolism, bolus 
formation, and swallowing. It has a salutary 
effect on taste and speech. These functions of 
saliva and its great potential as a diagnostic fluid 
mandates that oral healthcare providers have 
an understanding of the many roles saliva plays 
in health and disease.

Figure 6. A fresh 10% KOH cytological smear showing 
the presence of pathogenic candidal hyphae.

Figure 5. Probiotics.

Figure 4. Calcium Phosphate Products.
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Course Test Preview
To receive Continuing Education credit for this course, you must complete the online test.  Please  
go to: www.dentalcare.com/en-us/professional-education/ce-courses/ce414/start-test

1. Which of the following are components of whole saliva?
a. Gingival crevicular fluid.
b. Blood and blood derivatives.
c. Food debris, and toothpaste and mouthwash components.
d. All of the above.

2. Which of the following statements related to the acinar region of salivary glands is 
correct?
a. The water-permeable acinar region is where the fluid portion of gland-specific saliva is 

generated.
b. Amino acids enter acinar cells by active transport and the various proteins synthesized are 

stored in storage granules.
c. The fluid portion of gland-specific saliva is generated as a filtrate of plasma.
d. All of the above.

3. Which of the following statements related to salivary gland function is correct?
a. Sympathetic activity is responsible for the release of various proteins from acinar cells.
b. Parasympathetic activity in acinar cells promotes the active transport of anions into the 

ductal lumen and water follows along the osmotic gradient.
c. Female reproductive hormones increase resting salivary flow.
d. All of the above.

4. Whole saliva is composed mostly (approximately 99%) of _______________.
a. amylase
b. blood and blood derivatives
c. water
d. mucin

5. The average volume of resting (unstimulated) saliva present in the oral cavity at any 
given time is ____________.
a. about 1.5 L
b. about 1 mL
c. ≤0.1 mL
d. ≥1 mL

6. All of the following functional component of saliva may be categorized as serving a 
protective function related to hydration, lubrication, and cleansing EXCEPT which one?
a. Amylase
b. Proline-rich glycoproteins
c. Mucin
d. Sulpho-mucin

7. All of the following functional component of saliva may be categorized as serving a 
protective function related to antimicrobial activity EXCEPT which one?
a. Cystatins
b. Lactoferrin
c. Lysozyme
d. Histatins

http://www.dentalcare.com/en-us/professional-education/ce-courses/ce414/start-test
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8. Which of the following functional component of saliva may be categorized as serving a 
protective function related to the stimulated salivary buffering system?
a. Statherin
b. Phosphate ions
c. Bicarbonate ions
d. Proline-rich proteins

9. Which of the following functional component of saliva may be categorized as serving a 
food- and speech-related function associated with mastication, the formation of bolus, 
swallowing, and speech?
a. Mucin
b. Amylase
c. Gustin
d. Lipase

10. Salivary diagnostics, using polymerase chain reaction (PCR) technology, may help identify 
_______________.
a. individuals with genetic susceptibility to periodontal disease
b. the type and concentration of periopathogenic bacteria
c. the presence and type(s) of oral human papilloma virus
d. All of the above.

11. All of the following are clinical consequence of hyposalivation EXCEPT which one?
a. Reduced lubrication of the lips and intraoral tissues.
b. Loss of mucosal integrity.
c. Increased salivary buffering capacity.
d. Increased risk of candidiasis.

12. Objective evaluation of salivary function may include all of the following activities 
EXCEPT which one?
a. A simple questionnaire requiring a “yes” or “no” answer.
b. An assessment of labial and mucosal dryness.
c. Visual assessment of mandibular labial gland secretion.
d. Determining the volume of resting and stimulated saliva produced.

13. Which of the following therapeutic strategies are helpful in the management of patients 
with residual salivary gland function?
a. Simple dietary measures such as eating carrots or celery.
b. Chewing sugarless gum.
c. Daily use of a sialagogue.
d. All of the above.

14. All of the following palliative strategies are helpful in the management of patients with 
no residual salivary gland function EXCEPT which one?
a. Using sialagogues.
b. Frequent rinsing with a sodium bicarbonate solution.
c. Lubricating oral tissues with a 0.5% sodium carboxymethyl cellulose.
d. Frequent use of OTC saliva substitutes.
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15. All of the following statements are correct relative to Biotene products EXCEPT which one?
a. The active ingredient in the toothpaste formulation is sodium monophosphate.
b. All formulations contain the enzymes glucose oxidase, lactoferrin, lysozyme, and 

lactoperoxidase.
c. As sole therapeutic agents, Biotene products appear to significantly reduce the S. mutans 

bioburden.
d. Plaque biofilm (PBF) products also contain the enzymes mutanase and dextranase.

16. Which of the following statements are correct with respect to evaluating salivary pH 
and buffering capacity?
a. Measuring both resting and stimulated salivary pH is an important element of caries risk 

assessment.
b. Measuring salivary pH can be used to determine the time it takes to return to normal pH 

after an acid challenge.
c. In patients with residual salivary gland function, mastication is a powerful stimulus to 

increase salivary buffering capacity.
d. All of the above.

17. All of the following statements are correct relative to Xylitol products EXCEPT which 
one? Xylitol _______________.
a. facilitates the transport of calcium across biological membranes
b. promotes the remineralization of enamel
c. can be used by bacteria as a source of energy
d. dose should be about 5 to 8 grams/day, in 2 to 3 doses in order for it to be beneficial

18. Which of the following statements are correct relative to Recaldent™ products? 
Recaldent™ _______________.
a. is a milk-derived product
b. stabilizes calcium, phosphate, and fluoride
c. promotes the remineralization of teeth
d. All of the above.

19. Which of the following statements is correct with respect to total chemical solution to 
the problem of demineralization and remineralization in high risk patients?
a. Saliva substitutes, sialagogues, and the use of other products (including the regular use 

of over-the-counter fluoride dentifrices) mentioned in this course do not constitute a total 
chemical solution to the problem of demineralization and remineralization.

b. The daily use of a prescription-strength fluoride dentifrices or gels containing 1.1 percent 
neutral sodium fluoride is recommended for at risk patients of all ages.

c. The weekly use of a 0.2 percent neutral sodium fluoride mouthrinse  combined with 
the application of a 5 percent neutral sodium fluoride varnish applied every 6 months is 
recommended for at risk patients of all ages.

d. All of the above.

20. Which of the following strategies are helpful to suppress the cariogenic bacterial flora 
and candidiasis?
a. Limiting the intake of fermentable carbohydrates, avoiding or limiting the intake of acidic foods 

and drinks, and chewing sugar-free gums (patients with residual salivary gland function).
b. Reducing the bioburden of harmful bacteria by the addition of beneficial bacteria to the oral 

flora via Probiotics.
c. The administration of an antifungal agent in the presence of confirmed candidal infection.
d. All of the above.



13

Crest® + Oral-B®
 at dentalcare.com | The trusted resource for dental professionals

References
1. Saliva: its role in health and disease. Working Group 10 of the Commission on Oral Health, 

Research and Epidemiology (CORE). Int Dent J. 1992 Aug;42(4 Suppl 2):287-304.
2. Baum BJ. Principles of saliva secretion. Ann N Y Acad Sci. 1993 Sep 20;694:17-23.
3. Chiappin S, Antonelli G, Gatti R, et al. Saliva specimen: a new laboratory tool for diagnostic and 

basic investigation. Clin Chim Acta. 2007 Aug;383(1-2):30-40.
4. Dawes C. Salivary flow patterns and the health of hard and soft oral tissues. J Am Dent Assoc. 

2008 May;139 Suppl:18S-24S.
5. Gardner MS, Rowland MD, Siu AY, et al. Comprehensive defensin assay for saliva. Anal Chem. 

2009 Jan 15;81(2):557-566.
6. Eliasson L, Birkhed D, Osterberg T, et al. Minor salivary gland secretion rates and 

immunoglobulin A in adults and the elderly. Eur J Oral Sci. 2006 Dec;114(6):494-499.
7. Van Nieuw Amerongen A, Bolscher JG, Veerman EC. Salivary proteins: protective and diagnostic 

value in cariology? Caries Res. 2004 May-Jun;38(3):247-253.
8. Hensten-Pettersen A. Some chemical characteristics of human minor salivary gland secretions. 

Acta Odontol Scand. 1976;34(1):13-22.
9. Ben-Aryeh H, Shalev A, Szargel R, et al. The salivary flow rate and composition of whole and 

parotid resting and stimulated saliva in young and old healthy subjects. Biochem Med Metab 
Biol. 1986 Oct;36(2):260-265.

10. Veerman EC, Valentijn-Benz M, van den Keybus PA, et al. Immunochemical analysis of high 
molecular-weight human salivary mucins (MG1) using monoclonal antibodies. Arch Oral Biol. 
1991;36(12):923-932.

11. Pedersen AM, Bardow A, Jensen SB, et al. Saliva and gastrointestinal functions of taste, 
mastication, swallowing and digestion. Oral Dis. 2002 May;8(3):117-129.

12. Baum BJ. Evaluation of stimulated parotid saliva flow rate in different age groups. J Dent Res. 
1981 Jul;60(7):1292-1296. DOI: 10.1177/00220345810600070101

13. Heft MW, Baum BJ. Unstimulated and stimulated parotid salivary flow rate in individuals of 
different ages. J Dent Res. 1984 Oct;63(10):1182-1185. DOI: 10.1177/00220345840630100101

14. Mese H, Matsuo R. Salivary secretion, taste and hyposalivation. J Oral Rehabil. 2007 Oct;34(10): 
711-723. DOI: 10.1111/j.1365-2842.2007.01794.x

15. Brosky ME. The role of saliva in oral health: strategies for prevention and management of 
xerostomia. J Support Oncol. 2007 May;5(5):215-225.

16. Dowd FJ. Saliva and dental caries. Dent Clin North Am. 1999 Oct;43(4):579-597.
17. Abiko Y, Nishimura M, Kaku T. Defensins in saliva and the salivary glands. Med Electron Microsc. 

2003 Dec;36(4):247-252. DOI: 10.1007/s00795-003-0225-0
18. Kaufman E, Lamster IB. The diagnostic applications of saliva--a review. Crit Rev Oral Biol Med. 

2002;13(2):197-212.
19.de Almeida Pdel V, Grégio AM, Machado MA, et al. Saliva composition and functions: a 

comprehensive review. J Contemp Dent Pract. 2008 Mar 1;9(3):72-80.
20. Pfaffe T, Coopre-White J, Beyerlein P, et al. Diagnostic potential of saliva: current state and 

future applications. Clinical Chemistry 1011;57(5):675-687. DOI: 10.1373/clinchem.2010.153767
21. Miller CS, Foley JD, Bailey AL, et al. Current developments in salivary diagnostics. Biomark Med. 

2010 Feb;4(1):171-189.
22. OralDNA Labs. MyPerioPath. Eden Prairie, MN. Accessed on February 16, 2017.
23. OralDNA Labs. OraRisk® HPV, complete Genotyping. Eden Prairie, MN. Accessed on February 

16, 2017.
24. Scully C, Felix DH. Oral medicine -- update for the dental practitioner: dry mouth and disorders 

of salivation. Br Dent J. 2005 Oct 8;199(7):423-427. DOI: 10.1038/sj.bdj.4812740
25. Herbert AA, Berg JH. Oral mucous membrane diseases of childhood: I. Mucositis and xerostomia. 

II. Recurrent aphthous stomatitis. III. Herpetic stomatitis. Semin Dermatol. 1992 Mar;11(1):80-87.
26. Huber MA, Terezhalmy GT. The head and neck radiation oncology patient. Quintessence Int. 

2003 Oct;34(9):693-717.



14

Crest® + Oral-B®
 at dentalcare.com | The trusted resource for dental professionals

27. Turner M, Jahangiri L, Ship JA. Hyposalivation, xerostomia and the complete denture: a systematic 
review. J Am Dent Assoc. 2008 Feb;139(2):146-150.

28. Mandel ID, Baurmash H. Salivary immunoglobulins in diseases affecting salivary glands. Adv Exp 
Med Biol. 1978;107:839-847.

29. Navazesh M; ADA Council on Scientific Affairs and Division of Science. How can oral health care 
providers determine if patients have dry mouth? J Am Dent Assoc. 2003 May;134(5):613-620.

30. Loesche WJ, Schork A, Terpenning MS, et al. Factors which influence levels of selected organisms 
in saliva of older individuals. J Clin Microbiol. 1995 Oct;33(10):2550-2557.

31. Gibson G, Barrett E. The role of salivary function on oropharyngeal colonization. Spec Care 
Dentist. 1992 Jul-Aug;12(4):153-156.

32. Plemons JM, Al-Hashimi I, Marek C, et al. Managing xerostomia and salivary gland hypofunction. 
A report of the American Dental Association Council on Scientific Affairs. J Am Dent Assoc. 2015 
Feb. Accessed on February 16, 2017.

33. Wilson KF, Meier JD, Ward PD. Salivary gland disorders. Am Fam Physician. 2014 Jun 1;89(11): 
882-888.

34. Fox PC, Busch KA, Baum BJ. Subjective reports of xerostomia and objective measures of salivary 
gland performance. J Am Dent Assoc. 1987 Oct;115(4):581-584.

35. Pai S, Ghezzi EM, Ship JA. Development of a Visual Analogue Scale questionnaire for subjective 
assessment of salivary dysfunction. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2001 Mar; 
91(3):311-316. DOI: 10.1067/moe.2001.111551

36. Navazesh M, Kumar SK; University of Southern California School of Dentistry. Measuring salivary 
flow: challenges and opportunities. J Am Dent Assoc. 2008 May;139 Suppl:35S-40S.

37. Lehane RJ, Murray PA, Deasy MJ. Effect of an enzymatic rinse on salivary levels of Streptococcus 
mutans and lactobacilli in periodontally treated patients. Periodontal Clin Investig. 1997 Fall; 
19(2):17-21.

38. Silva MP, Chibebe Junior J, Jorjão AL, et al. Influence of artificial saliva in biofilm formation of 
Candida albicans in vitro. Braz Oral Res. 2012 Jan-Feb;26(1):24-28.

39. Sardana V, Balappanavar AY, Patil GB, et al. Impact of a modified carbonated beverage on human 
dental plaque and salivary pH: an in vivo study. J Indian Soc Pedod Prev Dent. 2012 Jan-Mar; 
30(1):7-12. DOI: 10.4103/0970-4388.95563

40. Bahador A, Lesan S, Kashi N. Effect of xylitol on cariogenic and beneficial oral streptococci: a 
randomized, double-blind crossover trial. Iran J Microbiol. 2012 Jun;4(2):75-81.

41. Hegde MN, Moany A. Remineralization of enamel subsurface lesions with casein 
phosphopeptide-amorphous calcium phosphate: A quantitative energy dispersive X-ray analysis 
using scanning electron microscopy: An in vitro study. J Conserv Dent. 2012 Jan;15(1):61-67. DOI: 
10.4103/0972-0707.92609

42. Milgrom P, Zero DT, Tanzer JM. An examination of the advances in science and technology of 
prevention of tooth decay in young children since the Surgeon General’s Report on Oral Health. 
Acad Pediatr. 2009 Nov-Dec;9(6):404-409. DOI: 10.1016/j.acap.2009.09.001

43. Koduganti RR, Sandeep N, Guduguntla S, et al. Probiotics and prebiotics in periodontal therapy. 
Indian J Dent Res. 2011 Mar-Apr;22(2):324-330. DOI: 10.4103/0970-9290.84312



15

Crest® + Oral-B®
 at dentalcare.com | The trusted resource for dental professionals

About the Authors

Constance Hillmann, RDH, BS
Constance Hillmann received her Associates in Applied Science – Dental Hygiene 
from Milwaukee Area Technical College and Bachelor of Science degree in 
Biomedical Science from Marquette University. She studied Orofacial Myology 
in Los Angeles, CA and completed her internship in Pacific Palisades, CA. She is 
an Operations Specialist for Affordable Care Incorporated. She has experience 
in dental assisting, dental hygiene, field operations management, and dental 
benefit administration. She has worked not only in general dentistry, but also 

orthodontics, pedodontics, prosthodontics, and periodontics.

Constance is a published author with several articles in print within professional dental journals. 
She has presented countless programs relating to new technologies in dentistry and increasing 
revenue in the practice. Her passion for dentistry and leadership skills continue to grow through 
mentoring and networking with other dental professionals.

Email: constancerdh01@gmail.com

Géza T. Terézhalmy, DDS, MA
Professor and Dean Emeritus, School of Dental Medicine, Case Western Reserve 
University, Cleveland, Ohio; and Consultant, Naval Postgraduate Dental School, 
Walter Reed National Military Medical Center, Bethesda, Maryland.

Dr. Terézhalmy earned a B.S. degree from John Carroll University; a D.D.S. degree 
from Case Western Reserve University; an M.A. in Higher Education and Human 
Development from The George Washington University; and a Certificate in Oral 

Medicine from the National Naval Dental Center.

Dr. Terézhalmy held more than 30 positions in professional societies, served as editor or 
contributing editor for several publications, co-authored or contributed chapters for several books, 
published over 225 papers and abstracts, and accepted invitations to lecture before many local, 
state, national, and international professional societies.

Email: gtt2@case.edu


