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Abstract: Xerostomia, the subjective complaint of dry mouth, and hyposalivation remain a 

significant burden for many individuals. Diagnosis of xerostomia and salivary gland hypofunc-

tion is dependent upon a careful and detailed history and thorough oral examination. There exist 

many options for treatment and symptom management: salivary stimulants, topical agents, 

saliva substitutes, and systemic sialogogues. The aim of this review is to investigate the current 

state of knowledge on management and treatment of patients affected by xerostomia and/or 

hyposalivation.
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Introduction
Xerostomia is defined as the subjective complaint of dry mouth.1 Interestingly, 

patients complaining of xerostomia frequently do not show any objective sign of 

hyposalivation and their symptoms may be secondary to qualitative and/or quantita-

tive changes in the composition of saliva.2,3 The normal stimulated salivary flow rate 

averages 1.5–2.0 mL/min while the unstimulated salivary flow rate is approximately 

0.3–0.4 mL/min.4,5 A diagnosis of hyposalivation is made when the stimulated salivary 

flow rate is #0.5–0.7 mL/min and the unstimulated salivary flow rate is #0.1 mL/min.5–7 

Xerostomia in patients with objective hyposalivation is diagnosed when the rate of 

saliva flow is less than the rate of fluid absorption across the oral mucosa plus the rate 

of fluid evaporation from the mouth.8

Chronic xerostomia remains a significant burden for many individuals. In particular, 

it may affect speech, chewing, swallowing, denture-wearing, and general well-being.9 

Xerostomia secondary to hyposalivation may also result in rampant dental caries, oral 

fungal infections (eg, candidiasis), taste changes, halitosis, or burning mouth.5,10,11 

The most frequent cause of hyposalivation is the use of certain medications (such as 

anticoagulants, antidepressants, antihypertensives, antiretrovirals, hypoglycemics, 

levothyroxine, multivitamins and supplements, non-steroidal anti-inflammatory drugs, 

and steroid inhalers) (Villa et al, unpublished data, 2014), followed by radiotherapy 

to the head and neck, and Sjögren’s syndrome.12 Other factors include depression, 

anxiety and stress, or malnutrition.13

The prevalence of xerostomia in the population ranges from 5.5% to 46%. Studies 

have shown differences in the prevalence between the sexes and xerostomia appears 

to increase with increasing age. A possible explanation is that older individuals take 

several xerogenic drugs for their chronic conditions and this may lead to an overall 

reduction of the unstimulated salivary flow rate.1,10,12,14–18 Xerostomia remains an unre-

solved common complaint especially among the geriatric population, despite seeking 

medical or dental consultation.19 The aim of this review is to explore the current state 
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of knowledge on management and treatment of patients 

affected by xerostomia and hyposalivation.

Diagnosis of xerostomia and salivary 
gland hypofunction
The diagnosis of xerostomia and salivary gland hypofunc-

tion requires a thorough medical history. Particular attention 

should be given to the reported symptoms, medication use, 

and past medical history.

Patients with salivary gland hypofunction typically com-

plain of dry mouth, difficulty swallowing and/or speaking; 

they hardly tolerate spicy, acidic, and crunchy food and often 

times report taste changes or difficulty wearing dentures.20

Several questionnaires have been proposed to identify 

patients with xerostomia and hyposalivation. Fox et al 

developed a questionnaire on the severity of dry mouth, 

which may predict true hyposalivation (Table 1).21 A positive 

answer to all the questions was associated with low saliva 

flow rates. A few years later, Thomson et al created an 

eleven-item summated rating scale on the severity of chronic 

xerostomia (Xerostomia Inventory).22 Each response was 

scored and summed to give a final score. van der Putten et al 

shortened the Xerostomia Inventory and proposed the Sum-

mated Xerostomia Inventory-Dutch. Only five items were 

included.2 In the questionnaire developed by Sreebny and 

Valdini, the question “does your mouth usually feel dry” was 

found to have had a sensitivity of 93%, a specificity of 68%, 

a negative predictive value of 98%, and a positive predictive 

value of 54% for hyposalivation.23 Eisbruch et al studied the 

grade of xerostomia through a validated scale made of three 

Table 1 Questionnaires to assess dry mouth

Authors Questions/statements Response/scoring

Fox et al21 1)  Does the amount of saliva in your mouth seem to  
be too little, too much, or you do not notice it?

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

Yes/no

Thomson et al22 1) My mouth feels dry
2) I have difficulty in eating dry foods
3) i get up at night to drink
4) My mouth feels dry when eating a meal
5) i sip liquids to aid in swallowing food
6) i suck sweets or cough lollies to relieve dry mouth
7) I have difficulties swallowing certain foods
8) The skin of my face feels dry
9) My eyes feel dry
10) My lips feel dry
11) The inside of my nose feels dry

Never = scoring 1
Hardly ever = scoring 2
Occasionally = scoring 3
Fairly often = scoring 4
very often = scoring 5

van der Putten et al2 1) My mouth feels dry when eating a meal
2) My mouth feels dry
3) I have difficulty in eating dry foods
4) I have difficulties swallowing certain foods
5) My lips feel dry

Never = scoring 1
Occasionally = scoring 2
ever = scoring 3

eisbruch et al24 Subjective grade 1= no disability
Subjective grade 2= dryness requiring additional fluids  
for swallowing
Subjective grade 3= dryness causing dietary alterations 
or interference with sleep, speaking, or other 
activities

Not applicable

Pai et al25 1)  Rate the difficulty you experience in speaking due  
to dryness

2)  Rate the difficulty you experience in swallowing 
due to dryness

3) Rate how much saliva is in your mouth
4) Rate the dryness in your mouth
5) Rate the dryness in your throat
6) Rate the dryness of your lips
7) Rate the dryness of your tongue
8) Rate the level of your thirst

100 mm horizontal scale
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grades (Table 1).24 Finally, Pai et al proposed an eight-item 

visual analogue scale with which patients were asked to score 

their xerostomia.25

One of the major risk factors for xerostomia and hypos-

alivation is the use of certain medications. In addition, 

polypharmacy has been shown to significantly influence 

patients’ saliva flow.10,26 “Xerogenic” medications associ-

ated with a low unstimulated saliva flow are: psycholeptics, 

psychoanaleptics (particularly selective serotonin reuptake 

inhibitors), oral antidiabetics (mainly sulfonylureas), 

respiratory agents, quinine, antihypertensive agents (such 

as thiazides and calcium channel blockers), urinary anti-

spasmodics, glucosamine, non-steroidal anti- inflammatory 

drugs, opioids, ophthalmologicals, and magnesium 

hydroxide.7,27 Clinicians should review the drug history 

carefully in order to identify medications that can reduce 

the saliva flow in patients complaining of xerostomia. 

Finally, a thorough medical history should be obtained in 

order to identify other known causes of xerostomia such 

as Sjögren’s syndrome, radiation treatment of the head 

and neck region, and other systemic diseases (particularly 

hypertension, asthma, diabetes mellitus, hematological 

diseases, thyroid diseases, rheumatic diseases, psychiatric 

diseases, and eating disorders).

A careful oral examination is fundamental to identify 

clinical signs pathognomonic for hyposalivation. Several 

helpful signs have been proposed by Osailan et al: 1) sticking 

of an intraoral mirror to the buccal mucosa or tongue; 

2) frothy saliva; 3) no saliva pooling in floor of mouth; 

4) loss of papillae of the tongue dorsum; 5) altered/smooth 

gingival architecture; 6) glassy appearance to the oral mucosa 

(especially the palate); 7) lobulated/deeply fissured tongue; 

8) cervical caries (more than two teeth); and/or 9) mucosal 

debris on palate (except under dentures).28

Measurement of salivary flow rates
Most of the methods to measure the salivary flow are easy 

to perform and require little time. Salivary flow rates are 

usually measured for at least 5 minutes after an overnight 

fast or 2 hours after a meal.29 Unstimulated whole salivary 

flow rate is assessed with the patient seated in an upright 

position. Patients are asked to constantly drain saliva from 

the lower lip into a graduated container for 15 minutes 

(draining method).30 Leal et al proposed to collect saliva with 

preweighed cotton rolls placed at the orifices of the ducts of 

the major salivary glands and then reweigh them after the 

collection time.14 The saliva can also be collected using a 

graduated absorbent strip placed on the floor of the mouth 

(readings at 1, 2, and 3 minutes).31 Other methods to assess 

the unstimulated whole salivary flow rate include the spitting 

method and the suction method.14,30 Stimulated salivary flow 

rate is measured after the patient has chewed an unflavored 

gum base or paraffin wax (1–2 g) for 1 minute.32 Otherwise, 

saliva production can be stimulated with a solution of 2% 

citric acid placed on the sides of the tongue at intervals of 30 

seconds. The saliva is then collected into a graduated cylinder 

for 5 minutes. Salivary flow (both stimulated and unstimu-

lated) can also be measured selectively from one major 

salivary gland or minor salivary gland. The parotid gland 

secretion is typically collected by using a suction device 

and placing a cup (the Lashley or Carlson–Crittenden cup) 

over the Stensen duct.33 The submandibular gland salivary 

flow rate can be measured by incannulation of the Wharton’s 

duct.34 A similar system to measure the salivary flow rates 

for both the sublingual and submandibular glands has been 

developed by Wolff et al.35 Minor salivary gland salivary flow 

can be measured with micropipette and absorbent filter paper 

(the Periotron® method; ProFlow™ Inc, Amityville, NY, 

USA).36 Flow rates can be calculated in units of μL/min/cm2 

of mucosal area.37

Management and treatment of 
xerostomia
Several treatment strategies for the management of xeros-

tomia have been proposed in the past years and they all 

aim to reduce patients’ symptoms and/or increase salivary 

flow. Easy remedies are proper hydration; increase in 

humidity at night-time; avoidance of irritating dentifrices 

and crunchy/hard foods; and use of sugar-free chewing 

gums/candy.38 Medications include mucosal lubricants, saliva 

substitutes, and saliva stimulants.

Systemic sialogogues
Pilocarpine and cevimeline are two systemic US Food and 

Drug Administration-approved sialogogues for treatment of 

dry mouth. Their effect depends on the presence of functional 

glandular tissue. Oral pilocarpine is a parasympathomi-

metic medication with muscarinic action.39,40 Cevimeline 

is a salivary gland stimulant with a stronger affinity for M3 

muscarinic receptors.41–44 Pilocarpine and cevimeline provide 

a similar benefit in patients with dry mouth.45 Pilocarpine 

is typically administered at a dose of 5 mg three times a 

day for at least 3 months and cevimeline is prescribed at 

a dose of 30 mg three times a day for at least 3 months.46  

Side effects include: excessive sweating, cutaneous vaso-

dilatation, emesis, nausea, diarrhea, persistent hiccup, 
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bronchoconstriction, hypotension, bradycardia, increased 

urinary frequency, and vision problems. Both pilocarpine 

and cevimeline are relatively contraindicated in patients with 

uncontrolled asthma or chronic pulmonary disease and in 

β-adrenergic blocker users, and should be used with caution 

in patients with active gastric ulcers or uncontrolled hyper-

tension. Pilocarpine is also contraindicated in individuals 

with narrow-angle glaucoma and iritis, and should be used 

with caution in individuals with chronic pulmonary disease, 

asthma, or cardiovascular diseases.40

Other sialogogues
Anethole trithione is a cholagogue that has been shown to 

improve oral symptoms and increase the salivary flow in 

patients with xerostomia and hyposalivation.47 More stud-

ies are necessary to prove the efficacy of this medication. 

Patients who were treated with psychotropic drugs (tricyclic 

antidepressants or neuroleptics) and were suffering from 

xerostomia benefited from yohimbine use, an alpha 2 adre-

noceptor antagonist.48

Intraoral topical agents
Intraoral topical agents are among the most common 

recommended treatments for the management of xeros-

tomia. These include chewing gums, saliva stimulants, 

and substitutes. A topical sialogogue spray containing 1% 

malic acid has recently shown its efficacy in managing 

symptoms of xerostomia in patients with antidepressant- or 

antihypertensive-induced dry mouth;49,50 however, this has 

the potential to cause mild enamel erosion. Commercially 

available sugar-free chewing gums and candies can also 

be used to simulate salivary flow.51 In particular, chewing 

gums have been shown to increase saliva secretion and 

decrease oral mucosal friction.52 In addition to chewing 

gum, saliva stimulants and substitutes (eg, gel, mouthwash, 

and toothpaste) provide over-the-counter alternatives 

for salivary gland hypofunction management. Other oral 

sprays, specifically oxygenated glycerol tri-ester, serve 

as an alternative treatment for dry mouth and have been 

proven to be more effective than other commercially avail-

able saliva substitutes.53 Saliva substitutes aim to increase 

viscosity and mimic natural saliva without altering the 

salivary flow.54 These agents contain minerals (eg, fluoride, 

calcium, and phosphate ions), carboxymethylcellulose or 

hydroxyethylcellulose, flavoring agents, and preservatives 

(eg, propyl or methyl paraben).38 Other efficacious remedies 

include mucoadhesive lipid-based bioerodible tablets55 or 

mucin spray, although their efficacy for management of 

xerostomia remains controversial.51,56–59 Mucin-containing 

lozenges provided benefit for the treatment of xerostomia 

when compared to a placebo.60 Other topical agents (tooth-

paste, mouth rinse, mouth spray, and gel) containing olive 

oil, betaine, and xylitol may be effective in improving 

xerostomia secondary to medication use.61 Of note, saliva 

substitute spray containing carboxymethylcellulose,62 

xanthan gum-containing spray,63 or buffered Profylin gel64 

did not seem to improve dry mouth symptoms. Also lemon 

lozenge use in individuals with xerostomia did not show 

any increase in salivary flow when compared to baseline 

paraffin-stimulated mean flow rate and the gum-stimulated 

flow rates.65 Of interest, Regelink et al reported that saliva 

substitutes are not effective in patients with reasonable 

stimulated salivary flow.66

The saliva substitute Saliva Orthana, a mucin-con-

taining oral spray, was tested in a double-blind, single-

phase, placebo-controlled trial for patients complaining of 

xerostomia.59 The results of this study did not show any 

significant improvement when compared to the placebo. 

When oral lubricants are considered, the gel formulation 

appears to be the most efficient and appreciated by patients.67 

Patients taking oral lozenges of anhydrous crystalline malt-

ose showed an increase in saliva production and a decrease 

in perceived symptoms of xerostomia.68 Patients applying 

the anticholinesterase physostigmine on the oral mucosa to 

stimulate salivary production from the minor glands reported 

great benefit, and this could be a valid alternative to systemic 

treatment.69

Changes in medications
Although the evidence available is limited, with patients 

on medications known to induce salivary gland hypofunc-

tion, a treatment alternative includes decreasing the dosage 

of the medications or potentially replacing the medica-

tions with less xerogenic drugs.70 Studies have shown that 

xerostomia became more manageable through medication 

dose reduction and medication replacement.71,72 Any 

change in medication should be discussed with the refer-

ring physician.

Others
Other remedies have been proposed for the management of 

xerostomia. Intraoral electrostimulation has also been tested 

to increase salivary flow.73,74 Furthermore, reports have 

shown that intraoral appliances, such as the saliva stimula-

tion device Saliwell Crown or the electrostimulating device 

GenNarino, have been effective in reducing dry mouth and 
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increasing the production of saliva.75 Acupuncture may be 

a useful adjunct for the stimulation of salivary flow in some 

patients with xerostomia and in patients with irradiation-

induced xerostomia. However, additional larger studies are 

necessary to confirm these findings.76,77

Finally, patients who undergo radiation of the head and neck 

region may benefit from the use of intensity-modified radiation 

therapy and/or of amifostine (cytoprotective agent).78

Conclusion
Xerostomia and hyposalivation remain a debilitating con-

dition for many individuals. This review summarizes the 

diagnostic and therapeutic approaches to manage xerostomia 

and hyposalivation. Clinicians with a patient complaining of 

xerostomia have the opportunity to identify patients with true 

salivary gland hypofunction with effective diagnostic criteria 

and functional tests, and therefore prevent secondary effects. 

Although no standard treatment guidelines are available, 

many treatment options exist for the management of xeros-

tomia and hyposalivation: topical agents to alleviate and/or 

prevent xerostomia, systemic therapy, or newer devices. 

While systemic agents such as pilocarpine or cevimeline 

have been largely studied, new medical devices require large 

well-designed clinical trials.
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The authors report no conflicts of interest in this work.
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