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in older adults.

INTRODUCTION

Life expectancy and the aging population are increasing
globally. According to Statistics Korea, the number of indi-
viduals aged 65 years or older is expected to reach 9.9 mil-
lion by 2024, accounting for 19.2% of the total population
[1].

Older individuals become more susceptible to various
chronic conditions with increasing age. The prevalence of
dry mouth increases with age and is reported to affect one
in four older adults [2,3]. Dry mouth negatively affects the
oral health-related quality of life [4,5] and leads to prob-
lems such as dental caries, periodontal disease, fungal in-
fections, halitosis, dysgeusia, impaired chewing and swal-
lowing, and difficulty tolerating dentures [6]. Dental caries
and periodontal disease are the most common oral health
problems in older adults, and managing these issues is criti-
cal to maintaining adequate oral function and the overall

quality of life in older adults.

Dry mouth is common among older adults and significantly affects the oral health-relat-
ed quality of life. It is a significant risk factor for dental caries, particularly root caries, in
older adults due to concurrent periodontal disease and age-related comorbidities. Clini-
cians managing patients with dry mouth must be aware of preventive measures against
dental caries. This clinical review aims to update our knowledge on the use of fluoride for
caries prevention in order to establish better strategies for the management of dry mouth
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Oral medicine professionals are experts in managing dry
mouth and associated oral conditions, such as oral candi-
diasis and burning mouth syndrome. However, dental caries
prevention is often overlooked in clinical practice. Regular
visits, professionally applied fluoride, home-use fluo-
ride products, and dietary advice are the primary defense
against the disease. The use of topical fluorides in patients
with salivary gland hypofunction (SGH) is crucial for pre-
venting dental caries.

This clinical review aims to update our knowledge on the
use of fluoride to prevent dental caries and to provide better

strategies for the management of dry mouth in older adults.

CAUSES AND DIAGNOSIS OF DRY MOUTH

Dry mouth presents as xerostomia, a subjective sensation
of oral dryness, or SGH, defined as an objective reduction
in salivary flow. Xerostomia is diagnosed by questioning

individuals about their dry mouth symptoms, while SGH
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can be determined through objective measures of saliva
production [7]. The causes of dry mouth encompass com-
monly prescribed medications, radiation therapy, oncolog-
ic chemotherapy, malnutrition, psychological factors, and
systemic diseases such as Sjogren’s syndrome, sarcoidosis,
graft-versus-host disease, diabetes mellitus, hepatitis C vi-
rus infection, human immunodeficiency virus infection,
and thyroid disease [6]. Medication-induced dry mouth is
the most prevalent type, with a greater risk linked to several
medications, resulting in increased anticholinergic burden
[7]. Medication-induced xerostomia and SGH are increas-
ingly prevalent oral health concerns in older and geriatric
patients due to the high prevalence of medication intake
and polypharmacy in this age group [8].

The evaluation of dry mouth necessitates a compre-
hensive past and present medical history, oral examina-
tion, and salivary function assessment. A positive response
to questions about using liquids to aid in swallowing dry
food, feeling dryness while eating, or experiencing difficul-
ties swallowing food has been linked to SGH, even in those
without xerostomia [9]. Clinicians should inspect and pal-
pate the major salivary glands during oral and extra-oral
examinations for tenderness, swelling, or lumps.

Measurement of the salivary flow rate is essential for the
diagnosis of xerostomia. Unstimulated whole salivary rates
below <0.1 mL/min and stimulated whole salivary rates be-
low <0.5-0.7 mL/min are considered abnormally low and
indicate marked SGH; unstimulated whole salivary rate is
the most valuable indicator [10]. Laboratory studies are rec-
ommended when systemic disease-related dry mouth is sus-
pected. Minor salivary gland biopsy is a useful diagnostic
tool for identifying pathological changes associated with
SGH.

DRY MOUTH AND DENTAL CARIES IN OLDER
ADULTS

Persistent dry mouth can cause rapid tooth loss due to an
increased risk of dental caries and erosion [7]. Reduced sali-
vary flow and buffering capacity can lead to plaque reten-
tion and acidic pH, thereby increasing the risk of dental car-
ies. Studies have revealed that individuals with dry mouths

show significantly higher mean numbers of decayed,

missing, and filled permanent teeth [11,12]. Among young-
er adults, anticholinergic exposure and medication-induced
xerostomia have been linked to dental caries [13].
Additional factors contributing to the susceptibility to
dental caries among older adults include attachment loss,
dry mouth, dental restorations, polypharmacy, frailty, func-
tional disability, and cognitive impairment [14,15]. The
continued use of medications that cause dry mouth can
escalate the risk of tooth loss in this population [16]. A
study conducted in Oslo reported irregular dental visits and
SGH as the most significant risk factors for dental caries in
65-year-olds [17]. Dental caries caused by dry mouth often
appears in atypical locations, such as the incisal surfaces of
anterior teeth, cusp tips, and root surfaces. Surveys suggest
that older adults have a much higher rate of root surface
caries compared to other adult age groups [18]. The preva-
lence of root caries is increased in the older population due
to notable predisposing factors, such as periodontal status

and comorbidities related to aging [15].

FLUORIDE

Fluoride, an inorganic monatomic anion of fluorine, was
serendipitously discovered to effectively prevent dental car-
ies in the early 1900s. Numerous residents in Colorado,
USA, experienced brown spots on their teeth. After con-
ducting an epidemiological investigation, it was revealed
that the drinking water in the region contained an excessive
concentration of fluoride, resulting in a significantly re-
duced incidence of dental caries [19]. Thus, higher fluoride
levels correlate with a lower incidence of dental caries [19].

The caries-preventive effects of fluoride are mainly exert-
ed when applied topically because it restrains the deminer-
alization of enamel crystals within the tooth, supports rem-
ineralization on the tooth surface, and hinders bacterial me-
tabolism [20]. After application, fluoride may combine with
hydroxyapatite within the tooth structure to create fluorap-
atite or form calcium fluoride deposits in the dental plaque.
Fluorapatite reinforces the tooth structure and increases the
resistance to bacterial acids. Calcium fluoride dissociates
slowly in the presence of these acids, and the constant sup-
ply of low fluoride levels in saliva and the dental biofilm is

most beneficial in preventing dental caries [20].
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Many studies have been published showing that appli-
cations of fluoride are effective in preventing dental caries
[21-33]. Most studies have demonstrated the effectiveness
of fluoride in preventing dental caries in children and ado-
lescents [22-29], with relatively fewer studies in older popu-
lations [30-33]. Evidence of the effectiveness of fluoride in
preventing dental caries has led to the implementation of
oral health policies using fluoride throughout the world [34].

There are various methods of applying fluorides, such as
community water fluoridation, fluoride tablets, fluoride salt,
fluoride milk for consumption, fluoride toothpaste, and flu-
oride mouth rinse solution for self-application; profession-
ally applied topical methods, such as fluoride varnish and

fluoride gel, are also available [21].

1. Water Fluoridation

Water fluoridation is a cost-effective public health in-
tervention that significantly reduces the severity and oc-
currence of dental caries [23]. It is the only oral health im-
provement intervention that does not require individual
behavior change, irrespective of age or sex. The optimal
fluoride concentration in water for caries prevention is 1
mg per liter or 1 ppm. Community water fluoridation began
in the USA in 1945 [19] and commenced in South Korea in
1981 at a concentration of 0.7-0.8 ppm. Nevertheless, a lack
of public consent led to the discontinuation of water fluori-

dation across South Korea in 2018.

2. Fluoride Toothpaste

Fluoride toothpaste is the most commonly used system
to deliver fluoride, and the World Dental Federation rec-
ommends using toothpaste with fluoride concentrations
ranging between 1,000 and 1,500 ppm twice daily [35].
Substantial evidence indicates that toothpastes with >1,000
ppm fluoride can prevent dental caries in primary and per-
manent teeth [24]. Studies have demonstrated that tooth-
pastes with 1,500 ppm fluoride are more efficient in pre-
venting dental caries than those with 1,000 ppm fluoride
[36,37].

It is advised to brush the teeth twice a day and rinse the
mouth with minimal use of water after spitting out the flu-
oride toothpaste. Patients should rinse before brushing their
teeth and brush before going to bed. The effectiveness of
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fluoride toothpaste depends on its fluoride concentration,
not on the amount used [21]. Thus, it is recommended to

use only a pea-sized amount of toothpaste for brushing [38].

3. Fluoride Varnish

Fluoride varnish is a potent choice for topical fluoride
application because it adheres to the enamel surface for
prolonged periods and acts as a fluoride reservoir [25].
Evidence suggests that biannual applications significantly
decrease dental caries by 37% in primary teeth and 43%
in permanent teeth among children and adolescents [26].
While many studies have focused on children and adoles-
cents, it is equally important to consider the use of fluoride
varnish in high-risk adults, specifically older individuals
and those with dry mouth [31,39,40]. Research has shown
that fluoride varnish can potentially prevent and reverse
root caries, particularly noncavitated lesions in patients
with xerostomia [40].

It is recommended that individuals at high-risk receive a
2.26% fluoride varnish treatment every 3-6 months. After
application, they should refrain from eating for 2-4 hours
and stick to a soft diet. It is advised to avoid hot foods, so-
das, toothbrushing, dental floss, or any alcohol-containing

solutions for 4-24 hours.

4. Fluoride Gel

The application of acidulated phosphate fluoride (APF)
gel with a fluoride concentration of 1.23% considerably de-
creased the occurrence of dental caries in both primary and
permanent teeth [27]. Nonetheless, the gel’s popularity has
waned due to the ease of fluoride varnish application.

Gels are applied using a gel tray for about four minutes.
The frequency of application can be up to four times annu-
ally, depending on the individual’s risk level. When admin-
istering the fluoride gel, it is imperative to ensure that the
patient does not swallow it. Clinicians instruct the patient
to sit in an upright position, apply the gel to one arch at a
time, use suction throughout the procedure, and ask the pa-

tient to spit out any remaining gel when finished.

5. Fluoride Mouthrinse
Commercially available mouth rinses for daily use gener-
ally contain 100-500 ppm fluoride. A fluoride mouth rinse
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with 900 ppm fluoride is employed in weekly programs for
children in schools or institutionalized older adults with a
high prevalence of caries. According to a Cochrane review,
regular use of a fluoride mouth rinse under supervision in
children and adolescents reduced caries increment in per-
manent teeth [28].

Several public health clinics in South Korea run a pro-
gram for mouth rinsing with a fluoride solution. The fluo-
ride solution contains 0.05% sodium fluoride (NaF) (225
ppm fluoride) for once-daily use and 0.2% NaF (900 ppm
fluoride) for once-weekly use. It is recommended not to use
a fluoride mouth rinse and toothpaste at the same time; us-
ing the mouth rinse at a different time will help maintain

the intraoral fluoride levels [21].

6. Silver Diamine Fluoride (SDF)

SDF has been used as a therapeutic agent to arrest cavi-
tated carious lesions, particularly in areas with limited ac-
cessibility to dental care [29]. An investigation revealed that
SDF proves efficient in arresting root caries in older adults
[32]. Systematic reviews have demonstrated that the an-
nual application of a 38% SDF solution and oral hygiene
education are most effective for preventing root caries
[33]. However, SDF has an aesthetic issue because it causes
black stains on the carious lesions and the adjacent gingiva.
Recently, new products have been introduced to overcome
this disadvantage [41].

RECOMMENDATIONS FOR PREVENTING
DENTAL CARIES IN OLDER ADULTS WITH
DRY MOUTH

The clinically recommended methods for applying topical
fluoride to prevent dental caries in high-risk individuals in-
clude the application of a 2.26% fluoride varnish or a 1.23%
APF gel; alternatively, the use of a home-use 0.5% fluoride
gel or paste, or a 0.09% fluoride mouth rinse has been ad-
vised by the American Dental Association [42]. A system-
atic review demonstrated the effectiveness of a 2.26% fluo-
ride varnish, 38% SDF solution, and 1.23% APF gel among
professionally applied fluoride methods in preventing root
caries in older adults, with no single method proving supe-
riority [32]. In clinical settings, the selected method depends

on the ease of application and the patient’s preference.

Counseling for older adults with dry mouth should priori-
tize the elimination of foods with high levels of simple sug-
ars and discourage the use of medications containing sugar.
Regular dental visits are recommended, and dental caries
prevention should be emphasized based on current research.
Fluoride can be applied using the following methods:

A fluoride toothpaste with a fluoride concentration of ap-
proximately 1,500 (1,350-1,450) ppm.

Rinse daily with a 0.05% NaF (225 ppm fluoride) solution
once a day at home.

Biannual application of a 2.26% fluoride varnish with a

frequency adjustment based on the individual’s risk.

CONCLUSION

It is crucial to preserve the oral health over longer pe-
riods, particularly considering the increase in the life ex-
pectancy of the older population. Preventing dental caries
through fluoride application and managing dry mouth are
of utmost importance to preserve adequate oral function
and enhance the overall quality of life in older adults. Most
of the previously published studies on the caries prevention
effect of fluoride have been conducted in children and ado-
lescents. Evidence for the effect of fluoride in preventing
dental caries in the older population is limited. Thus, addi-
tional studies evaluating this effect in the older population

are warranted.
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