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1 Global Epidemiology

Globally we are seeing the effects of an aging population. In many high income
countries, as birth rates fall and life expectancy increases, the proportion of older
adults within the general population has increased significantly. As fertility rates
move towards lower levels, mortality decline, especially at older ages, assumes an
increasingly important role in population aging. In low and middle income coun-
tries, where low fertility has prevailed for a significant period of time, relative
increases in the older population are now primarily determined by improved chances
of surviving to old age [1]. Over the next 50 years, life expectancy at birth is pro-
jected to increase globally by 10 years, to reach 76 years in 2045-2050. By the end
of the next quarter century, life expectancy at birth is expected to reach, on average,
80 years in the more economically developed regions and 71 years in the less eco-
nomically developed regions. As a result of the generalized shift in the age distribu-
tion of mortality towards older groups, more people will survive into their seventh,
eighth and ninth decades around the world [2].
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2 The Oral Health of Older Adults

Epidemiological dental surveys from around the world clearly indicate that tooth
retention has increased significantly amongst older adults as they retain their natural
teeth into old age [3]. Unfortunately, the cumulative nature of the two main destruc-
tive dental diseases: caries and periodontitis, dictate that aging is always likely to be
a factor associated with total tooth loss particularly amongst patients in lower socio-
economic groups [4]. Clear socio-economic gradients in complete tooth loss have
been identified in many countries, including the United Kingdom, Japan, Korea and
in Scandinavia [3, 5-7].

Although the overall prevalence of total tooth loss has fallen sharply over recent
decades, many patients now become edentate at an older age when they are gener-
ally less able to adapt to the limitations of complete dentures. The attitudes of older
patients to oral health also appear to have changed as many take advantage of widely
available sources of information and demand more from the dental profession. As a
result, increasing numbers expect conservative treatment approaches rather than
those previously centered around extractions and subsequent replacement of natural
teeth [8].

While increasing tooth retention is seen as a leap forward in the oral health of the
older population, it also brings with it the challenges of managing chronic dental
diseases, including caries and periodontal disease. Due to factors, such as diet,
reduced manual dexterity and xerostomia, these chronic diseases can cause consid-
erable pain and suffering amongst older patients and impair oral function [9]. Dental
caries remains a problem for this age group with a high prevalence of coronal and
root surface caries found amongst old-age populations [10, 11]. In the 1998 UK
Adult Dental Health Survey, the proportion of adults with 18 or more sound and
unrestored teeth was only 5% amongst those aged 55 years and over [12]. The 2009
UK Adult Dental Health Survey indicated that this figure had improved but still
remained at only 13% [12, 13]. The 2009 UK Adult Dental Health Survey reported
that 27% of adults aged 65-74 years had evidence of dental caries whilst this figure
increased to 40% for those aged 75-84 years [13].

The 1998 UK Dental Health Survey showed that almost 25% of the older adults
had 12 or more teeth with a root surface that was either exposed, worn, filled or
decayed [12]. The 2009 Survey reported that 73% of all adults had exposed root
surfaces, and this increased to 90% for those aged over 55 years. The same survey
reported that 11% of 55-64 years old had active root caries compared with 20% of
those aged 75-84 years [13].

3 Oral Health in Long-Term Care Facilities (LTCFS)

It is widely reported that the oral health status of older adults within LTCFs is sig-
nificantly worse than their community living peers [14]. With increasing age, the
ability to care for their mouth deteriorates: polypharmacy leads to xerostomia, and
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diets can become rich in sugars, while good daily oral hygiene is essential for the
maintenance of complex dental restorations. All these factors increase the risk of
oral disease and directly impact comorbidities.

Unfortunately, a growing proportion of residents in LTCFs are unable to self-
care, and with increasing dependency, oral hygiene practices present a significant
challenge. Current prevention practices and service provision in LTCFs is often
poor. Challenges include inadequate resources and training, and these are com-
pounded by high staff turnover. There is a significant difficulty in obtaining routine
dental care due to the very complex needs of institutionalized older people, with a
significant proportion suffering from cognitive impairment and dementia. Access to
domiciliary dental services is often limited with subsequent admission to hospitals
for dental problems which can be distressing for individuals and their families and
very costly to the healthcare provider [2].

Within the United Kingdom, the National Institute for Health and Care Excellence
(NICE) publishes evidence-based guidelines on all aspects of healthcare. In 2016,
NICE published ‘Oral health for adults in care homes (NG48)” which included a
series of recommendations for LTCFs, including improving access to dental ser-
vices for LTCF residents, improving the oral health knowledge and skills of care
home staff and the implementation of oral health assessments, mouth care plans and
daily oral care for all residents [15]. However, adoption of these recommendations
has been challenging in many LTCFs as demonstrated by follow-up surveys in the
United Kingdom [16]. For a more in-depth discussion on the topic of long-term
care, please refer to chapter “Oral Care in Long-Term Care Settings”.

4 Dental Caries

Dental caries is a multifactorial, bacterially mediated process that results in the
destruction of mineralized tooth tissues. In light of the emergence of the partially
dentate older population, there is a need for clinicians to understand the caries dis-
ease process in order to establish effective preventive and management regimes.
However, older patients can present with some unique etiological considerations
which increase their risk of developing dental caries particularly on the root surface
[17]. Root caries as ‘a cavitation below the cement-enamel junction (CEJ), not usu-
ally including the adjacent enamel, usually discoloured, softened, ill-defined and
involving both cementum and underlying dentine’ [18]. The root surface may be
particularly vulnerable to mechanical destruction compared to enamel due to differ-
ences in the structure and chemical composition of cementum and dentine. In a
population who are frequently exposed to scaling by dental health professionals, the
cementum layer is frequently abraded away, exposing the dentine (Fig. 1). Root
cementum and dentine are structurally different from enamel and react differently
to cariogenic challenges — of note the critical pH of dentine and cementum is
approximately 6.4 while that of enamel is 5.5.
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Fig. 1 Exposed root
surfaces in a partially
dentate older patient

Fig. 2 Root caries in a
partially dentate older
patient

Fig. 3 Root caries in the
abutment teeth for a
removable partial denture

5 Diagnosing Root Surface Caries

The most common clinical descriptors of root caries are visual-tactile changes in the
root surface (Figs. 2 and 3). Colour can range from tan to brown to black, and
while color change is indicative of root caries, no correlation has been shown
between color and lesion activity. Texture appears to be a better indicator of lesion
activity, with active lesions being less resistant to gently probing than quiescent or
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arrested lesions [19]. Many root caries lesions develop on the proximal surfaces and
up to 20% can occur subgingivally [20]. These areas are challenging for the clini-
cian to visualize and to access with a probe. As a result, lesions are often not detected
at an early stage. The lesions tend to spread in a wide, circumferential pattern and
pain is not a feature until an advanced stage. Frustrating for the dentist and the
patient, the first sign of root caries may be a catastrophic fracture of the tooth at the
gingival level. The difficulties of detecting this disease in its early stages is a consid-
erable challenge.

6 Risk Assessment

A caries risk assessment should be a part of information gathered in treatment plan-
ning for all patients. Given the challenges in detecting root carious lesions early,
particular efforts should focus on identifying those older adults at high risk of devel-
oping root caries and implement appropriate risk reduction measures. Root caries is
a preventable disease; however, access to care, adherence issues, and cost may pre-
clude the use of a preventive intervention on the entire older adult population. This
means that one-third of the older adult population bears much of the root caries
burden [21]. Therefore, if these individuals could be identified prior to developing
the disease, targeted prevention measures could be delivered. A systematic review
of root caries risk indicators found that the best predictor of future root caries devel-
opment was a history of past root caries disease [22]. The clinician should treat any
individual with a filled or decayed root surface as a high-risk individual for future
disease. Other risk factors which have been identified include older age, number of
teeth present, poor plaque control, and wearing removable partial dentures [23].

7 Caries Prevention Strategies for Older Adults

7.1 Oral Hygiene Advice for Older Adults

Beyond the oral cavity, many older people also carry the burden of systemic medical
conditions [24]. These can diminish the priority for optimal oral hygiene in the daily
routine of some older patients, while others will be dependent on caregivers for
mechanical cleaning of the teeth. Many older adults are prescribed a large number
of daily medications (polypharmacy), and xerostomia is a side effect of many com-
monly prescribed drugs [25]. Dry mouth is a major risk factor for dental caries as
the protective lubrication of saliva has been removed. For a more in-depth discus-
sion on the topic, please refer to chapter “Xerostomia and Hyposalivation”. Loss of
manual dexterity, secondary to arthritis or neuromuscular degeneration, presents
many older patients with an additional obstacle in maintaining adequate plaque
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control. Something as simple as holding a toothbrush can be difficult, and manipu-
lation of dental floss or other intricate interdental cleaning aids becomes impossible.
Diminishing eyesight can also hinder proper oral hygiene technique. Some patients
may be embarrassed to admit to any decline in physical capabilities, and oral health
can suffer significantly before appropriate assistance is provided by a caregiver.
Dentists and dental hygienists should consider this possibility if they observe a
decline in oral hygiene in an older patient and highlight aids such as toothbrush
grips, electric toothbrushes and holders for interdental floss and mouthwashes [26].

The simplest home-based measure to reduce caries risk is to incorporate a high-
fluoride mouthwash into the daily routine. These are easy to use and do not require
a high level of manual dexterity. Alcohol-free mouthwashes are more suitable for
patients with dry mouth, and there are a number of mouthwashes specifically for-
mulated to ease the symptoms of xerostomia. Patients should be advised to avoid
using carbonated drinks or acidic sweets to alleviate their dry mouth; instead, pro-
viders should direct them to an alternative such as sugar-free chewing gum. While
many older patients will be aware of the role of sugar in dental disease, the dangers
of acid erosion may be less well known amongst this group.

7.2 Fluoride Interventions

High-fluoride mouthwashes can provide an additional source of fluoride, and daily
use of 0.2% sodium fluoride mouthwash is frequently recommended for patients
judged to be at high risk of developing caries. It may be preferable to ask patients to
use the mouthwash at a different time to tooth brushing. This will allow spacing of
fluoride exposure throughout the day to maximize its benefit; after lunch or dinner
may be suggested as a suitable time to flush out any food debris. High-fluoride
toothpaste may also be a useful preventive tool for older patients at high risk of
developing caries. A meta-analysis of six randomized controlled trials demonstrated
that 2800 ppm fluoride toothpaste resulted in significantly lower caries incidence
compared to a 1100 ppm fluoride control [27]. As patients are well used to using
toothpaste, a change to a high-fluoride toothpaste should be easily tolerated and
5000 ppm formulations are also available. High-strength-fluoride toothpastes
should be kept out of reach of young children, and patients should be encouraged to
expectorate after brushing, particularly where assisted toothbrushing is facilitated
by a caregiver [28].

7.3 Chlorhexidine Interventions

Older adults often experience more rapid plaque accumulation than younger adults
due to the dual effects of gingival recession and reduced salivary function. A num-
ber of studies have demonstrated the effectiveness of chlorhexidine 0.12% mouth-
wash in LTCFs Term Care Facilities to aid oral hygiene and, despite the potential for
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staining, is a very useful adjunct in older adults who have difficulty in maintaining
adequate plaque control through brushing alone. Chlorhexidine works best on a
plaque-free surfaces to prevent plaque reforming, but it can also be effective in the
presence of plaque [29]. Chlorhexidine mouthwash should be used at a different
time to toothbrushing as many brands of toothpaste contain sodium laurel sulphate —
a detergent which inactivates chlorhexidine.

7.4 CPP-ACP Intervention

A topical paste containing bioavailable calcium and phosphate has been commer-
cially developed as Recaldent™, which is sold as Tooth Mousse® or as MI Paste
Plus® (in combination with 900 ppm fluoride) (GC Corporation, Japan). As it is
derived from milk casein, all potential users of Recaldent™ products should be
questioned about any possible IgE-mediated casein allergies. These products can be
applied at night-time after toothbrushing, and the manufacturers advise application
of a pea-sized amount to each arch using a clean dry finger. The paste must be held
in the mouth at least 3 minutes, as the longer it is maintained in the mouth with
saliva, the more effective it is. After spitting out, patients are advised not to eat or
drink for 30 minutes, and rinsing is to be avoided.

7.5 Professionally Administered Interventions

For older patients with a high caries rate or poor adherence with oral hygiene
instruction, there are a number of surgery-based interventions available to reduce
caries risk. The incorporation of chlorhexidine, fluoride and silver diamine fluoride
(SDF) varnishes in the control of dental caries in older patients is a relatively recent
development. A protective non-invasive medicament for preventing root caries
lesions is of particular interest due to the nature of this destructive dental disease. A
recently published systematic review and meta-analysis concluded that SDF pro-
vided a protective impact on root caries lesions after 24 months [30]. The applica-
tion of varnishes is simple, quick and non-invasive and can be used in a domiciliary
setting to reduce the development of new caries lesions [31]. Furthermore, it reduces
dependence on patient adherence for success, and treatment can be provided by
dental care professionals.

8 Challenges in the Operative Management of Root Caries

Root caries lesions may exhibit mixed cavity margins positioned in enamel as well as
dentine [32]. Restoration of this cavity type is challenging with respect to the lack of
restorative materials, which bond equally well to both dental tissues. The evidence
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base for the selection of restorative material for the restoration of a root surface lesion
is neither plentiful nor convincing. Most of the scientific literature examines lesions
restored with amalgam, glass ionomer cement (GIC), resin-modified glass ionomer
cement (RMGIC), modified polyacid resins (‘“‘compomers”) or composite resins. A
systematic review published in 2016 concluded that there was insufficient evidence to
recommend any specific material [33]. However, failure rates of root caries restora-
tions across all materials were extremely high; 82% of GIC restorations were consid-
ered a “failure” after just 24 months. A total of 25% of all composite restorations had
developed recurrent caries after 2 years. Despite the poor survival rates of GIC resto-
rations, many authors still conclude that GIC is the material of choice for root caries
as conventionally setting glass ionomer cements were associated with protection
against secondary caries — even after the filling itself had been lost [34]. Clinical
judgement is essential in each individual case, and the choice of restorative material to
restore a carious lesion on a root surface is influenced by the location of the lesion,
aesthetic requirements of the patient, moisture control and future caries risk.

9 Utilizing Atraumatic Restorative Treatment (ART)
for Caries Management in Older Adults

Providing operative dental care to older patients can be challenging, and traditional
restorative approaches may not be accessible or even acceptable to some groups.
Several authors have pointed out that most economically prosperous countries still
prioritize traditional treatment of disease over prevention measures. This is, arguably,
excessively costly and does not consider long-term maintenance requirements [35, 36].
In order to avoid further tooth tissue loss and enhance prevention amongst older
individuals, minimally invasive dentistry (MID) should always be the first line of
treatment for caries. It prioritizes prevention and provides guidance for patients to
empower them to be responsible for their own oral health and intervene as conser-
vatively as possible when a surgical approach is judged necessary, thus avoiding
unnecessary tooth tissue removal. It was born from the evolvement in the under-
standing of the caries process and the mechanisms involved in its beginning, pro-
gression and control, together with improved dental materials. According to the
MID concept, early caries detection and caries risk assessment, remineralization of
demineralized enamel and dentine and optimal caries-preventive measures should
always be used throughout an individual’s life, and operative interventions should
only be employed when all of these have failed [37]. In order to decide for a preven-
tive or operative intervention, it is important to differentiate between active and
arrested, cavitated and non-cavitated and cleansable and plaque trapping lesions.
The type of lesion will influence not only the treatment to be carried out but also the
type of material to be used. Cavitated lesions on the root surface that are shallow
might become self-cleansable and arrested, and therefore, restoration might not be
necessarily recommended. When there is a need for a filling to be placed, cavity
preparation should be as minimal as possible to conserve natural tooth tissue.
Atraumatic restorative treatment (ART) is a very effective yet minimally invasive
surgical approach for restoration of carious teeth (Fig. 4). It uses hand instruments for
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Fig. 4 Root caries
restored using ART on 15,
occlusal caries on 47 also
restored using ART

accessing carious lesions and removing decomposed dentine and a high-viscosity
glass-ionomer to restore the cavity. Many studies worldwide have demonstrated that
ART can achieve high survival rates in single-surface permanent teeth [10, 38, 39].
ART can be used successfully in non-clinical settings, including LTCFs and hospitals,
and has been shown to be both cost-effective and acceptable to older adults [40, 41].
Furthermore, ART can be carried out by dental care professionals (DCPs), including
therapists and hygienists. The use of DCPs to provide oral care for older people may
help to improve access to dental services particularly for patients who are resident in
LTCFs [42, 43]. The use of the ART approach could thus result in preventive and
restorative care being delivered to a larger number of people compared to traditional
restorative approaches. Studies carried out in older adults have demonstrated compa-
rable survival rates for both ART and conventional restorations with glass ionomers
[44, 45]. One of the largest studies which compared ART with a conventional restor-
ative technique to treat carious lesions on older patients found that only 8.6% of the
ART restorations placed on the root surface failed after 5 years. Overall, failure rates
were similar between the ART and the conventional group [10]. Furthermore, the same
study found that older adults accept ART well and are happy not to receive anaesthesia
or drilling for restoration provision. Dental anxiety is a known barrier for dental atten-
dance, and fearful older adults are less likely to visit a dentist and more likely to avoid
or delay dental treatment. The use of ART could change this negative perception of
dental treatment and make dental attendance more regular for some patients.

10 Consideration of Caries Development When Replacing
Missing Teeth

Previously in this chapter, we have discussed preventive interventions to prevent
older adults developing caries including effective mechanical cleaning and the use
of fluoride. However, in addition to effective preventative regimes, operative dental
treatment can also become an etiological driver for the development of caries. The
most common example of this is in the replacement of missing teeth particularly
when using a removable partial denture (RPD) [23, 46]. RPDs, which are
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constructed from acrylic resin, typically cover substantial amounts of the soft tis-
sues and create plaque traps and dead spaces where caries can develop (Fig. 5).
Acrylic resin RPDs should be used as transitional prostheses where the remaining
teeth are of poor prognosis and additions to the RPD are anticipated in the short to
medium term. [47] Where the remaining natural dentition is of a good prognosis and
a removable prosthesis is planned, then this should be constructed using a cobalt-
chromium framework. This RPD design will provide a prosthesis which is tooth-
borne but also minimizes the amount of coverage of the remaining hard and soft

Fig. 5 Lower acrylic resin
RPD with extensive
coverage of the gingival
margins around the
remaining natural teeth

Fig. 6 Upper and lower
cobalt-chromium RPDs
which have been designed
to minimize coverage of
the remaining hard and soft
tissues
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Fig. 7 A shortened dental
arch in a partially dentate
older patient

tissues (Fig. 6). Whilst a good preventive regime will still be required, the remaining
dentition should be less prone to developing caries.

Where replacement of natural teeth is less extensive, then fixed prosthodontics
can be considered, either as tooth supported or implant supported restorations.
Where systemic medical comorbidities are well controlled, then dental implants can
have excellent success rates in older adults [24]. Consideration should also be given
to the use of the shortened dental arch concept, where a functional dentition is
achieved through retention of natural teeth or using fixed prosthodontics to restore
10 occluding pairs of contacts (Fig. 7). This treatment planning philosophy does not
necessitate the use of a RPD and is therefore easier for the patient to maintain and
more cost-effective to deliver [48].

11 Conclusions

This chapter has discussed the changing oral health profile of older adults within the
population. The emergence of a partially dentate older population is not only a sig-
nificant advance in terms of oral health but also provides significant challenges for
clinicians and patients in managing chronic dental diseases, including caries.
Despite root caries being a preventable dental disease, prevalence is very high
amongst older adults. Whilst some operative strategies have been discussed, includ-
ing the application of ART, the most important element is prevention. Interventions
using high-fluoride toothpaste and varnish are effective in preventing root caries,
and the use of SDF is increasingly promising. Within the context of prevention,
clinicians must ensure that they are not adding to the maintenance burden for older
patients by providing RPDs, which are plaque retentive and encourage caries devel-
opment. Alternative approaches should be considered including utilizing the short-
ened dental arch concept, which provides a functional yet maintainable dentition for
older adults.
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