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Age-Related Changes in Oral Health )

Ezekiel Ijaopo and Christie-Michele Hogue

This chapter reviews common age-related changes in oral health that affect the
structures and functions of the oral cavity and how they may predispose older adults
to the development of a variety of oral pathologies. We will address some of the
limitations and challenges in the study of age-related changes in oral health.
Clinicians and investigators often overlook age-related changes in oral health due to
the wrong perception that these problems are inconsequential or non-life-threatening.
Further evidence of this oversight is in the limited number of cross-sectional, longi-
tudinal studies and randomized controlled trials that have been conducted. When
available, existing studies have included relatively small sample sizes or shorter
follow-up periods. Another consideration when discussing age-related changes is
that oral conditions may not necessarily reflect the effects of the aging but rather the
effects of chronic diseases, lifestyle, environmental, and social determinants. These
factors may negatively impact oral health by accelerating the effects of aging on the
oral cavity.
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2 E. Ijaopo and C.-M. Hogue
1 Age-Related Changes in Oral Structures and Function

The development of oral structures is a complex process that began during the
embryonic stage. The main structures in the oral cavity include the lips, soft and
hard palates, oral mucous membranes, teeth, gingiva, tongue, salivary glands, and
bones of the upper (maxilla) and lower (mandible) jaws. These structures provide a
framework that supports the oral cavity and play critical roles in the physiologic
processes of tasting, speaking, chewing, (mastication), and swallowing (deglutition)
which will impact the process of digestion and articulation. Table 1 summarizes the
main age-related changes in the structures and functions of the oral cavity.

2 Oral Mucous Membranes

The oral mucosa becomes smooth and dry with aging. Several studies [1, 3] have
described age-related changes in the oral mucosa that include the thinning of the
oral epithelium which results from reduction in the thickness of epithelial ridges
and a decrease in salivary secretion. Arteriosclerotic changes with progressive oblit-
eration of the capillaries and a reduction of cell metabolism are the main causes of
oral mucosa changes with aging. The connective tissue of the oral mucosa also
becomes atrophic with loss of elasticity. Similarly, nerves and end organs in the oral
mucosa may also be affected by age, thus leading to a gradual loss of sensitivity to
thermal, chemical, and mechanical stimuli [3].

As stated earlier, environmental factors may contribute to some of the observed
changes in the oral cavity. Evidence shows that exposure of the lining of the oral
mucosa to a variety of environmental factors may resemble many of the changes
attributed to aging. While few age-related structural changes occur in the surface
epithelia, there is mixed evidence regarding age-related changes in epithelial thick-
ness, rates of tissue turnover, and metabolic activity [25]. Indeed, it can be challeng-
ing to differentiate normal aging changes in the oral mucosa from the variable
effects of lifestyle, genetics, and environmental factors on these oral structures.

An observational study that included 38 cadavers from Japanese adults ranging
in age from 62 to 98 years investigated age-related changes in the buccal mucous
membranes. Serial sections of the buccal mucous membrane in the vicinity of the
anguli oris were observed under a light microscope. The investigators identified five
age-related changes: (1) a significant decrease in the thickness of the buccal mucous
membrane; (2) a disappearance of the functional arrangement of collagenous and
elastic fibers in the lamina propria and submucous membrane, accompanied by
prominent fibrosis; (3) a reduction in the number and distribution of blood vessels
in the mucous membrane; (4) fat infiltration and fibrosis of the small salivary glands;
and (5) a decrease in the thickness of the tunica muscularis [2]. Limitations of this
study are the cross-sectional nature of the data and the technical limitations of post-
mortem examinations which may limit the interpretation of age-related changes.
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Table 1 Age-related changes in the structure and function of the oral cavity

Oral cavity structures
and functions

Changes with aging

Predispose to oral pathologies

Structure

Oral mucous

1 epithelial thinning [1]

Oral cancers

membranes 1 atrophy of connective tissue [2] Oral candidiasis
1 dry, thin, and smooth oral mucosal Oral lichen planus
surfaces [1, 3] Chronic aphthous stomatitis
| thickness of epithelial ridges [3] Oral hairy leukoplakia
| elasticity [1, 2] Pemphigus vulgaris
Teeth 1 enamel hardness and brittleness [4] Dental caries
1 wearing of occlusal surface [1, 5] Tooth loss
| thickness of mantle dentine and Chewing dysfunction
globular dentine [6]
1 cemental irregularities [7]
1 secondary dentine deposition/
calcification [4]
Periodontium | fibroblast density of periodontal Gingivitis
ligament tissue [8] Chronic periodontitis
| quality and quantity of collagen [9] | Periodontitis as a
1 alveolar bone resorption [10] manifestation of systemic
1 thinning of gingival epithelium [7] diseases
| vascularity and mitotic activity [9] Necrotizing periodontal
| keratinization of gingival epithelium | diseases
[7] Periodontal abscess
1 resorption and apposition of
cementum [7]
Salivary glands 1 replacement of parenchyma by Xerostomia
fibrous and/or adipose tissue [7, 11, 12] | Swallowing disorders
| acinar volume (acinar atrophy) [11, Sialolithiasis
13] Sialadenitis
| salivary secretions [12] Tumors
Sjogren’s syndrome
Tongue | filiform papillae [1] Glossitis
| thickness of epithelium [14] Geographic tongue
| epithelium of lingual mucosa [15] Fissured tongue
| lingual muscle diameter [14] Taste dysfunctions
1 lingual gland acinar atrophy [14] Oral candidiasis
Oral cancers
Function

Masticatory function

| thickness of the masseter muscle [16,
17]

| masticatory performance [18]

— functional feeding skills [19]

Chewing dysfunction

Swallowing function

1 (prolonged) initiation of swallowing
[20]

| maximal tongue strength [21, 22]

| tongue motor function and tongue
pressure [23]

1 rigidity of the esophageal wall [24]
| esophageal contractility [24]

Swallowing dysfunction
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3 Teeth

With increasing age, the teeth show wearing of the enamel, chipping and fracture
lines, and thinning of the enamel that may cause stain of the dentin, leading to
a darker appearance of the teeth. The pulp chamber and canals become reduced in
size due to the deposition of secondary dentin [4]. Other studies have reported the
wearing away of the occlusal surface and proximal contour of the enamel, making
the teeth more vulnerable to damage and decay [1, 5]. Other changes include the
appearance of a small, polished facet on the cusp tip or ridge or a slight flattening of
the incisal edges. In addition, there is a reduction in the cuspal height with inclina-
tion and flattening of the proximal contour of the enamel. The shortening of the
length of the dental arch may be due to reduction in the mesiodistal diameters of the
teeth through proximal attrition [1, 26]. Tooth loss appears to be one of the main
reasons why older people have difficulty with chewing. One study aimed to deter-
mine the age-related changes in pulp cell density, pulp area, and dentinal thickness
with age. Incisors (50), canines (39), premolars (51), and molars (7) extracted from
60 patients, aged 10-59 years, were analyzed histomorphometrically for cell den-
sity (presence of odontoblasts, subodontoblasts, and pulp core fibroblasts) and den-
tinal thickness. The analyses revealed that with increasing age, dentinal thickness
increases in both the crown and root aspects of the teeth, while the density of odon-
toblasts, subodontoblasts, and pulp fibroblasts decreases. However, the degree of
age-related changes in the teeth appeared to be asymmetrical: the decreases in the
root were more pronounced than those in the crown [6].

3.1 Edentulism

Edentulism, is the permanent absence of natural teeth in the dental arch. Edentulism,
or the complete loss of teeth, represents a debilitating and irreversible condition and is
the final outcome of a multifactorial process encompassing patient-related and envi-
ronmental factors [27]. Data from the National Health and Nutrition Examination
Survey (NHANES) (2005 through 2008) were used to estimate dentate status and
prevalence of untreated dental disease by age (50-64 years, 65-74 years, and
>75 years). The investigators gathered information on persons’ reports of fair or poor
general health, chronic disease status, race/ethnicity (non-Hispanic Whites, non-
Hispanic Blacks, and Hispanics), and income levels. In this cohort of older adults,
tooth loss was highest among persons aged 75 years and older. When compared with
persons aged 50-64 years, persons aged 75 years and older were three times more
likely to be edentulous (32% vs 10%), and, among the dentate, persons aged >75 years
had four fewer teeth on average (18 vs 22). A significant number of older adults had
untreated dental disease. Individuals aged >75 years were nearly 50% more likely to
have untreated root caries than persons aged 50-64 years (16% vs 11%) [28]. Another
survey study conducted among 308 older adults >65 years old living in large rural
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communities of Colorado, USA, examined factors associated with tooth loss. This
study demonstrated that rural residents of racial and ethnic minority groups along with
people who had levels of education below high school had fewer teeth than their urban
peers and were at higher risk of becoming edentulous at older ages [29]. A more recent
study, based again on data from NHANES, analyzed data obtained from 1999-2004
and 2009-2014. It revealed a lower incidence of age-related tooth loss in adults aged
50 years and older in the 2009-2014 cohort as compared with the earlier 1999-2004
cohort (11% vs 17%) indicating an improvement in the oral health status of older
individuals over time. However, this decrease was not observed among poor and dis-
advantaged groups. Complete tooth retention improved from 14% to 21% between
1999-2004 and 2009-2014 for persons aged 50 years and older. The improvements in
teeth retention were mostly attributed to better public health measures in the last
decade including exposure to fluoride and better preventive practices [30]. This evi-
dence suggests that social determinants of health including poor lifestyle choices,
access to appropriate dental care, poverty, and lack of education [31, 32] may work in
association with age-related changes in the teeth to cause edentulism in older adults.

4 Salivary Glands

Salivary glands have many roles in the oral cavity. In addition to producing and
secreting digestive fluids, salivary glands are responsible for producing the saliva
that lubricates the mouth, protects the teeth against bacteria, makes foods moist, and
aids in the digestion of food by helping with the formation of the alimentary bolus
in preparation for the process of swallowing. There are three main pairs of salivary
glands: parotid, submandibular, and sublingual. Salivary glands undergo degenera-
tive changes with normal aging, including a reduced number of acini and infiltration
of fatty and fibrous tissue that may contribute to reductions in salivary secretion
[11-13]. However, there is mixed evidence on whether salivary flow rate declines
with aging. While some authors have described reduced levels of salivary flow rates
with aging, including an increase in the ionic concentrations of saliva [11, 12], oth-
ers report that salivary flow rates are unchanged with aging [13].

One observational study examined salivary flow rates and saliva composition in
healthy individuals ranging in age from 18 to 89 years. Saliva samples were col-
lected in unstimulated conditions followed by sialometrical and sialochemical anal-
yses. The study showed three main findings:

(a) Older people have significantly reduced and altered salivary secretion as com-
pared with younger people. Although the salivary concentrations of some
chemicals increased with aging, the total values of most salivary components
decreased.

(b) Over one half of the older individuals reported idiopathic oral sensorial com-
plaints (OSCs) including taste disturbances, burning mouth syndrome, or
xerostomia.
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(c) Older individuals reporting OSCs were more likely to use prescription drugs,
highlighting again the difficulties in studying age-related changes.

The authors concluded that a reduction in salivary function and alteration in sali-
vary composition are mostly age-related [33]. More longitudinal studies are needed
that investigate age-related alterations in salivary gland morphology and function
and on whether or not salivary flow rate decreases with increasing age. For a more
in-depth discussion on xerostomia, please refer to the chapter “Xerostomia and
Hyposalivation™.

5 Tongue-Lip Motor Function (TLMF)

The tongue-lip motor function is an essential component of the innate oral-motor
skills underpinning the ability to move the muscles of the facial structures, namely,
the mouth, jaw, tongue, and lips. This function is fundamental for speech and feed-
ing skills, such as sucking, biting, swallowing, and chewing. TLMF achieves this
functionality by controlling muscle tone, strength, coordination, and range of
motion. In older adults with missing teeth, the tongue may also play an important
role in compensating for alterations in masticatory function [34]. An experimental
study conducted on animals investigated age-related changes in the intrinsic lingual
muscle fibers. The main age-related findings were a decreased in the number of
rapid-contracting muscle fibers and an increased in the proportion of slow-
contracting muscle fibers. The authors reported that shifts in muscle composition
from faster to slower myosin heavy chain (MyHC) fiber types may contribute to
age-related changes in swallowing duration. The decreasing muscle fiber size in
transverse and verticalis muscles may add to reductions in the maximum isometric
tongue pressure found in older individuals [35].

One study explored the relationship between tongue motor skills and masticatory
performance in dentate older adults and denture wearers. Investigators examined 30
healthy, normal adults with teeth, 10 normal older adults with teeth, and 20 edentu-
lous adults wearing complete dentures that were constructed following similar
methods and materials. They assessed tongue motor skills via an ultrasound system
and used a sieving method to evaluate masticatory performance. The study showed
age-related decreases in tongue motor skills and masticatory performance [18].
Although the outcome from this study revealed that tongue-lip motor function dete-
riorates with increasing age, other studies have argued that these skills are not age-
dependent. One longitudinal study investigated whether functional oral-motor skills
change with age by measuring the functional feeding skills and oral praxis abilities
of 79 healthy adults aged 60-97 years who were followed up for up to four decades.
The investigators administered the Modified Functional Feeding Assessment
(FFAm) subscale of the Multidisciplinary Feeding Profile (MFP) and the Oral
Praxis Subtest (OPS) of the Southern California Sensory Integration Test. The
results showed that older people maintained functional feeding skills throughout the
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four decades of the study. Individuals in their 70s and 80s experienced difficulties
with a variety of food textures including soft, hard, fibrous, and tough skins [19]. It
is, however, important to exercise caution when interpreting these results as several
factors could have influenced the findings. The investigators measured random por-
tions of muscle fibers from each muscle cross section rather than including all fibers
within that particular muscle. Analyzing the complete muscle cross sections may
have improved the accuracy and perhaps provided different data. Two other studies
examined the maximal tongue strength during swallowing and chewing in healthy
adults. The first study enrolled 51 dentate adults with a mean age of 25 years. The
investigators evaluated tongue and lip functions by measuring the maximum tongue
pressure and oral diadochokinesis with a multiple sieving method using peanuts to
evaluate chewing ability [36]. The second study assessed 80 healthy young (aged
20-39 years) and older adults (aged >65 years) recruited from the community. They
used the Towa Oral Performance Instrument to measure maximal tongue strength
and tongue strength during swallowing [22]. The first study showed that chewing
ability was significantly correlated with maximum tongue pressure. The second
study revealed that compared to older adults, the maximal tongue strength was sig-
nificantly higher in the younger adult age group.

Although the evidence from these studies is still inconclusive on how age-related
changes in tongue-lip motor function affect swallowing and masticatory functions,
there is consistent evidence that tongue motor function, tongue pressure, and maxi-
mal tongue strength decrease with aging.

6 Oral Microbiome

Oral microbes are essential components of the oral cavity. The term “microbiome”
represents the ecological community of symbiotic, commensal, and pathogenic
microorganisms that closely share our body space. Although they are often ignored,
they play crucial roles as determinants of health and disease [37]. In fact, after the
gut, the oral cavity has the second largest and diverse microbiota providing a habitat
for over 700 species of bacteria, fungi, viruses, and protozoa. The oral microbiome
is essential to maintaining oral and systemic health [38]. Aging changes including
the chronic state of low-grade inflammation or “inflammaging” may interact with
the oral microbiota of older adults increasing the susceptibility of older adults to
several infectious and degenerative disease processes [39].

The oropharyngeal microbiome of older people may promote the growth of sev-
eral microorganisms including enterobacteria, pseudomonads, staphylococci, and
yeasts that in older individuals with weakened immunity or deteriorated general
health may become opportunistic pathogens [40]. Whether through the influence of
the natural aging process or facilitated by the effects of disease, the bionomics of the
oral cavity are likely to change, leading to alterations in the makeup of the oral
microbiome. A survey study examined the relationship between the oral and gut
microbiota. The findings demonstrated higher similarity between the microbiota of
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the gut and the subgingival plaque in older adults than in younger individuals [41].
A Japanese study investigated changes in the gut microbiota composition of age
groups ranging from newborns to centenarians. They found a higher proportion of
Bacteroidetes and Proteobacteria species in individuals older than 70 years. The
authors postulated that nutrients in the gut might play an important role in changing
the gut microbiota composition with age [42]. In addition to aging, the oral and gut
microbiota may be affected by changes in dietary habits, lifestyle, immunologic
reactivity, exposure to certain medications (i.e., antibiotics, proton pump inhibi-
tors), and the increased incidence of chronic multimorbidity in the older adult popu-
lation which can potentially contribute to dysbiosis of the oral microbiome which in
turn may predispose older adults to oral and systemic pathologies [43—46].

Research into the role of the oral microbiome in aging and disease is rapidly
evolving. Studies using diverse research techniques, lack of standardization, and
small sample sizes have produced findings that are often inconsistent. Future
research with larger sample sizes along with improved techniques and standardiza-
tion are needed to generate more consistent results.

7 Masticatory Function

The ability to chew food particles ensures an adequate nutritional status critical for
oral health and quality of life [47-50]. Optimal chewing ability will be highly
dependent on the number of functional teeth, number of missing teeth, and whether
the individual uses dental prostheses. The chewing ability of an individual will have
direct and indirect impact on general health and may serve as an indicator of the
overall oral health of an individual [51].

A cross-sectional study investigated the relationship between aging and tooth
loss on the quantity and quality of masseter muscle among 112 participants, aged
20-90 years old, who were cognitively intact and independent in their activities of
daily living. The study excluded participants with a lack of molar occlusal support,
diseases that could affect muscle function, and presence of temporomandibular dis-
orders. The investigators used ultrasound to measure masseter muscle thickness
(MMT), an indicator of muscle quantity, and masseter muscle echo intensity
(MMEI), a measure of muscle quality. Findings revealed that aging was associated
with lower quantity and quality of the masseter muscle [17]. While preservation of
natural dentition or prosthetic treatment may be effective at maintaining masseter
muscle function in females, males may require resistance exercise training to main-
tain the same level of function. In another cross-sectional study, 547 community-
dwelling older persons (246 men and 301 women, mean age 73.8 + 6.2 years)
underwent a comprehensive annual geriatric health examination. Their chewing
ability was evaluated by masseter muscle tension palpation, differences of masseter
muscle thickness measured with ultrasound, occlusal force, self-reported chewing
ability, and number of remaining and functional teeth. The study showed that mas-
seter muscle thickness and occlusal force were significantly different between males
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and females [52]. Another study found that masseter muscle thickness in dentate
older adults at rest and during contraction was significantly higher than that found
in edentulous older individuals [53]. By aiding chewing ability, masseter muscle
thickness may represent an indicator of good oral health-related quality of life.

Although it has been argued that feeding skills are usually unaffected with normal
aging, available evidence shows a decreased thickness of the masseter muscle and an
increased acinar atrophy of lingual glands with normal aging. In addition, the pro-
longed initiation of swallowing and decreased masticatory performance reported
with age may predispose older adults to swallowing and chewing dysfunction. These
age-related changes may cause detrimental effects on the dietary habits of older indi-
viduals by limiting the intake of foods rich in vitamins, minerals, fiber, and protein
while increasing the consumption of sugary and easy-to-chew, less nutritious foods
[54-56]. These dietary habits may in turn contribute to nutritional deficiencies, ulti-
mately increasing the risk for malnutrition and poor quality of life in older adults
[57]. For amore in-depth discussion on these topics, please refer to chapters “Nutrition
and Oral Health” and “Swallowing, Dysphagia, and Aspiration Pneumonia”.

8 Conclusions

Available evidence revealed that age-related structural and functional changes in the
oral cavity occur with normal aging in older people. The structural changes range
from increased epithelial thinning of the oral mucosa membranes; dry, thin, and
smooth oral mucosal surfaces; increased enamel hardness and brittleness; wearing
of occlusal surface; and cemental irregularities. Similarly, the periodontium under-
goes increased resorption and apposition of cementum and increased thinning of
gingival epithelium along with decreased keratinization. With aging, salivary glands
also experience more replacement of parenchyma by fibrous and/or adipose tissue
and decreased acinar volume along with decreased saliva production. However,
available studies are inconclusive on whether the salivary flow rate decreases with
normal aging. Decreased thickness of the masseter muscle and increased acinar
atrophy of lingual glands with normal aging affect masticatory function and result
in altered perception of food taste, respectively. These age-related changes may
predispose older individuals to malnutrition, disease, and poor quality of life.
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