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Abstract

Geriatric Dentistry is a branch of dentistry which deals with treating and preventing oral diseases in older patients.

Throughout the world, the numbers of older adults are increasing, and these individuals are retaining more teeth. Older

people have limited regenerative abilities and are more prone to disease, syndromes, and sickness than other adults. This

population has unique changes in their physiology as well as immunity that necessitate alterations in their treatment plans.

They use more medications, many of which can cause problems such as xerostomia and decreased saliva. Thus, aging can

significantly alter the host immune response and inflammatory reaction to bacterial plaque and in different ways than in

younger population. In these older adults, education, nutrition, counseling, regular dental care, and compensatory home

and professional care technique may be required. This review focuses on the change in the tissue that occurs with age and

immunological alterations with age that contribute to the causation and perpetuation of periodontal disease.
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Introduction

Geriatric dentistry or geriodontics is the delivery of dental care to
older adults involving the diagnosis, prevention, and treatment of
problems associated with normal aging and age-related diseases
as part of an interdisciplinary team with other health care profes-
sionals.

Last century has witnessed a number of remarkable demographic
changes related to health, diseases, longevity and mortality of the
population all over the world. By now one third of the world’s el-
derly population is living in the developing countties and one out
of twelve persons in the developing countries is over sixty five.

The rise in life expectancy is attributed primarily to the substantial
reduction in mortality at different stages of life, which has been
brought about by improved health care facilities, sanitation, envi-
ronmental and public health reforms coupled with better hygiene
and living conditions. As a result of the increasing life expectancy,
the proportion of the eldetly in the total population is projected
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to be around 20% in India and 32% in the developed nations by
2050.

The mouth is referred to as a mirror of overall health, reinforcing
that oral health is an integral part of general health. In the elder-
ly population poor oral health has been considered a risk factor
for general health problems. On the other hand, older adults are
more susceptible to oral conditions or diseases due to an increase
in chronic conditions and physical/mental disabilities. Thus, old
people form a distinct group in terms of provision of care. The
physiology in general and oral tissues in particular change with
age. This review aims to bring to light the various physiological
changes that can be seen in the ageing population with special
emphasis on the periodontium as well as the changes in immunity.

Changes in the Tissues of the Periodontium with

Age
Gingival Epithelium

Thinning and decreased keratinization of the gingival epithelium
have been reported with age [1]. The significance of these find-
ings could mean an increase in epithelial permeability to bacte-
rial antigens, a decreased resistance to functional trauma, or both,
which might influence long-term periodontal outcomes. However,
other studies have found no age-related differences in the gingival
epithelium of humans or dogs [2]. Other reported changes with
aging include the flattening of rete pegs and altered cell density.

The effect of aging on the location of the junctional epithelium
has been the subject of much speculation. Some reports show
migration of the junctional epithelium from its position in healthy
individuals (i.e., on enamel) to a more apical position on the root
surface with accompanying gingival recession [2]. However, in
other animal studies, no apical migration has been noted [3]. With
continuing gingival recession, the width of the attached gingiva
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would be expected to decrease with age, but the opposite appears
to be true [4]. Alternatively, the migration of the junctional epi-
thelium to the root surface could be caused by the tooth erupting
through the gingiva in an attempt to maintain occlusal contact
with its opposing tooth (passive eruption) as a result of tooth sur-
face loss from attrition. The consensus is that gingival recession is
not an inevitable physiologic process of aging but is explained by
cumulative effects of inflammation or trauma on the periodon-
tium [2].

Gingival Connective Tissue

Increasing age results in coarser and denser gingival connective
tissues [5]. Qualitative and quantitative changes to collagen have
been reported. These include an increased rate of conversion
of soluble to insoluble collagen, increased mechanical strength,
and increased denaturing temperature. These results indicate in-
creased collagen stabilization caused by changes in the macromo-
lecular conformation. Not surprisingly, greater collagen content
has been found in the gingiva of older animals despite a lower rate
of collagen synthesis decreasing with age [2, 0].

Periodontal Ligament

Changes in the periodontal ligament that have been reported with
aging include decreased numbers of fibroblasts and a more ir-
regular structure, paralleling the changes in the gingival connec-

tive tissues [2, 7]. Other findings include decreased organic ma-

trix production and epithelial cell rests and increased amounts of
elastic fiber. Conflicting results have been reported for changes in
the width of periodontal ligament in human and animal models.
Although true variation might exist, this finding probably reflects
the functional status of the teeth in the studies because the width
of the space will decrease if the tooth is unopposed (hypofunc-
tion) or will increase with excessive occlusal loading [7]. Both sce-
narios might be anticipated as a result of tooth loss in this popu-
lation. These effects also might explain the variability in studies
reporting qualitative changes within the periodontal ligament.

Cementum

Some consensus regarding aging effects on cementum exists. An
increase in cemental width is a common finding; this increase may
be 5 to 10 times with increasing age. This finding is not surprising
because deposition continues after tooth eruption. The increase
in width is greater apically and lingually [8]. There is increase in
the fluoride content in the cementum with age and decrease in its
permeability. Although cementum has limited capacity for remod-
eling, an accumulation of resorption bays explains the finding of
increasing surface irregularity.

Alveolar Bone

Reports of morphologic changes in alveolar bone mirror age-
related changes in other bony sites. Specific to the periodontium
are findings of a more irregular periodontal surface of bone and
less regular insertion of collagen fibers. Although age is a risk fac-
tor for the bone mass reductions in osteoporosis, it is not causa-
tive and therefore should be distinguished from physiologic aging
processes. Overriding the diverse observations of bony changes
with age is the important finding that the healing rate of bone
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in extraction sockets appears to be unaffected by increasing age
[1]. Indeed, the success of osseointegrated dental implants, which
relies on intact bone healing responses, does not appear to be
age related. However, balancing this view is the recent observa-
tion that bone graft preparations (decalcified freeze-dried bone)
from donors more than 50 years old possessed significantly less
osteogenic potential than graft material from younger donors.
The possible significance of this phenomenon on normal healing
responses needs to be investigated.

Changes in Periodontium with Age
Intrinsic changes

In epithelium, a progenitor population of cells (stem cells), situ-
ated in the basal layer, provides new cells of the oral epithelium.
These cells of the basal layer are least differentiated cells of oral
epithelium [8].

“By definition, this differentiated cell, or epithelial cell, can no
longer divide. On the other hand, the basal cell remains as a part
of the progenitor population of the cells, ready to return to the
mitotic cycle and again produce both types of cells. Thus there is
a constant source of renewal”. In the aging process, cell renewal
takes place at a slower rate with fewer cells, so the effect is to slow
down the regenerative processes. As the progenitor cells wear out
and die, there are fewer and fewer of these cells to renew the dead
ones. This effect is characteristic of the age related changes and
biologic changes that occur with aging.

By the actions of gerontogenes or replicative senescence (Hay-
flick’s limit and telomere shortening), the number of progenitor
cells decreases. Hayflick, an American microbiologist, observed
that fetal cells (i.e. Fibroblasts) displayed a consistently greater
growth potential (Approximately 50 cumulative population dou-
blings) than those derived from adult tissues (20-30 cumulative
population doublings) [9]. As a result, the decreased cellular com-
ponent has a concomitant effect to decrease cellular reserve and
protein synthesis. This affects the oral epithelium in that the tissue
becomes thin, with reduced keratinization.

Stochastic Changes

Stochastic changes occurring in the cells also affect tissue; for
example, glycosylation and cross-linking produce morphologic
changes and physiologic changes. Structures become stiffer, with
loss of elasticity and increased mineralization. With a loss of re-
generative power, structures become less soluble and more ther-
mally stable. Somatic mutations lead to decreased protein synthe-
sis and structurally altered proteins. Free radicals contribute to the
accumulation of waste in the cell [8].

All these changes produce a decline in the physiologic processes
of the tissues. Most changes are primarily a result of aging, al-
though some are secondary to physiologic deterioration. For ex-
ample loss of elasticity and increased resistance of the tissue may
lead to decreased permeability, decreased nutrient flow, and the
accumulation of waste in the cell. Thus, vascular peripheral resist-
ance (decreased blood supply) may secondarily decrease cellular
function.

Physiologic Changes
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In the periodontal ligament, a decrease in the number of colla-
gen fibers leads to a reduction or loss in the tissue elasticity. A
decrease in vascularity results in decreased production of muco-
polysacchrides [8].

All these types of changes are seen in the alveolar bone. With
aging, the alveolar bone shows a decrease in bone density and an
increase in bone resorption, a decrease in vascularity also occurs.
In contrast, however, cementum shows cemental thickness.

Functional Changes

With aging, the cells of the oral epithelium and periodontal liga-
ment have reduced mitotic activity, and all cells experience a re-
duction in metabolic rate. These changes also affect the immune
system and affect healing in the periodontium. There is a reduc-
tion in healing capacity and rate. Inflammation, when present,
develops more rapidly and more severely. Individuals are highly
susceptible to viral infection and fungal infection because of ab-
normalities in T-cell function [8].

Clinical Changes

Compensatory changes occur as a result of aging or disease.
These changes affect the tooth or periodontium that presents the
clinical condition. Attrition is a compensatory change that acts
as a stabilizer between loss of bony support and excessive lev-
eraging from occlusal forces imposed on the teeth. In addition,
a reduction in the overjet of the teeth is seen, manifesting as an
edge-to-edge contact of the anterior teeth. Typically this is related
to the approximal wear of the posterior teeth. An increase is seen
in the food table area, with loss of “sluiceways” and in mesial
migration [8].

Functional changes are associated with reduced efficiency of mas-
tication. Although effectiveness of mastication may remain, ef-
ficiency is reduced because of missing teeth, loose teeth, poorly
fitting prostheses, or non-compliance of the patient, who may
refuse to wear prostheses appliance.

Aging and Periodontal Microbiota

Susceptibility to many diseases of microbial origin depends on
the subject’s age. Some diseases strike early in childhood, whereas
others are seen mainly in adults and elderly people. Some diseases,
mumps or rubella for instance, affect distinct organs at different
periods of life and strike with variable intensity. Candida infection
is mainly associated with the very young, the very old or very
sick. Periodontitis is said to be a disease of the adult and epide-
miologically correlated with age. Different forms of periodontitis
are distinguished based on the patient’s age at onset. However,
there is an important difference between periodontitis and the
other infectious diseases mentioned. While mumps and rubella
heal spontaneously, periodontal disease may at best stop progress-
ing further [10].

Although in many elderly patients periodontal disease may appear
more severe than in the young, quite the opposite may be true
in terms of disease progression. Although the amount of peri-
odontal tissue destruction, measured as clinical attachment loss
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may be greater in an 80- year-old individual than in an 18-year-old,
the young patient may suffer from more severe disease and may
lose more attachment in a short period. If left untreated, such an
individual will lose the most heavily affected teeth eatly in life,
whereas the more resistant ones will be maintained for a longer
period. Thus, even if the involvement of residual teeth appears to
be severe in an older subject, these teeth can be considered quite
resilient and resistant: they have a history of withstanding peri-
odontal disease for a prolonged period.

Since periodontal tissue damage accumulates over time, it should
be possible to demonstrate shifts in the composition of the sub-
gingival microbiota with increasing age [10]. Nevertheless, as
these differences can be attributed largely to differences in eco-
logical conditions prevailing in shallow or deep pockets, the spe-
cific role of particular microorganisms at different periods of life
cannot be established using such a simple approach. Association
studies must compare study populations matched for attachment
level or pocket depth.

Ultimately it would be helpful to have information showing that -
all other conditions being equal.

(i) Age modifies the composition of the subgingival microbiota.
(if) Age modifies the risk of any given microbial composition for
disease progression.

In recent years, much emphasis has been given to the possibility
that periodontal disease may not be a continuous process but may
be characterized by episodes of activity, followed by periods of
relative quiescence of the disease. Consequently, epidemiological
studies have focused on the identification of microorganisms as-
sociated with episodes of activity. Nevertheless, the true impact
of short bursts of activity on the accumulated loss of periodontal
tissues in elderly people remains to be determined and may be
greatly overestimated. Goodson et al. [11] who introduced the
concept of bursts of activity, not only documented phases of
rapid loss of clinical attachment but also witnessed phases of
remission with apparent regain of attachment. Bursts of activ-
ity did not inevitably lead to irreversible attachment loss. Slow
continuous attachment loss, on the other hand, may have con-
siderable consequences over the long run, although it is unde-
tectable in studies limited to a few months’ duration. Given the
inaccuracy of periodontal probing, the detection of a continuous
disease process leading to 6 mm of attachment loss over 60 years
would require a minimal study period of 20 years (subsequent
measurements must yield a difference of at least 2 mm in order to
distinguish tissue destruction from measurement error with suf-
ficient confidence). None of the longitudinal studies conducted
with the purpose of risk assessment have covered such a long
period. Thus, in addition to microorganisms recognized as impor-
tant periodontal pathogens because of their association with ac-
tive phases of disease, bacteria with low pathogenic potential may
also contribute significantly to periodontal tissue destruction if
present over protracted periods of apparent “health’. The impact
of these organisms would probably increase with age and should
be taken into consideration in any discussion of periodontal dis-
ease among older adults.

Periodontal Diseases in Older Adults
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Etiology

Periodontal disease is age associated and not a consequence of ag-
ing. Periodontal disease in older adults is commonly referred to as
chronic periodontitis [12]. Because periodontitis is a chronic dis-
ease, much of the ravages of the disease detected in older adults
results from an accumulation of the disease over time. Research
has shown that the advanced stages of periodontitis are less prev-
alent than the moderate stages in the older-adult population. One
theory is that many sites of advanced periodontal disease have
resulted in tooth loss earlier in life, suggesting that older age is
not a risk factor for periodontal disease. Little evidence is avail-
able as to whether the risk factors for periodontal disease differ
with age. General health status, immune status, diabetes, nutrition,
smoking, genetics, medications, mental health status, salivary flow,
functional deficits, or finances may possibly modify the relation-
ship between periodontal disease and age [13]. Some medications
that are frequently prescribed to older adults can alter the gingival
tissues. Steroid-induced gingivitis has been associated with post-
menopausal women on steroid therapy. Gingival overgrowth can
be induced by certain medications such as cyclosporines, calcium
channel blockers, and anticonvulsants (e.g,, nifedipine or pheny-
toin) in the presence of poor oral hygiene. This gingival over-
growth further decreases a person's ability to maintain good oral
hygiene."

Interactions between Periodontal Disease, Medi-
cal Diseases and Immunity in the Older Individual

Eldetly people lose manual dexterity as a result of arthritis, in-
jury, stroke, aging itself, etc., and accordingly, are likely to have
poor oral hygiene [14]. Eldetly people are unlikely to seek dental
treatment but do receive medical treatments that result in the uti-
lization of approximately 25% of the national total of prescrip-
tion drugs. Medications such as antidepressants, antihistamines,
antihypertensives and diuretics, which are often prescribed on a
continuing basis, cause a reduction in salivary flow as a side effect
[15]. Thus, many elderly people may be deficient in salivary flow
(an intrinsic cleansing mechanism), and this combined with di-
minished oral hygiene practices (extrinsic cleansing mechanism),
could lead to heavy plaque accumulation on their tooth and den-
ture surfaces [16]. These are conditions that predispose to both
dental caries and periodontal disease, and accordingly, one would
anticipate an increased need for dental treatment among elderly

people.

Dental disease in eldetly people may also have medical conse-
quences. Both dental caries and periodontal disease present a mi-
crobial challenge to the host that involves an immune response.
However, these host-microbial outcomes may differ significantly
from what is seen in younger individuals, because of a concomi-
tant senescence of immunity that occurs with the aging process.
This senescence may partially explain the role for poor dental
health in the occurrence of aspiration pneumonia. For example,
there is evidence that poor oral hygiene can lead to the emergence
of periodontopathic anaerobes from within the plaque flora and
to the selection and/or colonization of the gram-negative enteric
bacilli in the oral flora, such as Escherichia coli, Psendomonas spe-
cies, Protens species, Klebsiella species [17]. If these gram-negative
enteric bacilli and periodontal anaerobes are present in any sa-
liva (oropharyngeal secretions) that happens to be aspirated into
the lung, a possible age-related sluggish immune response to this
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mixed inoculum could give rise to pneumonia [18]. The relation-
ship between dental procedures and transient bacteremia are well
documented [19] and must be considered whenever there is endo-
carditis or infections of prosthetic implants. There are now sev-
eral reports that dental disease, especially periodontal disease, may
contribute to cardiovascular disease [20]. The increase in the num-
bers of periodontal bacteria on the dentogingival surfaces could
result in the penetration of bacteria and their byproducts into the
gingival tissue, provoking an inflammatory response with produc-
tion of inflammatory mediators, multiple antibody responses and
a white blood cell response, among other reactions. As periodon-
topathic species are mostly gram-negative anaerobes [21], their
penetration could expose the host to endotoxin, thereby initiating
a variety of potentially harmful events that could predispose to
cardiovascular disease. For example, endotoxin affects endothelial
integrity, metabolism of plasma lipoprotein, blood coagulation
and the function of platelets. The relationship between dental
disease and cardiovascular disease could involve Streptococcus san-
guis, an organism that has been extensively studied for its role in
endocarditis, with one virulence factor being identified as a plate-
let aggregation-associated protein. If strains positive for platelet
aggregation-associated protein were to gain increased access to
the bloodstream, because of poor oral hygiene, then there exists
the possibility that they could cause platelet aggregation and sub-
sequent vascular pathoses [22].

If any of these associations with poor dental health can be shown
to be causal, it may be possible to reduce the incidence of aspira-
tion pneumonia and/or heart disease by simply promoting and
establishing dental health. The implications of this in terms of
quality of life, longevity and reduced medical costs are stunning;
The treatment of these individuals will require a major paradigm
shift for the dental profession, as they will need to change from
a youth and caries-oriented treatment strategy to one based on
the treatment of older individuals with a focus on periodontal
disease.

Immunity in elderly people

A key consideration in the evaluation of the interplay between
dental and medical disease is the role of host immunity in the
moderation of the outcomes of these diseases. Quite different
outcomes may be realized with the same dental conditions for the
young versus elderly individual. Immune competence, which is
necessary for successful resistance to the host of microbial insult,
is compromised in eldetly people. It has been suggested that im-
mune senescence is a primary predisposing factor responsible for
the increase in respiratory infection in elderly people. These com-
promises have been demonstrated in both systemic and mucosal
immunity and appear to affect both cell-mediated and humoral
immune functions [23]. Various changes in immunity associated
with aging are as follows: Senescence of the immune system. The
aging process includes the various compartments of the immune
system and their interactions. For cell-mediated immunity, func-
tional cell-mediated immunity rapidly diminishes with advanced
age. Functional immunity must be distinguished from absolute
cell numbers, since most studies do not reveal age-related changes
in the absolute numbers of leukocytes (lymphocytes, monocytes,
natural killer cells or granulocytes). T-lymphocyte functions, as
measured by mitogen responsiveness, elaboration of cytokines
(IL-21, delayed-type hypersensitivity and natural killer cell func-
tion have been shown to be reduced in elderly people (over 60
years of age) [24]. An interesting study by Marrie et al. demon-
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strated a relationship between delayed-type hypersensitivity and
functional independence of the subjects [23]. A consistent ob-
servation is also that the ratio of memory T cells to unstimulated
T cells increases with increasing age. This suggests that immune
memory is preserved but that the ability to respond to new anti-
genic challenge is reduced with increasing age.

A similar pattern emerges in the humoral immune response. Al-
though the absolute numbers of B lymphocytes and total serum
levels of IgG, IgM and IgA do not appear to change, there are
significant changes in immune function, so that the ability to re-
spond with antibody following antigenic challenge is reduced. In
addition, the kinetics are slower, the peak response is lower and
persistence of the antibodies in the serum is shorter in elderly
people. These changes have been attributed to senescence of the
T-helper function as well as more rapid turnover of B cells. Sims
et al. have calculated an increase in susceptibility to pneumococcal
infection of 1.33-fold for each decade after 50 years. This is asso-
ciated with a significant reduction in the efficacy of immunization
at each decade.

Few studies have examined the granulocytic arm of host defense.
However, it has been reported that clonal proliferation of stem
cells is reduced with age, placing considerable demands on the
cellular reserves. The neutrophils of elderly people have impaired
chemotactic reactivity, whereas phagocytosis and cytotoxicity ap-
pear to be relatively conserved.

Age-related changes in mucosal immunity have not been well
studied. The existing data are somewhat confusing, since there is
considerable contradictory information when animal and human
studies are examined. Most of the human studies have focused on
gastrointestinal mucosal immunity, and the majority agrees that it
is compromised in advanced age.

Loesche et al. suggest that the major issues remaining to be re-
solved include [23]:

1. How aging impairs the secretory immune response.
Whether or not immunosenescence predisposes elderly peo-
ple to infectious diseases; and

3. Whether immunodeficiency associated with aging might be
reversible.
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