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Abstract
Purpose of Review Elderly population represents the fastest growing population segment and target group of many expert
organizations developing strategies for successful aging. The substantial increase in man’s lifespan together with implementation
of preventive dental programs resulted in decreased tooth loss and increased prevalence of periodontal disease. Hence, the present
review focused on positioning periodontal health within aging process, characteristic of the senescent periodontium,
periodontitis-aging interplay, clinical characteristics, and implications for periodontal care in geriatric patients.
Recent Findings The senescent periodontium undergoes degenerative changes that are unrelated to progressive destruction in
lack of inflammation. The pathological interplay periodontitis-systemic aging is evidenced. Geriatric patients demonstrate
comparable treatment outcomes to those of patients ≤ 60 years regarding non-surgical and surgical periodontal treatment and
implant therapy as well.
Summary Adequate oral hygiene and appropriate control of risk factors represent the key pre-conditions for successful peri-
odontal and systemic aging.

Keywords Periodontitis . Aging . Inflammaging . Alzheimer’s disease . Diabetesmellitus . Atherosclerosis

Introduction

Geriatric population comprises of adults of ≥ 65 years old and
currently counts some 11% of the world’s population with an
estimated increase of up to 22% by 2050 according to the
United Nations [1••]. Advances in medical sciences contrib-
uted to substantially increased man’s lifespan best depicted by
the Center for Disease Control’s Morbidity and Mortality
reporting the doubling of the population over 65 years in a
30-year timespan. Additionally, the World Health

Organization (WHO) estimates 2.5% annual increase of the
population over 65 years [2]. The consequence of prolonged
longevity of man is increase in age-related health problems.
Thus, life quality in elderly population constitute central pri-
orities of modern medicine [3••]. Medical research often pri-
oritizes and indeed distinguishes aging-related health prob-
lems from pathologies since in the first case, health issues
occur inevitably in all persons. On the other hand, the process-
es in the aging organism are altered and differ under both
physiological and pathological conditions. Out of these rea-
sons, the WHO identifies elderly population as one of the
main targets and defines related priority of successful aging
as “low probability of disease and disease-related disability,
high cognitive and physical function, and active engagement
with life” [4, 5]. Within this concept, oral health was envis-
aged as one of the priorities the retention of more than 20 teeth
after 80 years old as a defined goal. As periodontitis represents
the first cause of tooth loss [6] and simultaneously the inflam-
matory burden able to affect systemic health, periodontal
health in elderlies derived priority as well. When considering
the increased man’s lifespan from the aspect of periodontal
status, as a result of successful actions directed to improve
the oral health, global population is currently characterized
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with substantially decreased tooth loss and subsequently in-
creased rate of severe form of periodontitis [7••]. Therefore,
periodontal health in geriatric patients is in the focus of many
expert groups working hard to develop strategies for success-
ful periodontal aging that would according to proposed con-
cept [4] be intact dentition with minimal attachment loss and
minimal limitation in function [5].

Periodontitis and associated tooth loss provide many dis-
abilities affecting the mastication, speech, and providing co-
morbidities such as Costen’s syndrome [8] and possibly hav-
ing general impact in social interactions of the patient. To
improve the epidemiological metrics for oral health in geriat-
ric patients, long time ago, Locker [9••] invented concept of
oral-health-related-quality of life (OHRQoL) by applying the
International Classification of Impairments, Disabilities and
Handicaps proposed by WHO on oral health to measure the
impact of poor oral health in overall disability. This index
remains particularly important since one of the WHO priori-
ties is the decrease in disability adjusted life years (DALYs)
directly determined by number of years lived with disability
(YLD) [10], while OHRQoL enables appropriate evaluation
of these parameters within context of oral health. Finally, the
entire branch of periodontology is devoted to the bi-
directional pathological interaction between periodontitis
and systemic diseases with common inflammatory biotypes
[11]. Interestingly enough, the positive association was
established between periodontal inflammation and all major
systemic conditions associated with aging including athero-
sclerosis, diabetes mellitus (DM), and Alzheimer’s disease
(AD).

The present review will focus on positioning of the peri-
odontal health within aging process, characteristic of the se-
nescent periodontium, periodontitis-aging interplay and relat-
ed pathological mechanisms, clinical findings, and implica-
tions for periodontal care in geriatric patients.

Periodontitis Part of Aging or Its
Consequence?

Whether periodontitis represents a part of physiological aging
or its simple consequence was a subject of controversy over
the years [12]. The simple fact is that periodontitis is highly
prevalent lifelong multifactorial disease and the sixth most
common health condition [6] illustrates how delicate it is to
separate its accumulated consequences from effects of aging.
This is challenged by the fact that periodontitis and aging
share inflammation as the main pathological mechanism sub-
sequently leading to the overlapping symptomatology due to
syndemic effects. To fully understand such complex relation-
ship, it is worthwhile going back to initial definition of peri-
odontitis and related contributing factors.

Periodontal disease is a chronic inflammatory disease of
tooth supportive tissues caused by periodontal infection man-
ifested with destruction of connective tissue attachment and
alveolar bone resorption as a pathognomonic sign of the dis-
ease [13]. The underlying pathogenetical mechanism of peri-
odontitis is non-resolving chronic inflammation against local
disbyosis triggered by periodontal key stone pathogens [14].
Clinically, inflammation occurs in the marginal gingiva in
contact with accumulated dysbiotic biofilm initiating
gingivitis that further transforms into periodontitis once the
pro-inflammatory cytokines achieve the critical concentra-
tions to trigger inflammatory osteoclastogenesis and alveolar
bone loss [15].

Because of inflammatory background of the disease as
well as due to highly resistant inflammophilic character of
the periopathogens [16, 17], any factor able to interpose
in inflammatory pattern is able to deteriorate periodontal
inflammation. Therefore, the four groups of risk factors
capable to modulate periodontal inflammation were iden-
tified: genetic background, general inflammatory status,
environmental factors, and systemic diseases, and aging is
source of all factor groups. The inherent characteristic of
aging organism is increased inflammatory status referring
to the permanently increased systemic levels of pro-
inflammatory markers while genetic alterations represent
the hallmarks of aging process. The most important aging-
related genetic alterations for periodontium are upregulat-
ed gene expression for pro-inflammatory mediators,
downregulation of genes implicated in pro-formative pro-
cesses, and genes involved in apoptosis and decrease in
cell proliferative potential particularly in progenitors [3••,
18]. Moreover, it was already mentioned that pathological
synergism between periodontitis and hallmark systemic
diseases of aging was confirmed which will be elaborated
in more detail in the further text. Regarding environmen-
tal factors, the aging process provide many deteriorating
factors for periodontal condition, but the present review
will discuss on two most important factors including
neglected oral hygiene and decreased salivary flow.

Neglected oral hygiene occurs as a consequence of
neglected oral health, very frequent in elderly population,
mainly not only due to preoccupyingwith general health prob-
lems but also due to demotivation characteristic for elderlies.
The consequence of neglected oral hygiene (OH) is dental
plaque accumulation associated with periodontal inflamma-
tion; hence, the tooth brushing once a day or less, lack of
interdental care, and smoking were proposed the critical peri-
odontal risk factors in geriatric patients [12].

Decreased salivary flow normally occurs in linear manner
with increasing age due to degenerative changes in major and
minor salivary glands characterized with atrophy of acinar
tissue and proliferation of ductal elements [19] followed by
reduced excretion of saliva. Such type of decreased salivation
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should be distinguished from another typical condition refer-
ring to the syndrome of xerostomia defined as patient-reported
mouth dryness [20]. Xerostomia is reported in 25–50% of
older people and is associated with systemic diseases (such
as Sjögren syndrome, parkinsonism, or DM) [21], use of med-
ications, or psychological conditions but is not considered
inherent part of physiological aging. Decreased salivary flow
apart from reducing lubrication of oral structures making them
vulnerable to mechanical insults, it compromises the auto-
cleaning and decreases the local protective capacity while in-
creasing the susceptibility for periodontal infection. Finally,
more than 400 medications cause reduced salivary flow as a
side effect [12], where drugs frequently used in older popula-
tions such as antihypertensives, anticholinergic drugs, psycho-
tropic drugs, and diuretics belong to this group as well [22,
23]. Another frequent pathology related to medical treatment
in geriatric patients is drug-induced gingival overgrowth that
is most frequently caused by calcium channel blockers in the
treatment of hypertension.

Biological and Clinical Characteristics
of the Senescent Periodontium

Senescent periodontium is clinically characterized with
loss of connective tissue attachment and concomitant
bone loss frequently associated with gingival recessions.
As the hallmarks of aging represent the loss of physiolog-
ical integrity with subsequent functio laesa, within re-
search on periodontal aging, the particular focus was on
changes in connective tissue. Regarding histological char-
acteristics of connective tissue, the reduced number of
elastic fibers, dis-regulation of collagen bundles, and re-
duced cellular content were observed [24, 25]. Regarding
cellular senescence, it was also confirmed that gingival
fibroblasts undergo functional and structural alterations
with aging as well [26, 27]. In addition to that, it was
reported that the decrease in collagen production by gin-
gival fibroblasts with age increases [28] presumably due
to methylation of the collagen alpha-1 gene [27] respon-
sible for its biosynthesis as well as expressed intracellular
collagen phagocytosis [29]. This might explain the fre-
quent occurrence of gingival recessions in older popula-
tion since despairing between collagen formation and deg-
radation is a pathogenetical mechanism behind gingival
recessions [30]. Additionally, the keratinized gingiva re-
duces with aging [31], thus contributing to development
of gingival recessions. The alteration in quantitative com-
position of the extracellular matrix between young and
old fibroblasts was observed as well [32].

Within repercussions of above-mentioned connective tis-
sue alterations, the structure of periodontal ligament derives
irregularly, while its function remains altered as well [31]. The

reduction and perturbation in fiber conformation is follow-
ed by enlargement of intracellular spaces that subsequently
increases vulnerability on infective insults, decreases the
amortizing capacity against biomechanical forces, and con-
tributes to tooth mobility. Indeed, it was observed that
periodontal ligament fibroblasts release great amounts of
[26] pro-inflammatory mediators on biomechanical stress
suggesting the possible outcome of wear associated to life-
long amortization of occlusal forces. From the clinical as-
pect, this should be considered as potential cause of in-
creased susceptibility on periodontal traumatism in geriat-
ric patients. Furthermore, the reduction of cellular content
in periodontal ligament has particular importance since this
structure represents the source of progenitor cells respon-
sible for regeneration/reparation of the alveolar bone, peri-
odontal ligament, and cementum. The manifestation of de-
cline in stem cells of periodontal ligament is decrease in
alveolar bone volume and atrophy of periodontal ligament
[33]. Cementum with age derives acellular and demon-
strates unusual alternation in resorption and reposition re-
sponsible for expressed irregularity of the cementum sur-
face [25] but without important clinical effects.

The integrity of the alveolar bone is maintained on dy-
namic homeostasis between osteoblastic and osteoclastic
activity within physiological bone remodeling. The balance
between these processes is pre-condition for bone integrity
but is at the same time highly susceptible on numerous
factors such as hormonal status, inflammatory status,
calcium-phosphates concentration, nutrition, and other.
However, the aging process provides many negative factors
that compromise the equilibrium between these processes,
having as a consequence predomination of pro-resorptive
component in elderly persons. Additionally, the decrease in
pre-osteoblasts and decline in collagen-1 synthesis should
be also considered as possible reasons for bone loss in older
persons.

Generally, it is accepted that periodontium undergoes
degenerative changes that are unrelated with progressive
periodontal destruction [31, 34••], while the senescent
periodontium was characterized by clinical attachment loss
with concomitant alveolar bone loss qualified as modest in
lack of inflammation [34••]. On the other hand, aging pro-
cess provides a variety of factors contributing to the peri-
odontal disbyosis and related inflammation but it still re-
mains difficult to reliably distinguish the consequence of
aging from lifelong periodontitis insults. Therefore, two
hypotheses were proposed for periodontal disease in aging
persons, the hypothesis of cumulative effect hypothesis that
emphasizes the role of accumulated lifelong periodontal
insults and age-related susceptibility hypothesis proposing
the role of aging in alteration of immuno-inflammatory
status of periodontal tissues in course of increased suscep-
tibility to periodontitis [34••].
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Interplay Between Periodontal Disease
and Aging Within Inflammaging

Aging comprises the physiological processes that cause
functio laesa and subsequent loss of physiological integrity
leading to death. Those processes start at the molecular level
and include nine hallmarks of aging: genomic instability, telo-
mere attrition, epigenetic alterations, loss of proteostasis,
deregulated nutrient-sensing, mitochondrial dysfunction, cel-
lular senescence, stem cell exhaustion, and altered intercellu-
lar communication [3••]. At the systemic level, this process is
followed by chronic progressive increase in the pro-
inflammatory status that contributes in occurrence and en-
hancement of the inflammatory pathologies referring to the
inflammaging [35]. In brief, it was demonstrated that systemic
inflammation exacerbates vascular pathology, thus contribut-
ing to cardiovascular diseases, increases secretion of cortisol
causing the insulin resistance and DM2, and promotes bone
resorption and neurodegenerative diseases such as AD [36].
Such permanent systemic inflammation simultaneously increases
the susceptibility for other inflammatory pathologies and their
syndemic acting, while the best example for that is periodontitis.

The main pathological process of periodontitis is inflam-
matory osteoclastogenesis regulated by nuclear factor kappa-
B (Nf-kB), the transcription factor coding the waste majority
of pro-inflammatory cytokines implicated in this process [15,
37]. The process is orchestrated by interaction of his receptor
(receptor activator nuclear factor kappa-B RANK) and ligands
(receptor activator nuclear factor kappa ligand—RANKL, os-
teoprotegerin—OPG) and so-called RANK-RANKL-OPG
triade [38]. In brief, under inflammation, the RANKL remains
expressed on the membranes of osteoblasts, stromal cells, fi-
broblasts, B cells, and T cells and tends to bind RANK
expressed on the membranes of pre-osteoclast and osteoclasts
to efferently provide maturation of pre-osteoclasts and/or en-
hancement of the activity of maturated osteoclasts. The critical
mediators implicated in upregulation of RANKL apart bacte-
rial lipopolysaccharide (LPS) are parathormone, epinephrine,
17β-estradiol and glucocorticoids, and pro-inflammatory cy-
tokines (IL-1, IL-6, IL-8, IL-11, IL-17, TNF-α, PGE2, and
IFN-γ) [39]. This pattern provides the link for detrimental
interaction with aging since the most common hallmarks of
immunosenescence are increased systemic levels of pro-
inflammatory cytokines such as PG22 and TNF-α, impaired
phagocytosis, and increased periodontal levels of Nf-kB itself
[34••, 40]. When considering this, initially increased baseline
levels of Nf-kB together with PGE2 and TNF-α as confirmed
main up-regulators of RANKL-orchestrated osteoclastogene-
sis induced by Porphyromonas gingivalis (P. gingivalis),
Treponema denticola, and Treponema socranskii; this clearly
depicts the origin of bone destruction severity in geriatric pa-
tients [41]. Indeed, even for RANK RANKL-independent au-
to-activation, the microbiological challenge needs to exist.

Syndemic Acting Among Periodontal
Inflammation and Aging-Related Systemic
Diseases

Since systemic diseases and their respective treatment in geri-
atric patients represent the specificity requiring appropriate
modification of the routine clinical protocols, this issue was
considered individually.

Generally, systemic diseases in elderlies induce multitude
of periodontal destruction by contributing to microbiological
disbyosis and excessive immunological reactions associated
with severe forms of periodontitis. In turn, periodontitis can
exacerbate systemic health [42] since periodontal pockets de-
rive inflammatory burden (Fig. 1) and potent enhancer of sys-
temic inflammation and related pathologies [43–45]. The his-
tological characteristic of oral vasculature is lack of one entire
layer making them extremely permeable being the reason why
many systemic diseases give first manifestations in the mouth
and reason why the mouth is called the mirror of the health.
Under periodontal inflammation, the permeability of vascular
elements additionally increases and ulcerates which leads to
penetration of periopathogens and rich inflammatory content
into systemic circulation [46–48]. The periopathogens express
pathogenicity on many distant organ systems [49–55] via two
proposed mechanisms, by directly infecting or indirectly by
triggering and/or enhancing local inflammation [56]. It is
worth mentioning that such a mechanism does not contribute
only to the primary pathology but also to poorer response to
performed treatment. Regarding scientific evidence on patho-
logical relation between periodontitis and aging-related sys-
temic diseases, it was reported that dissemination of oral bac-
teria notably contributes to promotion of atherosclerosis and
impaired glycemic control within insulin resistance and DM
[57••].

Atherosclerosis represents the underlying mechanism of
coronary heart disease (CHD) and ischemic stroke and is
based on formation of atherosclerotic plaques on inner arterial
walls, thus decreasing blood flow and compromising the nu-
trition of heart and brain. Hence, the thickening of the athero-
sclerotic plaques represents the critical factor since hypoxia
caused by obstruction of nutritive arteries induces infarction
and subsequent necrosis of the organ area vascularized by
affected arterial branch. The thickening of the atherosclerotic
plaque is mostly associated with inflammatory reactions in the
arterial wall, calcification, and ruptures in plaques creating the
predilection locus for thrombosis. Periodontal disease was re-
ported to directly affect atherosclerosis since periopathogens
were identified in intrasurgically retrieved atherosclerotic
plaques form arteries of patients suffering CHD [58, 59••].
Although the mechanism is still not defined fully, the
periopathogens in atherosclerotic plaque clearly contributes
to local inflammation, instability of atherosclerotic plaque,
and dysregulation of autophagy [60]. Moreover, periodontal
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disease affects atherosclerosis via indirect mechanism by in-
creasing systemic inflammation [61]. Such pathological cor-
relation between periodontitis and atherosclerosis can be
depicted on the example of the myocardial infarction being
the greatest cause of mortality in western countries [62]. In a
recent study reported by Marfil-Alvarez et al. [55], it was
demonstrated that the extent and severity of periodontitis is
positively associated with acute myocardial infarct size, and
the effect was measured using troponin as a gold standard
biochemical marker of the infarct and myoglobin, a nonspe-
cific myocardial necrosis marker. In turn, periodontal treat-
ment provides decrease in systemic inflammation and im-
provement of endothelial function [63].The positive associa-
tion was also reported for periodontitis and ischemic stroke
[64] as well as with recurrent vascular events in stroke/
transient ischemic attack patients [54]. It was proposed that
periodontitis plays as an inflammatory burden that negatively
affects the disease via increase of systemic inflammatory
markers [54].

Diabetes mellitus (DM) and periodontal disease has a well-
established bidirectional pathological link [65, 66••, 67]. In
brief, DM negatively contributes to periodontitis by increasing
susceptibility to infection and upregulating local inflamma-
tion, periodontal inflammation impairs glycemic control, and
treatment response in diabetic patients via increase in systemic
inflammation while scaling and root planing improves glyce-
mic control in DM2 [67, 68]. It was proposed that DM dete-
riorate periodontal condition by increasing the local levels of
RANKL, OPG, TNFα, IL-1β, and IL-6 while interaction be-
tween advanced glycation end products (AGEs) seems to play
in severe tissue destruction and impaired repair in diabetes-
associated periodontitis [69].

The Alzheimer disease (AD) represents the growing prob-
lem in public health that according to the WHO contributes
with 60–70% cases out of total 35.6% million people affected
by dementia [70]. The disease is characterized with accumu-
lation of the amyloid-β (aβ) plaques and neurofibrillary tan-
gles of hyperphosphorilated tau protein that subsequently in-
terrupt signal neurotransmission and neural function in the
brain. The exact cause and underlying mechanism of AD is
unfortunately still not established; however, as aβ represents
antimicrobial substance, the hypothesis of microbiological
disease etiology followed by inflammatory tissue destruction
is under strong consideration. In that context, the association
between periodontitis and AD was examined. It was demon-
strated that serum levels of TNFα and antibodies on
Aggregatibacter actinomycetemcomitans, Tannerella
forsythia, and P. gingivalis were significantly elevated in AD
patients compared to healthy controls while estimated anti-
bodies for periopathogens showed an odd ratio of 6.1 in AD
patients [53]. Additionally, the negative correlation between
high serum levels on P. gingivalis and low cognitive function
was demonstrated [71]. The mechanistic relation between
periodontitis and AD is not established, but it was assumed
that periodontal bacteria might contribute directly and indi-
rectly to accumulation of aβ. Briefly, it was demonstrated that
spirochetes contain amyloidogenic proteins while in vitro and
in vivo exposure to bacterial LPS causes deposition of aβ and
tau phosphorylation [72]. Hence, it was assumed (plausible
mechanism would be) that upstream in systemic inflammation
associated with periodontal burden would contribute to dam-
age and increased permeability of blood-brain barrier, thus
facilitating penetration of the periopathogens toward brain to
finally contribute in formation of amyloid plaques. Related to

Fig. 1 Inflammation unites
periodontology and aging. The
figure schematically depicts how
dissemination of periodontal
infection and inflammation
contributes to the systemic aging
on example of atherosclerosis
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that, the study was conducted to compare levels of aβ-
precursor protein (APP) between gingival tissues from
periodontitis-affected patients and periodontally healthy indi-
viduals and periodontitis patients demonstrated significantly
increased levels of APP, thus suggesting a relationship be-
tween periodontitis and AD pathogenesis [73]. Regarding
the indirect mechanism and upregulation of systemic inflam-
mation by the periodontal burden, as both microglia and as-
trocytes are in a pro-inflammatory state in AD, there is a
strong therapeutic recommendation for tipping the balance
toward an anti-inflammatory state for both types of glia and
the first step presents the eradication of inflammatory burdens
in the body [74]. With this in relation, the serum levels of the
TNFα, a common marker of periodontal and AD destruction,
and antibodies on periodontal bacteria were estimated and the
significantly higher serum levels of measured parameters were
showed in AD patients [75].

Besides the described pathway of dissemination via sys-
temic circulation, the aspiration of periodontal pathogens pre-
sents a pathogenic pattern particularly important for geriatric
population. In fact, this is a causative mechanism of pneumo-
nia in hospitalized patients and elderly population [70, 76] and
it was demonstrated that oral care reduces pneumonia in older
patients in nursing homes [77].

Periodontal Care for Geriatric Patients

When considering all aforementioned, it is evident that
neglected oral hygiene presents the major threat for periodon-
tal health in geriatric patients. It was elaborated that senescent
organism could be considered a “bomb” of threats for peri-
odontal health while development of periodontal inflamma-
tion in this setting means opening of the “Pandora’s box” for
systemic health. However, in lack of dental biofilm, any of
these might occur, meaning that impeccable oral hygiene is
the key imperative for prevention of adverse effects within
successful aging. Related to that, it was demonstrated that
older people receiving regular dental care tend to retain more
teeth than those without a dental maintenance program [78].
Additionally, it was proposed that the number of dental visits
seems not to affect periodontal parameters while the interven-
tion of periodontists seems to be beneficial [78].

As previously said, the main reasons for neglecting oral
hygiene in elderly population is their focus on frequent med-
ical problems and demotivation as a manifestation of psycho-
logical alterations accompanying aging. This indicates the
need for adjusting the approach of both medical and dental
professionals to geriatric patients. Themedical doctors dealing
with geriatric patients should regularly explain and remind the
patients on the importance of oral hygiene and its impact to
general health, while dental professionals should particularly
focus on motivation and education on OH and possibly adapt

the approach for older persons. In this clinical phase, the
psycho-physical disability should be estimated properly, in
order to propose the appropriate devices for OH such as tooth
brushes with softer ergometric handles and floss holding de-
vices for patients with disabilities or electronic brushes partic-
ularly suitable for patients with decreased dexterity. It was
reported that this kind of adapted home care regimen may
improve oral health in the elderly [79]. Furthermore, dental
practitioners should carefully perform the risk assessment in
older persons to disclose the presence of any systemic diseases
and drug consumption that would require adjustment in pre-
ventive strategy for optimal disease prevention. The preven-
tive strategy for elderlies should consider the reduced salivary
flow that subsequently increases the susceptibility on peri-
odontal infection and caries, thus use of chlorhexidine rinses
and fluorides is strongly recommended for better plaque con-
trol and better resistance on infection.

Periodontal Treatment for Geriatric Patients

Periodontal treatment in geriatric patients is oriented toward
elimination of dental biofilms and associated periodontal in-
flammation, recontouring and/or restoring of the soft and bone
tissues when indicated to enable functional teeth support and
particularly conditions for proper cleaning and good OH. In
general, there is a large body of evidence showing that both
non-surgical and surgical periodontal treatment is successful
independently of age [80]. However, scientific evidence on
periodontal treatment outcome in elderlies is not tremendous
since the effect of age was rarely considered in data analysis
[80, 81].

Initial step in treatment planning is determination of treat-
ment goals and criteria for treatment success. In that context,
the adjustment of periodontal diagnostic criteria for geriatric
patients is of great importance. Although it was concluded that
periodontal aging is unrelated to periodontal destruction seen
in periodontitis [82], the periodontium undergoes some alter-
ations requiring adjustment of the clinical criteria for peri-
odontal diagnostics. Therefore, it was proposed that increase
in crown-to-root ratio, probing depths ≤ 4 mm, moderate clin-
ical attachment loss associated with physiological tooth mo-
bility, and sporadic inflammation that is not pronounced can
be considered a physiological finding in aging persons.

Two studies estimated the outcomes of surgical and non-
surgical periodontal treatment between older and “younger”
patients with moderately advanced or advanced periodontitis
and showed comparable results while less bleeding on probing
following surgical treatment in older population was even
demonstrated [83, 84]. Regarding guided tissue regeneration,
there is only one reported study that estimated the effect of
aging on class II buccal furcation defects treatment and dem-
onstrated a better treatment outcome in older population
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independently of treatment protocol using membrane alone or
combined with enamel matrix derivate [85].

Regarding gingival recessions as intrinsic clinical manifes-
tation of aging, there is no evidence on gingival recession
treatment outcomes in older population but the appropriate
treatment of gingival recessions is necessary to prevent the
root caries highly prevalent in the older population [86].
However, it is expected that treatment outcome might be chal-
lenged by aging-related alterations in connective tissue and its
metabolism. In brief, decline in progenitor cells, diminishing
in keratinization of gingival epithelium, and perturbation of
periodontal fibers provide susceptibility for gingival reces-
sions. Such susceptibility might additionally impact the out-
comes of surgical periodontal treatment since it can increase
the risk for development of post-surgical gingival recessions.
Hence, this should be carefully considered in treatment plan-
ning and prognosis.

Dental implants in geriatric patients present a particularly
attractive issue in the current dentistry. The restoration of tooth
loss using dental implants is the optimal solution for disabil-
ities associated with tooth loss, thereby perfectly fitting re-
quests addressed by WHO. However, what is the impact of
aging in occurrence of biological complications in the short
and long term was questioned. This concern was well elabo-
rated in the recent review reported by Bartold et al. [87]. In
general, the scientific evidence shows that the success rate in
elderlies is similar to that of younger patients regarding both
functional and esthetic outcomes [84–86]. In the study on
long-term survival of rough-surface implants, it was reported
that age was not related to implant survival time [88].
Regarding risk factors, similarly like to periodontitis,
neglected OH, and systemic diseases and related medicaments
are the main risk factors for dental implants. The small retro-
spective study demonstrated that patients over 70 years with
well-controlled systemic diseases do not present high risk for
implant-related complications while another group of re-
searchers failed to demonstrate the relationship between oste-
oporosis and peri-implantitis [89, 90]. Indeed, it was demon-
strated that use of bisphosphonates reduces survival and suc-
cess rates of dental implants [91]. Regarding incidence of peri-
implant diseases in older patients, it was reported that patients
older than 65 years were more likely to develop such peri-
implant mucositis or peri-implantitis while the positive asso-
ciation of increased prevalence of peri-implant disease with
increased function time was additionally confirmed [92, 93].
Hence, geriatric patients can be considered suitable candidates
for successful implant treatment while the control of numer-
ous risk factors remains to be a necessity. From the biological
standpoint, osseointegration presents the mechanism of im-
plant anchorage in the bone molecularly regulated by Nf-kB
signal izat ion [87]. Related to that , a successful
osseointegration is characterized by equilibrium between
pro-formative and pro-resorptive processes within a balanced

RANKL/OPG ratio. As previously suggested, the increased
baseline levels of Nf-KB and crucial RANKL up-regulators
senescent periodontium might play in disequilibration of
RANKL/OPG within osseointegration and cause subsequent
predomination of bone resorption. It is less possible that this
would occur spontaneously in a successfully osseointegrated
implant without signs of inflammation, but this might suggest
that elderlies are at higher risk to develop severe peri-implant
defect in presence of infective threats. Moreover, a good con-
trol of systemic conditions such as DM is essential for implant
treatment success [94], since diseases with a familiar inflam-
matory pattern might contribute to development of the peri-
implant disease. Finally, within implant treatment planning for
geriatric patients, it is particularly important to disclose the use
of drugs with detrimental effects on periodontal tissues and
supportive bone with special emphasis on bisphosphonates
[95, 96].

Concluding Remarks

Elderly population is the fastest growing population segment
currently counting of about 841 million persons with expected
growth of up to 2 billion persons by 2015 [97••], thus quali-
fying successful aging as the priority goal of leading medical
organizations. Regarding the impact of periodontal health
within successful aging concept, the senescent periodontium
is not physiologically associated with progressive destruction
while in turn, an infective challenge transforms the periodon-
tium into potent inflammatory burden associated with severe
periodontal destruction negatively affecting systemic aging.
The clinical implications for geriatric patients would be the
following:

& Clinical protocols in the periodontal management of geri-
atric patients require adjustment regarding the preventive
approach, diagnostic criteria, and treatment planning

& Neglected oral hygiene is the major threat for periodontal
health in elderlies that might simultaneously trigger many
related complications of the systemic health, thus present-
ing a focus of entire clinical concept for periodontal man-
agement of these patients

& Education and motivation of the older persons to establish
and maintain the optimal oral hygiene should be the main
objective of the preventive approach for geriatric patients

& Careful assessment of the risk factors is required for this
patient group since the specific treatment plan must be tai-
lored to match unique needs of individual geriatric patients

& Medical anamnesis of these patients should be attentively
carefully assessed to disclose the presence of systemic
pathologies and/or related treatments requiring interven-
tion delaying, premedication or modification of the peri-
odontal treatment plan
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& Appropriate home periodontal care regimen should be de-
signed and prescribed against identified risk factors and in
relation to the present disabilities that patient might
demonstrate

& Probing depths ≤ 4 mm, moderate clinical attachment loss
associated with physiological tooth mobility and sporadic
inflammation that is not pronounced can be considered a
physiological finding in aging person

& Treatment plan should focus on elimination of dental
biofilms, reduction of periodontal inflammation, and im-
provement of the conditions for optimal plaque control as
ultimate priorities while the esthetic aspect might be con-
sidered secondary priority when it is required for better
achievement of aforementioned priority goals

& Gingival recessions are highly prevalent in geriatric pa-
tients due to aging-related alterations in periodontal con-
nective tissues and such susceptibility should be particu-
larly considered in periodontal treatment planning and
prognosis as potential risk for post-surgical recessions

& Non-surgical and surgical treatment provides successful
treatment outcomes in geriatric patients

& Implant therapy has a high survival and success rate in
patients with well-controlled systemic diseases while in-
fection control represents an essential pre-condition for
that

In summary, efficient plaque control presents the essential
pre-condition to prevent bi-directional deteriorating effects
between periodontitis and systemic aging and to ensure the
successful oral and systemic aging.
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