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Oral functions;
Oral-medical links;
Oral vs. systemic
health;

Microbiome &
dysbiosis;

Neuro-cognition
circuitry
of oral diseases. Research into the dysbiotic microbiome, host immune/inflammatory regula-
tions and patho-physiologic changes and subsequent adaptations through the oral-systemic
measures under ageism points to pathways leading to mastication deficiency, dysphagia, signa-
ture brain activities for (neuro)-cognition circuitries, dementia and certain cancers of the
digestive system as well. Therefore, the coming era of oral health-linked systemic disorders
will likely reshape the future of diagnostics in oral geriatrics, treatment modalities and profes-
sional therapies in clinical disciplines. In parallel to these highlights, a recent international
symposium was jointly held by the International Association of Gerontology and Geriatrics
(IAGG), Japanese Society of Gerodontology (JSG), the representative of USA and Taiwan Acad-
emy of Geriatric Dentistry (TAGD) on Oct 25th, 2019. Herein, specific notes are briefly ad-
dressed and updated for a summative prospective from this symposium and the recent
literature.
ª 2020 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

Recent studies in oral health and geriatric medicine have
suggested a new dimension for linking critical associations
between the reduced oral functions (i.e., oral dysbiosis,
occlusal/mastication, dysphagia/chewing difficulty, tongue
pressure, etc.) to certain systemic disorders, such as:
pneumonia, gastrointestinal (GI) and pancreatic cancers,
cognitive brain functions, Alzheimer’s disease (AD), de-
mentia, etc. The consensus gathered at the Joint Sympo-
sium of “International Association of Gerontology and
Geriatrics (IAGG), Japanese Society of Gerodontology
(JSG), the representative of USA and Taiwan Academy of
Geriatric Dentistry (TAGD)” held on October 25, 2019, at
Taipei, Taiwan, entitled: “New Horizon of the Gerodontol-
ogy for the 2020’s: Interactions of oral (hypo)-functions and
the underlying links to systemic illnesses vs. health”, which
was part of the themed scientific programs of the 11th IAGG
Asia/Oceania Regional Congress 2019, jointly organized by
IAGG and CTGG (Chinese Taipei Association of Gerontology
and Geriatrics). Collectively, a brief update and review of
the new evidence on the gerodontologic prospective for the
coming 2020’s have been synthesized, based on the topics
presented and materials discussed, which are scientifically
collected for a narrative with summative illustration (see
Fig. 2) and for the general readers with broader interests,
as presented herein below.

Shifting the focal infection paradigm to systemic
health vs. disease via oral-medical links in the
elderly

The foci of infection theory returned 30-yrs ago, where
Mallita et al. and Offenbacher et al. both pioneered that
dental caries and periodontal infections were associated
with acute or fatal vs. chronic cardiovascular diseases,
thereby termed: oral-periodontal medicine.1,2 Till now,
studies have recently suggested that oral microbiome can
be found in other parts of our body, including: atheroscle-
rotic vessels, lungs, enteric tracts, pancreas, CNS via
bloodebrain-barriers (BBB), etc., where each compartment
may employ the oral-systemic access for underlying in-
teractions towards health or/and illnesses.3

Researchers have sought to clarify the plausible re-
lationships between periodontal disease and certain oral-
systemic illnesses. The commensal and dysbiotic micro-
biomes that colonize the mucosal surfaces of our body are
capable of generating small peptides or/and metabolites
exerting both local and/or systemic effectors (e.g., mi-
crobial toxins, pro-inflammatory cytokines, cross-reactive
and crippled immunity as well).4e7 These agents may
trigger distant or systemic disorders with undesirable out-
comes; i.e., ischemic cardiovascular events & strokes,
premature births and/or low birth-weight infants, rheu-
matoid arthritis, diabetes and overt obesity, pulmonary
infections, meningitis (brain abscesses), neurologic disor-
ders (i.e., Alzheimer’s disease, AD), colorectal and
pancreatic cancers as well, etc.8e18 These devastating
diseases derived from local dysbiosis have inevitably
resulted in the subsequent losses of teeth and oral func-
tions or dysfunctional sequels; esp., in the frail elderly, and
in-turns accompanied by the physical deficits, mal-
nutrition, geriatric syndrome (GS) and poly-comorbidities
over time.19,20

For example, Hajishengallis et al., have proposed the
keystone pathogen hypothesis,21 suggesting that oral Por-
phyromonas gingivalis (P. gingivalis: Pg) may be an impor-
tant key pathobiont for periodontal infection, enabling to
regulate the behavior patterns of oral biome in a low de-
gree. Thus, selective removal of other target probiotic
species (i.e., target peptides of Pg) could open the possi-
bility of manipulating symbiotic species, so that the host
may be beneficial to have removed the harmful ones,
leading to a healthier microbiome. Conceivably, the inter-
action of known risk factors with oral microbiome may lead
to an increasing local dysbiosis and pathogenic commu-
nities. Meanwhile, the relationships between oral micro-
biome and systemic effectors have been investigated in
animal & human studies, where detection of Pg may alter
the composition of intestinal microbiome, thereby trig-
gering inflammation in different tissues and organs.22e25 In
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addition, LPS of G(�) Pg initiates an innate immune
response involving Toll-like receptor-4 (TLR-4) signaling,
resulting in stimulation of MyD88-dependent vs. MyD88-
independent pathway, which in turn activates the nuclear
factor-kB- pathways and releases the pro-inflammatory
cytokines associated with dysbiotic pathologies.8,9,26e28

Further, it has been suggested that long-term microbial
infections promote direct cellecell interactions where
specific TLRs are linked to pre-cancerous oral epithelium
development, thereby leading to OSCC. Later, Ochi et al.
reported that TLR-4 was specifically found to be highly
expressed in human pancreatic cancers, rather than the
normal ones, through blocking MyD88-independent pathway
exerting a protective effect on developing pancreatic
cancers.29e32 The above dynamics proposed have been
shown rather relevant, since un-notifiable chronic inflam-
matory disorders (i.e., cardiovascular diseases, various
cancers, chronic obstructive lung diseases and DM) are the
leading cause of disability and death and linked to deaths
more than other diseases combined in the developed world
recently.8e18 In essence, disrupted oral microbiome or
dysbiosis can lead to an eco-imbalance of local biofilms,
emerging pathobionts and subsequent risks for regional or/
and distant diseases.26e32 Some exemplified recent pro-
gresses have been explored for the underlined interactions,
briefly outlined as follows:

Periodontal infection and rheumatoid arthritis (RA)
New evidence has provided a correlation between RA and
periodontal infections, where the DNA sequence of highly
conserved structural motifs of RA antigens manifest a
significantly homologous to oral and intestinal microbiome,
via a proposed “molecular mimicry model".33e35 Potential
microbes that could trigger inappropriate inflammation in
the host may include: EBV, CMV, Proteus & E. coli (i.e.,
microbial vs. human HSP spp.) are involved in the RA
pathogenesis.33e37 To date, dysbiotic Pg is the only oral
microbiome known to produce peptidyl deiminase (enzyme
involved in elimination of arginine residues, called: citrul-
line) and participating the cellular apoptosis, internaliza-
tion of the chain-reactions for chromatin remodeling vs.
inflammation, and stress responses to certain microbial
infections.34e37 While immunity against Pg infection may
occur before the onset of RA, the concentration of auto-
antibodies to citrullinated protein (ACPA) was shown
much higher in severe periodontitis subjects.38 Patients
with RA and active periodontitis were likely ACPA posi-
tive,39 as the evidence from genetically modified sterile vs.
reproductive mouse studies suggested that defining the
probable characteristics of Trofferyma whipplei, a gut
microbe, may have tip-toed the host susceptibility via
(counter)-balancing the periodontal dysbiosis and symbiotic
communities. Thus, these results suggest that the specific
immunity to pathobiont may be modulated via the oral vs.
intestinal microbiomes to the highly homologous self-
associated motifs of RA antigens in the host.40

Periodontal infection and Alzheimer’s disease (AD)
AD is a chronic neurodegenerative disease accompanied by
progressive cognitive deterioration, a leading cause of de-
mentia in the older adults over age 65. A large amount of
research has provided significant evidence for an infectious
nature, including the HSV-1 and microbes (i.e., Heli-
cobacter pylori, Chlamydia pneumonia, Borrelia burgdor-
feri, etc.), which can trigger to amplify self-antibodies with
resultant effects in or around the CNS.16,17,41e44 These
findings have been proposed as a potential mechanism by
which periodontal infection may contribute to initiation or
progression of AD. In the susceptible host, Pg may cross the
BBB to involve the activated complement-C3 pathway with
bystander damages;16,36,45 whereas, orally dysbiotic
microbiome, Treponema denticola, was also identified in
the cerebrospinal fluid and neuronal ganglion cells.16,17

Intriguingly, Dominy SS. et al., have recently reported
that Pg-derived cysteine proteases, called: gingipains, were
identified in AD patients’ brain tissues, which were corre-
lated with the Tau and Ubiquitin pathology known previ-
ously45 and oral infection with Pg in experimental mice
resulted in its brain colonization and increased Ab1e42 pro-
duction, a hallmark of pathologic amyloid plaques found in
AD. Later, a synthesized small-molecule chemical inhibitor
targeted against gingipains, termed: Azeliragron (COR388),
has been shown to reduce the microbial load of Pg in brains,
Ab1e42 production and neural inflammation in CNS, and
manifest rescued neurons in the affected hippocampus.
Though the above findings have suggested the potential
application of gingipain inhibitors (COR388) for treating Pg-
associated brain infection or neuro-degeneration markedly
characterized in AD, it remains to be seen whether there is
a substantiated and real cause of Pg-mediated periodontal
infection as to the explored mechanism of developing into
AD.45e47 Thus, overall evidence linking oral microbiome to
systemic conditions may involve Pg-mediated development
of AD, as briefly outlined below (please refer to the illus-
trative collectives in Fig. 2):

i) Pg DNA is present in the CSF of diagnosed AD patients;
ii) Tau molecules can be fragmented by Pg gingipains;
iii) Small-molecule gingipain’s inhibitors are neuro-

protective;
iv) Oral infection of mice with P results in brain infection

and induction of Ab1e42;
v) Ab1e42 has anti-bacterial effects against Pg resolving

to Pg-associated brain infection mediated by in-
hibitors and preventive loss of Citrullination as a
plausible link to chronic periodontitis, RA, athero-
sclerosis and AD;

vi) Periodontal keystone pathogen Pg and its secreted
enzyme-peptidyl arginine deiminase (PPAD) can be
found in the area of hippocampal inter-neurons.

Periodontal infection and gastro-intestinal (G-I) cancers
Studies have suggested that certain microbial species can
migrate during oral swallowing or circulations, resulting in
spreading throughout our body. Other than being a tumori-
genic microbe with impact on G-I cancers; H. pylori (Hp) is
often found in periodontal pockets. Further, oral pathogens
[i.e.,Pg, Fusobacterium nucleus (Fn), Streptococcus, Pep-
tococcus & Przewia] have been suggested to have some roles
in developing colorectal and pancreatic cancers, where Pg
may co-exist with dysbiotic species [i.e., Fn, Prevotella
intermedia (Pi) & melaninogenica (Pm), Streptococcus mitis
(Sm)] associated with G-I vs. oral cancers and poorer
prognosis.18,48e50 Notably, Fn and Pg are reported to have



760 Y.C.G. Liu et al
association with pancreatic cancer,48e50 in addition to
Clostridium, certain Actinomycetes strains and
streptococci;4,6,7,51e53 whereas the abundant Fn at the colon
cancer sites may be associated with regional metastasis
(i.e., rectalw2%, caecumw11%).4,6,7,18,48e53 The framework
of cancer-associated Pg (co)-infection proposed may suggest
that oral microbiome, effectors of dysbiotic activity from
inflammatory cells and/or mediators that translocate from
the primary sites could interact to produce wider systemic
consequences. Thus, such pathogenic community (micro-
biome) may develop tumorigenic aggression with profound
effects on human cells via chronic inflammation, anti-
apoptosis and/or direct carcinogenesis,4,6,7,18,49e53 as
proposed.

Moreover, Swidsinski et al. have reported that the
presence of complex microbiome in the pancreatic ducts
was accompanied by different oral species,54 while some of
them were also found in brain tissues of AD patients, distal
vascular tissues, atherosclerotic plaques and fetal-
placenta.4,6,7,18,32,51,52,54 In addition, serum Abs from Pg
may be applicable to improving cancer diagnosis and
prognosis, as the elevated serum anti-Pg IgG levels have
been related to cancers of the G-I systems. Therefore, a
direct relationship between Pg (or other microbiome) and
G-I cancer is possible, whose contributions to tumorigenesis
may be duly associated with oral microbiome or/and sub-
sequent invasion outside the oral cavity. In this regard, Abs
specific to Pg may be useful to improving certain cancers’
diagnosis and the prognoses.4,7,45,53 After all, whether oral
microbiome migrates and colonizes distant parts during
disease development, after having been colonized by the
original microbiome in-situ,1e7,55 require more research to
definitively elucidate the causal role of specific oral
microbiome with proposed carcinogenic potencies, based
on the critical oral microbiome or/and certain biomarkers
targeted.
What evidence have been acquired on the aging for
oral functions vs. systemic health in geriatrics

The global population has aged at an unprecedented rate in
recent decades. This ageing that has increased the life
expectancy in the population has become significant,
especially in some Asia countries (i.e., Japan, Korea,
Taiwan etc.). As it is often accompanied by the geriatric
syndrome (GS), which gradually progress into chronic or/
and systemic disorders; i.e., memory & cognitive impair-
ment (MI & CI) and dementia, a quasi-natural degradation
along with comorbidities.19,20,56 Certain specific general
concerns have modified the oral health-care outlooks and
outcomes in recent years, as outlined below:

Linking the critical oral conditions and ageing processes:
evidence from tooth number vs. dental deafferentation
(DD)
It is clear that tooth loss has been suggested positively
linked to developing MI, CI and dementia; esp., in the
elderly carrying Lipo-E alleles, and those’ mental health is
significantly influenced by having a sub-optimal number of
teeth.57 It has been shown that the elderly with <20 teeth
may be associated with a high(er) risk of developing
declines to CI and dementia.19,20,56 The number of natural
or/and functional tooth-units with dental prosthesis may
compromise the food selection upon chewing and in-take
nutrients required for our body’s needs daily. Shimazaki
et al. suggested that about 50% of the completely eden-
tulous and w35% of the partial edentulous who did not use
dentures developed at a significant risk of physical
disability and mortality over time.19,20 Further, it has been
shown that significant reduction of the jaw muscles may
come with ageism, where it affects muscles’ sensorimotor
regulation vs. control;19,58 thereby, leading to impaired
forces of mastication. Thus, maintaining as many teeth or
using well-fit dentures appropriately may become an
important measure for the oral and physical health of the
elderly, especially in the frailer ones.

Subsequently, the impaired mastication/chewing ability
and related conditions (i.e., chewing difficulty or
dysphagia) found in the institutionalized elderly are likely
to develop greater risk of mortality. Shimazaki et al. had
showed that the folks who were toothless without wearing
dentures may present a significant risk for death, inde-
pendent of physical & mental status from the baselines,
where the physical disability is known to lead to higher rate
of mortality.20 More functional tooth units on dental oc-
clusion may potentially develop into a longer life expec-
tancy, due to resultant increased chewing capacity for
functions; likewise, a feedback selection of foods’ reper-
toire in daily meals is like the intellectual & social activities
for functional quality of life.59 On the same token, chewing
deficiency may directly or indirectly affect the subsequent
mortality as a result of masticatory reduction or dysphagia.
Conceivably, changes in dietary intake may be adversely
associated with increased potential risk(s) of developing
systemic diseases, such as: cardiovascular disorders and
cancers.60

Neurocognitive vs. oral functions via ageing: evidence
from the mechano-transduction
Recent studies have suggested that significant DD and
ageing on the brain activity and functions will minimize the
functional apparatuses on mastication, resulting in cross-
modal disturbances, including the gustatory, auditory and
olfactory deficits.61 The results of animal studies where
applying texturally-hard food as the diet may ameliorate
such functional declines, thereby further substantiate the
links between DD interactions and neurocognitive vs.
neurogenic brain axes.62,63 Thus, there has been a growing
trend of plausible association between DD and ageing brain,
which may lead to prospects in treating the cognitive
decline and neurodegenerative diseases in the elderly.
Human and animal studies have suggested that deteriora-
tion of the brain and masticatory functions are associated
with the decline of hippocampal brain-derived neuro-
trophic factor (BDNF) levels. In parallel, the molar-less
mice housed in an enriched supporting environment have
shown an attenuated reduction in the hippocampal BDNF
levels and neuronal differentiation, partial improvement of
the proliferation and survival of new progenitors, as well as
the spatial memory restoration via a Morris water maze
test. This may be explained by suppressed neuronal dif-
ferentiation of progenitors or declined dendritic spines in
the hippocampal CA1 basal cells in an age-dependent
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manner.64 In parallel, the number of dendritic spines in
molar-less mice mounting lower differentiation of newly
neuronal generated cells is suppressed, as the
hippocampus-dependent spatial memory is being
impaired,65,66 which may be associated with a decline in
the proliferation and survival of new-born cells in the
dentate gyrus (DG), an increase of hippocampal amyloid-
beta (Ab), degeneration of norepinephrine neurons in the
locus coeruleus and degeneration of dopamine neurons in
the substantia nigra as well.67,68

Though our brain is in a constant dynamic state, the
new connections are being made, including learning new
skills or adaptation to an altered oral environment. The
hypothesis of “neuroplasticity” has yet to be supported by
more studies.68 Moreover, studies have also shown the
specific and reversible neuroplasticity of cortico-motor
excitability related to the control of peri-oral tongue
muscles in motions. The plastic changes have been shown
to return to baseline levels two weeks after the tongue
training.68,69 Similarly to that of fMRI study, Kumar et al.
reported a return to baseline levels of cortical activity in
brain three months after insertion of new dentures in the
denture users’ study group. This return to the baseline
after the training became ceased might give an impression
of cortical changes having been more “elastic” (i.e.,
reversible) than plastic (i.e., irreversible).

Further to the above, how chewing decline or lack of
mastication forces invariably can result from a molar-less
operation side (i.e., unilateral molar loss), ipsilateral al-
ways with lower EMG and smaller pupil. After amelioration
of the above conditions with implant-supported prostheses,
such dental therapy may improve trigeminal unbalance,
cognitive impairment and then be responsible for the pu-
pil’s asymmetry. Yet, despite dental prostheses may
improve the masticatory performances, the natural tooth
offers the best outcomes, when compared in parallel.
Moreover, there are sensational differences between
implant prostheses and natural teeth measured by passive
tactile test, where the ranking orders of magnitude are
typicallyw0.3 N (N) for vital tooth, 0.3 N for non-vital tooth
and 15 N for Implant-supported prosthesis,70 whereas the
measures of high-density surface electromyography (sEMG)
on the superficial layer of masseter muscle are ranked by
natural dentate> implant-supported prostheses> remov-
able prostheses, at the end.69,70

Next frontier of brain signatures on oral & cognitive
functions for the elderly in 2020’s
It has been shown that aging is associated with declined
oral function, which may be measured by functional as-
sessments, including: mastication, salivary flow rate,
missing tooth numbers and muscle volumes.19,20 Evidence
from animal studies has unraveled the underlying mecha-
nisms regarding oral sensorimotor activity, such as: brain’s
plasticity vs. adaptation of specific oral behaviors.71

Further reports from recent neuroimaging analyses also
highlighted the complex relationships between brain and its
stomatognathic functions,72 which may be highly associated
with timely declines of cognitive ability.73 It is thus urgently
needed to translate these critical determinants onto clin-
ical managements for the frailer elders with cognitive
impairments.74
Further to the above, we have proposed to exploring the
brain-stomatognathic axis for the specifics of brain signa-
tures, which could contribute to individual differences in
their oral functions in the elderly,75 as the primarily
structural vs. functional MRI be valuable tools for quanti-
fying the potential signatures. Recently, our neuroimaging
studies have identified the roles of primary sensorimotor
cortices during the mastication and swallowing activities,
consistent with those from the animal counterparts.58,72,75

Meanwhile, the neuroimaging analyses have also revealed
the age-related changes in the cerebellum and pre-frontal
cortex. As a result, it is clear that declined oral functions
may be associated with a reduced capacity of motor func-
tions regarding the learning & cognitive controls, which are
essential for adaptations of the feeding behaviors. It is thus
speculated that in elderly dental patients, the underlying
associations between cognitive decline and the functional
adaptions will require further investigations. Collectively:
Based on our studies of the elderly patients, we have shown
that signature changes in feeding behaviors (i.e., chewing
& swallowing, etc.) are closely linked to the dynamics of
cognitive functions. The age-related dynamic changes
detected to have become the brain signatures may underlie
both the oral and cognitive activities on functions. From a
clinical prospective, dentists will likely be facing more
challenges in the elderly patients with CI. It is hoped that
an evidence-based assessment for evaluating their cogni-
tive abilities on functions may become part of the standard
protocols for the risk profiling of their oral sensorimotor
functions over time.
Ever-changing prospective in a juxta-posed super-
aged society, like Taiwan, in 2020s’

Taiwan has faced in close proximity to a juxtaposed super-
aged (the >65-yr elderly �20% population, by year 2025)
and children-less society in recent decades. Since February
2020, her gross birth-rate has been lowered than gross
death-rate, with a surplus of the disabled w1.2 million
folks; therefore, the socio-economic burden has been
increasingly dampened by this reversed labor-growth trend
(i.e., ageing index >120%) to date.76 Thus, how to maintain
and keep up with the constant challenge of health-care
system for the good quality and dignity of the elderly in
daily life is an urgent national concern in the juxta-posed
super-aged country, likely the next-second forerunner,
other than Japan, in the world.

Into the super-aged society (by 2025): core-issues to the
oral health-care system
In the past two decades, there has been a lack of oral
health-related geriatric research based on the outcome
measures that have impacted systemic health issues in
Taiwan. Institutions and clinicians have likely been
providing medical & dental services through empirical
clinical judgments or unjust test results, thereby facing the
cliff-hanging dilemma or even in darkness, for being not-so-
effective vs. no-efficacy regarding the subjects’ overall
long-term medical benefits.76,77 Their oral and systemic
manifests have been shown to include the frail elderly with
significant high rates of: renal dialysis with diabetic
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complications, certain cancers (i.e., oral, colon & breast,
etc.), three systemic peak-measures (e.g., blood sugar,
blood pressure & cholesterols), institutionalized patients
with medical tubing devices for life supports, patients on
psychiatric medications and poly-pharmacy, etc.78e81 In
addition, i) dementia in the frailer patients provides
another dimension of the oral-medical challenge over the
tops of so-called “holistic” health-care, raising a significant
public health attention,82e84 and ii) the highest rate/
prevalence of oral cancers has outranked all other coun-
tries’ measures.80,83 Subsequently, the resulting oral and
medical health-care for the frailer elderly survivors are
further complicated by the functional, behavioral/familial
or/and psycho-social constrains involved, as the overall
health situations may have become worsened.77e80

Therefore, for the health-care professional, it is quite
urgent to understand the disease-associated oral changes
caused by aging-vs. GS-associated comorbidity & poly-
pharmacy on the overall health impact and learn how to
implement critical oral-systemic health assessments, clin-
ical measures and effective protocols for older adults and
their treatment needs. These functional measures may
include the GS vs. aging-associated mucosal changes,
decreased (neuro)-tactile sensations, muscle weakness
(i.e., sarcopenia & frailty) accompanied by difficult
denture-wearing and/or dysphagia, less nutrient intakes
and weakening oral and bone functions vs. oral hygiene
regiments, etc.85 Further issues may also additionally
involve that: i) there is a dual deficiency in bridging the
dental and medical services on the outcomes and the
available budgets allocated to the local vs. regional long-
term health-care stations/centers in the country, which
drive the above situations more difficult, and sometimes
be-crippled; ii) there has been a lack of consensus vs.
standards on the evaluations and outcome measures, due to
significantly heterogeneous and intertwined opinions
amongst the medical & dental professionals, which may
impede the patients’ benefits on outcomes over time; iii)
moreover, a huge demand on training the gerodontology
specialists/dentists and qualified practitioners competent
in the clinical care of oral geriatrics for the frailer
elders.76e78

To date, it is evidently clear that the role and function of
the traditional dentally disabled in “special care” cate-
gories (i.e., pregnant women, physically disabled folks or
under-served children with developmental concerns, etc.)
cannot support the real challenges and critical needs of
modern dental and medical connotations in today’s super-
aged population of Taiwan, where recent prime report
(76,77) has shown that it is only in the well-designed and
equipped institutions or university settings featured by the
competent specialists or experienced senior practitioners
in academic programs to provide proficient and sufficient
calibers and expertise in caring for the frail-(er) and func-
tionally dependent elderly. Without these, most dental
graduates and dentists are found unlikely to care for the
high-risk patients in the geriatric settings. Thus, to over-
come the above issues, it is essential to allocate: i) suffi-
cient instructions and practices in the overcrowded
undergraduate curriculum for the courses of gerodontology
discipline, and ii) different levels of post-graduate and
graduate training blocks adequately designed to deal with
the frailer or dependent elderly due to their complex
comprehensive and total health-care treatments required
in dental-&-medical health-care services so that the
trainees or juniors do not feel overwhelmed uncomfortably
(i.e., medical emergency) or overly challenged (i.e., dis-
putes) upon engagements. In this way, oral and general
health of the super-aged “frail” elderly will be protected
and ensured to achieving and enjoying a long and dignified
life in high quality health-care society.77,84e87
Prospective of oral disease(s) and dementia: an
update from 2020 big-data of USA

Recent surveys evaluating the oral health of older adults
with dementia have revealed higher plaque scores and
greater incidence of periodontal disease and tooth loss,
relative to their peers without dementia.88 Researchers
have sought to identify the pathways linking dementia with
poor oral health and have implicated the following poten-
tial causations: poorer oral hygiene practices by those with
dementia, decreased capacity of their caregivers to assist
with oral health care,89 and reduced access to dental ser-
vices due to barriers including the costs and trans-
portations.90 Researchers have also considered the ways
that poor oral health may render vulnerable ones to
developing dementia. Investigators have identified peri-
odontal disease, both pathogens and resultant inflamma-
tion, as potential causative agents in developing dementia.
Herein, the key theories and critical findings regarding the
complex associations between Alzheimer’s disease (AD) and
poor oral health are summarized and reviewed. It is helpful
to include the main themes of AD etiologies in order to
exploring the underlying links of current research on the
oral health connections. They are outlined briefly as
follows:

i) Amyloid cascade hypothesis: This is among the
oldest theories and has been supported by the human
biopsies and mice studies. The Ab peptides generated
from amyloid precursor aggregates to form amyloid
plaque.91 They both serve as barriers which prevent
neurons from connecting with each other and thus
producing new or retrieving memories. Unfortu-
nately, no intervention targeting these mechanisms
have been shown effective to date.92 Emerging
research suggests that amyloid is likely the result of
the disease, not its cause, and may hold promise for
early detection of the disease using specific
antibodies.93

ii) Tau hypothesis: Hyper-phosphorylation of tau, a
microtubule-associated protein, turns normal adult
tau into PHF-tau (i.e., paired helical filaments) and
intracellular neurofibrillary tangles (NFT). These
molecules interfere with axonal transport and can
lead to neuronal death over time.94

iii) Oxidative stress theory: The reactive oxygen spe-
cies produce free radicals and (super)-peroxides,
which can damage cellular components and then lead
to neuron degeneration.94

iv) Inflammation theory or microbial/peripheral
infection theory: Viruses, such as: herpes simplex
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and hepatitis, microbes including certain spirochetes
and periodontal pathogens such as: P. gingivalis and
Treponema denticola have all been proposed to act
as potential causes of tissue inflammation which
leads to neuron death.94

Research into the causes of neural death is ongoing, as
well as the role of the bloodebrain barrier (BBB), where
vascular integrity reduces the risks of substances passing
through the BBB.95 Factors associated with poor vascular
health, such as fatty diet and sedentary lifestyle, have
been associated with increased risks of developing to AD. As
with several other systemic conditions found to be associ-
ated with poor oral health, it is tempting to draw strong
conclusions regarding causation. The pathophysiology of
dementia and AD continues to influx with a key factor now
considered the health of BBB. Factors such as certain diets
and physical exercises have been associated with reduced
risks of developing AD and those associated with cardio-
vascular health in general.

Recent studies exploring the linkage of periodontal dis-
ease and AD have looked at the periodontal pathogens, its
epidemiology, and the impact of treatments. Aligning with
the Inflammation theory, both Pg and associated proteases,
called: gingipains, have been reported by multiple groups
who have found these in higher quantities in human brains
with AD.45,96 Overall, they are not unique to the brains of
AD, as the gingipains were found in 96% of the specimen
employed. How these microbiome(s) or microbial products
may have reached the brain is a key subject of high research
interest; it is not clear if the higher quantity detected in AD
is attributable to more leaky BBB or degree of periodontal
infection.46 Animal study found that application of Pg gin-
gipains orally had resulted in increased amyloid produc-
tion.47 Further investigations aimed at the potential impact
of systemic inflammation on the integrity of BBB as a risk
factor of developing AD has been suggested.97

The association between AD and chronic periodontitis
(CP) has also been explored through epidemiologic
research. In one study, retrospective data of a cohort
diagnosed with CP was compared with a control and found a
10-year CP exposure was associated with a 1.707-fold in-
crease in the risk of developing AD. This research results
relied on a large insurance database98 and was an impor-
tant opportunity because in most other countries, dental
diagnoses and treatments are not quite available to be
associated with medical diagnoses for such analyses. A
longitudinal cohort study followed a population of over
8000 adults for 18 years, and after controlling for social-
demographic variables found periodontal disease to be
associated with modestly increased risk for incident de-
mentia and mild cognitive impairment.98

Further, research exploring plausible linkages between
oral health and dementia is equivocal; yet, answers to
these questions will help researchers and dental pro-
fessionals to understand whether periodontal and dental
care is a reasonable strategy for delaying its onset, pre-
venting or reversing cognitive declines. Though obtaining
underlying answers to this question is rather challenging
and difficult, as traditionally diagnoses of AD are made only
after significant cognitive changes have identifiably
occurred, due to the ability of affected individuals to mask
the disease. As the blood tests for early detection become
available, in-depth analytical research modeling will arise.
While the link between periodontal conditions and AD holds
certain promises for greater utilization of dental services
which has overall benefits, one must be cautious with the
risk of both placing unsought weights behind the theory
with likely significant confounders or/and efforts, which
may reduce motivation to a holistic approach for disease
prevention or/and managements. There is high likelihood
that the disease is multifactorial by facts and its natures.
Individuals with excellent periodontal health will continue
to suffer from AD just as those with significant microbial
presence and/or loads may live to later years of life with
full cognition. Cross-disciplinary research teams, bringing
together oral health, neurology, and even epidemiologic
experts would be essential in carrying out significantly
rigorous designs for appropriate analyses that can delineate
the mechanistic pathways linking dementia and poor oral
health, and potential interventions to weaken or even
reverse such physiological linkages on their outcomes.
The Japanese recent update of the dementia and
frailty on oral health in 2020’s

At present, there are 4.6 million people diagnosed with
dementia and 3.8 million with mild cognitive impairment
(CI) in Japan, whose rates of progression detected have
been unprecedented.99 Based on these facts, in 2015, the
Ministry of Health, Labor and Welfare of Japan adopted a
“Comprehensive Strategy to Accelerate Dementia Mea-
sures” [called: the New Orange Plan, NOP;100 at http://
japanhpn.org/en/dementia2-1-2/] as an innovative
strategy to bolster measures against dementia. One key
mission of NOP has been collaboratively to realize into a
society where people with dementia can live with dignity
in pleasant familiar environments as they hope and desire
to as long as possible in life. The NOP consists of seven
pillars as briefly described below:

i) raising awareness and promoting the understanding
of dementia;

ii) providing healthcare and long-term care services in a
timely and appropriate manner as the dementia
stages progress;

iii) strengthening countermeasures for the early onset
dementia;

iv) supporting those who look after people with
dementia;

v) creating an elderly- & dementia-friendly community;
vi) promoting research and development, and dissemi-

nating the results of prevention, diagnosis, manage-
ments & rehabilitations, and the support & care
models for people with dementia;

vii) prioritizing the perspectives for those with dementia
and their families;
A 2015 positional statement of the oral health
management for the elderly with dementia
Previously, one of the important strategic acts on oral
health promotion for the elderly was the national 8020

http://japanhpn.org/en/dementia2-1-2/
http://japanhpn.org/en/dementia2-1-2/


764 Y.C.G. Liu et al
campaign: to keep the elderly at least �20 natural teeth
till aged 80, which was launched in 1989 (which was
nationally <10%). Then, by 2017, >50% population has
achieved the campaign goal successfully. Meanwhile,
there has been a serious health issue amongst all that
aged >80 was the dementia. In general, the elderly with
dementia likely practice good oral hygiene insufficiently
with greater difficulties for health, thereby suffering
higher rates of caries, periodontal disease and other oral
illnesses.99e104 In addition, they develop further prob-
lems from the dietary intake, chewing & swallowing is-
sues, and dysphagia as well.74,85,105 Further to these,
Japanese Society of Gerodontorogy (JSG) has worked
proactively to launching research in order for revealing
the links between dementia and oral care in the elderly.
Based on the results of 2080 campaign & NOP, JSG had
published “a positional statement of dental care for the
elderly with dementia” in 2015, as listed. Later, JSG has
published the dental treatment guidelines for the elderly
with dementia,102 primarily focused on the second pillar
of the NOP.

The guideline for dental treatment of older adults with
dementia
A summary of this guide-line (GL) was established in
collaboration with JSG and Japanese Dental Association,
post-reviewing 593 clinical questions (CQ) and profes-
sional opinions. Then, the aggregated data was placed
into five CQ categories: (1) Treatment plans and man-
agement methods for patients with dementia uncoopera-
tive with dental treatment, (2) Standards of performing
extractions & oral surgery treatments for patients with
dementia, (3) Preparation of dentures for patients with
dementia, (4) Providing the dental interventions, assess-
ing swallowing function and nutritional counseling for
patients with dementia, and (5) Effects of dental treat-
ment for the patients with progressive dementia. The final
GL is consisted of essential 38 CQs gathered via re-
cruitments of public comments prior to its publication for
documentation.104e108 Nevertheless, new information and
knowledge produced from CQs of the GL has enabled the
development of Dentists’ Response to the Training for
Dementia Improvement in patients, as advocated in NOP.
Further implementation for training at the workplaces
regarding oral & nutritional care and managements has
become possible later as to promotion and corporation
with dental care and appropriate orally nutritional sup-
port for the elderly with dementia.109 Importantly, it is
expected that a supportive environment in which suffi-
cient medical care to the elderly with dementia is physi-
cally available, thereby enabling its extension to the field
of oral health promotion and nutritional care manage-
ment, including the dental treatments and care for the
elderly who require nursing care.

The genesis and dawn of oral frailty
The oral frailty is a new concept, being utilized as one of
the preventive strategies to maintain or improve eating/
chewing ability of the elderly.85,99,110e112 The diagram-
matic steps of its diagnosis consist of four phases, and each
phase depicts different level of declining oral functions.
Patients in the first and second phases are usually assisted
by the population approach services. Specifically, patients
in the fourth phase diagnosed with “oral dysfunction/
dysphasia”, then are covered by the National Health In-
surance of Japan.85 However, the third phase, called “Oral
hypo-function”, was originally excluded from the coverage,
but has become an important geriatric health topic
recently.85 After tedious researches and efforts from the
dental-medical experts & government officials, NHI policy
was updated later in April, 2018 to recognize the “Oral
hypo-function”, now categorized under the national
coverage. The clinical concern of “oral frailty” cannot be
unique but limited to Japan; whereas other Asian countries
like Korea and Taiwan share very similar social structures,
medical systems and the epidemics of oral dysfunction in
the elderly.

Currently the Japanese has the longest life expectancy
in the world, where “health care, frailty prevention &
integrated multi-disciplinary care” have become an
indispensable medical strategy for the rapid aging/super-
aged society to serve and care for the elderly, in gen-
eral.85 Further, oral health is a vital topic in both calls
stated above; conceivably, oral health is integral to the
general health and social well-being of the common peo-
ple, esp., for the elderly. Oral health does not merely
refer to the number of teeth present (i.e., functioning
tooth-units) and levels of oral hygiene, but also to the
overall oral functions, including: masticatory forces,
tongue and lip motor skills, and salivary secretions,
swallowing efficiency, etc.

In light of the renewed focus on “eating/chewing
ability and oral function” for the elderly, we have pio-
neered a new functional term, called “oral frailty”,
where it highlights a biologic issue about a decline of
oral functions can easily lead to a sarcopenia-related
physical state of frailty and a further decline in oral
functions even detectable at earlier stages. This novel
concept has been supported and evidently echoed by
the recent large-scale, cross-sectional and longitudinal
health surveys.99,101,109e113 The resulting findings from
these studies strongly supported that assessment of oral
frailty can have sufficient and significant impact on the
host’s general health, as it may reduce the risks of
physical frailty or/and mortality in the community-
dwelling elderly as depicted previously.

In conclusion, our recent findings suggest that in order
to maintaining and improving the eating/chewing ability
for the elderly, effective collaborations among the dental,
medical and nutritional specialists are furthermore
required. Our findings also suggest that early detection
and prompt management of dementia vs. oral frailty are
critically important that we need to raise the awareness
among all health-care providers. In addition, we also have
to educate our general population for recognizing the
importance of their early dual detections and manage-
ments. Hopefully, more comprehensive policy or/and new
protocols to empowering the management & prevention
strategy on oral frailty will go forward, in which the
status-quote & strategy of concerns on oral dysfunction
vs. oral frailty matters among the community-dwelling
elderly using the Japanese examples were elaborately
discussed at this TAGD-JSG symposium, as briefly reported
above.
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The links of swallowing and tongue pressures to
dysphagia for the elderly in 2020’s

Swallowing involves the coordination of multiple oro-
pharyngeal structures; whereas, dysphagia reflects a func-
tional disorder of the oral feeding mechanisms, having
become an increasing concern as a result of ageing in
recent years. The tongue plays a critical role in swallowing
dynamics to propelling bolus onto the pharynx. In patients
with dysphagia, dis-coordination of tongue-jaw movements
and weakened tongue motor strengths, including incom-
plete forming or impaired holding of bolus with distancing
residues apart, often prevail before or during the swal-
lowing. These may be seen in patients with disuse, neuro/-
muscular atrophy or/and cerebrovascular illnesses. Typi-
cally, accessing the quantitative measures for tongue’s
motor kinetics via videofluorography114 or ultrasonic de-
vice115 is difficult unless at bedside or chair-side, comparing
to the easier food test.114e116

Other ways of measuring tongue pressure include Iowa
oral performance instrument (IOPI) and tongue handy probe
(JMS), which are used to quantify its voluntary isometric
contractions117 and may be a predictor for frailty118 as the
function of ageing over time. However, these devices do
not allow the occlusion of teeth, thereby not suitable for its
motion dynamics during swallowing phases.119 In addition,
some pressure sensors can be allocated to measure tongue
pressure kinetics under motion/swallowing, whose palate-
anchored device (see Fig. 1A & B below) as a simple
sensing sheet was originally developed by us.120 In general,
its profile and kinetics transcend via a geographically
anterior, circumferential, to mid-posterior ended fashion,
which has been shown associated with hyoid-bone elevation
till the most up-forward position thereby producing the
maximum tongue pressure in a video-fluorography study.121

It has been sought that tongue pressure evidently measured
in the elderly is rather different from that in the young (see
Fig. 1C & D),122 besides its duration estimated in a water-
swallowing test in acts. Further, there is likely motion-
specific change of the tongue-swallowing activities be-
tween the young and the elderly; as referred to Fig. 1CeD,
Figure 1 Sensor sheet system (A, B) and comparison of tong
depicting the much higher pressure detected from lateral-
posterior located sensors close to Ch.4 & 5 nearing the
circumferential motion, as to that from the lighter one of
Ch.1, accordingly.122

Conceivably further to the above, the complete denture
(CD) employed in the edentulous elderly not only reestab-
lishes the occlusion for chewing and stabilizes the mandible
in motions, but also restores the proper tongue-palate
contacts for the subsequent swallowing function. This
notion is supported by Kondoh et al., whose parallel study
of CD users vs. non-users showed that the maximum pres-
sure detected was from Ch. 1, Ch. 2 & Chs. 4 and 5 in the CD
users, despite their durations of tongue pressure were
almost the same.123 Similar test values and results can be
extended to those using the Repetitive Saliva Swallowing
Test, confirming this critical tongue-palate contact during
the swallowing processes. Moreover, our lab have also
recently cross-examined the elderly patients manifest pa-
thologies related to tongue cancer, stroke, Parkinson dis-
ease and muscular dystrophy,124e127 and have suggested
that tongue pressure measured presents different dy-
namics, thereby maybe considered useful in the diagnosis
of early phases of dysphagia in the coming era.127
New challenges of oral (hypo)-functions in
gerodontology for the Japanese super-aged society
in 2020’s

In Japan, it is estimated that the population of 75-yr old
will increase to w21,670,000 by 2025, an extreme phe-
nomenon of the super-aged society where the medical/
dental and nursing-care support is essentially required.
Since 2000, medical & dental treatments including the
nursing-care for the elderly have been covered and imple-
mented as part of the national long-term health care in-
surance plan, to achieve a healthy longevity for our super-
aged society. It has been generally thought that oral vs.
systemic health and oral frailty vs. physical/mental frailty
are interactively and evidently linked,128,129 all of which
exercise as the function of time. The Japanese Society of
ue pressure between younger and elderly subjects (C, D).
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Gerodontology (JSG) has introduced the concept of “oral
hypo-function”, as the clinical stages and its recovery may
be incorporated via prior dental treatments before func-
tional declines or disorders occur.85 Thus, their progress
declines may be followed by the stepwise systemic frailty
or/and illnesses.85,120

To date, JSG has focused on the function, which is
divided into four stages: near-healthy, oral frailty, hypo-
function and functional disorders in the diagram below,85

illustrating how the conditions by levels are remedied; as
to through education and awareness for oral frailty, the
programs for prevention to reach a state requiring
nursing-care, those identified at risk with manifests of
oral hypo-function in need of visiting dental clinic.
Meanwhile, seven oral conditions are assigned (i.e., levels
of hygiene, dryness, occlusal forces, tongue-lip motor
function, tongue pressure, masticatory function & swal-
lowing function), together for making the diagnosis of oral
hypo-function with initial thresholds as the diagnostics
established for the conditions described (see Table 1
below85).

JSG has further suggested that oral hypo-function is
clinically defined as the state when three out of these
seven diagnostic criteria are met.130 It is empirically rein-
stated that clinical intervention or/and training may bring
back oral hypo-function and restore it to oral frailty state.
If dental professionals provide appropriate intervention for
the patients with oral hypo-function, it will likely help them
avoid functional disorders, thereby preventing the frailty
and/or requiring subsequent need for long-term care.
Thereafter, since 2018, Japanese government has adopted
the concept of oral frailty as part of important criteria on
“oral hypo-function” for the glossary of the disease di-
agnoses in our national dental insurance program.
The conceptual signs and symptoms for “oral hypo-
function”

1 “poor oral hygiene” means that the number of micro-
organisms in the mouth of the older adult has abnormally
increased. This leads to an increase of microorganisms in
saliva and may cause aspiration pneumonia, post-
operative pneumonia, postoperative infection, intraoral
infection and so on; in parallel, the microbial counts
measured on the dorsum of tongue is correlated with
that in saliva.131

2 “oral dryness” refers to an abnormal dryness in oral
cavity or a subjective sign/symptom manifest a dry
feeling intra-orally. As the pathophysiological condition
involves lacking the moistures from saliva, the contri-
bution to functional homeostasis of a living organism are
lost, inducing various disorders.

3 “reduced occlusal force” is a clinical condition where
the occlusal forces with natural teeth or artificial den-
tures are reduced. While it is strongly correlated with
the host’s mastication and occlusal support, it is also
heavily affected by peri-oral muscular strength or
weakness.132

4 “decreased tongue-lip motor function” refers to a
clinical condition, whose speed and dexterity of the
tongue and lips are reduced as a result of a physical
decline in brain and perioral muscle functions, associ-
ated with ageing or/and systemic diseases. Compre-
hensive measurements of such speed and dexterity are
defined as oral diadocho-kinesis. A typical diagnosis of
reduced tongue-lip motor function is given when any of
sounding for/pa/,/ta/, or/ka/produced is less than 6
times/sec.133

5 “decreased tongue pressure” refers to a condition
where the physical pressure produced between the
tongue and palate upon chowing food is reduced owing
to persistent decline in the strength of masticatory
muscles that move the tongue.134 As this condition pro-
gresses, subsequent mastication, bolus formation and
dynamic phases of swallowing are impaired or compro-
mised, leading to insufficient food processing required to
meet the nutritional needs or called dysphagia.85

6 “decreased masticatory function” refers to a decline
of the occlusal forces and tongue’s motor strength,
resulting in a physical state leading to reduced meta-
bolic rate and subsequent mal-nutrition. As the health
status and intraoral functions are compromised from
aging and/or disease, food spillage upon eating and/or
choking during swallowing occur more frequently where
the amount of un-chewable foods increases, leading to
loss of appetite and progressive lesser foods that can be
eaten.

7 “deterioration of swallowing function” refers to a
condition where a decline in eating/swallowing function
owing to aging has occurred; whereas its dysfunction
represents a manifest of significant disorder. Deteriora-
tion of swallowing function can be assessed by a self-
administered questionnaire (i.e., 10-item Eating Assess-
ment Tool, EAT-10),134 where sufficient criterion from
EAT-10 screening is a score of totally three or higher.

The diagnostic criteria for oral hypo-function
Oral hypo-function does not reflect any morphological
lesion or changes like missing teeth or caries, but a func-
tionally pathophysiological condition, consisting of deteri-
oration of oral functions and/or risk factors for mal-
nutrition. Our recent study of hospitalized patients
showed that oral hypo-function and mal-nutrition are
closely related.78,79,85,87,99,105,109 Oral hypo-function can be
regarded as the precursor of oral dys-function; hence a
score of 3 points or higher is likely to be an appropriate
diagnostic criterion for oral hypo-function, and the score
with 4 points carries a tendency towards mal-nutrition.130

Thus, it is proposed that oral hypo-function be defined as
the clinical state when �3 out of 7 oral functional measures
(Diagram & Table above) to meet the criteria.

Future challenges regarding oral hypo-function
At present, Japan has one of the world’s most rapidly aging
populations; yet, the diagnostic criteria for oral hypo-
function are met and made based on a broad range of
findings described scientifically.85 In the future, the
outcome measures using oral hypo-function analyses or the
efficacies from interventions based on oral hypo-function
will be further rectified and justified by further in-depth
studies.



Figure 2 A summative depiction of the oral-medical systemic links. The oral-medical systemic links are collectively illustrated,
where oral diseases (i.e., caries, periodontitis, mucosal illnesses, chewing difficulty, etc.) and associated oral (hypo)-function (i.e.,
sarcopenia, frailty, etc.85) transcending beyond the traditional clinical signs and symptoms, via the dysbiotic microbiome, host
immune & inflammatory regulations, patho-physiologic changes (i.e., multi-comorbidity & poly-pharmacy, etc.) and underlying
interactions with ageing through the oral-systemic routes onto developing the mastication deficiency, dysphagia, specific brain
activities for (neuro)-cognition circuitries, Alzheimer’s disease (AD), dementia and certain cancers of the digestive system as well.
Therefore, the oral systemic links will likely affect and reshape the future of diagnoses and prognoses in gerodontology and its
professional therapies.

Table 1 Measurements of clinical signs/symptoms of oral
hypo-function.91

Clinical signs Measurements

Poor oral hygiene The total number of
microorganisms (CFU/mL) is
106.5 or more.

Oral dryness The measured value obtained
by a recommended moisture
checker is less than 27.0.

Reduced occlusal force The occlusal force is less than
200 N.

Decreased tongue-lip
motor function

The number of any counts of/
pa/,/ta/or/ka/produces per
second is less than 6

Decreased tongue
pressure

The maximum tongue pressure
is less than 30 kPa.

Decreased masticatory
function

The glucose concentration
obtained by chewing gelatin
gummies is less than 100mg/
dL.

Deterioration of
swallowing function

The total score of EAT-10 is 3 or
higher
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A silent epidemic of oral-medical links to the
systemic health: the Taiwan status

The health statistics of w2016e2018 reported that the
prevalence of chronic diseases in Taiwan has shown signif-
icant up-rise in recent years,55,76,77 where on average at
least one person out of four has developed the signs of
three systemic peak-measures (e.g., high blood pressure,
cholesterols and sugars). The 2013 pharmaceutical surveys
on Medicine and 2016 Health Surveys showed: i) 72.2% of
adults over age-50 suffered from �1 chronic disease, and
only 12% of �65 years old were completely healthy and free
of systemic illnesses; ii) 93.8%> 75 years old elderly had
suffered from >1, to 30% had >2 and 55e60%> 3 chronic
diseases, respectively; iii) on average for the �65 years old
elderly, they had 2.9� 1.8 chronic diseases, of which w37%
suffered from 3 to 4 kinds, 19.6%> 5 kinds chronic diseases;
and 85% of all elderly in the long-term care facilities had
taken �5 medications; iv) many chronic diseases man-
ifested much earlier than expected in the younger adults
(�55 years old) recently, coupled with the impacts in
already-aged population (byw2018.04). This indicated that
the multi-comorbidity and poly-pharmacy derived from
systemic disorders have progressed timely far more wors-
ening than ever before.76,77 Further, a recent independent
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analysis of the global quality of medical care assessed be-
tween 1990 and 2015, Taiwan was ranked 45th by com-
parisons,76,80 where a number of chronic diseases only
reached the passing margins: for instance, 50% on the
chronic kidney disease, 58% on the diabetes and 60% on the
hypertensive heart disease, etc. And, these results clearly
reflected that there are significant needs to strengthen the
clinical education and research to searching the effective
therapies for the chronic diseases, as well as the outcomes
for the clinical care and evolving concepts of critical multi-
comorbidity involved.76e82 These results in turns have
shown that there are significant needs to promoting the
clinical education and parallel research to searching and
realizing effective managements for the frail(er) elderly
suffering from chronic illnesses, as well as the clinical
measures for the health-care professionals to evolving
innovative vs. new protocols, thereby proactively reversing
the downward trend of the multi-comorbidity concerns
already developed.76e82

According to the latest 2016 Taiwan survey,77,135 the
prevalence of adult caries was as high as 98.6% (100.0% for
>75-yrs, 99.8% for 65e74-yr) and that of the untreated caries
was w42.8%; whereas the tooth-loss rate accounted for
86.0%,with thehighest up to99.6% for>75-yrs, as to the total
edentulism accounted for 4.4% in 65e74-yr and 9.9%, the
highest, for those in >75-yrs. Significantly noted, that 1/
4e1/3 vs. 30e40% of the “frailer” elderly manifested higher
rates of total edentulism vs. untreated oral diseases,
respectively, regardless their socio-economic sta-
tus.76,135,136 In light of the prevalence of periodontal disease
in �65-yr elderly, their CPI index was 80.48% and 54.93% of
them carried the periodontal attachment loss �5e6mm;
yet, most of which, those seniors sensed no periodontal-oral
symptoms of such diseases at all.77,135 In addition, the
prevalence of oral cancer in Taiwan has been at the world’s
top (e.g., 42.4/100,000 people), though the less degree of
Papua New Guinea, w32.3/100,000, as officially published
byWHO, that is the highest on the global list. In addition, the
prevalence of abnormal oral mucosa (i.e., pre-malignancy)
was w6.1% in the Taiwanese elderly. Moreover, several
types of cancers (i.e., oral, colon, breast, etc.) have
frequently championed the world peaks of high prevalence
or/and incidences globally.77,135,136 Further onto this issue,
our recent study reported that upon assessing the outcomes
in Prolia/Xgeva-holidayed cancer survivors diagnosed with
MRONJ, their un-attended prognoses (i.e., lesser progression
& clinical staging, etc.) were found similarly up-graded for
improvements, comparing to those treated with oral
bisphosphonates (BP), rather than to those treated with IV-
routed BP found progressively worse.55,137 This may suggest
that selecting the types of anti-resorptive drugs (ARDs)
employed, the followed-up dosing interval, the overall ARD
doses employed and the therapy lengths, etc., are critical to
the treatments of diagnosed MRONJ, especially in the frailer
elderly.55,137e141

These above matters must be taken into accounts before
any definitive management or therapies choreographed for
the measurable or anticipated outcomes for their overall
cancer status vs. prognoses.142e146 Nevertheless, these
complex disorders can escalate to worsening physical vs.
functional losses later, leading to severe sarcopenia vs.
frailty and spreading deficits onto vital organs,55,77
followed by declining adverse outcomes. At present, our
researchers and clinicians have been confronted by these
complicated oral manifestations interacting with the
underlined multi-comorbidity, indicatively reflective of a
silent epidemic for the frailer geriatric seeking the safe and
comprehensive treatments. Thus, developing effective
general health education and oral cancers prevention pro-
grams continues to have considerably critical needs
required for improvements on the outcomes, thereby
reducing further threats and damages caused by negative
impacts stemmed from multi-comorbidity, poly-pharmacy
& severe oral diseases, etc.

To date, the general and local medico-dental and long-
term health-care facilities and institutes have rarely
considered the critical importance of integrating and
managing supportive therapies with proven clinical effi-
cacies for the urgent needs of the Taiwanese frail elderly,
based on their outcomes, as the complications arise, such
as: aspiration pneumonia, physiological & pathological
chewing disorders (i.e., dysphagia), advanced de-
teriorations from diabetes, renal dialysis & dysfunctional
syndromes, poly-pharmacy, cancers-associated MRONJ,
etc.146e150 After all, deterioration and declines of oral
functions detected amongst frail elders in the upcoming
super-aged society will depend on whether the country and
health-care authorities adopt prevention measures with
achievable policies for evidence-based protocols, holistic
health-care services can help dignify senior lives to achieve
the nation’s ultimate goals in medical health care; health
maintenance and long-term care in an insured and well-
versed super-aged geriatric society.76,149e151
In summary

Based on the topics and contents addressed above, it is
foreseeable that the new development on relationships
between oral microbial communities and its systematic
effects in the era of post-focal infection theory has been
further extended; while oral and gut microbiome can
twitter the specific interplays between oral hypo-function/
dysfunction and systemic and special diseases, including:
the links to RA, pancreatic & colorectal cancers, neuro-
cognitive or memory impairments & dementia, AD,
dysphagia, respiratory tract & lung infections or pneumo-
nias, etc. The key is oral-enteric microbial dynamics in the
microbiome that provides critical signals to balance the
tissue integrity, thereby regulating the subsequent host’s
immune responses. In other cases, disorders of the oral
ecosystem could lead to eco-microbiome imbalances and
loss of balances in the primary biofilms, dominate single or
a few pathogenic communities and increase the risk of
pathobionet-related diseases and spread outbound. Subse-
quently, the functional loses of natural teeth, mucosal
changes during ageing, masticatory vs. neuronal declines
and resultant deficits in squeals, etc., will likely interact
with the systemic effectors at the regional or/and distant
parts or organs, leading to dysfunctional state, comorbidity
or even fetal instances, esp., in the frail elderly.

Though the dawn of gerodontology was about 40 years
ago; firstly, in the United States, followed by Japan,
Australia and then some European countries. The reported



Update and review the prospective of gerodontology for the 2020’s 769
recent new developments related to the health care
dilemma depicted at IAGG-2019 herein (entitled:“New
Horizon of the Gerodontology for the 2020’s: interactions
of oral (hypo)-functions and the underlying links to sys-
temic illnesses vs. health”) has clearly indicated that there
are significant needs to strengthen the clinical education
and research to realize the effective therapies of the oral
(dys)-functional changes vs. illnesses, chronic systemic
disorders, as well as the outcome measures for oral-
medical systemic links in the clinical care to evolving
innovative concepts in modern dentistry & medicine.151

Importantly, we must continue to work with health-care
professionals and research scholars not only to promote
the well-beings of frail elders, but also to effectively
progress to the next front edge of a geriatric healthy
society.
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88. Zenthöfer A, Baumgart D, Cabrera T, et al. Poor dental hy-
giene and periodontal health in nursing home residents with
dementia: an observational study. Odontology 2017;105(2):
208e13.

89. Zimmerman S, Austin S, Cohen L, et al. Readily identifiable
risk factors of nursing home residents’ oral hygiene: demen-
tia, hospice, and length of stay. J Am Geriatr Soc 2017;65(11):
2516e21.
90. Lee KH, Wu B, Plassman BL. Dental care utilization among
older adults with cognitive impairment in the USA. Geriatr
Gerontol Int 2015;15(3):255e60.

91. Sommer B. Alzheimer’s disease and the amyloid cascade hy-
pothesis: ten years on. Curr Opin Pharmacol 2002;2(1):87e92.

92. Mullane K, Williams M. Alzheimer’s disease (AD)
therapeuticse1: repeated clinical failures continue to ques-
tion the amyloid hypothesis of AD and the current under-
standing of AD causality. Biochem Pharmacol 2018;158:
359e75.

93. Nagele E, Han M, DeMarshall C, Belinka B, Nagele R. Diagnosis
of Alzheimer’s disease based on disease-specific autoantibody
profiles in human sera. PloS One 2011;6(8):e23112.

94. Mohandas E, Rajmohan V, Raghunath B. Neurobiology of Alz-
heimer’s disease. Indian J Psychiatr 2009;51(1):55e61.

95. Wardlaw JW, Makin SJ, et al. Blood-brain barrier failure as a
core mechanism in cerebral small vessel disease and de-
mentia: evidence from a cohort study. Alzheimer’s Dementia
2017;13(6):634e43.

96. Laugisch O, Johnen A, Maldonada A, et al. Periodontal path-
ogens and associated intrathecal antibodies in early stages of
Alzheimer’s disease. J Alzheimer Dis 2018;66:105e14.

97. Wang RP-H, Ho Y-S, Leung WK, Goto T, Chang RC-C. Sys-
temic inflammation linking chronic periodontitis to cogni-
tive decline. Brain Behav Immun 2019. https:
//doi.org/10.1016/j.bbi.2019.07.002.

98. Demmer RT, Norby FL, Lakshminarayan K, et al. Periodontal
disease and incident dementia: the atherosclerosis risk
in communities study (ARIC). Neurology 2020;(7). https:
//doi.org/10.1212/WNL.0000000000010312. 2020.07.29.

99. Tamura Y, Shikawa J, Fujiwara Y, et al. Prevalence of frailty,
cognitive impairment, and sarcopenia in outpatients with
cardiometabolic disease in a frailty clinic. BMC Geriatr 2018;
18:264.

100. http://japanhpn.org/en/dementia2-1-2/.
101. Delwel S, Binnekade TT, Roberto SG, et al. Oral hygiene and

oral health in older people with dementia: a comprehensive
review with focus on oral soft tissues. Clin Oral Invest 2018;
22(1):93e108.

102. Nakanishi M, Nakashima T. Features of the Japanese national
dementia strategy in comparison with international dementia
policies: how should a national dementia policy interact with
the public health- and social-care systems? Alzheimer’s De-
mentia 2014;10(4):468e76.

103. Ishimiya M, Nakamura H, Kobayashi Y, et al. Tooth loss-
related dietary patterns and cognitive impairment in an
elderly Japanese population: the Nakajima study. PloS One
2018;3:15. https://doi.org/10.1371/journal.pone.0194504.

104. Takahashi J, Kawai H, Suzuki H, et al. Development and val-
idity of the computer-based cognitive assessment tool for
intervention in community-dwelling older individuals. Geriatr
Gerontol Int 2020;20(3):171e5.

105. Takeuchi K, Ohara T, Furuta M, et al. Tooth loss and risk of
dementia in the community: the Hisayama study. J Am Ger-
iatr Soc 2017;65:e95e100.

106. Lauritano D, Moreo G, Vella FD, et al. Oral health status
and need for oral care in an aging population: a system-
atic review. Int J Environ Res Publ Health 2019;16(22):
4558e80.

107. https://www.thelancet.com/pdfs/journals/laneur/PIIS1474-
4422(16)30009-6.pdf.

108. https://mainichi.jp/english/articles/20190515/p2a/00m/0na/
004000c. https://mainichi.jp/english/articles/20160306/p2a/
00m/0na/004000c.

109. Maekawa K, Ikeuchi T, Shinkai S, et al. Number of functional
teeth more strongly predicts all-cause mortality than number
of present teeth in Japanese older adults. Geriatr Gerontol
Bar Int 2020;20(6):607e14.

http://refhub.elsevier.com/S1991-7902(20)30212-9/sref69
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref69
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref69
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref70
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref70
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref70
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref70
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref71
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref71
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref71
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref71
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref72
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref72
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref72
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref73
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref73
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref73
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref73
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref74
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref74
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref74
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref74
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref75
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref75
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref76
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref76
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref76
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref76
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref76
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref77
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref77
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref77
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref77
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref77
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref78
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref78
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref78
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref78
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref78
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref79
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref79
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref79
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref79
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref80
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref80
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref80
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref80
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref80
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref80
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref80
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref80
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref81
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref81
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref81
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref81
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref82
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref82
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref82
http://file:///C:/Users/ASUS/Downloads/File_8226%20(2).pdf
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref84
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref84
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref84
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref84
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref85
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref85
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref85
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref85
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref86
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref86
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref86
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref86
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref87
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref87
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref87
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref87
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref88
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref88
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref88
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref88
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref88
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref89
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref89
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref89
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref89
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref89
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref90
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref90
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref90
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref90
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref91
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref91
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref91
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref92
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref92
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref92
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref92
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref92
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref92
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref92
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref93
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref93
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref93
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref94
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref94
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref94
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref95
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref95
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref95
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref95
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref95
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref96
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref96
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref96
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref96
https://doi.org/10.1016/j.bbi.2019.07.002
https://doi.org/10.1016/j.bbi.2019.07.002
https://doi.org/10.1212/WNL.0000000000010312
https://doi.org/10.1212/WNL.0000000000010312
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref99
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref99
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref99
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref99
http://japanhpn.org/en/dementia2-1-2/
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref101
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref101
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref101
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref101
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref101
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref102
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref102
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref102
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref102
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref102
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref102
https://doi.org/10.1371/journal.pone.0194504
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref104
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref104
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref104
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref104
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref104
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref105
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref105
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref105
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref105
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref106
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref106
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref106
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref106
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref106
https://www.thelancet.com/pdfs/journals/laneur/PIIS1474-4422(16)30009-6.pdf
https://www.thelancet.com/pdfs/journals/laneur/PIIS1474-4422(16)30009-6.pdf
https://mainichi.jp/english/articles/20190515/p2a/00m/0na/004000c
https://mainichi.jp/english/articles/20190515/p2a/00m/0na/004000c
https://mainichi.jp/english/articles/20160306/p2a/00m/0na/004000c
https://mainichi.jp/english/articles/20160306/p2a/00m/0na/004000c
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref109
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref109
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref109
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref109
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref109


772 Y.C.G. Liu et al
110. Shimada H, Suzukawa M, Ishizaki T, et al. Relationship be-
tween subjective fall risk assessment and falls and fall-
related fractures in frail elderly people. BMC Geriatr 2011;
11:40e7.

111. Ofori-Asenso R, Chin KL, Mazidi M, et al. Global incidence of
frailty and prefrailty among community-dwelling older adults:
a systematic review and meta-analysis. JAMA Netw Open
2019;(8):e198398.

112. Kojima G, Iliffe S, Taniguchi Y, et al. Prevalence of frailty in
Japan: a systematic review and meta-analysis. J Epidemiol
2017;27(8):347e53.

113. Faller JW, Pereira DN, de Souza S, et al. Instruments for the
detection of frailty syndrome in older adults: a systematic
review. PloS One 2019;14(4):e0216166.

114. Palmer JB, Rudin NJ, Lara G, Crompton AW. Coordination of
mastication and swallowing. Dysphagia 1992;7(4):187e200.

115. Kikyo T, Saito M, Ishikawa M. A study comparing ultrasound
images of tongue movements between open bite children and
normal children in the early mixed dentition period. J Med
Dent Sci 1999;46(3):127e37.

116. Tamura F, Mizukami M, Ayano R, et al. A survey study for the
relationship between dysphagia and stabilized occlusion for
bedridden elderly individuals. J Dent Health 2000;50(2):
182e8.

117. Yoshikawa M, Yoshida M, Tsuga K, Akagawa Y, Groher ME.
Comparison of three types of tongue pressure measurement
devices. Dysphagia 2011;26(3):232e7.

118. Yamanashi H, Shimizu Y, Higashi M, et al. Validity of maximum
isometric tongue pressure as a screening test for physical
frailty: cross-sectional study of Japanese community-dwelling
older adults. Geriatr Gerontol Int 2018;18(2):240e9.

119. Utanohara Y, Hayashi R, Yoshikawa M, Yoshida M, Tsuga K,
Akagawa Y. Standard values of maximum tongue pressure
taken using newly developed disposable tongue pressure
measurement device. Dysphagia 2008;23(3):286e90.

120. Hori K, Ono T, Tamine K, et al. Newly developed sensor sheet
for measuring tongue pressure during swallowing. J Prostho-
dont Res 2009;53(1):28e32.

121. Hori K, Taniguchi H, Hayashi H, et al. Role of tongue pressure
production in oropharyngeal swallow biomechanics. Phys Rep
2013;1(6):e00167.

122. Tamine K, Ono T, Hori K, Kondoh J, Hamanaka S, Maeda Y.
Age-related changes in tongue pressure during swallowing. J
Dent Res 2010;89(10):1097e101.

123. Kondoh J, Ono T, Tamine K, et al. Effect of complete denture
wearing on tongue motor biomechanics during swallowing in
edentulous older adults. Geriatr Gerontol Int 2015;15(5):
565e71.

124. Hirota N, Konaka K, Ono T, et al. Reduced tongue pressure
against the hard palate on the paralyzed side during swal-
lowing predicts Dysphagia in patients with acute stroke.
Stroke 2010;41(12):2982e4.

125. Minagi Y, Ono T, Hori K, et al. Relationships between
dysphagia and tongue pressure during swallowing in Parkin-
son’s disease patients. J Oral Rehabil 2018;45(6):459e66.

126. Yano J, Aoyagi Y, Ono T, et al. Effect of bolus volume and flow
timeon temporospatial coordination in oropharyngeal pressure
production in healthy subjects. Physiol Behav 2018;189:92e8.

127. Yokoyama S, Hori K, Tamine K, et al. Tongue pressure mod-
ulation for initial gel consistency in a different oral strategy.
PloS One 2014;9(3):e91920.

128. Locker D. Measuring oral health: a conceptual framework.
Community Dent Health 1988;5:3e18.

129. MacEntee MI. An existential model of oral health from
evolving views on health, function and disability. Community
Dent Health 2006;23:5e14.

130. Matsuo K, Taniguchi H, Nakagawa K, et al. Relationships be-
tween deterioration of oral functions and nutritional status in
elderly patients in an acute hospital. Ronen Shika Igaku 2016;
31:123e33.

131. Shimizu T, Ueda T, Sakurai K. New method for evaluation of
tongue-coating status. J Oral Rehabil 2007;34:442e7.

132. Ikebe K, Matsuda K, Kagawa R, et al. Association of mastica-
tory performance with age, gender, number of teeth, occlusal
force and salivary flow in Japanese older adults: is ageing a
risk factor for masticatory dysfunction? Arch Oral Biol 2011;
56:991e6.

133. Utanohara Y, Hayashi R, Yoshikawa M, et al. Standard values
of maximum tongue pressure taken using newly developed
disposable tongue pressure measurement device. Dysphagia
2008;23:286-290.

134. Belafsky PC, Mouadeb DA, Rees CJ, et al. Validity and reli-
ability of the eating assessment Tool (EAT-10). Ann Otol
Rhinol Laryngol 2008;117:919e24.

135. National Oral Health Planning for 2017-2021. Publisher:
Ministry of Executive Yan: filing, https://#1060002587,2017.
02.02.///C:/Users/ASUS/Downloads/%E5%9C%8B%E6%B0%91%
E5%8F%A3%E8%85%94%E5%81%A5%E5%BA%B7%E4%BF%83%E9%
80%B2%E8%A8%88%E7%95%AB%E6%A0%B8%E5%AE %9A%E7%89%
88.pdf.

136. Pretty IA. The life course, care pathways and elements of
vulnerability. A picture of health needs in a vulnerable pop-
ulation. Gerodontology 2014;31(Suppl 1):1e8.

137. Beth-Tasdogan NH, Mayer B, Hussein H, Zolk O. Interventions
for managing medication-related osteonecrosis of the jaw.
Cochrane Database Syst Rev 2017;6:10.

138. Ruggiero SL, Dodson TB, Fantasia J, et al. American Associa-
tion of Oral & Maxillofacial Surgeons position paper on
medication-related osteonecrosis of the jaw 2014 update. J
Oral Maxillofac Surg 2014;72(10):1938e56.

139. Khan AA, Morrison A, Hanley DA, et al. Diagnosis and man-
agement of osteonecrosis of the jaw: a systematic review and
international consensus. J Bone Miner Res 2015;30(1):3e23.

140. Martins AS, Correia JA, Salvado F, et al. Relevant factors for
treatment outcome and time to healing in medication-related
osteonecrosis of the jaws - a retrospective cohort study. J
Cranio-Maxillo-Fac Surg 2017;45(10):1736e42.

141. Teng AY-T. Clinical manifests and differential potencies of the
anti-resorptives in MRON subjects upon off-medications over
time: a preliminary analysis, Breakout Sessions on Oral Pre-
sentation Track-Medical Conditions. In: The 29th annual
meeting on the special care dentistry. Charlotte, NC, USA:
SCDA; 2017.03.10. https://cdn.ymaws.com/www.scdaonline.
org/resource/resmgr/2017Annnual_Meeting/Breakout_
Sessions.pdf&https://www.scdaonline.org/general/custom.
asp?pageZ2017SessionEvaluati.

142. Goff Jr DC, Lloyd-Jones DM, Bennett G, et al. 2013 ACC/AHA
guideline on the assessment of cardiovascular risk: a report of
the American college of cardiology/American heart associa-
tion task force on practice guidelines. J Am Coll Cardiol 2014;
63(25-PtB):2935e59.

143. Guarracino F, Baldassarri R, Priebe HJ. Revised ESC/ESA
Guidelines on non-cardiac surgery: cardiovascular assessment
and management. Implications for preoperative clinical
evaluation. Minerva Anestesiol 2015;81(2):226e33.

144. Poldermans D, Bax JJ, Boersma E, et al. Guidelines for pre-
operative cardiac risk assessment and perioperative cardiac
management in non-cardiac surgery. (Task force for preop-
erative cardiac risk assessment and perioperative cardiac
management in non-cardiac surgery; European society of
cardiology, ESC). Eur Heart J 2009;30(22):2769e812.

145. De Hert MS, Staender S, Fritsch G, et al. Pre-operative eval-
uation of adults undergoing elective non-cardiac surgery
(Updated guideline from the Eur Soc Anaesthesiology. Eur J
Anaesthesiol 2018;35:407e65.

http://refhub.elsevier.com/S1991-7902(20)30212-9/sref110
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref110
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref110
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref110
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref110
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref111
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref111
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref111
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref111
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref112
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref112
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref112
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref112
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref113
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref113
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref113
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref114
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref114
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref114
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref115
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref115
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref115
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref115
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref115
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref116
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref116
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref116
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref116
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref116
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref117
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref117
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref117
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref117
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref118
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref118
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref118
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref118
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref118
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref119
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref119
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref119
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref119
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref119
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref120
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref120
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref120
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref120
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref121
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref121
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref121
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref122
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref122
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref122
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref122
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref123
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref123
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref123
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref123
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref123
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref124
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref124
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref124
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref124
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref124
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref125
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref125
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref125
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref125
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref126
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref126
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref126
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref126
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref127
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref127
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref127
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref128
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref128
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref128
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref129
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref129
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref129
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref129
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref130
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref130
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref130
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref130
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref130
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref131
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref131
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref131
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref132
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref132
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref132
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref132
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref132
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref132
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref134
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref134
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref134
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref134
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref135
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref135
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref135
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref135
https://#1060002587,2017.02.02.///C:/Users/ASUS/Downloads/%E5%9C%8B%E6%B0%91%E5%8F%A3%E8%85%94%E5%81%A5%E5%BA%B7%E4%BF%83%E9%80%B2%E8%A8%88%E7%95%AB%E6%A0%B8%E5%AE%20%9A%E7%89%88.pdf
https://#1060002587,2017.02.02.///C:/Users/ASUS/Downloads/%E5%9C%8B%E6%B0%91%E5%8F%A3%E8%85%94%E5%81%A5%E5%BA%B7%E4%BF%83%E9%80%B2%E8%A8%88%E7%95%AB%E6%A0%B8%E5%AE%20%9A%E7%89%88.pdf
https://#1060002587,2017.02.02.///C:/Users/ASUS/Downloads/%E5%9C%8B%E6%B0%91%E5%8F%A3%E8%85%94%E5%81%A5%E5%BA%B7%E4%BF%83%E9%80%B2%E8%A8%88%E7%95%AB%E6%A0%B8%E5%AE%20%9A%E7%89%88.pdf
https://#1060002587,2017.02.02.///C:/Users/ASUS/Downloads/%E5%9C%8B%E6%B0%91%E5%8F%A3%E8%85%94%E5%81%A5%E5%BA%B7%E4%BF%83%E9%80%B2%E8%A8%88%E7%95%AB%E6%A0%B8%E5%AE%20%9A%E7%89%88.pdf
https://#1060002587,2017.02.02.///C:/Users/ASUS/Downloads/%E5%9C%8B%E6%B0%91%E5%8F%A3%E8%85%94%E5%81%A5%E5%BA%B7%E4%BF%83%E9%80%B2%E8%A8%88%E7%95%AB%E6%A0%B8%E5%AE%20%9A%E7%89%88.pdf
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref137
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref137
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref137
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref137
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref138
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref138
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref138
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref139
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref139
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref139
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref139
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref139
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref140
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref140
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref140
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref140
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref141
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref141
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref141
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref141
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref141
https://cdn.ymaws.com/www.scdaonline.org/resource/resmgr/2017Annnual_Meeting/Breakout_Sessions.pdf%26https://www.scdaonline.org/general/custom.asp?page=2017SessionEvaluati
https://cdn.ymaws.com/www.scdaonline.org/resource/resmgr/2017Annnual_Meeting/Breakout_Sessions.pdf%26https://www.scdaonline.org/general/custom.asp?page=2017SessionEvaluati
https://cdn.ymaws.com/www.scdaonline.org/resource/resmgr/2017Annnual_Meeting/Breakout_Sessions.pdf%26https://www.scdaonline.org/general/custom.asp?page=2017SessionEvaluati
https://cdn.ymaws.com/www.scdaonline.org/resource/resmgr/2017Annnual_Meeting/Breakout_Sessions.pdf%26https://www.scdaonline.org/general/custom.asp?page=2017SessionEvaluati
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref143
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref143
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref143
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref143
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref143
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref143
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref144
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref144
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref144
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref144
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref144
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref145
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref145
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref145
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref145
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref145
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref145
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref145
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref146
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref146
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref146
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref146
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref146


Update and review the prospective of gerodontology for the 2020’s 773
146. Bittl JA, Baber U, Bradley SM, Wijeysundera DN. Duration of
dual antiplatelet therapy: a systematic review for the 2016
ACC/AHA guideline focused update on duration of dual anti-
platelet therapy in patients with coronary artery disease: a
report of the American college of cardiology/American heart
association task force on clinical practice guidelines. Circu-
lation 2016;134:e156e78.

147. van Cann T, Loyson T, Verbiest A, et al. Incidence of
medication-related osteonecrosis of the jaw in patients
treated with both bone resorption inhibitors and vascular
endothelial growth factor receptor tyrosine kinase inhibitors.
Support Care Cancer 2018;26(3):869e78.

148. Matsumoto A, Sasaki M, Schmelzeisen R, Oyama Y, Mori Y,
Voss PJ. Primary wound closure after tooth extraction for
prevention of medication-related osteonecrosis of the jaw in
patients under denosumab. Clin Oral Invest 2017;21(1):
127e34.

149. Femara and Osteonecrosis of the Jaw: 12,277 people re-
ported to have side effects when taking Femara. Among
them, 1324 people (10.78%) have Osteonecrosis of jaw. FDA
reports. https://www.breastcancer.org/research-news/
zometa-w-femara-better-than-tamoxifen-for- some; 09.08.
2018.

150. Yoo JJ, Yoon JH, Kang MJ, Kim M, Namsik O. The effect of
missing teeth on dementia in older people: a nationwide
population-based cohort study in South Korea. BMC Oral
Health 2019;19:61.

151. Ford E, Greenslade N, Paudyal P, et al. Predicting dementia
from primary care records: a systematic review and meta-
analysis. PloS One 2018;13(3):e0194735.

http://refhub.elsevier.com/S1991-7902(20)30212-9/sref147
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref147
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref147
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref147
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref147
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref147
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref147
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref147
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref148
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref148
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref148
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref148
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref148
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref148
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref149
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref149
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref149
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref149
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref149
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref149
https://www.breastcancer.org/research-news/zometa-w-femara-better-than-tamoxifen-for-%20some
https://www.breastcancer.org/research-news/zometa-w-femara-better-than-tamoxifen-for-%20some
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref151
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref151
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref151
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref151
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref152
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref152
http://refhub.elsevier.com/S1991-7902(20)30212-9/sref152

	Update and review of the gerodontology prospective for 2020's: Linking the interactions of oral (hypo)-functions to health  ...
	Introduction
	Shifting the focal infection paradigm to systemic health vs. disease via oral-medical links in the elderly
	Periodontal infection and rheumatoid arthritis (RA)
	Periodontal infection and Alzheimer's disease (AD)
	Periodontal infection and gastro-intestinal (G-I) cancers

	What evidence have been acquired on the aging for oral functions vs. systemic health in geriatrics
	Linking the critical oral conditions and ageing processes: evidence from tooth number vs. dental deafferentation (DD)
	Neurocognitive vs. oral functions via ageing: evidence from the mechano-transduction
	Next frontier of brain signatures on oral & cognitive functions for the elderly in 2020's

	Ever-changing prospective in a juxta-posed super-aged society, like Taiwan, in 2020s’
	Into the super-aged society (by 2025): core-issues to the oral health-care system

	Prospective of oral disease(s) and dementia: an update from 2020 big-data of USA
	The Japanese recent update of the dementia and frailty on oral health in 2020's
	A 2015 positional statement of the oral health management for the elderly with dementia
	The guideline for dental treatment of older adults with dementia
	The genesis and dawn of oral frailty

	The links of swallowing and tongue pressures to dysphagia for the elderly in 2020's
	New challenges of oral (hypo)-functions in gerodontology for the Japanese super-aged society in 2020's
	The conceptual signs and symptoms for “oral hypo-function”
	The diagnostic criteria for oral hypo-function
	Future challenges regarding oral hypo-function

	A silent epidemic of oral-medical links to the systemic health: the Taiwan status

	In summary
	Acknowledgements
	References


