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Abstract: Sustainable oral care of the elderly requires a holistic view of aging, which must extend far
beyond the narrow field of dental expertise to help reduce the effects of sociobiological changes on
oral health in good time. Digital technologies now extend into all aspects of daily life. This review
summarizes the diverse digital opportunities that may help address the complex challenges in
Gerodontology. Systemic patient management is at the center of these descriptions, while the
application of digital tools for purely dental treatment protocols is deliberately avoided.
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1. Introduction

The steady aging of human populations is a development that affects not only the industrialized
world, but also emerging and developing countries. It is estimated that about half of all people
who have ever lived to an age of 65 years old or older are alive today. We are living through an
exponential population expansion and demographic transition. Therefore, it is necessary to understand
the sociological and biological changes facing the elderly population and to master the current and
future challenges in dental healthcare for aging patients [1].

This opinion letter, based on an ongoing evaluation of the sociodemographic changes due to
aging, focuses on digital technologies, which could help deal with the complex challenges in oral
medicine for the growing elderly.

2. A Silent Revolution

2.1. Social Change

Old age is changing fundamentally and to an extent that justifies the term ‘social revolution’,
albeit one that is proceeding quietly. This change is characterized by the objective of being able to
live in a self-determined manner and in a private environment for as long as possible, even when
in need of healthcare. In this context, a transfer to a care institution is only foreseen in the case of
an extreme emergency and to be delayed for as long as possible. This development will contribute to
the progressive delaying of the fourth age, which is marked by the need for advanced assistance and
care, and will further reduce the average length of stay in institutions. In Switzerland, individuals
aged 65 years and older only stay in nursing homes for one year [2].

It is important to recognize the goal-oriented willingness and the high degree of creativity that
senior citizens, either currently working or retired, display in their third age (traditionally 65-80 years
old). However, these factors do not allow for any reliable prognoses regarding changes in lifestyles in
old age and force the professional groups, institutions, and organizations concerned with aging to
continually adapt their strategies and concepts [2]. This awareness has also reached the political arena
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in Switzerland, so that in future, there will be a growing reluctance to plan new inpatient care places
and priority will be given to outpatient care in terms of cost-effectiveness [3,4].

2.2. Consequences for Health

The biological limit for life expectancy at birth and after reaching the age of 65 is still not predictable.
Medical advances, healthy nutrition, good education, and improving working conditions continue to
favor an increasingly longer third age and will reduce the risk and duration of the fourth age [2].

The preventive and restorative success of dentistry have led to people with an increasing number
of teeth (including implant-supported reconstructions). However, despite their knowledge of the
importance of regular dental check-ups for oral and general health, the elderly will inevitably gradually
withdraw from this care, beginning between the ages of 60 and 65 [5]. The risk of psychosocial
(loneliness, poverty) and medical problems (multimorbidity, polypharmacy), which increase with age,
play a central role in withdrawing from care with major consequences for dental and oral health in
the long term. Oral diseases do not only occur in old age when the need for help and care begins,
but much earlier, because the social and biological factors mentioned above increasingly affect the
resources needed to maintain oral hygiene and to receive regular care from the personal dental team.
Even if the fourth age is delayed, the oral health issues still inevitably arise, and are then complicated
further by the additional comorbidities of aging [6].

Facing these complex challenges, it is important for dentists to learn to perceive the human being
holistically—in her or his entirety—and to establish a close network with other medical disciplines,
institutions, organizations, authorities, and relatives who are concerned with the care of aging people.
It is important to be aware that the range of stakeholders involved is growing and becoming more
volatile, as the shift from inpatient to outpatient care increases [7,8].

3. Digital Opportunities

People participating in the digital community generate a rapidly growing amount of data every
day. This is also increasingly true for senior citizens. Scientific use of this data offers the opportunity
to gain a deeper and more dynamic insight into the lifestyle of aging people, for example, through
analyzing digital shopping activities and payment transactions. This could allow a better and more
up-to-date understanding of the changing lifestyles of the elderly. It is conceivable that algorithms
could be developed that can identify sociobiological threats at an early stage by monitoring changes in
behavior. Such algorithms would also be important for the dental care of aging people and thus for oral
health. This would be one of several opportunities to achieve a paradigm shift in geriatric dentistry
and to promote preventive rather than palliative care concepts that are still predominant [9,10].

3.1. In Frigo Veritas (The Truth Lies in the Fridge)

The “In Frigo Veritas” study conducted in Geneva in the 1990s demonstrated that the contents of
the refrigerators of senior citizens was associated with the likelihood of hospitalization in the following
month (11). Monitoring the nutritional provisions available to an elderly individual could therefore
identify those at risk early. The use of shopping lists of food products, which are already electronically
recorded today with the help of customer cards, could be considered here. This data alone would
already allow individual conclusions to be drawn about the quantity, quality, and course of food. A link
to intelligent refrigerator systems that can document the consumption and replenishment of food
would also be conceivable. This would allow continuous conclusions to be drawn in real time on the
nutritional situation and thus the morbidity risk in an out-of-home care setting [11]. This application
could also be used in dentistry for therapeutic decision making or for the ongoing assessment of the
care capacity of aging people threatened by sociobiological risks. In addition, nutritional counselling
and guidance, supported by nutritional algorithms, could be carried out in a simplified, individualized
and continuous manner, before, during, and/or after dental interventions such as tooth extractions or
the insertion of fixed and removable dentures [12].
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3.2. Intelligent, Individually Usable Systems

The personal health data generated in medicine, including dentistry, or by intelligent systems
suitable for everyday use, such as smartphones, watches or other devices, open up a wide range of
application options that will go far beyond the recording of acute emergency situations in in-home
and out-of-home care settings. On the one hand, the cumulative use of medically relevant data does
not only offer significantly expanded perspectives for research, but also for patient care. Today;, it is
already feasible to record vital data in real time using the aforementioned intelligent everyday systems.
It can be assumed that the availability and variety of such systems will continuously increase in the
near future and will also be usefully applied in dentistry [13,14].

3.3. Stop Walking When Talking

Nowadays, electronic pedometers are used to obtain discounts from health insurance companies.
Similarly, we are already able to analyze gait regularity and thus the risk of falls among older people in
specialized mobility centers, with or without multitasking, and to draw conclusions about diseases,
side effects of medication, and cognitive performance [15]. The transfer of such systems to shoe insoles,
for example, not only has the potential to obtain and link incomparably more empirical data on gait
safety in elderly people living in a private household, but also to monitor their mobility in real time.
In this context, the effects of therapeutic interventions on gait safety, such as those that aim to optimize
occlusion, could be dynamically monitored [16].

4. Interdisciplinary Networking

As mentioned previously, the (dental) medical care of aging people living in private households
is faced with growing interdisciplinary challenges. On the one hand, healthcare providers have
to establish a network to harness the knowledge of the various disciplines by means of suitable
digital systems to make it not only accessible for interdisciplinary research, but also clinically usable
under growing organizational and legal requirements. On the other hand, everyday clinical practice
requires dynamic, real-time networking among the growing number of stakeholders in the care of
the elderly, which will increase significantly and become more volatile as outpatient care expands.
Here, intelligent tools are needed that enable compatible, rapid, and secure interdisciplinary data
exchange on a patient-by-patient basis to support individually tailored decision-making based on
algorithms [17].

Finally, it is expected that routine sequencing of the genome in the case of disease will become
established within the next five to ten years, as the costs of this procedure have been significantly reduced
from $100,000 to $1000 over the last 20 years [18]. This should also contribute to the individualization of
prevention, diagnostics, and therapy in dentistry, especially for older people with increasing psychosocial
and medical risks. The latter could possibly be detected earlier and counteracted more effectively [19].

5. Ethical and Legal Responsibilities

We have learned from the hitherto short history of the digitalization of our world that this
development is accelerating at a breathtaking rate. This calls for an urgent and internationally valid
regulation for the protection of personal data of individuals, while enabling the exchange of personal
information between stakeholders for the benefit of the individual. This has been pioneered by the
basic data protection regulation of the European Union [20]. Such a set of rules must compensate for
the existing socio-economic asymmetry of a data-driven economy, which ensures the right to a copy
of personal data and thus digital self-determination. However, the right to a copy of personal data
also requires the development of cooperatively managed databases that are able to manage the digital
information in a fiduciary capacity and in a comparable way to financial institutions. In this way,
it would be ensured that people could come into possession of all their health-related data to use these
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under regulated conditions for their own benefit or to make data available to research and thus to the
community [21].

In addition, society must ensure that (dental) medicine, which is increasingly controlled by
guidelines and algorithms, does not lose sight of the individual person. It is true that large amounts
of data can increase the reliability of answers to individual questions. Nevertheless, it remains to be
hoped that big data will not lead to further commercialization or industrialization of medicine, and
thus, neglect the healing power of a systemic doctor-patient relationship, but rather that it will nurture
this relationship [22,23].

6. Conclusions

The global demographic change is characterized by an exponential population expansion and
sociobiological transition towards a growing number of older patients. Sustainable oral healthcare of
the elderly must comprise a holistic view of aging, far beyond the narrow field of dental diagnostics
and modernized treatment protocols. Digital health data generated in dental medicine, or by daily
used systems, such as smartphones, tablets, and watches, open up a wide range of application options
in (oral) healthcare to master the complex challenges in Gerodontology. Scientific use of this data
offers broad insights into the lifestyle of aging patients for the early identification of social threats and
changing behaviors.

Medical and dental healthcare providers have to establish an interdisciplinary network using
these digital systems for routine clinical practice. Smart digital applications are needed, which enable
compatible, rapid, and secure interdisciplinary data exchange on a patient-by-patient level to support
individually tailored decision-making based on the knowledge of all stakeholders in the care of the
elderly in in-home and out-of-home care settings. The digital transformation has the opportunity
to achieve a paradigm shift in geriatric dentistry and to promote preventive rather than palliative
healthcare concepts.

Author Contributions: Conceptualization, C.E.B. and T.J.; methodology, C.E.B. and T.J.; writing—original draft
preparation, C.E.B.; writing—review and editing, T.]. and N.U.Z.; supervision, T.].; project administration, T.J. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflicts of interest.

References

. WHO. World Report on Ageing and Health; World Health Organization: Geneva, Switzerland, 2015.

2.  Hopflinger, E; Bayer-Oglesby, L.; Zumbrunn, A. Pflegebediirftigkeit und Langzeitpflege im Alter. Aktualisierte
Szenarien fiir die Schweiz; Verlag Hans Huber: Bern, Switzerland, 2011; pp. 33-66.

3.  Gesundheitsdirektion Kanton Ziirich. Bedarfsentwicklung und Steuerung der Stationiren Pflegeplitze; Kanton
Ziirich: Ziirich, Switzerland, 2018.

4.  Gesundheitsdepartement des Kantons Basel-Stadt. Gesundheitsversorgungsbericht iiber die Spitiler, Pflegeheime,
Tagespflegeheime und Spitex-Einrichtungen im Kanton Basel-Stadt; Kanton Basel-Stadt: Basel, Switzerland, 2018.

5. Biffar, R,; Klinke-Wilberg, T. Gesundheit der Alterwerdenden und Inanspruchnahme é&rztlicher
Dienste—zahnmedizinische Konsequenzen und Aufgaben. Senioren-Zahnmedizin 2013, 1, 35-42.

6.  Tavares, M.; Lindefjeld Calabi, K.A.; San Martin, L. Systemic diseases and oral health. Dent. Clin. N. Am.
2014, 58, 797-814. [CrossRef] [PubMed]

7. Plasschaert, A.].M.; Holbrook, W.P.; Delap, E.; Martinez, C.; Walmsley, A.D. Profile and competences for the
European dentist. Eur. J. Dent. Educ. 2005, 9, 98-107. [CrossRef] [PubMed]

8.  Besimo, C. Paradigmenwechsel zugunsten einer besseren oralen Gesundheit im Alter. Swiss Dent. J. 2015,
125, 599-604. [PubMed]

9.  March, S. Individual Data Linkage of Survey Data with Claims Data in Germany—An Overview Based on
a Cohort Study. Int. J. Environ. Res. Public Health 2017, 14, 1543-1558. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/j.cden.2014.07.005
http://www.ncbi.nlm.nih.gov/pubmed/25201543
http://dx.doi.org/10.1111/j.1600-0579.2005.00369.x
http://www.ncbi.nlm.nih.gov/pubmed/15982379
http://www.ncbi.nlm.nih.gov/pubmed/26169809
http://dx.doi.org/10.3390/ijerph14121543
http://www.ncbi.nlm.nih.gov/pubmed/29232834

Int. |. Environ. Res. Public Health 2020, 17,2171 50f5

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Joda, T.; Waltimo, T.; Pauli-Magnus, C.; Probst-Hensch, N.; Zitzmann, N.U. Population-Based Linkage of Big
Data in Dental Research. Int. J. Environ. Res. Public Health 2018, 15, 2357-2361. [CrossRef] [PubMed]
Boumandjel, N.; Herrmann, F,; Girod, V.; Sieber, C.; Rapin, C.H. Refrigerator content and hospital admission
in old people. Lancet 2000, 356, 563. [CrossRef]

Kiss, C.M.; Besimo, C.; Ulrich, A.; Kressig, R.W. Erndhrung und Gesundheit im Alter. Aktuel Ernahrungsmed
2016, 41, 27-35.

Majumder, S.; Deen, M.J. Smartphone Sensors for Health Monitoring and Diagnosis. Sensors 2019, 19, 2164.
[CrossRef] [PubMed]

Reeder, D.; David, A. Health at hand: A systematic review of smart watch uses for health and wellness.
J. Biomed. Inform. 2016, 63, 269-276. [CrossRef] [PubMed]

Beauchet, O.; Blumen, H.M.; Callisaya, M.L.; De Cock, A.M.; Kressig, R.W.; Srikanth, V.; Steinmetz, J.P.;
Verghese, ].; Allali, G. Spatiotemporal gait characteristics associated with cognitive impairment: A multicenter
cross-sectional study, the intercontinental ’Gait, cOgnitiOn & Decline” initiative. Curr. Alzheimer Res. 2018,
23,273-282.

Brand, C.; Bridenbaugh, A.A_; Perkovac, M.; Glenz, F.; Besimo, C.; Marinello, C.P. The effect of tooth loss on
gait stability of community-dwelling older adults. Gerodontology 2015, 32, 296-301. [CrossRef] [PubMed]
Lehne, M; Sass, J.; Essenwanger, A.; Schepers, J.; Thun, S. Why digital medicine depends on interoperability.
NPJ Digit. Med. 2019, 20, 79. [CrossRef] [PubMed]

The Cost of Sequencing a Human Genome. Available online: https://www.genome.gov/about-genomics/fact-
sheets/Sequencing-Human-Genome-cost (accessed on 30 October 2019).

Payne, K.; Gavan, S.P; Wright, S.J.; Thompson, A.]J. Cost-effectiveness analyses of genetic and genomic
diagnostic tests. Nat. Rev. Genet. 2018, 19, 235-246. [CrossRef] [PubMed]

Verordnung (EU) 2016/679 des europdischen Parlaments und des Rates. vom 27. April 2016. zum
Schutz nattirlicher Personen bei der Verarbeitung personenbezogener Daten, zum freien Datenverkehr
und zur Aufhebung der Richtlinie 45/96/EG (Datenschutz-Grundverordnung). Available online: https:
/[eur-lex.europa.eu/eli/reg/2016/679/0j (accessed on 27 April 2016).

Hafen, E. Why Citizens Should Have Control of Their Own Data. Available online: https://ethz.ch/en/news-
and-events/eth-news/news/2018/04/ernst-hafen-midata.html (accessed on 24 April 2018).

Joda, T.; Waltimo, T.; Probst-Hensch, N.; Pauli-Magnus, C.; Zitzmann, N.U. Health data in dentistry:
An attempt to master the digital challenge. Public Health Genom. 2019, 22, 1-7. [CrossRef] [PubMed]

Joda, T.; Bornstein, M.M.; Jung, R.E.; Ferrari, M.; Waltimo, T.; Zitzmann, N.U. Recent trends and future
direction of dental research in the digital era. Int. ]. Environ. Res. Public Health 2020, 17, 1987. [CrossRef]
[PubMed]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.3390/ijerph15112357
http://www.ncbi.nlm.nih.gov/pubmed/30366416
http://dx.doi.org/10.1016/S0140-6736(00)02583-6
http://dx.doi.org/10.3390/s19092164
http://www.ncbi.nlm.nih.gov/pubmed/31075985
http://dx.doi.org/10.1016/j.jbi.2016.09.001
http://www.ncbi.nlm.nih.gov/pubmed/27612974
http://dx.doi.org/10.1111/ger.12136
http://www.ncbi.nlm.nih.gov/pubmed/25115819
http://dx.doi.org/10.1038/s41746-019-0158-1
http://www.ncbi.nlm.nih.gov/pubmed/31453374
https://www.genome.gov/about-genomics/fact-sheets/Sequencing-Human-Genome-cost
https://www.genome.gov/about-genomics/fact-sheets/Sequencing-Human-Genome-cost
http://dx.doi.org/10.1038/nrg.2017.108
http://www.ncbi.nlm.nih.gov/pubmed/29353875
https://eur-lex.europa.eu/eli/reg/2016/679/oj
https://eur-lex.europa.eu/eli/reg/2016/679/oj
https://ethz.ch/en/news-and-events/eth-news/news/2018/04/ernst-hafen-midata.html
https://ethz.ch/en/news-and-events/eth-news/news/2018/04/ernst-hafen-midata.html
http://dx.doi.org/10.1159/000501643
http://www.ncbi.nlm.nih.gov/pubmed/31390644
http://dx.doi.org/10.3390/ijerph17061987
http://www.ncbi.nlm.nih.gov/pubmed/32197311
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	A Silent Revolution 
	Social Change 
	Consequences for Health 

	Digital Opportunities 
	In Frigo Veritas (The Truth Lies in the Fridge) 
	Intelligent, Individually Usable Systems 
	Stop Walking When Talking 

	Interdisciplinary Networking 
	Ethical and Legal Responsibilities 
	Conclusions 
	References

