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Abstract: This paper concerns the assessment of the current state of dentistry in the world and
the prospects of its sustainable development. A traditional Chinese censer was adopted as the
pattern, with a strong and stable support on three legs. The dominant diseases of the oral cavity are
caries and periodontal diseases, with the inevitable consequence of toothlessness. From the caries
3.5–5 billion people suffer. Moreover, each of these diseases has a wide influence on the development
of systemic complications. The territorial range of these diseases and their significant differentiation
in severity in different countries and their impact on disability-adjusted life years index are presented
(DALY). Edentulousness has a significant impact on the oral health-related quality of life (OHRQoL).
The etiology of these diseases is presented, as well as the preventive and therapeutic strategies
undertaken as a result of modifying the Deming circle through the fives’ rules idea. The state of
development of Dentistry 4.0 is an element of the current stage of the industrial revolution Industry
4.0 and the great achievements of modern dental engineering. Dental treatment examples from the
authors’ own clinical practice are given. The systemic safety of a huge number of dentists in the world
is discussed, in place of the passive strategy of using more and more advanced personal protective
equipment (PPE), introducing our own strategy for the active prevention of the spread of pathogenic
microorganisms, including SARS-CoV-2. The ethical aspects of dentists’ activity towards their own
patients and the ethical obligations of the dentist community towards society are discussed in detail.
This paper is a polemic arguing against the view presented by a group of eminent specialists in the
middle of last year in The Lancet. It is impossible to disagree with these views when it comes to waiting
for egalitarianism in dental care, increasing the scope of prevention and eliminating discrimination
in this area on the basis of scarcity and poverty. The views on the discrimination of dentistry in
relation to other branches of medicine are far more debatable. Therefore, relevant world statistics for
other branches of medicine are presented. The authors of this paper do not agree with the thesis that
interventional dental treatment can be replaced with properly implemented prophylaxis. The final
remarks, therefore, present a discussion of the prospects for the development of dentistry based on
three pillars, analogous to the traditional Chinese censer obtaining a stable balance thanks to its
three legs. The Dentistry Sustainable Development (DSD) > 2020 model, consisting of Global Dental
Prevention (GDP), Advanced Interventionist Dentistry 4.0 (AID 4.0), and Dentistry Safety System
(DSS), is presented.

Keywords: dentistry sustainable development; dental prophylaxis; dental interventionistic treatment;
caries; periodontology; toothlessness; endodontics; Dentistry 4.0; dental implantology; dental
prosthetics; dentist safety; dentist ethics
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1. Introduction

In order to introduce the subject of this paper, several concepts are presented that seemingly do
not combine into a whole, but are necessary in order to understand the view and content presented in
this paper. It is obvious that the main content of this paper will discuss all issues that relate exclusively
to dentistry, but the broad context presented in this introduction is necessary.

The first of these notions is balance. In the Dictionary of the Polish Language, we find a definition
of balance as a stable system of opposing forces and values.

“Balance appears as the basic nature of all things, no matter what level we pay attention to. It applies
to the same degree to elementary particles, the functioning of the organism, social phenomena, or the
movement of galaxies. Opposites strive towards each other, they try to complement and complete each
other because in themselves they do not actually exist. This process is constantly accompanied by
movement, which is a tool of balance. It is because of him that everything that exists is constantly
changing and tends to the perfect point that can never be achieved. Because balance is not so much a
point, an ideal, but a constant balancing around that point. Balancing unity is the ever-pulsating
dance of everything, it is the beating heart of the Cosmos, it is the very breath of God.” [1].

It has been known in statics for centuries that a stable, balanced position is provided by three
points of support. Examples of this principle have been in existence for centuries. Figure 1 shows a
Chinese censer dating back to a centuries-old tradition made at the turn of the 19th and 20th centuries
as a bronze cast in the form of a spherical vase on three animal legs, with mascarons at the base, a belly
decorated in relief with two pairs of dragons holding a fireball, ears with dragon heads on the sides,
and a meander pattern strip around the top edge. The cover is strongly arched, openwork, with four
handles in the form of elephant heads; at the top, there is a figure of a lying Chinese lion. This piece of
Chinese art can be considered a symbol of balance.
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Another defined term is sustainable development. It is necessary to distinguish between instantaneous
equilibrium and a process based on equilibrium. One such notion is sustainable development.

The sources of this concept are ecological, because Hans Carl von Carlowitz in his book [2],
published firstly in 1713, which was a comprehensive treatise on forestry, introduced the concept
of sustainable yield. The view outlined by him assumed forest management in such a way that
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the forest could always rebuild itself, which required planting as many trees as had just been cut
down. The concept spread in many European countries and gained the English term Sustained Yield
Forestry, and in the 1980s it was spread by environmental movements to finally evolve into sustainable
development in a very broad context.

Currently, the content of this notion is determined by the doctrine of economics, assuming the
quality of life at the level allowed by the current civilization development provided in the preamble to
the World Commission on Environment and Development (WCED) report: “At the current civilization
level, sustainable development is possible ( . . . ) in which the needs of the present generation can be
satisfied without reducing future opportunities generations to satisfy them” [3]. The achieved level of
prosperity is possible to maintain, provided that the relationship between economic growth, care for
the environment, including the man-made environment, and quality of life, including human health,
is appropriately and consciously formed. This document draws on a study by the Club of Rome dating
back to 1972 [4]. The basis of all activities in this area is included in the theory of public good [5].

One of the indisputable goods that sustainable development guarantees to people in the world is
health, as a necessary condition of well-being, and the concern of all societies is to extend human life.
Health, including oral health, is therefore a human right, and inclusive development reduces inequalities,
provided by universal access to healthcare, including primary dental care. Improving oral health
reduces development burdens and costs to society, health systems, and the economy in general. Oral
disease affects approximately 3 to 5 billion people worldwide [6,7]. The proportion of the population
receiving oral health care in Low and Middle-Income Countries (LMIC) is generally lower than in
High-Income Countries (HIC), with median estimates ranging from 35% in Low-Income Countries
(LIC) to 60% in lower-income low-middle-income countries, 75% in upper-income low-middle-income
countries, and 82% in high-income countries [7]. Within each country, the poorest quintiles have the
lowest service coverage. Oral diseases reduce life chances, diminish the sense of dignity, and reduce
the productive contribution of individuals to their local communities and to society as a whole.

The aim of this paper is to analyze the state of modern dentistry and indicate the conditions
for ensuring its current balance and sustainable development, which on the one hand must always
involve an analysis of the needs, but on the other hand must take into account the possibility of
indicating benefits but without exposing anyone to any loss or harm. The dominant diseases of the
oral cavity are caries and periodontal diseases. The strategies for treating caries and periodontal
diseases require detailed analysis, which is presented in this paper. The territorial range of these
diseases and their significant differentiation in severity in different countries as well as their impact on
the disability-adjusted life years (DALY) index are presented. Across the world, 3–5 billion people
suffer from tooth decay. Caries very often in adults is accompanied by periodontal diseases, which
are also very widespread across the world. Toothlessness, an inevitable consequence of both of
these diseases, especially if not treated at all and in the case of bad habits, has a significant impact
on the oral health-related quality of life (OHRQoL). Oral diseases have a wide impact on other
organs, even distantly, and are a direct cause of systemic diseases, which not all people are aware
of. This paper was inspired because it is a polemic arguing against the views presented by a group
of eminent specialists in the middle of last year in a series of two articles [6,7]. It is impossible to
disagree with these views when it comes to waiting for egalitarianism in dental care, increasing
the scope of prevention, and eliminating social exclusion in this area due to scarcity and poverty.
The views on the discrimination of dentistry as compared to other fields of medicine are much more
debatable. Relevant statistical data concerning, inter alia, the mortality from heart disease, stroke,
and cancer and human health expenditure, for example, can vary between OECD countries by more
than 50 times. This situation is largely shaped by politicians in individual countries and the extent
to which individual societies enforce their democratic rights, including the share of health care and
social security costs in the gross domestic product (GDP). The most debatable view is that prevention
in the field of dentistry is treated as an opposite approach to interventional dentistry and is mutually
exclusive with the most advanced stage of Dentistry 4.0. There are many examples of the development
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of Dentistry 4.0 as great achievements, based on the development of computer imaging methods,
computer-aided design, and manufacturing of implants and prosthetic restorations, including the use
of cloud computing, automation, and robotization, as well as additive manufacturing technologies
determining the advanced state of modern dental engineering. The cooperation between the dentist
and the dental engineer plays an important role here, which is a prerequisite for success in this field.
The level of modern dentistry is also determined by modern endodontic treatment methods and the
possibility of using avant-garde implant scaffolds and implant scaffolds. In the field of periodontitis,
an important role is played by the TIPPS strategy (Talk-Instruct-Practise-Plan-Support) [8], which
draws on the traditional quality management solutions known as the Deming circle [9]. Therefore,
this case requires a very broad and multifaceted analysis, which is also the purpose of this paper. Caries
treatment, including endodontic and periodontal treatment, eliminates many diseases of distant organs
of the body, as well as the implantological and prosthetic treatment of toothlessness. An analysis of
the contexts of these systemic interactions is also one of the purposes of this paper. This significantly
relieves hospital treatment and the social insurance system from eliminating long-term illnesses.
The authors of this paper do not agree with the thesis that interventional dental treatment can be
replaced with properly implemented prevention and, in broadly discussing this problem, indicate that
sustainable development is essential in both of these areas. Both are important and require equal effort
for the sustainability of dentistry. The third important development pillar of dentistry, and therefore
another goal of the analyses presented in this paper, is the systemic epidemiological safety of a huge
number of dentists in the world, an issue the current COVID-19 pandemic has highlighted. In place of
the passive STOP strategy (system, technical, organizational, personal) used so far, which determines
the introduction of more and more advanced personal protective equipment (PPE), assuming that the
entire environment around the dentist and the patient are infected, the proprietary system, prevention,
efficiency, cause (SPEC) strategy is introduced, consisting of the active prevention of the spread of
pathogenic microorganisms, including SARS-CoV-2, in a dental practice environment. The point
is to eliminate the threat directly at the source. An example of a proprietary accessory that meets
these requirements is presented. In the course of this paper, an attempt is made to prove this thesis,
supported by extensive literature studies, showing that the developmental balance of modern dentistry
requires three equal elements. The association and the similarity to the case of the Chinese censer,
which stands steadily on three legs, is clear. Hence, the aim of this paper is to support the thesis
that the stability of dentistry development depends on three thematic areas that determine its even
development, with numerous pieces of evidence from the literature. The thesis includes prevention and
interventionist treatment in the Dentistry 4.0 system, including, among other things, endodontic and
periodontal treatment, as well as an efficient system of epidemiological safety related to the prevention
of the spread of pathogenic pathogens at the source. These analyses were preceded by a brief analysis
of the condition of oral cavity diseases. The final remarks present a discussion of the prospects for the
development of dentistry based on the three above-mentioned pillars, the prototype of which is the
presented Chinese censer.

2. Analysis of the Contemporary State of Oral Cavity Diseases in the World

In order to draw any conclusions about the development of dentistry in the coming decades, it is
necessary to analyze its current state.

Mature men and women have 32 teeth. Their condition in each case depends on many factors,
including genetic conditions; developmental conditions; age; oral hygiene in relation to life history,
diet, and nutritional preferences; interactions with other diseases; possible sports; transport’s and
professional accidents; treatment history and possible errors in this regard; and many other factors
(Figure 2) [6].
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The stomatognathic system, especially the dentition, is also subject to numerous disease processes,
under the influence both of internal and external factors. Oral diseases affect approximately 3 to
5 billion people worldwide [6,7]. Pulp diseases are common, mainly causing inflammation and pulp
necrosis due to bacterial, thermal, mechanical, chemical, and electrical factors, as well as due to
infection by blood vessels that penetrate the pulp through the apical foramen as well as due to cavities
originated by caries and by non-carious factors and also by iatrogenic agents created during therapeutic
procedures. The causes of oral disease, often leading to tooth loss, vary, although microbes are the
most common cause of pulpitis. Hence, according to epidemiological data, the most common cause of
tooth extraction is caries [10–25]. Carefully performed conservative treatment, especially endodontic
treatment, allows for a relatively long time to keep the healed teeth in the mouth. Periodontal disease
has also reached epidemic proportions [26–34], although this has only recently been recognized. This is
the most common inflammation, affecting almost 50% of adults in the world, and can lead to complete
toothlessness if left untreated. Up to 83% of the population develop some degree of bleeding from the
gums during their lifetime. Careful hygiene and timely and carefully performed periodontal treatment
also allow you to preserve your own teeth for a long time. Both caries and periodontal disease can
lead to the extraction of single teeth and even complete toothlessness. Often, it is impossible to avoid
tooth extraction, which, although allowing for immediate problem solving, creates further problems.
The consequence of extracting even one tooth is an imbalance in the stomatognathic system, which
ceases to function efficiently in the absence of any component. Oral neoplasms were excluded from
consideration in this paper; although they occur quite frequently, they require separate analysis and
usually fall within the scope of oncology or/and craniofacial surgery.

Oral diseases, both caries and periodontitis, as well as toothlessness, which after some time
is an inevitable consequence of both of these diseases, are serious problems in modern medicine,
not only because of local diseases of the oral cavity but above all because of the high risk of
systemic complications.

Caries, as the primary pulp disease in the oral cavity, in the case of delayed, ineffective,
or not-performed endodontic treatment is the direct cause of bacterial pneumonia, nephritis, rheumatoid
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arthritis, osteoporosis, abscess, stroke, endocarditis, ischemic heart disease, the decreased birth mass
of infants, premature birth, and even the patient’s death [35–40]. Carefully performed endodontic
treatment eliminates these risks and allows for a relatively long time to preserve healed teeth in
the mouth.

Periodontal disease has also reached epidemic proportions [26–30], although this has only recently
been recognized. It are the most common inflammation, affecting almost 50% of adults in the world,
and can lead to complete toothlessness if left untreated. Up to 83% of the population develop some
degree of bleeding from the gums during their lifetime. Periodontal disease, like tooth decay, is a
direct cause of many long-term systemic diseases and complications, including diseases of the kidneys,
lungs, cardiovascular system, pancreatic and oral cancer, as well as strokes and dementia [26–30,41].
The group of diseases commonly associated with periodontal diseases include cardiovascular diseases,
heart failure, ischemic disease, and hypertension [42–47]. Numerous literature reports indicate erectile
dysfunction in men and other complications of the reproductive system [48–74], which may also affect
women [75] who are also pregnant [76].

Nevertheless, tooth extraction is often unavoidable. Both caries and periodontitis can even lead to
complete toothlessness.

Lack of teeth causes not only a loss of aesthetic value, as many think, but is associated
with some discomfort associated with eating difficulties and is also the cause of many diseases
throughout the body due to chewing dysfunction or a lack of it [27,77–90]. Toothlessness can often
be a direct cause of shortening the human life and is even a predictor of mortality, mainly from
cardiovascular causes. Missing teeth cause coronary plaque formation and aortic hardening, increased
susceptibility to electrocardiographic abnormalities, heart failure, ischemic heart disease, hypertension,
and stroke. Diseases associated with edentulousness include certain cancers, diabetes mellitus, insulin
independence, kidney disease, and rheumatoid arthritis. Often, there are diseases of the stomach;
gastritis; duodenal ulcer; diseases of the pancreas, including tumors; as well as neoplastic changes in
the esophagus and upper gastrointestinal tract. Chewing dysfunction, including it being impossible
to grind and chew food, also causes unfavorable results in pregnancy. Mood and neurocognitive
disorders, obstructive sleep apnea, cervical spine pain, migraine, and headaches, the direct cause of
which are malocclusions due to tooth loss, determining the metabolism of the cerebrospinal fluid,
may appear. Malocclusions and masticatory dysfunctions cause functional and morphological changes
in the hippocampus in the temporal lobe of the forebrain. They negatively affect the hippocampus in the
elderly [91–97] and cause associated spatial and episodic memory disturbances, as well as exacerbating
symptoms of multiple sclerosis and increasing the risk of general dementia. Improvement in chewing
conditions as a result of implantological and prosthetic treatment prevents hippocampus dysfunction.

It is also worth noting that the treatment of these pathologies requires high financial outlays and
entails high costs. Undoubtedly, this makes it difficult to access both preventive and curative dental
care in a lot of countries, mainly in LICs or LMICs. As a result, the scale of damage in the oral cavity in
many patients throughout their life is catastrophically increased [98].

A measure of disease prevalence is the disability-adjusted life-years (DALY) indicator,
often referring 100,000 inhabitants, which is used to determine the health condition of a given
society. It expresses the total number of years of life lost as a result of premature death or damage to
health as a result of an injury or disease (Figure 3) [99].

Caries is widespread practically all over the globe. It is considered the most common and costly
chronic social disease, depending on the conditions of civilization. Figure 4 [100] shows the spread
of caries in 2017 in different countries of the world and its diversity. The countries with the most
widespread caries in the 5–14 age group are Kyrgyzstan, Uzbekistan, Romania, Bulgaria, Poland,
and Ecuador. In addition, in the entire age range, these countries include France, Spain, Iceland,
Greece, and Georgia. Figure 4 illustrates also the spread of edentulousness and severe tooth loss in
different countries and the spread of periodontal disease. There seems to be a clear correlation between
edentulousness and the prevalence of caries, with Ukraine, Russia, and some Balkan countries in
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Europe among the infamous leaders. In some cases, such as Australia and Brazil, edentulousness
is relatively greater than the spread of caries. In almost all of the above-mentioned cases, as well
as in others, where edentulousness is relatively greater than the prevalence of caries, endodontic
treatment on an appropriate scale is most likely neglected or even not implemented. It seems that
the situation is quite the opposite in countries such as France and Spain, where, despite a very high
spread of caries, the share of edentulousness is relatively small. In countries such as Chile, Norway,
Germany, and Denmark, periodontal diseases have a significant impact on the level of edentulousness.
It should be noted that these observations are only correct to the extent that they are adequate to the
actual states of the cited statistical studies. It seems, for example, in the case of Ukraine, Uzbekistan,
and Kyrgyzstan, that these data do not correspond.Processes 2020, 8, 1605 1 of 86 
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The incidence of severe tooth loss in the world in 1990 to 2010 is not gender-dependent, but increases
gradually with age, showing a sharp increase around the seventh decade, with a peak incidence after
the age of 65. On the other hand, there are clear geographical differences in the prevalence, incidence,
and rate of improvement in the indicated period [101]. It is obvious that missing teeth, especially
large ones, have a significant impact on the oral health-related quality of life (OHRQoL). People with
shortened dental arches (SDAs) do not show OHRQoL worse than people with removable dentures.
The number of closing pairs and the location of the remaining teeth have a great influence on the
OHRQoL [102].

The incidence of severe tooth loss in the world in the period from 1990 to 2010 is not
gender-dependent, but increases gradually with age, showing a sharp increase around the seventh
decade, with a peak incidence after the age of 65.



Processes 2020, 8, 1605 8 of 86
Processes 2020, 9, x FOR PEER REVIEW  8 of 88 

 

Figure 4. The spread of caries in 2017 in various countries of the world (no newer analyses); (a) in the 
5–14 age group and (b) regardless of age; (c) The spread of edentualism and severe tooth loss; (d) The 
spread of periodontal diseases regardless of age. 

Figure 4. The spread of caries in 2017 in various countries of the world (no newer analyses); (a) in the
5–14 age group and (b) regardless of age; (c) The spread of edentualism and severe tooth loss;
(d) The spread of periodontal diseases regardless of age.



Processes 2020, 8, 1605 9 of 86

On the other hand, there are clear geographical differences in the prevalence, incidence, and rate of
improvement in the indicated period [101]. It is obvious that missing teeth, especially large ones, have a
significant impact on the oral health-related quality of life (OHRQoL). People with shortened dental
arches (SDAs) do not show a OHRQoL worse than people with removable dentures. The number of
closing pairs and the location of the remaining teeth have a great influence on the OHRQoL [102].
Tooth loss causes malocclusion and, apart from aesthetic considerations, causes serious gastric diseases
and has an adverse effect on the metabolism of the cerebrospinal fluid, which nourishes the brain.
The consequence of this may be headaches, migraines, pains in the cervical spine, mood disorders,
the intensification of the symptoms of multiple sclerosis, an unfavorable effect on the hippocampus in
the temporal lobe of the cerebral cortex and other effects responsible among others on spatial memory.
In a particularly unfavorable situation, caries and periodontal diseases may directly contribute to the
patient’s death. Counteracting the consequences of caries and periodontal diseases requires replacing
the missing teeth with implants and prosthetic restorations, including bridges and crowns. Dental
prosthetics are used to rebuild the aesthetic value of the appearance, improve the psychological comfort
of patients, and restore the appropriate functions of the digestive system related to taking and chewing
food. This is a branch of dentistry dealing with the restoration of the original occlusal conditions after
the loss of natural teeth or after their massive damage. For reconstruction, a prosthetic restoration is
used, requiring the use of various biomaterials. Dental surgery is often associated with prosthetics,
which deals with the surgical treatment of the oral cavity and adjacent areas, especially in the field
of implantology. Dental implant prosthetics cover the reconstruction of teeth on implants and allow
them to achieve a permanent aesthetic effect by improving the mechanics of the masticatory apparatus,
disturbed as a result of tooth loss. The reconstruction of the structures and functions of lost periodontal
tissues or of the alveolar bone itself often requires controlled tissue regeneration with the use of
non-resorbable or resorbable materials, stimulating fibroblasts to grow and separating bone tissue
from rapidly growing epithelial tissue. Modern dentistry allows us to perform advanced prosthetic
restorations that rebuild all kinds of missing teeth, both in the case of complete tooth lessness and
partially missing ones.

3. Dentistry 4.0 as an Avant-Garde Stage of Dental Treatment

Dental diseases have accompanied man since the dawn of time. As the human species developed
and with the discovery of fire, humans began to cook at least some of their food, including fish and
shellfish, nuts, fruit, and animal meat, which became the staple diet. Over time, crops such as rice,
wheat, and barley began to be cultivated, which caused the proportion of sugars in food to increase,
favoring humus. Such ailments can be seen, among others, in as member of the subspecies of Homo
sapiens called the Cro-Magnon man from the Upper Paleolithic era, who lived in Europe between
43 thousand and 10 thousand BC and was found in the rock shelter of Abri de Cro-Magnon in Les
Eyzies near the Dordogne in France. Traces of dental treatment were found in the Gaione cemetery
in Italy in pre-Neolithic finds, and the removal of food debris with wooden or bone toothpicks has
been confirmed as common among Neanderthals and Paleolithic people [103,104]. Skulls with traces
of caries were found in the Egyptian pyramids of Giza, other places in Africa, America, and Asia,
including in the village of Mehrgarh in a neolithic urban settlement from the 7th millennium BC
belonging to the Indus Valley Civilization, located on the Kacchi plateau in present-day Balochistan in
Pakistan [105,106]. It is reported that a tooth root abscess was removed through the skull in around
2500 BC in prehistoric Malta. However, confirmations of dental interventions from the neolithic
period are rare [107]. Studies of the remains of ancient Egyptians, Greeks, and Romans also confirm
early practices in the field of dental prosthetics, although perhaps not performed in life but after
death—e.g., as part of the mummification of a corpse. At Gebel Ramlah cemetery in Egypt, an artificial
tooth has been identified that can be used as a dental prosthesis [108].

Figure 5 shows [109] an infected molar with a large cavity, partially cleaned with flint tools
from the skeleton of a ca. 25-years-old man, from the rocky shelter Ripari Villabruna in the Italian
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Dolomites of Veneto near Belluno [109]. This is the first-ever evidence of intentional dental intervention,
although it is suggested [110] that research carried out in 2017 indicates that, as early as 130,000 years
ago, Neanderthals used dental tools known to them [111]. The earliest beeswax tooth fillings dating
back 6500 years were found in Slovenia [112]; however, a mixture of beeswax mixed with powdered
minerals was previously used in ancient Egypt to repair loose teeth, as reported in the 16th century BC
Ebers Papyrus [113]. There are many other written documents confirming various dental activities
in the past, including the so-called Edwin Smith papyrus [110,114], and the Ebers, Kahun, Brugschu,
and Hearst papyri from ancient Egypt [115–117]. Dental ailments were reported by the Chinese as
long as 3000 years ago [110]. An ancient Sumerian text describes “dental worm” as the cause of
caries [109,118], which Homer also writes about, and this is even repeated in late medieval documents.
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Figure 5. Top view the lower right third molar (RM3) of the man from Villabruna from the Late Upper
Palaeolithic about 14,000 years ago; (a) Occlusal view; (b) detailed view of the occlusal cavity, with the
four carious lesions and the chipping area on the mesial wall; red line is directed mesio-distally, passing
through the larger carious lesion [109].

Oral diseases, mainly caries and periodontitis, are diseases that are spread all over the world in
the 21st century. Dental treatment includes several specialties, depending on whether the disease is of
the hard or soft tissues of the mouth.

Tooth caries is the most common infectious disease in the world and includes interactions
between many factors, including the structure of the tooth; the bacterial biofilm formed on its surface;
the interaction of saliva and genes; dietary carbohydrates, especially sugars, but also starches, though
to a lesser extent; as well as behavioral, social, and psychological factors [16,19,119].

Figure 6 illustrates the dynamics of interactions—e.g., factors, some of which are protective and
some pathological, which can shift the balance in the mouth or individual teeth towards health or
disease, respectively. Tooth decay is the result of an unfavorable disturbance of the dynamic balance
between two opposing processes of demineralization and remineralization, which are influenced by
these factors [23,120,121]. A healthy state corresponds to the dynamic balance of the tooth surface with
the local environment of the oral cavity and the conditions ensuring the balance of demineralization
and remineralization processes or the advantage of remineralization [122–124]. The lack of this balance
favors the demineralization of the tooth surface, because then organic acids, mainly lactic, are formed
as a result of sugar metabolism [125]. Under these conditions, the pH decreases, and hydroxyapatite
(Ca10(PO4)6(OH)2), which is the mineral phase of the tooth, dissolves, diffusing outwards from the
tooth [23]. The speed of demineralization is the greater the greater the degree of unsaturation and
the lower the pH [126], which inevitably favors the development of caries. The average pH = 5.5 is
considered the critical point when the tooth enamel begins to demineralize, however it depends on
the concentration of fluoride, calcium, and phosphate ions [127]. For dentin, the critical pH = 6 is
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higher. The diffusion of mineral ions outside the tooth towards the surface determines the rate of
demineralization [128]. Demineralization is greater in subsurface enamel than on the surface. Single acts
of demineralization and remineralization are dynamic, so they can take place simultaneously in different
places depending on the local pH values. In the presence of fluoride ions [129–133], remineralization
processes are activated, consisting of the re-deposition of calcium [134,135], sodium [136], and phosphate
ions [129]. Enamel crystallites containing fluorapatite have a lower solubility than hydroxyapatite,
and the average critical pH = 4.5 is lowered when tooth enamel begins to demineralize; therefore,
susceptibility to caries development is much lower [10]. The result of subsurface demineralization is
the progression of humus in this zone and the formation of the so-called white spot with no cavitation
on the enamel surface. It is considered to be a very early stage of the subclinical course of caries, and the
unstable equilibrium of demineralization and remineralization phenomena will persist at this level
over the period from several weeks to many years. Fluoride activity may counteract this, stopping,
slowing down, or even reversing the course of caries at this early stage, while if the predominance
of demineralization processes is maintained, more advanced symptoms of the disease, including
cavitation, will appear [10,137].
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shift the balance in the oral cavity towards health or disease, respectively.

The retention areas for biofilm formation and the deposition of food debris are occlusal cavities and
molar grooves related to the morphology of the teeth, becoming the most vulnerable parts of the teeth,
especially in children, as the solubility of the teeth decreases with post-eruptive age [23]. The clearance
of cariogenic foods and drinks understood as the purification factor, which is the volume completely
cleared of a given substance per unit time, depends on the flow rate and thickness of the salivary
membrane, its bicarbonate buffering capacity, and the proximity of the teeth to the salivary glands [23]
and the modification of the biofilm pH by saliva [138], which is responsible for maintaining a neutral pH
of the biofilm, despite exposure to sugars in the diet. The course of the disease, as well as the increased
susceptibility of some teeth and even places in them to it, depend on the environmental conditions of the
postoperative age, ultrastructure, location, morphology, and composition of individual teeth [23,139].
The cause of successive damage to the hard tissues of the tooth; pain; abscesses; and, ultimately,
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the possibility of losing teeth is the influence of sugar-metabolizing biofilm bacteria, resulting in
the formation of acids, which lower the pH of the biofilm. The resulting unsaturated conditions
systematically demineralize the enamel and break down the dentin. The situation changes in the
presence of fluoride, which delays cavitation, even if the sugar level in the diet is elevated [140],
but this is often not a sufficient condition as, despite the extensive use of fluoride in many countries,
the proportion of caries is still at an unacceptably high level [141]. This issue is described in more
detail later in this paper.

In recent decades, the importance of bacterial biofilm on the tooth surface, which also includes
saliva and protein glycoproteins, called the enamel epithelium, and its microorganisms, mainly
Streptococcus mutans, and their important role in the etiology of caries have been explained. Biofilm
is a set of endogenous microorganisms which, under unfavorable environmental conditions in the
oral cavity resulting from a relatively high level of sugars in the diet with a simultaneous low flow
of saliva, may shift the equilibrium from a healthy state to a state conducive to the development of
caries [125,142,143]. Therefore, biofilm can be a binding site and a conditioning layer for primary
bacterial colonizers, and then the formation of tooth biofilm is an important stage in the generation
of caries. Dietary sugars are readily metabolized by biofilm microorganisms to produce organic
acids (mainly lactic acid), which lower the biofilm pH, while the temporary reduction in biofilm
pH cannot directly cause permanent demineralization. Biofilm plays a pathogenic role when there
is a long-term decrease in the pH of the tooth biofilm—i.e., its acidification—and the endogenous
microorganisms that are tolerant to the increasingly acidic environment determine the increased
tendency of acid production, multiplying demineralization and causing the simultaneous development
of caries [125,142,143]. Many of the microorganisms in the biofilm, such as S. mutans and lactobacilli,
can therefore produce acids, unlike the others such as Veillonella, Lactobacillus, Bifidobacterium and
Propionibacterium, streptococci nonmutans with a low pH, Actinomyces spp., and Atopobium spp. [144].
Biofilm can therefore play a twofold role depending on the composition and environmental conditions
in the oral cavity [142,144]. Bacteria are able to form bases, especially in the presence of nitrogen
(e.g., in peptides or proteins) [145], and for some bacteria, such as VeiIloneIla, lactic acid, once it is
produced, is a source of energy, so they consume it [146]. In this way, a decrease in pH is prevented [145].
Thus, the presence of a biofilm on the tooth surface does not mean disease in essence, as it may even
constitute a physical barrier to acid diffusion.

The indicated information clearly shows the necessary and synergistic interaction of both
factors—i.e., tooth biofilm and the presence of sugars in the diet—for the development of
caries [19,141,147,148], which occurs when the pH of the tooth biofilm is lowered. Thus, the modification
of the composition and metabolic activity of the tooth biofilm indirectly depends on dietary factors.
A protein-fat diet ensures a neutral pH of the biofilm, as it increases the proportion of urea in saliva,
converted into ammonia by ureolytic bacteria, blocking the development of caries [149]. On the other
hand, the pH value decreases when the diet consists mainly of carbohydrates, especially sugars, which,
when present in the diet, are one of the most important factors causing caries [140,141]. It should
be taken into account that the limit of the negative effect of sugars promoting caries is a share of
sugars in the diet exceeding 5% of the daily energy intake [147], or slightly more in the presence of
fluoride [150–152], which will also be discussed in more detail later in this paper. Apart from fluoride,
protective factors in food also include calcium and phosphates [153].

Extending the time in the mouth of foods containing fermentable carbohydrates promotes the
extension of the actual time of acid formation, making it an important cariogenic factor [154]. Cariogenic
monosaccharides, such as glucose, fructose, and sucrose—which is the most cariogenic among them
due to the synthesis of soluble and insoluble extracellular glucan by glucosyltransferases (GTF) from
S. mutans—are more harmful [140,155]. The appearance of insoluble glucan increases the extent of
demineralization [23,156], causing the deeper penetration of carbohydrates from food [23]. Complex
carbohydrates, such as starches [141,153], are more difficult to dissolve in fluids in the oral cavity,
and their penetration rate into dental biofilms is slow. The biofilm bacteria require the starch to be
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broken down by saliva amylase to maltose first, which is usually not the case when starch is removed
from the mouth by swallowing, which is not the case with the combination of starch and sugar found
in most modern processed foods [157]. The intensity of the flow and the composition of saliva also
depend on the composition of the diet, because with a liquid or even a soft diet salivary glands weaken
or atrophy, while in the case of a coarse-grain diet the activity of the salivary glands is favorably
stimulated [158].

The classic but now archaic approach to caries treatment was to remove demineralized tissue.
Currently, such exclusivity may raise legitimate objections, as one would expect the knowledge of
this regulatory mechanism to be knowingly used in dental practice. It can be concluded with a high
degree of probability that the essence of these processes is well known to practicing dentists. They can,
of course, have an ethical duty to spread this knowledge to people who come to them for advice
or to treat oral diseases. However, there is a huge group of people in many countries of the world,
especially those with a low income and in high poverty spheres, especially in LIC and LMIC countries,
where a large proportion of people never go to a dentist. Therefore, they can only go there when
forced to do so by pain associated with a very advanced stage of the disease. It is difficult to imagine
that in such conditions it would be possible to implement any policy of making patients aware of
prevention and thus provide prophylaxis. The general, relatively high level of knowledge in this area
among dentists cannot, therefore, constitute any guarantee for a preventive policy. Regardless of these
objective difficulties, it is imperative that caries be detected as early as possible in the disease, preferably
when cavitation is not present, and a risk assessment is highly desirable in order to determine the
appropriate preventive intervention and the desired recall frequency [10,159–161]. Undoubtedly, in an
ideal understanding of the problem, it would be extremely beneficial to move from caries treatment to
its early detection and the implementation of appropriate preventive measures. This issue is described
in detail later in this paper.

In the field of epidemiology and scientific research, three main grades of caries severity are
distinguished, distinguishing visually changes in enamel, dentin, and pulp [162,163]. The caries
classification system is derived from the works of G.V. Black from 1917 [164]. The next stages of
caries development are well illustrated by the so-called caries continuum, shown in Figure 7, which
also shows the International Caries Detection and Classification System (ICDAS), which was initially
used in epidemiology, practice, research, and education [21,120,165] and is now available on the
website [166]. In [167], the criteria according to which carries should be classified (Table 1) are given.Processes 2020, 9, x FOR PEER REVIEW  14 of 88 
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In turn, Table 1, drawing on the work [168], presents the International Dentist Federation (FDI)
World Dental Federation Caries Matrix as a framework (not a new system), integrating as much as
possible at least some of the previously used classification systems, incl. those of clinicians, researchers,
teachers, healthcare professionals, and policymakers.

Works in this area are still being carried out, which has resulted in, among other thing,
the International Caries Classification and Management System (ICCMS) [169–172]. While the ICDAS
uses an evidence-based and prophylaxis-oriented approach to detect and evaluate caries steps by
their histology and activity, supporting decision-making at both the individual and public health
levels, ICCMS can help to improve the long-term results of caries treatment. ICCMS enables dentists
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to integrate and synthesize dental and patient information, including caries risk indicators, to plan,
manage, and evaluate caries in clinical and public health practice. The principles of the ICCMS system
are presented in Figure 8.

Table 1. Principal carious lesion classification criteria.

No. Classification Basis Classification

1 Treatment of Caries D = decayed or caries lesions, M = missing owing to
extraction, F = filled or restored caries lesions

2 Morphology (Location of the Lesion) Occlusal caries, smooth-surface caries and root caries

3 Prior Condition of the Tooth Primary caries, secondary (recurrent) caries

4 Severity and Rate of Caries Progression Acute caries, chronic caries, active caries and
arrested caries

5 Extent of the Lesion Incipient caries, advanced caries

6 Chronology or Age Early childhood caries, adolescent caries, adult caries

7 Etiology (Causes or Origins of Caries) Baby bottle tooth decay

8 Affected tissues Enamel, dentin, cementum
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Over time, the “iceberg” model was developed [173–175], which was supposed to be very
suggestive, but, disregarding the substantive aspects, it should be stated that the analogy cannot be
considered accurate, despite the fact that it has survived for over a quarter of a century.

Figure 9 shows a schematic image of the iceberg for comparison, the greater part of which is always
submerged below the water level, while the entire caries classification scheme should, in principle,
concern the visible part above the water level. The D3 carious threshold was defined as large lesions
with open cavities extending to the pulp of the tooth, together with more limited open cavities in the
dentin visible using organoleptic methods “above the waterline” [176]. In order to account for clinically
detectable enamel defects with the same methods, dentin lesions not visualized were assessed as the D1
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threshold, including lesions inherent to the D3 threshold with enamel lesions, but this threshold was
already largely below the water level in this model. Of course, the use of microscopic techniques and
other modern diagnostic methods, including radiological methods, detects the number of subclinical
carious lesions, which will turn out to be greater [16], and the classification becomes ambiguous; as a
result, it is of little applicability in clinical practice. It is not true that changes above the water level
in this iceberg diagram correspond to the development of caries when those below the water level
are decay-free stages. This does not correspond to the separation between “obvious distribution”
and “no clear distribution”, as discussed in [16]. In fact, all the changes shown in the diagram of the
iceberg concern the part of the mountain visible above the water level, which clearly proves that this
comparison is not accurate. It must certainly be recognized that this model has already fulfilled its
historic role. Therefore, this paper presents the scheme of the caries development pyramid (CDP) from
the most common (layer line) and the least advanced subclinical stages of lesions (height) to deep
lesions extending into the pulp, relatively less frequent in relation to the developed hygienic activities
of patients and the therapeutic activities undertaken by dentists in the previous, less advanced stages of
the disease. This diagram also shows the caries development pyramid (CDP) individual methods of the
methodological approach, ranging from background-level care (BLC) through to preventive treatment
options (PTOs) to the operative treatment option (OTO), all distinguished in the works [174,175,177].
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background-level care (BLC) to preventive treatment options (PTOs) and the operative treatment option
(OTO) in comparison with the general view of an iceberg submerged largely in water.

Assessing the risk of developing caries in a given patient is an essential element of good professional
dental care. Of the many caries risk factors that can shift the balance towards health or disease and can
be rated as low, moderate, or high, the most important are:

• The frequent and/or long-term consumption of sugars, when they are a large part of the diet;
• insufficient saliva flow rate;
• poor oral hygiene;
• suboptimal exposure to fluoride;
• tooth deformities caused by poor nutrition due to socio-economic degradation;
• a lack or low level of dental care.

This paper presents a few of the “Fives’ rules” several times, wherein this detailed case 5D
Caries Management Cycle Rules (CMCRs) is the first such example. It should be noted that each time
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such a mnemonic approach to selected specific aspects is inspired that is not necessarily a repeated
approach resulting from literature studies, it is usually a modification of the assumptions of the
behavioral strategy based on the idea of Deming’s circle. Deming’s cycle of Plan-Do-Check-Act (PDCA)
illustrates the basic principle of continual improvement [9]. In the case of evidence-based clinical
caries management, especially in the initial stages, this cycle includes the essential cyclical steps of the
International Caries Classification and Management System (ICCMS) and shows how this system can
be implemented as the 5D Caries Management Cycle Rules 5D (CMCRs) (Figure 10). The essential 5Ds
are implemented cyclically and concern the following assessment and therapeutic activities:

1. Detect lesions;
2. Determine lesions’ activity;
3. Dispense and assess the scale of lesions and their activity;
4. Decide on the patient’s personalized care plan;
5. Conduct the right intervention at the right time.
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Rules 5D (CMCRs) for the continuous improvement of the level of the patient’s oral health state.

In general, the preventive and therapeutic strategies for the treatment of dental caries cover the
three most important stages—i.e., primary, secondary, and tertiary. When lesions in the ICDAS 1–4
range are identified, the most commonly used approach is the 5D Caries Management Cycle Rules 5D
(CMCRs), which were presented previously (Figure 10). Secondary prevention strategies are aimed at
stopping or reversing the progression of caries at the stage of identified changes that are not manifested
by cavitation, mainly referred to as the moderate state (Figure 7). An important goal of this procedure
is to eliminate the need for caries surgical intervention by placing fillings, which may result in the
long-term preservation of the patient’s own teeth. The accurate detection and evaluation of the early
stages of non-cavitated caries require immediate intervention through fluoride therapy and the use of
sealants to reverse or halt the progression of caries [178]. Due to the possibility of subclinical active
caries lesions, it is impossible to establish a precise boundary between primary and secondary caries
prevention, and many of the same interventions, such as biofilm control and topical fluoride and
sealant application, apply to both prevention groups. Similarly, the transition between secondary
and tertiary prophylaxis is blurred due to the possibility of the biological non-invasive treatment
of cavitation changes in both cases, both in deciduous and permanent teeth [179]. Precision Caries
Management (PCM), the assumptions of which are presented by analogy to the Deming circle in
the form of the complex developed concentric circles, provides a wide range of possible therapeutic
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decisions (Figure 11). Each decision is based on evidence and the best decision from the point of view
of the patient’s oral wellbeing and wellbeing in general, taking into account the severity and activity of
the lesions, the assessed risk of caries, and the prediction of patient compliance and preferences [22].Processes 2020, 9, x FOR PEER REVIEW  17 of 88 
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complex developed concentric circles by analogy to the Deming circle with a wide range of possible
therapeutic decisions depending on the stage of caries development.

The most popular and most frequently performed procedure is conservative treatment, which
deals with the preparation of carious lesions and then the direct reconstruction of hard tooth tissues
with the use of filling material. Progress in this regard is obvious. Currently, composite materials,
glass-ionomer types of cement, compomers (a mixture of composite and glass-ionomer materials),
silicon types of cement, and silicon-phosphate types of cement are used for this purpose. Composite
dental restorations are used in direct fillings and are tooth-colored. Dental composite materials usually
consist of a resin-based matrix, which contains a modified methacrylate or acrylate—for example,
bisphenol A-glycidyl methacrylate (BISMA) and urethane dimethacrylate (UDMA), together with
tri-ethylene glycol dimethacrylate (TEGMA). A coupling agent such as a silane is used to strengthen
the bond between the resin matrix and the filler particles. The initiator pack starts the polymerization
reaction of the resins when external energy (light/heat, etc.) is applied. For example, camphorquinone
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can be excited with visible blue light with a critical wavelength of 460–480 nm to obtain the free
radicals necessary to initiate the process. After the teeth are prepared, a thin primer or bonding agent
is used. Photo-polymerized composites are used as thin layers determined by their opacity. The final
surface is shaped and polished after some curing. Glass ionomer cement (GIC) and resin-modified
glass ionomer cement (RMGIC), which is a composite technology with the properties of glass ionomer
cement, may be used for forming dental compomers by modifying dental composites with poly-acid.

The most doubts have been raised by the use of amalgam as a dental filling, to such an extent that
there are so-called “amalgam wars” between the supporters and opponents of amalgams. Amalgams
are metal alloys in which mercury is the primary component, forming solutions of other metals in
mercury under ambient conditions. Most metals form amalgams, with the exception of iron. Dental
amalgams have been used almost since the dawn of conservative dentistry, because they show good
properties, despite their lack of aesthetic values, and due to their relatively low costs they are widely
used and there is concern that they are the only ones in Low and Middle-Income Countries (LMIC),
as well as among people with lower status in other countries, which can be considered a cause
for concern and a sign of failure to follow development trends in these cases. The composition of
dental amalgam is given in the ISO 1559 standard [180] of 18 July 2001, which, however, was finally
withdrawn on 26 February 2008. With mercury, amalgam includes silver, tin, and copper, and, in low
concentrations, zinc, palladium, platinum, and indium. In conventional grades of dental amalgams,
there was at least 65% wt. Ag, while after 1986 the concentration was increased to 30% wt. Cu, and the
concentration were reduced to at least 40% wt. Ag. Amalgam is recognized by the FDA as safe in the US
for adults and children over six [181], while, in the European Union, based on the opinion of Scientific
Committee on Emerging and Newly Identified Health Risks (SCENIHR) on “The safety of dental
amalgam and alternative dental restoration materials for patients and users” from 29 April 2015 [182],
the Minamata Convention on the Reduction of Mercury was adopted in 2017 [183], according to
which it is necessary, inter alia, to gradually phase out the use of amalgam fillings so that they are not
completely used in dentistry by 2030. The most susceptible to the harmful effects of unbound mercury
are dentists, as they have the closest and longest contact with the vapors of this element. In order to
reduce the possibility of negative consequences for the patient and dentist, encapsulated amalgams are
currently used during filling, reducing the exposure to mercury. Considering the above-mentioned
documents, the use of this material should be considered high risk, and in the case of the exclusive
use in the aforementioned countries and towards the social groups mentioned above, as a probable
element of exclusion or even unequal treatment, contrary to the Convention on Human Rights [184].
This problem seems to be important on a global scale.

An element of noticeable progress in this area, as well as an alternative to the traditional direct
filling in dental conservative treatment, is the indirect method with the use of a system of cosmetic
ceramic inlays and crowns prepared in the dental engineering laboratory on the basis of the impressions
taken and used in the event of large cavities. Inlays and crown onlays enable the exact reconstruction
of the anatomical shape of the teeth, including the cusps and fissures of the contact points between the
teeth. Most often, they are made of porcelain, but they can also be made of gold alloys, composite
materials, or gold alloys and ceramics. Inlays and onlays, made in a dental engineering laboratory,
are glued to a properly prepared cavity in a tooth with the use of a bonding type of cement. Inlays
and onlays are durable, aesthetic, and resistant to abrasion, and the reconstructed tooth, thanks to the
precise reconstruction of the anatomical shape, can fulfill its functions and look very natural.

The attack of the dental pulp by bacteria of the carious cavity results in pain, which requires dental
intervention in the form of endodontic treatment [185–187]. This treatment consists of the removal
of the dental pulp and the preparation and filling of the entire root canal system with replacement
material, thanks to which the tooth, devoid of the living intra-root structure, can continue to function in
the oral cavity. The development of root canals consists of removing the contents inside the root canal,
disinfecting it, and giving it a shape that will ensure the best hermitization of the root canal with filling
material. Root canal filling material, filling the root canal space during endodontic treatment, replaces
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the living tissue. The most popular material for filling root canals at present is gutta-percha [188–193],
which is a trans polymer with 1.4 polyisoprene in three isomeric forms, α, β, and γ, of natural origin,
obtained from the milk juice of Palaquium gutta and Palaquium oblongifolia plants. In dentistry,
only two types are used—β, which has the form of a solid and turns into the α form of gutta-percha
under the influence of 48.6–55.7 ◦C. The melting point of gutta-percha is 64 ◦C. Gutta-percha used
in endodontics is most often in the form of studs or pellets, in which pure β gutta-percha is only
18–22% and the rest is zinc oxide at 59–75%, metal compounds such as barium and strontium sulfate at
1.1–31.2%, as well as wax and other polymers at 1–4.1%. Gutta-percha is always used in combination
with a sealant. Both in cold and thermoplastic condensation methods, sealants based on synthetic
resins are recommended. There is also a liquid gutta-percha available on the market for filling cold
canals, which is in a powdered form with a particle size of less than 30 µm with a sealant and nanosilver
particles to prevent infections; it is packaged in capsules. An alternative to gutta-percha is a material
based on polymeric polyester materials, composed of an organic part constituting a resin polymer
matrix and inorganic fillers (Figure 12). The quality of endodontic treatment depends mainly on the
tightness of the root canal filling and the tight fusion of the root canal dentin with the filling material.
Polymer materials with a matrix of gutta-percha and polyester polymeric materials enable the 3D
filling of the entire inner space of the root canal as a result of thermal plasticization. In this regard,
they are far from the other materials used for tooth fillings during endodontic treatment. The material
with a gutta-percha matrix together with the applied sealant ensures close bonding with the root canal
wall. In the case of the matrix of materials, leaks at the boundary of the polyester-polymer material
with the walls of the root canal were found much more often, and are caused, among other things,
by polymerization shrinkage [192,193].

Carefully endodontic treated teeth remain in the patient’s mouth for a relatively long time,
although in 3% of cases, 8 years after the end of treatment, periapical changes in the form of cysts or
granulomas may occur [194]. However, in over 90% of cases, the causes of possible treatment failure,
in this case, are errors and inaccuracies in the preparation and filing of root canals [195–199], as well as
iatrogenic causes, mainly crown or root fractures [200]. In such cases, tooth extractions are most often
unavoidable, which results in the need for prosthetic and/or implantology treatment.

Figure 13 shows an example of a circumferential bridge when the patient’s teeth were removed as
a result of his neglect of caries treatment and subsequent local extractions in the last dozen or so years.
The example concerns a fully digitized model in the Dentistry 4.0 standard and the manufacturing of
dental bridges on this basis, alternatively using the technology of milling blocks from solid metals
or selective laser sintering (SLS) from metal powders. Co25Cr5W5MoSi-type alloy was used. In the
dentist’s clinic, the dentist takes an impression, which is then scanned together with the impression
tray, (Figure 13a), which is the basis for the development of a model with digital dentition with an
occlusal relationship (Figure 13b). After the tooth stumps are separated and the edge is marked by a
dental engineer, the parallelism of the pillars is verified (Figure 13c) and a tooth design is generated
using virtual ready-made libraries of shapes, and the required corrections of these shapes are made to
adapt them to the situation in the oral cavity of the patient. The finished framework design (Figure 13d)
is transferred from the computer-aided design (CAD) software to the computer-aided manufacturing
(CAM) software, in which the dentist engineer virtually selects the position of the model on the disk
in the case of the removal method by milling, or on the worktable in the case of making a bridge
using the method of additive manufacturing. The bridge substructure can be produced by milling in a
controlled numerically center (CNC) (Figure 13e) or, alternatively, in additive selective laser sintering
technology, where, of course, it is also necessary to design brackets (Figure 13f). The framework of
the prosthetic restoration, produced in one of the methods given above (Figure 13g), is veneered with
ceramics (Figure 13h), after which the bridge can be installed in the patient’s mouth (Figure 13i).
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Figure 12. Examples of endodontically treated teeth: (a) morphology of the transverse fracture of the
canal dentin (atomic force microscope); (b–g) root canal filled with gutta-percha material with AH
Plus sealant by the thermoplastic method: (b) X-ray of the patient; (c) longitudinal fracture of the
tooth; (d–f) decalcified teeth; (e) filling the side branches of the main canal; (f) root delta ((c–f) Stereo
Discovery stereo light microscope with AxioCam HRC digital camera by Zeiss at 8–50×magnification);
(g) tight connection of the root canal with the material based on gutta-percha and sealant in all sections
of the root canal; (h) after an incorrectly performed procedure, border of three layers, tightly connected
dentine of the root canal with a thick intermediate layer of sealant and a leak between the sealant and the
material on the gutta-percha matrix covered with a sealant layer (g,h)—scanning electron microscope).

A common cause of dental extractions is periodontal diseases, sometimes requiring even all teeth
to be removed, sometimes when the patient is not more than 40 years old. Periodontology concerns
the suspension apparatus of the teeth—i.e., the periodontium. As a field of dentistry, it deals with
the prevention and treatment of periodontal and oral mucosa diseases. Despite great progress in
this area, in many cases, patients cannot be prevented from the tooth extraction. Rarely, orthodontic
considerations also require the extraction of certain teeth.

Dental extractions require prosthetic and/or implantological treatment. The causes of tooth
extraction include not only caries and iatrogenic causes during treatment, but also periodontal
disease. Sometimes it is even necessary to remove all teeth, and sometimes at the age of 40.
Periodontics—i.e., the suspension of the teeth—is dealt with by periodontics. As a field of dentistry,
it deals with the prevention and treatment of periodontal and oral mucosa diseases.

Periodontal disease is one of the major clinical problems in the field of oral cavity diseases
worldwide. This group of acute and chronic diseases that manifest as inflammation of the periodontal
tissues in the presence of plaque and are interrelated collectively include periodontal diseases. Risk
factors for periodontal disease include those that depend on lifestyle, including smoking and alcohol
consumption, as well as diseases and conditions such as diabetes, obesity, metabolic syndrome,
osteoporosis, low dietary calcium and vitamin D, osteoporosis in postmenopausal women [201], as well
as bruxism [202]. The listed risk factors are modifiable, which gives modern dentistry a chance to treat
periodontal diseases. Genetic factors (i.e., specific genes) also play a role in aggressive periodontitis and
most likely in chronic adult periodontitis. However, there is no clear evidence for this in the general
population so far. The etiological microorganisms P. gingivalis, T. forsythia, and A. actinomycetemcomitans
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are risk indicators [203] for periodontal disease. Other factors contributing to or supporting symptoms
of periodontal disease include age, oral hygiene [204], diet [205], and its supplementation [206].
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Figure 13. An example of a circumferential bridge after the extraction of the patient’s teeth as a
result of neglecting the treatment of caries, alternatively manufactured using the technology of milling
solid-state metal blocks or selective laser sintering (SLS) from powders of the Co25Cr5W5MoSi alloy:
(a) scan of the impression, (b) model with finger dentition occlusion, (c) verification of the parallelism
of the pillars, (d) finished design of the skeleton, €milling of the bridge in a controlled numerically
controlled center (CNC), (f) layout scheme of the bridge selectively sintered with a set of supports
on the work table, (g) foundation of the bridge manufactured using one of the given technological
methods, (h) finished bridge veneered with ceramics, (i) bridge installed in the patient’s mouth.

The immediate cause of periodontal disease is the deposition of dental plaque and tartar
as a result of the coalescence and biofilm accumulation of complex bacteria, combined with the
immunoinflammatory mechanism, other risk factors, and the disruption of host–microbial interactions
near the gingiva [207]. Tartar is a mineralized, hardened plaque that contains bacteria, calcium and
phosphorus compounds, food debris, and substances contained in saliva. Advanced stone becomes
darker in color, which is due to the consumption of large amounts of coffee, tea, red wine, and smoking.
The supragingival calculus is deposited on the surface of the tooth crown, above the gum line, and is
more visible and more comfortable to remove. Stone subgingival is deposited below the gum line,
making it more difficult to notice, and, because it is harder than stone supragingival, its elimination is
more time-consuming.

Untreated, periodontal disease results in the loss of alveolar attachment and bone destruction [208],
and can also lead to tooth loss. Detailed studies have shown that periodontal disease is the cause of
tooth loss in as many as 70.8% [209] of cases and that, after caries, it is the second most common cause
of tooth loss [210]. The symptoms of periodontal disease include bleeding gums and gum recession,
bad breath, as well as moving teeth and poorly fitting dentures. The subsequent stages and forms of the
disease development can be defined as follows: parodonthopaties periodontitis, chronic periodontitis,
aggressive periodontitis, periodontitis as a manifestation of systemic disease, necrotizing periodontal
diseases, abscesses of the periodontium, periodontitis associated with endodontic lesions, development
or acquired deformities and conditions, periodontitis, inflammation in deeper structures of the
periodontium, periodontitis, gingivitis, pocketing, loss of alveolar bone, drifting and mobility, exposure
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to furcation, and recession. Furcation covers the anatomical inter-root space within multi-rooted teeth,
located at the base of the root bifurcation. Pathological changes involving the periodontium reveal it,
creating favorable conditions for pathology [211]. Furcations constitute a specific, separately classified
group of intramedullary defects in the alveolar bone [212]. The exposure of the inter-root area and the
formation of a defect in the furcation area, related to the loss of attachment, is an area where adequate
therapeutic management is difficult and maintaining hygiene causes many problems for patients,
worsening the long-term prognosis [213–215].

One of the common forms of periodontal disease is the inflammation of the gums or the mucosa
tissue that surrounds the teeth. Although this disease does not cause permanent changes or damage to
the periodontium, there is reddening of the mucosa, swelling, and generalized inflammation, and this
is usually accompanied by pain that is burdensome for the patient and typically spontaneous bleeding
during eating or brushing the teeth. Gingivitis requires the removal of the causative agents and,
ultimately, treatment to prevent complications of other diseases, including periodontitis, of greater
health risk [204,216]. Reversible gingivitis is easy to treat by the patients themselves. Without adherence
to the dentist’s recommendations and the continued removal of plaque and tartar, gingivitis cannot be
completely cured and may develop into irreversible periodontitis [217].

Periodontal diseases, but also growths, inflammations, improper flossing, aggressive tooth
brushing, abnormal occlusal conditions, and dominant roots can cause local or generalized gingival
recession. Gingival recession is a peak migration of gingival margins into the cement-enamel junction
(CEJ), with or without loss of attached tissue, and affects almost all middle-aged and older people to
some extent. Gingival recession causes the increased sensitivity of exposed dentin [218], including
to temperature and the environment. Figure 14 shows a simplified longitudinal section through the
periodontal pocket. The normal position of the gingival margin is at the cement-enamel junction (CEJ),
but in healthy young patients, or in cases where the gingival margin is swollen, it may be coronal to
the CEJ. If the gingival margin is at the apex of the CEJ, there is a gingival recession—i.e., “receding
gums”—and the exposure of the root surfaces, which is usually accompanied by excessive sensitivity
to various external stimuli, mainly temperature changes. However, Table 2 lists also several different
basic symptoms of the various stages of periodontal disease [219].
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Table 2. Presentation of the basic symptoms accompanying different stages of the development of
plaque diseases.

Disease Development Stages Basic Symptoms in the Subsequent Stages of the
Disease Development

Gingivitis This is caused by plaque; there are red, swollen tissues that
bleed when brushing and probing.

Chronic periodontitis

There is a slow destruction of the connective epithelium and
attachment of the connective tissue of the tooth, bone
destruction with a loss of bone mass, and the formation of
periodontal pockets.

Aggressive periodontitis

The degree of destruction of the attachment of connective
tissue and bone is severe at the rapid progression of the
disease; severe condition in the group of younger patients is
related to a family history of aggressive periodontitis.

Necrotizing ulcerative gingivitis (NUG)

Necrotizing ulcerative periodontitis (NUP) is present in the
presence of the loss of connective tissue and bone destruction,
manifested by the painful ulceration of the ends of the
interdental papillae with visible gray necrotic tissue
accompanied by halitosis.

Periodontal abscess There is acute or chronic and asymptomatic freely draining
infection of the periodontal pocket.

Perio-endo lesions The source of the bacteria is from the periodontium or the root
canal system, while lesions may heal or may be independent.

Gingival enlargement
Irritation from plaque or tartar, as well as repeated rubbing or
trauma, as well as fluctuating hormone levels or the use of
certain medications, cause the gingivae to thicken.

Periodontology is the branch of dentistry dealing with the prevention and treatment of periodontal
disease and also includes the treatment of periimplantitis [220], which is similar to periodontal disease.
A schematic classification of diseases, conditions, and periodontal issues surrounding implants was
presented by the American Academy of Periodontology (AAP) in 1989 and revised ten years later.
In detail, it was analyzed during a workshop with the participation of the European Federation of
Periodontology [221,222] and it is necessary for clinicians for the correct diagnosis and treatment of
patients, and for scientists studying the etiology, pathogenesis, and treatments of periodontal disease.
The latest findings are the result of a joint work by the American Academy of Periodontology and the
European Federation of Periodontology conducted at the end of 2017 [222] (Table 3).

The most effective method for preventing periodontal diseases is the self-discipline of the patient
and the proper maintenance of oral hygiene by the proper cleaning and brushing of teeth and implants
using appropriate devices for cleaning interdental spaces, including dental brushes and dental floss,
and fluoridating the teeth with the use of a proper paste. Periodic checkup with a dentist is necessary.
In addition to these approaches, which are well-known and confirmed by scientific research results,
we also rely on the topical application of chemotherapeutic agents, reducing risk factors, including
smoking, and numerous new methods are introduced and investigated, such as antioxidants, probiotics,
vaccines, and alternative chemotherapeutic agents. The new strategies also provide for the appropriate
shaping of a new approach and previously unknown preventive behaviors of patients [223].
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Table 3. A new classification scheme for periodontal and peri-implant diseases and conditions.

Periodontal Diseases and Conditions

Periodontal Health, Gingival Diseases
and Conditions Forms of Periodontitis Periodontal Manifestations of Systemic Diseases

And Developmental and Acquired Conditions

1. Periodontal health and gingival health

a. Clinical gingival health on an
intact periodontium

b. Clinical gingival health on a
reduced periodontium

i. Stable periodontitis patient
ii. Non-periodontitis patient

1. Necrotizing Periodontal Diseases

a. Necrotizing Gingivitis
b. Necrotizing Periodontitis
c. Necrotizing Stomatitis

1. Systemie diseases or conditions affecting the
periodontal supporting tissues

2. Other Periodontal Conditions

a. Periodontal Abscesses
b. Endodontic-Periodontal Les ions

2. Gingivitis—dental biofilm-induced

a. Associated with dental biofilm alone
b. Mediated by systemie or locaI risk factors
c. Drug-influenced gingival enlargement

2. Periodontitis as Manifestation of
Systemic Diseases

Classification of these conditions should be based on
the primary systemic disease according to the
International Statistical Classification of Diseases
and Related Health Problems codes

3. Mucogingival deformities and conditions
around teeth

a. Gingival phenotype
b. Gingivaljsoft tissue recession
c. Lack of gingiva
d. Decreased vestibular depth
e. Aberrant frenum/muscle posit ion
f. Gingiva l excess
g. Abno rmal color
h. Condition of the exposed root surface

4. Traumatic occlusal forces

a. Primary occlusal trauma
b. Secondary occlusal trauma
c. Orthodontic forces



Processes 2020, 8, 1605 25 of 86

Table 3. Cont.

Periodontal Diseases and Conditions

Periodontal Health, Gingival Diseases
and Conditions Forms of Periodontitis Periodontal Manifestations of Systemic Diseases

And Developmental and Acquired Conditions

3. Gingival diseases—non-dental biofilm induced

a. Genetic/developmental disorders
b. Specific infections
c. lnflammatory and immune conditions
d. Reactive processes
e. Neoplasms
f. Endocrine, nutritional & metabolic diseases
g. Traumatic lesions
h. Gingival pigmentation

3. Periodontitis

a. Stages: Based on Severity 1 and Complexity
of Management 2

Stage I: lnitial Periodontitis
Stage II: Moderate Periodontitis
Stage III: Severe Periodontitis with
potential for additional tooth loss
Stage IV: Severe Periodontitis with
potentiaI for loss of the dentition

b. Extent and distribution 3: localized;
generalized; molar-incisor distribution

c. Grades: Evidence or risk of rapid
progression 4 anticipated
treatment response 5

i. Grade A: Slow rate of progression
ii. Grade B: Moderate rate

of progression
iii. Grade C: Rapid rate of progression

5. Prostheses and tooth-related factors that modify
or predispose to plaque- induced gingival
diseases/periodontitis

a. Localized tooth -relat ed factors
b. Localized dental prostheses-related factors

1 Severity: Interdental clinical attachment level (CAL) at site with greatest loss; radiographic bone loss and tooth loss. 2 Complexity of management: probing depths, pattern
of bone loss, furcation lesions, number of remaining teeth, tooth mobility, ridge defects, masticatory dysfunction. 3 Add to stage as descriptor: localized <30% teeth,
generalized 30% teeth. 4 Risk of progression: direct evidence by paradiographs or CAL loss, or indirect (bone loss/age ratio). 5 Anticipated treatment response: case
phenotype, smoking, hyperglycemia.
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It turns out, however, that, for various reasons, including patient negligence and also objective
difficulties in maintaining proper hygiene as the disease progresses, these activities become insufficient.
Tartar that is not removed on an ongoing basis can be a severe threat to the health of the teeth, causing
caries and cavities. It causes bleeding and gum disease over time and can also be one of the causes
of bad breath. The subgingival calculus leads to the exposure of the necks of the teeth, which means
that patients experience pain due to progressive hypersensitivity. The most severe consequence of
unremoved tartar is periodontal disease, which promotes loosening in the sockets and the loss of teeth.
A general dentist-assisted action should therefore be taken through routine scaling and cleaning using
hand tools or an ultrasonic scaler, or a combination thereof. Individual techniques can be combined,
depending on the type and position of the stone (supragingival or subgingival), and they are selected
individually. Then, polishing is performed—i.e., the surface of the teeth is smoothed with a special
paste, which additionally strengthens the teeth and prevents the development of caries. Many patients
are concerned about pain during scaling, but local anesthesia may only be necessary when removing
the subgingival calculus. The doctor may also use specialized methods of dental prophylaxis. Due to
the possibility of releasing bacteria from deposits, the dentist may decide to use disinfectant rinses.

Diagnosis of periodontitis and associated conditions is made after a thorough examination of the
patient’s medical, dental, and social history, combined with the results of a detailed internal and oral
investigation. The periodontal screening record (PSR) and the Community Periodontal Treatment
Requirement Index (CPITN) are used to determine the stage of the disease [224]. In turn, a complete
periodontal analysis is performed, with measurements of pocket depth, clinical attachment loss and
recession, plaque, bleeding, furcation and motility involvement, and often also radiographs, assessing
the bone level and alveolar destruction [225].

Comprehensive diagnostics always precedes the treatment of periodontal diseases to identify the
causes and adequately plan the procedure precisely. Conical beam computed tomography (CBCT)
is useful in diagnosis and periodontal treatment [226,227]. CBCT results have been found to have a
high accuracy (80–84%) vs. interoperation statements attachment furcations. Comparing the CBCT
of interoperation measurements, the vertical or horizontal accuracy bone loss was found to be
between 58% and 93%. The CBCT is, therefore, an accurate diagnostic tool in periodontology [228].
Three-dimensional CBCT images are necessary for the diagnosis of inter bone defects and damaged
furcation class cheekbone/language, therefore, the use of CBCT provides obvious advantages in
periodontology [229]. However, despite this, the use of CBCT in periodontology is limited, especially
for the assessment of furcations and congenital malformations [230].

The treatment is divided into four stages [219], starting with the hygienization phase and the
initial treatment, through to the proper non-surgical treatment phase, the surgical treatment phase in a
very advanced disease stage when non-surgical treatment has not brought good results, to the last
maintenance phase for the long-term maintenance of the periodontal tissue condition achieved in the
previous steps of treatment. The hygienization phase aims to remove the cause of infection; eliminate
or at least reduce inflammation; remove plaque and tartar; clean the teeth; correct iatrogenic factors,
carious cavities, and occlusion; and undertake minor orthodontic procedures. Very loose teeth are
removed in this phase, while damaged or incorrect fillings and prosthetic restorations in the remaining
teeth are corrected.

During this phase, the cooperation of the periodontist with the patient is necessary and
efforts to convince the patient to take the correct approach to the strategy of solving his/her
health problem. Figure 15 presents the assumptions of a behavioral strategy based on the
idea of Deming’s circle. Deming’s cycle of (PDCA) Plan-Do-Check-Act illustrates the basic
principle of continuous improvement [9]. The TIPPS concept comprises several successive steps:
Talk-Instruct-Practise-Plan-Support [8]. It is another example of the use of the fives’ rule concept in
this paper.
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Figure 15. Diagram of Deming’s circle adopted for the prophylaxis of periodontal diseases and a
diagram of the continuous improvement of the level of oral hygiene with a TIPPS circle.

This cycle begins with the dentist talking to the patient about the causes of periodontal disease
and the advisability of plaque removal, then instructing how to remove it effectively. The next step is
to practice the application of the recommended methods. Then, together with the patient, a plan is
developed by the dentist that the patient incorporates into their daily oral hygiene. The last stage of
this cycle consists of supporting the patient in this action and eliminating the mistakes made, which
results in the continuous improvement of the quality of activities undertaken in this phase of treatment
from cycle to cycle.

The dentist’s task is to continually control the indicators of oral hygiene and strive to obtain
favorable values. It is necessary to determine several quantitative indicators based on a detailed
analysis of each tooth and the space between them after appropriate measurements (Figure 16).
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Figure 16. Characteristic damage caused by the development of the periodontal disease: (a) papilla
bleeding; (b) depth of periodontal pockets; (c) classes of furcations.

The condition of the periodontium of patients in everyday clinical practice is assessed by Basic
Periodontal Examination (BPE) indicators when the World Health Organization Probe is used. BPE
was developed by the British Society of Periodontology in 1986, and the latest changes come from
2011 and mainly consist of * marking the furcations occurring in a given sextans immediately after
the BPE code. BPE is a simple and quick screening tool that is used to indicate the periodontium
condition, provide basic guidance on treatment needs, and help motivate patients to improve their oral
hygiene. The accurate evaluation of periodontal tissues is therefore an important element of patient
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management. The procedure includes the operations shown in Table 4, and scoring codes are shown in
Table 5 [231].

Table 4. Method of determining Basic Periodontal Examination (BPE) indicators.

No Steps by the dentist to assess BPE

1 A World Health Organization WHO BPE probe is used. This has a “ball end” 0.5 mm in diameter,
and a black band from 3.5 to 5.5 mm. Light probing force should be used (20–25 g).

2
The dentition is divided into 6 sextants:
upper right (17 to 14), upper anterior (13 to 23), upper left (24 to 27).
lower right (47 to 44), lower anterior (43 to 33), lower left (34 to 37).

3 All teeth in each sextant are examined (with the exception of 3rd molars).

4 For a sextant to qualify for recording, it must contain at least 2 teeth (if only 1 tooth is present in a
sextant, the score for that tooth is included in the recording for the adjoining sextant).

5

The probe should be “walked around” the sulcus/pockets in each sextant, and the highest score
recorded. As soon as a code 4 is identified in a sextant, the clinician may then move directly on to
the next sextant, though it is better to continue to examine all sites in the sextant. This will help to
gain a fuller understanding of the periodontal condition, and will make sure that furcation
involvements are not missed. If a code 4 is not detected, then all sites should be examined to ensure
that the highest score in the sextant is recorded before moving on to the next sextant.

Table 5. Method of determining the scoring codes value when evaluating Basic Periodontal Examination
(BPE) indicators.

Code BPE Description

0 No pockets > 3.5 mm, no calculus/overhangs, no bleeding after probing (black band
completely visible).

1 No pockets > 3.5 mm, no calculus/overhangs, but bleeding after probing (black band
completely visible).

2 No pockets > 3.5 mm, but supra- or subgingival calculus/overhangs (black band
completely visible).

3 Probing depth 3.5–5.5 mm (black band partially visible, indicating pocket of 4–5 mm).

4 Probing depth > 5.5 mm (black band entirely within the pocket, indicating pocket of 6 mm or more).

* Furcation involvement.

Comments: Both the number and the * should be recorded if a furcation is detected—e.g., the score for a
sextant could be 3 * (e.g., indicating probing depth 3.5–5.5 mm plus furcation involvement in the sextant).

An example BPE score grid:
4 3 3 *

- 2 4 *

In addition, the determinations or measurements of other indicators given in Table 6 are made
respectively. Among other things, the Plaque Index (PI), Bleeding on Probing (BOP), Periodontal
Probing Depths (PPDs), the Furcation Index (FUR), and the Gum Recession Index (REC) are determined
to finally establish the Community Periodontal Index of Treatment Needs (CPITN).

The interpretation of the BPE score depends on many factors that are personalized for each patient.
However, these results should be taken into account by the dentist among other factors when making
decisions about the prophylaxis or therapy strategy for a given patient.
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Table 6. Indicators determined in order to objectively assess the condition of the periodontium and
its diseases.

Indicator Type Description or Specification

BOP
Bleeding on Probing
(Papilla Bleeding Index PBI)

Assesses the presence of bleeding gums; a patient with less than 10%
bleeding is counted as having a healthy mouth cavity; this indicator is
assessed using a WHO or North Carolina probe; the probe should “go
around” the pocket on each side and if there is bleeding, the site is noted
on the plot (at the mesial, distal, buccal, palatal and lingual surfaces);
after using the appropriate computer software, the system calculates the
proportion of bleeding areas.

PI
Plaque Index
(Approximal Plaque Index API)

Assesses the presence of plaque; this indicator is assessed using a WHO
or North Carolina probe or by plate staining; the probe should “go
around” the tooth on each side and if plaque is present, the site is noted
on the plot (at the mesial, distal, buccal, palatal and lingual surfaces);
after using the appropriate computer software, the system calculates the
proportion of biofilm area.

PPDs
Periodontal Probing Depths

Assesses the depth of the pockets; this index is assessed using the North
Carolina probe; the probe should “go around” the pocket on each side
and record the measurement results in millimeters on a plot with the
location (at the mesial, distal, buccal, palatal and lingual surfaces).

REC
Gum Recession Index

Assesses gingival recessions; this index is assessed using the North
Carolina probe; the results of measurements of the distance in
millimeters from the cement-enamel junction (CEJ) [232] to the gingival
margin should be made and recorded.

MOB
Mobility Index

Assesses the degree of tooth mobility: the other end of the mirror and a
metal probe can be used to determine this index; While holding the lock
with two tools, move it in all directions.

Code Grade on a scale of 0–3.

0 No movable property.

1 Gentle mobility.

2 The tooth moves horizontally >1 mm.

3 The tooth moves horizontally and vertically >2 mm.

FUR
Furcation Index

Assesses the degree of furcation using a furcation probe.

Code Measure with an appropriate furcation probe.

A Measurement with a furcation probe 1–3 mm.

B Measurement with a furcation probe 4–6 mm.

C Measurement with furcation probe >7 mm.

The activities related to the prevention and treatment of periodontal diseases in primary care
are schematically presented in Figure 17. These sequential activities begin with the assessment and
diagnosis of the patient’s oral cavity and soft and hard tissue condition, which is supported by a
whole set of indicators, including BPE [219]. This enables the assessment and constitutes the basis
for explaining to the patient about the state of his disease and the proposed, and indeed necessary,
therapeutic measures. An important aspect of the entire therapy is the reliable and accurate keeping of
medical records. As a result of the assessment, it is possible to use the TIPPS strategy and analyze all
the risk factors for periodontal disease. In fact, every measure of assessing and diagnosing a patient’s
oral condition is a screening test. There are different methods of proceeding when the BPE indexes do
not exceed 2, while the procedure is different when BPE is equal to 3 or 4 and when furcations occur.
Then, a full periodontal examination should be performed. The next phase, when BPE indicators
are relatively low, comes down to influencing the change in the patient’s behavior, according to the
TIPPS strategy. The next phase concerns treatment in the non-surgical periodontal therapy phase.
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Long-term maintenance consists of dental prophylaxis for patients without periodontal diseases and
supporting therapies for people with a history of periodontal diseases. In the case of patients receiving
dental prophylaxis, plaque, tartar, supragingival discoloration, and subgingival deposits are removed
when necessary. For patients undergoing periodontal supportive therapy, the instrumentation of the
root surface takes place in places with a probing depth of ≥4 mm, where subgingival deposits are
present or which bleed during probing. Dental implants must also be maintained. In some cases,
it may be advisable to refer the patient to a specialist or primary care physician, especially when
there is a reasonable suspicion of systemic complications or a need for more extensive surgery. This is
particularly true for patients with a BPE 4 score in any sextant with an additional modifying factor,
such as a disease state affecting periodontal tissues or when diagnosed with aggressive periodontitis.
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Table 7 shows the procedures that should be adopted depending on the results of activities carried
out in the hygienization phase of the periodontal disease treatment.

The Approximal Plaque Index (API) is the ratio of the sum of positive findings/sum of investigated
approximal spaces multiplied by ten, with one meaning that there is a change and 0 meaning that there
is no change. If the API index is lower than 25%, the situation is correct; it is good if it does not exceed
39%; and it is insufficient if it exceeds 70%.

Very loose teeth are removed in this phase, while damaged or incorrect fillings and prosthetic
restorations in the remaining teeth are corrected.

In the proper phase of treatment of periodontal diseases, defined as non-surgical, deep subgingival
scaling, analysis and correction of the bite, and the permanent or temporary immobilization of teeth are
usually performed. Mechanotherapy used in this phase is the most crucial method for the elimination
of periodontal diseases or at least limiting their advancement. Mechanotherapy is both manual deep
scaling and tooth-root polishing, related to the removal of subgingival calculus and contaminated
cement from the root surface. It results in the elimination of pathogenic bacteria, preventing their
re-colonization and the diminishing pockets of periodontal. Under these conditions, within six months
to a year, new fibres of the gum attachment are formed, with time more and more resistant to the
adverse effects of bacteria. Pharmacological treatment is also used, and targeted antibiotic therapy is
preceded by non-invasive bacteriological tests in periodontal pockets.
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Table 7. Preventive and/or therapeutic procedures depending on the results of activities carried out in
the hygienization phase of periodontal disease treatment and the BPE score results.

Diagnosis Preventive and/or Therapeutic
Measures Necessary to Be Taken by
a Dentist

Treatment Phase
Code BPE Description

0 normal No need for periodontal treatment. 0 No treatment required

1 bleeding after probing OHI I Hygienic training

2
dental stone supra-
or subgingival,
iatrogenic injuries

OHI, the removal of plaque retentive
factors, including all supra- and
subgingival calculus. II I + scaling supra- and subgingival

3 depth of periodontal
pockets 3.5–5.5 mm OHI, RSD

4 depth of periodontal
pockets >6 mm

OHI, RSD. Assess the need for more
complex treatment; referral to a
specialist may be indicated. III I = II + surgical treatment

* furcations
OHI, RSD. Assess the need for more
complex treatment; referral to a
specialist may be indicated.

Comments: As a general rule, radiographs to assess alveolar bone levels should be obtained for teeth or sextants where BPE
codes 3 or 4 are found.

Abbreviations: OHI—oral hygiene instruction; RSD—root surface debridement.

In the phase referred to as surgery, appropriate surgical resection procedures are performed
related to the removal of diseased and/or regenerative tissues to rebuild damaged bone defects to
restore the bone support of the teeth and soft tissue reconstruction. They are usually deep cleansing
treatments for the flap pockets of the periodontal.

Despite periodontal treatment, various complications can occur, including reversible
gingivitis [217], necrotizing ulcerative gingivitis, acute [233] gingivitis, and the irreversible destruction
of the alveolar bone and surrounding tooth structures [234], aggressive periodontitis [235],
and periodontitis as a manifestation of systemic disease [236]. In this case, it is necessary to extend the
treatment to the proper phase and apply appropriate therapeutic methods.

The last maintenance phase after proper periodontal treatment is aimed at the long-term
maintenance of the periodontal tissues improved as a result of the treatment performed in the
previous steps. The treatment of periodontal disease continues as long as the patient has his/her
own teeth.

Periodontological treatment is usually associated with implant-prosthetic procedures to
supplement missing teeth and prevent tooth loss. Of course, if it is necessary to extract teeth,
it is necessary to continue implant-prosthetic treatment.

An example of such treatment from the authors of this paper’s own practice is given in Figure 18.
An example is presented in which a 57-year-old female patient came to the dentist with a 3-degree
unstable (MOB = 3) prosthetic restoration of the 12–24 segment. The pantomographic X-ray revealed
significant bone loss in the area of all abutment teeth and the resorption of the root of tooth 21.
The intraoral examination showed a 3-degree loosening of the teeth (MOB = 3) and periodontal disease.
Due to irreversible inflammatory changes and the looseness of the teeth, the prosthetic restoration
with the abutment teeth was qualified for removal and replacement with a restoration based on three
implants located in the area of teeth 12, 22, and 24. Periodontal disease was also found in the area of the
remaining teeth in the maxilla and all the mandibular teeth, requiring starting periodontal treatment and
the constant monitoring of the progress of this disease according to the TIPPS strategy at a given stage of
disease development. The remaining teeth were not loose. The procedure consisted of tooth extraction
after the prior disassembly of the prosthetic restoration, the provision of a temporary restoration,
and implantation performed after 10 weeks in a two-stage procedure—i.e., prosthetic loading after
approx. 4 months after implantation with a cemented bridge based on individual abutments. In order
to assemble the prosthetic bridge, a surgical template was previously made for the targeted drilling of
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holes for implants after a careful inventory of the remaining bone base. The remaining teeth in the
mouth were subjected to periodontal procedures according to the TIPPS strategy.
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Figure 18. An example of an implant-prosthetics treatment of the female patient with 3-degree unstable
(MOB = 3) prosthetic restoration of the 12–24 segment due to periodontal disease. (a–d) The pantographic
X-ray images: (a) revealing significant bone loss; (b) after tooth extraction from periodontal diseases
reasons; (c) after the insertion of the implants using a surgical template; (d) after installing the finished
prosthetic restoration; (e–g) view of the prosthetic restoration: (e) in the oral cavity; (f) full-arch
prosthetic bridge; (g) the patient’s full smile after treatment.

The condition of the periodontium is a decisive factor in the prognosis in restorative treatment.
A prerequisite is a stable gingival margin and no bleeding tissue [237]. Specific periodontal treatments
are aimed at increasing the length of the teeth sufficient for retention. Failure to perform a restoration
may lead to treatment failure—e.g., the inability to make an impression and prepare the restoration.
Periodontal treatment should follow the restorative method; therefore, tooth repositioning as well as
changes in the shape of soft tissues may occur.

Over the last several decades, huge progress has been made in the field of implantology
and dental prosthetics. Undoubtedly, the breakthrough was the work of P.I. Brånemark [238–242]
concerning cylindrical dental implants with a helical surface and secondary stabilization provided
by osseointegration. Especially since then, modern dentistry has widely used engineering support.
Most generally, the interdisciplinary branch of technology dealing with these issues is referred to as
Dental Engineering. Engineering activities in this area fully correspond to contemporary trends in
industrial development [108,243–248], and dental engineering has all the achievements of material
engineering and material processing technologies, including additive technologies, manufacturing
engineering with computer-aided design and computer-aided manufacturing (CAD/CAM), tissue
engineering, as well as information technology and automation and robotics, taking into account the
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development of machines and technological devices used both by engineers producing elements of
prosthetic restorations and implantable devices and by dentists directly during the implementation of
medical procedures. An extremely important issue is the use of medical imaging methods, including
intraoral and extraoral scanning, and mainly cone-beam computed tomography (CBCT), as the basis
for treatment planning and designing implants and prosthetic restorations. A very large share of
engineering works in modern dentistry determines that this area is also subject to general processes
related to industrial development. In the previous stage, which can be referred to as Dentistry 3.0 and as
noted previously, the most important attribute of real progress was the progress in conservative dentistry
and the implementation of X-ray imaging of the patients’ dentition. The current stage of Dentistry
4.0, described along with this newly introduced concept in the original works of L.A. Dobrzanski and
L.B. Dobrzanski [108,248], is characterized by advances in cloud computing, 3D imaging with the use
of CBCT, data manipulation, personalized additive technologies, so-called 3D printing. Information
on digital dentistry can also be found in other publications [249–253], although the problem posed
today in one of them [188] could be surprising—is digital dentistry disruptive or destructive? It is
important to realize that this is not an academic problem, but a normal practice in numerous centers
for the manufacture of prosthetic restorations and in numerous dental clinics. It is therefore about real
activities, and not about hypothetical studies. Fortunately, the conclusion of this overview is positive
because it proves that digital dentistry has not been destructive. The publication [254] provides a
detailed division of tasks of the center for the manufacture of prosthetic restorations and the dental
clinic, as well as patients’ expectations regarding implantological treatment in accordance with the
concept of Dentistry 4.0. The target diagram of horizontal and vertical integration in intelligent
centers for the production of prosthetic restorations was also indicated, along with an example of a
technological line. Dentistry 4.0 is accompanied by significant benefits and improvement in the care
of the oral cavity, as well as minimizing the cost of manufacturing prosthetic restorations which are
personalized and, extremely importantly, time saving for a dentist, medical staff, as well as the team
of dental engineers designing and manufacturing prosthetic restorations. Finally, this is significantly
and positively felt by the patient, who requires less time for visits and attempts to adjust prosthetic
restorations. Thanks to digital technology, it is possible to reduce the production costs of some
prosthetic restorations by over 70%. Systemic and computerized activities favor the integration of
networks of suppliers and patients. The implementation of this concept, however, requires highly
trained engineering staff and significant investments in technological machines, computer hardware,
and specialized computer software, which is even several dozen times greater than in the case of
previously used conventional methods and technologies.

The above-mentioned standards of the modern center for the manufacturing of prosthetic
restorations fully correspond to the dental version of the smart factory, in accordance with the
requirements of the modern stage of Industry 4.0 of the industrial revolution. The Industry 4.0 stage
consists of systematically implemented cyber-physical systems, although the Industry 4.0 model
included in the source reports [243–245] turned out to be incomplete, as it reduced the problem only to
the important, albeit partial, issue of cyber-IT systems. The criticism of this model has led the authors
to develop an augmented holistic Industry 4.0 model [108,246,247,255]. In the technological plane of
this model, there is an appropriately developed current model, which is one of the four components of
the technological plane (Figure 19).

This technological level also includes materials with the achieved material design stage Materials
4.0 [108,248,256] (Figure 20), technological machines and devices, as well as technological processes
that cannot only take into account additive manufacturing.
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material design as part of engineering design (b).

Therefore, the material issues play an important role in the implementation of the humanistic
mission and the tasks of the engineering community in general, including the implementation
of the assumptions of Dentistry 4.0. The material engineering paradigm is defined by the 6xE
principle [257] (Figure 20). The expected operational functions of the product, including the prosthetic
restoration used in dentistry, are strictly dependent on the expected functional properties of the product,
which can be achieved by designing the expected material, processed in the expected production
process, which allows achieving both the expected shape and the expected geometric features of the
product, as well as the expected structure of the material, which determines the set of the expected
mechanical, physical, and/or chemical properties, on which the expected operational functions of
the product are strictly dependent [257,258] (Figure 20). There are no starting preferences in the
material design process, as a result of which all engineering materials, regardless of whether they are
metals, ceramics, polymers, composites, or special materials—e.g., porous—are equal and are subject
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to multi-criteria optimization. Numerous criteria of varying weight are taken into account, starting
with the determination of a set of requirements for functional properties in the procedure “on-demand”
material: the possibilities and conditions of operation and maintenance, and the method of removing
material waste in the post-consumer phase, through production conditions, price conditions, and cost
related to the material acquisition and the entire material and product life cycle, through the structural
and chemical composition and modeling of all processes and properties related to materials, inevitably
computer-aided. With the passage of time, initially, the methodology of selecting and then more and
more advanced methods of material design were developed (Figure 20) [108,246,248,257,258].

The initial trial and error method was replaced with a newer and newer approach, through the
development and verification of the concept and prototyping and its evaluation in laboratory tests
and testing in real working conditions, which is still often used today, Another method involves the
use of advanced modeling methods physical and artificial intelligence and material data to the most
advanced stage. Materials 4.0 widely uses cyber-physical systems, material data, artificial intelligence
tools, smart machine learning algorithms, and cooperating human systems. It is no different when
it comes to designing dental materials. It should be realized that, unfortunately, due to the poor
substantive education of many people dealing with these issues in dentistry, in this professional group
many stereotypes, simplifications bordering on untruth, and erroneous or anachronistic solutions in
this area are spread. This results from reading numerous published papers and from reading the
content of papers sent to various editorial offices of eminent scientific journals as part of the procedures
for reviewing these proposals. These are the personal experiences of the authors of this paper.
Material design is closely related to technological design, which is also related to the above-mentioned
reservations about anachronisms, stereotypes, and unfortunately too-often-encountered untruths.
There is no doubt that, in each such case, it is acting to the detriment and sometimes even to the harm
of patients. Some of these glaring examples are given later in this paper, among the too many that
have been identified through a literature study.

Numerous materials have been used in dental prosthetics, which results from many years of
experience and multiple attempts over many years. Virtually all groups of biomaterials [259,260] are
used in dentistry, including metal, ceramic, carbon, polymer, and composite materials. The metal
biomaterials include [260] Cr-Ni-Mo steels with an austenitic structure; titanium and its alloys;
cobalt-based alloys; tantalum, niobium, and their alloys; and noble metals. Among the noble metal
alloys, mainly Au, Pd, and Ag, with other additives, including Pt, Cu, Zn, Sn, Ga, In, Re, Ir, and Ru,
were used, although due to the high cost and high density of the alloys, they are used relatively less
often or even rarely.

During the oxidation preceding the sintering of the applied dental covering porcelain, internal
oxidation processes take place in the outer layer of the dental restoration made of these alloys, resulting
in the formation of Pd, Cu, Ga, In, and Sn oxides, facilitating the diffusion connection of the substrate
with the ceramic layer. Apart from noble metals and their alloys, alloys of other non-ferrous metals
are of great practical importance, as they are used because of their satisfactory mechanical properties
and appropriate biocompatibility, and above all, their price is much lower, especially than Au alloys.
For many years, Ni-Cr alloys played a very important role in dental prosthetics, as well as steels
and/or cast steels resistant to corrosion with austenitic structure type 18-8. Today these steels are
completely withdrawn from use for prosthetic purposes, due to the relevant directive of the European
Union, due to the harmful health effects of nickel. Although in some countries these materials are
still used for prosthetic purposes, due to the very large proportion of people allergic to nickel in the
general population, where the use of such materials has not been explicitly prohibited, they should be
avoided all over the world. Co-Cr alloys, also containing various concentrations of W, Mo, and Si,
play a fundamental role among the material used in dental prosthetics. These alloys are derivatives of
the Vitalium group of alloys, known from American applications in aviation and energy since World
War II. Grade 1 pure technical titanium has been used more and more often in these applications,
especially for dental implants, although usually a higher metallurgical purity is required and hence



Processes 2020, 8, 1605 36 of 86

most of the major manufacturers use Grade 4 technical titanium for this purpose. Titanium alloys
with Al, V, Nb, and Ta, and, in particular, the Ti6Al4V alloy known as Grade 5, belong to the materials
that meet the requirements regarding strength for use in dentistry as well as for the treatment of
bone fractures very well. One of the essential advantages of titanium alloys is their relatively low
density. It has been reported that V can cause aseptic abscesses and Al can cause scarring, while Ti,
Zr, Nb, and Ta show excellent biocompatibility [261]. Some publications [262] contain even limited
information on the toxic activity of V as an alloying element in the Ti6Al4V alloy and on the possible
cytotoxicity of this alloy [261,263–265]. Therefore, some publications indicate that the unfavorable
interaction of V in titanium alloys can be eliminated by replacing this element with Nb. The use of
Ti24Nb4Zr8Sn, Ti7.5Mo, and Ti40Nb alloys with mechanical properties comparable to their traditionally
produced counterparts [239–242] or other alloys above 7% Nb may be more advantageous because
they can be used with selective laser sintering technologies, and their modulus elasticity is more
similar to the bone than Ti6Al4V alloy. Comparative tests of the Ti6Al4V alloy and the Ti6Al7Nb
alloy used as a replacement with allegedly better bioavailability and better corrosion resistance were
carried out [266–269]. A direct comparison of these alloys under the same test conditions did not
show significant differences [269], and even the Ti6Al4V alloy showed a higher antibacterial activity,
resistance to Gram-positive bacteria, and thrombotic compatibility than the Ti6Al7Nb alloy [269–272],
although the opposite is true for Gram-negative bacteria [269]. Titanium and Co-Cr alloys can be used
as porous materials also [108,248,273,274].

Material design is closely related to technological design. It often happens that the decision
regarding the choice of the material requires the correction of the decision regarding the correction or
selection of the technological manufacturing process, and sometimes even the design assumptions.
For example, after designing the shape and determining the type of material from which a given
prosthetic restoration is to be made—e.g., Co-Cr or Ti6Al4V alloys—the selected material disc is
machined on a CNC milling machine. In the case of using ceramic materials, coloring paints are
applied to prosthetic restorations and then sintering in resistance or microwave ovens. The last stage
of manufacturing prosthetic restorations is the superficial layering of veneering ceramics [108,248].

An alternative and increasingly used technology in dental prosthetics is additive manufacturing
(AM) [275–305]. Among the many possible additive technologies, the most important in relation to metal
prosthetic restorations are mainly selective laser sintering (SLS), also called selective laser melting (SLM)
or DMLS (Direct Metal Laser Sintering), which it is not a separate method because, in both cases, there is
the presence of sintering with liquid phase participation [306]. With regard to models and some movable
and temporary restorations made of polymeric materials, stereolithography is most often used. In these
applications, the use of additive technologies is unrivaled in relation to other technologies, as evidenced
by the results obtained by the method of procedural benchmarking developed in the works [307–310]
using the dendrological matrix of technology values [307–310]. The weighted scoring method was
applied using a ten-point unipolar positive universal scale of relative states without zero, where 1 is
the smallest rating and 10 is the largest possible rating [307–310]. The assumed criteria for assessing
the attractiveness of subjective from the point of view of customers and an independent objective
assessment of the technology potential were taken into account, taking into account the appropriate
weights assigned to each criterion. The value of the additive technologies for the manufacturing of solid
and microporous materials in medicine and dentistry was assessed compared to other technologies.
The comparison of TAM additive manufacturing technologies is characterized by the coordinates given
successively for potential and attractiveness (8.6; 6.6), the potential of which is much greater than that
of other technologies, which indicates the purposefulness of their development. Other technologies
do not show such favorable properties, including TPM powder metallurgy technologies (3.5; 5.0), TC
casting technologies (4.9; 4.4), and TMF metal foams manufacturing technologies (6.5; 4.3).

Broadly following the general augmented holistic Industry 4.0 model and due to the very large
share of digitization and computerized and robotic technology, the current stage of dentistry is
rightly referred to as Dentistry 4.0 [256,311,312]. The role of computer-aided design/manufacturing
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(CAD/CAM) in dental engineering has grown steadily over the past decade [108,255,313–318]. It is
worth noting that information about the possibility of using additive manufacturing technologies,
mainly selective laser sintering/melting SLS/SLM, despite the fact that they are in fact the same
processes, sometimes called direct metal laser sintering DMLS, which is slightly differentiated from the
previously mentioned, has appeared in numerous publications [108,248,295,318–328].

Probably in the majority of these publications, the authors did not pay attention to the appropriate
selection of the entire set of technological conditions, which include, among others, laser power,
the diameter of the laser spot, the partial overlapping of stitches or not with subsequent laser passes,
scanning speed, powder diameter, and its spread, powder layer thickness, etc., which may decide
about the porosity variation e.g., from 0.03–10% [329,330], and this, in turn, determines the approx.
2.5-fold differentiation of the mechanical properties. Figure 21 shows, for example, the dependence of
the bending strength on micro samples made of Ti6Al4V alloy on the laser power and on the diameter
of the laser spot according to [319]. The top line of photos shows the structure of these materials
produced by the SLS method in appropriately selected conditions, guaranteeing a bending strength of
approx. 2464 MPa. The bottom line of photos presents a structure of materials ensuring a strength
of only approx. 1099 MPa. The first column of photos corresponds to the illustration in red of the
pores at a magnification of 100×, in the first case with a pore area fraction of 0.03% and in the second
case a fraction of 10.53%. In both cases, the width of the laser dot is the same and amounts to 120 µm,
while the laser power is 110 and 60 W, respectively. The presence of these pores in the second case in
the second column at the bottom is visualized in a scanning electron microscope. The third column
shows the fractures of the tested specimens after bending. In the first case, there is a fracture with a
homogeneous structure, without pores and visible boundaries of the sintered powder particles. In the
lower photo, the structure of the fracture is heterogeneous, with visible fragments where there are
open pores and spherical particles, completely or partially unsintered, are visible. This is obvious
proof that a too low sintering power does not guarantee its full and proper course, and therefore leads
to a reduction in strength of almost 2.5 times. It is important that the flow rate of the inert gas and
possible significant differences in this rate and the unexpectedness or lack of control of this flow also
significantly affect the meaningful changes in porosity and thus the differences in the strength of the
materials thus produced.

In order to obtain the appropriate properties, the technological conditions must be precisely
optimized. For example, if the density of the Co-Cr alloy varies between 8.52 and 8.66 g/cm3 [331] or if
it is stated that, regardless of whether the material is cast after making a die or laser sintered, the same
properties are obtained [332], this most likely indicates the random selection of sintering conditions.
It is possible to think, as the result of this, that firstly the conclusions are faulty, and secondly that
the patients’ service is with bad and technologically underdeveloped prosthetic restorations. It is
enough that there is an error in one of the sintered layers for the product thus manufactured to be
completely disqualified. Importantly, that factory settings suggested by manufacturers of technological
devices for additive manufacturing differ far from those actually necessary for use. The Authors of
this paper have this knowledge from their own technological practice [329,330]. It is a very high
probability, and practically certainty, that the produced materials for dental application usually achieve
about 60% of the properties that could be obtained if the process was performed correctly. It is a
conjecture that, in most cases, this is the case in dental laboratories. this has led to the circulation of
erroneous information among dentists on the possibility of using additive manufacturing technologies
in dentistry, significantly harming the implementation of this modern technology, as well as, in fact,
violating the interests of patients.
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Figure 21. Influence of laser power and laser spot width on the bending strength and structure of a
selectively laser-sintered Ti6Al4V alloy; the top-row of photos the structure of this material produced
by the SLS method in appropriately selected conditions, guaranteeing a bending strength of approx.
2464 MPa; the middle-row of photos the structure of material ensuring the strength of only approx.
1099 MPa; the bottom-row with diagrams - the effect of the laser power (first) and the width of the
laser spot (second) on the bending strength; first column of photos the illustration in red of the pores
at a magnification of 100×, in the first-row with a pore area fraction of 0.03% and in the second-row
a fraction of 10.53%; in both cases, the width of the laser dot is 120 µm, while the laser power is 110
and 60 W, respectively; the presence of these pores in the second case in the second column at the
bottom is visualized in a scanning electron microscope; the third column—the fractures of the tested
specimens after bending—in the first-row fracture with a homogeneous structure, without pores and
visible boundaries of the sintered powder particles; in the second-row, the structure of the fracture
heterogeneous, with visible fragments where there are open pores and spherical particles, completely
or partially unsintered.
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Usually, the appropriate prosthetic restoration is individually designed [101,187] based on the
diagnosis of the state of damage to the patients’ teeth using the cone-beam computed tomography
(CBCT) method. The authors, together with the representatives of other centers, participate in the work
and research on the dissemination of this diagnostic method and the development of the digitization
of dental diagnostics [108,240,331–345]. Figure 22 schematically illustrates the synergistic interaction
of the three pillars of the Dentistry 4.0 model, including dentistry, dental engineering, and materials
engineering. The authors’ view on this issue is presented in detail in [329].
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Figure 22. General diagram of the synergistic relations between dentistry, dental engineering, and
materials engineering in the Dentistry 4.0 model.

Fulfilling the tasks of modern dentistry requires the use of various engineering devices to replace
teeth removed due to disease or loss due to other causes, as well as those resulting from malformations.
Such medical devices, including dental implants and other prosthetic restorations, are manufactured
artificially in order to be placed wholly or partially under the epithelial surface in order to fulfill their
intended functions for a long time.

A new class of implantable devices, the so-called implant-scaffolds (Figure 23), allow living
cells to grow into pores or a surface composed of characteristic protrusions, and not only on their
surface. Implant-scaffolds, which not only concern the teeth but can also apply to bones in general for
applications such as orthopedics or maxillofacial surgery, are devices that, if only in part, are intended
to weaken the artificial character of the parts implanted into the body. They consist of a solid part,
typical for all implants, but also have porous parts [346,347] or protrusions on the surface [348,349] as
scaffolds that create spaces of 400–800 nm in which living cells can proliferate either after implantation
into the body, or prior to implantation, as autologous cultured under laboratory conditions. As a result,
after implantation, engineering-biological materials are produced after implantation, coexisting with
the body.
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the surface.

Both implants and implant-scaffolds are made of biomaterials, and can also have biocompatible
surface coatings when applied to substrates of other materials. These layers are used in the
manufacture of implants and other prosthetic restorations using some surface engineering
technologies [334,350–352]—e.g., Atomic Layers Deposition (ALD), and less preferably Physical
Vapor Deposition (PVD). These layers can prevent the re-diffusion of the base metal atoms into
the ceramic surfaces of crowns and bridges, which detracts from the aesthetic effects of prosthetic
restorations, especially those made of titanium and its alloys, and prevents cracking of the face
layer of porcelain. In the case of the manufacturing of a selectively sintered laser skeleton porous
structure—e.g., from titanium powders and its alloys or Co-Cr alloys, as well as other alloys used in
dentistry—thin layers can be applied using the ALD method—e.g., TiO2, ZrO2, or Al2O3—to improve
the proliferation and growth of living cells inside the pores [273,274].

Figure 24 shows as an example the models of fully porous implant-scaffolds with dimensions of
10 × 10 × 10 mm, made of pure titanium, coated in the ALD process with TiO2 nanolayers in 500, 1000
and 1500 cycles. The next column shows the surface morphology of these samples observed in the
Atomic Force Microscope AFM corresponding to these thicknesses. The next column contains Fast
Fourier Transform FFT of pure titanium sample film coated with a TiO2 layer for 1500 cycles tested in a
high-resolution transmission electron microscope confirming the crystalline Ti substrate structure and
amorphous structure of TiO2 layer.

Among the dental specializations in the Dentistry 4.0 model, dental and maxillofacial surgery
with implantology and periodontics as well as prosthetics and implant-prosthetics are of particular
importance. Other specialties in general dentistry and orthodontics are slightly less related to this
concept, although they cannot be excluded.
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Figure 24. Examples of pure titanium porous samples manufactured by the selective laser sintering
SLS method and coated with the atomic layers deposition ALD method inside the pores with a
TiO2 nano-layer; the first column—the models of fully porous implant-scaffolds with dimensions of
10 × 10 × 10 mm, made of pure titanium, coated in the ALD process with TiO2 nanolayers successively
in 500, 1000 and 1500 cycles.; the middle column—the surface morphology of these samples observed
in the Atomic Force Microscope AFM corresponding to these thicknesses; the last column—Fast
Fourier Transform FFT of pure titanium sample film coated with a TiO2 layer for 1500 cycles tested
in a high-resolution transmission electron microscope HRTEM confirming the crystalline Ti substrate
structure (pink) and amorphous structure of TiO2 layer (violet).

It is necessary to note the differences between the classical approach and the Dentistry 4.0 concept.
In the first situation, the work of a dental engineer began when the patient no longer had any teeth,
which needed to be restored. Currently, it is necessary for a dental engineer to participate in treatment
planning together with the dentist before any actions by the dentist in the patient’s mouth, and for this
purpose advanced computational methods are used for planning surgical and prosthetic procedures.
In order to develop a treatment plan, the patient should first take impressions showing the condition
of the dentition in the patient’s mouth and perform a CBCT tomogram [337–339]. Based on the results
of these activities performed jointly by the dentist realizing the treatment together with the dental
engineer and after the diagnosis of the patient’s dental condition, including fractures of the root or
crown, irreversible pulp disease, and carious lesions or other important circumstances, the teeth are
qualified for removal as a result of these diagnoses. The dental engineer and the dentist still make a
plan for the type and method of installation of the intended prosthetic restoration, taking into account
the existing teeth or dental implants that will need to be introduced. The dental engineer verifies
the developed treatment plan, either with the digital twin technique in the virtual space or through
experimental verification with the use of wax-up or mock-up restorations along with the production of
PMMA models that faithfully imitate the final prosthetic restoration. It enables the dentist to make the
necessary corrections before the complete manufacturing of the restoration, similar to assisting the
dentist in assessing the parallelism of the ground pillars. The pillars teeth require graded preparation,
and the verification of this occlusal position is therefore a guarantee of minimizing premature contacts,
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preventing porcelain deterioration after the final installation of the prosthetic restoration. In the case
of work mounted on implants, very important support from the dental engineer is the design and
production of surgical templates. After designing the placement of implants in the oral cavity, taking
into account the reconstruction of the dental condition using medical imaging using CBCT methods,
intraoral and extraoral scanning after making precise impressions made together with the dentist,
the final design that is the basis for the creation of a surgical template is a specialized design made using
CAD software. Oftenm these activities are also accompanied by the individual design and production
of the necessary instruments. These activities are accompanied by manufacturing processes with the
use of milling in a CNC machining center, and most often with the use of additive technologies, usually
SLA for polymer materials or selective laser sintering SLS for metal alloys and composite materials.
A successful design process requires close cooperation between the dentist and the dental engineer.

The widespread implementation of the Dentistry 4.0 assumptions still requires a continuous,
extensive educational campaign among dentists to raise their level of awareness of the need, possibilities,
scope, and benefits of joining these activities, as well as the education of new dental engineers with
a hybrid knowledge of engineering and biomedicine, including the basics of dentistry and anatomy.
Dental engineers are required to have proficiency in medical imaging techniques, including CBCT;
very advanced IT tools, including programming skills; the use of cloud computing, Internet of
Things, and augmented reality; as well as theoretical and practical knowledge of bioengineering
materials and advanced manufacturing engineering, and using themed for technological machinery
and equipment, including additive technologies. This knowledge must be supplemented by issues
related to techniques and methods ensuring the aesthetic production of prosthetic restorations and
methods of communicating with patients. The relationship between the dentist and the dental engineer
undergoes qualitative changes. In fact, the entire program of designing and manufacturing a prosthetic
restoration falls under the competence of a dental engineer who works with dentists to assemble the
prosthetic restoration in the patient’s mouth. The dentist invariably supervises the entire treatment
from the medical point of view. The dentist diagnoses and documents the condition of the patient and
his teeth with the use of CBCT. The entire prosthetic restoration and its design and manufacturing are
planned by a dental engineer with the approval of the dentist. The dental engineer is fully responsible
for the design and manufacturing of this restoration, which, after approval by the dentist, is installed
in the patient’s mouth. In addition to guaranteeing the high quality standards and tight dimensional
tolerances of the manufactured prosthetic restorations, the dental engineer often designs and produces
an implant template that allows the dentist to correctly make holes for mounting implants and/or
implant-scaffolds, taking into account the condition of the maxillary and mandibular bone processes
diagnosed by the dentist. Using the digital twin idea, virtual simulations are performed in order to
optimize the design features of prosthetic restorations and dental templates, as well as experimental
verification through rapid prototyping and the production of the model using lithographic methods
and the assessment of the occlusal height with the use of an articulator.

Clinical activity in modern Dentistry 4.0 standards is synergistically dependent on highly advanced
activities in the field of dental engineering. It applies equally to the design of prosthetic restorations and
dental implants; material design, taking into account the advanced engineering materials used in these
cases; the technological design of manufacturing processes using additive technologies; and structural
design using computer-aided CAD/CAM engineering methods. There is no doubt that the Dentistry
4.0 stage is an important determinant of the current level of clinical possibilities offered by modern
dentistry and in the logic of this paper; it is one of the legs (in the analogy with the Chinese censer)
ensuring balance and sustainable development in the next few decades. Undoubtedly, it is also a
reason for many dentists and dental engineers to be proud of the results achieved so far.



Processes 2020, 8, 1605 43 of 86

4. Development Strategy for the Prevention of Oral Cavity Diseases and Coordinated and Related
Systemic and Political Actions

Reading two works by M.A. Peres et al. [6] and R. G. Watt et al. [7] that were developed by the
same team of authors sheds a different light on the expected development of dentistry. Despite the
fact that the content of these studies may seem controversial in many respects, it is impossible to
disagree with the arguments discussed in them. In addition to the consistent implementation of the
outlined trends resulting from the idea of Dentistry 4.0 following the modern stage of Industry 4.0 of
the industrial revolution, in these works it is not enough that it is not considered a success, but it is
even considered one of the symptoms of the crisis that has hit dentistry in the 21st century. The current
dentistry is still unable to overcome the global challenge of oral diseases [353–355]. Despite significant
advances in science in recent decades, among others in terms of explaining the pathogenesis and
etiology of oral diseases, the global scope and scale of the problem are certainly not decreasing, and it
can be said that it is even increasing. It is undeniable that tooth decay is the most serious social disease
in the world. Oral diseases are therefore the most serious global public health problem due to their
high prevalence and their detrimental effect on individuals but also on society as a whole.

Although in High-Income Countries (HIC) the incidence of caries in children has decreased, as age
increases, the problem worsens, starting in childhood and progressing through adolescence, adulthood,
and old age. The effects of the disease accumulate with age. In view of significant socio-economic
inequalities, caries particularly affects poor and marginalized social groups in HIC countries and
especially in Low and Middle-Income Countries (LMIC). Moreover, many countries have a significant
predominance of dental services in major urban centers, where the private dental practice is more
lucrative and services often partially or generally not reach patients living in more remote areas of
the country [355,356]. The increase in the share of caries in these countries is favored by the growing
consumption of free sugars, which also affects the morbidity of, among other things, obesity and
diabetes. On the other hand, it should be noted that the distribution of caries (Figure 4) is much smaller
in Africa and Southeast Asia. Therefore, it should be clarified that such generalizations apply to HIC
countries, especially LMICs or LICs, where the severity of this disease is particularly high. This does
not mean that in Africa or Southeast Asia the problem does not occur at all, but it is naturally less
influential. In addition to the pain that affects many people in the world and a significant impact on
reducing the quality of life, dealing with the effects of caries and the related costs of treatment have
an impact on household budgets and the social security system, the costs of sickness absenteeism,
and numerous systemic and related complications and hospital treatment costs.

In the cited studies, it was noted that the shortcomings of modern dentistry are caused by a
defective general system approach, and often even its lack and the implemented largely imperfect
models of dental care, and the study does not blame the individual dentists who care for individual
patients. It was assessed that dentistry organized in the same way as before is not able to solve the
problem of the spread of caries, let alone its elimination. This view is based on the statement that caries
can be prevented and, if it occurs, even reversed with appropriate treatment [20,357]. An alternative is
a minimal intervention (MI) and patient-centered care approach, based on an updated understanding
of the histopathological process of caries, as well as the development of diagnostic and adhesive
technologies and bioactive restorative materials and, finally, a revision consultations [357]. It was
even written in [355] that, while tooth decay is the main reason for tooth extraction, it is dentists
who actually contribute to tooth loss because they participate in the tooth repair cycle. It has been
shown that up to 70% of cases there is an increase in the size of restored surfaces, and it has been
suggested that dentists should try to avoid premature restoration, as this may speed up the repair
cycle [358]. Therefore, it is necessary to abandon the cyclical and subsequent preparation of the cavity,
starting with a very small one and placing more and more extensive fillings, which ultimately must
result in failure and tooth extraction [359,360]. As an argument for the thesis put forward in the
paper [355], it was shown that studies performed in populations with little or no access to dental care
indicate that most people have most of their teeth throughout their lives, despite the lack of care for
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oral hygiene. It is important to record the early stages of disease symptoms—i.e., changes without
cavitation. These changes result from the dynamic course of the processes of the net loss of minerals.
Since the initiation and progression of lesions take place throughout life, the course of caries can be
controlled in various ways, which, however, do not prevent the disease. This can only be prevented by
controlling pathophysiological phenomena, preventing or at least limiting the net loss of minerals [19].

Therefore, it has been shown that topical fluoride application is different from the current repair
approach to reduce caries [361–363]. The use of fluoride supplements prevents decay in deciduous
teeth, although the clinical evidence in this regard is not entirely convincing. In contrast, there is strong
evidence that fluoride supplements prevent caries in permanent teeth, although they may also cause
mild to moderate dental fluorosis [362]. Therefore, low concentrations of fluoride have a beneficial
effect on the counteraction of the removal and remineralization of enamel and dentin. When fluoride
is applied topically, by rinsing or with dentifrice, the concentration of fluoride in saliva drops to very
low levels within hours [363]. For treatments to be effective, fluoride must be deposited and slowly
released. This is how tooth coatings with calcium fluoride or the like work. Undoubtedly, both the use
of fluoride and the progress of conservative dentistry have a positive effect on reducing the extent
of tooth decay at a given age and delaying the onset of the cavitation process. Such actions have
been proven to be highly effective [358,364], and the topical application of fluoride is a proven clinical
prophylactic method that should be promoted and improved [7]. This importance should not be
underestimated, but the beneficial effects of fluoride as a fully effective means of caries prevention
cannot be overstated. These actions, even systematically performed, cannot completely prevent tooth
decay, which was confirmed in the WHO report [365]. Dental caries continues to be advanced in
populations systematically using fluoride [364–367]. Tooth brushing and the use of fluoride in drinking
water or toothpaste may only interfere with or delay the development of caries on a global scale [147].

The consumption of free and disaccharide sugars is essential and detrimental to the development
of caries [368–378]. This group includes simple sugars added to food and beverages, regardless
of whether they have been prepared by the producer, cook, or consumer personally, and natural
sugars present in honey, syrups, fruit juices, and fruit juice concentrates [364]. Regardless of the
topical application of fluoride, caries will continue to develop when sugar is consumed in excess of
10% of a person’s daily energy requirement [147,364]. Meticulous Japanese data on caries incidence,
assessed over several years in Japan on two types of teeth, show a log-linear dependence on sugar
consumption in the range of 0–10% in excess of the daily energy requirement, with a 10-fold increase
in the incidence of dental caries [148]. It has been found that nearly half of all tooth surfaces are
affected by caries in adults aged 65 and over, despite living in areas where water is fluoridated
and a large number of people use fluoridated toothpaste. Such a threat was not identified when
sugar consumption was reduced to less than 3% of the daily energy requirement [148]. Moreover,
even then, the level of fluoride use is appropriate, while the consumption of free sugars is greater
than 2–3% of the total daily energy requirement, there is a significant risk of caries [364]. There is
therefore a clear relationship between the over-consumption of free sugars and the development of
caries. The WHO strongly recommends limiting the consumption of free sugars to a maximum of
10% of the daily energy requirement [141,148,364,379] and recommends reducing the consumption
of these sugars throughout one’s life [365]. It is noted that the reduction in free sugar consumption
also results from coping with excessive body weight gain and obesity [379]. The limitation of excess
body weight can occur by modifying consumption and is dependent on the change in energy intake,
since the isoenergetic exchange of sugars for other carbohydrates does not change body weight [380].
Quantitative recommendations in this respect concern the consumption of sugars at below 5% of the
daily energy requirement only due to the association with caries [381,382]. However, such limitations
have been suggested [365], although there is no clear evidence of a correlation between the consumption
of free sugars and the presence of caries [147,148], although such limitations are confirmed by the
performed analyses [148,382]. It is indicated that immediate effects cannot be assessed because the
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negative effects of caries on the health of the teeth accumulate from childhood to adulthood [383,384].
For this reason, the consumption of free sugars should be minimized throughout one’s life [364].

In the paper [7], it was pointed out that the issue of sugar consumption in the world was treated
on a peripheral basis, and now this it is gaining strategic importance due to its strategic role in the field
of public health. The voluntary arrangements made so far with the sugar-containing production and
distribution industry have failed [385–387]. It is therefore necessary to develop a global strategy to
reduce sugar consumption [384]. This also applies to ready-made food for infants [388,389], which
largely contributes to the formation of eating habits that result in a predisposition to caries in adulthood.
Among the various necessary legal, political, and organizational measures, it is suggested that the
labeling of sugar-containing products, especially in excess, contains similar warnings, as is done in
many countries for tobacco and alcohol. Similar actions are also proposed to those which led to a
reduction in salt consumption [7].

The paper [390] emphasizes that, in almost every country, a different preventive approach should
be applied and that there is no one universal preventive program. This is closely related to cultural and
behavioral habits. Fluoridation can be accomplished by a variety of methods, including mouth rinsing,
fluoridated toothpaste, water fluoridation, supervised tooth brushing, and other methods. Moreover,
these methods should be developed and refined as the level of prevention progresses by each patient.
Not only that, but it has also been shown that there are different oral health trajectories [391]. Starting
on one of the possible trajectories, even in childhood or adolescence, practically excludes its change in
later age. The idea is to start caries prevention according to a favorable trajectory before birth and
follow it in the life cycle. Of course, health depends on many factors, including social, environmental,
and economic ones. This requires constant supervision and care by primary health care staff also in the
field of oral health. This applies to oral health screening, preventive education, and the use of fluoride,
brushing teeth twice a day with fluoridated toothpaste and maintaining oral hygiene and patient
self-care techniques. This method stimulates patients to self-control and plan appropriate actions with
the support of the dentist. The dentist’s activities and activity schedules are tailored to the goals of
monitoring, motivating, and stimulating the patient [391].

Oral diseases are a neglected problem, mainly by governments, rarely seen in almost all countries
(and perhaps even to a different degree in all countries without exception) as a health policy priority.
Oral diseases are generally not mainstreamed in health policies and national health systems [392,393].
Similarly, in this sense, the profession and mission of the dentist have also been isolated, which should
be changed [394,395]. As a result, dentistry does not currently meet the health needs of large social
groups in many countries. It is assessed as unfavorable consumption motivations and the increasing
concentration of dental treatment on the aesthetic context of the procedures performed, often combined
with the motivation aimed at increasing the profits of people performing these works [355,396,397].
This thesis seems highly controversial due to the reliable performance of their tasks by many dentists,
fully committed to their professional mission and in accordance with the Hippocratic Oath [398].
Consequently, this opinion appears to be unfair at least to this group of dentists, which may even
include all medics.

Even assuming that, in fact, many millions of poor people in developing countries cannot afford
basic dental treatment, to the point where they may never see a dentist, it does not seem justified
that everyone else should give up proper care for this scope, consistent with the current state of
knowledge and development at the stage of Dentistry 4.0. In the paper [397], it was written that wealthy
members of society demand expensive, top-shelf treatment, mostly cosmetic, and not necessary to
cure diseases. This opinion seems to be greatly exaggerated and not supported by sufficient evidence,
as dental services mainly concern the treatment of diseases and the removal of their effects. It should
be noted that such statements are also factually unreliable. In the case of objectively diagnosed caries,
as presented in the second chapter of this article, there are numerous distant negative effects throughout
the body caused directly by caries. In turn, many systemic diseases result directly from the fact
that at least one tooth or rather a few teeth are missing in the stomatognathic system, which is also
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presented in chapter two. Removing the causes of all these diseases significantly reduces the social
costs of health care and insurance for people who do not fall ill with these serious diseases. Therefore,
it will not be necessary to bear the long-term costs of their hospital stays, as well as often the costs
of sickness pensions and the elimination of these people from the labor market. These activities are
obvious savings in countries’ budgets and are by all means justified on each country scale, although it
is true that many patients are motivated to undertake them in relation to themselves and often for
aesthetic reasons. It cannot be denied that dentists, to some extent, perform cosmetic services also,
which, however, are not dominant and are in no way financed by public funds. Regardless of the
arguments presented, it is surprising in the scientific text that too many governments and dentists
insist on an expensive and destructive regime of “drilling and filling and billing” [397]. Such slogans
concerning social egalitarianism, bordering on populism, may be received positively by many people,
but it could be no consolation that nobody, as a result of such an approach, will receive proper dental
care. Unfortunately, it sounds like a policy that scientists should avoid, and communist ideas cannot
meet with universal acceptance, as demonstrated by the social changes made over the last 40 years
in many countries—e.g., in Europe in countries previously dominated by the former Soviet Union
and in some countries, such as Belarus, where it is ongoing today. A reasonable compromise must
be found, which inter alia it is the basis for the partial or complete privatization of dental services in
many countries and their submission to market laws, such as in Europe [356,395]. In a discourse at this
level, even serious factual arguments are lost in the climate of populism. On the other hand, it should
not exempt the government of any country from its obligation to provide egalitarian oral health care
for all citizens, under publicly available social security and a publicly accessible basket of basic and
tax-financed health services. Nevertheless, it is shown below that this postulate is not very realistic.
It is impossible to argue with the statement [397] that the aim of such activities should be to help
people maintain healthy, natural teeth throughout their lives, as an important element in improving
their general health. The issue, however, is far from medical considerations. In each country with a
democratic system, the scope and development of policies in general, including health policy with
oral health policy as part of it, are decided by electors. Elected politicians carry out all tasks in such a
way as to stay in power, which may mean that this aspect is largely or completely ignored. The direct
influence of doctors, including dentists, on these issues is negligible. This seems obvious. International
conventions can help if they are signed and ratified in a given country. However, this is also a decision
of politicians.

This is accompanied by the criticism contained in the cited studies [6,7] of an approach to dental
care that is dominated by treatment, which, as described, is interventionist, specialized, and increasingly
technology-driven. It should be noted that, in the previous subsection of this paper, these are the
achievements deciding about reaching the stage of Dentistry 4.0, which the Authors of this paper
classified as the greatest, leading achievements of dentistry in general. There is therefore an absolute
double-voice in the formulated opinions. The question of whether this is a contradiction or an
antagonistic contradiction, or whether the stated regularities should be interpreted as a form of
coexistence or even synergy of both views. The authors dedicate the rest of their considerations in this
paper to this problem.

It is estimated that dental treatment alone, regardless of the level achieved, will not solve the
problem of caries removal in the world [6,7]. It is impossible to disagree with this opinion. A new
and completely different approach is required to meet this global challenge. Therefore, effectively
dealing with the global problem of oral cavity diseases requires a fundamentally different approach,
which is the main thesis presented and demonstrated in these studies [6,7]. A systemic change is
necessary and a decisive departure from the further application of the current interventionist approach.
Current public health and healthcare responses are costly, largely inadequate, unfair, and billions of
people in the world lack even basic oral health care. As the world intensifies its efforts to meet the
Sustainable Development Goals over the next decade, oral health cannot lag behind and requires urgent,
determined action. The authors of the cited studies [6,7] believe that the interventionist approach to
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the issues of oral cavity diseases, and mainly caries, could not effectively deal with global problems,
and indeed it did not. Therefore, this approach should now be radically changed [6,7]. The main focus
should be on prevention and focus all efforts on population-wide outcomes [394,399]. Even the concept
of the so-called Western Dental Care, related to treatment, is more and more technologically advanced,
interventionist, and specialized, which, according to the authors of this paper, corresponds to the
current stage of Dentistry 4.0. This approach is undoubtedly dominant in the HCI countries, and in the
cited studies it is accused of a lack of interest in the root causes of oral diseases and ineffectiveness in
eliminating inequalities in access to dental care. The result is that in the LMIC countries, exclusions
affect the majority of these populations, especially the poor from rural regions, and dental care is not
only often financially unavailable, but very often also because of inadequate organization. The main
goal of dental care systems should be maintaining oral health and promoting on achieving greater
equity in oral health in socialites. The global view of dentistry covers three highly contrasting but
interconnected realities. In high-income countries, the current dental care system—dominated by
treatment and increasingly technology-centered—is a victim of an interventionist cycle that neither
addresses the root causes of disease nor meets the needs of large sections of the population [359,394].
In many middle-income countries, the burden of oral disease is significant, and dental care systems are
often underdeveloped and financially inaccessible to the majority of the population. The situation is
worst in low-income countries. Although in these countries the overall burden of oral diseases is often
still relatively low, the cited studies estimate that their incidence is increasing. As there are other needs
with insufficient resources, investment in oral health is very limited, making dentistry a physically
and financially inaccessible luxury reserved for the wealthy. As a result, most oral diseases remain
untreated in the majority of the population, but especially among rural poor, who have very limited
access to dental care. This, therefore, requires a change in the current individualistic clinical paradigm,
as its application has not led to a lasting improvement in oral health in the global population, nor has
it proven effective in removing the existing inequalities and exclusions consisting in the lack of access
to the required level of dental care and dedicated in the just-in-time formula. The suggestions for
changing the dental care system also concern changes in the academic and postgraduate education of
dentists [354,397,400], which, as in the case of ENT and ophthalmologists, should be more related to
the general education of doctors. In addition to changing the education profile in these papers are also
suggestions for limiting the number of educated dentists and even limiting the number of universities
or faculties educating in this area in some countries, as well as limiting the number of dental specialties.

It is impossible to resist the impression that the authors of these quoted studies [6,7] overestimate
the roles of the medical staff, especially doctors, medical personnel, and even medical administration,
because these otherwise legitimate objections do not so much apply to dentistry as a part of medicine,
but to politicians responsible for the legal status, financial streams of the economy, and social security
policies in each country. Therefore, in these studies, there is a postulate to abandon isolation and
support the integration of dentistry with the mainstream of primary health care in individual countries.
The global drive to provide universal health insurance provides an excellent opportunity to do so.

Undoubtedly, the problem requires a broader view of dentistry as part of the overall health care
system. The thesis about particular discrimination of dentistry, due to the exceptional diversity of
access and financing in different countries, is not confirmed by the facts. Figure 25 shows, for example,
the prevalence of cancer, stroke, and heart disease [304,401]. These diseases, in many countries,
and practically all over the world, affect millions of people. Data concern the member countries of the
Organization for Economic Co-operation and Development (OECD) that works to build better policies
for better lives. It is impossible to find analogies with the prevalence of oral diseases, especially caries.

On the other hand, there are interesting examples concerning expenditures per person on health
care and the share of expenditures in the costs of gross domestic income GDP (Figure 26) [395,401].
Data concern the member countries of the OECD, which brings together 36 highly developed and
democratic countries. Despite this fact, the health care expenditure per person differs in these countries
up to more than 50 times.



Processes 2020, 8, 1605 48 of 86

Processes 2020, 9, x FOR PEER REVIEW  47 of 88 

 

 
(a) (b) (c) 

Figure 25. Comparison of morality due to (a) heart attacks and other ischemic heart diseases, (b) 
stroke, and (c) cancer by sex. 

 
(a) (b) (c) 

Figure 26. Comparison of the health expenditure in 2018 in the OECD countries (a) per capita, (b) as 
a share of GDP, (c) as a share of the GDP projected in 2030. 

Figure 27, on the other hand, shows the variation in the number of doctors and auxiliary medical 
personnel referenced to 1000 inhabitants in different countries. The number of doctors varies from 

Figure 25. Comparison of morality due to (a) heart attacks and other ischemic heart diseases, (b) stroke,
and (c) cancer by sex.

Processes 2020, 9, x FOR PEER REVIEW  47 of 88 

 

 
(a) (b) (c) 

Figure 25. Comparison of morality due to (a) heart attacks and other ischemic heart diseases, (b) 
stroke, and (c) cancer by sex. 

 
(a) (b) (c) 

Figure 26. Comparison of the health expenditure in 2018 in the OECD countries (a) per capita, (b) as 
a share of GDP, (c) as a share of the GDP projected in 2030. 

Figure 27, on the other hand, shows the variation in the number of doctors and auxiliary medical 
personnel referenced to 1000 inhabitants in different countries. The number of doctors varies from 

Figure 26. Comparison of the health expenditure in 2018 in the OECD countries (a) per capita, (b) as a
share of GDP, (c) as a share of the GDP projected in 2030.



Processes 2020, 8, 1605 49 of 86

Figure 27, on the other hand, shows the variation in the number of doctors and auxiliary medical
personnel referenced to 1000 inhabitants in different countries. The number of doctors varies from
country to country by about 20 times. In fact, in [355], the current situation can be diagnosed as the
creation of a two-tier health service: one for the rich, and the other, which is limited and often of worse
quality, for the majority. This conclusion cannot be fully confirmed because, as stated above, the OECD
represents a group of relatively highly developed countries but there are no general comparative
statistics for all World. The indicated 50-fold and 20-fold differentiation undoubtedly confirm the
thesis that access to medical care, including dental care, is very different in individual countries. It can
be guessed that the lower the level of financing of this type of benefit within the budget of a given
country, the worse the access to them, especially for the poor social classes. The situation is certainly
much worse in the LIC and LMIC countries.
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Figure 28 also shows the differences in the share of individual types of medical care, including
dental care, covered by insurance paid by the Government. There is a significant variation in this
regard depending of the country.

Figure 29 shows the statistics for visits to doctors and dentists. The information presented shows
that the subsidies for health care and the possibility of using medical services, including dental services,
are extremely diversified. In light of this information, the problem appears to be more general than
that of dental care only. The authors of this article comment on the powers of politicians to make
decisions in these matters. This applies in general to medical care and, therefore, to oral health issues.
All postulates in this regard in each country should be addressed to the political circles that are
shaped by democratic elections. Medical circles, including dentists, have the role of diagnosing the
general condition of medical care and reporting postulates in this regard. To put it simply, not doctors,
including dentists, are responsible for the organization of health care. However, they can only be a
pressure or lobbying group.
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Figure 30 illustrates exemplary changes in the way health care financed in some European countries
for all habitants, adults, or children. There are visible tendencies on the one hand in the privatization of
medical services—e.g., in Central East Europe (CEE) countries but also in Sweden. In countries where
medical services have already been privatized, shifts are also often made towards financing provisions
towards greater private funds, such as in the United Kingdom, Denmark, Sweden, Germany, and the
Netherlands. In some countries, such as Denmark, Norway, and France, all children’s medical care is
financed entirely from public funds. The figure is qualitative in nature, so no conclusions should be
drawn from the position of the wheels represented on the figure for each country as to the level of
funding, as it only concerns the principles [398].
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Politically coordinated programs with support from patients and communities in each country are
needed to integrate health systems priorities, public health in general including oral health, and relevant
activities related to research, education, and training in this field [6,7]. It is estimated that the currently
chosen wrong paths to reach the so-called good dental form, consisting of reactive interventions when
the disease manifests itself, instead of proactive action, consisting of the prevention of oral cavity
diseases. Undoubtedly, it is a long-known principle in medicine in general that it is better and cheaper
to prevent than to cure, only that it is an ideal, a kind of asymptote that everyone knows about, but its
achievement is not and will never be possible. This is a kind of Holy Grail of medicine never found
like the original in the Arthurian legend cycle. It is hard to resist the impression that this is an idealistic
and somewhat romantic approach. One can quote the words of Carl Christian Schurz, an American
statesman, who was not a romantic but wrote: “Ideals are like stars; you will not succeed in touching
them with your hands, but like the sea fearing man on the desert of waters, you choose them as your
guides, and following them, you reach your destiny”. The criticism presented in these two cited
studies [6,7] also concerns the biomedical and reductionist understanding of the causality of oral
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diseases and the belief that treatment and highly technical interventions will eventually restore oral
health. These are the next arguments in this thoughts exchange, which accompanies the discussion of
this problem in this subsection, but they do not remove the main controversies and analyses as to what
extent such a view excludes the one considered to be the main one.

In the opinion of the authors of this paper, such a circumstance does not occur, as both views are
not mutually exclusive. According to the authors of this paper, the views, opinions, and conclusions of
both cited studies [6,7] should be considered as the second leg of the virtual Chinese censer, symbolizing
the current balance of dentistry, and above all its sustainable development in the coming decades.
However, it cannot be concluded that the view outlined in this way is an alternative or even antinomy
to the current development reaching the stage of Dentistry 4.0. However, it must be remembered that
the implementation of such an idea all over the world is a process that, once started, will take many
years, or even decades. While the efforts in the field of systemic global prevention are fully justified,
the interventionist and inherently individualistic removal of the effects of identified diseases is an
indispensable synergistic action. Looking practically, it should be noted that even the most effective
prevention is not able to effectively eliminate disease states in general.

5. Safety of Dentists and Dental Staff as a Development Determinant of Dentistry

The professional group of dentists is very large. However, there are no detailed statistical data.
However, indirectly it can be established that there are at least over a million dentists in the world
because this is the number of members affiliated with the FDI World Dental Federation as the largest
membership-based dental organization in the world. The FDI’s membership comprises approximately
200 national member dental associations and specialist groups in some 130 countries [402]. The situation
is different, e.g., in Europe, where EUROSTAT keeps accurate statistics and the number of dentists in
2017 (the last year for which full data was provided) was 429,202, taking into account the amendment
introduced by the Polish government [403]. The detailed distribution of dentists by country is given in
Figures 31 and 32 show a map of Europe including the number of dentists per 100,000 inhabitants in
2017 and the rate of changes in this number in 2018 compared to the previous year, which is 1, that is,
there are no significant changes in this respect [403]. Figure 33 shows the dynamics of changes in the
number of dentists in the USA, which in 2017 reached 198,517 [404]. Such a large number of dentists in
Europe and the USA seems to indicate that the number of dentists in the world certainly exceeds one
million, which also indicates that many dentists in many countries in the world are not affiliated with
any professional association.

The work of a dentist, just like an ENT and anesthesiologist, takes place in the patient’s respiratory
tract. Therefore, the patient breathing in always causes the dentist to inhale most of the exhaled
bioaerosol. The use of a turbine or even a high-speed motor in the preparation of the teeth, and the
associated intense cooling, mixes the resulting clinical aerosol with the respiratory bioaerosol, but also
with the patient’s saliva and blood, and the cooling stream is mixed with the infected saliva and
the patient’s blood intensely sprayed, disproportionately increasing the risk of the infection of the
dentist and dental staff. Performing any dental treatment or preventive treatment requires bringing
the dentist’s face close to the patient’s mouth at a distance of good vision (up to 20 cm), of which
up to 5–10 cm is in the patient’s mouth. This situation requires special care, because, in the event of
any infection of the patient, there is a very high risk of infection of the dentist and the cooperating
medical staff, because most procedures require assistance and so-called work for four hands. Therefore,
the standard is to provide appropriate personal protective equipment, as well as protective gloves and
masks with adequately effective filters, as well as highly demanding procedures for the disposal of
biological waste, defined in each country by the relevant legal regulations.

The case gained special importance with the outbreak of the COVID-19 pandemic caused by the
spread of the SARS-CoV-2 coronavirus. This is a virus with which the human population has not had
any contact so far. For this reason, the virus has turned out to be particularly aggressive. The first
information about its appearance comes from Wuhan, China, as of December 2019. On 20 March 2020,
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the World Health Organization declared COVID-19 a pandemic. By the time this paper was written,
the disease has affected nearly 26 million people in 218 countries, the death toll was approaching
830,000 [405], and there were about 230,000 new infections per day. By the time the text of this article
was revised, these numbers increased more than 2.3 times between 2 September 2020 and 25 November
2020. The disease has affected over 60.4 million people, and the death toll is approaching 1,306,500,
and there are about 116,500 new infections per day and over 2750 deaths per day (Figure 34) [405].
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the COVID-19 disease.

The disease spreads quickly by droplets. It is obvious that the infection is transmitted along with
the virus contained in the colloidal particles of the secretion sprayed by the patient when coughing or
sneezing, which are the colloidal particles of bioaerosol. It turns out, however, that transmission of
the SARS-CoV-2 coronavirus in the form of bioaerosol takes place even with normal breathing [406].
However, the virus is viable and can survive on the ground and, for example, on clothing, on which it
will settle for several or even several dozen hours. It is therefore easy to transfer with the hands after
touching it and then touching the conjunctiva or mucosa of the nose or mouth, and most likely also an
exposed wound or scratch. The virus incubation time has not been clearly established and maybe five
or six days after infection, but may be up to fourteen days or even longer [407]. There are more and
more reports about the possibility of reinfection by cured patients. This information is treated with
considerable reserve, for example, because diagnostic errors may have occurred, especially in the case
of asymptomatic disease.

The official statistics disseminated by Amnesty International indicate that at least 3000 medical
workers in 79 countries around the world have died from the COVID-19 disease [408]. On the other
hand, the World Health Organization indicates that dentists are included in the group of the highest risk
of contracting SARS-CoV-2 coronavirus. Dental procedures are performed in the patient’s open mouth,
and the bioaerosol generated during the natural respiratory processes contains pathogenic viruses,
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bacteria, and fungi absorbed by them as a result of respiration, including the SARS-CoV-2 coronavirus.
The dentist is therefore exposed to the direct transmission of these microorganisms multiplied in the
upper and lower respiratory tract of the patient, especially since, as a result of the intensive cooling
during tooth preparation, the pathogenic bioaerosol is mixed with the clinical aerosol, giving the
intensive exposure. Therefore, it is necessary to strictly respect the rules of environmental and hand
hygiene [409]. Any mistake made in this area results in exposure to the disease by dentists, as well as
several hundred or even thousand patients as a result of the secondary infection of subsequent patients,
who may be admitted by a dentist to several dozen or even over a hundred during the incubation of
the disease or its asymptomatic course, while these patients, in turn, infect other people around them.
A diagram of this process is shown in Figure 35.Processes 2020, 9, x FOR PEER REVIEW  55 of 88 

 

 
Figure 35. Diagram of SARS-CoV-2 transmission via a dentist in the event of one infected patient 
appearing in a dental clinic. 

The spreading COVID-19 pandemic has caused an enormous disturbance in health care in many 
countries, mainly in infectious diseases hospitals, and also the abandonment of medical services in 
many other specializations and health care areas. In the case of dentistry in many countries, the 
governments of the USA, Europe, and Brazil have recommended closing offices in line with the “stay 
at home” strategy, adding to it “do nothing” to avoid becoming infected [410–414]. Several dental 
associations around the world have also ordered dentists to postpone scheduled procedures. For 
example, in Poland, on 15 July 2020, the decision to work in the emergency mode and the prohibition 
of normal dental practice to the full extent was renewed. Of course, such an attitude is insulting to 
the Hippocratic oath and dentists [398], dental staff, dental engineers, and the employees of prosthetic 
restoration manufacturing centers, depriving them of a chance to earn money. 

The development of the COVID-19 pandemic has made dentists aware of the importance of the 
safety of dentists and dental staff, not only to dentists but also to the governments in many countries 
of the world. In addition to a development determinant of dentistry, this is on a par with the 
development strategies of Dentistry 4.0 and Global Dental Prevention, the third leg of the virtual 
Chinese censer guaranteeing the stable development of dentistry. Already at the beginning of the 
pandemic, the necessity of introducing a surgical mask and eye protection for the dentist with solid 
side shields or a face shield to protect the mucous membranes of the eyes, nose, and mouth during 
procedures, personal protective equipment for dentists and the requirement of strict hand hygiene, 
as well as in relation to rinsing the mouth of the patient before dental procedures, isolation by a 
cofferdam, but mainly in relation to the entire dental clinic, disinfection and ventilation of the entire 
clinic, and proper management of medical waste [415]. The problem is that the diameter of the SARS-
CoV-2 coronavirus varies from 40–150 nm, and the most effective filters used in surgical masks have 
a mesh size of 300 nm, which indicates that surgical masks are not an effective protection in this 
situation. This approach is in line with the defensive STOP strategy (system, technical, organizational, 
personal), which accepts the fact that the SARS-CoV-2 virus is present throughout the clinic, requires 
passive protection of the patient by sterilizing all possible surfaces and air exchange at an appropriate 
frequency through ventilation and isolating the dentist and medical staff from this environment as 
much as possible, possibly testing each patient for the presence of coronavirus or antibodies. As a 
result, personal protective equipment PPE is intensified and practically impossible for the dentist to 

Figure 35. Diagram of SARS-CoV-2 transmission via a dentist in the event of one infected patient
appearing in a dental clinic.

The spreading COVID-19 pandemic has caused an enormous disturbance in health care in many
countries, mainly in infectious diseases hospitals, and also the abandonment of medical services
in many other specializations and health care areas. In the case of dentistry in many countries,
the governments of the USA, Europe, and Brazil have recommended closing offices in line with the
“stay at home” strategy, adding to it “do nothing” to avoid becoming infected [410–414]. Several
dental associations around the world have also ordered dentists to postpone scheduled procedures.
For example, in Poland, on 15 July 2020, the decision to work in the emergency mode and the prohibition
of normal dental practice to the full extent was renewed. Of course, such an attitude is insulting to the
Hippocratic oath and dentists [398], dental staff, dental engineers, and the employees of prosthetic
restoration manufacturing centers, depriving them of a chance to earn money.

The development of the COVID-19 pandemic has made dentists aware of the importance of
the safety of dentists and dental staff, not only to dentists but also to the governments in many
countries of the world. In addition to a development determinant of dentistry, this is on a par with
the development strategies of Dentistry 4.0 and Global Dental Prevention, the third leg of the virtual
Chinese censer guaranteeing the stable development of dentistry. Already at the beginning of the
pandemic, the necessity of introducing a surgical mask and eye protection for the dentist with solid
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side shields or a face shield to protect the mucous membranes of the eyes, nose, and mouth during
procedures, personal protective equipment for dentists and the requirement of strict hand hygiene,
as well as in relation to rinsing the mouth of the patient before dental procedures, isolation by a
cofferdam, but mainly in relation to the entire dental clinic, disinfection and ventilation of the entire
clinic, and proper management of medical waste [415]. The problem is that the diameter of the
SARS-CoV-2 coronavirus varies from 40–150 nm, and the most effective filters used in surgical masks
have a mesh size of 300 nm, which indicates that surgical masks are not an effective protection in this
situation. This approach is in line with the defensive STOP strategy (system, technical, organizational,
personal), which accepts the fact that the SARS-CoV-2 virus is present throughout the clinic, requires
passive protection of the patient by sterilizing all possible surfaces and air exchange at an appropriate
frequency through ventilation and isolating the dentist and medical staff from this environment as
much as possible, possibly testing each patient for the presence of coronavirus or antibodies. As a
result, personal protective equipment PPE is intensified and practically impossible for the dentist to
perform the work. Glasses and shields cause parallax and make it completely impossible to perform
precise activities, and protective clothing causes sweating, fatigue, immobility, and a lack of precision
in performing procedures that require it. Recommendations “do nothing” because you will get
infected or if you have to dress as a result that you can do nothing, this approach is offered by medical
administration almost all over the world. As a result, dentists and their mainly private clinics were
practically deprived of a chance to return to normal functioning. This forces dentists to disregard the
Hippocratic oath [398] because many patients cannot be treated because of the absolute organizational
failure of the system. The context of the case is multifaceted, as there are violations of ethical principles,
legal provisions in the field of protection of employee interests, and the protection of patients’ interests,
with violations in many countries of constitutional rights to protect the health, as well as a conflict with
the European Union’s priorities in terms of improving the comfort and extension of human health and
longitude life and aspect of human rights violations. The matter is really dangerous from the point of
view of every dentist, when the patient unknowingly infects the environment, including the dentist,
in the case of asymptomatic COVID-19 disease or during the five or even fourteen days of incubation
of the disease.

In the previous work of the authors of this paper [35], a comparative analysis was performed and the
potential was analyzed as an objective measure resulting from technical analysis, and attractiveness as a
subjective measure based on the recipient’s impression, and the results of assessing the usefulness of all
previous groups of methods of preventing the harmful effects of SARS-CoV-2 were presented. The results
of these analyses were obtained using knowledge engineering tools [309,352]—i.e., procedural
benchmarking with the use of ten detailed criteria and the corresponding weights—using the universal
scale of relative states with positive values from 1 as the lowest value to 10 as the maximum possible
value, and using the contextual matrix. The results are illustrated in the dendrological matrix presented
in this paper. Table 8 summarizes the results of the analyses performed.

None of the currently used groups of methods obtained in any case a value greater than 7—that is,
from quite low to at most moderate. Therefore, none of these groups of methods provides the expected
effectiveness in removing the sources of the SARS-CoV-2 coronavirus threat. Moreover, the comparative
analysis and its results indicate that the groups of methods known so far from reports on manufacturers’
websites and from the literature usually show less potential than attractiveness, which is usually greater.
This indicates that their importance is usually overestimated in practice, and their effectiveness in
preventing the effects of the coronavirus is lower than it is believed. The methods marked as (1,2) have
a high potential, but they cannot meet all the requirements on their own. On the other hand, methods
(3,4) are highly attractive, but they can only prove successful if they are significantly strengthened in
terms of design and technology, otherwise, they will not be successful in terms of application. On the
other hand, method (5) has little potential and little attractiveness and is being replaced by other,
better solutions.



Processes 2020, 8, 1605 57 of 86

Table 8. The potential and attractiveness of each group of methods of protection against the effects of
the SARS-CoV-2 coronavirus.

No Type of Method Known in the Literature,
State-of-the-Art Including Own Solution Potential Attracti-Veness

1 Installation of air filtering devices in the
treatment room 6.7 4.0

2 Equipment operating with HEPA or carbon
filters or with UV radiation 5.95 4.0

3 Dental saliva extractor attachments 3.3 5.8

4 “Extract from the treatment area” devices 3.7 6.6

5 Patient enclosures in the form of glass or
PMMA boxes 1.45 3.9

6
Original solution eliminating the threat at

the source with the set of devices for
virus elimination

9.0 8.5

In the cited author’s work [35], a decidedly offensive SPEC (system, prevention, efficiency, cause)
strategy was implemented and, as a result, a completely new breakthrough technical solution was
proposed (Figure 36), consisting in the elimination of clinical aerosol mixed with the patient’s pathogenic
respiratory bioaerosol at the source, right next to the mouth of an infected patient, from the space of the
dental clinic [416–419]. This is done by collecting this bioaerosol directly into an epidemiologically safe
container and its complete deactivation and decontamination, rather than indirect isolation of medical
personnel from the pathogenic aerosol and tolerating its presence in the entire space of the dental clinic.
The design details and numerous design variants are given in [35,416–419], the solution is protected
by a patent [416] and is started the commencement of serial market production of the device [417].
The own solution, according to the criteria relating to all the previously discussed groups of methods
of preventing harmful effects of SARS-CoV-2 coronavirus, receives very high scores, respectively,
9 (potential) and 8.5 (attractiveness—there are difficulties at work) (Table 8). This demonstrates the
breakthrough and full competitiveness of the developed solution. This solution is a set of many
complex devices (Figure 36). As a result of negative pressure given by pomp, the bioaerosol exhaled by
the patient and contaminated with the SARS-CoV-2 virus, mixed with clinical aerosol from the patient’s
respiratory tract is eliminated for to be completely deactivated and effectively decontaminated in a
multi-stage procedure. An important part of the device is the face cap, which is available in several
variants with an ever wider range of functions. The device also includes an extractor to aspirate the
patient’s saliva and blood, and a nasal cannula to allow oxygen to be delivered directly to the patient
when needed.

The presented analysis shows that for the development of dentistry in the following decades,
apart from other factors, it is necessary to pay special attention to the safety issues of dentists and
medical staff during the performance of a full range of dental procedures. If a dentist is to do his job
well, in order to effectively help the patient, he must have the inner conviction that he is safe if all
applicable rules are complied with, in accordance with common sense. They cannot feel threatened,
because in many cases they will not undertake the procedure, or in the event of excessive nervousness
resulting from the fear of infection, they will do the job poorly, without due diligence, hurriedly,
and under pressure. Everyone who works in direct contact with this deadly coronavirus is aware that
after returning home from work, they can infect their family, children, elderly people who are at high
risk, and other people around themselves. This is an enormous psychological pressure that many
people, including dentists, cannot overcome. It cannot be assumed that every dentist who, due to their
work in the patient’s respiratory tract, is particularly exposed to droplet infection, will show heroism
every day at their workplace, including the fact that they can literally die at this position. Currently,
the world is struggling with a pandemic that has already claimed nearly 830,000 lives. Microbes,
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viruses, bacteria, and fungi have accompanied us for centuries, and many of them threaten with
deadly droplet infection. The current SARS-CoV-2 coronavirus pandemic has made the entire medical
community aware of the importance of ensuring safety and preventing a patient’s droplet infection as
an important development factor in dentistry. One solution is presented as an example, which is the
result of an active strategy of removing threats at the source. It should be expected that over time,
new ones that are equally good or better will emerge. It must be a stable direction of development,
as the “stay at home” and “do nothing” strategies do not exist in the field of dentistry, and most likely
in a much wider context.

Processes 2020, 9, x FOR PEER REVIEW  57 of 88 

 

In the cited author’s work [35], a decidedly offensive SPEC (system, prevention, efficiency, 
cause) strategy was implemented and, as a result, a completely new breakthrough technical solution 
was proposed (Figure 36), consisting in the elimination of clinical aerosol mixed with the patient’s 
pathogenic respiratory bioaerosol at the source, right next to the mouth of an infected patient, from 
the space of the dental clinic [416–419]. This is done by collecting this bioaerosol directly into an 
epidemiologically safe container and its complete deactivation and decontamination, rather than 
indirect isolation of medical personnel from the pathogenic aerosol and tolerating its presence in the 
entire space of the dental clinic. The design details and numerous design variants are given in 
[35,416–419], the solution is protected by a patent [416] and is started the commencement of serial 
market production of the device [417]. The own solution, according to the criteria relating to all the 
previously discussed groups of methods of preventing harmful effects of SARS-CoV-2 coronavirus, 
receives very high scores, respectively, 9 (potential) and 8.5 (attractiveness—there are difficulties at 
work) (Table 8). This demonstrates the breakthrough and full competitiveness of the developed 
solution. This solution is a set of many complex devices (Figure 36). As a result of negative pressure 
given by pomp, the bioaerosol exhaled by the patient and contaminated with the SARS-CoV-2 virus, 
mixed with clinical aerosol from the patient’s respiratory tract is eliminated for to be completely 
deactivated and effectively decontaminated in a multi-stage procedure. An important part of the 
device is the face cap, which is available in several variants with an ever wider range of functions. 
The device also includes an extractor to aspirate the patient’s saliva and blood, and a nasal cannula 
to allow oxygen to be delivered directly to the patient when needed. 

 
Figure 36. Diagram of one of the face cap solutions and an example of its use with a set of devices 
shown in the lower part of the drawing. 

The presented analysis shows that for the development of dentistry in the following decades, 
apart from other factors, it is necessary to pay special attention to the safety issues of dentists and 
medical staff during the performance of a full range of dental procedures. If a dentist is to do his job 
well, in order to effectively help the patient, he must have the inner conviction that he is safe if all 

Figure 36. Diagram of one of the face cap solutions and an example of its use with a set of devices
shown in the lower part of the drawing.

A separate, but equally important, is also the active strategy of protecting patients against infection
during dental procedures. However, it should be noted that a healthy dentist and healthy uninfected
medical staff in a dental clinic do not pose a threat to patients.

6. Ethical Context of the Treatment of Oral Diseases

The view that the so-called nice and above all healthy teeth is a private matter of each person is
absolutely wrong. A nice appearance is of course important, but the matter has a much wider context
and much, including social and economic issues. Numerous systemic diseases that are complications of
caries, periodontitis and toothlessness significantly affect the burden on health care and social security
systems in all countries. Therefore, it has a significant impact on the economic condition of states
and health welfare of societies. Therefore, the dentists’ community bears a special responsibility in a
professional and ethical context. Ethical aspects constitute one of the important determinants of the
sustainable development of dentistry in the future, and therefore this chapter of this paper is dedicated
to these issues.
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Since antiquity, every doctor of every specialty, and therefore also a dentist, is required to take and
obey the Hippocratic Oath [420], the words of which has changed throughout history, but the ethical
meaning has remained unchanged. Every doctor is supposed to help people with illness and in details
he/she should respect the patient’s autonomy [421,422] and show charity [423], harmlessness [424] and
equity [425] towards him, defined as the four fundamental ethical principles [426–429] and the fifth
general principle special for dentists, which additionally requires to be truthful in matters concerning
the diagnosis and treatment of oral diseases [430–433] (Figure 37). These issues have been widely
presented by the authors of this paper in two extensive literature studies [434,435]. Both parts of
the figure show, in a form analogous to the Deming’s circle [9], the basic and subsequent features
that characterize the moral directives that characterize the professional community of dentists and
engineers. These are other examples of the fives’ rule idea contained in this paper.
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An ethical requirement for doctors is the obligation to systematically expand their knowledge,
and in particular to follow the latest scientific and clinical achievements, in order to quickly apply
them to patients. The dentist’s ethical obligation is also the cooperation with the center for the design
and manufacturing of prosthetic restorations run by dental engineers. The requirements for this
cooperation, illustrated by two gears’ wheels, relate to advanced design and manufacturing methods
using avant-garde methods of computer aided design and manufacturing, CAD/CAM, computerization,
robotization and automation. The requirement, for obvious technical reasons, is to provide the most
advanced materials and the most modern engineering technologies. This includes state-of-the-art
additive manufacturing methods, as well as advanced surface treatment methods for implants and
prosthetic restorations. Dental engineers working closely with dentists to meet the expectations of
patients, similarly to engineers of all other specializations, including those who do not participate
in medical procedures, also apply ethical principles [436–439] (Figure 37), which include improving
specialist knowledge, achieving high competences and ensuring high standards, as well as serving
society in accordance with the ideal of the profession of engineer and providing valuable products.
It should be emphasized that the high standards of both dentists and dental engineers result from the
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internal moral imperatives of each of these people, but also from the entire their societies, and also they
testify to the highest possible standards. It is also worth noting that among the three ethical orders,
customary in a given community and legal in a given country, there are often analogous regulations,
although they are undertaken for significantly different motivations. Therefore, various types of ethical
codes usually belong to the second or even the third of the mentioned groups of regulations, which of
course does not mean that they should not be respected, but on the contrary, the highest possible value
is the inner conviction of both the dentist and the dental engineer about the need for proper fulfilling
obligations. Therefore, one of the ethical requirements of dental engineers in such an approach to duties
is moral responsibility towards patients. Both the dentist and, above all, the patients have the right to
expect the implementation of advanced technologies in order to design and manufacture the necessary
implants and prosthetic restorations. However, the implementation of such avant-garde solutions is
morally acceptable only when the absolute risk of their application is lower than the total benefits,
although new experimental technologies may be an exception [440]. A deliberate avoidance of the use
of modern materials and available technological possibilities, and even the lack of sufficient knowledge
in this field, should be treated as an ethical delict of a dental engineer and a dentist cooperating with
him/her. It applies mainly to fillers, the achievements of nanodentistics, and above all, the conscious,
but also unconscious underestimation of the achievements of the current stage of development of
Dentistry 4.0, as well as the results of research obtained by tissue engineering, applicable in dentistry.
It involves the need to implement new scaffolds designs for implants and biological-engineering
materials [434,435].

Ethics has been considered paramount in all professional dental and engineering activities to
provide each patient with the highest level of oral health care currently possible and in line with each
country’s political and economic trends and in line with all available strategies, essentially adapting
the Deming Circle [9] to clinical issues and engineering activities in the field of dental engineering at
the stage of Dentistry 4.0. In the works [434,435] the Authors of this paper schematically present the
relationship between dentistry at the level of Dentistry 4.0 in connection with nanoengineering with
nanodentistry, and dental engineering (Figure 38), showing development perspectives in relation to the
current requirements of the present day and ethical imperatives from the point of view of the health
well-being of each patient. In [441] seven aspects of sustainable health personal dimensions SHPD are
defined. They include the personal values of each patient, which is certainly significantly influenced
by the condition of the dentition and the well-being of the oral cavity, as well as the elimination of all
systemic complications of oral cavity diseases. This set includes the following factors:

• physical (health and fitness, endurance, disease resistance and regenerative abilities);
• emotional (the ability to realistically perceive the world, coping with stress, flexibility and a

compromise attitude to conflict);
• social (family and environmental relationships, social skills and cultural sensitivity);
• intellectual (personal development, perceptual, analytical, decision-making and rational skills);
• spiritual (religiosity and/or value system, relations to the living world, empathy and an active

attitude towards society and other people);
• professional (career, finances, quality of life, professional and non-professional interactions);
• environmental (relations with the natural environment and with the material and metaphysical

surroundings in general).



Processes 2020, 8, 1605 61 of 86Processes 2020, 9, x FOR PEER REVIEW  61 of 88 

 

 
Figure 38. The scheme of the ethical aspects of the personal dimensions of sustainable oral cavity 
health. 

Thus far, the ethical responsibilities of dentists and dental engineers involved in the design and 
manufacturing of prosthetic restorations have been presented in relation to the individual 
expectations of each patient. The ethical aspects of the entire community of dentists and dental 
engineers include patients and societies in general, and in this context the social function of dentistry 
is determined. In the literature on the development prospects of dentistry on a global scale and in 
individual countries, two opposing views have emerged. In fact, the matter has an ethical aspect, 
because the supporters of one of these views contrast with the latter by acting to the detriment of the 
social mission of dentistry and even acting out of low motives to achieve unjustified material benefits. 
The authors of this paper have already been critical regarding the professional context of formulating 
the goal of dentists’ activities in many countries as “drilling, filling and billing”, as expressed in [397], 
treating this as an unethical and contemptuous act towards most dentist’s honestly and ethically 
performing their dentist tasks at the service of patients and for their well-being. It cannot be ruled 
out that, in order to meet the demands of wealthy patients trying to satisfy their vanity without the 
need for dental treatment, some dentists take such measures, but it is certainly an insignificant margin 
of the entire professional community. Even if medical procedures are accompanied by exaggerated 
cosmetic procedures, the active prevention of many systemic diseases is extremely important in the 
oral cavity. However, the works [6,7] present the radical view that a comprehensive change is needed 
in the approach to the treatment of oral diseases and a departure from the so-called Western model 
of dental care, the culmination of which is the Dentistry 4.0 stage, characterized by more and more 
technologically advanced specialist treatment, which, in the opinion of the authors of this paper, is 
the pinnacle of achievements in this field. The professional and ethical dilemma can be solved [6,7] 
by the proper organization and implementation of dental prophylactic procedures for the entire 
world’s population [403,404]. Such an approach to the problem bears the hallmarks of an ethical 
delict, as it is obvious that such a theoretical assumption is unfeasible in practice, for which one can 
easily find a large amount of evidence in clinical practice and scientific research studies. 

Figure 38. The scheme of the ethical aspects of the personal dimensions of sustainable oral cavity health.

Thus far, the ethical responsibilities of dentists and dental engineers involved in the design and
manufacturing of prosthetic restorations have been presented in relation to the individual expectations
of each patient. The ethical aspects of the entire community of dentists and dental engineers include
patients and societies in general, and in this context the social function of dentistry is determined.
In the literature on the development prospects of dentistry on a global scale and in individual countries,
two opposing views have emerged. In fact, the matter has an ethical aspect, because the supporters
of one of these views contrast with the latter by acting to the detriment of the social mission of
dentistry and even acting out of low motives to achieve unjustified material benefits. The authors
of this paper have already been critical regarding the professional context of formulating the goal of
dentists’ activities in many countries as “drilling, filling and billing”, as expressed in [397], treating
this as an unethical and contemptuous act towards most dentist’s honestly and ethically performing
their dentist tasks at the service of patients and for their well-being. It cannot be ruled out that,
in order to meet the demands of wealthy patients trying to satisfy their vanity without the need
for dental treatment, some dentists take such measures, but it is certainly an insignificant margin
of the entire professional community. Even if medical procedures are accompanied by exaggerated
cosmetic procedures, the active prevention of many systemic diseases is extremely important in the
oral cavity. However, the works [6,7] present the radical view that a comprehensive change is needed
in the approach to the treatment of oral diseases and a departure from the so-called Western model
of dental care, the culmination of which is the Dentistry 4.0 stage, characterized by more and more
technologically advanced specialist treatment, which, in the opinion of the authors of this paper, is the
pinnacle of achievements in this field. The professional and ethical dilemma can be solved [6,7] by
the proper organization and implementation of dental prophylactic procedures for the entire world’s
population [403,404]. Such an approach to the problem bears the hallmarks of an ethical delict, as it is
obvious that such a theoretical assumption is unfeasible in practice, for which one can easily find a
large amount of evidence in clinical practice and scientific research studies. Paradoxically, the evidence
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for this seemingly modern approach to solving the problem is the archaeological clinical evidence from
over 14,000 years ago presented in Figure 1. Therefore, it is difficult to agree with such an opinion,
which may be considered unethical, as it contradicts the level of current knowledge on this subject,
and the ethical obligations of both dentists and dental engineers include continuous training and
current knowledge of all scientific achievements in the field of the practiced profession. This does not
mean that prevention is unnecessary and is not supported by the authors of this paper. The aim of this
paper is to present a sustainable model of dentistry development, in which prophylaxis is prominent as
one of the three important elements, but not excluding the other two. It is not true that the treatment of
the effects of the disease is unnecessary and therefore unethical; on the contrary, it is another element of
this model. As long as any of these actions are not ruled out, the ethical problem is entirely unapparent
and essentially non-existent. This has been proven throughout the content of this paper. It should be
clearly emphasized that it is the moral duty of every physician, including dentists, to provide medical
assistance to each affected patient. It is obvious that the best method of treatment is disease prevention,
which fully justifies the widespread development of methods and a prophylactic system on a global
scale, but this cannot be treated as an alternative to dental treatment. Should that happen, it would
be a serious breach of ethical principles. This is because it is not possible to prevent the disease in a
fully effective manner in every case, for every patient, and for every clinical situation. As presented
in the previous chapters of this paper, ethics requires the implementation of subsequent stages of
treatment strategies resulting from the previously presented adaptations of Deming’s circle [9], both in
the field of caries treatment and periodontal treatment, which, unfortunately, in many cases even
leads to implant-prosthetic treatment as the only available option to improve the patient’s health.
It is important, also from the ethical point of view of the dentist community, that proper dental care
covers all, including the poorest social strata in many countries. In many cases, as was shown earlier
in this paper, this depends to a small extent on the professional community of dentists, because the
decisive factor is the assessments and actions of politicians in this area, subject to social evaluation in
the electoral procedure and the economic condition of individual countries.

It should be clearly emphasized that interventional treatment according to the so-called Western
model of dental care, the culmination of which is the Dentistry 4.0 stage, cannot constitute an antinomy
of preventive actions, as suggested in the works [6,7]. Since interventional treatment, as repeatedly
shown in this paper, is a necessity, ethical obligation requires the best possible use of modern scientific
and technical achievements in this field. This applies to the use of cone beam computed tomography
(CBCT) with intraoral and extraoral scans by dentists in dental diagnostics and imaging, as well as
the use of computer-aided design and manufacturing (CAD/CAM) by dental engineers, as well as
additive manufacturing methods of prosthetic restorations and implants in computerized and robotic
technological processes. It should also be noted that nanodentistry is becoming an important area of
modern dentistry. Nanodentistry solutions are increasingly available in clinical practice and in dental
engineering. Many avant-garde solutions, or maybe just ideas, are likely to become available over time,
including the design, manufacture, and implementation of dental nanobots. While professional ethics
requires that patients be presented with proven innovative engineering solutions, ethical requirements
make it impossible to present overly attractive visions that are practically unrealistic or that have not
been properly tested in the existing situation.

On the other hand, any omission or conscious avoidance of using these achievements in the
treatment of a patient, in which case they could or should be used, should be treated as a serious
ethical delict. This applies to the non-use of modern materials and technologies, as well as the use of
improperly selected technological conditions in the process of making prosthetic restorations [435].
Such a strict ethical assessment is also deserved by unintentional or even unknowingly committed
errors related to the lack of specialist engineering knowledge in this field. The ethical duties of
both dental engineers and especially the dentists cooperating with them and directly applying given
solutions to patients, include continuing education and practical application. The patient, in his
confidence in the dentist, should be sure that, in accordance with the first ethical rule binding the
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dentist, he/she obtains the optimal treatment strategy and therapeutic solution, including engineering
solutions with optimal properties due to the entire set of required performance properties. From an
ethical point of view, it is unacceptable to use stereotypes or unverified information in such cases,
as such an approach directly harms patients [435].

A separate ethical problem is the dissemination in the scientific and scientific-technical press of
unverified or underdeveloped information about allegedly advantageous technological or material
solutions. In the name of patients’ well-understood interests, it is necessary to point out substantive
irregularities of such articles in order to eliminate them from conceptual circulation in the dentist
community. Several such negative examples can be given, e.g., about doubts about the introduction
of computerization in dentistry and dental engineering [254], as well as in the dissemination of the
information that both casting and additive manufacturing result in identical product properties [332,442],
which it is obviously contrary to the objective truth. This may eliminate or weaken dentists’ interest
in modern technologies in defiance of patients’ health interests. Such actions of the authors of such
articles must be treated as an ethical delict, because such incomplete and unverified information
spreads among many dentists and harms many patients. It is not ethical and even not lawful to do this.

One more ethical aspect remains that is related to answering the question of under what
circumstances some or all dental procedures may be discontinued—when and if the dentist may
refuse to provide dental services at all, if even at all. This problem has gained particular practical
importance with the announcement on March 20, 2020, by the Word Health Organization of the
COVID-19 pandemic related to the transmission of the SARS-CoV-2 coronavirus, which is a direct
threat to life. At the same time, the governments of many countries are following the recommendation
of the International Dentist Federation (FDI) to stay at home and limit the provided services only to
cases of so-called pain relief. There is no doubt that the dentist must be safe when doing their job.
This is an obvious part of the ethical canon. On the other hand, the refusal to help patients, regardless
of the reasons, must always be perceived pejoratively. In most cases, this must be treated as an ethical
delict. The innovative accessory proposed by the authors of this paper to prevent the spread of the
SARS-CoV-2 coronavirus (Figure 36) and the concept of the sustainable development model of dentistry
presented in this paper meet the ethical requirements in this area and enable the uninterrupted work
of dentists, even in the face of the special conditions of a pandemic.

The current SARS-CoV-2 coronavirus pandemic will force the stabilization of the systems to
prevent droplet infections, similar to the system that once was established for the disease caused by
the human immunodeficiency virus (HIV), which is transmitted through blood contamination. Both of
these strategies will remain in the canon of pragmatic anti-epidemiological actions for good, which is
also an obvious ethical imperative, due to the health wellbeing of dentists and patients.

These considerations, transferred from the works [434,435], indicate that contemporary activities
related to dentistry and dental engineering—including the standards of Dentistry 4.0, and nanodentistry
widely described in [435], and the systems protecting dentists and patients against contamination by
harmful droplets—are strictly determined by the principles of ethics. The achievement of therapeutic
goals and the actual improvement of the health of the oral cavity, manifested by the sustainable health
personal dimensions (SHPD) in this regard, which constitute the individual feeling and assessment of
each patient, are determined by the principles of general human ethics, especially medical and dental
ethics, together with engineering ethics, if they are actually respected by dental clinics and dental
restoration design and manufacturing centers. FollowingProf. Władysław Bartoszewski, the former
Polish Minister of Foreign Affairs, it is worth repeating constantly and daily applying in clinical dental
practice the phrase, “It’s worth being decent!” [443]. This is absolutely necessary, unless somebody
does not want to take own job, profession, and duties seriously.

7. Final Remarks

This paper discusses the general disease state in the world and the scale of oral diseases, mainly
caries and periodontitis, which currently affect 3–5 billion people.
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The etiology; course; and, most importantly, strategies for the prevention and treatment of
both of these diseases were analyzed in detail using appropriate modifications of the Deming circle
and models based on the idea of the fives’ rule. This chapter presents also the development of the
medical imaging state and treatment methodology and the achievement of the current computerized,
and, in the most avant-garde cases, robotic stage of Dentistry 4.0, for which the use of computer-aided
design and the production of CAD/CAM methods as well as additive methods of manufacturing
prosthetic restorations and implants are also appropriate. Diagnostics at this stage is largely based on
medical imaging using cone-beam computed tomography (CBCT) and intraoral and extraoral scanning.
There are undoubtedly great achievements that make the production centers of prosthetic restorations
as intelligent factories fit into the idea of Industry 4.0, the most advanced stage of development of the
modern industry.

The considerations in this paper were inspired by two papers published in The Lancet [6,7], or rather
a series of two papers or two parts of one long paper, the publishing of which was undoubtedly a
highlighted event. It was impossible not to notice it, but also impossible to agree with it. The main
theses of this joint paper are therefore discussed in this chapter. In general, the authors of these papers
accuse the current developments in the field of dentistry of fundamental errors and demand a radical
change in approach. They expect a move away from the interventionist treatment philosophy and the
associated computerization and technical domination, which in fact contradicts all the achievements of
dentistry. They believe that, instead, prevention should be developed very broadly, and that dental
care should reach the poorest sections of society in many countries. While some of these postulates
concern the dentist community and there is no doubt as to their validity, the widely discussed needs
of including broadly understood aspects of dentistry into the mainstream of social security and the
general development of medicine in general concern mainly politicians and national governments.
For this reason, it is highly unlikely that such a demand could be implemented on a global scale.
These theses, however, deserve full support and implementation in terms of an egalitarian approach
to prophylaxis and dental care. However, this view cannot be an antinomy of the achievements of
dentistry in terms of treatment and the achieved stage of Dentistry 4.0.

The ethical aspects of dentists’ work and their moral obligations towards patients were also
considered. These are closely related to the cooperation with dental engineers, and the holistic approach
also takes into account the ethical obligations of dental engineers. Particular attention was paid also
to the obligation to proclaim the truth as a fifth ethical rule for dentists. This applies to the dentist’s
intimate relations with each patient, but also to general issues of taking up challenges resulting from
the avant-garde state of current technologies and the complex Industry 4.0 instrumentation in relation
to dentistry defined as Dentistry 4.0. Of great ethical and practical importance is the publication of
modern, but at the same time reliable and proven research results on modern materials and technologies
used in dentistry, as well as methods of diagnosis, including medical imaging. The dissemination of
stereotypes, the multiplication of unjustified doubts, and the dissemination of false and/or unverified
news causes enormous damage and must be considered a serious ethical delict of the authors and
publishers of such information. Some negative examples in this regard are given. An ordinary dentist
reading such papers has the right to trust the author and publisher, and, without the slightest doubt,
to apply them to his/her own patients, thinking that he/she is helping while he/she is actually causing
harming without realizing. He/she cannot be burdened with ethical responsibility, because he/she
acted in good faith, while the entire ethical responsibility rests with the author of a poorly prepared
article that appears to be scientific which may harm thousands of patients in various places around the
world. This is an extremely serious ethical aspect addressed in this paper.

An ethical delict towards the entire dentist community is the call presented at a world conference to
discredit this environment and criticize its behavior as being dominated by “drilling, filling & billing”.
This might sound impressive were it not for the fact that the authors seem to forget about the
enormous amount of work conducted by dentists in preventing the worldwide development of the
huge number of systemic complications of oral diseases and toothlessness resulting from these diseases.
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The trivialization of the role of dentistry is the formulation of its goals as cosmetic activities consisting
of extorting money from millions of patients. This is clearly not true, even if it is possible to find such
negative examples of dentists who also do or did this, because they are in the vast minority and in this
sense constitute a small, negative margin of this community.

Both ethical and professional duties come down to preventing the development of caries and
periodontal diseases, and, if this turns out to be impossible, then stopping these diseases at the existing
stage. If these actions are not successful, one or more teeth will be extracted, or even all teeth will be
lost, and then it is necessary to undertake implantological and prosthetic therapy in order to avoid
the negative systemic complications of toothlessness. It is a completely ethical behavior. It should
also be noted that despite the designation of care for the general health welfare of people in the
world, as it belongs to the main Sustainable Development Goals designated by the United Nations,
to what extent it will be implemented in individual countries depends on the economic condition and
political situation of each country. The impact of the professional approach of the dentists’ community
is much less possible. Therefore, false premises are based on the assumption that dentists are the
community that should change the general approach to oral diseases, i.e. that instead of practicing
interventionist dentistry according to the so-called Western approach should focus on preventing oral
diseases, starting with changing the basics of education to achieve the desired effect.

Quoting the words of Pope Francis, although in a completely different context, “Who am I, to judge
someone . . . ”, it is not the task of the authors of this paper to assess the ethical aspect of the matter at
hand, but it is difficult to agree substantially with the approach presented in the papers [6,7]. For this
reason, in the name of honesty in reporting the truth, this paper was prepared.

We recall here a mechanical pendulum clock based on an idea by Christiaan Huygens in 1657 on
the basis of the principles formulated by Galileo and modified by George Graham in 1715. If it can be
stated with an analogy with such a clock that the pendulum in terms of the methods and techniques of
dental treatment is fully tilted, this does not mean that in currently following the suggestion of the
authors of the paper from The Lancet [6,7] it should be tilted the other way. This would mean that,
alternatively, only one of these solutions is possible, were it not for the fact that the pendulum is in
constant motion. It is therefore possible for both of these approaches to coexist. In keeping with this
analogy, it is necessary to maintain, continue to develop, and, above all, disseminate the achievements
of “Dentistry 4.0”. At the same time, symmetrically on the other side, an equally advanced level should
be achieved in the field of prevention and egalitarianism in dentistry.

The two trends in the development of dentistry outlined in this way require a third fulcrum in order
to stabilize them, which was illustrated in the introduction by the reference to the old Chinese censer.

The third direction of the development of dentistry, discussed in the next section of this paper,
and ensuring sustainable development, is the widely understood safety of dentists and dental staff.
This aspect was significantly emphasized during the COVID-19 disease pandemic caused by the
transmission of the SARS-CoV-2 coronavirus. The dentist performs all dental procedures in the
patient’s respiratory tract, and any infection of this patient with pathogenic microorganisms exposes
the dentist to direct infection; this is especially important in the case of the SARS-CoV-2 coronavirus,
which is a direct threat to life. The dentist when doing his job must be safe and, more importantly,
must feel safe. Its is the main determinant of the calm and responsible performance of all professional
tasks. It is a wide range of activities related to dentistry, which must be developed with great intensity,
as the overall level in this area is far from the one set by Dentistry 4.0.

Figure 39 shows the model of the development of modern dentistry starting from 2020 and the
diagram of the relationship between the above-mentioned elements discussed in this paper.

In concluding these considerations, we will once again return to the model of stability symbolized
by the old Chinese censer. It should be remembered that stability is ensured if the legs have different
heights until the center of gravity of the entire object tilts beyond the base projection. Should this
happen, it will lose its stability and the object will collapse. In caring for the sustainable development
of dentistry, it is therefore necessary to strive for the even development of each of the components
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of this model—i.e., advanced interventionist Dentistry 4.0, global dental prevention, and a dentistry
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108. Dobrzański, L.A.; Dobrzański, L.B. Approach to the design and manufacturing of prosthetic dental restorations
according to the rules of industry 4.0. Mater. Perform. Charact. 2020, 9, 394–476. [CrossRef]

109. Oxilia, G.; Peresani, M.; Romandini, M.; Matteucci, C.; Debono Spiteri, C.; Henry, A.G.; Schulz, D.; Archer, W.;
Crezzini, J.; Boschin, F.; et al. Earliest evidence of dental caries manipulation in the Late Upper Palaeolithic.
Sci. Rep. 2015, 5, 1–10. [CrossRef]

110. Allen, J.P. The Art of Medicine in Ancient Egypt; The Metropolitan Museum of Art: New York, NY, USA, 2005.
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Medyczny w Katowicach, Zabrze, Poland, 2011.

194. Sunay, H.; Tanalp, J.; Dikbas, I.; Bayirli, G. Cross-sectional evaluation of the periapical status and quality of
root canal treatment in a selected population of urban Turkish adults. Int. Endodon. J. 2007, 40, 139–145.
[CrossRef]

195. Meuwissen, R.; Eschen, S. Twenty years of endodontic treatment. J. Endodon. 1983, 9, 390–393. [CrossRef]
196. Lazarski, M.P.; Walker, W.A.; Flores, C.M.; Schindler, W.G.; Hargreaves, K.M. Epidemiological evaluation of

the outcomes of nonsurgical root canal treatment in a large cohort of insured dental patients. J. Endodon.
2001, 27, 791–796. [CrossRef] [PubMed]

197. Kirkevang, L.L.; Horsted-Bindslev, P.; Orstavik, D.; Wenzel, A. Frequency and distribution of endodontically
treated teeth and apical periodontitis in an urban Danish population. Int. Endodon. J. 2001, 34, 198–205.
[CrossRef] [PubMed]

198. Tsuneishi, M.; Yamamoto, T.; Yamanaka, R.; Tamaki, N.; Sakamoto, T.; Tsuji, K.; Watanabe, T. Radiographic
evaluation of periapical status and prevalence of endodontic treatment in an adult Japanese population.
Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod. 2005, 100, 631–635. [CrossRef]

199. Chen, S.C.; Chuech, L.H.; Hsiao, C.K.; Tsai, M.Y.; Ho, S.C.; Chiang, C.P. An epidemiologic study of tooth
retention after nonsurgical endodontic treatment in a large population in Taiwan. J. Endodon. 2007, 33,
226–229. [CrossRef]

200. Salehrabi, R.; Rotstein, I. Endodontic treatment outcomes in a large patient population in the USA:
An epidemiological study. J. Endodon. 2004, 30, 846–850. [CrossRef]

201. Genco, R.J.; Borgnakke, W.S. Risk factors for periodontal disease. Periodontol. 2000 2013, 62, 59–94. [CrossRef]
202. Martinez-Canut, P.; Llobell, A.; Romero, A. Predictors of long-term outcomes in patients undergoing

periodontal maintenance. J. Clin. Periodontol. 2017, 44, 620–631. [CrossRef] [PubMed]
203. Van Dyke, T.E.; Dave, S. Risk factors for periodontitis. J. Int. Acad. Periodontol. 2005, 7, 3–7. [PubMed]
204. Hasan, A.; Palmer, R.M. A clinical guide to periodontology: Pathology of periodontal disease. Br. Dent. J.

2014, 216, 457–461. [CrossRef] [PubMed]
205. Isola, G.; Polizzi, A.; Iorio-Siciliano, V.; Alibrandi, A.; Ramaglia, L.; Leonardi, R. Effectiveness of a nutraceutical

agent in the non-surgical periodontal therapy: A randomized, controlled clinical trial. Clin. Oral Invest. 2020.
(Published online 17 June 2020). [CrossRef] [PubMed]

206. Neiva, R.F.; Steigenga, J.; Al-Shammari, K.F.; Wang, H.-L. Effects of specific nutrients on periodontal disease
onset, progression and treatment. J. Clin. Periodontol. 2003, 30, 579–589. [CrossRef]

207. Marsh, P.D.; Zaura, E. Dental biofilm: Ecological interactions in health and disease. J. Clin. Periodontol. 2017,
44 (Suppl. 18), S12–S22. [CrossRef]

208. Highfield, J. Diagnosis and classification of periodontal disease. Aust. Dent. J. 2009, 54, S11–S26. [CrossRef]

http://dx.doi.org/10.1097/00004770-200405000-00001
http://www.ncbi.nlm.nih.gov/pubmed/15107639
http://dx.doi.org/10.1155/2009/150251
http://dx.doi.org/10.1016/0030-4220(74)90321-1
http://dx.doi.org/10.1046/j.1365-2591.2001.00415.x
http://dx.doi.org/10.1590/S1806-83242005000300007
http://dx.doi.org/10.1590/S1806-83242007000100005
http://www.ncbi.nlm.nih.gov/pubmed/17384852
http://dx.doi.org/10.1111/j.1365-2591.2007.01217.x
http://dx.doi.org/10.1016/S0099-2399(83)80192-7
http://dx.doi.org/10.1097/00004770-200112000-00021
http://www.ncbi.nlm.nih.gov/pubmed/11771594
http://dx.doi.org/10.1046/j.1365-2591.2001.00370.x
http://www.ncbi.nlm.nih.gov/pubmed/12193265
http://dx.doi.org/10.1016/j.tripleo.2005.07.029
http://dx.doi.org/10.1016/j.joen.2006.11.022
http://dx.doi.org/10.1097/01.don.0000145031.04236.ca
http://dx.doi.org/10.1111/j.1600-0757.2012.00457.x
http://dx.doi.org/10.1111/jcpe.12730
http://www.ncbi.nlm.nih.gov/pubmed/28419497
http://www.ncbi.nlm.nih.gov/pubmed/15736889
http://dx.doi.org/10.1038/sj.bdj.2014.299
http://www.ncbi.nlm.nih.gov/pubmed/24762896
http://dx.doi.org/10.1007/s00784-020-03397-z
http://www.ncbi.nlm.nih.gov/pubmed/32556659
http://dx.doi.org/10.1034/j.1600-051X.2003.00354.x
http://dx.doi.org/10.1111/jcpe.12679
http://dx.doi.org/10.1111/j.1834-7819.2009.01140.x


Processes 2020, 8, 1605 76 of 86

209. Lee, J.-H.; Oh, J.-Y.; Choi, J.-K.; Kim, Y.-T.; Park, Y.-S.; Jeong, S.-N.; Choi, S.-H. Trends in the incidence of
tooth extraction due to periodontal disease: Results of a 12-year longitudinal cohort study in South Korea.
J. Periodont. Implant. Sci. 2017, 47, 264–272. [CrossRef]

210. McCaul, L.K.; Jenkins, W.M.M.; Kay, E.J. The reasons for extraction of permanent teeth in Scotland: A 15-year
follow-up study. Br. Dent. J. 2001, 190, 658–662. [CrossRef]

211. Carnevale, G.; Pontoriero, R.; Lindhe, J. Treatment of furcation-involved teeth. In Clinical Periodontology
and Impant Dentistry; Lindhe, J., Karring, T., Lang, N.P., Eds.; Munksgaard: Copenhagen, Denmark, 1997;
pp. 682–710.

212. Papapanou, P.N.; Toneti, M.S. Diagnosis and epidemiology of periodontal osseous lesions. Periodontol. 2000
2000, 22, 8–21. [CrossRef]

213. Nordland, P.; Garrett, S.; Kiger, R.; Vanooteghem, R.; Hutchens, L.H.; Egelberg, J. The effect of plaque control
and root debridement in molar teeth. J. Clin. Periodontol. 1987, 14, 231–236. [CrossRef] [PubMed]

214. Hirschfeld, L.; Wasserman, B.A. Long-term survey of tooth loss in 600 treated periodontal patients.
J. Periodontol. 1978, 49, 225–237. [CrossRef] [PubMed]

215. McGuire, M.K.; Nunn, M.E. Prognosis versus actual outcome. III. The effectiveness of clinical parametrs in
accurately predicting tooth survival. J. Periodontol. 1966, 67, 666–674. [CrossRef] [PubMed]

216. De Vries, K. Primary care: Gingivitis. Aust. J. Pharm. 2015, 96, 64.
217. Azaripour, A.; Weusmann, J.; Eschig, C.; Schmidtmann, I.; Van Noorden, C.J.F.; Willershausen, B. Efficacy of

an aluminium triformate mouthrinse during the maintenance phase in periodontal patients: A pilot double
blind randomized placebo-controlled clinical trial. BMC Oral Health 2016, 16, 57. [CrossRef] [PubMed]

218. Pradeep, K.; Rajababu, P.; Satyanarayana, D.; Sagarm, V. Gingival recession: Review and strategies in
treatment of recession. Case Rep. Dent. 2012, 2012, 563421. [CrossRef] [PubMed]

219. Scottish Dental Clinical Effectiveness Programme. Prevention and Treatment of Periodontal Diseases
in Primary Care, Dental Clinical Guidance. Dundee Dental Education Centre: Dundee, 2014.
Available online: https://www.sdcep.org.uk/wp-content/uploads/2015/01/SDCEP+Periodontal+Disease+

Full+Guidance.pdf (accessed on 30 September 2020).
220. Roos-Jansåker, A.-M.; Egelberg, S.R.J. Treatment of peri-implant infections: A literature review.

J. Clin. Periodontol. 2003, 30, 467–485. [CrossRef]
221. Wiebe, C.B.; Putnins, E.E. The periodontal disease classification system of the American academy of

periodontology—An update. J. Can. Den. Assoc. 2000, 66, 594–597.
222. Caton, J.G.; Armitage, G.; Berglundh, T.; Chapple, I.L.C.; Jepsen, S.; Kornman, K.S.; Mealey, B.L.;

Papapanou, P.N.; Sanz, M.; Tonetti, M.S. A new classification scheme for periodontal and peri-implant
diseases and conditions—Introduction and key changes from the 1999 classification. J. Periodontol. 2018, 89,
S1–S8. [CrossRef]

223. Scannapieco, F.A.; Gershovich, E. The prevention of periodontal disease—An overview. Periodontol. 2000
2020, 84, 9–13. [CrossRef]

224. Armitage, G.C. Periodontal diagnoses and classification of periodontal diseases. Periodontol. 2000 2004, 34,
9–21. [CrossRef] [PubMed]

225. Preshaw, P.M. Detection and diagnosis of periodontal conditions amenable to prevention. BMC Oral Health
2015, 15, S1–S5. [CrossRef] [PubMed]

226. Walter, C.; Schmidt, J.C.; Dula, K.; Sculean, A. Cone beam computed tomography (CBCT) for diagnosis and
treatment planning in periodontology: A systematic review. Quintessence Int. 2016, 47, 26–37. [CrossRef]

227. Woelber, J.P.; Fleiner, J.; Rau, J.; Ratka-Krüger, P.; Hannig, C. Accuracy and usefulness of CBCT in
periodontology: A systematic review of the literature. Int. J. Periodontics. Restor. Dent. 2018, 38,
289–297. [CrossRef] [PubMed]

228. Walter, C.; Schmidt, J.C.; Rinne, C.A.; Mendes, S.; Dula, K.; Sculean, A. Cone beam computed tomography
(CBCT) for diagnosis and treatment planning in periodontology: Systematic review update. Clin. Oral Investig.
2020, 24, 2943–2958. [CrossRef]
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310. Dobrzańska-Danikiewicz, A.D. Foresight of material surface engineering as a tool building a knowledge
based economy. Mater. Sci. Forum 2012, 706–709, 2511–2516. [CrossRef]

311. Harrison, T. The Emergence of the Fourth Industrial Revolution in Dentistry, 25 April 2018. Available
online: https://www.dentistryiq.com/practice-management/industry/article/16366877/the-emergence-of-the-
fourth-industrial-revolution-in-dentistry (accessed on 9 October 2020).
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