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New paradigms in caries conceptualization have emerged during the last decades, leading to intense debate and discussion on how to approach the disease, both from a preventive and a therapeutic perspective. Among many new ideas, research discoveries and technologies, one major concept can be highlighted that created a deep frontier between the old and the new paradigm in caries conceptualization; the non-communicable nature of the disease, firmly associated with behaviors and lifestyles. This article synthetizes the conceptual construction of dental caries as a non-communicable disease (NCD) based on the current evidence and discusses the appropriate management of the disease in this context. Dental caries has shifted from being considered transmissible and infectious to an ecological and non-communicable disease. Environmental factors such as frequent sugars intake, disrupt the symbiosis of the dental biofilm leading to a dysbiosis, which favors caries lesion initiation and progression. As an NCD, dental caries shares characteristics with other NCDs such as cardiovascular and chronic respiratory diseases, cancer and diabetes, including long duration and slow progression, not being transmissible from person-to-person, being strongly related to modifiable behavioral risk factors, and affecting preferentially disadvantaged populations with a strong inequality gradient. Given the high prevalence of dental caries, and its consequences on people's health and quality of life, a recognizable conceptual view of caries as a NCD is required to target an effective management. Current understanding of dental caries supports prevention through acting on the modifiable risk factors (behaviors) and involves management based on an interdisciplinary approach. Communicating these modern concepts among researchers, clinicians and policymakers is needed to decrease the global high burden of the disease.
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Introduction

Despite the changes in concepts and management strategies during recent years, dental caries is still one of the most prevalent diseases worldwide, with 2.3 billion people having untreated caries lesions in the permanent dentition [1]. One of the most controversial issues is the switch on transmissibility of the disease and the current view as a non-communicable disease (NCD), also known as chronic disease. Until not long ago, dental caries was defined as a communicable infectious disease [2], and understood as an infection of the hard-dental tissues, blaming specific bacteria for its causation [3] (i.e., Streptococcus mutans and Streptococcus sobrinus). Under that concept, a successful preventive approach aimed to avoid the acquisition and infection with the putative causative microorganisms, that once acquired during the “window of infectivity”, will remain colonizing the mouth. The therapy, once the person was “infected”, encompassed the eradication of the causing bacteria via the use of a whole range of antimicrobials or, at the lesion level, through tissue removal, up to sound dentin [4]. However, trying to eradicate specific bacteria from the dental biofilm is a lost battle, as putative pathogens are endogenous to the mouth and will remain as members of the bacterial consortium, regardless of the attempts to eliminate them [5]. Surprisingly, the concept of dental caries as caused by acids from food fermentation and strongly associated with habits, as we conceive it today, was presented more than a century ago, in 1877 [6]. In this article we review the foundations to consider dental caries as an ecological and behavioral NCD.

Dental caries is now understood as an NCD. After the 72nd Session of the World Health Organization's (WHO) World Health Assembly in Geneva, Switzerland in May 2019, the World Dental Federation (FDI) and the International Association for Dental Research (IADR) signed a joint statement for dental caries to be included among the NCDs [7]. According to the WHO, NCDs are those with a long duration, also called chronic diseases. NCDs usually have multiple associated factors that can explain their onset, including genetic, physiological, environmental, and behavioral determinants [8]. Cardiovascular diseases, all types of cancer, chronic respiratory and diabetes are amongst the most common NCDs worldwide. However, accepting the non-communicable character of dental caries is not as extended as other paradigmatic changes in dentistry. This concept implies profound changes in the way the dental profession approaches the disease. Despite the great support for the concept of Minimally Invasive Dentistry worldwide and the fact that most dental schools are switching to conservative approaches for caries lesion management, the idea of caries disease as a NCD and its corresponding management strategies based on that idea, are not equally widespread. Based on evidence, this article attempts to synthetize the conceptual construction of dental caries as a NCD and propose ideas for management, rooted on these conceptual views. Although the categorization of caries as a NCD has been mentioned before in several places, the rationale to support this concept is still weak and partially developed. Hence, we aimed to provide a holistic support for the idea of caries as NCD, using a multidimensional conceptual framework, involving biological, medical and sociocultural components and how they can be integrated into an effective disease management. Furthermore, a more accurate understanding of the nature of the disease will allow the inclusion of caries into the public health policy, along with other NCDs and with the interdisciplinary health team.



Dental caries is a dysbiosis and not an infection

Technological advancements and scientific evidence allowed the change on the understanding of dental caries, from an infectious to a non-infectious disease. The main foundation for moving away from the infectious pathogenesis is that dental caries does not follow the three canonical Koch's postulates [9]. As presented in Table 1, dental caries hardly qualifies into the category of infectious disease based on multiple facts: [1] the putative pathogen(s) can still be isolated from healthy subjects [2, 10], the mere presence of the putative pathogen(s) does/do not cause the disease. Indeed, pathogenic microorganisms in caries, are also present under healthy conditions, but at lower levels, indicating that they cannot be considered infectious in nature; [3] there is not a single specific bacterium causing the disease. Conversely, dental caries has a polymicrobial nature, induced by commensal bacteria with the potential of causing disease under imbalanced environmental conditions, posed by exposure to frequent and high amounts of sugars. During ecological imbalances, known as dysbiosis, the dental biofilm is stressed by highly acidic conditions, turning commensals into pathobionts, potentially causing the disease [11]. Consequently, the presence of specific bacteria such as S. mutans, which was blamed as the pathogen causing dental caries, does not determine the acquisition of the disease [12]. Since oral environmental changes are responsible for the switch from symbiosis to dysbiosis, the type of bacteria in the dental biofilm becomes less important than the overall metabolic activity of the bacterial consortium under sugars-rich and acidic conditions [13]. Indeed, competition within the species of the biofilm is dependent on the conditions imposed by the presence of sugars [14, 15].


TABLE 1 Side-by-side comparison between Koch's postulates [9] and dental caries, that shows why dental caries does not follow the pattern of canonical infectious diseases.
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Dental biofilm: Necessary, but not enough to cause dental caries

The oral cavity is a complex ecological system, strongly colonized by a rich consortium of microorganisms comprising bacteria, viruses, protozoa, and fungi, inhabiting small microbial niches on the teeth, and other regions of the oral cavity [16]. Bacterial communities found in the mouth are extraordinarily complex. These microorganisms encompass what is called the oral microbiome, that include commensals symbiotic and pathogenic microorganisms. Oral microbiota are normal residents of the mouth that can become pathogenic upon environmental disturbances. DNA-based studies of microbial diversity have estimated that the oral biofilm contains between 500 and 700 bacterial species [17, 18]. Furthermore, there is wide variation in the bacterial phenotype and metabolic activity among species of the oral microbiome. As discussed above, changes in the biofilm are due to the oral and biofilm microenvironment circumstances. Thus, the sole presence of a biofilm, ubiquitous to the tooth surface, will not determine the disease.



Role of sugars in driving the dysbiosis

Although defined under the ecological plaque hypothesis almost two decades ago [19], the role of diet in caries has been highlighted only in recent years [20]. Diet drives and determines the onset of caries disease. Sugars-rich diets induce the formation of cariogenic biofilms, which increase the risk of developing lesions. Under the presence of sucrose and other fermentable carbohydrates (mainly simple (free) sugars, i.e., mono and disaccharides), the ecological balance or symbiosis (health) moves toward an ecological dysbiosis (disease) [21]. Thus, sugars should be considered the driver of caries disease [22–24]. Cariogenic and active biofilms accumulate great amounts of acids that are released into the dental biofilm fluid, breaking the mineral equilibrium in the enamel or dentin. Under these acidic conditions, the homeostasis of the dental biofilm is lost, shifting the net mineral gain to a net mineral loss [25]. An inappropriate intake and balance of nutrients triggers that typically cariogenic species [Streptococcus mutans (Sm), Lactobacillus, Scardovia wiggsiae and Actinomyces spp.] predominate over those mostly associated with health (S. sanguinis, S. oralis, and S. mitis) [3, 5, 14, 25–29]. On the other hand, some bacteria can raise the pH by producing ammonia from urea and arginine, providing a mechanism for balancing acid production to maintain homeostasis [15, 30].




Shared characteristics of dental caries and other NCDs

Unlike communicable infectious diseases that have a rapid onset and progression, NCDs are also called chronic diseases, due to their long duration and generally slow progression. No consensus has been reached about the time needed to consider a disease as chronic, but general agreement indicates that any illness that lasts longer than 6 months can be considered chronic. Hence, and since dental caries lesions slowly progress over the years, caries may be considered as a chronic disease. It has been reported that a newly formed caries lesion may compromise the entire enamel, in a range of 6–6.3 years [31, 32].

Most common NCDs include cardiovascular diseases, cancer, respiratory diseases, and diabetes, and are responsible for more than 60% of deaths, constituting the main cause of mortality in the world with more than 40 million deaths per year [33]. NCDs contribute about 80% of the total burden of disease, resulting in exorbitant economic costs and a major public health issue. Although most of the NCDs do not share the same etiological factors, they have similar health risk behaviors, such as high sugars consumption, alcohol drinking, tobacco use, malnutrition and low physical activity or sedentarism. All these factors are deeply related to psychological, social, cultural, and economic factors [34]. Since the main etiological factor in dental caries is sugars consumption, poor dietary habits, and deficient biofilm control, it is plausible to argue that the disease shares common risk factors and/or etiology with other systemic NCDs, for example diabetes and obesity (Table 2). Indeed, a recent WHO report on oral health states the need to address “the common risk factors of oral diseases and other NCDs through an integrated approach, focusing on key risks, such as tobacco and harmful alcohol use, unhealthy diets and poor hygiene” [35].


TABLE 2 Parallel comparison between general characteristics of common non-communicable diseases (NCDs) and dental caries.
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Another trait of most NCDs is that they are preventable. Prevention of NCDs typically imply a reduction of associated risk factors [36]. For example, preventive strategies for type 2 diabetes and cardiovascular disease involve behavioral change toward a healthy diet and lifestyles [37]. Caries management should follow the same scheme and emphasize prevention by intervening behavioral factors over the restorative treatment of the already created caries lesions. Acting on lesions is too late as a preventive strategy. Regardless of the benefits of using minimally invasive therapeutic approaches to tackle caries lesions, a successful preventive program should aim at correcting health behaviors to avoid the biofilm dysbiosis, before the onset of any detectable clinical sign of the disease.



Systemic health and dental caries

Recent and ongoing investigations point toward an influence of oral health on systemic conditions and vice versa, with an accepted bi-directional relationship [38]. Caries disease is linked to morbidity and death through tooth loss. Dental caries is the main reason for tooth loss, so adding tooth loss to untreated dental caries increases the burden of oral disease [39] and the impact of caries on systemic health. Dental caries may affect people from early life and usually persists over the years until death. Recent studies have shown that tooth loss, irrespective of the cause, is associated with the incidence of other NCDs, such as myocardial infarction, heart failure, ischemic stroke and death from all causes, becoming a good predictor of cardiovascular outcomes [40]. The association of tooth loss seems stronger with myocardial infarction followed by heart failure stroke and overall mortality. In fact, having ≥5 missing teeth substantially increased the risk for cardiovascular outcomes, and even a small number of missing teeth [1–4] was associated with an increased risk for myocardial infarction, stroke, and death [40].

Though the link between tooth loss, derived from caries, and cardiovascular disease is consistent, causality is not completely elucidated, but it could be attributed to chronic low-grade inflammation of oral tissues, as inflammation contributes to the pathogenesis of atherosclerosis [40]. Likewise, the underlying mechanism in the association of dental caries and coronary heart disease remains unclear. The penetration of oral bacteria through cavitated caries lesions causes chronic infection and inflammation of the dental pulp without treatment and the periapical tissues [41]. Severe dental caries may cause chronic inflammatory response in the endothelial coronary cells through bacterial invasion from decayed teeth [42]. Also, severe dental caries can induce atherosclerosis and exacerbate cardiometabolic risk factors that contribute to the onset of coronary heart disease [43]. These biological mechanisms can be responsible for the association between dental caries and coronary heart disease. Yet, better designed studies with more controlled factors are necessary to confirm such association [42].

Caries has also been associated with cognitive impairment and dementia [44]. It is well-known that people with dementia may lose the capacity to maintain an appropriate oral hygiene, resulting in more dental biofilm stagnation, thus, increasing their risk of developing periodontal disease and dental caries. The inverse directionality of the association, that is, dental caries and tooth loss as an explanation for cognitive impairment and/or dementia is less explored and still insubstantial. Further research to test these associations result of interest and should be considered in future research initiatives. If a causative role of dental caries is demonstrated for cardiovascular and/or neurodegenerative disorders, oral health should be more decidedly incorporated within the group of NCDs, with an interdisciplinary approach (see below).



Comprehensive management of dental caries as a NCD, beyond the tooth

Dental caries is profoundly rooted in health risk or unhealthy lifestyle behaviors, such as high sugars consumption which is also related with low income [45, 46]. A lifestyle is the way people live and is strongly associated with the behavioral and motivational spheres of human beings [36, 47]. Considering known risk factors, such as low socio-economic [45, 46], high sugars consumption and other unhealthy lifestyles [48, 49], these risk factors are key pieces for preventing and managing NCDs, at a global scale. To achieve a healthy life, several changes in habits have been recommended [50]. While overall healthy behaviors should be applicable too, in dental caries a poor nutrition with excess of sugars and an inadequate biofilm control are the most relevant behavioral and modifiable factors [51, 52]. In fact, compelling evidence has demonstrated that poor health behaviors are correlated with a higher prevalence of dental caries [53–56]. As previously described, there are substantial reasons to worry about controlling dental caries disease. As dental caries is the result of interactions between biological, behavioral, sociocultural and contextual factors [57], approaches to manage dental caries should be at both the individual, and the population level.


Management at the individual level throughout the life course

The canonical approach for managing caries at the individual level considering only the oral factors and restorative treatments have failed to show results at a large scale, especially in vulnerable populations. New strategies, therefore, must be taken to incorporate behavioral factors and lifestyles into any preventive dental care program [58]. Understanding dental caries as a NCD expands the scope to prevent and to treat the disease, putting diet and healthy behaviors in the center of its management. For example, preventive strategies for type 2 diabetes and cardiovascular disease comprise a behavioral change toward a healthy diet and lifestyles [37]. Furthermore, it has been reported that more than one health risk behavior acting together on an individual, impact health much more significantly than single poor habits [59]. Thus, managing dental caries as a NCD strongly invites to using different strategies to those currently in use, to be effective in controlling the disease and its consequences. Overall healthy behaviors should result in oral health benefits. Thus, drinking tap water instead of sugar-sweetened beverages (SSB) or sugary beverages will impact not only on lower caries incidence, but also in general health outcomes. In fact, frequent intake of SSBs has been vastly associated with weight gain and obesity [60], and also with metabolic syndrome and type 2 diabetes [61].

It is important to highlight and convey the message that a restorative approach to treat caries lesions only limits the damage already present, but it does not reach the disease that caused them. Caries management should emphasize prevention by intervening behavioral factors. Instead of focusing preventive efforts in changing lifestyles with sugars intake restriction and counseling on healthy lifestyles, the dental profession has prioritized preventive programs on strategies aimed at interfering with the demineralization and remineralization process, contributing to reduced net mineral loss, at the tooth level (mostly with fluorides). This approach falls more into an infectious conceptual view of the disease rather than on a NCD nature, as discussed here. For example, the “trendy” use of silver diamine fluoride will not control caries disease in its genesis, but the lesions in their progression [62]. Hence, putting too much attention on measures to cope with the caries lesions will diverge the focus on the origin of the problem and may lead to erratic public policy strategies.

Like in type-2 diabetes where poor disease control will lead to worsened signs and symptoms over time, the lack of control and monitoring over time will lead to lesion progression and loss of the “biological asset” [63]. In fact, a restoration cycle or “spiral of death” [64] has been described to portrait the natural course of a small restoration performed during early years, that after a repetitive cycle of restoration and re-restoration, ends up in tooth loss at more advanced ages. One of the goals of the dental profession should be, in fact, to preserve a functional dentition throughout the life course [65].

Based on the current understanding of the disease, mechanically controlling the biofilm by toothbrushing should not be the sole milestone for caries management. It is true that infrequent toothbrushing has been related with more severe carious lesions than those with better hygiene habits [66], but dietary patterns and nutrition are progressively receiving more attention by researchers and policymakers in dental matters. Yet, toothbrushing persists as the most relevant component in any preventive dental care program and sugars restriction typically is approached by just saying: “do not eat sugar”. The WHO recommends to reduce the consumption of simple sugars to <5% of the total daily energy intake, based on the best evidence [67]. For children under the age of two, the recommendation is to avoid adding sugars to food or drinks. Furthermore, a balanced diet containing other macromolecules (e.g., proteins) can be protective for dental caries [68], and it should be promoted. Additionally, fiber-rich foods might act as caries-protective factors via an ecological therapy that modifies the dynamics of the dental biofilm.

Another factor related with dental caries and behavioral factors is the provision of dental care. Regular dental checkups have shown as important to maintain good oral health [69]. Thus, caries management at the individual level, should include dietary counseling with sugars intake restriction, biofilm control and periodic checkups according to risk to promote oral and systemic health. Despite the latter are desirable goals in any caries preventive program, dental illiteracy may be an important barrier [70]. Talking to a patient “teaching” them how to prevent the onset of caries is a common practice. Whether this is effective in controlling causative factor, results less clear. Dentists should use tools that had shown effectiveness in changing deleterious habits and reducing the incidence of caries lesions. In that context, Motivational Interviewing to generate behavioral change appears necessary to manage the disease. This technique has been used in caries preventive programs with better results than traditional education techniques [71]. The extent and effectivity of the Motivational Interviewing in preventing caries has been recently systematically reviewed [72], showing that in high caries populations, this technique is helpful in increasing knowledge and changing oral health behaviors, resulting in lower early childhood caries experience, and also improving oral health behaviors and caries in adolescents [73].

Health risk behaviors in caries may not be transmissible as an infection with exogenous pathogens, but deleterious health-related behaviors can be passed on from one individual to another or acquired from social and cultural beliefs [74]. Thus, although there is evidence to support dental caries as a chronic or non-communicable condition, it is necessary to highlight and teach patients that disease-inducing habits are transmissible within the family and social environment, and they should be part of any caries preventive program. Dentists will not be effective in controlling dental caries if only tooth interventions are performed, omitting the non-communicable nature of the disease, strongly associated with lifestyles and behaviors.

The long-lasting course of all NCDs makes it necessary to monitor affected people throughout the life course. Against current preventive practices focused on children, adults and older persons must be also included, as caries is a lifetime chronic disease that continues to affect the person throughout life [75]. The idea of monitoring NCDs from an early age, for example in heart conditions [76], is a common objective applicable to all NCDs, including dental caries disease. Thus, the focus in promoting health and controlling, instead of curing, the disease should be widely acknowledged. Furthermore, teledentistry using new telematic tools could be adopted more frequently [75], as they have proven effective in preventing and promoting oral health [77], at a lower cost and facilitating access to health education and counseling to people living in remote areas or with several other barriers. The latter is especially true during pandemic times, as restricted physical mobility needs to be ensured. However, to be effective in caries control, individual measures must be combined with public policy and oral health care programs at the community level.



Managing dental caries at the community level

Since habits can be considered “communicable”, focusing on early interventions during pregnancy and on small children, with an emphasis on diet and nutrition must be a priority in elaborating public policies in health. To effectively manage dental caries, public policies are extremely important to allow populations to have better life conditions and to maintain healthy lifestyles. Modern societies, however, promote a whole range of behaviors in the population. For example, marketing on food and clothing reaches large populations influencing their decision and lifestyle behaviors. Moreover, lower socioeconomic status typically means restricted access to healthy lifestyle choices, including food.

Regarding dental caries, public policy and community measures for caries prevention and control have focused on fluoridation programs and dental sealant applications [78]. Effective national programs, at the community level, should tackle the causative (sugars and the dental biofilm), instead of acting only on modulating factors. Hence, dental caries must be incorporated among the group of NCDs that have sugars intake as the common risk factor. Examples of good practices and positive public policies include, spreading better and updated information (oral health literacy), higher access to healthy foods, and “banning” unhealthy options by processed food labeling [79] or sugar taxation [80]. Indeed, Chile implemented a comprehensive program for restricting marketing directed to small children of products high in sugars, sodium and saturated fats, with promising results [81].

Since sugars consumption is the main responsible for dental caries and its consumption is widespread and advertised, it is difficult or almost impossible to ask children and adults to make healthy choices when peer, social and market pressure are pushing in the other direction. The solution for dental caries, as well as for most NCDs does not uniquely reside on individual approaches, but on strong policies that can tackle the social, political, and cultural aspects associated with health risk behaviors, drivers of these diseases. Thus, treating dental caries as a NCD will ultimately result not only in lower caries rates, but will also promote healthy lifestyles that in turn, will reduce the prevalence of other NCDs. Viewing dental caries as a NCD represent an opportunity to increase the effectiveness of caries prevention programs. Hence, combining lifestyle measures focused on sugars restriction—at the individual and community levels—with preventive activities targeted at the tooth level (sealants and fluorides) should result in more meaningful and large-scale outcomes.




Interdisciplinary approach for caries management

A more comprehensive and holistic approach in caries conceptualization will incorporate the disease among other NCDs, such as metabolic disorders, obesity, and type 2 diabetes, all of them having high sugars consumption as one of the etiological factors. Dietary habits and health risk behaviors become common risk factors for this group of NCDs [82]; hence, reducing sugars consumption is a complex task, as it is deeply rooted in social patterns and lifestyles. The high complexity of all NCDs and particularly dental caries, highlights the need for considering theories and multidimensional models that use interdisciplinary and participative approaches to treat, integrating oral health into the interdisciplinary team work [83]. It is already natural to think of an interdisciplinary teamwork for managing type 2 diabetes, with a whole range of professionals participating at different levels. However, it is also common to observe that health care for people with one or more NCDs is provided by multiple professionals, typically without coordination and communication among them [84].

To effectively manage dental caries, a collaboration between dentists, physicians and other members of the health team is required. Having an interdisciplinary approach to one of the most prevalent oral diseases worldwide appears as a potent strategy. Although dentists are not exempt from rising awareness and implementing dietary assessment and counseling as part of their daily work [85], a collaboration with psychologists, nutritionists and other professionals should be part of the complete pool of strategies to implement healthy food choices more effectively. Furthermore, sugars consumption has been associated with additive behaviors and emotions, with a strong neurobiological support [86]. Hence, managing sugars consumption should encompass other health professions to comprehensively approach a complex and multidimensional problem. It is easy to anticipate that isolated dentists working in a dental office and making efforts to reduce sugars intake will be a cumbersome or almost impossible goal, without engaging the interdisciplinary teamwork. On another edge of the problem, training dentists in dental schools to be more competent in using motivational interviewing tools and working with the health team, rather than focusing only on restorative aspects, should also be part of the multidimensional changes needed to alleviate the burden of caries disease worldwide.

Different studies have addressed the effects of interdisciplinary preventive programs to manage caries, focusing on the pregnant mother or children during early childhood. These programs involve different professionals, encompassing educators, gynecologists, midwives, pediatricians, dentists, nutritionists, social workers, and public health administrators [87–89], with promising results [83, 89–91]. Besides the obvious benefit of decreasing caries prevalence, an interdisciplinary approach for oral health and for caries management also allows a better reach to vulnerable populations, who otherwise have limited access to conventional dental treatment. The old paradigm that oral health is restricted to dentists and considered a separate entity, makes that oral health is usually not considered in a routine medical examination. Moreover, despite the importance of an integrated approach for overall health care, oral health is frequently excluded from the therapeutic management, probably due to the historic separation between medicine and dentistry and to a lack of knowledge on the NCD nature of dental caries. The latter may contribute to worsening systemic conditions. Given the traditional division between dental and medical care, including physical locations, communication among health care professionals must be optimized. The interdisciplinary approach for oral health requires efficient communication and bi-directional knowledge by the health care team. While dentists need to be more knowledgeable about systemic health, the health care team needs to know more about dentistry and how oral conditions can affect systemic health.



Conclusions

Dental caries must be considered non-communicable, associated with a dysbiosis of the dental biofilm and caused by free sugars exposure, but strongly linked to deleterious lifestyles and behaviors, mainly related to inappropriate dietary patterns. Modern management of the disease, therefore, should comprise acting at the individual and the community levels, incorporating caries among the public health policy for NCDs (Figure 1).


[image: Figure 1]
FIGURE 1
 Summary of the conceptual view of dental caries as a non-communicable disease and its management. The upper panel depicts the conceptualization of caries as a non-communicable disease. The bottom panel represents a schematic view of the proposed caries management, at the individual and community levels, both with an interdisciplinary approach.


Although dentists are primarily responsible for caries management, the complex and multidimensional nature of this NCD requires the engagement of the interdisciplinary health teamwork to expand and enhance the health outcomes, beyond oral health. An appropriate inclusion of dentists and oral health in the interdisciplinary health team and in public health policies will allow comprehensively tackling caries and other NCDs, resulting in sustained healthy lifestyles, especially in those related to dietary habits.

Treating caries as a NCD becomes a novel paradigm for the dental profession, that will contribute to remediate the excessively high burden of dental disease, impacting overall health and improving quality of life, especially for those most vulnerable populations worldwide, at all ages.



Author contributions

RG: conception, design, and draft of the first manuscript. CF: revision of the first manuscript and incorporation of ideas and edition. CM-S, SL, NG-M, CE, SV, RC, and KG-T: contribution of initial ideas and manuscript revision. All authors gave their final approval and agree to be accountable for all aspects of the work.



Funding

This study was funded by two Chilean Government Grants (ANID): Fondecyt Regular 1210188 to RG and Fondecyt Iniciación 11200431 to SL.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. GBD 2017 Oral Disorders Collaborators, Bernabe E, Marcenes W, Hernandez CR, Bailey J, Abreu LG, et al. Global, regional, and national levels and trends in burden of oral conditions from 1990 to 2017: a systematic analysis for the global burden of disease 2017 study. J Dental Res. (2020) 99:362–73. doi: 10.1177/0022034520908533

 2. Anderson MH. Changing paradigms in caries management. Curr Opin Dent. (1992) 2:157–62. 

 3. Loesche WJ. Role of Streptococcus mutans in human dental decay. Microbiol Rev. (1986) 50:353–80. doi: 10.1128/mr.50.4.353-380.1986

 4. Limeback H. Treating dental caries as an infectious disease. Applying the medical model in practice to prevent dental caries. Ontario Dentist. (1996) 73:23–5.

 5. Simón-Soro A, Mira A. Solving the etiology of dental caries. Trends Microbiol. (2015) 23:76–82. doi: 10.1016/j.tim.2014.10.010

 6. Stewart A. Why dental caries is so general, and how to prevent it. Br Med J. (1877) 2:560–2. doi: 10.1136/bmj.2.877.560

 7. FDI & IADR. WHA72 - Follow-Up to the High-Level Meeting on NCDs. (2019). Available online at: https://www.fdiworlddental.org/wha72-follow-high-level-meeting-ncds (accessed February 19, 2021). 

 8. WHO. Noncommunicable Diseases. (2018). Available online at: https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases (accessed February 19, 2021). 

 9. Koch R. Die Aetiologie der Tuberculose. Mitt Kaiser Gesundh. (1884) 2:1. 

 10. Fredricks DN, Relman DA. DA Sequence-based identification of microbial pathogens: a reconsideration of Koch's postulates. Clin Microbiol Rev. (1996) 9:18–33. doi: 10.1128/CMR.9.1.18

 11. Ayres JS, Trinidad NJ, Vance RE. Lethal inflammasome activation by a multidrug-resistant pathobiont upon antibiotic disruption of the microbiota. Nat Med. (2012) 18:799–806. doi: 10.1038/nm.2729

 12. Giacaman RA, Araneda E, Padilla C. Association between biofilm-forming isolates of mutans streptococci and caries experience in adults. Arch Oral Biol. (2010) 55:550–4. doi: 10.1016/j.archoralbio.2010.05.010

 13. Burne RA, Zeng L, Ahn SJ, Palmer SR, Liu Y, Lefebure T, et al. Progress dissecting the oral microbiome in caries and health. Adv Dent Res. (2012) 24:77–80. doi: 10.1177/0022034512449462

 14. Lozano CP, Diaz-Garrido N, Kreth J, Giacaman RA. Streptococcus mutans and Streptococcus sanguinis expression of competition-related genes, under sucrose. Caries Res. (2019) 53:194–203. doi: 10.1159/000490950

 15. Kreth J, Giacaman RA, Raghavan R, Merritt J. The road less traveled - defining molecular commensalism with Streptococcus sanguinis. Mol Oral Microbiol. (2017) 32:181–96. doi: 10.1111/omi.12170

 16. Wade WG. The oral microbiome in health and disease. Pharmacol Res. (2013) 69:137–43. doi: 10.1016/j.phrs.2012.11.006

 17. Human Microbiome Project Consortium. Structure, function and diversity of the healthy human microbiome. Nature. (2012) 486:207–14. doi: 10.1038/nature11234

 18. Aas JA, Griffen AL, Dardis SR, Lee AM, Olsen I, Dewhirst FE, et al. Bacteria of dental caries in primary and permanent teeth in children and young adults. J Clin Microbiol. (2008) 46:1407–17. doi: 10.1128/JCM.01410-07

 19. Marsh PD. Microbial ecology of dental plaque and its significance in health and disease. Adv Dent Res. (1994) 8:263–71. doi: 10.1177/08959374940080022001

 20. WHO. Sugars and Dental Caries. (2017). World Health Organization. Technical information note. Available online at: https://www.who.int/news-room/fact-sheets/detail/sugars-and-dental-caries (accessed August, 2022). 

 21. Marshall TA. Dietary Implications for Dental Caries: A Practical Approach on Dietary Counseling. Dent Clin North Am. (2019) 63:595–605. doi: 10.1016/j.cden.2019.06.005

 22. Sheiham A. Dietary effects on dental diseases. Public Health Nutr. (2001) 4:569–91. doi: 10.1079/PHN2001142

 23. Sheiham A, James WP. Diet and dental caries: the pivotal role of free sugars reemphasized. J Dent Res. (2015) 94:1341–7. doi: 10.1177/0022034515590377

 24. Moynihan P, Petersen PE. Diet, nutrition and the prevention of dental diseases. Public Health Nutr. (2004) 7:201–26. doi: 10.1079/PHN2003589

 25. Takahashi N, Nyvad B. The role of bacteria in the caries process: ecological perspectives. J Dent Res. (2011) 90:294–303. doi: 10.1177/0022034510379602

 26. Tanner AC, Kressirer CA, Faller LL. Understanding caries from the oral microbiome perspective. J Calif Dent Assoc. (2016) 44:437–46.

 27. Young DA, Featherstone JD. Caries management by risk assessment. Community Dent Oral Epidemiol. (2013) 41:e53–63. doi: 10.1111/cdoe.12031

 28. Zhan L. Rebalancing the caries microbiome dysbiosis: targeted treatment and sugar alcohols. Adv Dent Res. (2018) 29:110–6. doi: 10.1177/0022034517736498

 29. Tanzer JM, Grant L, Thompson A, Li L, Rogers JD, Haase EM, et al. Amylase-binding proteins A (AbpA) and B (AbpB) differentially affect colonization of rats' teeth by Streptococcus gordonii. Microbiology. (2003) 149(Pt 9):2653–60. doi: 10.1099/mic.0.26022-0

 30. Burne RA, Marquis RE. Alkali production by oral bacteria and protection against dental caries. FEMS Microbiol Lett. (2000) 193:1–6. doi: 10.1111/j.1574-6968.2000.tb09393.x

 31. Mejare I, Kallest LC, Stenlund H. Incidence and progression of approximal caries from 11 to 22 years of age in Sweden: a prospective radiographic study. Caries Res. (1999) 33:93–100. doi: 10.1159/000016502

 32. Phillips M, Bernabé E, Mustakis A. Radiographic assessment of proximal surface carious lesion progression in Chilean young adults. Community Dent Oral Epidemiol. (2020) 48:409–14. doi: 10.1111/cdoe.12552

 33. World Health Organization. Noncommunicable Diseases. (2019). Available online at: https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases (accessed April 2, 2021) 

 34. Ackland M, Choi BCK, Puska P. Rethinking the terms non-communicable disease and chronic disease. J Epidemiol Commun Health. (2003) 57:838–9. doi: 10.1136/jech.57.11.838

 35. WHO. Oral Health. Achieving Better Oral Health as Part of the Universal Health Coverage and Noncommunicable Disease Agendas Towards 2030. Executive Board, EB148/8. 148th session. Provisional agenda item 6.e (2020). Available online at: https://apps.who.int/gb/ebwha/pdf_files/EB148/B148_8-en.pdf (accessed August 18, 2021). 

 36. Collaborators GRF. Global, regional, and national comparative risk assessment of 79 behavioural, environmental and occupational, and metabolic risks or clusters of risks, 1990-2015: a systematic analysis for the Global Burden of Disease Study 2015. Lancet. (2016) 388:1659–724. doi: 10.1016/S0140-6736(16)31679-8

 37. Balakumar P, Maung- UK, Jagadeesh G. Prevalence and prevention of cardiovascular disease and diabetes mellitus. Pharmacol Res. (2016) 113(Pt A):600–9. doi: 10.1016/j.phrs.2016.09.040

 38. Dörfer C, Benz C, Aida J, Campard G. The relationship of oral health with general health and NCDs: a brief review. Int Dent J. (2017) 67 Suppl 2:14–8. doi: 10.1111/idj.12360

 39. Kassebaum NJ, Bernabé E, Dahiya M, Bhandari B, Murray CJ, Marcenes W. Global burden of untreated caries: a systematic review and metaregression. J Dent Res. (2015) 94:650–8. doi: 10.1177/0022034515573272

 40. Lee HJ, Choi EK, Park JB, Han KD, Oh S. Tooth loss predicts myocardial infarction, heart failure, stroke, and death. J Dent Res. (2019) 98:164–70. doi: 10.1177/0022034518814829

 41. Jain A, Bahuguna R. Role of matrix metalloproteinases in dental caries, pulp and periapical inflammation: an overview. J Oral Biol Craniofac Res. (2015) 5:212–8. doi: 10.1016/j.jobcr.2015.06.015

 42. Kim K, Choi S, Chang J, Kim SM, Kim SJ, Kim RJ, et al. Severity of dental caries and risk of coronary heart disease in middle-aged men and women: a population-based cohort study of Korean adults, 2002-2013. Sci Rep. (2019) 9:10491. doi: 10.1038/s41598-019-47029-3

 43. Bartova J, Sommerova P, Lyuya-Mi Y, Mysak J, Prochazkova J, Duskova J, et al. Periodontitis as a risk factor of atherosclerosis. J Immunol Res. (2014) 2014:636893. doi: 10.1155/2014/636893

 44. Daly B, Thompsell A, Sharpling J, Rooney YM, Hillman L, Wanyonyi KL, et al. Evidence summary: the relationship between oral health and dementia. Br Dent J. (2018) 223:846–53. doi: 10.1038/sj.bdj.2017.992

 45. Niessen LW, Mohan D, Akuoku JK, Mirelman AJ, Ahmed S, Koehlmoos TP, et al. Tackling socioeconomic inequalities and non-communicable diseases in low-income and middle-income countries under the Sustainable Development agenda. Lancet. (2018) 391:2036–46. doi: 10.1016/S0140-6736(18)30482-3

 46. Di Cesare M, Khang YH, Asaria P, Blakely T, Cowan MJ, Farzadfar F, et al. Inequalities in non-communicable diseases and effective responses. Lancet. (2013) 381:585–97. doi: 10.1016/S0140-6736(12)61851-0

 47. Abel T. Measuring health lifestyles in a comparative analysis: theoretical issues and empirical findings. Soc Sci Med. (1991) 32:899–908. doi: 10.1016/0277-9536(91)90245-8

 48. Yang F, Qian D, Hu D. Life-course and cohort trajectories of chronic non-communicable diseases risk factors in China. Iran J Public Health. (2017) 46:591–601.

 49. Amberbir A, Lin SH, Berman J, Muula A, Jacoby D, Wroe E, et al. Systematic review of hypertension and diabetes burden, risk factors, and interventions for prevention and control in Malawi: The NCD BRITE Consortium. Glob Heart. (2019) 14:109–18. doi: 10.1016/j.gheart.2019.05.001

 50. Breslow L, Breslow N. Health practices and disability: some evidence from Alameda County. Prev Med. (1993) 22:86–95. doi: 10.1006/pmed.1993.1006

 51. Zeng L, Zeng Y, Zhou Y, Wen J, Wan L, Ou X, et al. Diet and lifestyle habits associated with caries in deciduous teeth among 3- to 5-year-old preschool children in Jiangxi province, China. BMC Oral Health. (2018) 18:224. doi: 10.1186/s12903-018-0686-0

 52. Dimaisip-Nabuab J, Duijster D, Benzian H, Heinrich-Weltzien R, Homsavath A, Monse B, et al. Nutritional status, dental caries and tooth eruption in children: a longitudinal study in Cambodia, Indonesia and Lao PDR. BMC Pediatr. (2018) 18:300. doi: 10.1186/s12887-018-1277-6

 53. Dusseldorp E, Kamphuis M, Schuller A. Impact of lifestyle factors on caries experience in three different age groups: 9, 15, and 21-year-olds. Community Dent Oral Epidemiol. (2015) 43:9–16. doi: 10.1111/cdoe.12123

 54. Sakki TK, Knuuttila ML, Anttila SS. Lifestyle, gender and occupational status as determinants of dental health behavior. J Clin Periodontol. (1998) 25:566–70. doi: 10.1111/j.1600-051X.1998.tb02489.x

 55. Watanabe M, Wang DH, Ijichi A, Shirai C, Zou Y, Kubo M, et al. The influence of lifestyle on the incidence of dental caries among 3-year-old Japanese children. Int J Environ Res Public Health. (2014) 11:12611–22. doi: 10.3390/ijerph111212611

 56. Kanemoto T, Imai H, Sakurai A, Dong H, Shi S, Yakushiji M, et al. Influence of lifestyle factors on risk of dental caries among children living in urban China. Bull Tokyo Dent Coll. (2016) 57:143–57. doi: 10.2209/tdcpublication.2016-0400

 57. Gomaa N, Glogauer M, Tenenbaum H, Siddiqi A, Quiñonez C. Social-biological interactions in oral disease: a 'cells to society' view. PLoS ONE. (2016) 11:e0146218. doi: 10.1371/journal.pone.0146218

 58. Koivusilta LK, Rimpelä AH, Rimpelä M, Vikat A. Health behavior-based selection into educational tracks starts in early adolescence. Health Educ Res. (2001) 16:201–14. doi: 10.1093/her/16.2.201

 59. Sakki TK, Knuuttila ML, Vimpari SS, Kivelä SL. Lifestyle, dental caries and number of teeth. Community Dent Oral Epidemiol. (1994) 22:298–302. doi: 10.1111/j.1600-0528.1994.tb02055.x

 60. Malik VS, Schulze MB, Hu FB. Intake of sugar-sweetened beverages and weight gain: a systematic review. Am J Clin Nutr. (2006) 84:274–88. doi: 10.1093/ajcn/84.2.274

 61. Malik VS, Popkin BM, Bray GA, Despres JP, Willett WC, Hu FB. Sugar-sweetened beverages and risk of metabolic syndrome and type 2 diabetes: a meta-analysis. Diabetes Care. (2010) 33:2477–83. doi: 10.2337/dc10-1079

 62. Jiang CM, Duangthip D, Chan AKY, Tamrakar M, Lo ECM, Chu CH. Global research interest regarding silver diamine fluoride in dentistry: a bibliometric analysis. J Dent. (2021) 103778. doi: 10.1016/j.jdent.2021.103778

 63. Giacaman RA. Preserving healthy teeth throughout the life cycle, the biological asset. J Oral Res. (2017) 6:80–1. doi: 10.17126/joralres.2017.027 

 64. Elderton RJ, Osman YI. Preventive versus restorative management of dental caries. J Dent Assoc S Afr. (1991) 46:217–21.

 65. Leon S, De Marchi RJ, Torres LH, Hugo FN, Espinoza I, Giacaman RA. Oral health of the Latin American elders: what we know and what we should do-Position paper of the Latin American Oral Geriatric Group of the International Association for Dental Research. Gerodontology. (2018) 35:71–7. doi: 10.1111/ger.12318

 66. Kumar S, Tadakamadla J, Johnson NW. Effect of toothbrushing frequency on incidence and increment of dental caries: a systematic review and meta-analysis. J Dent Res. (2016) 95:1230–6. doi: 10.1177/0022034516655315

 67. Moynihan P. Sugars and dental caries: evidence for setting a recommended threshold for intake. Adv Nutr. (2016) 7:149–56. doi: 10.3945/an.115.009365

 68. Giacaman RA. Sugars and beyond. The role of sugars and the other nutrients and their potential impact on caries. Oral Dis. (2018) 24:1185–97. doi: 10.1111/odi.12778

 69. Singla N, Acharya S, Singla R, Nayak P. The impact of lifestyles on dental caries of adult patients in Udupi District: a cross-sectional study. J Int Soc Prev Community Dent. (2020) 10:189–95. doi: 10.4103/jispcd.JISPCD_293_19

 70. Firmino RT, Ferreira FM, Martins CC, Granville-Garcia AF, Fraiz FC, Paiva SM. Is parental oral health literacy a predictor of children's oral health outcomes? Systematic review of the literature. Int J Paediatr Dent. (2018). doi: 10.1111/ipd.12378

 71. Colvara BC, Faustino-Silva DD, Meyer E, Hugo FN, Hilgert JB, Celeste RK. Motivational interviewing in preventing early childhood caries in primary healthcare: a community-based randomized cluster trial. J Pediatr. (2018). doi: 10.1016/j.jpeds.2018.05.016

 72. Colvara BC, Faustino-Silva DD, Meyer E, Hugo FN, Celeste RK, Hilgert JB. Motivational interviewing for preventing early childhood caries: a systematic review and meta-analysis. Community Dent Oral Epidemiol. (2021) 49:10–6. doi: 10.1111/cdoe.12578

 73. Wu L, Lo ECM, McGrath C, Wong MCM, Ho SMY, Gao X. Motivational interviewing for caries prevention in adolescents: a randomized controlled trial. Clin Oral Investig. (2022) 26:585–94. doi: 10.1007/s00784-021-04037-w

 74. Fontana M. The clinical, environmental, and behavioral factors that foster early childhood caries: evidence for caries risk assessment. Pediatr Dent. (2015) 37:217–25.

 75. Leon S, Giacaman RA. COVID-19 and inequities in oral health care for older people: an opportunity for emerging paradigms. JDR Clin Trans Res. (2020) 5:290–2. doi: 10.1177/2380084420934742

 76. O'Hare C, Kuh D, Hardy R. Association of early-life factors with life-course trajectories of resting heart rate: more than 6 decades of follow-up. JAMA Pediatr. (2018) 172:e175525. doi: 10.1001/jamapediatrics.2017.5525

 77. Fernández CE, Maturana CA, Coloma SI, Carrasco-Labra A, Giacaman RA. Teledentistry and mHealth for promotion and prevention of oral health: a systematic review and meta-analysis. J Dent Res. (2021) 100:914–27. doi: 10.1177/00220345211003828

 78. Ricomini Filho AP, Chávez BA, Giacaman RA, Frazão P, Cury JA. Community interventions and strategies for caries control in Latin American and Caribbean countries. Braz Oral Res. (2021) 35(suppl 01):e054. doi: 10.1590/1807-3107bor-2021.vol35.0054

 79. Taillie LS, Reyes M, Colchero MA, Popkin B, Corvalán C. An evaluation of Chile's law of food labeling and advertising on sugar-sweetened beverage purchases from 2015 to 2017: a before-and-after study. PLoS Med. (2020) 17:e1003015. doi: 10.1371/journal.pmed.1003015

 80. Sassi F, Belloni A, Mirelman AJ, Suhrcke M, Thomas A, Salti N, et al. Equity impacts of price policies to promote healthy behaviours. Lancet. (2018) 391:2059–70. doi: 10.1016/S0140-6736(18)30531-2

 81. Jensen ML, Carpentier FD, Adair L, Corvalán C, Popkin BM, Taillie LS. Examining Chile's unique food marketing policy: TV advertising and dietary intake in preschool children, a pre- and post- policy study. Pediatr Obes. (2021) 16:e12735. doi: 10.1111/ijpo.12735

 82. Freeman CR, Zehra A, Ramirez V, Wiers CE, Volkow ND, Wang GJ. Impact of sugar on the body, brain, and behavior. Front Biosci. (2018) 23:2255–66. doi: 10.2741/4704

 83. Emami E, Tikhonova S, Loten G, Booij L. Interdisciplinary approach to caries disparity: a workshop summary. J Can Dent Assoc. (2015) 81:f9.

 84. Ogden LL, Richards CL, Shenson D. Clinical preventive services for older adults: the interface between personal health care and public health services. Am J Public Health. (2012) 102:419–25. doi: 10.2105/AJPH.2011.300353

 85. Fernandez CE, Gonzalez-Cabezas C, Fontana M. Minimum intervention dentistry in the US: an update from a cariology perspective. Br Dent J. (2020) 229:483–6. doi: 10.1038/s41415-020-2219-x

 86. Jacques A, Chaaya N, Beecher K, Ali SA, Belmer A, Bartlett S. The impact of sugar consumption on stress driven, emotional and addictive behaviors. Neurosci Biobehav Rev. (2019) 103:178–99. doi: 10.1016/j.neubiorev.2019.05.021

 87. Winter J, Bartsch B, Schütz C, Jablonski-Momeni A, Pieper K. Implementation and evaluation of an interdisciplinary preventive program to prevent early childhood caries. Clin Oral Investig. (2019) 23:187–97. doi: 10.1007/s00784-018-2426-x

 88. Wagner Y, Heinrich-Weltzien R. Evaluation of an interdisciplinary preventive programme for early childhood caries: findings of a regional German birth cohort study. Clin Oral Investig. (2016) 20:1943–52. doi: 10.1007/s00784-015-1685-z

 89. Rogers JP, Stewart PR, Stapleton JV, Hribar DL, Adams P, Gale AE. An interdisciplinary approach to the management of complex medical and dental conditions. Aust Dent J. (2000) 45:270–6. doi: 10.1111/j.1834-7819.2000.tb00262.x

 90. Clark M, Quinonez R, Bowser J, Silk H. Curriculum influence on interdisciplinary oral health education and practice. J Public Health Dent. (2017) 77:272–82. doi: 10.1111/jphd.12215

 91. Wagner Y, Heinrich-Weltzien R. Evaluation of a regional German interdisciplinary oral health programme for children from birth to 5 years of age. Clin Oral Investig. (2017) 21:225–35. doi: 10.1007/s00784-016-1781-8





OPS/images/froh-03-764479-t002.jpg
General characteristics of
NCDs

Chronic discases are discases of long
duration, >6 months.

Slow progression

Progressive deterioration

Contribution to high morbidity and

burden of disease

High economic burden for the patient,
their family, and the Social Security

System

Dental caries

Caries is long-asting and can be present
throughout the lfe course

Caries lesions may take years to progress
in extension from one stage to the other
G

At the tooth level, caries lesion

» enamel to dentin)

progression leads to a gradual tissue loss
and impaired oral function

Untreated caries is one of the most
common conditions of humans,
affecting at least 35% of the population.
Restorative management of dental caries
require high economic expenses, with
restricted access and usually difficult to

afford for the vulnerable population.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Understanding dental caries as a non-communicable and behavioral disease: Management implications



		Introduction



		Dental caries is a dysbiosis and not an infection



		Dental biofilm: Necessary, but not enough to cause dental caries



		Role of sugars in driving the dysbiosis







		Shared characteristics of dental caries and other NCDs



		Systemic health and dental caries



		Comprehensive management of dental caries as a NCD, beyond the tooth



		Management at the individual level throughout the life course



		Managing dental caries at the community level







		Interdisciplinary approach for caries management



		Conclusions



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Oral Health

Understanding dental caries as a
non-communicable and
behavioral disease: Management
implications





OPS/images/froh-03-764479-g001.gif
Conceptualization

Management

Dental Caries as a Non-Communicable Disease

P [o————
oo owion sy e oo Gt .
o s Senotiecaesdue

B enrainion
Omicuer e s .
e fa ool
o - s
wosoees
D A
e | e
Prsmertvlifiabarsy
o _..m,,..._ ey
b cecsositeing





OPS/images/froh-03-764479-t001.jpg
Koch’s postulates
(infectious disease)

‘The microorganism must be found in
abundance in all organisms suffering
from the disease but should not be
found in healthy organisms.

‘The microorganism must be isolated
from a diseased organism and grown in

pure culture

‘The cultured microorganism should
cause disease when introduced into a

healthy organism.

The microorganism must be reisolated
from the inoculated, diseased
experimental host, and identified as
being identical to the original specific

causative agent.

Dental caries
(non-communicable disease)

Putative pathogen microorganisms
detected in disease are also present

under healthy conditions.

“There is not a specific bacterium causing

the disease. It is polymicrobial, caused

by pathobionts (commensal bacteria
with the potential of causing disease
under dysbiosis).

‘The mere presence of the bacteria does

not cause the disease.

“There is not a specific bacterium

causing the disease.









OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Oral Health





