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Abstract

Dental caries is a biofilm dysfunction or dysbiosis disease of
the dental biofilm characterized by prolonged periods of low
pH which results in net mineral loss from the teeth. The
disease initiates by acid dissolution of the enamel and
eventually creates a cavitation in the enamel, followed by
microbial invasion of the tooth. As the disease progresses this
process may lead to eventual pulpal tissue death and necrosis
and ultimately may mean the loss of the tooth or teeth. Dental
caries is biofilm mediated but also host modulated. Despite all
the advances in restorative dentistry, this disease remains the
most common disease in mankind and the disease burden of
dental caries has remained constant. New approaches based
on scientific evidence challenge existing paradigms about the
etiology, diagnosis and treatment strategies. In the previous
century, most treatment for dental caries involved a needle
and a drill. But the 21* century ushered in a new era, with the
concept of P4 Medicine reflected in a new approach to dental
caries management. This paper provides the current scientific
evidence of the current biofilm model of the disease, best
practices for diagnosis based on risk assessment and targeted
treatment strategies to the patient’s individual risk factors.
The biofilm model of dental caries, rather than pathogen
specific, is now understood to be a metabolic issue of the
biofilm, producing an acidic environment. The major risk
categories for dental caries are reduced saliva flow, dietary
issues, biofilm dysfunction and genetic considerations.
Treatment strategies include restorative and reparative
approaches including antimicrobial, remineralization with
fluoride and nano-particle hydroxyapatite, xylitol, silver
diamine fluoride, and pH. Behavioral strategies include
coaching the patient with routine daily hygiene and also
dietary counseling. Caries risk management provides a model
of care that is predictive, preventive, personalized and
participatory and promises to improve patient outcomes from
this disease. This paper describes the most recent best
practices for this disease from diagnosis to treatment, and
offers an evidenced based philosophy based on current
scientific literature and clinical practices.
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Introduction

Dental caries is the most common disease in
mankind. It is ubiquitous to the human
condition and is the number ranked disease
by the WHO in virtually every country and
every demographic in each country.!
Traditionally any approach to treating the
disease involved surgery, with needles,
drills, and perhaps extraction instruments
and forceps.? Despite previous attempts to
treat dental caries by the dental profession,
the global burden from this disease has
remain unchanged and still represents a
serious global health challenge.® Dental
caries in deciduous and permanent teeth
representing the vast majority of oral disease
conditions. In an ongoing longitudinal
cohort study based on individuals born in
Dunedin, New Zealand during 1972 and
1973, they have reported that the dental
caries rate has remained constant in these
individuals from age 5 through age 38,
despite regular traditional dental care.” Data
from the National Health and Nutrition
Examination Survey revealed that for 2015-
2016, prevalence of total caries (untreated
and treated) was 43.1% and untreated caries
was 13.0% among youth aged 2-19 years.
Prevalence was lowest in youth aged 2-5
years compared with those aged 6-11 and
12-19 for total (17.7%, 45.2%, 53.5%) and
untreated caries (8.8%, 15.3%, 13.4%).
While the incidence in youth declined from
50% in 2011-12 to 43% in 2015-16, dental
caries is still the most common chronic
disease among youth aged 2-19 years.® In
yet another current systematic review and
meta-analysis  examining  the caries
incidence of adolescents, the pooled caries
incidence rate was 11% per person per year.
The data is pretty clear, dental caries is the
most common human disease and traditional
treatment strategies have made little to no
progress and reducing this disease incidence
and health burden.
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P4 Medicine
Prevention

Model and Quarternary

The changing philosophy in medical is being
driven by the P4 Medical Model, a term
coined by biologist Leroy Hood. The
principal tenet of P4 Medicine is that
medical practice will be transformed by
biotechnology and informatics into a more
targeted approach that focuses on managing
an individual’s overall health as opposed to
simply managing their disease. Rather than
the medicine of the past that worked on
population averages, medicine of the future
will focus on the individual. This new
approach includes a model that is predictive,
preventive, personalized and participatory.’
Applying these points to traditional
dentistry, the surgical dental model fails on
each point. The best practice of care for
dental caries today is a risk management-
based philosophy. Caries risk assessment
had been demonstrated to be predictive in
clinical trials.® It also focuses on preventive
strategies, identifying risk factors and
developing a regimen to prevent future
disease.” This prevention approach has a
long history in dentistry. Today’s preventive
dentistry includes not only primary,
secondary and tertiary prevention, but also
introduces the concept of quarternary
prevention. Primary prevention is the health
promotion strategies designed to help people
avoid the onset of disease and reduce the
incidence.  These  strategies  include
community water fluoridation and homecare
instructions. Secondary prevention is the
prevention of recurrence or exacerbation of
a disease that has been diagnosed. Tertiary
prevention focuses on reducing disease
progression and suffering. Quarternary
prevention is a new important concept that
strives to mitigate unnecessary or excessive
intervention of the health care system. New
technology developments in diagnostic
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instruments also carry the risk of increased
surgical intervention that may not be
appropriate, while guidelines for non-
surgical approaches are improving.”’

Caries risk management is also personalized
as it identifies the specific risk factors
contributing to an individual’s disease. This
leads to a new conversation. Damaged teeth
still need to be restored, but now
professionals can discuss what’s causing the
patient’s disease. The process then becomes
participatory as the professional utilizes
wellness coaching techniques to help the
patient create personalized strategies for
behavioral change to decrease specific caries
risk factors. The greatest challenge for the
dental profession is to relinquish old
approaches based on dental caries being
tooth, or tooth surface based and to see it as
a whole person disease.™®

Dental Caries Disease Model

Early disease models focused on identifying
a single pathogen responsible for the
disease. And at one time the dental
profession focused on Mutans streptococci
as the primary pathologic agent.* However,
research developed over the past 20 years
has clearly established dental caries as a
biofilm disease with multiple microbes
playing a significant role in the initiation
and progression of this disease.'? Moving
beyond a model that is about which specific
pathogens are present, the focus is now on
how the biofilm is behaving. Is it producing
acid for prolonged periods?*® Disease
producing biofilms are now label as
cariogenic.**

Biofilm Research

Understanding of the oral biofilm has grown
significantly. Dental caries once thought to
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be a disease of Mutans streptococci, it is
now considered a biofilm dysfunction.
Studies have continued to identify new
species like Scardovia wiggsiae®, Slakia
exigua™® and Proprionibacterium
acidifaciens'’ as potential pathogens, with or
without the presence of Mutans streptococci.
One of the challenges to the Mutans
streptococci  paradigm is finding the
complete lack of this pathogen is
populations with severe dental caries.'®
More recently Candida species have been
added to the list of cariogenic pathogens.
Once thought to be nothing more than
normal or coincidental inhabitants of the
oral  biofilm, Candida albicans'®®,
dubliniensis and parapsilosis are now
recognized as significant pathogens.”
While the list of pathogens continues to
grow, the research also leads to a better
understanding of the environment of the
biofilm and its metabolism. In the case of
dental caries, the concern is whether the
biofilm is producing acid and creating long
term acidic conditions on the surface of the
teeth. There are multiple causes for this, but
these acidic episodes select for cariogenic
organisms in the biofilm? which leads to
expression of the disease in the form of
white spot lesions in the enamel and
eventually cavitations.

Systemic Concerns

Periodontal disease is now well established
as having a relationship with systemic
vascular inflammatory diseases.”® Dental
caries may also play a role in arterial

diseases in the body. Early research
examined both coronary arterial and
24,25

coronary valve atherosclerotic plaques.
Typically implicated periodontal pathogens
Prevotella intermedia, Porphyromonas
gingivalis and Treponema denticola were
found in the plaques, but with greater
frequency so was Streptococcus mutans.
Furthermore, Streptococcus mutans with the
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cnm gene has the capability to directly
invade endothelial cells®® and has been
reported to play a significant role in both
bacterial endocarditis*” and micro-bleeds?®
in the brain. Additionally Streptococcus
viridans has been discovered in 78% of
patients with a myocardial thrombus at
sixteen times the level found in the
bloodstream, and these patients were
thirteen times more likely to have a
periapical dental abscess,”® which might
further implicate Porphyromonas
endodontalis.*® While more research will
provide a clearer picture of any role dental
caries might play in peripheral vascular
disease, a recent large population based
cohort study of data on 247,696 Korean
adult men and women, individuals with the
severest for of dental caries demonstrated a
dose:response relationship to coronary heart
disease.** Much work remains to be done.

Genetic Factors

Current advances in computer technology
have improved the accessibility of GWAS,
genome wide association studies. At this
point there are numerous genes that have
been implicated as having an influence on
dental caries risk.*?> Many of these genes are
logical, like tooth development genes
AMLX1, ENAM, AJAP1 and KALK4.33
Taste influencing genes play a risk in dental
caries. The supertaster gene TAS2R38
makes individuals sensitive to phenols found
in cruciferous vegetables, while the TAS1R2
genes expresses a preference for sweets.®
The DQ2 phenotype of the white blood cell
antigen reduces an individual’s risk for
caries.®® Matrix metalloproteinases are
enzymes found in the dentin and play a role
in degradation of the bonded dental
restoration interface.’ Protective salivary
enzymes include BDEF1, LYZL2 and
CA6.% Vitamin D absorption may also play
a role in dental caries.* The science is clear
in this developing field, while the exact
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influence genes may play in the disease,
clearly there is some genetic influence in
dental caries risk.

pH

Dental caries is a biofilm mediated and host
modulated disease. pH selects for the
pathogenic biofilm and behavior, which
leads to expression of the disease. Prolonged
periods of low pH result in a biofilm shift,
leading to demineralization of the enamel
and eventual microbial penetration of the
tooth. Several sources have proposed
utilizing pH as a means to reverse or
modulate the disease.**? Marsh first
reported the pH selection pressure on the
biofilm?* and has also reported using pH as a
treatment strategy.* * Although pH plays
an important role in this disease, oral health
products with alkaline pH are limited do to
shelf life stability.

Caries Risk Management

Caries risk management represents a new
approach to diagnosing and treating dental
caries.”® It involves identifying specific risk
factors for individual patients, determining a
diagnosis of caries risk and then
recommending  appropriate  therapeutic
strategies, that may also include lifestyle and
behavioral changes.*® The first step involves
using a risk assessment form for every
patient at least one time per year. Several
risk assessment forms are available for
clinical use and caries risk management is
recognized by the American Dental
Association.”” However, upon survey very
few clinicians have adapted this philosophy
to daily practice.”* A major impediment to
integrating this approach into clinical
settings is the process of the risk assessment
form itself.*® In clinical studies, caries risk
management has been demonstrated to be
predictive, as the baseline caries risk
predicts future caries outcomes.™ It is also
preventive.®® In a clinical trial among high
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caries risk adults, the test group had
significantly better caries experience than
the control group.®® Caries risk management
is personalized, as the process identifies and
individualizes risks and specific treatment
strategies. It also has a long-term effect on
caries outcomes.>® The test group in another
clinical trial demonstrated improved
outcomes four years after the study ended.
Despite these advantages, caries risk
management has not yet been implemented
routinely. Filling out a form interview style
requires time, and since this task is normally

CRA FO TN  Fistoame: Last name:

assigned to the hygienist, this creates
significant pressure on the hygiene
appointment which is already overburdened.
Additionally, identifying risks to a patient
who doesn’t perceive that they have the risk
is always a communication challenge as
well. The Caries Risk Form in figure 1,
solves these major issues by having the
patient self- identify and report their risks.
This can be accomplished outside of the
hygiene operatory and changes the
communication dynamic significantly.

Date:

Adults and Children 6+

Risk Factors cicieone

Doyoutake medications dally?
If s0, how mary?

Doyou feel as though you have a dry mouth at
any time of the day or night?

PATIENT USE

Doyou drink liquids other than water more than
2 umes dally between meals?

Doyou snack dally between meals? NO

Doyou notice plaque bulid-up on your teeth NO
between brushings?

CariScreen reading results: Low

>
g‘ Disease Indicators cicione
§ visible NO YES
z
3
g radlt;luoo'nclos?' o e
New/Active white spot leslons? NO YES
Is decay history a concern? NO YES
Risk Identification rrsrser informerion sbove to boxes below to determine nak
Hoatthy I +Risk Factors I +Disoaso Indicators / High CariSeroon
| 1 Low Risk I 2- Moderate Risk
COT Code D001 I CDT Code D002 l COT Codo D063
CARIFREE Re

Figl: Standardized caries risk form with patients self-reporting risk factors.
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Risk Factors

The main caries risk factors appear in
regular patterns. Being able to recognize
these patterns makes the process more
efficient.>* The first major risk is inadequate
saliva, creating a dry mouth. This risk is
significant because the major protective
factor in the mouth is the saliva. In addition
to all the protective elements found in saliva,
it also is near neutral in pH at rest, and
becomes alkaline as soon as food or drink is
consumed, already elevating the pH to
protect the teeth from  damaging
demineralization. Saliva output is generally
about two liters per day but tends to
decrease as part of the aging process.
Another  complication is  prescription
medications.> The main side effect of many
common medications is dry mouth.*® Other
genetic conditions, like Sjogren’s Syndrome
may further reduce saliva flow.>” Without

the protective elevation of pH, the prolonged
acidic episode selects for the wrong
microbes, and acidogenic behavior or
metabolic output from the oral biofilm. Lack
of saliva is further damaging because saliva
IS supersaturated in nanoparticles of the
mineral enamel is made of, carbonated
hydroxyapatite crystallites.® The body
protects the teeth by bathing them in a pH
protective solution that is supersaturated
with mineral. Patients that present with a
salivary risk have a dry appearing mouth,
dry tissue and no apparent saliva pooling in
the mouth, figure 2. From data collected
from private practice over the period of one
year by the author, 63% of adults self-
identified that they experienced a dry mouth
at some time of the day or night. A recent
published study indicated 70% of adults
experience medication induced xerostomia
and rampant caries.>®

Fig2: Intra-oral appearance of an adult patient with medication induced hyposalivation risk

factors.

The next most frequently reported risk factor
is diet. In the Western Diet, patients
consume an average of 17 teaspoons of

sugar per day.®® Not only is this an issue for
obesity, diabetes, hypertension, certain types
of cancer and heart disease, it also creates an
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acidic environment in the mouth that favors
dental caries®® Much of the sugar

Americans consume is in the form of hidden
sugars and sugar sweetened beverages. Not
only is the total consumption of sugar a risk
for dental caries, but also the frequency.
Repeated episodes of eating and drinking

62,63

sugar sweetened foods and beverages results
in a prolonged period of low pH in the
mouth again selecting for cariogenic
microbes and metabolic behavior. Patients
that have a dietary caries risk usually present
with dental caries lesions spread throughout
the mouth geographically, figure 3.

Fig3: Intra-oral appearance of an adult patient with dietary risk factors.

In the same data from the author’s private
practice, 55% of adults self-identified that
they had a dietary caries risk.*

The biofilm itself can represent a caries risk.
If the patient has too much biofilm load, it
increases their risk.®* Additionally, either
having cariogenic microbes predominating
the biofilm or having a cariogenic
(acidogenic) metabolic output in the biofilm
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increases risk. The oral biofilm is now being
described as healthy, cariogenic or
periodontopathogenic.'* Patients with a
biofilm risk typically present with a high
biofilm load, evident as excessive plaque
buildup on the teeth, figure 4. They may also
present with a high ATP score when their
dental plaque is tested with
bioluminescence.®>®®
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Fig4: Intra-oral appearance of an adult patient with biofilm risk factors.

While dental caries has a genetic
component, the exact risk is still
undetermined. Consequently, genetic risk
factors are left from the -caries risk
assessment form for now. There are only a
few patterns of the teeth that are conclusive
for genetic factors.3> One of these, a

polymorphism of the LYZL2 gene,
expresses geographically with caries lesions
in only the mandibular incisors, figure 5.
This is an unusual presentation of dental
caries, but few genetic influences provide
clear  identifiable  disease  patterns

d
Fig5: Intra-oral appearance of an adolescent patient with LYZL2 genetic risk factor.
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Diagnosis of Caries Risk

Making a diagnosis for dental caries risk
involves examining all the clinical data
available including the practitioner’s
experience with the patient. This includes
the patient’s risk factors, disease indicators
(presence of caries lesions, active enamel
white spot lesions, progressing radiographic
radiolucencies, and recent history of caries
lesions), the oral exam, and radiographic
evidence.®® Several guidelines for caries risk
diagnosis have been proposed, including the
ADA qguidelines published in 2006 and
updated in 2015.”° Dentistry does not have
diagnostic codes, but there are codes for
dental caries risk. CDT codes exist for low,
moderate and high dental caries risk; D0601,
D0602 and D0603 respectively.”

Treatment Strategies

Following personalized diagnosis of caries
risk, the next step is to consider
individualized  specific treatment and
therapeutic strategies to minimize the
patient’s risk. At one time the treatment for
dental caries consisted exclusively of
restoration of the lesion.” Today there are
numerous opportunities for non-surgical
treatment of this disease. ICDAS created a
new classification system for lesions, from
initiation of the demineralization of the
enamel to deep cavitations.”® Based on the
stage of the lesion, non-cavitated lesions can
potentially be remineralized and treated non-
surgically.” The ADA Council on Scientific
Affairs has published recommendation for
non-surgical intervention which include the
use of 38% SDF (silver diamine fluoride),
5% fluoride varnish, 5000 ppm fluoride gel,
and 1.23% acidulated phosphate fluoride gel
amongst other.”> A systematic review and
meta-analysis of 48 studies concluded the
best non-surgical interventions included
SDF, pit and fissure sealants, 5% fluoride
varnish and 5000 ppm fluoride gel.” It is
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important to note that cavitated lesions still
require surgical restoration.

Patients with significant biofilm risk should
receive some antimicrobial therapy to
reduce their biofilm load. Generally applied
as a rinse, the options include the use of
commercially available 0.12% chlorhexidine
and 0.20% sodium hypochlorite amongst
others. Studies provide positive results with
both.77-79.

pH strategies include the use of neutral and
alkaline products to try to raise the oral pH
and provide a healthy environment for the
biofilm. In silico modelling studies, pH
alone predicted to shift the biofilm and
reduce the cariogenic organisms.*® For the
patients with hyposalivation, just rinsing
with water is an appropriate
recommendation to reduce the effects of an
acidic episode. Tap water would be the best
recommendation as many bottled waters are
acidic.®

Fluoride has a long history in dentistry as an
anticavity strategy. Community water
fluoridation was first introduced in 1945 and
continues to Elay a significant in reducing
dental caries.*’ Questions have been raised
about the appropriateness of community
fluoridation in the age pf broad exposure to
fluoride in the form of fluoridated dentifrice,
fluoride rinses and fluoride treatments
following dental exams. Current data still
indicates an annual decay incidence
reduction of 30% in primary teeth and 12%
in permanent teeth from fluoridated water
alone® The next most significant
therapeutic fluoride utilization is in the form
of fluoride varnish.2® For high caries risk
patients this is recommended every three
months. Prescription strength fluoride gel
with 5000 ppm fluoride provides greater
protection that the over the counter 1100
ppm dentifrice. Fluoride is also available in
0.05% fluoride rinses.
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Xylitol has long been used as a therapeutic
strategy for high caries risk patients.
Numerous studies demonstrate the reduction
in microbial transmission from mother to
child with the regular use of xylitol gum.3+%¢
Xylitol also potentiates even small amounts
of fluoride.®” In a clinical trial of 691 high
caries risk adults, the test group was given 5
xylitol mints per day. At the end of the 33-
month study, the xylitol provided no
outcome.®® However, in secondary analysis
of the data, when the participants with root
surface lesions (generally associated with
dry mouth) were examined separately, the 5
xylitol mints provided a 40% reduction in
caries incidence.®® This study provides
support that treatment recommendations
should be targeted to patients’ specific risk
factors.

The body protects the teeth by bathing them
in saliva, a supersaturated solution of nano-
hydroxyapatite crystallites, the building
blocks of enamel.”® For the patient with
hyposalivation, they not only have reduced
saliva, but also as a result, reduced mineral
exposure to protect the teeth. For these
patients it makes sense to provide additional
forms of calcium phosphate to their daily
hygiene regimen. Nano-hydroxyapatite is
biomimetic for the enamel and readily
attaches to demineralized enamel surfaces.
In  multiple studies comparing the
remineralizing potential of nano-
hydroxyapatite directly to fluoride, nano-
hydroxyapatite was comparable to fluoride
in some studies and superior to fluoride in
others. ¥4

38% Silver diamine fluoride is a relatively
new medicament and appears to reduce
caries activity better than fluoride or glass
ionomer cements.” 38% SDF should be
applied at least annually for high risk
patients.”® The result appears to be a
combination of the antimicrobial activity of
the silver ion, which precipitates in the
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dentin as microwires, and the
remineralization effect forming fluorapatite
on the lesion surface.”®® The SDF is safe
for lesions in children®® as well as root
surface lesions in older adults.*® The only
negative outcome is that SDF turns these
lesions jet-black in coloration.101 For some
patients this is an acceptable trade-off, while
for others it is a serious esthetic concern.
Most of the studies conclude that SDF has
batter outcomes in lesions limited to enamel
rather than deeper lesions involving the
dentin.?

Probiotics have been studied for caries risk
with poor to mixed results. Probiotics are
well documented to provide improved
outcomes for intestinal issues, but so far, the
probiotic use in treatment of dental caries
offers little recommendation. Multiple
studies demonstrate no outcome when
examining probiotics and caries risk.*%*%
One study however did provide an improved
outcome. When 261 2-3-year-old preschool
children were given probiotic Lactobacillus
milk daily for a period of 10 months, their
increment for new caries lesions was
reduced to 0.58% compared to 1.08% in the
control group.'® More research is needed to
determine if probiotics can provide
significant benefit in dental caries treatment.

Many of the -caries risk factors are
behavioral or lifestyle issues and must be
addressed individually for each patient.
Homecare is an important issue, as the
patient must provide adequate daily plaque
removal from the teeth. While we take
brushing and flossing for granted, they
require some level of dexterity to perform
effectively. For very young patients, seniors
or those with disabilities, this simple task
can be quite challenging. While there are
only a few studies demonstrating outcomes
from daily hygiene self-care, reducing the
biofilm load reduces the caries risk.’” These
behaviors need to become habits and
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developing new habits can prove difficult
and  require  daily reminders and
incentives, %1%

Diet is another lifestyle risk factor. Dietary
counseling is appropriate for patients with a
dietary risk, counseling them on reducing
their overall sugar intake or reducing the
frequency they consume it. Most patients are
also not aware of the amount of hidden
sugars present in sugar sweetened
beverages, including sodas, athletic and
energy drinks, not to mention coffee drinks.
While this seems straightforward, a
systematic  review demonstrated that
changing an individual’s habits around sugar
are more difficult than their behavior with
alcohol.* None-the-less, there are multiple
health benefits from reducing sugar
consumption besides dental caries risk. The
WHO recommends daily caloric intake goal
from sugar be 10% or less and for optimal
health should be 3-5%. This amounts to
about 2/3 of a teaspoon per day, down from
the 25 teaspoons Americans currently
consume.***

Professional care for dental caries varies by
individual risk. A recent systematic review
of 10 different caries risk tools pooled the
data and indicates that 25% of patients are
low caries risk, 14% were moderate caries
risk, and 61% high caries risk."*? Low caries

11

risk patients have no risk factors and no
disease indicators. For these patients annual
exams, prophylaxis and review of risk
factors is adequate. The moderate caries risk
patients have at least one risk factor present,
but no other signs of the disease. These
patients should have re-exams twice a year,
prophylaxis and recommendations of
proactive strategies to mitigate any risk
factors and prevent expression of the
disease. High caries risk patients, those
patients who have at least one disease
indicator, should be seen every three months
for exam and prophylaxis and counseling on
strategies specifically targeted to their risks
for the disease, along with any non-surgical
and surgical restorative treatments indicated.

Conclusions

Dental caries is the most common disease in
modern man. Traditional approaches to
treating this disease usually involved
needles, drills and forceps. Today,
performing caries risk management provides
dental practitioners with an opportunity to
provide non-surgical and preventive care
that reduces an individual patient’s risk for
the disease, and provides better outcomes.
Caries risk management represents a new
standard of practice and meets every
criterion of P4 medicine.
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