Preventive Dentistry

Its Direct Impact on Oral Health and Close
Association with Chronic Diseases and General
Health

A Comprehensive Medical Research Supported by Scientific Evidence



1 — Introduction :

Concept of Oral Health: The mouth is not just a gateway to the body; it is a
mirror reflecting its overall health state. Good oral health means the ability to
eat, speak, and interact socially with confidence and without pain. A stable oral
environment enhances the overall quality of life, whereas oral disorders lead to
repercussions that extend beyond the boundaries of the oral cavity to affect the
entire body.

Definition of Preventive Dentistry: It is the medical branch focused on
preventing the development of oral and dental diseases (such as tooth decay
and periodontitis) before they occur, rather than relying on delayed therapeutic
interventions. This specialty relies on awareness strategies, dietary behavior
modification, and biochemical interventions to protect the tooth structure and
supporting tissues.

Significance of the Problem: According to World Health Organization reports,
approximately 3.7 billion people worldwide suffer from oral diseases, even
though they are almost entirely preventable. These diseases not only cause
pain and functional loss but also impose a massive economic burden on
healthcare systems.

2 - Basic Prevention Pillars :

To achieve effective prevention, dentistry relies on several integrated pillars,
none of which can be dispensed with:

Regular Home Care: This includes brushing teeth twice daily with fluoride
toothpaste and using dental floss or interdental brushes to remove plaque from
areas that a regular brush cannot reach.
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Preventive Clinical Applications: Such as periodic examinations every 6
months, professional scaling sessions to remove calcified deposits, high-
concentration topical fluoride application, and the use of fissure sealants to
protect deep grooves in the teeth of children and adolescents.

2.1 The Biological Role of Nutrition in Cariogenesis

1. Sucrose: Biofilm Engineer: Sugar (specifically sucrose or table sugar) is
not just food for bacteria; it is the cornerstone in building dental plaque. When
sucrose enters the mouth, specific bacteria, most notably Streptococcus
mutans, secrete enzymes called glucosyltransferases. These enzymes break
down sucrose and convert it into highly sticky sugar polymers called glucans.
Glucan acts as a strong glue that helps bacteria adhere firmly to the enamel
surface, preventing them from being washed away by saliva, and leading to the
formation of a dense, complex biofilm known as plaque.

2. Bacterial Fermentation and Acid Production: Once bacteria settle within
the plaque layer, they begin to feed on fermentable carbohydrates (such as
glucose, fructose, and cooked starches). The byproduct of the bacterial
metabolism of these sugars is strong organic acids, primarily lactic acid.
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Because plaque is a thick and insulating layer, these acids are trapped directly
against the tooth surface and do not easily diffuse into the mouth.

3. Stephan Curve and Critical pH Level: Under normal conditions, the pH
level of oral saliva is neutral (around 6.8 to 7.0). The scientific model known as
the "Stephan Curve" illustrates that immediately after consuming sugars, the
pH level drops sharply within minutes. If the pH drops below 5.5 (known as the
critical pH), the environment becomes acidic enough to dissolve the mineral
crystals (hydroxyapatite) that make up dental enamel.

4. Imbalance in Demineralization and Remineralization: The tooth surface
is in a continuous dynamic state; it loses minerals during acid attacks
(demineralization) and regains them when saliva neutralizes these acids and
redeposits calcium and phosphate (remineralization). Saliva needs 20 to 40
minutes to neutralize acidity after a sugary meal. Tooth decay simply occurs
when periods of demineralization outpace periods of remineralization.

5. Frequency vs. Quantity of Intake: One of the most important concepts in
preventive dentistry is that the frequency of sugar consumption is far more
dangerous than the total quantity consumed. Drinking a can of soda all at once
causes a single acid attack lasting about 30 minutes. However, sipping the
same can over 3 hours keeps the mouth in a continuous acidic state (below 5.5
pH), depriving saliva of its chance to repair and remineralize the enamel,
leading to the collapse of the tooth structure and cavity formation.

6. Sticky Foods vs. Protective Foods: Sticky foods like caramel and dried
fruits are extremely hazardous because they adhere to the topography of the
teeth for long periods. Conversely, fiber-rich foods like apples and carrots
require intensive chewing, which stimulates the secretion of saliva rich in
minerals and antibacterial agents. Consuming cheese and nuts after sugary
meals helps neutralize acids and provides the necessary calcium for enamel
repair.

2.2 The Chemical Dynamics of the Oral Environment: The
Role of Saliva and Fluoride

Saliva is not just a fluid to moisten the mouth; it is a "liquid defense system"
with complex chemical and immunological properties to protect teeth:
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1. Washing Effect: The continuous flow of saliva creates a natural current that
washes away food particles and removes a significant percentage of
unattached sugars before plaque bacteria can ferment them, reducing the
availability of food for bacteria.

2. Buffering Capacity / Acid Neutralization: Saliva contains bicarbonate and
phosphate ions that act as buffering systems. When bacteria secrete acids and
the pH drops, salivary bicarbonate ions immediately intervene to neutralize this
acidity and raise the pH back to its safe natural level (above 5.5), stopping the

enamel dissolution process.

3. Mineral Reservoir (Supersaturation): Saliva is supersaturated with high

concentrations of calcium and phosphate ions. When the pH rises after acidic
fermentation, saliva acts as a carrier, redepositing these lost minerals into the
microscopically damaged enamel pores, a process known as remineralization.

4. Antimicrobial Properties: Saliva contains immune enzymes and proteins,
such as lysozyme, which breaks down bacterial cell walls, and lactoferrin,
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which binds to iron, depriving bacteria of this vital element for their growth, in
addition to antibodies (IgA) that prevent bacteria from adhering to tooth
surfaces.

The Chemical Mechanism of Fluoride

Fluoride is considered the most significant discovery in the history of preventive
dentistry, and it operates through three main biological and chemical
mechanisms:

1. Altering the Chemical Structure of the Tooth (Fluorapatite Formation):
Tooth enamel is primarily composed of chemical crystals called
"hydroxyapatite." These crystals are soluble when the pH reaches 5.5. When
fluoride ions are present, they combine with calcium and phosphate during
remineralization to replace hydroxyl ions, forming new crystals called
"fluorapatite." The chemical brilliance here is that fluorapatite crystals are much
stronger and do not begin to dissolve until the pH drops to 4.5. This means
fluoride makes teeth exponentially more resistant to bacterial acids.

2. Accelerating and Stimulating Remineralization: Topical fluoride acts as a
chemical magnet; it attracts calcium and phosphate ions from saliva and
accelerates their deposition into the micro-pores created by acids in the
enamel, repairing the tooth before the damage develops into a visible cavity
(decay).

3. Inhibiting Bacterial Activity: Fluoride’s role is not limited to strengthening
the tooth; it also attacks the bacteria themselves. When fluoride molecules
enter the bacterial cell, they inhibit the enzyme "enolase," which is essential for
bacterial metabolism. By halting this enzyme, bacteria lose their ability to digest
sugars and produce acids, significantly reducing their virulence.

Conclusion: Effective prevention of tooth decay relies on keeping the
mineralization balance in favor of the tooth. This can only be achieved by
ensuring healthy salivary flow and providing a fluoride-rich oral environment
continuously on a daily basis.



3 - The Relationship Between Oral Health and
General Health :

Recent studies have proven that oral bacteria and chronic gum inflammation
leak into the bloodstream and affect various body systems, making oral health
an integral part of internal and comprehensive preventive medicine.
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3.1 Biological Mechanisms Linking Periodontitis to Cardiovascular
Diseases

1. Direct Bacteremia Pathway: Under normal circumstances, the gum
membrane acts as a barrier preventing bacteria from entering the body.
However, in the case of chronic periodontitis, the gingival tissues ulcerate and
bleed easily during chewing or even tooth brushing. This bleeding opens a
direct pathway for oral bacteria—most notably Porphyromonas gingivalis—to
enter the bloodstream. Once in the blood, these bacteria travel to the blood
vessels in the heart, and traces of their DNA have been found within fatty
plaques deposited in the coronary arteries of patients with heart disease.



2. Immune Response and Systemic Inflammation: Gum inflammation is not
just a localized infection; it places the immune system on high alert. Inflamed
gingival tissues produce immune proteins known as pro-inflammatory
cytokines, which travel via the blood to the liver. In response, the liver secretes
reactive proteins such as C-Reactive Protein (CRP). Elevated CRP levels in
the blood are among the strongest medical indicators of the risk for heart
attacks and atherosclerosis.

3. Endothelial Dysfunction and Atherosclerosis: Toxins secreted by oral
bacteria, along with persistent systemic inflammation, lead to damage to the
endothelium lining the interior of blood vessels. This damage facilitates the
accumulation of low-density lipoprotein (LDL) cholesterol and immune cells on
the artery walls, leading to the formation of atheromatous plaques and the
narrowing of arteries, a condition known as atherosclerosis.

4. Stimulation of Thrombosis: Some types of oral bacteria that leak into the
blood possess surface proteins that stimulate platelets to aggregate and clump.
Furthermore, persistent inflammation makes fatty plaques in the arteries
unstable and fragile. If one of these plaques ruptures, a blood clot forms
immediately at the site to stop bleeding, which can lead to blockage of a
coronary artery (heart attack) or a brain artery (stroke).

5. Infective Endocarditis: In patients with pre-existing heart valve issues
(such as prosthetic valves or congenital defects), oral Streptococcus bacteria
entering the blood through inflamed gums can adhere to the damaged valves,
causing severe inflammation of the heart’s inner lining (endocarditis). This is a
life-threatening condition requiring urgent medical intervention and prophylactic
antibiotics before any dental treatment.



3.2 The Bi-directional Relationship Between Diabetes and
Periodontitis

Endocrinologists currently classify gum diseases as the "sixth complication of
diabetes."

First: How does diabetes affect oral and dental health?

1. Accumulation of Advanced Glycation End-products (AGEs): Chronic
elevation of blood sugar leads to the reaction of glucose with proteins and
lipids in the body to form harmful molecules known as AGEs. These molecules
accumulate in gum tissues and bind to specific receptors on immune cells
called RAGE. This binding triggers an exaggerated inflammatory response that
destroys collagen and the bone tissues supporting the teeth.

2. Immunocompromise: High sugar levels impair the function of neutrophils,
the body’s first line of defense. Diabetes weakens the ability of these cells to
migrate toward the infection site and engulf bacteria, allowing oral bacteria to
multiply and destroy gum tissues without an adequate immune deterrent.

3. Microangiopathy: Diabetes causes thickening of the walls of the micro-
blood vessels supplying the gums, reducing blood flow and limiting the delivery
of oxygen, immune cells, and nutrients to oral tissues. This leads to delayed
wound healing and rapid breakdown of supporting tissues.

4. Xerostomia and High Salivary Glucose: Due to frequent urination and
impaired salivary gland function, diabetic patients often suffer from dry mouth.
Decreased saliva volume (with its buffering capacity and minerals) sharply
increases the risk of tooth decay. Furthermore, high blood glucose leads to
elevated sugar levels in saliva and Gingival Crevicular Fluid (GCF), providing a
continuous and rich feast for bacteria causing decay and gum inflammation.

Second: How does periodontitis affect diabetes (The reverse direction)?

1. Systemic Inflammation and Insulin Resistance: As mentioned in the heart
disease section, severe gum inflammation is akin to a large open wound. Oral
bacteria and their toxins enter the bloodstream, stimulating the liver and
immune cells to secrete massive amounts of inflammatory cytokines (such as
TNF-a and IL-6). These inflammatory cytokines directly interfere with insulin
receptors on body cells (impeding the phosphorylation necessary for insulin
signaling). The direct result is increased cellular insulin resistance, rendering



available insulin unable to transport glucose into cells, thereby dangerously
elevating blood sugar levels.

2. Difficulty Controlling HbA1c: Clinical studies have shown that diabetic
patients with severe gum infections suffer from a significant elevation in HbA1c
levels compared to diabetic patients with healthy gums. This persistent
elevation increases the likelihood of other diabetes complications such as
kidney failure, retinopathy, and diabetic foot.

3. Clinical Evidence (Preventive Treatment as a Solution): One of the
strongest proofs of this bi-directional relationship is that treating gum
inflammation (via deep cleaning and root planing) in a diabetic patient leads to
a confirmed reduction in HbA1c levels ranging between 0.3% and 0.4%.
Medically, this reduction is equivalent to the effect of adding a second
medication for diabetes control!



4 - Conclusion and Recommendations :

Conclusion: A Comprehensive Vision of Preventive Medicine

In conclusion, it is clearly evident from the scientific review of biological and
physiological mechanisms that the mouth is not an isolated entity from the rest
of the body; rather, it is the gateway to health and a mirror of systemic
diseases. Preventive dentistry, through managing the oral chemical
environment and controlling risk factors such as immune responses to gingival
infections, transcends being a specialty merely for protecting teeth from decay,
becoming a primary and essential line of defense for maintaining general
health. Conclusive medical evidence proves that neglecting oral health
severely exacerbates the complexity of chronic diseases, such as diabetes and
cardiovascular diseases, doubling the health, psychological, and economic
burden on individuals and communities. Therefore, a radical shift from the
"delayed therapeutic intervention" model to the horizon of "proactive preventive
care" is no longer a secondary option but a medical necessity requiring
concerted efforts for implementation.
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Recommendations for Individuals:

« Commit to a strict oral care routine, including brushing teeth twice daily with
fluoride toothpaste and using dental floss to prevent biofilm (plaque) formation.

« Smart dietary management by limiting the frequency of free sugar intake and
avoiding sticky foods that prolong acid attacks on dental enamel.

« Commit to visiting the dental clinic periodically every 6 months for proactive
examinations, tartar removal, and the application of preventive measures.

* Recognize the direct link between gum health and chronic diseases, and
proactively inform the dentist of any family or personal medical history (such as
diabetes) to adjust the preventive plan.
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