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HOW DO CAVITIES FORM?

The Role of S. mutans, Protective Power of Fluoride,
and Smart Dietary Choices

w$ 4

INTRODUCTION

hat sudden jolt of pain from a sip of

cold water or a bite of something sweet
is the first unwelcome sign that a cavity has
won a major battle. This discomfort is the
tangible outcome of a stealthy biological
process that begins long before symptoms
appear.

Cavities are among the most
common diseases in the world, yet
they’re also one of the most
preventable.*

They affect people of all ages, from
young children whose first teeth are just
emerging to adults striving to preserve their
long-term oral health. Cavities are fixed
by costly procedures like fillings, crowns,
or even root canals. These treatments not
only strain patients financially but also
permanently weaken the affected teeth,
since repaired enamel never fully regains
its original strength. The culprit behind this
disease is a bacterium called Streptococcus
mutans (S. mutans), a bacterium that
metabolizes dietary sugars into enamel-
damaging acids. The unique properties
of S. mutans enable it to build a sticky,
protective biofilm over a person’s teeth—
often impenetrable by toothbrushing alone.
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Understanding how this pathogen grows,
survives, and damages the oral environment
is critical for effectively preventing cavities.
This process begins with examining how a
healthy mouth maintains balance before S.
mutans disrupts it.

THE SCIENCE BEHIND CAVITIES
THE SETTING: A BALANCED ORAL
ECOSYSTEM

A healthy mouth depends on balance
between bacterial activity and enamel
protection within the dental biofilm (or
plaque), which is a thin film of bacteria,
saliva, and food debris that coats tooth
surfaces.® Saliva is the mouths first
line of defense. It cleans the mouth by
washing away food particles and also
acts as a chemical buffer, neutralizing
acids that are produced by bacteria in the
plaque. Saliva is also rich in calcium and
phosphate ions, both of which are essential
minerals that continually strengthen and
rebuild enamel.”¢ This cycle of cleansing,
neutralizing, and rebuilding protects the
teeth from daily acid attacks and keeps the
enamel strong.

THE DISRUPTION: INTRODUCING
DIETARY SUGARS TO THE ORAL
ECOSYSTEM
The formation of cavities begins with

the consumption of carbohydrate-rich
foods, particularly sugary snacks and
drinks. S. mutans digests these dietary
sugars (like sucrose, glucose, and fructose)
to generate energy through a process called
fermentation, a chemical reaction in which
bacteria break down sugars and release
acids as byproducts.” During the process
of fermentation, lactic acid is specifically
generated as a byproduct. This acid is
highly potent and rapidly lowers the pH
of the tooth surface, creating an acidic
environment that weakens and dissolves
the enamel over time.?

FORTIFYING THE ENEMY: BIOFILM

FORMATION AND ACID TRAPPING
Biofilms are a natural component of
the oral ecosystem. However, problems
arise when plaque becomes dominated
by S. mutans, which disrupts the mouth’s
equilibrium via a twofold disruption
mechanism. First, S. mutans directly erodes
enamel through its lactic acid production.
Its effectiveness, however, depends
on a second, structural mechanism:
the production of sticky extracellular
polysaccharides from sucrose (long sugar-
based molecules secreted by bacteria
that comprise part of the biofilm).” These
polysaccharides act like biological glue,
reinforcing the plaque biofilm and creating

FEATURES



a shield-like structure that traps bacteria
and their acids against the tooth surface.
This combination of acid generation
and entrapment leads to prolonged
demineralization of enamel—eventually
forming a cavity.

This sustained, localized acid attack will
lower the overall plaque pH. Once this pH
reaches below the critical threshold of 5.5,
which is a significant deviation from the
mouth’s normal pH of 6.7, the enamel begins
to demineralize. This involves dissolution
of the tooth’s hydroxyapatite crystals, which
are the primary minerals that strengthen
enamel. As a result of demineralization,
white spot lesions (weak spots on the
enamel) will form and eventually turn into
cavities."¢

Unlike many other oral bacteria, S.
mutans is extremely acid-tolerant, meaning
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Figure 2: Timeline of Cavity Formation.
Plaque can mature into an acid-producing
biofilm dominated by S. mutans in a
short period of time, demonstrating the
importance of daily habits in interrupting the
demineralization process before irreversible
decay occurs.”*?

it can survive and actively metabolize
carbohydrates even when the biofilm pH is
very low? This property allows S. mutans to
outcompete other beneficial bacteria in the
mouth.’
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Figure 1: Progression of a Cavity. A healthy tooth gradually develops plaque biofilm. Bacterial

fermentation of dietary sugars lowers pH and removes calcium and phosphate from enamel,

leading to demineralization and formation of a cavity.”

CAVITY PREVENTION USING
FLUORIDE

Fluoride offers more than one-time
protection; it offers continuous defense and
repair against bacterial overgrowths and
acid attacks."

During and immediately after brushing
with fluoride toothpaste (or receiving a
professional treatment), fluoride assembles
its defense. Calcium fluoride deposits
form on the enamel surface and become
incorporated into surrounding plaque.
Under neutral pH conditions, this reservoir
remains stable, serving as a fluoride “bank”
that stays ready to release fluoride for
protection when acidity rises."

Once the pH falls below the critical
threshold,  often  following  sugar
metabolism and lactic acid production,
the calcium fluoride reservoir dissolves
and releases a surge of free fluoride
ions into the surrounding environment.
These ions bind to the enamel surface

demineralization e
nmmnp
phosphate phosphate

acid saliva
calcium calcium

Figure 3: Demineralization vs. Remineral-

ization of Enamel. Acidic conditions draw
calcium and phosphate out of enamel, while
saliva returns these ions to the tooth surface."*"

and form a protective layer around the
hydroxyapatite crystals. The released
fluoride ions then act as a powerful catalyst
by dramatically accelerating the process
of remineralization: positively charged
calcium and phosphate ions are rapidly
guided back into the enamel lattice (due to
attraction to negatively charged fluoride).
During this repair process, fluoride also
becomes incorporated into the crystal
structure, forming a new, more acid-
resistant mineral called fluorapatite.” "
This process repairs previous acidification
damage while also fortifying the enamel
from future acid attacks.

Sustained remineralization and
reservoir replenishment are benefits of
repeated use of fluoride. The newly formed
fluorapatite is a lasting enhancement of
enamel composition to the enamel surface,
making it more resilient” Furthermore,
with consistent daily use of fluoride
toothpaste, the protective reservoir is
continually being replenished, ensuring
that this defense system is always prepared.
This ongoing cycle of demineralization and
remineralization fueled by fluoride is the

key to long-term cavity prevention.®

DIETARY DEFENSE: STARVING
THE PATHOGEN AND
DISRUPTING ITS STRATEGY

While fluoride repairs enamel, our
dietary choices directly influence the
battlefield inside the mouth. Some
nutrients work to starve S. mutans, reduce
its acid production, and disrupt its ability to
build a destructive biofilm.?
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The most direct strategy is to reduce
the fuel for S. mutans. This bacterium
relies almost exclusively on fermentable
carbohydrates for energy and for
constructing its sticky biofilm scaffold.

Reduce Sugar Intake Amount: Table
sugar (sucrose) is uniquely cavity-inducing.
S. mutans uses sucrose not only for energy
but also as the specific building block for
extracellular polysaccharides that fortify
its biofilm.” Limiting
reduces the bacterium’s ability to create its
protective, acid-trapping shield.

Reduce Sugar Intake Frequency: The
number of daily sugar exposures is as
critical as the total amount. Each snack or
sugary drink initiates a new acid attack,
dropping the plaque pH and restricting
the demineralization cycle. Limiting sugars
to mealtimes gives saliva the necessary
window to neutralize acids and initiate

sucrose intake

repair.*?

Replacing sucrose with non-fermentable
alternatives can satisfy a sweet tooth
without feeding the enemy.

k

TEA:

Polyphenols in tea either
kill or suppress bactoria,
helping prevent cavities.

i . help strengthen teeth.

Xylitol: Sugar alcohols like xylitol cannot
be metabolized by S. mutans for energy.
More importantly, when bacterium takes in
xylitol, it disrupts its metabolic pathways.
This “futile cycle” impairs acid production
and reduces the synthesis of the sticky
glucans that form the biofilm matrix.”

Certain foods and beverages contain
compounds that can directly interfere with
the harmfulness of S. mutans.

Polyphenol-Rich Foods: Green tea
contains compounds called polyphenols
that help fight cavity-causing bacteria.
One major polyphenol, EGCG, can slow
the growth of S. mutans and reduce the
thickness and stickiness of the dental
biofilm it forms by blocking enzymes that
S. mutans uses to make glucans.* "

Dairy Products: Foods rich in calcium
and phosphate, such as cheese and milk,
help boost saliva’s natural remineralizing
capacity. Consuming dairy products after
sugary food helps neutralize plaque acid
and provide a direct source of the ions
needed for enamel repair.

FRUITS AND VEGGIES: WINE AND MEDS:

Fiberrich fruits and vegetables Alcohol and many medicines dry

act like detergent in your mouth your mouth, increasing your

and also stimulate saliva! chances of developing dental decay
and other infections in your mouth

DAIRY:
Cheese generates saltva. Plus SO_FT.DRINKS:
the calcium in dairy products Besides tons of sugar,

most soft Jrinks contain
phosphoric and cltric acids
that erode tooth enamel.

By making informed dietary choices,
people can shift the oral environment from
one that promotes overgrowth of S. mutans
to one that promotes ecological balance
and long-term dental health. 5, 6

I would like to sincerely thank Professor
Kathleen Ryan of UC Berkeley’s Department
of Plant and Microbial Biology, who
generously reviewed my article and offered
insightful guidance to enhance my article.
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Figure 4: Dietary Influence on Cavity Risk. Foods rich in fiber, dairy minerals, and polyphenols support enamel and healthy saliva flow,

while sugary, acidic, or dehydrating items promote bacterial growth and enamel erosion.*®
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