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While fluoride has inarguably been
the single most important therapeutic
factor in the decline of tooth decay, es-
pecially among school-aged children in
industrinlized countries, its true role in
preventing caries has been mythicized
into oversimplification.

Ciries is not prevented by fluoride
dentifrice acting alone, nor is it caused by
the absence of fluoride alone. The true
workhorse of the mouth, in fact, is saliva.
Fluoride does play the important role of
chemical catalyst, augmenting saliva's
ability to do its job of mantaining, pro-
tecting and repairing tooth enamel.

THE INTRA-ORAL FLUORIDE RESERVOIR

Fluoride accumulates in residual
plague, on the enamel surfaces and on soft
tissues, It is storéd intra-orally on the teeth
and in plagque as caleium-fluoride-like
precipitates covered by salivary phos-
phates. 1, Since saliva is supersaturated
with respect to phosphate the precipitates
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Figure 1. Fluoride i stored intra-orally on the
teath and In plaque as calcium fluoride-like pre-
cipitates. Since saliva Is supersaturated with
calcium and phosphate, the precipitates do not
dissolve uniil the plaque become slightly
acidic. This occurs before enamel begins to
dissolve, releasing fluoride ions at the saliva-
enamel interface to prevent demineralization.

RE OR NURTURE: DIET,

do not readily dissolve and resemble calci-
um-fluoride-like particles that accumulate
in the mouth, This occurs before the enam-
el dissolves, releasing fluoride ions at the
saliva-enamel interface, precisely where
and when they are needed. (Figure 1)
Fluoride and diet are related and in-
separable in the caries process. Whenev-
er fluoride in a properly-constituted
toothpasie is used twice daily as recom-
mended, diet is certainly less of a factor
in the caries process because fluoride
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Figure 2 A Sweden.

In the past lwo decades, annual per-capita sugar
cansumption in Sweden has remained relatively
constant. Carles rates, however, have dropped
precipitously during the same perlod, demonstrat-
ing through epidemiology that with the use of fluo-
ride dentifrice, diet and dietary factors become far

less significant in the caries process.
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Figure 2B. Japan. Despite a high dentist to popula-
tion ratio and consumption of sugar al less than
hall the world average, Japan has had one of the
highest caries rates among indusirialized nations
In the past 10 years. This phenomenon is attrib-
uted lo the sbsence of fluoride dentifrice on the
Japanase markel until the early 1990°s. A sharp
drop In carles for Japanese 12-year-olds has been
documented since fluoride dentifrice was intro-
duced.
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CARIES AND ORAL IMMUNOLOGY

augments the components and defensive
action of saliva. (Figure 2A and 28)
When the enamel surface remaing
bathed in saliva, there is a continuous
exchange of calcium and phosphate
ions between the saliva and the sur-
face of the enamel. These are typical-
ly in equilibrium, or homeostasis.
Fluoride offers additional help when
present al the tooth surface bu pro-
viding ions, which inhibit demineral-
ization and promote remineraliza-
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Figure 3. With the enamel surface bathed In super-
saturated saliva, calcium and phosphate lons con-
stantly interchange. They establish and equilibri-
um with the ename! surface and the minerals pres-
ent in plaque fluld and sallva. Carles occurs when
equilibrium on particular sites of the teeth is dis-
turbed, resulting in more mineral belng lost than
replaced.

tion, as opposed to rebuilding the
tooth structure itsell as was long be-
lieved. 2. (Figure 3)

Saliva is 1o tooth enamel whal
blood is to the cells of the body; just as
the body depends on the bloodstream
nutrients, remove waste and protect the
cells; tooth enamel depends on saliva to
perform similar tasks, The importance
of saliva is obvious in the rampant
caries that can occur in individuals with
Rerostomia.

LESS SUGAR EQUALS FEWER CARIES?
"The story of how caries has de-
creased in recent years is not black and
white. Caries researchers believe the
decrease is multi-factorial, or a phe-
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nomenaon that has relied on the synergy
of several factors. Therefore, attribu-
ting the decrease in caries to less sugar
in the diet is not only simplistic, but in-
accurate. In fact, industrialized coun-
tries consume sugar in and everincrea-
sing array of foods, including many
processed foods in which it is "hid-
den”. In the last 10 years, the true role
of diet in dent health has become
clearer, as the line between foods are
potentially cavity-causing because
most contain some type of carbohy-
drite in the form of sugar, starch or a
combination of the twao, 3,

Natural sugars such as frue-
tose in fruit and fructose in fruit and lac-
tose in milk have just as much potential
to cause decay as processed sugar, as do
a number of starches found in products
such as erackers and potato chips. (fig-
ure 4) To highly evolve and sophisticat-
ed oral bacteria that mediate tooth de-
cay, the ingredients are virtually all the
same, Oral bacteria have evolved over
thousands of years 1o become extraordi-
narily efficient at adapting to and utili-
zing the various foods we eal.

Recently, Boston's Forsythe Dental

Figure 4. When plane is mature, all foods con-
faining even minuscole amounts of sugars or
pooked starches (carbohydrates) have the poten-
tial to gensrete acid produlion, This makes if vir-
tugily impossible fo compare the reglitive cario-
genicily of varus foods and supersedes lists os
*pood” and “bad” foods. All of the foods pictured
have same poteniial for anfering into the carles
[OCEsS,

Center reported findings that support the
view that "high-starch foods contribute
to the development of caries lesions”. 4.

The study found a critical difference
in the way that high-starch and high-

sugar foods contribute to the caries
process, but the and resolts could wellbe
the same. While confectionery foods de-
livered high levels of sugars to the oral
bacteria immediately after in- gestion,
those levels lasted only a short time.
High-starch food started out slower, but
delivered progressively higher concen-
trations of sugars over a considerably
longer period.

In may 1989, the Americian Acade-
my of Pediatric Dentistry board of
trustees acknowledged the changing con-
cept of caries when it commented that
"dramatic reductions in caries following
widespread access to fluorides have re-
sulted in decreased emphasis on dietary
counseling as a preventive strategy for
all children... frequency of carbo hydrate
consumption should be resiricted for
cavity-susceptible children (those who
develop decay in other than chewing sur-
faces), This imditional advice may be re-
laxed for ca- vity-free and low-cavity
children who are regularly exposed 1o
fluoride and comprehensive dental care”,

The board's point; while there is no
question that dietary restrictions or mod-
ification word to limit tooth decay other
preventive methods, in light of new sci-
entific evidence, seem more affective
and today have a better chance of suc-
cess. Put another way, we have seen the
potential enemy, and it is us, not sugar or
starch. 5.

Other than stimulating salivary flow
and providing the micronutrient fluo-
ride, nutritional status actually plays lit-
tle direct role in the prevention of tooth
decay. From the standpoint of diet, in the
case of frequent snacking, three 1o four
eating "events” a day appear to be in the
safe average range regardless of what is
edten if fluoride dentifrice is used twice
daily to augment saliva's protective
properties. More important is the ab-
sence of the fluoride ion at the saliva-
enamel interface.

Omly small amounts of carbohydrate
are needed for the maximum production
of lactic acid in the mouth. And that
acid, the predominant factor in the decay
process, 15 produced for up to 30 min-
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utes whether or not the carbohydrate re-
mains in the mouth. This knowledge is
paving the way for a more progressive
perspective of tooth decay and the caries
process. (Figure 5)

The Forsythe study offers further

“Blephan Curve” Plague pH Fo g Glucoso Mouth
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Figure 5. Using & Stephan Curve, or (he typical
intracral pH response to fermentable carbohy-
dratas, researchers can show thal even & shor
exposure will produce and immediate pH drop
into the enamef dissolution zone and will rise
only gradually back to newlral. Even when a so-
fution that leaves the mouth quickly is used, an
acid condition will exis! far ancther 30 minutes.
This demonstrales that the kanger carbahydrate
comaining feod stays in the mouth, the longer
the pH will remain depressed.

confirmation that the theoretical line be-
tween good and bad foods, dentally
speaking, is just that. Adding to the diffi-
culty in making food compa-risons are
food-related factors that can determine
cariogenicity. Those include how much
saliva a certain food stmulates and
whether that food containg natural
buffers against the acid produced by oral
bacteria, Or, a certain food may be natu-
rally acidic or may take longer to clear
the mouth. 6. (Figure 6)

Model and insity research has found

Plague pH
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Flgure 6. This chan fracks the depression of oral pH after in:
pestion of an ippe, residual piaces of which a0 depress e
P for more than 2 hours. This Wusirales ihe: poinl that iden-
[ifiying good and had foods & futie. Move smpovtand han wiar
A5 EhE 08 Pow fany mes we aal belwaen meals and How
long resicial food matenal remains i1 the mouth affer asnng.
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that chewing sugarless gum after eating
stimuolates saliva to neuwtralize plague
acids and promote remineralization, for
example. A recent study further supports
the finding that chewing sugarless gum
after eating augments the remineraliza-
tion of white spot lesions and significant-
ly reduces caries incidence. T.(Figure7)
Saliva Is The Key

Figure 7. Saliva flaw |s always increasad
by physical movement of the mandibla,
such as in chewing, and its production is
greatest on the chewing side. This "stim-
ulated" saliva has a highér buffering ca-
pacity, which makes chewing sugarless
gum after eating a practical and usetul
recommendation.

This inter-relationship be-tween sali-
va, its componenis and diet helps better
explain the how and the why of the rapid
tooth destruction in infants known as Bo-
by Bottle Tooth Decay (Early Infant
Caries), for instance. Is the sweetened
liquid in a baby bottle the villain? Or are
there other mediating factors involved in
the process?

The nature of saliva and its flow
around and infant's maxillary incisors
make those teeth highly susceptible to
bacterial co-lonization because the force
of gravity and the location of the salivary
duets provides little salivary flow 1o the
anterior teeth. Saliva does not mix in the
mouth, The infant's maxillary incisors
are wet by sabiva from the mminor mucus
glands. These glands lack buffer and
have litle mineral content. (Figure 8)

Also, because infant lip muscles
are not developed gnough 1o remain
"sealed”, saliva on the upper in¢isors

tends to evaporate and the incisors be-
come try, Nutrients in the bottle simply act

Salivary Secretions Relevant to
Caries
Glands Paralid Submandibiilar MWirf
Subangual Wsous
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Figure 8. This chart shows that, relevant to caries,
saliva produced In different parties of tha mouth
has difierent composition and properties. Sub-
mandibular and sublingual sallva has been shown
to be better buffers and contain more phosphe-
rous, which aids saliva In the remineralization
process. In the mouth, these various salivas do
not mix well. The viscosity of saliva ihe minor
glands is very high. The minor salivary glands are
those responsible for protecting the infant's man-
ilary antorior teeth.

as fuel for the bacteria. 8.

The modem model of tooth decay in-
volves the constant interaction of carbohu-
drates, saliva, salivary components, SCnum
antibodies, Auoride and oral microorzan-
isme. Recent scientific evidence has re-
vealed that the synergy between foods,
saliva, fluoride and our immune systems is
highly variable from person to person and
is far more complex and important than
onee imagined or understood, All those
factors, under normal conditions, exist in
and oral equilibrivm that has evolved in
human over thousands of vears, 9.

THE GENESIS OF CARIES

Tooth decay begins only when that
natural oral stasis is disrupted, which
could be prompred by environmental or
hereditary factors or by a change in the

ali salivary flow,

o« iltfkfuﬁmﬁumf the mouth is a com-
plex, delicately balanced and self-con-
tained environment, Microorganisms
such as the bactena involved in the den-
tal diease process

are niol transients but permanent resi-
dents that have evolved over thousands
of years and which live in harmony with
the structures of the mouth, Therefore,
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dental caries can be viewed as a break-
down or chance in homeostasis at specific
sites in the mouth that can lead to and
eeological advantage for the microorgan-
isms involved in dental disease, 10,

“The interactions of severy forces al-
so may help explain why some people
are more resistant o caries than others,
even when their food intake is virtually
the sama. Familiar and twin studics o
have established that there 15 a strong ge-
netic component in caries development.
Subsequent comparative studies of non-
related caries-resistant and caries-sus-
ceptible peaple has shed further light on
the phenomenon, providing o basis for
the existence of immune-host factors that
may be genetically regulated and can re-
side in the teeth, plague or saliva, or any
combination thereof, Or, perhaps, the
difference lies in the relative virulence of
various strains of S, mutans passed from
mo-ther to infant child during a caries-
susceptible period that extends 1w about
the fourteenth month of Tife. 11,

A consistent and significant differ-
ence between caries-resistant and-sus-
ceptible adulis ligs in plague pH, for ex-
ample. When examined, plagues from
carics-resistant adults have a higher ini-
tial pH. a significantly smaller drop in pH

and # more rapid return to normal. 12,
In summary, the lost 30 years has

seen major progress in the understand-
ing of dental caries and nutrition, yel
even now the true nature of the relation-
ship if often misunderstood and fre-
quently ignored. Research findings
have shown that preventive progranis
should be expanded to include not only
food consumption patterns, oral hy-
giene and fluoride, bul the amount and
compaosition of saliva, the immunologic
response of the individoal and the bac-
terial composition of the individugal's
plagque hiofilm. 13,

Note:  All of the Tigure in this anicle
were taken  from the educational sfide pro-
pramy, Insights Ino Saliva Action,  pro-
duced by the Intermanonal Association
of Pediatric Dentistry and suppon by the
Colgate-Palmolive Company.
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