Kinetic Factors in the Tooth-Plaque-Saliva Model Systems
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During the last decade the physical model ap-
proach has been leading to a systematic, self-
consistent, mechanistic understanding of the
demineralization kinetics of dental enamel
reactions in acidic media.1.2 In recent apatite
dissolution studies it has aided greatly in de-
fining the exact roles of solution fluoride
and strontium and in elucidating the flu-
oride-strontium-phosphate synergism in re-
tarding acid demineralization.3-3

The proposed model for the tooth-plaque-
saliva system is intended to correlate, within
the physicochemical framework, the various
kinetic factors of the tooth, plaque, and sa-
liva evidenced to be directly or indirectly re-
lated to dental caries. In the light of ap-
propriate experimental designs, investiga-
tions based on such models often may pro-
vide quantitative interrelationships that
would not be possible intuitively; this has al-
ready been demonstrated in a preliminary
study.®

The General Model

This model may describe the dynamic pro-
cesses in dental caries. The enamel subsur-
face demineralization is shown in the illustra-
tion as the consequence of events taking
place in the saliva, dental plaque, and tooth
surface regions. The essence of this model
is derived from the “acid theory” and white
spot formation in caries etiology. Thus, acids
may be produced from bacterial metabolism
in the cariogenic plaque layer, which is cons-
tantly bathed in the saliva containing the
necessary substrate (s). Tooth mineral dis-
solution then is induced by these acids. The
illustration shows that during dissolution the
model requires that diffusion of various
species takes place in the apparent intact
tooth surface enamel layer as well as in the
plaque. While calcium and the phosphate
species diffuse away from the subsurface re-
gion into saliva, saliva substrate is simulta-
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neously diffusing into the plaque and being
used by the bacteria. The acids generated in
the plaque (H, HL, and H,C) diffuse both
into the subsurface region and toward the
saliva.

In this tooth-plaque-saliva system, the fol-
lowing kinetic factors that contribute to the
demineralization process can be identified:
(1) the concentration gradients and trans-
port rates of various species in the plaque;
(2) the nature of the plaque bacteria, bac-
terial acid, and acid production rates; (3)
the thickness (or amount) of the cariogenic
plaque; (1) the transport rates of the various
species in the intact surface enamel layer;
(5) enamel apatite-ambient solution inter-
facial conditions in the subsurface demin-
eralizing region; and (6) the saliva calcium
and phosphate levels, buffer capacity and
pH, and substrate levels. Considerable evi-
dence has accumulated indicating, directly
or indirectly, that combinations of these fac-
tors are involved in forming the necessary
conditions for caries formation. One factor
may not merit greater consideration than an-
other without proper evaluation of its role.

In his presentation Dr. Brown has dis-
cussed the possible importance of the thermo-
dynamic (equilibrium solubility) factors in
the caries process. It would be shortsighted,
however, if the unusual and slow crystal-
solution kinetics generally observed with syn-
thetic apatite and dental enamel is disre-
garded completely as being unimportant to
dental caries. Our own thoughts (at this
time) are that crystal-solution kinetics may
be as important as thermodynamics in the
initiation of dental caries and, therefore,
should be given appropriate consideration.

Potential Usefulness of the Model

The physical model approach to the caries
problem is unique in that it correlates, in
perspective, the various factors identified in
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Fic 1.—Diagram for enamel subsurface demineralization in a tooth-plaque-
saliva system. Ca = Ca**; HP = HPO;; H.P = H,PO;; H = H'; H.C = H,CO,;
HC = HCOj3; HL = bacteria-produced acid molecules; L = anions of HL; § =

substrate (carbohydrate) .

many independent investigations. These re-
lationships and appropriately designed ex-
periments may provide the basis for a “sys-
tems approach” to caries research.

Based on the dynamic processes in the
tooth-plaque-saliva system and the other
physicochemical factors, quantitative integral
mathematical relationships can be derived in
terms of tooth subsurface demineralization
as a function of various factors relating to
apatite dissolution kinetics, plaque (or bac-
terial) cariogenicity, and saliva conditions.

Examples of phenomena related to caries
that may be mechanistically investigated and
quantitated by the proposed approach in-
clude (1) subsurface dissolution itself; (2)
enzymatic glycolysis of carbohydrates by
cariogenic bacteria in the plaque; (3) the
actions of agents that may act primarily in
the plaque (antibacterials); (4) the actions
of agents that may increase the resistance of
the enamel to demineralization (fluoride,
trace elements, and other agents); and (5)
saliva composition and the influences of the
variations in the saliva composition with
time (cycling effects).

Recommendations

GENERAL.—It has been evident from this
workshop that many of the “pieces in the
puzzle” have been found and more undoubt-
edly need to be found before the picture

can be completed. I believe, however, that
enough is now known about the caries pro-
cess so that physical models for the dynamic
tooth-plaque-saliva system can be helpful
in putting the existing pieces together.

The investigator with physicochemical (or
perhaps biochemical engineering) inclina-
tions may make a significant contribution by
developing and using the “systems approach”
to the mechanistic understanding of dental
caries and rational approaches to the elimi-
nation of this disease. Success, to a large ex-
tent, will depend on the investigator’s ability
to communicate effectively with microbiol-
ogists, biochemists, and clinicians engaged in
caries research, as well as on the investiga-
tor’s proficiency in mathematics.

SeeciFic.—The relationships between
enamel apatite crystal dissolution kinetics in
the “white spot” zone and the time changes
in the morphology must be established. In
this connection, crystal dissolution studies un-
der partial saturation conditions will prob-
ably yield important results.

The influence of trace elements and other
agents (including crystal poisons) on the
apparent solubility and the kinetics of dis-
solution of hydroxyapatite should be investi-
gated from a mechanistic standpoint.

The permeability of enamel (especially the
sound outer layer with and without the
pellicle) to ionic and nonionic substances
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must be determined. In this connection, the
possible permselective nature of the enamel
should be investigated.

The permeability of the plaque to nonionic
and ionic compounds of interest in the tooth-
plaque-saliva system must be determined.
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