Colin Robinson

Introduction to Dental Caries

Dental caries uniquely is prevalent worldwide and
the annual oral health costs in Europe are estimated
at €79 billion [1]. Essentially, the tooth’s outer cov-
ering, dental enamel and subsequently the sub-
adjacent dentine are attacked and eventually
destroyed by bacterially produced acid. If untreated
this often results in infection of the alveolar bone of
the jaw leading in turn to systemic infection includ-
ing endocarditis. If the tooth is lost, supporting
bone of the tooth socket is also resorbed exposing
roots of previously healthy adjacent teeth to further
attack by oral bacteria and toothbrush wear.
Therapeutic treatment is only possible before the
enamel surface is breached, after which restoration
materials are inserted following drilling out of
porous carious tissue. Since enamel is acellular,
enamel caries occurs without the participation of
host cells and is essentially a chemical process.
Dental enamel comprises ~97 % inorganic
crystals of a calcium hydroxyapatite mineral,
similar to crystals in dentine, cementum and bone
(see chapter “Overview” under part “Teeth and
bones”). Enamel crystals are, however, much
larger and better formed being 30—50 nm in thick-
ness and width and up to 500 nm in length [2].
Several thousand crystals are packed parallel to
each other into 4-5 pm diameter bundles, the
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enamel prisms, extending from dentine towards
the enamel surface [3].

Apatite crystals exhibit many ion substitutions
(Fig. 1) [4-6]. Important from a therapeutic
viewpoint, fluoride ion substitution for hydroxyl
ions dramatically reduces acid solubility and
facilitates precipitation while carbonate and mag-
nesium have an opposite effect [7]. Fluoride ion
stabilises the crystal by reducing lattice energy
and improving crystallinity, while carbonate and
magnesium distort the regular arrangement of
ions leading to instability.

Pathophysiology of Dental Caries
and Metabolic Alterations

Several hundred species of bacteria are resident in
the oral cavity [8]. Of these 3050 are regarded as
cariogenic. The mutans streptococci have received
most attention in this respect. Cariogenic bacteria
form a biofilm, dental plaque, in the deeper fissures
of molar teeth, around contact areas between adja-
cent teeth (interproximal sites) and at the gum mar-
gin. Oral bacteria colonise a protein layer on enamel
surfaces, many proteins of which are unique to
saliva [9]. This produces a biofilm with channels
often extending from saliva to the enamel surface
and mushroom-shaped biomass, structures typical
of nutrient rich biofilms [10]. Caries is mediated by
acid products of plaque biofilm metabolism [11].
Plaque acid initially dissolves the calcium
hydroxyapatite crystals at prism and crystal
surfaces, which are rich in carbonate [2]. While
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Fig.1 Chemical composition of hydroxyapatite. (a) View
of a regular, non-distorted hexagonal unit cell of hydroxy-
apatite in the tooth down the long c-axis. One layer of a unit
crystal is shown. The positions of inner (Ca?* I) and outer
(Ca?* IT) calcium ions, as well as phosphate ions (P;), are
shown. Please note that outer Ca** ions also “belong” to
two neighbouring apatite crystals (shown with dotted
lines). A hydroxyl ion (OH") is shown in the centre. For a
complete hydroxyapatite unit cell, a second layer must be
added, rotated by 60°, so that Ca** will be placed atop P,
resulting in the chemical formula of Ca?*o(PO,*)s)(OH"),.
(b) View of a substituted, distorted hydroxyapatite hexago-
nal unit cell down the long c-axis showing possible

the lesion front advances relatively quickly, the
lesion surface appears to remain intact due to
reprecipitation of dissolved crystals facilitated by
high surface levels of fluoride [12—14].
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substitutes. A fluoride (F7) ion is shown in the centre posi-
tion. Close fit and high electronegativity of fluoride ions
confer stability on the crystal with regard to acid. Distortions
due to carbonate (CO;*~) and magnesium (Mg**) ions are
indicated resulting in less well-ordered crystals and greater
acid solubility. Locations of other substituent ions are
shown, e.g. Sr**, Pb*, Zn?**. HPO,>~ and HCO;™ can also be
present. Charge balance is maintained by loss of calcium or
hydroxyl ions. (¢) View of hydroxyapatite crystal showing
the long c-axis with a fluoride substituting for one hydroxyl
ion. The orientation of hydroxyl ions is altered such that the
hydroxyl protons are oriented towards the fluoride ion. This
increases stability of the crystals towards acid [13]

Histological studies of caries lesions reveal
pores, which progressively increase in size until
mechanical breakdown occurs. These are visible as
a series of zones (Fig. 2a) [12]. Initial dissolution
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Fig. 2 Pathophysiology of dental caries. (a) Overview
image of an affected tooth indicating the section shown in
(b). (b) Section through an interproximal (white spot) caries
lesion of enamel showing histological zones of the lesion. (c¢)
Schematic drawing of pore structure and changes in crystal
appearance, due to dissolution, at each stage with the earliest
stage to the right: translucent zone (1 % mineral loss) through
the dark zone (5 % mineral loss) to the body of the lesion
(20-50 % mineral loss). Pore size increases at each stage
with additional small pores indicating crystal regrowth/rem-
ineralisation in the dark zone indicated by darker areas, later
dissolved in the lesion body. (d) Graphical illustration of
chemical changes to enamel crystals (hexagons) at each
stage of lesion development (from right to left). Intact prisms
and crystals are present in healthy teeth (sound enamel).
Large, selective loss of carbonate and magnesium ions and
increase in fluoride occurs during the first stage (translucent
zone), where dissolution of prism boundaries and crystal sur-

faces starts. Subsequent reprecipitation of dissolved mineral
occurs in the dark zone (dark areas in ¢). Dissolution contin-
ues even of this stable reprecipitated mineral (lesion body) as
pH falls towards the plaque biofilm on the enamel surface.
The surface zone contains a range of poorly defined/bulky
calcium phosphate materials. (e) Ionic alterations in different
zones of a caries lesion showing relative changes of impor-
tant ions and conditions (arbitrary units). Whereas the fluo-
ride content is relatively low in sound enamel, it continuously
rises along the lesion progression, with a steep rise during the
body and highest concentration on the enamel surface.
Calcium and phosphate are also high at the surface and in
sound enamel. Their minimal concentration can be found in
the body of the lesion. Carbonate and magnesium ions are
maximal in sound enamel and drop continuously towards the
surface. Similarly, pH is highest in sound enamel and con-
tinuously drops towards the surface [13]
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of crystal surfaces produces the translucent zone,
with ~1 % mineral loss (Fig. 2b). This is succeeded
by the dark zone [15] with larger pores and ~5 %
mineral loss. The dark appearance is due to the addi-
tional generation of much smaller pores, which do
not admit media such as quinoline, which has the
same refractive index as apatite crystals. Importantly
this indicates some closing up of existing pores by
regrowth of existing crystals and new crystal precip-
itation, i.e. remineralisation. Some accumulation of
organic material has also been reported. This remin-
eralisation, via calcium and phosphate from saliva, is
facilitated by the massive loss of carbonate and mag-
nesium, which are crystal growth inhibitors because
of their destabilising effect on apatite crystals and an
increase in the crystal growth promoter fluoride. The
subsequently formed body of the lesion with even
larger pores (20-30 % mineral loss) represents con-
tinued dissolution of even the reprecipitated material
as more acid penetrates from the plaque [13].

Demineralisation and remineralisation can
thus occur at the same time in the same lesion
depending on concentration gradients of fluoride,
carbonate, magnesium and pH [13].

Treatment and Implications
for Patients

Earliest carious changes involve chemical altera-
tions, which are not normally visible on the tooth
surface. As the disease progresses, caries is most
often seen as a white spot on the tooth surface
resulting from porosity generating light scatter.
This may progress to greater mineral loss which
can be detected radiographically.

Therapeutic treatment falls into two areas:
first and primarily reconstituting tooth material
(by supplementing mineral ions) and second acid
reduction (by antibacterial treatment to reduce
the pH gradient). Acid production can be inhib-
ited by broad-spectrum antibacterial agents in
toothpastes and mouthwashes. These include
chlorhexidine [16], a bisbiguanide, which dis-
rupts cell membranes and triclosan [17], a poly-
chlorophenoxyphenol, which inhibits fatty acid
synthesis. This approach is effective, but repeated
application to continuously renewing plaque
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raises issues of bacterial resistance and the pos-
sibility of long-term effects on oral soft tissues.
Inclusion of buffers in toothpastes and mouth-
washes to correct pH has a limited effect due to
their relatively short half-life in the mouth.
Mineral ions can be supplemented to the lesion
site to promote remineralisation [18]. Fluoride in
particular is remarkably effective, reducing the dis-
ease by 50-70 %. Originally thought to increase
enamel resistance via incorporation into crystals
during development, later emphasis shifted towards
a topical remineralising effect on the lesion itself
[19]. Fluoride can be supplied to the tooth surface
via the diet, drops or tablets entering the saliva
directly or via the bloodstream. Topical application
via toothpastes and mouthwashes is also effective
[20, 21]. Why continuous supply of fluoride is nec-
essary is not perfectly understood but is likely
related to maintenance of a concentration gradient
into the lesion through the plaque biofilm [22].
Fluoride inhibition of plaque acid production may
also contribute. More generally, removal of biofilm
by flossing and toothbrushing twice daily for about
2 min is also effective by removing acid generating
bacteria and lowering the overall bacterial load.

Influence of Treatment
on Metabolism

The antibacterials described above are not
retained in the mouth except in small amounts
and usually for limited periods. Significant
effects on general metabolism have so far not
been reported. Treatment with fluoride results in
increased acid resistance of the enamel by substi-
tution of fluoride for hydroxyl ions in the enamel
apatite crystals. Fluoride also stimulates regrowth
of acid damaged crystals and redeposition of new
crystals enriched in fluoride and depleted in car-
bonate and magnesium [13].

Continuous availability of topical fluoride at the
levels currently used has not resulted in discernible
side effects on oral or indeed any other tissue.
However, ingested fluoride in excessive amounts
during tooth development can result in tissue
changes [23]. Up to ~1 ppm in the water supply
produces few observable effects. Above this level,
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crystal development is impaired and porosity in
enamel results, which increases in severity with
fluoride concentration. In extreme cases bone can
be affected. Several mechanisms may operate here,
including increased apatite-protein binding to crys-
tal growth sites limiting crystal growth [23] and
more recently alterations in cytoskeletal behaviour
in the enamel forming ameloblasts [24]. This may
inhibit removal of proteins and/or access of cal-
cium phosphate to the growing crystals. Several
guidelines have been published with regard to opti-
mal dietary fluoride levels [25].

Perspectives

The most effective current anticaries therapy is
fluoride. Administration via the drinking water
is extremely effective and is relatively inex-
pensive. However, interpreted as mass medica-
tion and with the risk of fluorotic changes, this
route is still somewhat controversial. Topical
oral application remains the most effective and
acceptable treatment but depends on individual
compliance. More recently, attempts have been
made to encourage remineralisation by supply-
ing additional calcium to tooth surfaces using
a calcium-protein complex and via administration
of peptides, which nucleate the deposition of new
hydroxyapatite crystals. New approaches to diag-
nosing very early chemical changes in the enamel
surface, driving fluoride deep into the lesion more
effectively together with disruption of plaque and
specific targeting of bacterial acid production
seem the most promising way forward.
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