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dental caries
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Saliva provides the major source of natural protectt
of and repair to teeth following acid challenge. Reductlon
of maximum salivary flow to less than 0.7 ml/min may
increase caries risk. although this depends on many other

interacting factors. i
Occasionally there may be a marked reduction in the

resting pH of saliva not necessarily associated wit.h a
reduced flow. The cause is often not clear and the patient

will then be susceptible to an increased caries rate.
——

: %c’t on enamel

Fluoride plays a highly significant role in the demineral-
isation—remineralisation process. In an acid environment,
the fluoride ion reacts strongly with free Ca?* and HPO v
ions, forming fluorapatite crystals Ca,,(PO,)(OH.F),, in
which fluoride substitutes for some hydroxyl ions.
Fluorapatite is less soluble than pure hydroxyapatite
because of better subunit stacking. Fluorapatite crystals
are unable to be dissolved by acid ions above pH 4.5 (the
critical pH for fluorapatite), with the result that the mineral
is more resistant to acid dissolution.
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Fluoride
Reacts directly with enamel and dentine and produces

several effects.

. Forms fluorapatite, which is less soluble than
hydroxyapatite

. Inhibits demineralisation

. Enhances remineralisation

« Inhibits bacterial metabolism

. Reduces ‘wettability’ of tooth structure

. Inhibits plaque formation

Inhibition of caries

Fluoride inhibits the develor = 1« o caries by:

* inhibiting the deminerali«.. . | ;rocess and enhancing
the normal remineralisatii: process by preferentially
reacting with hydroxyapatiic breakdown products to
form fluorapatite or a fluoride-cnriched apatite.
inhibiting bacterial metabolism.

Methods of inhibition

;Fhe most e_fficient inhibition of «.ri.s occurs through
igiqxirﬁttﬁ?iy contact of lon concentrations of fluoride
et e remiﬁ:thl§urface to inhibit demineralisation and
necessa Eaton O_f tha.t surface. The optimal level

Ty to achieve this will vary for each person

accordi ol
rding to the level of acid ions present in relation to the

level of balancing protective agents,
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ct on established lesions

The fluoride jon will not only prevent nitial lesio
developing, but will also stabilise established fesions H\‘:
s, it can: _

. contribute 10 remineralisation of incipiont cnamel canres

. partly remineralise carious dentine and ths <o o
or arrest the caries process in 1ho cavitaiod o
lesion

Effe

. remineralise root surface lesions 1o e extent that tha
may not need restoration.

Topical fluoride is more effective in inhibiting smooth
surface caries and in aiding remineralisation of Gnumcl or
Cgmcnlum—dcminc_ It is less effeetive in fissure or inter-
pl-(\\'i[’nﬂ] caries because of the difficulty of removing
stubborn or mature plaque. Daily application of topicubl
fluoride to demineralised root surfaces over a period of 2-4
moenths will lead to significant hardening of the exposed
Jontine, indicating thata remineralising balance has been
_ablished. Deep and extensive root caries can be
. irdened within the same period of time but requires the
. of higher concentrations of fluoride. The surfaces of
«weh remineralised lesions can become glass-like in texture
o ause of hypermincralisation.

NATURE OF THE ACID ION INTERACTION
ywITH APATITE AT THE TOOTH SURFACE

To understand the mechanism of the carious process it is
necessary to understand the basic nature of the chemical
reactions that occur at the tooth surface.

Demineralisation

The mineral component of cnamel, dentine and cementum
is hydroxyapatite. Ca e £0,),(OH),. Ina neutral environ-
ment. hydroxyapatii: = 11 cquilibrium with the local aque-
ous environme: s saturated with Ca** and PO

ions,

Hydrox _ctive to hydrogen ions at pH 5.5
(the critic! . liroxyapatite) and below. H reacts
preferer ‘e phosphate groups in the aqueous
environt: ediately adjacent to the crystal surface.
The proc ie thought of as conversion of PO £-10
HPO by ihe addition of H* and the H* being buffered

at the same time. The HPO 43‘ is then not able to contributg i
to the normal hydroxyapatite equilibrium because 11§
contains PO.. not HPO,, and the hydroxyapatite crystal
therefore dissolves. This is termed demineralisation. :
Remineralisation !
The demineralisation process ¢a
neutral and there are sufficient Ca4t
immediate environment. Either the
products can reach neutrality by bu
and PO,* ions in saliva can inhibit the process
lution through the common ion effect. This enables
rebuilding of partly dissolved apatite crystals and is termed
remineralisation.
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Acid reaction with apatite at the tooth surface

Following cruption there is a process of continuing
mineralisation of enamel from salivary calcium and phos-

phate (sce Chapter 1). Initially. enamel apatite contains

many carbonate and magnesium ions, which are highly

soluble in even mild acidic conditions. However, there isa J
rapid and extensive exchange of hydroxyt and fluoride ions ;
as the magnesium and carbonate are dissolved, Jeading to

4 more ‘mature’ enamel with a greater resistance to acid

ion challenge. This level of maturity, or acid resistance,

can be greatly enhanced by the presence of fluoride.

When a pulse of acid jons is generated at the tooth
surface, regardless of the fevel of maturity, the general
reaction can be symbolised by the diagram in Figure 2.6.

As the pH decreases the acid ions react, principally with
the phosphates in saliva and plaque (or calculus), until the
critical pH for dissociation of hydroxyapatite is reached at
approximately pH 5.5-5.2. Further decrease in pH results
in progressive interaction of the acid ions with the
phosphate groups of hydroxyapatite, causing partial or full
dissolution of the surface crystallite. Stored fluoride
released in this process reacts with the Ca?* and HPO >
ion breakdown products, forming fluorapatite, or fluoride-
enriched apatite. 1f the pH decreases further below 4.5,
which is the critical pH for fluorapatite dissolution, even
fluorapatite will then dissolve. If acid ions are neutralised,
and the Ca** and HPO* ions are retained in this hypo-_
theticm |_the renerserprTOCESSESION femineralisation

e
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\ Fig. 2.5 Conversion of hydroxyapatite to fluorapatite. The ¥
chemical reaction taking place at the tooth surface is shown. i:
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Fig. 2.6 The
demineralisation—reminearalisation
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In terms of the cycle proposed, in reality, there will be
variation in both the level of acid ion production as well as
neutralisation under differing situations in the oral cavity.
Furthermore, Ca?* and HPO,?- ions usually diffuse to the
tooth surface and may be lost, particularly in the presence
of more severe demineralisation. Partial replacement by
salivary ions may result in remineralisation occurring in the
surface layers, and over time, even in the deeper regions of
demineralisation within the lesion (Fig. 2.7).

Possible sequelae

It is apparent from the pH cycle diagram that, depending on the

strength of the acid that is present, the frequency and duration of

its production and the remineralisation potential in each particular

situation, any one of the following sequelae can occur:

¢ the enamel may continue to mature

* chronic caries may develop - slow demineralisation with
active remineralisation

* rapid (rampant) caries may arise — rapid demineral-
isation with inadequate remineralisation

* erosion may occur — very rapid demineralisation with no
remineralisation at all.

At every food intake there will be an acid-induced de-
mineralisation in areas of tooth surface bencath mature
plaque.

If eating frequency of sugar is low, local fluoride
concentration is high and salivary buffering is good, then
the mineral Joss will be reversible (that is, remineralisation
will occur).

If eating frequency is high, ocal fluoride concentration
is low and salivary buffering is poor, then demineralisa-
tion outweighs remineralisation. This situation is conducive
to dental caries.

It is important for the clinician to identify whether the
carious process is chronic or rapidly active as this will
determine the degree of urgency and intensity of the
control phase. The characteristics of chronic-and rampant

caries will be discussed.

o o0 e e e e i v

& 50%1 usual level of VAl E

& remineralisation / ’

= A

< S !

;g.»;s%n depth oflesion;/ !% %

E | % "Il normal
<= body translucent
surface of lesion dark zone

200l|.1.m 4oolp.m,
depthiof incipient lesior {jam)

Fig. 2.7 Usual level of remineraiis: -chematic concept of
the amount of remineralisation wiic/ - 2y take place in enamel
following demineralisation. The levei wiii not achieve the
theoretical normal but will be adequate to enhance the physical
properties of the enamel.

THE PROGRESSING CARIOUS LESION

Early enamel lesion
The initial ename] lesion results when the pH level at the
tooth surface exceeds that which can be counterbalanced

by rc?mineralisation, but is not low enough to inhibit surface [

remineralisation, The acid jons penetrate deeply into the

- Prism sheath porosities, leading to subsurface demineral-

1sation, The tooth surface may remain intact through

- femineralisation, which occurs preferentially at the surface

due t0 increased levels i '
: d of calcium, phosphate, fluoride
1ons, and buffering by salivary products (Fig. 2.8).
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Fluoride safety for adults

Maximum dose for adults
. 5mg of fluoride per kilogram of body weight per day

i

The probable toxic dosage of fluoride ion s Sme of Taoriie
jon per kilogram of body weight per dav. For the fr
chronically ill adult. this dosage should e consivere | ieh
and prescribed doses kept well below this level. ‘

Steps should be taken to minimise ingestion during
application. In the office, use adequate suction. Durin;;
home application, allow the paticnt 1o drool liberally over
a sink. Have the patient spit out the excess for | minute
after each application. The amount swallowed will then
be well below those levels considered necessary to raise
total blood levels to those considered likely to cause
chronic toxicity.

The fluoride 10n may be retained in the oral cavity for
prolonged periods with a relatively slow rate of clearance
by ingestion and absorption. It is therefore essential for
dentists to prescribe the minimal dose necessary to gain the
required result and instruct patients very clearly in the
correct means of sclf-application.

Fluoride safety factors for children

are
{ Fiygr-faé?aféﬁy for children
Maximurr - ~hildren
¢ 5.0m7 .er kilogram of body weight per day
NG . greater than 0.07 mg of fluoride per
kif - weight per day for children with
d ) I may result in fluorosis. Use topical
f © ain caution

The probable toxic dose of fluoride for children is Smg of
fluoride jon per kilogram of body weight per day.
Containers of fluoride tablets or drops used to supplement
systemic fluoride intake should not contain more than 100
mg fluoride ion in total. They should be kept well out of the
reach of young children to avoid accidental overdose.

Careful supervision of the amounts of fluoride tooth-
paste used daily is important because ingestion of more
than 1 mg fluoride ion daily may Jead to fluorosis. Regular
fluoride-containing dentifrice holds up to 0.1% fiuoride
ion by weight, so a full brush head of paste contains
approximately 1.5 mg of fluoride ion.

[Nps b s Iy T sea b chvildeen, wse o uphos man g which
L Ol 11T PHRE | Y T T o W T Y 4 Chiddren
sider D e v e e pheebv o avelos ol unased paste
o ik el sihoud, anad sz up Bo O veass ol age
arny regnbarly mpest approsimalcly 30% of paste used.

Concentrated geis, and mouth vinses containing 0.2%
Nak, should not be presernbaed for young children even
when imtant caries has occurred, Localised application of
varmish, or a more concenimted saleiion, moy be under-
takon by o deata! protession

Pritecth

VE SEAGTVE

Fiastrre seplonis are o proven protective measure against
ihe devalopiacnt of carious lesions in pits and fissures in
children. For the hugh-risk teenager or young adult patient
there is increasing evidence for the benefits of sealing the
pits and fissures on the occlusal surfaces of newly erupted
teeth using cither resin or glass-ionomer cement. Even if
the scal is applied subsequent to some degree of de-
mineralisation, the process will be arrested and bacterial
activity is likcly to become dormant (Chapter 11).

CARIES RISK ASSESSMENT

Caries risk estimation for each patient leads to the develop-
ment of a thorough picture of the patient’s present and
future dental health, with an understanding of the need for
preventive or surgical intervention. Options for future
dental management, and the anticipated cost in time and
money of the various options, will be clearer.

The essential components of a proper caries risk-
assessment programme include a careful oral examination,
a detailed medical and dental history, diagnostic testing
of the oral environment and an understanding of the
patient’s attitude and behaviour.

Examination

A thorough oral examination should assess the extent and

location of incipient lesions, cavitated lesions and

restorations. It should include an assessment of the activity
status of the lesions and the condition of the restorations.

The following evidence should be carefully gathered
and recorded:

» Coronal surfaces should be examined for change in
colour and translucency and for the presence of
cavitation. The use of a fine, sharp explorer is valuable
in detecting surface roughness and cavitation within
fissures but should be used with caution to avoid damage
to a demineralised surface. Bite-wing radiography will
reveal the presence of incipient or more advanced lesions
under fissures or on proximal surfaces. Occasionally,
transillumination may suggest early caries but this should
be confirmed by other diagnostic means. Techniques
using electronic fissure testing, lasers, ultrasound
techniques and fibre-optic probes are being developed to
enhance clinical ability to detect the early lesion.

» On the exposed root surface, incipient caries may be




