dlae e



o Al

dlae e



o Al

Definition
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Dental caries is defined as a preventable,
chronic and biofilm mediated disease
modulated by diet.

This multifactorial, oral disease is caused
primarily by an imbalance of the oral flora
(biofilm) due to the presence of fermentable
dietary carbohydrates on the tooth surface
over time.

Demineralization—
Remineralization Balance
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tooth-biofilm-
carbohydrate interaction has been illustrated
by the classical Keyes—Jordan diagram.

Traditionally, the

dental caries onset and activity are, in fact,
much more complex than this three-way
interaction, as not all persons with teeth,
biofilm and consuming carbohydrates will
have caries over time.

Several modifying risk and protective factors
influence the dental caries process (Fig. 2.1).

Primary modifylng factors: < e

= Tooilh anatomy e
= Saliva K
= Biofilm pH

= Biofilm compasition

= Usa of fluonda

= Dial specifics

= Diral hygiena |
» |mmine system = |
» Ganetic factors f

Figure 2.1 Modified Keyes-Jordan diagram. As a
simplified description, dental caries is a result of the
interaction of cariogenic oral flora (biofilm) with
fermentable dietary carbohydrates on the tooth surface
(host) over time.
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At the tooth surface and sub-surface level,
dental caries results from a dynamic process
of attack (demineralization) (Figs. 2.2 and
2.3) and restitution (remineralization) of the
tooth matter.

10 4
A B

B
Fig. 2.2 A, Young adult with multiple active initial and
cavitated caries lesions involving teeth No. 8 through
10. B, Cavitated areas (a) are surrounded by areas of
extensive demineralization that are chalky and opaque
(b). Some areas of initial (noncavitated) caries have
superficial stain.
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Figure 2.3 Extensive active caries in a young adult
(same patient as in Fig. 2.2). (A) Mirror view of teeth
nos. 20-22 and (B) cavitated lesions (a) are surrounded
by extensive areas of chalky, opaque demineralized
areas (b). The presence of smooth-surface lesions such
as these is associated with rampant caries. Occlusal and
interproximal smooth-surface caries usually occur in
advance of facial smooth-surface lesions. The presence
of these types of lesions should alert the dentist to the
possibility of a high caries risk patient and possibly
extensive caries activity elsewhere in the mouth. The
interproximal gingiva is swollen red and would bleed
easily on probing. These gingival changes are the
consequence of longstanding irritation from the biofilm
adherent to the teeth.
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Pathologic factors

(i.e. those favouring demineralization) and

Protective factors
(i.e. those favouring remineralization).

Individuals in whom the balance tilts
predominantly towards protective factors
(remineralization) are much less likely to
develop dental caries than those in whom the
balance is tilted towards pathologic factors
(demineralization).

It 1s essential to understand that caries
lesions, or cavitations in teeth, are signs of an
underlying condition, an imbalance between
protective and pathologic factors favouring
the latter.

Understanding  the balance  between
demineralization and remineralization is the
key to caries management.

Restorative treatment does not cure the caries
process.

identifying and managing the risk factors for
caries must be the primary focus, in addition
to the restorative repair of damage caused by
caries

Demineralization and

remineralization cycle

Acid production
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Cariogenic bacteria in the biofilm metabolize

refined carbohydrates for energy and

produce organic acid by-products

Critical biofilm pH:
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These organic acids, if present in the biofilm
ecosystem for extended periods, can lower
the pH in the biofilm to below a critical level
(5.5 for enamel, 6.2 for dentin).

This low pH has effects both on the biofilm
composition and at the tooth surface level
(Fig. 2.12)
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III. Demineralization:
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The low pH drives calcium and phosphate
from the tooth to the biofilm in an attempt to
reach equilibrium, hence resulting in a net
loss of minerals by the tooth, or
demineralization

IV. Remineralization:
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When the pH in the biofilm returns to neutral
and the concentration of soluble calcium and
phosphate is supersaturated relative to that in
the tooth mineral can then be added back to
partially demineralized enamel, in a process
called remineralization

Demineralization and
remineralization cycle:
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This process takes place several times a day
over the life of the tooth and are modulated
by many factors, including:

e Number and type of microbial flora in the
biofilm

e Diet

e Oral hygiene

e Genetics

e Dental anatomy

e Use of fluorides and other

chemotherapeutic agents
e Salivary composition, flow and buffering
capacity

e Inherent resistance of the tooth structure
and composition that will differ from
person to person, tooth to tooth and site
to site

Progression of disease:
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Repeated demineralization events may result
from a  predominantly = pathologic
environment  causing the  localized
dissolution and destruction of the calcified
dental tissues, evidenced as a caries lesion
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Severe demineralization of enamel results in
the formation of a cavitation in the enamel
surface.

Subsequent demineralization of the inorganic
phase and denaturation and degradation of
the organic phase results in dentin cavitation.

Etiology of Dental Caries
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Dental caries is a disease that is dependent on
the complex interrelationships between the
following four critical parameters:

I. Biofilm

I1. Tooth habitat
II1. Diet

IV. Saliva

Biofilm
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Dental plaque is a term historically used to
describe  the  soft, film
accumulating on the surface of teeth.

tenacious

Dental plaque has been more recently
referred to as a plaque biofilm, or simply
biofilm, which is a more complete and
accurate description of its composition (bio)
and structure (film).

The following are the salient attributes of
dental biofilms:

e Biofilm is composed mostly of bacteria,
their by-products, extracellular matrix
and water.

e The accumulation of biofilm on teeth is a
highly organized and ordered sequence
of events (Figs. 2.5-2.7).

e A
recently characterized because of the
spine of radially oriented filaments.

‘hedgehog’ formation has been
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The filaments are a mass of Corynebacterium
filaments

periphery.

with  Streptococcus at the

Actinomyces are usually found at the base of
the biofilm suggesting that Corynebacterium
attaches to a pre-existing biofilm containing
Actinomyces.
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Figure 2.5 Drawings 1-5 illustrate the various stages in
colonization during plaque formation on the shaded
enamel block shown in (B). The accumulated mass of
bacteria on the tooth surface may become so thick that
it is visible to the unaided eye. Such plaques are
gelatinous and tenaciously adherent; they readily take
up disclosing dyes, aiding in their visualization for oral
hygiene instruction. Thick plaque biofilms (4 and 5) are
capable of great metabolic activity when sufficient
nutrients are available. The gelatinous nature of the
plaque limits outward diffusion of metabolic products
and serves to prolong the retention of organic acid
metabolic by-products.
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environment and the biochemical gradients drive the
selection process. This can be exemplified by the role of
Streptococcus. Where Streptococcus predominate, they Sy 5 «CO2 — e Ay JSi0n (aiall & Sall 3 g
create an environment rich in CO2, lactate and acetate,

containing peroxide and having low oxygen. This

environment is advantageous for the growth of bacteria g lial) 5 A rall Jie s e o el sall
such as Fusobacterium and Leptotrichia. (From Welch

JL, Rossetti BJ, Riekem CW, et al.: Biogeography of a

human oral microbiome at the micron scale, Proc Natl

Acad Sci USA 9;113(6):E791- E800, 2016.
doi:10.1073/pnas.1522149113.)
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Figure 2.7 (A) Plaqe biofilm formation at 1 week.
Filamentous bacteria (f) appear to be invading cocci
microcolonies. Plaque near gingival sulcus has fewer
coccal forms and more filamentous bacteria (860 X).
(B) At 3 weeks old, plaque biofilm is almost entirely

composed of filamentous bacteria. Heavy plaque
formers have spiral bacteria (a) associated with sub-
gingival plaque (660 X). (From Listgarten MA, Mayo

HE, Tremblay R: Development of dental plaque on

epoxy resin crowns in man. A light and electron

microscopic study, J Periodontol 46(1):10-26, 1975.)

In any case, it is notable that each taxon is
localized in a precise and well-defined spatial
zone indicating that the microbes in the oral
biofilm have a precise and well-tuned
interaction6 (Fig. 2.6).

Teeth normally have a biofilm community
dominated by Streptococcus sanguis and
Streptococcus  mitis ~ with  significant
differences in their proportion according to
the various habitats within the oral cavity
(Fig. 2.8 and Table 2.1).
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Figure 2.8 Approximate proportional distribution of
predominant cultivable flora of five oral habitats.
(From Simon-Soro A, Tomas I, Cabrera-Rubio R, et

al.: Microbial geography of the oral cavity, J Dent Res

92:616, 2013. doi:10.1177/0022034513488119.)
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Table 2.1 Oral habitats®

Predominant Environmental conditions
Habitat species within plague
Mucosa 5 mitis Aprchic
5. sanguis pH approximately 7
5. safivanius Cridation-reduction potential
positive
Tongue 5 safvarnius Aerobic
5 mutans pH approximately 7
5. sanguis Oxidation-reduction potential
positive
Teath inon- 5. sanguis Aerchic
CAMOUS) pH 55
Oxidation-reduction negative
Gingival crevice  Fusabacterium Anaerobic
Spirochaeta pH variabie
Actinomycas Coidation-reduction wery
negative
Veiliomels
Enamel caries 5. mutans Anaerobic
pH <55
Oxidation—reduction negative
Dentin canes 5. mutans Anaerchic
Lactobaciius pH <55
Oxidation-reduction negative
Root caries Actinomyces Anaerobic

pH <55
Oxidation-reduction negative

“The microenyirenmental cohditions in the habitats assodated with host health
are gensrally senobic, near neutrality in pH, and positive in oxidation-reduction
potential. Significantmicroanvironmental changes are asociated with canies
and pericdontal disease. The changas zre the result of the biofilm community

metabolism.
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* Recent evidence indicates that there are no
specific pathogens that correlate with dental

caries, but rather microbial communities.

* Mature plaque biofilm communities have
tremendous metabolic potential and are
capable of rapid anaerobic metabolism of
any available carbohydrates.

Professional tooth cleanings are intended to
control the biofilm (plaque) and prevent
caries (and periodontal) disease. However,
after professional removal of all organic
material and bacteria from the tooth surface,
a new coating of organic material begins to
accumulate immediately.

Within 2 h, a cell-free, organic film, the
acquired enamel pellicle (AEP) (Figs. 2.5
and 2.6) can cover the previously denuded
area completely.

The pellicle is formed primarily from the
selective precipitation of various components
of salivary glycoproteins, enzymes and
immunoglobulins.

The functions of the pellicle are believed to
be as follows:

* Protect the enamel
* Reduce friction between teeth

* Possibly to provide a matrix for

remineralization.

Tooth Habitats for cariogenic Biofilm
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The tooth surface which is covered with the
AEDP is the ideal surface for the attachment of
many oral streptococci.

If left undisturbed, biofilm rapidly builds up
to sufficient depth to produce an anaerobic
environment adjacent to the tooth surface.
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Tooth habitats favourable for harbouring
pathogenic biofilm include:

L. Pits and fissures (Fig. 2.9)
Pits and fissures are particularly susceptible

surfaces for caries lesion initiation.

The pits and fissures provide excellent
mechanical shelter for organisms and
harbour a community dominated by S.

sanguis and other streptococci.
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Figure 2.9 Developmental pits, grooves and fissures on
the crowns of the teeth can have complex and varied
anatomy. (A and B) The facial developmental groove of
the lower first molar often terminates in a pit. The
depth of the groove and the pit varies. (C and D) The
central groove extends from the mesial pit to the distal
pit. Sometimes grooves extend over the marginal ridges.
(E) The termination of pits and fissures may vary from
a shallow groove (a) to complete penetration of the
enamel (b); the end of the fissure may end blindly (c);
or open into an irregular chamber (d). The physical
nature of the pit and fissures allows for biofilm to
remain stagnated. Additionally, the decreased thickness
of enamel (and sometimes absence of enamel) at the
bottom of the pit and fissure make these surfaces
especially susceptible to dental caries.
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The relative proportion of mutans

streptococci (MS) most probably determines
the cariogenic potential of the pit-and-fissure
community.

In susceptible patients, sealing the pits and
fissures just after tooth eruption may be the
most important strategy in their resistance to

dental caries on those surfaces.

II. Smooth enamel surfaces (Fig. 2.10)

The proximal enamel surfaces immediately
gingival to the contact area are the second
most susceptible areas to dental caries
lesions.

Proximal contact

plaque bicfilm
Sub-contact \\\
plague biofilm —____

-

19 20

Horizontal
cross-section
{just below contact)

D

Figure 2.10 Biofilm formation on posterior teeth and
associated caries lesions. (A) Teeth nos. 19 and 20 in
contacting relationship. (B) The crown of tooth no. 20
has been removed at the cervix. The proximal contact
and subcontact biofilm can be seen on the mesial
surface of tooth no. 19. The biofilm on the facial
surfaces is illustrated. (C) During periods of
unrestricted growth, the biofilms on the mesial and
facial surfaces become part of a continuous ring of
biofilm around teeth. (D) A horizontal cross-section
through teeth nos. 19 and 20 with heavy biofilm. Inset
shows the interproximal space below the contact area
filled with gelatinous biofilm. This mass of
interproximal biofilm concentrates the effects of biofilm
metabolism on the adjacent tooth smooth surfaces. All
interproximal surfaces are subject to biofilm
accumulation and acid demineralization. In patients
exposed to fluoridated water, most interproximal
lesions become arrested at a stage before cavitation.
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These areas are protected physically and are
relatively free from the effects of
mastication, tongue movement and salivary
flow.

The types and numbers of organisms
composing the proximal surface biofilm

community vary.

Important ecologic determinants for the
biofilm community on the proximal surfaces
are the topography of the tooth surface, the
size and shape of the gingival papillae and the
oral hygiene and diet of the patient.

A rough surface (caused by caries lesions, a
poor-quality restoration or a structural
defect) restricts adequate biofilm removal.

This situation favours the occurrence and
progression of caries lesions and/or
periodontal disease at the site.

II1. Root surfaces

The proximal root surface, particularly near
the cementoenamel junction (CEJ), often is
unaffected by the action of hygiene
procedures such as flossing because it may
have concave anatomic surface contours
(fluting) and occasional roughness at the
termination of the enamel.

These conditions, when coupled with
exposure to the oral environment (as a result
of gingival recession), favour the formation
of mature, cariogenic biofilm and proximal
root-surface caries lesions.

IV. Sub-gingival areas (Fig. 2.11).

The facial or lingual root surfaces
(particularly near the CEJ), when exposed to
the oral environment (because of gingival
recession), are often both neglected in
hygiene procedures and usually not rubbed
by the bolus of food. Consequently, these
root surfaces also frequently harbour
cariogenic biofilm.
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I11. Diet and Caries 253 g Azaad)
Frequent  ingestion of  fermentable Ade yasall ALED <l a5 S0 ) Sl @35 (i ay

carbohydrates begins a series of changes in
the local tooth environment, essentially
changing the composition of the biofilm, thus
favouring the growth of highly acidogenic
and aciduric bacteria thereby influencing the
pH of the biofilm that eventually leads to
caries lesion formation.

» High-frequency exposure of fermentable
carbohydrates such as sucrose may be the
most  important producing
cariogenic biofilm and, ultimately, caries
lesions.

factor in

Dietary sucrose has two important
detrimental effects on how biofilm affects
caries.

7

<+ First,
containing sucrose provides a change in
the biofilm profile from a noncariogenic
biofilm to a cariogenic biofilm.

s Second, mature Dbiofilm exposed
frequently to sucrose rapidly metabolizes
it into organic acids, resulting in a
profound and prolonged decline in pH.

frequent ingestion of foods

* The frequent use of candies and lozenges
during the day or night increases the risk of
caries.

* Sugar-containing acidic  beverages,
including sport drinks, fruit juices and soft
drinks, all contribute to a cariogenic diet.

Because the eventual metabolic product of
cariogenic diet is acid, in addition to caries
lesions, the exposure to acidity from other
sources (e.g. dried fruits, fruit drinks or other
acidic foods and drinks) also may result in
dental erosion.

In contrast, when ingestion of fermentable
carbohydrates is severely restricted or absent,
biofilm growth typically does not lead to
caries lesions.

The dietary restriction must include all
intakes that result in acidity, not just sucrose.
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IV. Saliva: cilall)

Saliva is an extremely important substance L iy caladall aan Jal (e 10 Gaga sale lall
for the proper digestion of foods, and it also

plays a key role as a natural anticaries agent (272 Jsaad) A sl oanle duleS Ly T 0
(Table 2.2).

Table 2.2 Elements of saliva that control plaque biofilm communities

Names Action Effects on plague biofilm community

Amylase 7 i Cleaves—1,4 glucoside bonds Increases availability of oligosaccharicgas

Lactoperoxidase Catakyses hydrogen peroxide-mediated oxidation; adsorbs  Lethal to many organisms: suppresses plagque formation
to hydroxyapatite in aclive form on tooth surfaces

Lysozyme Lyses cefls by degradation of cell walls, releasing pepti- Lethal to many organisms; peptidoglycans activate com-
doglycans; binds to hydroxyapatite in active conformation  plement; suppresses plague formation on tooth surfaces

Lipasas Hydrolysis of trighycerides to free fatty acids and partial Free fatty acids inhibit attachmant and growth of some
alycerides organisms

Lactoferrin Ties up free iron Inhibits growth of some inon-dependent microbes

Secretory immunogicbulin - Agglutination of bacteria inhibits bacterial engymes Reduces numbers in saliva by predipitation; siows bacle-
A (lgh) (smaller amounts rial growth

of lgh, laG)

Giycoproteins (mucins) Agglutinaticn of bacteria Reduces numbers in saliva by predpitation

g4, Immunocglobulin A
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Many medications are capable of reducing
salivary flow and increasing caries risk

(Table 2.3).
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Table 2.3 Medications with potential to cause hypo-salivation or dry mouth {(xerostomia)

Action/medication group Medicaments Action/medication group Medicaments

Sympathomimetic Anticholinergic, dehydration

Antidepressants ‘enlafaxine Diuretics Furosemide
Duloxetina Bumetanide
Reboxetine Torsemide
Bupropion Ethacrynic acd

Anticholinergic Sympathomimetic

Tricyclic antideprassants Amitriptyfine Antihypertensive agents Metoprolol
Clomipramina Monoxiding
Amoxapine Rilmenidine
gruh'm_ty-lma Appetite suppressants Fenfluaramine
I e s Sibutramine
TN AN Phienterming
Trimipramine -
Hortriptyline Decongestants Pseudoephadrine
Desipramine Bronchoditators Thotropium

Muscarinic receptor anlagonists Coybutynin Skoletal muscle refaxants Tizanidine

Alpha-receptor antagonists Tamsulasin Antimigraine agents Rizatriptan
Terazosin e

Antipsychotics Promazine B 5 S
Triflupromazine Opicids, hypnotics Opium
Mesoridazine Cannakis
Thioridazine Tramadol
Chozaping Diazepam
Olanzapina

Antinistamines Aziridine e S
Brompheniramineg HZ antagonists, proton pump Cimetidine
Chlorpheniraming inhibitors Ranitidine
Cyproheptading Famotidine
Dexchiarpheniraming Mizatidine
Hydroxyzina Cmeprazoia
Phenindamine ; ;
Cotirizing Cytotoxic drugs Huorouracil
Loratadine Anti-HV drugs, protease inhibitos  Didanosine

(Adapted from the Kois Cemter: Supporl Materials, Always Fages. hifpefcoisranter comiStoradsupmatiist aspe, Accessed fanuary 13, 2012)
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The importance of saliva in the maintenance
of the oral health is illustrated dramatically
by observing changes in oral health after
therapeutic radiation to the head and neck.

After radiation, salivary glands become
fibrotic and produce little or no saliva,
leaving the patient with an extremely dry
mouth, a condition termed xerostomia (xero,
dry; stoma, mouth).

Such patients may experience near total
destruction of the teeth in just a few months
after radiation treatment.

Salivary  protective  mechanisms  that

maintain the normal oral flora and tooth
surface integrity include bacterial clearance,
direct antibacterial activity, buffers and
remineralization.

Bacterial Clearance
* Adults produce 1-1.5 L of saliva a day, very

little of which occurs during sleep.

While in the mouth, saliva lubricates oral
tissues and bathes teeth and the biofilm.
The secretion rate of saliva may have a

bearing on caries susceptibility and calculus
formation.

* The flushing effect of this salivary flow is,
by itself, adequate to remove virtually all
microorganisms not adherent to an oral
surface.

* The flushing is most effective during
mastication or oral stimulation, both of which
produce large volumes of saliva.

Direct Antibacterial Activity
» Salivary glands produce an impressive

array of antimicrobial products (Table 2.2).

Lysozyme, lactoperoxidase, lactoferrin and
agglutinins are salivary proteins that possess

antibacterial activity.
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* Although the antibacterial proteins in saliva
play an important role in the protection of
soft tissue in the oral cavity from infection by
pathogens, they have little effect on caries
because similar levels of antibacterial
proteins can be found in caries-active and
caries-free individuals.

« It is suggested that caries susceptibility in
healthy individuals is not related to saliva
composition but more importantly to the
quantity of saliva.

Individuals  with  decreased  salivary
production (owing to illness, medication or
irradiation) may have significantly higher
caries susceptibility (Table 2.3).

Buffer Capacity

* The volume and buffering capacity of saliva
available to tooth surfaces have major roles
in caries protection.

The buffering capacity of
determined by

saliva is

Primary buffer:

bicarbonate ion concentration

Additional buffers:
urea and sialin

* The benefit of buffering is to reduce the
potential for acid formation.

» Saliva is crucial in controlling the oral flora
and the mineral content of teeth, hence
salivary testing should be done on patients
with signs and symptoms of hyposalivation.
Signs include lack of saliva pool on the floor
of the mouth, gingivitis and mucositis
(including burning mouth syndrome),
cheilitis (inflammation and fissuring of the
lips and/or the tongue), fissure in the soft
mucosa, fungal infections in the mouth such
as thrush, glossodynia (painful tongue),
sialadenitis (salivary gland infection), saliva
that seems thick and stringy and several
caries lesions especially in uncommon areas
such as the lower central incisors.
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Symptoms include complaints of ‘cotton
mouth’ (xerostomia); bad breath; difficulty
chewing, speaking and
changed sense of taste and problems wearing
dentures.

swallowing; a

Remineralization
+ Saliva and biofilm fluid are supersaturated

with calcium and phosphate ions.

Without a means to control precipitation of
these ions, the teeth literally would become
encrusted with mineral deposits.

Saliva contains statherin, a proline-rich
peptide that stabilizes calcium and phosphate
ions and prevents excessive deposition of
these ions on teeth.

* This supersaturated state of the saliva
provides a constant opportunity for
remineralizing enamel and can help protect
teeth in times of cariogenic challenges.

Development of the Carious

Lesions
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With the formation of the bacterial biofilm on
the dental surface and in the presence of a
diet rich in fermentable carbohydrates, acids
will be formed by the bacterial metabolism,
which will reach the surface of the enamel,
promoting its demineralization.

This accumulation of biofilm occurs
especially in regions protected from friction
with the soft tissues and with the food bolus,
as the bottom of the grooves, interproximal
regions, and cervical
surfaces below the height of curvature (Fig.
3.11a).

areas of smooth

Initially, dissolution of the interprismatic
enamel is started, with the accentuation of the
prism prominences, creating a rough surface
with surficial porosities (. Fig. 3.4a).
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.. Fig. 3.4 a Scanning electron microscopy image of
human enamel surface showing on the left a white spot

lesion with many pores (arrow), contrasting with the
aspect on the right, where the enamel is intact; b
histological aspect of an enamel carious lesion observed
on the optical microscopy (2.5 X); ¢ greater
magnification of the lesion presented in the image b,
showing the lesion body (LB) and the surface zone
(arrow) (10 X); d scheme showing the levels of porosity
on the different zones of the enamel lesions (arrow,
surface zone; LB, lesion body of the; DZ, dark zone;
TZ, translucent zone)
The acids continue to diffuse into
intercrystallite water-filled spaces and the
process keeps on, following the direction of

the enamel prisms.

At the surface layer of the lesion, the level of
mineral loss is lower than in the more inner
regions, due to its contact with the mineral-
rich and oversaturated saliva.

After some time, an incipient carious lesion
is formed in the enamel with a relatively
intact surface, with a porosity volume of
approximately 1%, called surface zone, and a
subsurface porous part, with a porosity
volume of 5-25%, called the lesion body
(LB).
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At the deepest inner portions of the lesion,
the front of demineralization (translucent
zone) is created, with a porosity volume of
1%. At this area the dissolution of the intact
enamel prisms is happening.

The dissolved mineral salts at this area,
before leaching outward, temporarily
accumulate on the neighboring region, called
dark zone, with 2—4% of porosity.

Afterward, the minerals diffuse to the LB and
later to the oral environment through the
pores in the surface zone.

In . Fig. 3.4b, c, the histological aspect of a
subsurface carious lesion, pointing out the
surface zone (arrow), and the LB is depicted.

Figure 3.4d shows a schematic drawing of the
variation of porosities in the different layers
of an initial enamel lesion.

As a consequence of the presence of this
subsurface lesion, there is a modification of
the optical behavior of the dental structure.
According to the laws of optics, when there
is a difference in refractive index between
two materials, there will be an interface that
deviates the light waves.

When the enamel is intact, the whole tissue
has a refractive index of 1.62 and there are no
interfaces.

The light travels through the tissue without
modification on its trajectory, until it reaches
the DEJ, being then reflected back.

the caries lesion has many porosities filled
mainly with water from saliva, which has a
refractive index of 1.33.

In this case, the light waves reach multiples
interfaces between the fluid and the mineral
phase, with different refractive indices.

At each interface the light is deviated and
reflected, becoming imprisoned in an
“optical maze” that is over-luminous and
therefore perceived as white, creating a so-
called white spot lesion.
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Small subsurface lesions may not be visible
when the tooth is wet because the amount of
water present on the internal porosity of the
lesion may not be capable to deviate the light
enough.

However, when it is dried with a blow of air,
the water inside the porosities is replaced by
air, which has an even lower reflection index,
equal to 1, making it visible for a naked eye.

On the other hand, more advanced subsurface
lesions are visible even when they are
hydrated because of the high amount of water
inside.

When such a lesion is dried, its visible size
becomes even greater (. Figs. 3.5a-h and
3.6a—d).

A study correlated the severity of carious
lesions and their histological depth. White
spot lesions, which require air-drying, are
most likely to be limited to the outer  of the
enamel.

The depth of a white lesion which is obvious
without air-drying is located some place
between the inner 1/2 of the enamel and the
outer 1/3 of the dentin.

When dried with a blow of air, active enamel
caries lesions present an opaque white,
chalky, and dull surface.

In contrast, non-active, arrested initial lesions

show a glossy white surface after drying.

Every effort must be kept on the way to
diagnose and stop the lesion yet at this stage.

At this moment preventive treatments are
mandatory to interrupt and stop the bacteria
colonization of the surface and to disorganize
the biofilm on the surface.

However, if the surface pseudo-intact layer is
destroyed and breached, for example, by
probing with a dental instrument, a bacterial
invasion into the body of the lesion will
occur.
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.. Fig. 3.5 Teeth with active carious white spot lesions. die (5l edaall Lyt el 4y a0 il @ld gl :5-3 Jga
The clinical aspect is modified when the tooth is wet or
dry. a, ¢, e With the teeth wet and the lesions seem

smaller; b, d, f dry teeth showing the real size of the Sle slap 44 ¢h (g .l suial) aaall 5 jelaa dila S of od

lesions. g, h White spot lesion on the occlusal surface, T
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.. Fig. 3.6 a Anterior teeth with great accumulation of
bacterial biofilm; b aspect after removal of the biofilm
with the surface still wet; ¢ aspect after drying with a
blow of air. It can be observed that the white spots are
more visible and seem larger than when the teeth are
dry. It can also be verified the presence of cavity on the
cervical region on the tooth 12; d sectioned extracted
teeth showing the breaking out of the surface zone of a
white spot lesion, resulting in a cavity and bacterial
invasion in the lesion body.

In such a cavitated lesion control and
removal of the biofilm is almost impossible
and the lesion is going to progress. This
means that a cavitated and not cleanable
lesion, e.g., at the proximal aspect of a tooth,
will be necessary to be filled up with a

restoration (. Fig. 3.6a—d).

In smooth surfaces, as the mesial, distal,
buccal, and lingual surfaces, the carious
lesions progress with a cone shape, with the
base facing the external surface of the tooth,
while at the region of the grooves, due to the
inclination of the cuspid, the lesion at the
enamel progresses with cone shape with the
base facing the dentinoenamel junction (Figs.
3.7a and 3.8a).
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.. Fig. 3.7 Progression of the carious lesion on smooth @i Al a Y ghudl gl 3550 A s 173 gl
surface. a Subsurface lesion limited to the enamel; b, ¢ . .
dentin demineralization without the presence of cavity; Bl 3525 05 0n o3 D3 e o€ b el Ba0a Radaw
d demineralization and disorganization of the dentin
after cavitation. The black arrows indicate the

demineralized dentin, whllfz the re.:d arrows indicate the cabosiall bl Y ol paally slimsd H'“&‘ iy ccanall U 3a el
sclerotic dentin
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Fig. 3.8 Progression of the carious lesion on the occlusal Gadaw it 4 ca . (SbY) plad) e 3 2l 481 aais :8-3 Jeal

surface. a Subsurface lesion limited to the enamel; b
dentin demineralization without the presence of

cavitation; ¢, d demineralization and disorganization of zlad Y elagull (,4....‘2\ Ol LB i JS amy JAlA. 9 il Ul e

the dentin after cavitation. The black arrows indicate
AT zlall Y deadl iy ccpaall )

the demineralized dentin and the asterisk the necrotic el gl Stl St i

zle od e 3yia a9 O 0 Ol U e zle b Leliadl B3 gaaa

dentin

dlae e



Lo gl

When the acids go through the intercrystallite
spaces and reach the dentin, even with an
intact surface zone of the lesion, the
demineralization expands laterally along the
DEJ, forming a second cone, with apices
directed toward the pulpal chamber,
following the dentinal tubules (. Figs. 3.7b, c
and 3.8b).

If the surface is still intact, no bacterial
invasion into the lesion body will occur, and
progression of the lesion might be stopped
simply by removing the bacterial biofilm
from  the surface, allowing  its

remineralization by the saliva.

As soon as the surface zone of the lesion is
fractured, it often becomes impossible to
remove the bacterial biofilm with common
oral hygiene measures, and a restoration is
indicated (. Figs. 3.7d and 3.8c, d).

With time, all the adjacent dentin is
destroyed, and only the undermined enamel
is left (. Fig. 3.8d).

When the cavity reaches the dentin, the
tubules are invaded by the bacteria, and the
acids and proteolytic enzymes lead to a
liquefaction necrosis process of the
outermost layer of dentin (Fig. 3.8d -
Asterisk).

Below this very soft layer of liquefaction
necrosis, an intermediary demineralized and
contaminated layer, called infected dentin,
exists.

As the penetration of the acids in the tubules
precedes the bacterial invasion, a deeper
dentin area is already demineralized without
the presence of bacteria, called affected
dentin.
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With the progression of the lesion, the
contaminated area spreads, and when there is
only 0.5 mm of remaining tooth structure
covering the pulpal chamber, the diffusion of
the bacterial metabolic reaches the pulp and
can start an inflammatory reaction, called
pulpitis.

If nothing is done and the process continues,
the bacterial invasion into the pulp tissue will
lead it to necrosis.

In . Fig. 3.9a, and b the clinical aspect of the
necrotic dentin being removed with a spoon
excavator is depicted.

More internally, when excavated, the
demineralized and contaminated dentin is
removed in chips.
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Fig. 3.9 Clinical aspect of carious dentin. a Necrotic
dentin with a “porridge” aspect; b demineralized dentin
removed in chips
When the enamel carious lesion at the enamel
comes close to the dentinal tissue, even
before the start of dentin demineralization,
the odontoblasts react trying to obliterate the
tubules by the deposition of calcium salts
inside the lumen, forming the so-called

sclerotic dentin (. Fig. 3.7 — red arrows).

This could be interpreted as an attempt to
block irritating and aggressive agents from
reaching the pulpal tissue.

In . Fig. 3.10, the clinical aspect of the
sclerotic dentin can be observed at the pulpal
wall.

It presents an extremely hard consistence to
probing and a dark brown or black color.
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Fig. 3.10 Clinical aspect of darkened sclerotic dentin at
pulpal wall

With the lesion progression, the increase of
dentin demineralization stimulates the
primary odontoblasts in contact with the
affected tubules.  They start the focal
secretion of dentin matrix tissue inside the
pulpal chamber, forming a tertiary dentin
known as reactionary, which shows tubular
continuity with the secondary dentin.

With the increase of the injury intensity, the
primary odontoblasts will be compromised in
terms of survival until cell death.

When the pulp defense mechanism is still
active, stem/progenitor cells may be
recruited to the injury site, creating a new
generation of odontoblast-like cells secreting
reparative tertiary dentin.

In this case there will be a lack of tubule
continuity with the secondary dentin,
creating a barrier effect that will protect the
pulp tissue, until the caries process reaches
this region.

this sequence of events only happens in the
cases when the carious lesion has low-speed
progression.

In patients with high caries activity, the
lesions can progress so fast that there is no
time for sclerosis and much less for the
formation of reactionary or reparative dentin,
increasing the risk for development of an
irreversible involvement of the pulp.
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during cavity preparation of a tooth with a
lesion of fast progression, a greater chance of
accidental exposure of the pulpal tissue also
occurs, due to the higher quantity of softened
dentinal tissue.

In some special cases, with teeth showing no
signs of irreversible pulpitis, it may be
advised to restore the not completely carious-
free cavity temporarily. This intermediary
step may allow remineralization of the
affected dentinal tissue, as well as formation
of the tubule’s sclerosis and of the
reactionary dentin.

When the white spot lesion in enamel is
detected before cavitation happens, the
treatment of the caries disease by
intensifying preventive measures along with
fluoride applications will promote the
deposition of calcium salts on the surface and
inside the lesion. By this it may happen that
small lesions completely disappear.

once the pores of the surface zone are closed,
minerals  will not be  deposited
homogeneously inside the lesion body. Thus,
the bigger a lesion is, the more likely it will
stay visible, even after being arrested.

Clinical studies demonstrate that only 33 to
49% of white spot lesions disappear when
being arrested.

It is known that white spot lesions become
inactive as soon as no biofilm is present on
its surface.

At this inactive state, white spot lesions
present a shining surface when dried with a
blow of air (. Fig. 3.11Db).

During the arresting process, pigments and
dyes present in the oral cavity from the diet
can deposit into the porosity, changing the
white spots to darkish or brownish spots (Fig.
3.12a, b).
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.. Fig. 3.11 White spot lesions in enamel. a The presence
of lesions is associated to the places where bacterial
biofilm occurs, as in cervical and interproximal regions;
b inactive lesions with shiny surface

Fig. 3.12 Darkened inactive carious lesion in enamel. a
Labial surface; b proximal surface

The activity of caries disease is related to the
interaction between the determinant factors,
leading to an unbalance of the
demineralization/remineralization ~ process
with more mineral loss than gain, due to the
production of acids in the biofilm.

However, this conjuncture can be changed at
any time, and a patient with a high caries
activity can be changed to low activity,
resulting in an abrupt drop of the acid
production.

When this happens, the existing lesions, even
if cavitated, change their aspect.

The active cavitated lesions of intense
acidogenic activity, called acute carious
lesion, have a large quantity of bacterial
biofilm and a wet appearance, and the
dentinary tissue shows a light brown color
and is extremely soft (Fig. 3.13a).
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Fig. 3.13 Clinical aspect of a carious lesion. a Acute
lesions; b chronicle lesions

Frequently there are white spots on the
enamel margins of those cavities.

in lesions of low acidogenic activity, called
chronic carious lesions, no biofilm is visible,
and the dentin looks dryer, with a darker
color and a consistency described as similar
to leather (. Fig. 3.13b).

In turn, as an acute lesion may become
chronic, the opposite may also happen, when
the determinant factors of the caries disease
may prevail again.
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