Dental Caries

Dental Caries

Definition:

Dental caries is a reversible progressive bacterial damage of hard tooth

structure exposed to the oral environment.

Contributing factors of Dental Caries:

1. Susceptible tooth surfaces
2. Cariogenicmicroorganism
3. Fermentablearbohylrates
4. Time

(A)  Susceptible tooth

1. Position:

Upper posteriorteeth are more susceptibléecauseit is away from the
cleansing effect of tongue and saliva. Moreoveglposed,crowded teeth
related to clasps and orthodontic appliance are more susleepdi caries

because of the creation of stagnation or retention sites.
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2. Morphology:

Deep and narrow its and fissurescontact area and undercate

stagnation oretention sitegnd are most susceptible to caries.

3. Structure:

Enamel hypoplasia and enantsipocalcification may affect the rate

of progression but not thaitiation of caries.

4. Fluoride:

A Fluorides from drinking water and othesourcesare taken upby
calcifying tissues during developmeithen the fluoride content of the

water is 1 ppm or nre the incidence of cariekecreases.

The cariostatic effect of fluoride:

a) Increasing enamel resistance to caries:

A Fluoride replaces the hydroxyl group in the hydroxyapatiamihg
fluoroapatite which is less soluble in acids than hydroxyapatite aisd thu

more resistant to acid d@neralization.
b) Enhancement of re-mineralization process of the carious lesion:

The presence of fluoride in the oral environment (saliva and plaque)
facilitates the remineralization (repair) of the dmineralized carious

lesion.
¢) Inhibition of bacterial growth:

A Fluoride inhibits bacterial enzymes and thus stops bacterial activities, e.g.

Glucokinase, Fructokinase, Glucosyltranferase, etc.
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(B) Carbohydrates

Carbohydrates arthe only component of the diet that can be acted upon

plaque bacteria producing acidsusing caries

Factors affecting cariogenicity of carbohydrates:

1. Types of carbohydrate

Monosaccharidand disaccharide are suitable substrate for oral bacteria
to utilize for energyproductionandorganicacidsmainly lactic acids and
pyruvic acidsare produced.

Sucrose, in particular is thé'arch criminal™ of dental caries.

Factors determining the cariogenicity of sucrose:

1

Sucrosemost frequently consumed carbohydrate (table sugar, drinks, jam,

etc) because of its lowast.
It promotescolonizationof teeth by Streptococciddutans

Cariogenicbacteria (S.mutandprm extracellular polysaccharides (dextran)
faster from sucrose than from other sugairge disaccharide bondf sucrose
contains enough energy to react witlttesial enzymesgglucosyltransferase)

to form extracelluladextran matrix of dental plaque.
Its small molecule allows it to diffuse readily into plague

Bacteria metabolizeucroseapidy with the production of organic acids

. Total amount of carbohydrate intake:

Increased intake of fermentable carbohydyasefollowed by increased

caries activity
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3. Frequency of carbohydrate intake:

The frequent intake of carbohydrate at intervals (between meals) will

cause increaskeectivity. That is beause:

a) Increasedperiod of availability leading to increasedepods of activity of

microorganisms utilizirg sugar and producing more acid.

b) The cleansing effect of other fibrous food elements is absent.

4. Consistency and texture of carbohydrate:

Sticky carlobhydrates are moreariogenic than solutions of sugars

becauseheyare
o Slowly washed by saliva
0 Attached to the tooth surfat@nger period of time

0 Remainsaccessible to the oral micarganisms,with more acid

production

For exampleDried powderedmilk is stickyand highly cariogenic while liquid

milk is not sticky and less cariogenic.

5. Refinement of carbohydrate:

It is the treatment of carbohydrate in indugtryorder to make themwhiter,

sweeterjmproving its flavor anademoving its fiborous material.
Refinemant of carbohydrate will increase its cariogenecity because:
a) Increased concentration ofrfeentable fraction of carbohydrate.

b) Removal of fibrous material sw cleansing effect.
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c) Additional anounts of sugars are added when making cakesuits,
etc; thiswill increaseconcentratiorof fermentale carbohydrate and also

increase its adhesiveness.

However, xylitol (a non ferentable sugar alcohol) is me8dered to be a
refined carbohydrate yet is non cariogenic. On the other Hemdy is not

refined butt is highly cariogenic.

Vipeholm Experiment:

The aim of this experiment was to investigate the effect of the total amount,
frequency and texture of carbohydrate on caries incidefastafson
conducted an experiment on 436 adult patients in a mental hagpike city

of Vipeholm in Sweden. He divided them into seven groups all receiving a
basic low carbohydrate diet. Control group received adequate caloric intake by
Fat.

Two groups took sugar at mealtimes either in solution or as sweetened bread.
Four goups received sweets in the form of toffees, caramels or chocolates
between meals. The experiment was conducted oveyears period (1946
1951).

Results:

1- Eatingsticky carbohydrates between meals showed the highest caries activity.
2- The effect of bocolate was less severe.

Conclusion:

1-Frequency andexture of carbohydrategre more effective on caries activity
than total amount.

2- Sugar in a form that is retained on the teeth (sticky) or eatdérequent

intervalsis the most potent cause of dentalries.
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(C) Micro-organisms

The most potent acid producing strains is streptococcus viridians
(st.mutans, st.sanguis, st.salivarigngdteri) and some strains ofdtbacilli and

actinomyces

Experiments prove the role of bacteria:

I-Mi | | er 6s eexepledthat roariedike lesions were produced by
incubating teeth in salivavith carbohydratessuggesng that caries process
could result from the fermentation of carbohydrates by the bacteria present in
the saliva.
2- Orland and co-workers found that gerniree rats (free from bacteria) did
not develop caries when fed a sterile cariogenic diretorder to determine
which species of bacteria were cariogemeroduction of single known strains
of bacteriawas deliverednto the oral cavities of gernfree ratgthe production
of gnotobiote rats =0k nown | i feo) . The gnott obi ot
mutantsare the most cariogenmicro organism
Characteristics of S. Mutans:

Mutate under different environmental conditions.

Endogenous in dentate oral cavity.

Transmissible from one to another.

Powerful acidogenic.

Highly aciduric.

Produce both smooth surface and pit & fissure caries.

Produce extracellular polysaccharides (dextran: insoluble & adhesive,

sticky andlevan: increase bulk of plaque).

Produce intracellar polysaccharides (amylopectin) act as store for

carbohydrate.
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Have role in caries initiation.

Role of other micro-organisms:

Lactobacilli:

Acidogenic and highly aciduric.

Usedas index for caries activity.

Producepit ard fissure caries.

Not produce smooth surface car{eannot synthesize dextran)

Have role in caries progression.

Actinomyces:

Produce root surface caries.

The characteristic features of cariogenic bacteria:

1.

Acidogenic: Ability to produce acisl from fermentable carbohyate These
acids are sufficient enough to drop the pH belowcthiical level (pH 5.5)

when demineralization of enamel starts and caries is initiated.

Aciduric: Ability to live, grow andfunctionin high acidic media i.e. a low

pH level.

Formation ofextracellular polysaccharide especially dextran and levan

for formation of plaqueSo these bacteria can produce smooth surface caries
and pit and fissure caries

Formation of intracellular polysaccharide (amylopectin); It resambles
starch or glycogerand It is used by the organismat the time bdietary

carbohydrate deficiey.
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Dextran Levan
1. Glucose polymer 1. Fructose polymer
2. Insoluble 2. Water soluble
3. Highly adhesive 3. Less adhesive
4. Importarn in smooth surface caries| 4. Act as a store of carbohydrat

Important role in forming the bul
of the plaque, which gives th
plaque its diffusion limiting
properties, thus allowing th
retention of acids on the too

surface

Saliva and Dental Caries

Sincesalivais the medium in which bacterial plaque develops and warkisa

critical regulatory factor in the carious process.
1) Formation of acquired enamel pellicle:

Specific salivary glycoproteins form tlaequired enamel pellicle which
initially protects the enamel surface from being colonized by oral

bacteria.
2) Washing effect of saliva:

The flow of saliva has a cleansing effect on the mouth and teatients
who aresuffering from lack of salivary secretion (xerostomia) usually

show increased rate of dental caries.

8Page Prof. Samia El-Azab 15-10-2016



Dental Caries

3) Buffering effect of saliva:

Buffering effect of aliva dependson mainly bicarbonate and phosphate
content whichcan neutralize the pH fall (aciditythat occurs when

plaque bacteria metabolize sugar.

The buffering capacity of saliva is increased with higher rates of salivary

flow.

In mongolism decreasegiiries incidence may be due to increased rate of

salivary flow with its associated buffering element.
4) Re-mineralization of carious lesion:

The inorganic components of saliva (calcium, phosphate and fluoride)
diffuse into the plaque reducing the solubildf enamel and promoting

the remineralization of thenitial carious lesion.

5) Salivary antibodies: Saliva contains secretory immunoglobulin A (sigA)

which is produced by plasma cells found in salivary glands, the main role of

slgA is:

a.  killing of bacteria,

b. Preventiorof adheson of bacteria to tooth surface.

c. Inhibition of bacterial metabolic activity.

d. Inhibition of specific bacterial enzymes such as glucosyl
transferase which are responsible for the synthesis of
extracellular polysaccharide from sucrose

6) Antibacterial substances: Several nofimmunological components of

saliva such as lyzozymes, peroxides and lactoferrin have a direet anti

bacterial action on plaque micayganisms.
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Dental Plaque

Definition:

1. Plaque is a tenaciously adherent deposit thans on toothsurfaces. It

consists of an organic matrix containing a des@wecentration of bacteria

2. It resists the friction of food during masticaticempd can only be readily
removed by toothbrushing. Howeverpeither toothbrushing nor fibrous
foods will remove plague frominaccessible surfaces or pits (stagnation

area$.
Composition:

3. Micro-organisms (60-70% by volumg mainly streptococci, lactobacilli,

veillonella (small gramv e) and filanentous organisms.
4. An amorphous matrix (30-40% by volume}omposed of:

Proteins: (derived fom saliva, gingival fluids and bacteria) and include

(glycoprotein, epithelial cells, amylase antmunoglobulir).

Carbohydrates: which include extracellular polysaccharides (dextran

and levan) andntracellular polysacchaes (anhylopectin).
Lipids: small amounts.

Inorganic content: in which calcium, phosphate and potassium seem to

be predominate

Fluoride however, it ispresent in the plagum considerable amoui(s-

50 ppm) it is inactive because it is found in a bodadmn.

Role of plaque matrix:
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The matrix is believed to have sige#int effect on caries through:

1. Acting as a diffusiorlimiting menbrane thus retainingadtic acid in high

corcentratons atparticularsites wherat can initiatecaries.

2. The same diffusin limiting effect may als®low down the entry of buffers

from saliva, delaying their neutralizing action.
3. Contributes to adhesiveness, bulk agsistanceo washing.

Acid production, in the dental plaque:

(Stephan® experiment - Curves)

St e p h a eritnent wa® dome to study the changes occurring in the pH of
theplaque after glucose intake (carbohydrate intake).

Stephan performed his experiment on groups of patients with different
caries activities ranging from caries resistant patients to cariegide
patients.

An electrode was placed in contact with the plaque and another electrode
was placed in the floor of the mouth to measure the resting pH i.e. one hour

after meal when there are no fermentable carbohydrates in the oral cavity.

Patients wes sskedto rinse their mouth with 25ml 10% glucose solution for

10seconds

The pH changes in the dental plaque were recorded frequently and the pH

valueswer e pl otted against the time and
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Stephan curves, showing piHanges of a caries resistant group (upper

curve) and caries susceptible group (Lower curve).

The curves show that after the glucose rirtke pH drops rapidly reaching
the critical pH (5.5) within 25 minutes (depending on the caries activity of
the paients). The pH remains under the critical level for300 minutes
(depending on caries activity). Then the pH returns slowly to the resting pH
level after one hour.

The rapid fall in pH is due to:
1- Rapiddiffusion of sugar into dental plaque.

2- The actvity of large numbers of bacteria in the dental plague.

The slow return in pH is due to:
1- The continued metabolism of residual sugar absorbed by the plaque.
2- The breakdown of reserve polysaccharides in the plaque.

3- The diffusion limiting property oflental plaque resulting elayed diffusion
of salivary buffers into the plaguend elayed diffusion of acids outwards into

the saliva.

4-Cariessusceptible patient (lower curve) show a lower fall in pH which

remains for a longer time below the critici®lvel compared to the caries
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resistant patients (upper curve).

Classification of dental caries:

I- According to site of attack:

1. Pit& fissure caries

It occurs in fissures on occlusal surfaces of molars and premolars and in pits
on the buccal and lingual gaces of molars or palatal surfaces of maxillary
incisors.

2. Smooth surface caries

It occurs on the interproximal surfaces below the contact area and on
gingival third of the buccal and lingual surface

3. Root surface caries

It occurs when the root is eaped to the oral environment as a result of
periodontal disease and gingival recession.

4. Recurrent caries

It occurs around the margin or at the base of existing restoration. It is due to
inadequate or poor adaptation of the filling material that produakyle

margin.

11- According to rapidity (rate of attack):

1. Acute dental caries (Rampantarie9
It is a rapidly progressing caries involving many or all of erupted teeth.
It occurs in children and young adullsLeads to early pulp involvement
because the have teeth with large pulp chambers and wide and short
dentinal tubules
Baby Bottle caries is a form of rampant caries affect deciduous teeth due
to frequent and prolonged use of nursing bottle containing milk, fruit

juice or sweetened water. Commonly eaff the maxillary incisors

13Page Prof. Samia El-Azab 15-10-2016



Dental Caries

followed by first molar. The mandibular incisors usually escape because
they are covered by the tongue.

2. Chronic dental caries
It progress slowly and tends to involve the pulp later than acute caries.
Most common in adust
The slow progress of the lesion allow a sufficient time for both sclerosis
of dentinal tubules and deposition of secondary dentin.
Pain is not a feature of chronic caries.

3. Arrested caries
Precavity (white spot) interstitial caries may become arrestechvthe
adjacent tooth is lost so that the stagnation area is removed.

The lesion may become-raineralzed by minerals from the saliva.

Pathology of Dental Caries

Caries is characterized by production of organic acidsgmscific strains of
bacteria causg demineralization of inorganic portion of the tooth structure
followed bydestructionbreakdown) of the organic matrix.

Break downof enamel andlentincreatesa path for bacteria to reachet pulp.

Eventuallyinflammation of the pulp andhe periapicatissueswill occur.

I- Enamel caries

Smooth surface caries:

Early smooth surface enanwdries(white spot lesion) isone-shaped with
the base of the cone on the enamel surface and the apex pointing tdwards t

amelodentinal junction (ADJ)
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This early (intial) lesion is due to the action of acids resulting imfation
of submicroscopic pores, in ground sections this early lesion consists of four

Zones.

Pit and fissure caries:

The shape of the lesion differs because of different angulation of enamel
rods.
The lesion starts as 2 cones (appearingwas opposingsmooth surface
lesions) with their bases on the lateral surfaces of the fissure and later they
coalesce to form one cone at the depth of the fissure.
In early (initial) stages pit and fissure enamaties has histological zones
similar to smooth surface cari®lesions.
Different phases and zones of enamel caries can be studiggdound
sectionsof smoothsurface enael carbus lesion:
1) Phase of initiation

A. Translucent zone

B. Dark zone

C. Body of thelesion

D. Surface zone

2) Phase of bacterial invasion
3) Phase of destruction

4) Phase of secondary enamel caries

1) Phase of initiation:
It is due to effect of bacterial acids upon enan®shall initial carios lesion
showsfour zones beginning on the dentinal sidé the lesionin longitudinal

ground section
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3)

4)

Dental Caries

Translucent zone

The first observed changes located on the advancing front i.e. towards the
dentine.
This zone is due to initial demineralization.

More porous than sound enamel.
Dark zone

Lies superficial tdhe translucent zone.

This zone is due to further demineralization.

Body of the lesion:

It is the largest zonkes betweerthe surface andhe dark zone.

This zone is due to progressiaad greatesiemineralization.

Surface zone:

This zone which is 3@ thick represents&n interesting feature of emel
caries where the surfaceone remains intacand appearselatively
unaffected.The greater resistance of surface enamel zone is ditge to
hypermineralized nature as it is in contact with saliva witfrcdastent of
minerals and due t@recipitation of minerals derived from deeper

layers of the lesion atissolved minerals diffuseutwardsit.
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Methods of detection of the four zones of initial carious lesion:

Zone 1 Zone 2 Zone 3 Zone 4
Translucent Dark Zone Body of Surface
Zone Lesion Zone Zone
Polarized Light 1% 2-4 % 5-25 % Decrease in
Detect % of enamel of the total Some are small other 5%A at volume  of
submicroscopic Enamel volume | are larger. periphery of | submicrosco
pores by volume The smaller por® may| the lesion and pic pores.
(Normal Enamel be due to re| 25%A at
contains pores of mineralization  which center of the
0.1 % by volume). occurs in the large lesion
pores in periods whe
there is no acig
production.
Transmitted Light Translucent Brown or Dark Translucenh Dark.
Using mounting | Asubmicroscopic| The smaller pores are § Sharply
media used in the | pores filled with| minute that quinoline | demarcated
section (quinoline) | quinoline doesn'tenter and air ig from the dark
have the same | Athe normal allowed to pass insteg zone.
refractive index as | structural and is scattered causir
enamel features is lost | the brownish color o
this zone.
Microradiography Radiolucent More Radiolucent More More
Amount & Radblucent | Radiopaque
distribution of
mineral present
Microdessiction 1.2% 6% 24% Hyper
and Chemical (Magnesiunmand Mineralized
Analysis carbonate rich Zone.
Detect mineral loss. minerals).

2) Phase of bacterial invasion:
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When sufficient spaces are created by the action of ,doaiteria begin
to invade enamel

3) Phase of destruction

When proteolytic bacteridegin to act on organic matrix of enamel

leading to complete destruction of the area.

4) Phase of secondary enamel caries:

When the caries reach the dentemmamel junction, ispread laterally and
in this way the enamel may become widely undermined. Extension
along the dentinoenamel junction results in secondary enamel caries i.e.

attack of enamel from beneath.
II- Dentin caries

Cariesin dentin involves both acid demineralizationdathe breakdown of

collagenous matrix by proteolytic bacteria.

Processes in dentin caries

Defense reaction of pulpodentinal complex
Sclerosis
Reactionary dentine formation
Sealing of dead tract

Carious destruction
Demineralization

ProteolysisA liquefadion foci &transverse cleft

Histopathological studies of ground anécalcified sections of caries in
dentinarecharacterized by the presence@ir zones:

(1) Zoneof sclerosis
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1.

1)

2)

(2) Zoneof demneralization
(3) Zoneof bacterial invasion.
(4) Zone of destruction

Zone of sclerosis:

The sclerotic or translucent zone (dentinal sclerosis) is located beneath and
at the sides of the caries lesion as a result of continuous deposition of
calcium salts within the walls of dentinal tubules gradually oblitegathem.

This ddays caries progression towards the pulp.

With rapid lesion progression the odontoblastic processes are destroyed
without having produced dentinal sclerosis. These are cddsditracts and

are empty tubules.

Zone of demineralization:

The diffusion of ams is ahead of the bacterial invasion resultingdén
mineralized uninfected dentin. Minerals are removeddm all paits of the
dentin but especially from the inner walls of the dentinal tubules, which

bemme wider, thus provide easier access to bactewalsion.

Zone of bacterial invasion: The bacterial invasion probabbccursin two

waves:The first wave consists @cidogenic organisms (pioneers) mainly

lactobacilli produce acids which diffuse ahead into thendgeralized zone.

The second wave, migeacidogenic andproteolytic organisms then attack

the demineralized dentin and causing the digestion of prat@itrix.

Proliferationof separate and distinct aggregates of migrganismis formed
in within dentinal tubules separated bggments thaare free from nncro

organisns forming beading.
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Later, adjacent beads coalescing with each ofbeming larger distended
segnents of dentinal tubules filled with mic@ganisms, forming

"liquefaction foci** run with the axis of dentinal tubules

4) Zone of destruction:

The neighboring liquefaction foci coalesce with each other forming
progressively larger and more irregular cavities filled with mmmanisms
and cebris

In the same region kere liquefaction foci are observed, other cavities
running at nearlyight angle to the dentinal tubules are sedhese are

termed:transverse clefts.
They are similar in their contents to liquefaction foci and may be due to:

1. Lateral spread of acids and bacteria along mergallines or along lateral
branches of dentinalibules.

2. Coalescence of adjacent liquefaction foci on adjacent tubules
Reactionary dentin (or tertiary dentin):

It is a defense reaction of the pulp against the acid attack. A layer of reactionary

dentin is often formedtthe pulpalend of the dentin lesion.
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