Today's lecture is about Dental caries .

-Dental  caries is the most common infection in human.
-it’s a progressive disease that starts in the enamel then progresses to dentine reaching the pulp causing an inflammation that will soon extend beyond the apex of teeth and cause also late spread to bone and facial spaces if not treated at the early stage. 


Definition :


bacterial infection by a kind of bacteria that utilizes carbohydrates produces acids, that will cause demineralization at the inorganic component, hydroxyapetites  of the tooth.
structures that is followed later on by destruction of the organic components by bacterial enzymes.
organic (enzymes             inorganic(acids

- this destruction is followed by cavitations(loss of hard structure that is not due to fracture), and later on spread to pulp and periapical tissues  .


Aetiology :

many theories where proposed to explain dental caries, one of them aging back to 1989 and is mainly  adopted to explain this pathology. This theory is called acedogenic theory.


there is several factors that should be available in order to dental caries to happen:

1- fermentable carbohydrates

2. cariogenic bacteria (can transfer carbohydrates to acids)

3- susceptible tooth structure

4- time

If any of the 4 factors is not available, then no dental caries.

So when you are thinking to eradicate or fight dental caries you should consider these 4 factors, no carbohydrates, good oral hygiene, no accumulation of bacteria and not enough time at low PH so no dental caries.



when we are speaking about cariogenic bacteria, we don’t mean the one found on the tooth structure, maintained by the dental plaque which is a sticky film filled with millions of bacterial colonies of  different types  such as: 
streptococci, lactobacilli, fermenters  bacteria and many others, some might be cariogenic(carbs(acids)
plaque formation needs time, so good oral hygiene would definitely prevent caries by elimination  of bacteria and plaque , the more thickness of the plaque, the more cariogenic destructive it is. 


· As a rule, both bacteria + carbohydrates are needed to form dental caries.
ex. In laboratory tests they used germ free animals (animals that doesn’t have bacteria),
other ex. in old tribes like Eskimos that don’t consume carbohydrates (carbs free diet ),
in both   examples no dental caries present. 


· Caries is not due to worms and it’s not a form of gangrene in the teeth , it is  bacterial infection !


Cariogenic Bacteria

I – Streptococcus Viridans 

· S.Mutans (most important) 

· S.Surbius

· S.mitis

· S.oralis

S.mutans is the most important due to the following reasons :

1 – it is responsible for the initiation of dental caries.

2 – found in high concentration in the dental plaque.

3 – can transfer sucrose into intracellular poly saccharide (ICPS) stored inside the bacteria , also to Extracellular Poly saccharide (ECPS) surrounding the bacteria which contributes to the increased thickness of plaque and thus more cariogenic destruction , the processes are aided by an enzyme "glycosyl transfer enzyme".

>>Both ICPS and ECPS are used by the bacteria during the absence of dietary consumption of sucrose. 

Sucrose is the most important carbohydrate in the cariogenic process , bacteria should be able to transfer it into acids which will lead to demineralization of tooth structure , the most important acid is lactic acid , other acids like acetic acid and propionic acid .

II – Lactobacilli ; mainly involved in dentine caries , so it plays its role after s.mutans. 

III – Actinomyces ; mainly involved in root caries .

Processes of Dental Caries 

S.mutans in dental plaque transforms sucrose into lactic acid that diffuses to tooth structure and causes demineralization of the hydroxyapatite crystals “Ca10(PO4)6(OH)2”

Into Ca and PO4 ions, these ions will diffuse out from the enamel to plaque and then to the saliva, with tine due to the hypomineralization softening and cavitation of enamel will occur.

Dental caries involves two processes , D

emineralization and remineralization, which one to occure is a matter of PH in the oral environment.

A. Demineralization 

In order for this process to occur the oral environment must be optimal, and by that we mean a PH below the critical PH (which is the PH that below it demineralization occurs and above it remineralization occurs) ,critical PH is 5.2, decrease in PH is achieved by lactic acid with enough time plus existence of bacteria and carbohydrate.

In case saliva that contains bicarbonate ions or oral hygiene occurs PH will increase and thus less incidence.

· Critical PH 5.2

Ca10(PO4)6(OH)2    (      Ca + PO4

(enamel)                           (plaque( saliva)

B. Remineralization

Closer to the neutral PH, remineralization starts to occur, Ca and PO4 diffuse back from the saliva to plaque to enamel forming Hydroxyapatite crystals .

· Neutral Ph 

Ca + Po4       (      Ca10(PO4)6(OH)2   (Hydroxyapatite)

      + F            (     Ca10(PO4)6F2        (Fluroapatite)

 (saliva)                                       (enamel)                           

So dental caries is a dynamic process of both de and remineralization, and weather cavitation and irreversibility to occurs or not is a matter of balance between the two processes , if demineralization predominates , cavitation will occur.

before formation of a cavity the process is reversible , of clinical importance is the fact that demineralization doesn’t occur up to the surface, during the reversible state there is always a thin layer of sound intact surface enamel and subsurface demineralization occurs underneath it , after remarkable weakening in the subsurface this surface layer will fracture , cavitation occurs and thus a need to a restoration due to the irreversibility the situation has come to .

so the whole concept of prevention and reversing the caries is dependent on the decrease of the demineralization phase by rapidly increasing the PH above the critical point by brushing or even rinsing with water. 

imagine a person who consumed carbohydrates and then went to sleep without brushing, the entire night period while sleeping will be a demeniralization phase , thus high risk of caries , what is consumed before sleeping has a strong correlation to dental caries , carbohydrates are the leading in this field , and keep in mind not all food is cariogenic.

Role of Fluoride  

if fluoride was available at the period of remineralization it will be incorporated in the enamel apatite crystals and thus are called (fluroapatite crystals  Ca10(PO4)6F2) , these crystals are resistant to acids and produces a hard tooth structure (what is seen in the case of arrested caries) , also fluoride enhances the whole process of remineralization , and inhibits the enolase enzyme of bacteria that is responsible for the formation of lactic acid. 

fluoride can be used as a varnish, mouth washes or tablets , or even consumed with water to enhance remineralization and formation of the highly resistant fluoroapatite plus the inhibition of the enolase enzyme as we've mentioned earlier , so fluoride has a role in the prevention .

<< Clinical Application >>

in cases of small areas of the tooth that has begun demineralization but hasn’t been yet cavitated , the patient visits his dentist who will use a tool (probe) to check for any catch of the tip within the tooth structure that would indicate cavitation , the pressure applied might cause cavitation transferring the lesion to the irreversible form by creating a cavity that didn’t exist , and this is a common mistake , instead since the caries at it's early stages is pretty apparent , the dentist can ask his patient to improve his oral hygiene and diet (brushing , flossing , carbs consumption and gum consumption) in order to cease the demineralization and enhance arresting the caries so no need for a restoration. 

Why Sucrose ?

sucrose which is a glucose fructose , is the main sugar consumed in our diets, and it is the most cariogenic due to several reasons :

1. promotes colonization by aiding in the attachment of bacteria to the tooth to produce plaque.

2. diffuses rapidly from the saliva to the dental plaque where bacteria exists.

3. easily converted into lactic acid by bacteria.

4. easily converted into ICPS , ECPS by glycosyl transferase enzyme.

>> so sucrose is pretty compliant with the cariogenic bacteria.

when speaking of fermentable carbohydrates , it is important not to only consider the type (sucrose) , also the form of this consumed sugar , (i.e : if it is sticky for example , it will stay longer in the oral cavity since it sticks to the tooth structure, so it will have a longer availability for the bacterial activity and as we know time is one of the main four factors in the cariogenic process.

frequency also is important , how often carbohydrates are consumed per day? , the amount is of no importance here , for example a certain amount of sugar if consumed in one dose will have a less cariogenic affect than if the same amount was split for several times consumption during the day , this is related to the increased availability time of carbohydrate in the oral cavity, so frequency is more important than the amount. 

· other cariogenic sugars : fructose , glucose , lactose , maltose , galactose.

· non-cariogenic sugars : sorbitol , xylitol.

Aetiologic variables

a complaint you as a dentist will always face is , I have a good oral hygiene I brush several times and someone else I know doesn’t , and I have caries more than him ! , this gives a hint that there are other factors involved in the susceptibility to caries , what is know as aetiologic variables seems to play a huge role in the pathology , and we have two types intrinsic and extrensic to the tooth.

A. Intrinsic to the tooth.

1- Morphology of the tooth.

             Deep pits and fissures accumulate plaque and are difficult to clean , so more susceptibility than a patient with shallow grooves and pits.

2- Enamel composition 

  some people have fluoroapatite due to exposure to fluoride while formation.

3- position of teeth

  nice  alignment Vs crowding where plaque and carbohydrates particles accumulate so more caries, in case of spaces between teeth , they are cleansable and so less caries. 

B. Extrinsic to the tooth

1- Saliva 

salivary flow differs in people, and we know the role of saliva as it cleans and buffers the oral cavity environment , also the composition is important specially the bicarbonate ions and other buffering minerals, and the availability of anti bacterial factors. 

2- Diet

cariogenic Vs non-cariogenic , in the past people used to be less susceptible to caries due to the absence of synthetic sugars.

phosphate content of diet can prevent caries, fat and cheese create a film around the tooth and protects it , also molybdenum and varadium play a role in the prevention. 
________________________________________________________________

Question ?

what is the relationship between smoking and caries ? are smokers more susceptible to dental caries ?

________________________________________________________________

Pain and dental caries

Once the decay passes through the enamel  which is acellular and thus insensitive , Dentinal tubules which have passages to the nerves of the tooth , the pulp becomes exposed , so onset of pain which becomes worse when there is a hot/cold or sweet exposure  "Hydrodynamic theory" , explanation is that temperature and sweet stuff cause the movement of fluid inside the widened dentinal tubules , and so stimulation to the nerve fibers surrounding odontoblast processes causing pain and sensitivity.

Dental caries is also associated with bad breath "halitosis" and foul taste.

Classification of Dental caries 

A. Site of Attack

1- pit and fissure caries

· most common , appears at early ages especially in children, also called class I caries.

· Found in the occlusal pits and grooves of molars and premolars , and the buccal and lingual pits of molars and the lingual pits of the maxillary central incisors.

· The most destructive type ; pits and fissure accumulate much plaque as much as saliva , saliva contains amounts of fluoride that cause the arrest of the caries and thus the surface stays hard and intact while beneath you find progressive dental caries , due to the delay of prognosis and other factors to be discussed later.

2- Smooth surface caries 

-  at proximal surfaces and gingival one thirds of teeth , class II , III , V .

-  hard to detect and diagnose cause it is mostly hidden , usually bite wing radiograph is requested .

   At the beginning it looks like a white spot at the margin or between the teeth , later it changes into brown or even black. 

- In radiograph :

if translucency indicating caries is 

a. only within enamel there wont be any cavitations "reversible". 

b.  < 1/2 of dentine , 40%-80% cavitation.

c. > 1/2 of dentine , 100 % cavitation.

3- Root Caries (cemental)

- Normally root surfaces are covered by gingival , so they are protected , caries occure in the case of gingival recession , so normally found in elderly patients.

- shallow saucer-shaped with ill defined boundaries , sometimes surrounds the root so it is difficult to treat. 

- Root surface is more susceptible to dental caries than enamel , it begins to demineralize ate 6.7 PH , which is the critical PH of cementum.

* Dentine and Cementum are more susceptible to demineralization because they have less mineral content , however it is easier to arrest the progression of caries , especially in the root which has a greater ability to reuptake fluoride than enamel .

4- Recurrent caries

Caries around the margins of restorations, due to marginal leakage associated with inadequate seal and bonding of the restoration to the tooth structure.
B. Rate of Attack

1- Acute rampant caries 

· Fast and destructive, due to an exaggerated factor like what happens in some infants or kids who sleep while lactation or consumption of sweet milk or juice , so all night there is demineralization.

· The pulp chamber of the primary teeth  is big , so limited time for the protective response of the pulpodentinal complex , so massive destruction of many teeth. 

2- Chronis caries (slowly progressive).

The one seen in adults , it takes an average of 4 years to pass the enamel and reach the dentine.

3- Arrested caries 

Caries that becomes static an shows no tendency for any further progression , due to remineralization predominance and increased fluoride uptake.

· hard intact surface resistant to acids.

Histopathology  of enamel caries

Progression of caries within enamel at fissures and pits is different from that at smooth surfaces, ar smooth surfaces it is triangular in shape base at the surface and apex pointing towards the DEJ, while at pits and fissures, it is triangular in shape but with the tip at the origin and the wide base at the DEJ.

The carious lesion in ground section appears to be composed of 4 zones, clinically we are concerned about the intact surface zone and the zones of demineralization underneath it .

1- translucent zone

at the advancing front , and it is the deepest zone, it is demineralized with 1% porosity that is 10 times more than normal enamel , due to the loss of crystals the pores are large , mainly demineralization occurs at the level of magnesium and carbonate.

In the case of acute caries this zone is wide, while in chronic it is thin. 

2- dark zone

loss of 2-4% of minerals of enamel , large and small pores that are smaller than the ones at the translucent zone, and this is due to the obliteration of some of these pores by reprecipitation of minerals lost from the translucent zone. 

3- body of the lesion

the main lesion , 25% lost minerals with a content of apatite crystals larger than normal due to the reprecipitation of minerals dissolved and lost from deeper zones.

Porosity contain water and organic material, and there is and unexplained increase in the prominence of stria of retzius.

As soon as the body of lesion is formed caries will appear as white spots that will take stains and turn into brown or black with time.

<< Clinical application >>

if you can see the whitish lesion in a wet teeth, nut in another case you need to air dry it to see the it, which case has the deeper body lesion?

The one seen while wet is deeper, the concept is when you air dry the tooth , you are trying to create some sort of contrast by entering air inside of the shallow lesion and get out the water in order to be able to see it , this contrast is due to the different refractive index of enamel  which is 1.6 and air which is 1 , and thus a contrast is seen by the naked eye, while at the first place this shallow lesion was full of water which has a refractive index close to the enamel about 1.33 , and so wasn’t visible when the tooth was wet.

Deep lesion is seen easily even when it is wet , simply because it is deep.

4- surface zone

intact because it has more fluoride and less magnesium, 40 micrometer , unaffected with a relatively constant thickness until sufficiently undermined , so fracture occurs, since it is a barrier it is resistant to bacteria so as long as it exists the lesion is sterile and reversible.

As the caries reach the CEJ , it starts to spread laterally since it os am area of high organic content, so undermining the surface zone which fractures , and allows the passage of air inside of the lesion and thus caries turns into blue. 

Furat Ghassan Atharbeh

1

