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Latin, bomlás

Fog szövetének lokalizált lebomlása

Cukor + baktérium = sav, ami a fog kemény szöveteit szétemészti

Prevalencia: fejlett országokban 95%

Világszerte ~ US$ 27 milliárd veszteséget okoz évente

Prevenció!!!  Fizikai (fogmosás) + kémiai (fluorid)

Caries



Caries



-Baktériumok savvá fermentálják a szénhidrátokat
-Savas környezet (~pH < 5.2) az enamel és dentin demineralizációjához vezet 

Szénhidrátok
Glükóz
Fruktóz
Szacharóz

Bactériumok
Streptococcus
Lactobacillus
Actinomyces
Legfontosabb: S. mutans

Pathofiziológia

Szacharóz



Pathofiziológia: Biofilm

epidemiological studies on caries, whereby apparently 
comparable results from across several countries have, 
in fact, been collected at different time-points with very 
vari able levels of training and  calibration and, thus, 
record caries at different thresholds.

When oral health topics were added to the ongoing 
Global Burden of Disease Study18, oral diseases were 
found to be highly prevalent, affecting approximately 
3.9 billion people worldwide. The methodology used in 
this major study is useful because it allows comparison 
with other diseases in terms of burden, but it is also novel 
in terms of caries epidemiology as it does not use the DMF 
Index (which has been used globally for the past 60 years). 
Untreated caries in permanent teeth was the most prev-
alent condition evaluated across all medical conditions, 
with a global prevalence of 35% for all ages combined, with 
2.4 billion people affected. Note that some of these per-
manent teeth will have been in children and adolescents. 
Untreated caries in primary teeth in  children ranked 10th 
in prevalence, affecting 621  million children worldwide.

Mechanisms/pathophysiology
The mechanisms and pathophysiology underlying the 
development of dental caries are now increasingly well 
understood and are best considered first from the hard 
tissue-related aspects (as the disease affects the calcified 
dental tissues) and then from the microbiology (biofilm)- 
related aspects (as these represent the driver of the caries 
process if homeostatic imbalance is maintained) (FIG. 1). 
However, because of the multifaceted nature of the dis-
ease process, these factors are not independent. The 
dental hard tissues that are exposed to the oral environ-
ment (crowns and, later, roots following gingival reces-
sion) are the targets of the caries disease process, and all 
tooth surfaces are susceptible throughout an individual’s 
lifetime. However, caries will not occur in the absence 
of a cariogenic (that is, pathogenic) dental biofilm and 
frequent exposure to dietary carbohydrates, mainly free 
sugars19,20, and therefore caries must be considered a 
dietary– microbial disease21. A modern concept of caries 
also includes consideration of how behavioural, social 
and psychological factors, as well as biological factors, are 
involved22–24. The importance of fluoride in modifying 
disease expression cannot be overemphasized25 (BOX 1). 
Perhaps dental caries can be described best as a complex 
biofilm-mediated disease that can be mostly ascribed to 
behaviours involving frequent ingestion of fermentable 
carbohydrate (sugars such as glucose, fructose, sucrose 
and maltose) and poor oral hygiene in combination with 
inadequate fluoride exposure.

Demineralization and remineralization
Dental caries typically start at and below the enamel sur-
face (the initial demineralization is subsurface), and is 
the result of a process in which the crystalline mineral 
structure of the tooth is demineralized by organic acids 
produced by biofilm bacteria from the metabolism of 
dietary fermentable carbohydrates, primarily sugars. 
Although a wide range of organic acids can be gener-
ated by dental biofilm microorganisms, lactic acid is 
the predominant end-product from sugar metabolism26 
and is considered to be the main acid involved in caries 
formation. As acids build-up in the fluid phase of the 
biofilm, the pH drops to the point at which conditions 
at the biofilm–enamel interface become undersaturated, 
and acid partially demineralizes the surface layer of the 
tooth27. The loss of mineral leads to increased poro sity, 
widening of the spaces between the enamel crystals 
and softening of the surface, which allows the acids to 
 diffuse deeper into the tooth resulting in demineraliza-
tion of the mineral below the surface (subsurface 
demineralization). The build-up of reaction products, 
mainly calcium and phosphate, from dissolution of the 
surface and subsurface raise the degree of saturation 
and can partially protect the surface layer from further 
de mineraliza tion. In addition, the presence of fluoride 
can inhibit the demineralization of the surface layer28. 
Once sugars are cleared from the mouth by swallowing 
and salivary dilution, the biofilm acids can be neutral-
ized by the buffering action of saliva. The pH of biofilm 
fluid returns towards neutrality and becomes sufficiently 
saturated with calcium, phosphate and fluoride ions so 
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Figure 1 | Normal tooth anatomy and developing dental biofilm. The hard tissue  
of the tooth consists of enamel, dentine and cementum. Enamel is a hard material 
composed almost exclusively of mineral — which is mainly composed of hydroxyapatite 
(Ca10(PO4)6(OH)2) — and covers the dentine on the crown of the tooth. Cementum  
is a bone-matrix-like substance, composed of mineral and collagen; it covers the root 
of the tooth. The dental pulp forms the central part and contains connective tissue, 
blood vessels and nerves. Teeth are covered by a salivary pellicle layer, consisting of 
proteins and glycoproteins, which facilitates binding of the oral microbiota to the teeth; 
this structure is called the dental biofilm (also known as dental plaque). The biofilm 
shuts off the surface enamel from the saliva and oral cavity and produces a protected 
microenvironment at the tooth surface. Gums (also known as gingiva) surround the teeth. 
In humans, primary teeth erupt around 6 months of age; these are gradually replaced 
by permanent teeth from ~6 years of age.
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Streptococcus mutans



Streptococcus mutans

Gram-pozitív, fakultatív anaerob bakterium

Nagymennyiségű extracelluláris poliszaccharidot termel, ez fokozza a fog felszínhez való 
adhéziót

Glucansucrase enzimjével szacharózt tejsavvá fermentálja

Tolerálja az alacsony pH-t (protonok aktív eltávolításával)

Antigén:
-Glukozitranszferáz (GTF)

Adhezív glukánok szintézise
-Streptococcus antigen I/II (SA I/II)

Adhezin, a bakteriális kolonizációban fontos
SA I/II antigén elleni oltás?



Streptococcus mutans

The scientific and public-health imperative for a vaccine against dental caries. Taubman MA et al. Nat Rev Immunol 2006.



Humorális válasz
-Emelkedett anti-S. mutans IgG szérumban
-Nyál: nem konzisztens az antitest válasz

Odontoblaszt védekezési
mechanizmusok
-TLR2, TLR4
-antibakteriális molekulák (kék)
-proinflammatorikus citokinek (zöld)

Immunválasz4 Mediators of In"ammation

cytokines IL-6 and CXCL8, thereby suppressing in"am-
mation-associated immune responses and limiting damage to
the host [56]. It also inhibits&1 and&2 immune responses
but promotes the di)erentiation of regulatory T cells which
control excessive immune responses in part by producing
IL-10, which provides a positive regulatory loop for IL-10
induction [57, 58]. We found that IL-10 is upregulated in
bacteria-challenged in"amed pulps in vivo [49] where it
might help limit the spread of pulp in"ammation which
is initially restricted to the dentin-pulp interface beneath
early dentin caries lesions [59]. IL-10 was upregulated in
odontoblast-like cells in vitro upon TLR2 engagement, sug-
gesting that odontoblasts are capable not only of initiating the
pulp immune and in"ammatory response to dentin-invading
bacteria, but also of limiting its intensity [49].

Recently, we have studied the role of lipopolysaccharide-
binding protein (LBP), an acute-phase protein known to
attenuate proin"ammatory cytokine production by activated
macrophages. LBP has been shown to prevent the binding
to host cells of several bacterial cell wall components includ-
ing lipopolysaccharides, lipoteichoic acids, lipopeptides, and
peptidoglycan [60]. It was also found to transfer lipopolysac-
charides to high-density lipoproteins in the plasma for
neutralization [61]. We recently detected LBP synthesis and
accumulation in bacteria-challenged in"amed pulp, whereas
this protein was not found in healthy pulp. In vitro, LBP
was upregulated by Pam2CSK4 (a diacylated lipopeptide
synthetic analog that binds speci-cally TLR2) in odontoblasts
di)erentiated in vitro. It also decreased TLR2 activation
and attenuated proin"ammatory cytokine synthesis ([62],
unpublished results).&is molecule might be involved in the
neutralization of bacterial components that gain access to
the pulp, thus limiting activation of the pulp immune cells
and the associated in"ammatory response to dentin-invading
bacteria [8].

In summary, numerous studies performed over the last
decade have shown that odontoblasts are able to detect oral
microorganisms that invade mineralized dental tissues from
the oral cavity. &ey mobilize themselves against this threat
by building their own antibacterial arsenal (defensins, nitric
oxide) and by sending molecular messengers (chemokines,
cytokines) to the neighbouring pulp to alert immune cells
able to mount responses to microorganisms (Figure 1). How-
ever, the majority of these studies have been performed in
vitro and currently minimal information is available about
the nature and role of antibacterial and immune e)ectors
in caries-a)ected teeth in vivo. Additional experiments are
therefore warranted to further characterize the molecular
e)ectors and regulators of human dental pulp immunity and
determine their therapeutic potential to promote the recovery
of dental pulp homeostasis and health.

2. Response of Pulp Immune Cells to
Tooth-Invading Pathogens

As stated above, eliminating the decayed mineralized tissues
containing microbial agents can result in decreased pulpal
in"ammation, promotion of tissue healing, and restoration
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Figure 1: Two key aspects of the odontoblast defence against dentin-
invading bacteria. Bacteria (B) present in the carious dentinal lesion
release pathogenic components that activate (blue arrow) odonto-
blasts (dark blue) adjacent to the lesion, triggering the production of
antibacterial molecules (blue dots).&esemolecules di)use through
dentin tubules in an attempt to destroy the invadingmicroorganisms
(NO, BDs) or considerably decrease their pathogenicity (LBP).
In parallel, proin"ammatory and immunomodulatory mediators
(green dots), including IL-6, IL-10, CXCL1, CXCL2, CXCL8 (IL-8),
CXCL10, and CCL2, are secreted by odontoblasts at the opposite
cell pole and di)use into the subodontoblast pulp area (green
arrow) where they activate and mobilize various populations of
immune cells (as described in the main text body) enabling the
immunosurveillance of the tissue. Immune cells then migrate
(dotted grey arrow) towards the pulp-dentin interface beneath the
lesion to combat the bacteria and coordinate the immune defense
response.

of the normal biological functions of the pulp. Like periph-
eral organs and tissues such as skin, gastrointestinal tract,
and lungs, healthy dental pulp contains sentinel leukocytes,
which are able to biologically sample and respond to the
local environment, including macrophages, DCs, and T cells
[52, 53, 63, 64]. Fluorescence-activated cell sorting (FACS)
analysis of enzymatically digested whole pulp tissue revealed
that leukocytes represent ∼1% of the total cell population in
nonerupted human third molars [10]. Leukocytes in healthy
tissue undertake immunosurveillance, that is, continuous
sampling of their environment to sense microorganisms
invading into the body. &eir numbers signi-cantly increase
when pathogens are detected, due to the elevation of the
in"ammatory process. &is in"ammation is part of the nor-
mal protective immune response of the host to tissue infec-
tion and during this response, leukocytes from the circulatory
system are triggered to adhere to endothelial cells lining
blood vessels prior to them migrating out of the blood vessel
to the site of infection. Neutrophils are initially recruited to
the in"amed tissue to engulf and destroy invading microor-
ganisms; subsequently this response is followed by mono-
cytes which also di)erentiate into macrophages. In teeth,
neutrophils andmacrophages progressively in-ltrate the pulp
tissue as the carious disease progresses [4, 6, 9, 53, 65–67].

Dental pulp defence and repair mechanisms in dental caries. Farges JC et al 2015. Mediators Inflamm 2015:230251.



Aktív immunizálás
Mukózális (orális/nazális) vagy szisztémás immunizálás
Ismételt immunizálás szükséges (rövid ideig marad IgA)
Kevés humán eredmény

Passzív immunizálás
SA I/II 3-as fragmens elleni monoklonális antitest S. mutans kolonizációját megakadályozta
Tej szupplementációja antitesttel…?

Caries elleni természetes immunitás
Alacsony caries incidencia egyénekben, ahol magas SA I/II elleni szérum IgG és GTF-ellenes

nyál IgA fordul elő

Caries elleni immunizálás



HLA-DR6: alacsony caries incidencia
HLA-DR6+ limfociták: erősebb válasz kariogén baktériumok (S. mutans) ellen

HLA-DR4: magasabb caries rizikó

Genetikai tényezők



Fontos a fogmosás!!!!


