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High prevalence of enamel pathologies associated to environmental conditions

Dental decay has been listed at the most
frequent inflammatory pathology

Global Burden Chronic Disease 2010 WHO

MIH, fluorosis, caries are the
most common environmental
enamel defects



MIH « Molar Incisor Hypomineralization »
HSPM «hypomineralized second primary molar »

MIH definition and prevalence

Prevalence
-MIH prevalence varies between 2 and > 40% depending on
studies
-Mean prevalence turns around 15-18% children 6 to 9

years old worldwide according to the most recent published
data

Diagnosis

-Well demarcated creamy white to brown lesions
on one to four permanent first molars 

-Associated with affected incisors

-Hypoplasia / Substance loss / enamel breakdown

-Atypical caries and restoration

-Sensitive teeth
(Weerheijm 2001, 2003)



A link with exposure to endocrine disruptoring chemicals?

MIH « Molar Incisor Hypomineralization »

birth
years

Mineralization of permanent first molars and incisors

1               2               3               4              5

MIH etiology - association with environmental conditions

AN EMERGING PATHOLOGY

with a similar prevalence than other pathologies associated to exposure to EDCs

SELECTIVE DENTAL DEFECTS
Specific window of time



 1428 substances  EDC (May 2018)

(endocrinedisruption.com)

Xeno-estrogens: PCBs (polychlorinated biphenyl), PBDE (polybromated biphenyls ether),

phthalates, alkylphenols, bisphenol A, genistein, UV filters, pesticides, conservatives, cadmium

nanoparticles, diesel nanoparticles

Xeno-androgens: PCBs, UV filters (benzophenone-4)

Anti-estrogens: PBDE, flavones and isoflavones (phytoestrogens), UV filters (benzophenone-4),

insecticides, phthalates

Anti-androgens: PCB#138, organochlorinated pesticides, UV filters (benzophenone-4), bisphenol

A, vinclozolin, diesel nanoparticles

Disruption of thyroid axis: PCBs, dibutylphtalate, bisphenol A, pesticides, triclosan, perfluorated

compounds, UV filters, PBDEs, DEHP

Disruption of corticoid axis: hexachlorobenzene

Aryl carbon receptor (AhR) activation : dioxins (TCDD)

Classification



Comparison between human MIH affected teeth and BPA treated rat incisors

Control - Score: 0 BPA - Score: 1S BPA - Score: 2S BPA - Score: 3 ASBPA - Score: 1S BPA - Score: 3b AS  

D30

Control - Score: 0 BPA - Score: 0 BPA - Score: 0

D100

BPA - Score: 0 BPA - Score: 0 BPA - Score: 0

MIH - Score: 1AS MIH - Score: 1AS MIH - Score: 3ASMIH - Score: 2b AS

MIH Jedeon et al., Am J Pathol, 2013



D 100D 30

Time
Birth

Birth Time3 years 
First molar mineralization

3-4 months 4-5 years

Incisor mineralization

2 years 7-8 years

Premolar - second molar mineralization

Proliferation

Differentiation

Secretion

Transition

Maturation

Continually growing rodent incisor

The time-window of sensitivity to low-dose BPA

Jedeon et al., Am J Pathol, 2013



-The prismatic structure of enamel is hidden by a magmatic organic layer 
-The surface of enamel is rough
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Jedeon et al., Am J Pathol, 2013

Enamel microscopic structure (SEM)
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Jedeon et al., Am J Pathol, 2013

Quantification of Enamel Matrix proteins



Amelogenesis in control rats

Amelogenesis in rats exposed to BPA

SECRETION STAGE AMELOBLASTS MATURATION STAGE AMELOBLASTS

enamel

Hypomineralized enamel 
characterized by opaque spots

Increased enamelin 

expression

albumin

enamelin

amelogenin

Klk4 protease

Apatite crystal

Decreased Klk4 
expression

Albumin accumulation
Enamelin accumulation

Increased carbon content

SECRETION STAGE AMELOBLASTS MATURATION STAGE AMELOBLASTS

Jedeon et al., Am J Pathol, 2013
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ENAMEL DEFECTS, EARLY MARKER OF EXPOSURE TO EDCs
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Molars 
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Jedeon et al., Endocrinology, 2014

BPA disrupts amelogenesis preferentially in male rats



 AR was the most highly expressed in ameloblasts

involved in the enamel terminal mineralization

proliferation differentiationproliferation differentiation = odontoblasts

enchyme

Jedeon, et al., Endocrinology, 2016

Expression of sex steroid receptors in rat dental epithelium

Houari et al., Front Physiol, 2016



Amelogenesis in control rats
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Uncharacterized enamel hypomineralizations

Increasing fluorosis prevalence

Interference between various environmental pollutants including endocrine disruptors?



Complementary hypomineralyzing effects of NaF and BPA

Control  BPA      NaF BPA + NaF

Jedeon, et al., JBMR, 2016



 Exposure to BPA weakens enamel making it more susceptible to frequent 
mineralization defects, Molar Incisor Hypomineralization and Dental Fluorosis

INCREASED PREVALENCE OF DF and INCREASED SUSCEPTIBILITY TO fluoride

 Our study identifies a small group of genes involved in systemic enamel 
hypomineralization, some of them also reported in genetic enamel pathologies

ENAMELOME

BPA and fluoride have complementary hypomineralyzing effects on enamel

Jedeon, et al., JBMR, 2016



Environmental pollutants
BPA, anti-androgenic EDCs, Phthalates, Fluoride …

Leaching of monomers (Bis-GMA, Bis-EMA , Bis-
DMA), Mercury, Triclosan, Fluoride …

Direct exposureIndirect exposure

Dental prevention products, 
medical devices, resins, materials

Ethics
EDC-free 

Reconstruction

The crucial role of save environment to keep a nice smile and a good health


