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SUMMARY: 

Objectives: The main objective of this study was to analyse the composition of the dental 

enamel in its complete form regarding mineral chemistry, biochemistry, cell biology and 

genetics. This objective was achieved by integrating all this scientific fields to dental enamel 

and thanks to this high-mineralized tissue, scientists have been able to perform a huge 

amount of studies and for many reasons; it is represented as an exemplary model for 

biological, biochemical, and mineral and genetics studies.  

Methodology and results: An extensive bibliographic review has been carried out in the 

CRAI-Library UEM using numerous scientific articles in English from 2010 to 2020, including 

these following keywords as: genetics, biochemistry, biology, mineral chemistry, dental 

enamel, amelogenesis, mineral structure and excluding terms such as dentin, pulp...  

Conclusion: Thanks to scientific researchers that allowed and provided us a huge amount of 

details around dental enamel properties and thanks to scientific development that has an 

important part to play in populations and health. During the ten past decade, science have 

been improving and increasing so much that all details brought around dental enamel 

permitted an integration of mineral chemistry, biology, biochemistry and genetics to dental 

enamel. 
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RESUMEN : 

Objetivos: El objetivo principal de este estudio fue analizar la composición del esmalte 

dental en su forma completa en cuanto a química mineral, bioquímica, biología celular y 

genética. Este objetivo se logró al integrar todos estos campos científicos al esmalte dental y 

gracias a este tejido altamente mineralizado, los científicos han podido realizar una gran 

cantidad de estudios y por muchas razones; se representa como un modelo ejemplar para 

estudios biológicos, bioquímicos, minerales y genéticos. 

Metodología y resultados: Se ha realizado una extensa revisión bibliográfica en la CRAI-

Library UEM utilizando numerosos artículos científicos en inglés de 2010 a 2020, incluyendo 

las siguientes palabras clave como: genética, bioquímica, biología, química mineral, esmalte 

dental, amelogénesis, mineral. estructura y excluyendo términos como dentina, pulpa ... 

Conclusión: Gracias a los investigadores científicos que nos permitieron y nos brindaron una 

gran cantidad de detalles sobre las propiedades del esmalte dental y gracias al desarrollo 

científico que es fundamental en nuestra vida diaria. Durante la última década, la ciencia ha 

ido mejorando y aumentando tanto que todos los detalles introducidos en el esmalte dental 

permitieron una integración de la química mineral, la biología, la bioquímica y la genética en 

el esmalte dental. 
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1. INTRODUCTION: 

1.1. Thesis structure: 

The thesis has been organised such as the introduction has been outlined in the first part. 

This one provides a basic examination around dental enamel structure and composition. 

Then, general aims and objectives have been outlined in part 2. The fourth part will be 

results classified by a table determining the type of article founds, and then discussion 

follows. The last part will provide a conclusion. 

1.2 INTRODUCTION TO ENAMEL: 

1.2.1 Basic tooth structure: 

The tooth is composed of three major layers: Enamel, Dentin, and Pulp (Figure 1)(1). Enamel 

is a translucent substance that constitutes the outer part of the crown of the teeth and 

which covers dentin. It acts as a barrier to highly protect the tooth from external substances 

as sugar, acid drinks and other threats….(2) 

               

Figure 1. Image showing a schematic drawing of a tooth.(3) 
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1.2.2 Enamel:  

It is the hardest and the most mineralized structure in the human body(4). In addition, 

enamel is one of the four main components that build up the tooth along with dentin, 

cement and the dental pulp. It is a visible dental structure, supported by an underlying layer 

of dentin that cannot be related to tissue because it is not vascularized nor innervated, and 

in fact it is mineralized(5). Enamel is a mineralized cell-free tissue protecting the pulp-dentin 

complex. Its thickness varies from 2.5 mm opposite the cusps, to become more refined at 

the level of the neck but also at the level of the cement-enamel junction.(6) The enamel is 

composed of 96% mineral matter, and the rest is water and organic matter(7).  The mineral 

part is mainly constituted by a network of calcium hydroxyapatite crystals which crystallize in 

the hexagonal crystal system(1). These crystals that are found in the enamel are about 25 

times larger than those found in dentin. Crystal size is a very important factor in the extreme 

hardness of enamel, in contrast to dentin. The high mineral percentage is not only 

responsible for its hardness or strength, but also for its friability. On another hand, Dentin, 

which is less mineralized, is essential as a support and compensates for the weaknesses of 

the enamel (8). For a long time it was thought that enamel was a complex chemical system, 

but it did not have much dynamics. Today we know that enamel participates in many 

processes such as: Ions transport from saliva to dentin (crosses the enamel and could modify 

its structure) or ion exchange reactions with the responsible saliva phenomena of 

demineralization and remineralisation(9). Enamel is not an inert system at all. When we look 

at the ultra-structural and therefore nano-structural level, we see that it is a unique self-

assembly in the mineral world (acellular, avascular and non-innervated enamel).(9) Enamel is 

the hardest and most densified structure in the body. Dental enamel is an example of 
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organic material that unites at the same time mineral chemistry, biochemistry, cell biology 

and genetics(10). The environment and enamel’s hereditary defects can induce destruction, 

degradation or enamel malformations(11). Unlike most other biological mineralized 

biological tissues, the enamel is not able of regeneration process due to the loss of cell 

forming known as: Ameloblasts(10). The interface between physics, chemistry, and genetics 

has been initiated for a long time and shown a huge world around dental enamel 

properties.(10)  
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  2. General aims and objectives: 

The general aim of this study was to understand the complexity of the dental enamel 

integrating the knowledge about its mineral chemistry, biochemistry, cell biology and 

genetics. 

3. Material and methods: 

A search was conducted in CRAI-Library UEM, PubMed, and Medline using many scientific 

articles in relation to our main objectives. A selective research has been made using the 

filter: “Refine your research” so that our final project fulfils our objectives. First and 

foremost terms as: Dental enamel, mineral chemistry, biochemistry, biology and genetics 

have been included in our research. Secondly terms as mammalian, dentin or pulp has been 

excluded. Our Scientifics articles have been searched in the category (Full text document) by 

limiting the publishing date from 2010 to 2020 using English language. Once the results were 

obtained, all those articles that after reading it were considered none useful information for 

the present bibliographic review were eliminated, either due to an incorrect use of the term 

"integrating" or because they did not delve into the issues concerning the objectives of this 

work. The bibliographies of the most relevant articles were also analysed and sourced, this 

way only the most significant information was chosen for this work. 
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4. Results: 

More than 40 scientific articles were selected in order to conduct our study where the main 

purpose was to analyse the enamel properties integrating mineral chemistry, biochemistry, 

biology and genetics. The majority of these scientific articles are related to enamel 

properties, others to chemical and biological characteristics, a group of articles to its 

development process according to genetic and others according to 

demineralisation/remineralisation process. 

 

DENTAL ENAMEL INTEGRATING MINERAL CHEMISTRY, BIOCHEMISTRY, CELL BIOLOGY 

AND GENETICS 

 

ACCORDING TO BIBLIOGRAPHY 

 

GENERAL DENTAL ENAMEL COMPOSITION 

AND PROPERTIES 

(1) , (4) ,(6) ,(7) , (8) , (9) , (10) , (13) , (15), 

(16) , (17) , (18) , (19) , (20) , (21) , (22) , (25), 

(29) , (30) , (31) , (32). 

 

INTEGRATING MINERAL CHEMISTRY 

(1), (2) , (5) , (7) , (9) , (12) , (13) , (14) , (15), 

(16) , (18) , (19) , (20) , (22) , (30) , (31) , (32) 

, (33) , (34) , (39) , (40) , (42), (43) (44) , (46),  

 

INTEGRATING BIOCHEMISTRY AND CELL 

BIOLOGY 

(1) , (3) , (9) , (11) , (12) , (13) 

(15) , (16) , (19) , (20) , (21) , (30) , (32) 
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INTEGRATING GENETICS 

(1 ), (6) , (8) , (9) , (10) , (13) , (15) , (16) , 

(20), (23) , (24) , (25) , (26) , (27) (28) ,(29) , 

(30) , (31) , (32) , (35) , (36) , (37) , (38). 

 

Table 1: Table showing the repartition of each article according its principal characteristic. 

 

 

Table 2. Table showing the articles proportion according to its principal theme. 
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5. Discussion: 

5.1 Hydroxyapatite crystal structure: 

Dental enamel is the most mineralized and strongest material in the human body with a 

total of 96% of inorganic matter presented in form of mineral crystal(12). The main mineral 

content of dental enamel is a non- stoichiometric calcium deficient carbonated 

hydroxyapatite (HA) [Ca10(PO4)6(OH)2](13). HA is part of the calcium phosphate group, 

which also have octacalcium phosphate (OCP), a precursor phase of HA and tricalcium 

phosphate (TCP). Each unit cell of a hydroxyapatite crystallite has a central hydroxyl group 

with by three calcium ions which are surrounded by three phosphate ions(2). The union of 

six calcium ions makes a hexagonal form due to its enclosure.)(1). 

           

 

Figure 2.Image showing a diagram of the unit cell of a hydroxyapatite crystallite.(2) 

Each atomic site in the HA crystal may include some substitutions: For example the Ca site in 

the apatite structure can be replaced by metal cations, e.g. Na, K, Mg, Sr, Ba, Mn and Pb , 
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carbonate may substitute phosphate or hydroxyl ions .All these substitutions depend on 

local carbon dioxide concentrations which occur during tooth development. Substitutions 

have negative aspects, which receive the name of distortions, and they affect the apatite 

solubility, which is an important factor to consider during the dental demineralization(14). 

The crystallographic unit cell stoichiometry is made up of four columnar calcium II ions, six 

screw axis calcium I and six phosphates located around the hydroxyls, which occupy columns 

on the screw axes. Its structure consists of mirror planes at z= ¼ and ¾ (1).  

 

Figure 3. Schematic projection of the hydroxyapatite’s hexagonal structure in the 

[0001], [2–1-10] and [1–100] axes, respectively. 

(Ca2+ =blue, P= green, O= red and H= yellow). (Mg2+)(RMg2+. 

Image taken from  Crystallographic structure of human tooth enamel (15) 

 

5.2 Enamel microstructure: 

In enamel microstructure, heterogeneity exists due to the variation in the orientation of 

prisms and the crystallites. In the apex/cusp regions of the tooth, the orientation of the 
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crystallites is parallel with the direction of the prisms perpendicular to natural biting 

surfaces(15). However, in the lateral enamel, crystallite direction is oriented far from the 

prism axes towards the cervical margin. Deciduous enamel has less well-structured crystal 

arrangement than permanent enamel, although prisms are smaller, the crystallites within 

them are larger.(15) 

The unique structure of the enamel responds to a highly organized architecture giving it its 

hardness and great resistance to masticatory forces. Two types of enamel can be 

distinguished according to their histological characteristics: prismatic enamel and aprismatic 

enamel.(16) 

 

5.2.1 Prismatic enamel:  

 Enamel is made of single crystals of hydroxyapatite. They represent the smallest identifiable 

structural unit within the enamel (nanostructure of approximately 10 angstroms) and their 

assembly gives rise to crystallites with a hexagonal section 50 times greater than that of 

single crystals (microstructure of 500 angstroms). These crystallites will themselves interlock 

to form the enamel prisms (3 micron section).(17) 

We then dissociate two types of enamel according to the orientation of the crystallites: 

Prismatic enamel: the crystallites are oriented parallel to the major axis of the prism.(17) 

Inter-prismatic enamel: crystallites adopt an angle of about 60 ° (regarding the major axis of 

the prisms). In the longitudinal section, the inter-prismatic substance covers the prisms on 

both sides. In the cross section, the inter-prismatic enamel covers them completely or 

partially, except at their base where the two structures are one. (18) 
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5.2.2 Non prismatic-enamel: 

On another hand, this type of enamel is simply made up of crystallites and remains devoid of 

this histological feature (prisms). It is observed on either side of the prismatic enamel, thus 

forming an internal non-prismatic enamel (opposite the enamel-dentin junction) and 

external (coronary surface), extending over approximately 30 microns.(17) This structural 

difference is explained by the different stages of amelogenesis. The pre-secretory 

ameloblasts are at the origin of the first apposition of non-prismatic enamel next to the 

dentin, thus participating in the formation of the enamel-dentin junction.(16) Subsequently, 

the placement of the interprismatic enamel (by the secretory ameloblasts this time, an 

extension of Tomes) makes it possible to constitute a lattice, which will be colonized by the 

prismatic formations. The thin layer formation of external aprismatic enamel corresponds, 

for its part, to a post-secretory maturation phase.(18) 

 

                                                      

Figure 4. Image showing prismatic and interprismatic enamel, different crystal 

orientation(18) 

INTERPRISMATIC ENAMEL 

 

PRISMATIC ENAMEL 
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5.3 Enamel chemistry: 

Enamel, although devoid of cells, is not inert and ionic exchanges are perpetually made 

between the enamel surface and the oral environment. The inter-prismatic substance with a 

higher aqueous and organic content than enamel prismatic is the privileged place of these 

exchanges.(19) These interactions are largely determined by oral ph. In the case of acidity, 

the hydroxyapatite crystals forming the enamel matrix are dissolved and the phosphate / 

calcium released within the oral cavity. On an opposite side, in the presence of an alkaline 

pH, they are able to precipitate in contact with the enamel.(15) It is important to know that 

fluoride ions are essential to fight against acid attacks. Integrated into the hydroxyapatite, 

the resulting fluoroapatite crystals are more chemically stable, more symmetrical and 

therefore ultimately more resistant. The mineral component of enamel consists in a basic 

replacement of calcium hydroxyapatite, the stoichiometric formula for hydroxyapatite (HAP) 

being (Ca10 (PO4 )6 (OH)2)(12). Within enamel a number of ions can be missing from HAP 

and different elemental substitutions can exist within the HAP, for examples, calcium 

replaced by sodium, magnesium, zinc… carbonate replacing phosphate, and fluoride 

replacing hydroxyl(20). These defects and substitutions can impact the behaviour of HAP, 

especially to its solubility at a lower ph. 

5.3.1 Mineral phase: 

It represents 96% of the enamel mass, or 87% of the volume. It is formed by major elements, 

such as: calcium, phosphate, carbonates, sodium, magnesium, chlorine and potassium. 

Minor elements such as fluorine, strontium, zinc… are also found. These can come from 
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environmental contamination.(21) Apatite crystal has two properties: it allows ionic 

exchange and can also absorb ions on its crystal and thus give crystals of hydroxyapatites, 

fluoroapatites, carbonatoapatites ...(16) 

5.3.2 Organic phase: 

The organic phase represents 0.6 to 1% of the tissue weight in mature enamel. It is 

composed of residual non-amelogenin proteins and phospholipids. Proteins are mainly 

glycoproteins different from keratin. It is made up of different proteins detailed below:  

 Amelogenins, which are hydrophobic proteins that disappear with enamel maturation 

and are replaced by hydroxyapatite crystals. They are distinguished by their 

composition rich in amino acids (proline, glutamine, leucine and histidine) and are 

involved in the control and direction of crystal growth.(16)  

 Enamelins, which are phosphoproteins rich in glutamic and aspartic acids, serine and 

glycine. They persist in mature enamel tissue and are located on the surface of 

crystals.(16)  

 Tuftelins, which are acidic proteins in enamel that belong to the enameline family. 

They are particularly rich in glutamic and aspartic acids.(16)The organic matrix also 

includes lipids: cholesterol, phospholipids and triglycerides.(17) 

5.3.3 Aqueous phase: 

Water is present in enamel in a free form (1% of tissue weight) or in a bound form (2.4% of 

tissue weight).(16) Water is mostly found in inter-crystalline spaces and it contributes to the 
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formation of a protein shell around the crystallites. This hydrated matrix is essential for ionic 

exchanges and diffusions.(18) 

5.4 Enamel Histology: 

On a microscopic scale, other particular structures need to be individualized: the Retzius 

striae and the Hunter-Schreger bands. These secondary formations allow the enamel to 

adapt to the masticatory forces in a remarkable way.(18) 

5.4.1 Retzius striae: 

Retzius striae or lines correspond to demarcation between two successive cycles of enamel 

application. Spaced evenly, they are identifiable every 25 microns. Their characteristic 

appearance in concentric formations makes it possible to assimilate them to the structure of 

a tree trunk, witness of cyclical growth. On the surface of the enamel, these striations 

undergo a slight inflection and form furrows called "perikymatias" which tend to disappear 

with the natural wear of the teeth.(17) 
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Figure 5. Image showing Retzius striae (indicated by arrows) on the left side. (22)                     

Figure 6.  Image showing Perikymatis on the surface of the enamel on the right side.(22) 

 

5.4.2 Hunter-Schreger bands: 

The orientation of the enamel prisms is not uniform throughout its thickness. Initially 

orthogonal to the surface, they undergo a change of orientation (approximately 2 to 3 °) 

with each crossing of a Retzius striaes, in the direction of the enamel-dentin junction. This is 

materialized under the microscope by the alternation of light bands (= parazonia) and dark 

bands (= diazonia), called Hunter-Schreger bands.(23) When studying an enamel section, the 

prisms sectioned transversely as to their axis will be more easily demineralized by acid dyes 

and therefore give rise to dark bands (because they are colored). Conversely, the 

longitudinally sectioned prisms will be less sensitive to acid dyes due to their orientation and 

thus form the light bands.(24) 

 

Figure 7. Hunter-Schreger bands where we can see the alternation between light bands and 

dark bands.(22) 
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5.5 Enamel Cell Biology: 

5.5.1 Dental germ formation: 

In humans, the development of teeth results from a biological interaction of two cell groups 

resulting from the ectoderm and ectomesenchyme. Indeed, each dental organ is the result 

of cellular morphogenic movements and the cooperation of epithelial and mesenchymal 

protagonists.(25) Dental germs will pass successively through the blade, bud, cup and, 

finally, bell stages depending on the degree of differentiation of their epithelial cells. It is at 

the bell stage that the mineralized tissues of the tooth (enamel) will be developed. Once the 

morphogenesis and mineralization of the crown is complete, we will see rhizagenesis, 

development of the supporting tissues of the tooth and finally dental eruption.(6) 

 

Figure 8. Image showing the steps of tooth development.(18) 

 A BUD STAGE 

 B CUP STAGE 

 C BELL STAGE 

 D AND E AMELOGENESIS 

 F CROWN FORMATION 

 G RHIZOGENESIS AND 

ERUPTION 

 H TOOTH 
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5.5.2 Bud stage: 

 From the dental blade, ten buds will individualize per arch from the 7th week of intrauterine 

life. The dental lamina will partially involute, epithelial islands will persist to ensure the 

morphogenesis of the permanent teeth, the permanent molars developing from distal 

extensions (molar lamina) of the dental lamina of the premolars.(25) 

5.5.3 Cap stage: 

The proliferation of cells from the bud causes the germ to pass through cup stage. At this 

stage, we can highlight: - an epithelial component at the origin of the enamel - an 

ectomesenchymal component at the origin of the primitive papilla - and around this set, an 

ectomesenchymal condensation at the origin of the follicle fibrous.(26) 

5.5.4 Bell stage:  

The bell stage is that of histodifferentiation and morphogenesis. At this stage, the tooth 

germ is made up of the enamel organ, the primary dental papilla and the follicular sac.(27) 

 The external epithelium: The cells of the outer adamantine epithelium form a row of 

cubic cells joined together by hemi desmosomes and communicating junctions. They 

are located at the periphery, separated from the follicular sac by a basement 

membrane. (18) They do not participate in the formation of the enamel itself, but 

have a function of internalizing precursors from the capillaries that surround the 

organ of the enamel.(22) 
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 The stellate reticulum: the stellate-shaped cells delimited between the outer 

adamantine epithelium and the intermediate stratum produces it formation. (18) The 

cells in fact connected to each other as well as to the intermediate stratum cells by 

intercellular junctions such as mosomes and communicating junctions. However, the 

intercellular space remains important. Large spaces of interstitial fluid rich in 

glycosaminoglycans and lipids separate cells from each other. This organization 

allows the diffusion of precursors and nutrients first and secondly the formation of a 

hydrostatic cushion protecting the internal adamantine epithelium from external 

pressures.(8) 

 The intermediate stratum: It is made up of one or two rows of cubic or squamous 

cells attached to the internal adamantine epithelium cells to which they are 

connected by desmosomes and communicating junctions. These cells provide 

glycogen, an essential element for the energy supply allowing all transfers in the 

enamel organ.(18) 

 The internal epithelium: The internal epithelium cells lie on the basal lamina that 

separates them from the primary papilla. In the bell stage the internal epithelium 

cells have a similar structure to the external adamantine epithelium, their shape is 

slightly more elongated.(25) The differentiation of this epithelium occurs under the 

influence of the primitive papilla. The cells will first become pre-ameloblasts, then 

pre-secretory ameloblasts, and finally secretors, which are involved in the 

establishment of the enamel matrix. There is a junction zone between the internal 

and external epithelium, called the reflection zone. These cells multiply actively and 

cause the growth of the enamel organ.(28)  
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5.6 Enamel Genetics:   

5.6.1 Dental enamel formation: reminding: 

Amelogenesis is by definition enamel formation process(12). During the crown stage of 

development, enamel forming cells: ameloblasts, secrete a protein rich matrix during the 

Secretory stage which is followed by a degradation due to a proteolytic enzymes and is then 

replaced by hydroxyapatite during the Maturation stage(2). The internal enamel epithelial 

cell goes through many morphological changes during enamel formation. The first stage is 

the presecretory stage, which is characterised by columnar cells; They have a reversal of 

polarity whereby the nucleus moves to the stratum intermedium end of the cell(1). The 

dental lamina rapidly folds and penetrates the underlying mesenchyme to form the dental 

placode, followed by the bud, cap, and bell stages(27). All these stages shape the crown, and 

then are followed by the root’s development. The mesenchyme immediately underlying the 

dental epithelium is derived from cranial neural crest cells(29). Very early in tooth formation 

there is epithelial-mesenchymal molecular cross- talk initially orchestrated by the 

mesenchyme, such that epithelial cells destined to create enamel start to differenti- ate to 

form ameloblasts, and the underlying neural crest- derived mesenchyme differentiates into 

cells that will form the remainder of the tooth(6).  

 

 

Figure 9: The principal stages of tooth formation.(6)  
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5.6.2 Amelogenesis: 

Amelogenesis is enamel formation with an ectodermal origin.(18)The ameloblasts that are 

responsible for amelogenesis arise from the differentiation of cells in the internal dental 

epithelium of the enamel. Human enamel is formed at a rate of approximately 4 µm per day, 

starting at the future location of the cusps of the tooth (enamel node; Figure 1) around the 

3rd or 4th month of pregnancy.(30) 

 

Figure 10. Image showing steps of odontogenesis process.(30) 

5.6.2.1 Ameloblasts: 

- Pre-secretory ameloblast: During the pre-secretion period, the tooth acquires its shape 

(morphogenesis). Coming out of its mitotic cycle, the pre-secretory ameloblast differentiates 

and develops the elements necessary for protein synthesis and secretion. This stage was 

classically seen as a period during which the ameloblast is preparing to enter an intense 

phase of production.(22) 

However, it has been shown that these pre-ameloblasts already begin to secrete enamel 

proteins. The pre-ameloblasts constitute an internal adamantine epithelium at the internal 

border of the enamel organ. In this vascularized organ, three cellular layers are observed 
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from the outside to the inside: the external epithelium, the stellate reticulum and the 

intermediate reticulum.(18) 

- Secretory ameloblast: Also called a functional ameloblast, it develops, during the following 

stage, at its apical part a cellular extension, the extension of Tomes. During this stage, the 

entire enamel layer is formed. (10)The complex organization of the enamel is due to the 

arrangement, orientation of the extension and the displacement of the ameloblasts on the 

surface of the forming crown. Ameloblasts have two secretion sites. The enamel crystallites 

organize themselves into interprismatic enamel or rods (or prisms) depending on where the 

matrix is secreted. The distal part of the extension of Tomes is involved in the formation of 

rods while the proximal part is responsible for the formation of interprismatic enamel 

against a single necessary for the rods. Ameloblasts secrete constitutively, that is to say 

continuously.(28) 

- Post-secretory ameloblast: Most of the previously secreted organic matrix is enzymatically 

degraded and eliminated during maturation. This biochemical mechanism allows the growth 

in width and thickness of crystallites.(18) During this stage, the post-secretory ameloblasts 

become shorter and wider. The ameloblasts stop secreting and regress once the enamel is 

fully mature. This is called a “reduced” enamel organ that isolates the enamel from the 

neighbouring connective tissue.(30) Thus, amelogenesis takes place in three stages, we 

distinguish the cyto-differentiation of ameloblasts, the secretion of the enamel matrix, and 

the mineralization and maturation of the enamel.We will describe these different steps, as 

well as the genetic regulation and the role of enamel proteins in the process of 

amelogenesis. 
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5.6.2.2 Amelogenesis steps: 

- Ameloblasts cytodifferentiation: During cytodifferentiation, cells differentiate and become 

functional. It is also observed the resorption of the basal lamina between the internal 

adamantine epithelium and the primary papilla.(31) At the end of the bell stage, the internal 

adamantine epithelium is made up of a layer of cells called preameloblasts. Preameloblasts 

are cells with a programmed number of mitoses, at their last division they become 

presecretory ameloblasts. During this phase, the tooth acquires its shape, and the 

ameloblast prepares to enter a phase of secretion. The presecretor ameloblasts are post-

mitotic cells, aligned in a palisade that rest on a basal lamina which foreshadows the future 

enamel-dentin junction.(18) They develop organelles involved in protein synthesis and 

secretion. Studies have shown that the presecretory ameloblast already participates in the 

synthesis of enamel proteins but not yet in the formation of the first enamel layer.(18) These 

elongated cells measure 70 µm in height and approximately 3 µm in diameter. As seen 

previously, the nucleus is basal, the Golgi apparatus supranuclear, the endoplasmic 

reticulum is poorly developed, but the number of cisterns is increasing. We see many 

lysosomes appear. The desmosomes and communicating junctions, which unite these cells 

apically, will be reinforced by the formation of tight tight junctions. The presecretory 

ameloblasts then form a sealed cell compartment.(18) 

The basal lamina fragments and becomes discontinuous. The apical end of the presecretory 

ameloblasts changes and exhibits numerous evaginations. Indeed, this differentiation is the 

consequence of interaction between epithelial cells and peripheral fibroblasts of the 

mesenchymal papilla.  
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- Secretion of the enamel matrix: The cells then goes to the secretory ameloblast stage, 

which is functional. During this phase, the ameloblast actively secretes the various matrix 

proteins. The entire layer of enamel will be formed and the secretory ameloblast is a 

prismatic cell 70 µm high.(30) Its basal third is rich in mitochondria and contains the nucleus. 

This region does not show much change compared to the previous stage, it is still connected 

to the cells of the intermediate stratum and ensures the transfer of precursors. (18) Its 

central part, called supra nuclear, includes the endoplasmic reticulum and the Golgi 

apparatus, the latter is long (50 µm) and extends to the apical part where it releases its 

secretory vesicles.(22) The transition from presecretory ameloblasts to secretory 

ameloblasts is gradual. So before the extension of Tomes appears, a first layer of enamel is 

deposited on a dentin, which has become compact. This initial layer of enamel is aprismatic 

and measures 10 µm thick. It forms the enamel-dentin junction. The cells of the stellate 

reticulum disappear by apoptosis, bringing together the cells of the outer adamantine 

epithelium and those of the stratum intermedium, which together form the papillary layer. 

This phenomenon is important since it brings the vascularization of the fibrous follicle closer 

to the ameloblasts. (8)This vascularization now represents the only nutritional contribution, 

because the mineralized layers prevent a supply from the pulp. As the extension of Tomes 

develops at the apical pole of the cell, the immature prismatic enamel will be deposited. Its 

complex organization is due in part to the orientation of the extension and the displacement 

of the ameloblasts on the surface of the developing crown. The enamel secretion will take 

place in two successive stages: lateral secretion first, on either side of the extension of 

Tomes, an interprismatic enamel network is set up. (18)Then in a second step, the cubicles 

occupied by this extension will be filled with intraprismatic enamel. There is no difference in 
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the composition of the organic matrix or the crystalline phase between the two types of 

enamel. Several ameloblasts are involved in the development of interprismatic enamel, 

while intraprismatic enamel is secreted only by an ameloblast. The migration of ameloblasts 

causes the extension of Tomes to stretch. This will gradually disappear. The last layer of 

enamel put in place will again be aprismatic.(18) 

- Mineralization and maturation of enamel: During the secretion phase, transient young 

enamel is put in place. The organic matrix of this enamel is 90% amelogenin. It also contains 

ameloblastin and enameline, as well as other minor enamel proteins such as tuftelin. These 

proteins as well as their role will be described below. The mineralization and maturation of 

the enamel therefore consist of a growth in thickness and width of the crystallites, this being 

possible by the degradation of the organic matrix and by the massive influx of calcium and 

phosphate ions. Half of the ameloblasts will die by apoptosis. Post-secretory ameloblasts 

spend 80% of their life as a folded cell. There is a coupling between the apical pole aspect 

and the junction systems between cells. Indeed junction complexes can go from a tight 

organization to a non-tight organization. When the cell has a wrinkled appearance, it will 

have tight junctions at the apical level and looser (permeable) junctions at the basal level, 

and vice versa for smooth-looking cells. The modulation phenomenon would allow: the 

elimination of protein fragments, the balance between acidity and neutrality of immature 

enamel and finally the supply of calcium necessary for the growth of crystallites. Indeed, the 

folded cells will internalize the peptide residues resulting from the degradation of the 

enamel matrix and thus they will complete their degradation. On the other hand, the 

ameloblasts with a wrinkled appearance will initially secrete protons causing acidification of 

the medium. This acidity is essential for the proper functioning of two enzymes secreted by 
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these same ameloblasts: MMP-20 (an enzyme from the metallo-protease family) and a 

serine protease also called kallikrein-4. As the enzymatic activity is optimal, the enzymes will 

be able to degrade the enamel proteins. 

However, the drop in pH would lead to the dissolution of the crystallites. The folded cells 

participate in the neutralization of the pH, in a second step, by the secretion of bicarbonate 

ions. Smooth-rimmed cells are also involved, allowing interstitial fluid to pass through 

immature enamel through their loose junctions. The pH being neutralized, the crystallites 

will be able to grow. Finally, modulation plays an important role in the acquisition of the 

calcium necessary for the growth of crystallites. Calcium comes from the interstitial fluid 

(from the bloodstream of the tooth follicle). The latter will be able to enter the enamel by 

passing between the cells with smooth edges thanks to their non-waterproof junction 

complex. Cells with a folded border are also actively involved in calcium transport. These 

cells contain membrane calcium ATPases that allow the incorporation of calcium into the 

matrix of the enamel being formed. Mature enamel is composed of an average of 96% 

crystals, 3.2% water and 0.8% organic matter. When maturation is complete, the 

ameloblasts stop modulating and regress, they become protective ameloblasts. These will 

merge with the papillary layer and together form the reduced adamantine epithelium. Its 

role is to isolate the enamel from the surrounding connective tissue until the tooth has 

erupted. When the tooth hits the arch, part of the reduced enamel organ participates in the 

formation of the junction structures that connect the periodontium to tooth. 
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5.6.3 Amelogenesis imperfecta: 

Amelogenesis imperfecta is an inherent disease that is represented by qualitative or 

quantitative enamel defect in the absence of systemic complication(32). Hereditary brown 

enamel, hereditary enamel dysplasia, hereditary brown opalescent teeth are the other 

terminologies used for AI. The prevalence varies from 1:700 to 1:14 000, according to the 

studies done to the population. Amelogenesis imperfecta affects the whole ectodermal 

component and it can be either autosomal dominant, recessive or X- linked mode of 

inheritance(33). This malformation affects both dentitions: primary and permanent. In the 

teeth affected by AI, the dentin and roots have a normal shape. In relation to the phenotypic 

characteristics and mode of inheritance, AI is divided into groups depending upon enamel 

appearance, structural and developmental defects: hypo plastic, hypo maturation, hypo 

calcified, and hypomaturation-hypoplastic (34). 

 - Hypo plastic phase: They are defined by the defective formation of enamel, which is 

composing the primary feature. The hypo plastic types can be characterized by enamel that 

has grooves or furrows, large missing area, or part of enamel that are very thin over the 

entire tooth crown. (35)Quantitative defect are seen when the enamel does not form in 

normal thickness either due to local or general factors. Clinically, the crown size varies from 

small to normal and small teeth may lack proximal contacts. The colour goes from normal to 

opaque white – yellow brown.(36)  

- Hypo maturation : Qualitative defect of the enamel is seen where the enamel is not 

sufficiently mineralized.(15) The teeth have a normal morphologically shape at the time of 

eruption, but eventually chip away posteruptively, especially in the occlusal areas. 
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(37)Clinically, the colour of teeth here varies from creamy opaque to marked yellow/brown. 

The tooth surface appears soft and rough leading to sensitivity due to dentinal exposure. A 

common feature is find as: Open bite. The enamel thickness is normal but often chips off and 

abrades away easily.  

- Hypo calcified: Qualitative defect appear when the enamel is not enough soft and 

mineralized. Comparing to hypo maturation type, the mineralization is markedly reduced. 

Clinically, the crowns of the teeth in such cases appear to be opaque white to yellow-brown, 

soft rough enamel surface, dental sensitivity and very poor aesthetics.(36) Due to severe 

hypo mineralization, there may be early loss of enamel. The thickness of enamel appears to 

be normal at eruption that often chips and but, tends to abrade easily post eruptive. It is find 

a delay eruption of teeth, an anterior open bite of skeletal origin may be seen and an 

accumulation of a large amount of supragingival calculus is find.(38) 

5.7 Dental caries: 

5.7.1 Enamel demineralisation: 

Tooth decay is a disease caused by certain microorganisms in the oral cavity: cariogenic 

bacteria in dental plaque are the infectious agents of this disease.(39) This dental plaque is 

organized on the surface of the teeth from conglomerates formed of food debris, 

desquamated cells and certain constituents of saliva on which bacteria act.(20) The oral 

environment is a complex environment in which a very large number of microorganisms 

coexist.(40) It is a multifactorial process that involves the simultaneous relation between 

diet, plaque, time and the host; with the latter including a plenty of genetically related 

factors from saliva quantity and quality to enamel composition and structure(2). 
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Streptococcus mutants known as plaque bacteria have a function, which is to metabolise 

dietary carbohydrates within plaque to produce organic acids such as lactic, propionic and 

acetic acids that causes the pH reduction(41). If pH goes down below a critical value 

determined by the calcium and phosphate concentrations in solution, this solution will 

become under saturated with it will be demineralised.(42) The critical pH value is accepted 

when 5.5 is reached but due to substantial individual variations such as the composition of 

the solution surrounding enamel, this value can vary from person to person. (15) 

5.7.2 Enamel remineralisation:   

Early stopping or reversing the formation of caried lesions should be the main goal to 

prevent the risk of demineralisation and in fact the need for any invasive interventions. 

During enamel demineralization there is a mineral lost that can be restored by increasing the 

pH of the oral environment(43). Salivary buffering induces and causes pH to rise till the point 

when any carious destruction of the underlying tissue ceases (remineralisation). Saliva is rich 

in Ca2+ and PO4 3- ions, which are deposited, in the carious lesion to repair the 

damages.(42) Remineralisation of enamel occurs by precipitation, growth of partially 

dissolved crystal or by the formation of new crystals. Non-cavitated enamel lesions keeps 

most of their original crystalline framework of the enamel rods and the etched crystallites 

serve as nucleating agents for remineralisation.(15) It is a natural repair process for non-

cavitated lesions. Everything relies on calcium and phosphate ions and in addition: fluoride, 

to re-create a new surface on the existent crystal in the subsurface. The remineralized 

crystals are less acid soluble than the original ones.(44). Around normal conditions pH goes 

to 7, saliva is supersaturated with calcium and phosphate ions, making slow caries 
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progression.(45)The lower is the pH, higher are the calcium and phosphate concentrations 

required to reach saturation with respect to hydroxyapatite.(46) This is called the “critical 

pH”, the point where equilibrium exists. There is no mineral dissolution and no mineral 

precipitation. (44) 

 

Figure 11.1 Image showing: Cycling of oral pH during cariogenic challenges in naturally 

occurring hydroxyapatite.(44) LEFT PICTURE. 

Figure 11.2 Image showing: Cycling of oral pH during cariogenic challenges in fluoridated 

hydroxyapatite.(44) RIGHT PICTURE. 

 

 

6. Conclusion: 

The past decades of extensive research have provided the current understanding of dental 

enamel properties. Materials Science offers a relevant approach for the natural mineralized 

biological tissues and studies of enamel, technical improvements of the detection systems 

and recent increases in resolution allow fine descriptions of the biological phenomenon. 

Dental enamel is a model material for applying a physicochemical approach. Pathologies or 

the environment can induce destruction, degradation or enamel malformations. Unlike most 

other mineralized biological tissues, dental enamel is unable to regenerate naturally. 
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Understanding the mechanisms of enamel degradation presents a scientific and economic 

interest. 

The interface between physics, chemistry and oral science has been very active for several 

decades, with a significant revival in recent years due to access to very sensitive techniques 

in materials science. 

The help of many scientific articles allowed a better acquisition and understanding of what 

dental enamel and its universe really are in all chemical, biological, biochemical or genetic 

fields. As a result, we were able to relate these 4 fields in order to have a better enamel 

description. 
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