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Morphology of enamel

 Rods (Prism)

 interrod Enamel



Enamel rod structures

 Enamel is composed of rods that extend from 
DEJ, to the enamel outer surface;



Cross-section of the rods
 А – rod – a package of 

tightly arranged crystals;

 В –Interrod space -
packaged crystals lose their 
shape and go in different 
directions;

 С – Tail of the rod;

 D – Head of the rod.



Crystal orientation of the rods

 In the rods –
longitudinally;

 In the tail - diagonally 
or perpendicular (lower 
mineralization);

 The rod sheats - the 
least mineralized place. 
There the crystals are
meeting with different 
directions.

 The rod has keyhole-
shape form.









One rod
is pulled out
to illustrate

how individual
enamel rods
interdigitate

with neighboring
rods



Orientation  of 
crystals in a mature 

enamel rod as 
indicated by cross 
section and side of  

cut rod.



Head
TailNeck

















The stages of the amelogenesis

 two-step 

 The first step: produces a partial 
mineralized (30%) enamel. 

 The second step (when the full width of 
this enamel has been deposited) involves 
significant influx of additional mineral 
coincident with the removal of organic 
material and water to attain greater than 
96% mineral content.



Phases of the amelogenesis:

 Amelogenesis has been described in as 
many as six phases but generally is 
subdivided into three main functional 
stages:

 Presecretory stage

 Secretory stage

 Мaturation stage



Life cycle of ameloblasts
consists of six stages :

1) Morphogenic

2) Differentiation

3) Initial Secretory

4) secretory 

5) Maturative

6) Maturative

7) Protective



Morphogenetic Phase of the
Presecretory Stage

 Bell stage 

 The cells are cuboidal or low columnar, with 
large, centrally located nuclei, poorly 
developed golgi elements in the proximal portion 
of the cells (facing the stratum intermedium).



Differentiation Phase of the 
Presecretory Stage

 As the cells of the inner epithelium 
differentiate into ameloblasts, they elongate 
and their nuclei shift proximally toward the 
stratum intermedium;



 In each cell the Golgi complex and rough 
endoplasmic reticulum increases and 
migrated distally

 A second junctional complex develops at the 
distal extremity of the cell, dividing the 
ameloblast into body and a distal extention 
called Tomes’process, against enamel forms



 The cell nucleus 
moved to the opposite 
end towards stratum 
intermedium

 Thus ameloblast 
becomes a polarized 
cell, with the majority 
of its organelles 
situated in the cell 
body distal to the 
nucleus



Secretory stage

 Golgy

 This first enamel deposition on the surface  of 
the dentin establishes the dentino-enamel 
junction



Tomes`process



Rod
enamel

Interrod
enamel



Maturation stage

 Starting with the initial mineralization:
 Formation of crystals;
 Arranged in prisms;
 Forming enamel prisms cross-architecture;

 Mineralization continues:
 Increasing amounts of minerals;
 Increasing the size of the crystals;
 Maturation of crystals.

 Maturation of the organic matrix.



1. Ruffle-ended
maturation

stage;
2. Smooth-

ended
maturation

stage.



Final function of the
ameloblasts

 The ameloblasts shorten and contact the 
stratum intermedium and outer 
epithelium, which fuse together to form 
the reduced enamel epithelium

 This cellular organic covering remains on
the enamel surface until the tooth erupts
into the oral cavity.





Enamel proteins

 Enamel proteins are :

 Amelogenins;

 Ameloblastins;

 Еnamelin;

 Тuftelin.

 Enzymes – metalloproteinase, serine proteinase, 
phosphatase.



Different stages 
of development
of the enamel
1.morphogenetic 

stage
2.histodifferentiation 

stage 
3. initial secretory 

stage (no TP) 
4. secretory stage 

(TP) 
5. ruffle-ended 

ameloblast
6. smooth-ended 

ameloblast
7. protective stage.



Striae of Retzius

 longitudinal section :
series of dark lines 
extending from the 
dentinoenamel junction 
toward the tooth surface

 They are ascribed to a 
weekly rythm in enamel 
production resulting in a 
structural alteration of 
the rod



Striae of Retzius in a cross
section

 In cross section they 
appear as concentric 
rings



Neonatal line

 When present, is an 
enlarged striae of 
Retzius that 
apparently reflects 
the great physiologic 
changes occuring at 
birth



Enamel rods cross section
of the rods

longitudinal 
section of the 

rods



Gnarled enamel

 Near the D-E junction  
especially in the cuspal
regions



Bands of Hunter
and Schreger

 They are optical
phenomenon produced
by changes in direction
between adjacent
groups of rods;

 Thay are seen most 
clearly in longitudinal 
sections viewed in the 
inner thirds of the 
enamel.



Enamel tufts

Dentinoenemael
junction

Enamel
spindles

еnamel 
lamellae



 А – Еnamel lamellae;

 В – Еnamel tufts.



Enamel spindles

 А - Enamel spindles

 В – Odontolast
process in dentin.



Enamel spindles

 А  - enamel spindle –
odontoblast processes
extend through the DEJ 
into the enamel;

 В – Branched odontoblast
processes in the dentin;

 С – Enamel rod.



Enamel surface

 Perikymata – the striae of Retzius often 
extend from DEJ to the outer surface of 
enamel, where they end in shallow furrows 
knoun as perikymata

Aging 



Tooth

Dentin
Tooth Crown

Tooth Root

Pulp



 Both dentin and pulp have a common origin from the dental papilla.







DentinPulp



Dentin
Pulp

Odontoblast cell layer



Types of Dentin

Dentin

Primary physiologic 
dentin

Secondary physiologic 
dentin

Tertiary dentin or
reparative dentin or
reactionary dentin or

Mantle 
dentin

Circumpulpal 
dentin

Peritubular 
dentin

Intertubular 
dentin





Primary
physiological
dentin

Secondary
physiological
dentin



Types of Dentin

Primary dentin: is the dentin formed in a tooth before the completion of the apical

foramen of the root. Primary dentin is noted for its regular pattern of tubules.

Secondary dentin: is the dentin that is formed after the completion of the apical

foramen and continues to form throughout the life of the tooth.

Peritubular (intratubular) dentin: dentin that creates the wall of the dentinal

tubule.

Intertubular dentin: dentin found between the tubules.

Mantle dentin: the first predentin that forms and matures within the tooth.

Circumpulpal dentin: the layer of dentin around the outer pulpal wall.



Odontoblasts and process

Odontoblast cellsOdontoblast process

Dentin Pulp



Dentinal Matrix

Dentinal matrix

Hole for dentinal tubules



Dentinal tubules



Dentinal tubules

Peritubular dentin Intertubular dentin



Dentinal tubules

Predentin

Odontoblast layer



Intertubular dentin

Dentinal 
tubules

Intraubular
or peritubular 
dentin



Dentin

Cementum

Granular layer 
of Tomes



Deantal cariesSclerotic dentin





Cementum

Derive from dental follicle

Similar to bone

45% to 50% hydroxyapatite (inorganic)

50% to 55% collagenous and noncollagenous

matrix proteins(organic) 

Cellular and Acellular Cementum



Role of Cementum

1) It covers and protects the root dentin 

(covers the opening of dentinal tubules)

2) It provides attachment to the 

periodontal fibers

3) It compensates for tooth resorption








