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Learning objectives:
● Describe the processes of the apposition and the 

maturation of dentin
● Recognize and classify the various types of 

dentin
● Describe the properties of dentin
● Describe the age-related changes in dentin
● Integrate the knowledge of the histology with the 

clinical considerations involved in dentin
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●Dentin formation begins at the 
bell stage of tooth development 
in the papillary tissue adjacent 
to the concave tip of the folded 
inner enamel epithelium

●Spreads down the slopes of 
the cusp

Pattern of dentin formation

Enamel organ

Dental papilla



●Coronal dentin forms before root dentin
●By the time the tooth reaches its 

functional position, about 2/3 of the 
root dentin will have been formed

●Completion of root dentin formation:
Ø deciduous tooth: 18 months after tooth 

eruption
Ø permanent tooth: 2-3 years after tooth 

eruption
●Continues throughout the life of the 

tooth
Ø progressive reduction of the pulp

Pattern of dentin formation

http://210.44.214.13/lab/Oral%20Histology
%20slides/chap07/07_10bb.htm



Dentinogenesis:
Dentin is formed by 
odontoblasts which 
differentiate from the 
ectomesenchymal
cells of the dental 
papilla following an 
organizing influence 
emanating from the 
inner enamel 
epithelium



Differentiation of odontoblasts 
● Requires the presence of epithelial cells or their 

products such as basement membrane
● Basement membrane is an essential requirement 

to achieve the final differentiation of odontoblasts. 
Only those cells next to the basement membrane 
differentiate into odontoblasts.



Preodontoblast 
Secretory 
Transitional 
Aged

The morphology of 
odontoblasts reflects 
their functional activity



Secretory odontoblasts

A large plump cell with an open-
faced nucleus and a basophilic 
cytoplasm containing large 
cisternae of rough endoplasmic 
reticulum, the Golgi apparatus 
composed of several stacks of 
saccules and secretory granules. 



Transitional odontoblasts

A narrower cell than secretory 
odontoblast with slightly apically 
displaced nucleus exhibiting 
condensation of chromatin. The 
amount of endoplasmic reticulum 
is reduced and autophagic 
vacuoles are present.



Resting odontoblasts
A small flattened cell with a 
closed nucleus, less 
cytoplasm, and no Golgi 
image. The cytoplasmic 
organelles are clustered at 
the infranuclear region. The 
supranuclear region is devoid 
of organelles, except for large,
lipid-filled vacuoles.



Reparative odontoblasts 
Reparative odontoblasts are 
somehow able to differentiate from 
dental pulp cells in the absence of 
any influence from epithelial cells; 
it is thought that they are derived 
from the subodontoblast layer, the 
undifferentiated mesenchymal 
cells.



Mantle dentin
● The first-formed dentin
● About 15 to 20 µm thick



Formation of mantle dentin
● Initially form distinct, large-diameter collagen fibrils (0.1 to 

0.2 µm in diameter, collagen type III) called von Korff’s 
fibers

●Later, smaller collagen type I fibrils are produced and 
make the bulk of predentin

●Slightly (4%) less mineralized than the primary dentin



●Odontoblast start to form 
process and buds off small, 
membrane-bonde vesicles 
(matrix vesicles) as moves 
away toward the pulp

●Mineralization occurs first as 
single crystals, then crystals 
grow rapidly and rupture to 
spread as a cluster of 
crystallites that fuse with 
adjacent clusters to form a 
continuous layer of 
mineralized matrix 

Formation of mantle dentin



Dentin formation at successive stages
1. Secrete collagen
2. Secrete ground substance

3. Secrete lipid
4. Secrete intratubular dentin



Pattern of mineralization
Globular calcification:
●Is best seen in the 

mantle dentin region
●The size of the globules 

depend on the rate of 
dentin depositions

Deposition of crystals in 
several discrete areas of 

matrix

Form globular masses

Globular masses enlarge 
and fuse to form a single 

calcified mass

http://210.44.214.13/lab/Oral%20Histology%2
0slides/chap03/03_08bb.htm



Pattern of mineralization
● In circumpulpal dentin the mineralization front can progress 

in a globular or linear pattern
●Globular or linear calcification depend on the rate of dentin 

formation
● Linear calcification: the rate of formation progresses slowly

Globular mineralization Linear mineralization



Root dentin formation
Root dentinogenesis differs only slightly from 
coronal dentinogenesis in that its rate of 
deposition is slower and the collagen-fiber
orientation of root mantle dentin. These 
large-diameter collagen fibers, instead of 
being orientated at right angles to the 
basement membrane of the epithelium, are 
aligned parallel to it.



Secondary dentinogenesis

Secondary dentin formation is achieved in 
essentially the same way as primary 
dentin formation, although at a much 
slower pace. Furthermore, the secondary 
dentin is less mineralized.



Reparative dentin
Tertiary, or reparative, dentin deposited at 
special sites in response to injury. The rate of its 
deposition depends on the degree of injury; the 
more severe the injury, the more rapid the rate of 
dentin deposition, with as much as 3.5 µm being 
deposited in a single day. As a result of this rapid 
rate of deposition, odontoblasts often become 
trapped in the newly formed matrix, and the 
tubular pattern becomes grossly distorted.



Structural and 
Organizational 

Features of Dentin



Composition of dentin
By weight: 
Ø70% inorganic material
Ø20% organic material
Ø10% water

By volume: 
Ø45% inorganic material
Ø33% organic material
Ø22% water

Dentin



Composition of dentin

Inorganic component:

Hydroxyapatite

Organic component:
90% collagen (mainly type 
I, less types III and V) 
with various 
noncollagenous matrix 
proteins and lipids

Dentin



Comparison of composition of hard tissues

Enamel Dentin Cementum Bone

Inorganic 96 70 45-50 67

Organic 4 30 50 33



Dentin resembles bone in composition, but DENTIN…

●No trapped cells or blood vessels
●Not continuously remodeled
●Coronal dentin: covered with enamel
●Root dentin: covered with cementum

Primary dentin

Secondary dentin

Tertiary dentin

Pulp

Primary dentin

Secondary dentin



Physical properties of dentin 
● Harder than bone and cementum
● Softer than enamel (distinguished 

from radiographs)
● Reveals the clinical coloration of 

tooth
● Elastic quality

Ø greater compressive, tensile and flexural 
strength than enamel

Ø prevents fracture of the overlying brittle 
enamel

http://www.dental.washington.edu/o
ralpath/caseofthemonth/jan-
05/introduction.htm

http://www.drgregkerbel.com/D
ental-Smile-Catalog-
Photos.html



Types of dentin

Primary dentin

Secondary dentin

Tertiary 
dentin

Pulp



Types of dentin

Pulp

Primary dentin:
● The most
●Also called circumpulpal 

dentin
●Mantle dentin: the outer 

layer in coronal dentin

Secondary dentin:
● Develops after root formation

has been completed
● Grows much slower and less 

regular than primary dentin
● Is not deposited evenly
Øgreater on the roof and floor

of the chamber
● Reduced permeability
Øprotect the pulp



Primary dentin

Secondary dentin

Pulp

Types of dentin
Tertiary dentin:
●Also called reactive dentin 

or reparative dentin
●Response to various stimuli

(attrition, caries, etc.)
●Produced only at the directly 

affected site
●Quality and quantity are 

related to the intensity and 
duration of the stimulus

● Less or no tubules formation
● Irregularly arranged tubules
●Reactionary dentin

Ø by preexisting odontoblasts
●Reparative dentin

Ø by newly differentiated cells



Tertiary dentin



Osteodentin: tertiary dentin with cellular inclusions



Dentin

Pulp

Predentin

Predentin:
●Lines the innermost
portion of the dentin
●Varies in thickness (10 
to 50 µm)
●Unmineralized dentin
●Diminishes with age



Mantle dentin
Differs from the bulk of the primary dentin:
● Slightly (5%) less mineralized
● The collagen fibers are largely oriented perpendicular to the 

DEJ
üdistinguished from the primary dentin beneath using polarized light

● Profuse dentinal tubules branch
● Undergoes mineralization in the presence of matrix vesicles



Basic structure of dentin

Cross section

Longitudinal section

Predentin

Dentinal tubule

Odontoblast

Odontoblast process

Dentin



Dentinal tubules
●Small, canal-like spaces 

within the dentin
●Filled with tissue fluid 

and occupied by 
odontoblast processes

●Form a network for the 
diffusion of nutrients 
throughout dentin

●Follow an S-shaped path 
from the outer surface of 
the dentin to the 
perimeter of the pulp in a 
coronal dentin 



S-shaped dentinal tubules

http://210.44.214.13/lab/Oral%20Histology
%20slides/chap03/03_04bb.htm

A: Primary curve of dentinal tubule
B: Dentinoenamel junction
C: Mantle dentin
D: Primary dentin



S-shaped curvatures 
●Also called primary curves 

of dentin
●Result from the crowding

of and path followed by 
odontoblast as they move 
toward the center of the 
pulp (selective apoptosis)

●Less pronounced in root 
dentin, and beneath 
incisal edges and cusps, 
where they run an almost 
straight course



S-shaped curvatures 
Secondary curvatures:
The result of small spiraling undulations of the 

odontoblastic process during matrix 
formation and mineralization

Primary Secondary



Diameter of dentinal tubule

DEJ: 900 nm
Midportion: 1.2 

µm
Near pulp: 2.5 µm

Density of dentinal tubules

Near the enamel:
about half as many of 

that near the pulp

Near the pulp:
59,000 to 76,000 

tubules/mm2

http://www.bestweekever.tv/bwe/images/2008
/12/Charlie%20Brown%20Christmas.jpg



Branching of dentinal tubules
● Makes the dentin permeable
● A profuse anastomosing canalicular system
● Most profuse in the periphery near the DEJ
● More frequent in root dentin than in coronal dentin

http://210.44.214.13/lab/Oral
%20Histology%20slides/cha
p03/03_13bb.htm



Branching of dentinal tubules
● Providing a pathway for the invasion of caries
● Drugs and chemicals present in a variety of dental 

restorative materials can diffuse through the dentin 
and create pulpal injury 

Longitudinal section Cross section Microorganism with stain



Clinical considerations:
A patient complains of pain in a tooth after placement of a large 

gold crown. The tooth is very sensitive to hot or cold fluids 
or foods. Why? What do you expect the changes of dentin?

Avery JK et al., Essentials of Oral Histology and Embryology: A Clinical Approach, 2006; p117 



http://210.44.214.13/lab/Oral%20Histology
%20slides/chap03/03_15bb.htm
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Peritubular dentin:
● Also called intratubular dentin
● A collar of the dentinal tubule
●Hypermineralized (about 40% 

more than intertubular dentin) 
ring of dentin

● 400 nm wide near the pulp
● 750 nm wide near the DEJ

Intertubular dentin:
● Between the dentinal tubules
● The primary formative product 

of the odontoblasts
●Consists of type I collagen

fibrils and ground substance 
deposited with apatite crystals



Sclerotic dentin
●Dentinal tubules that have become 

occluded with calcified material
●Glassy appearance and translucent
● Increases with age
●Most common in the apical third of the 

root and in the crown midway between 
the DEJ and the surface of the pulp



Sclerotic dentin
May occur in ways of:
●Continued deposition of peritubular dentin
●Deposition of mineral within the tubule without any dentin 

formation
●Diffuse mineralization that occurs with a viable odontoblast 

process still present
●Mineralization of the process itself and tubular contents

A

B

C

D



Interglobular dentin
●Areas of unmineralized or 

hypomineralized dentin that persist 
within mature dentin

●Especially prevalent in human teeth 
in which there has been a deficiency 
in vitamin D or exposure to high 
levels of fluoride at the time of dentin 
formation

●Most frequently in the primary dentin 
just below the mantle dentin

●Does not interrupt the normal 
architectural pattern of dentinal 
tubules

http://210.44.214.13/lab/Oral%20Histology
%20slides/chap03/03_10bb.htm



Incremental lines
●Run at right angles to the dentinal tubules
●Mark the normal rhythmic linear pattern of 

dentin deposition in an inward and rootward
direction

Incremental lines

Tetracycline 
stain



Incremental lines of von Ebner:
Ø A 5-day rhythmic pattern associated 

with dentin deposition, reflected by 
incremental lines separated by 20 µm 
intervals (4 µm/day × 5 day = 20 µm) 

http://210.44.214.13/lab/Oral%20Histology
%20slides/chap03/03_01bb.htm

Contour lines of Owen:
ØThe lines caused by accentuated 

deficiencies in mineralization

A: Contour line of Owen
B: Mantle dentin
E: Dentinoenamel junction



Neonatal line
●An exceptionally wide contour line 
● Is found in those teeth mineralizing at birth
●Reflects the disturbance in mineralization 

created by the physiologic trauma of birth



Granular layer of Tomes
●Can be seen in the root 

dentin just below the 
cementum in only the 
ground sections

●Progressive increase from 
the CEJ to the apex of the 
tooth

●May represents a special 
arrangement of collagen 
and noncollagenous 
matrix proteins at the 
interface between dentin 
and cementum



Granular layer of Tomes
The dentinal tubules in this area branch more 
profusely and loop back on themselves, creating 
air spaces in ground sections that result in internal 
reflection of transmitted light



Structure Developmental pattern
Primary dentin Formed before root formation has been 

completed

Secondary dentin Formed after root formation has been 
completed

Tertiary dentin Formed as a result of a pathologic response; 
may be reactionary or reparative

Classification of dentin by patterns of development
(Modified from Avery JK, Oral Development and Histology, 2002; p173)



Structure Location
Mantle dentin Formed initially in the crown; outer coronal 

dentin

Circumpulpal 
dentin

Nearest to the pulp; formed in crown after 
mantle dentin has been deposited

Intratubular dentin Found and formed within dentinal tubules; 
also called peritubular dentin

Intertubular dentin Found around and between dentinal tubules

Classification of dentin by location
(Avery JK, Oral Development and Histology, 2002; p173)



Structure Location
Globular dentin Formed from calcospherites

Interglobular 
dentin

Hypomineralized dentin between mantle and 
circumpulpal dentin; normally only found in 
coronal dentin

Tomes granular 
layer In the root dentin just below the cementum  

Sclerotic dentin Hypermineralized, occluding intratubular 
dentin

Classification of dentin by patterns of mineralization
(Modified from Avery JK, Oral Development and Histology, 2002; p173)



Occurs at a more rapid rate in dentin because of 
its lower mineralized content than enamel

Clinical considerations about dentin pathology
- Attrition

(Neville BW et al., Oral and Maxillofacial 
Pathology, 2009; p62)

(Neville BW et al., Color Atlas of Clinical 
Oral Pathology, 2003; p47)



●Can be seen in the case of gingival recession
●Readily absorbs the stains from food or other chemical 

agents over time, becoming more yellow or even brown 
to black

●May cause dentinal hypersensitivity

Clinical considerations about dentin pathology
- Root dentin exposure



Clinical considerations about dentin structure
- Dentinal caries

http://www.dentaljuce.com/fruit/page.asp?pid=605



Clinical considerations about dentin pathology
- Dentin hypersensitivity



Thank you
for

your attention 


