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Table. 10.3 Organic components in dentin and their possible functions

Component
Collagen

Phosphoproteins

Proteoglycans

y-carboxyglutamate-containing proteins, Matrix
Gla and bone Gla (osteocalcin) proteins

Acidic glycoproteins

Growth factors

Lipids

Comments

Major organic component (91-92%).

Type | predominates with minor amounts of type V;
Type Ill found in the pulp and during early dentinal
matrix formation.

Major noncollagenous proteins; deposited at the
mineralization front; not found in predentin. Dentin
sialoprotein and dentin phosphoprotein have
recently been found to be cleavage products of a
larger protein.

Dermatan, chondroitin, and keratin sulfates; decorin
and biglycan are present.

Carboxylation reaction is vitamin K dependent.

Osteopontin, 65 and 90 kDa glycoproteins.

Transforming growth factor B, cartilage-inducing
factors, insulin-like growth factors, and
platelet-derived growth factors.

No unique lipids are found in dentin.

May play a role in initiating mineralization.
Provides the structural framework for dentin,
giving it strength and resilience.

May play an important role in mineralization.

Some inhibit mineralization and others bind calcium
nonspecifically. Presence may thus control the
mineralization process. Those that associate with
collagen may control fibrillogenesis.

Role in mineralized tissues is uncertain but they can
bind calcium suggesting that they may initiate

or control the mineralization process in some way
by requlating local calcium levels.

Osteopontin may be associated with the odontoblastic
process serving as a link between matrix and cell
membrane. Roles of other proteins are unknown.

May control the proliferation and differentiation of
new odontoblasts following injury or a pathologic
process. Stimulate repair.

Phospholipids may be involved in initiation of
mineralization.
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Mineralisation pattern:
1. Matrics Vesicles

/_f-_ Matrics vesicles bud off from the odontoblast
/2 process with in the dentin

/'+ Collagen fibers is seen within the predentin

/s Arrow: The frist crystallites are formed within
; the M vesicle, later the walls are lost and
~_more crystals develop around the original
/\" ones.
» Matrics vesicles are seen at the onset of the
mineralisation, none are seen in the later
stages.



Mineralisation pattern:
2. Calcospherite

)
-~ Surface is irregular due to presence of

7

/_ -~ numerous calcospherites.

/i' They form around, as well as b/w the
/ odontoblastic process.

/s Under polarised microscopy appears as
/.7 spherical junctional regions outlining the
original positions of calcospherites.

» Variations in both crystal and collagen flber .
orientation produce this appearance. i
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Dentinal structure 13

/~ tubules and organized by odontoblasts.

/\" Odontoblastic process are tapered and branched
; more near the DEJ.

» Tubules are more numerous and closer nearer the
pulp(40,000/mm2) than in the outer mantle
dentin(20,000/mm2).

* Prominent feature is dentinal tubules having “S”
shape with two curvature extending from DEJ
towards Pulp.
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Primary curvatures

e First curve bends towards occlusal / incisal
surface

« Second curve towards apex
» Becomes less pronounced in cervical region
« Rather straight in root portion

« Represent the path taken during the inward
migration of the odontoblasts.
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secondary curvatures

/iMay be the result of small spiraling

/_/ undulations of the odontoblastic process
~ /\'during matrix formation and mineralizatior =~

/» Smaller secondary curvatures are visible
/ microscopically.

N
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Classification of Dentin

/) . .
» According to location

_’. e Intertubular dentin: found around and between
N dentinal tubules

* |Intrarubular dentin: found and formed within

RN =)

/_ dentinal tubules; also called peritubular dentin.
/"« Mantle dentin: formed initially in the crown; outer
N coronal dentin

« Circumpulpal dentin: nearest to the pulp; formed in
crown after mantle dentin has been deposited.

Dentin_Dr.Astekar 27/04/20




Tubule
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Mantle Dentin

/%ﬁ e peripheral layer of dentin, which is the

first layer of dentin deposited. is callec
/7 mantle dentin.

It is located adjacent to the e
~ crowns of teeth and adjacent
/" cementum in the roots.

/'+ Notice the lines of Retzius in
are oriented at an angle to th
junction.

 Unstained, 100x
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According to mineralization
Globular dentin: formed from calcospherites

Interglobular dentin: hypomineralized dentin
between mantle and circumpulpal dentin; normally
only found in the coronal dentin.
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_): 1. According to developmental

_/. pattern
.+ Primary dentin: formed nrinr ta and_dug
eruption ‘

N

» Secondary dentin: forn
/ comes into occlusion
7

./ Tertiary dentin: forme«
response; may be reac v

_‘Tertiary dentin

;’EPrimary dentin

Secondary dentin
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Reactionary & Reparative

Dentin

Fig. 10.16 A Reactionary dentin. Note a large zone of dentinal matrix B Reparative dentin. Note the dystrophic and atubular dentinal matrix
deposited by surviving original postmitotic odontoblasts that had been  that appears to exhibit cellir inclusions (osteodentin). Consequently,
stimulated by a relatively mild stimulus. This tubular reactionary dentinal  the reparative dentinal matrix was deposited by a new generation of
matrix was deposited immediately beneath the area of dentin submitted ~ odontoblast-like cells which have differentiated from precursor cells as
to the stimulus. appears to exhibit cellular inclusions. A strong stimulus @ mechanism for tissue repair,




Reactionary & Reparative Denbin

Trasparent Dead tract
| & dentin
/) i i | B Dea rac
. | | ’ Reactionary

dentin

Reactionary
dentin

‘ ‘ ‘ T gy Lo Boundary

| kgl Reparative ' |
dentin |
—Reparative
| dentin

C Ground section showing cervical caries. Note the transparent dentin

BT urcerying the dead tract. Inset area showing reactionary dentin with sparse
tubules overlying atubular reactionary dentin by polarized microscopy. Note
the dark border between reactionary and reparative dentin.
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Fig. 10.15 Reparative dentin. Odontoblasts can be seen underlying a thick
layer of reactionary dentin. Between the reactionary and secondary
dentin there is a pronounced calciotraumatic line.
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Y shaped branching of Tubules




Cross section of dentinal

tubules.
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Cross section of dentinal
tubules.
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Neonatal line in enamel &
entin

rcumpulpal dentin
comprises most ¢

represent spherical foci of hydroxyapatite formed from blscnali InaoisibRS S
calcium-phosphate nucleating sites. This mineralization

4 o pattern is often called globular mineralization. These

. . ical foci of mineralizing dentin are also termed

glot lar dentin, These regions eventually fuse to form a

- i min cali7tion front. The matrix between the fusing cal-

cospnerites is often hypomineralized (undermineral-
ized). As a result, areas of hypomineralized dentin called
-— - interglobular dentin persist in the areas between fusing
calcospherites. Increased amounts of interglobular
/ dentin can be formed because of fluorosis or vitamin D
deficiency. The junction between dentin and predentin
during globular mineralization of dentin is irregular,
showing numerous rounded profiles as opposed to the
smooth profile of normal dentin. In the scanning elec
tron microscope these profiles are see as round projec-
tions extending from the mineralization front after
digestion of the predentin (Fig 10.8).

/ The dentin surrounding and nearest to each tubule in
dentin is hypermineralized and lacks collagen as an
organic component of its matrix. Historically, this dentin
surround the tubule. Developmentally speaking, this

10.7 Circumpulpal dentin comprises most of the dentin of the tooth
Note the neonatal ine.

has been termed peritubular dentin because it seems to
dentin is really formed within the existing tubule and
the term intratubular dentin is more appropriate (Figs.
109-10.11). Deposition of intratubular dentin begins
shortly after formation of the mantle dentin is complete.
The organic matrix is deeply basophilic, metachromatic
with toluidine and methylene biue (pH 2.6 and 3.6), and
stains deeply with alcian blue (pH 2.6), indicating a high
content of acidic glycosaminoglycans. Intratubular
dentinal matrix products are synthesized in the cell
body of the odontoblast, transported via the cytoskeletal
network through the odontoblastic process, and are lib-
e rated laterally into the dentinal tubule. Intratubular
dentin is found throughout the dentinal matrix except in
areas of interglobular dentin and in about the first 100 Fig. 10.8 Scanning electron micrograph of the pulpal surface of dentin
of mineralized dentin (mantle dentin). In these areas the  depicting globular dentin
tubule lacks a hypermineralized layer. Upon demineral-
ization intratubular dentin mostly disappears, leaving
only traces of organic material (Fig. 10.10B). The rema
der of the dentinal matrix, which lies between the
tubules, is described as intertubular dentin. The zone
between the intertubular dentin and intratubular dentin
is hypomineralized and has been called the sheath of
Neuman (Fig 10.10B). Although no true sheath seems to
exist, the boundary between these two distinct matrices
is distinct (differing in mineral and collagen content)
and may mark the outer extent of the dentinal tubule, as
it first existed during its development. Historically, the
sheath of Neuman referred to the space between the
odontoblastic process and the wall of the dentinal tubule
by demineralization. Therefore, it was formerly equated
vith the intratubular dentinal space. With increased for
mation and mineralization of intratubular dentin, the
tubule may eventually become occluded and the result
ing dentin is termed sclerotic, transparent, or translu-

Intratubular dentin
Intortubular dentin

9. 10.9 Relationship of intertubular and intratubular dentin and canaliculi
between tubules
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omes Granular Layer

-ated in the root

tion of reparative odontoblasts cannot be induced
an epithelial layer, the inductive stimulus is likely to

el
4 i, from growth factors found within the overlying
inal matrix. Dentinal matrix has been shown to con-
- ] rowth factors such as hmw nwphnqm. proteins
W ;

members of the TGF-p family), insulin-like
th factors (IGFs), and F |\v These growth factors are

sble of stimulating cell prolferation, differentiation,
L] el L] matrix secretion,

the roots of teeth, near the cementodentinal junc-

< the Tomes' granular layer (Figs, 1017 and 1016)

ranular nature of this layer, as observed in ground

° ons, is the result of either small hypomineralized

of dentin or small entrapped spaces that form
ind the dentinal tubules. These spaces may be the
t of the disorientation of odontoblastic processes
are being formed as the tooth erupts. The results are

o s in which the terminal parts are twisted. The
red ends appear as dark "granules" in ground sec

Contents of the Dentinal Tubule

lontoblastic process is the primary occupant of the
— inal tubule. Fine cytofilaments are the most charac-
tic finding in the odontoblastic process. These may
he only cytoplasmic structures found in the small
hes and terminal ends of the process. Microtubules
another common cytoskeletal feature of the it
5. Mitochondria and vesicles (coated

Sosomes, and secretion granules) are found closer
e cell body that is nearer the mineralization front at
predentin-dentin junction. The extent of the odon-
ic process within the tubule of the mature tooth
/ 1 controversial. Initially, transmission electron
»scopy revealed the presence of an odontoblastic
ess within the tubule only in the inner third of the
tin. This is now believed to be due to considerable
kage that occurs during fixation, dehydration, and

Vith improved methods of fixation, scien-

that the odontoblastic process extends

ubule and that some may reach the DE

une staining of dentin with anti-tubulin antibodies

anti-actin_antibodies also indicated that the

of many odontoblasts extend to the oE)

nning electron micrographs of demineralized and

ppenase St et ihas o) providea evidence

1 few processes may extend to the DEJ. However, in

th that have been in occlusion for some tim
kely that many, if any, of the processes reach the DEJ

10 Histology of Dentin 183

Tomes' granular layer

Fig. 10.17 Diagram of the appearance and location of the Tomes' granular
layer in the root dentin along the cementodentinal junction.

ligament

Acellulart
camentum

Granular layer
of Tomes.

Fig. 1018 Hitologcappesranc ofthe Tome'grandirlayer (center) and
cementurr

ical Application,

The thickness of the dentinal layer increases with age due to
the deposition of secondary and tertiary dentin. The color of
the tooth is related to the translucency of the enamel and the &
thickness of the dentin. The increased thickness of the dentin
contributes to the "yellowing” of the teeth with age. Increased
thickness of dentin also serves to insulate the dental pulp
making vitality testing more difficult.

The deposition of localized secondary and tertiary dentin not
only reduces the volume of the pulp chamber but also alters
its shape. This makes endodontic procedures more difficult [
and increases the possibility of iatrogenic accidents, for exam- &
ple. perforations. Pulp stones form in coronal and radicular
pulp due to trauma and age. This process further complicat

the anatomy of the pulp chamber

Remnants of
the periodonta
ligament

Acellular®
cementum

Granular layer|




Tomes' Granular Layer

%T%mes granular layer

~_appears as a black layer
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Fig. 10.11 Scanning electron micrograph showing the closed ends of scle-
rosed dentinal tubules.
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