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Learning objectives:
● Label the anatomical components of pulp
● Describe the various theories of pain 

transmission through the enamel and dentin
● Describe the aging of pulp and discuss future 

concerns
● Integrate the knowledge of the histology with the 

clinical considerations involved in pulp
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Dental pulp
Four distinct zones:
1. Odontoblastic zone
2. Cell-free zone (zone of Weil)
3. Cell-rich zone
4. Pulp core/proper



Zones
(from outer to inner zones)

Description

Odontoblastic layer
Lines outer pulpal wall and consists of cell 
bodies of odontoblasts; cell bodies of afferent 
axons from dentinal tubules located between 
cell bodies of odontoblasts

Cell-free zone Nerve and capillary plexus located here

Cell-rich zone
Contains increased density of cells compared 
with cell-free zone and more extensive vascular 
supply

Pulp core
Located in center of pulp chamber; similar to 
cell-rich zone with many cells and extensive 
vascular supply

Microscopic zones in pulp
(Modified from ref. 2, p167)



Pulp cells
The principal cells of the pulp are the 
odontoblasts, fibroblasts, undifferentiated
mesenchymal cells, macrophages, and 
other immunocompetent cells.



Odontoblasts

● A single layer of cells 
lining the periphery of the 
pulp

● Arranged in a palisade 
pattern in the crown 
portion of the tooth

● More number and larger in 
size in the coronal portion 
than in the root portion

● Cell body: about 50 μm 
long and 5-10 μm in width



The shape of odontoblasts
1. Columnar: in the coronal pulp, 

measures about 50 µm in height
2. Cuboid: in the midportion pulp
3. Flattened: in the apical pulp



Odontoblastic process
The odontoblastic 
process is devoid of 
major organelles 
but does display an 
abundance of 
microtubules and 
filaments arranged 
in a linear pattern. 
Coated vesicles
are also present.



Odontoblast process in tubules



Odontoblastic process
The odontoblast process 
likely does extend to the 
DEJ, but it should be 
remembered that there 
could be variations
throughout the dentin, 
depending on local 
circumstances such as 
attrition that cause retreat 
of the odontoblast process 
and occlusion of the 
tubule.



Junctional complex
●Desmosomes (distal)

ü for mechanical union
ü do not completely encircle the cells

●Tight junctions (distal)
ü do not completely encircle the cells
ü limit rather than eliminate permeability
ü add to the mechanical integrity of the 

layer

●Gap junctions (lateral and base)
ü allows the movement of small 

molecules directly between adjacent 
cells

ü important in cell-to-cell communication



Fibroblasts:
● Cells occurring in the greatest 

numbers in the pulp
● Numerous in the coronal portion 

of the pulp, where they form the 
cell-rich zone

● Forming and maintaining the 
pulp matrix, which consisting of 
collagen and ground substance

● With the capability of ingesting
and degrading collagen when 
appropriately stimulated 



Undifferentiated mesenchymal cells
●Found in the cell-rich zone and pulp core, 

related to blood vessels
●May give rise to odontoblasts and fibroblasts
●Large polyhedral cells with a large, lightly 

stained, centrally placed nucleus
●Display abundant cytoplasm and peripheral 

cytoplasmic extensions
●Dental pulp stem cells



Other cells of the dental pulp
●Macrophage: removes dead cells 

and bacteria, interact with other 
inflammatory cells

●Lymphocyte: T lymphocytes, no B 
lymphocytes in normal pulp

●Dendritic cells: like Langerhans’ 
cells with the function of antigen 
presentation to T cells



Dendritic cells and macrophages constitute 8%
of the total pulpal cell population, with dendritic 
cells exceeding macrophages

Wide distribution of macrophages in 
healthy rat dental pulp

Dendritic cells are prominent at the 
periphery of rat molar pulp



Matrix of the dental pulp
●Collagen fibers

ü type I (60%) and types III (40%) collagen fibers
ü the overall collagen content of the pulp 

increases with age, the ratio between type I and 
III remains stable

●Ground substance
ü glycosaminoglycans
ü glycoproteins
ü water
ü supports the cells
ü acts as the medium for transportation



Vasculature of the pulp:
● One or sometimes two 

arterioles enter the apical 
foramen with the sensory 
and sympathetic nerve 
bundles

● Smaller vessels, without any 
accompanying nerve bundle, 
enter the pulp through the 
minor foramina

● Vessels leaving the dental 
pulp through the apical 
foramen



● In the coronal region of the pulp, the vessels 
form an extensive vascular capillary 
network

●Some terminal capillary loops may extend 
upward between the odontoblasts



Lymphatic supply of the pulp:
● Lymphatic vessels arise as small, blind, thin-walled 

vessels in the coronal region of the pulp
● Differentiated from small venules by the presence of 

discontinuities in their vessel walls and the absence 
of RBCs in their lumens



Tissue fluid in dentin
Tissue fluid within the pulp is continued 
into the dentin occupying the space 
between the odontoblast processes and 
the tubule walls. The mean volume of 
fluid in dentin has been calculated at 
about 10%.



●The dental pulp is richly innervated (the 
mean number of fibers entering premolars is 
over 900)

●Nerves generally follow the same course as 
the afferent vessels

●The nerve bundles entering the tooth pulp 
consist of sensory afferents of the trigeminal 
nerve and sympathetic branches from the 
superior cervical ganglion

Innervation of the dentin-pulp complex



Innervation of the dentin-pulp complex

Each nerve fiber may provide 
at least 8 terminal branches, 
which ultimately contribute to 
an extensive plexus of nerves 
in the cell-free zone called 
subodontoblastic plexus or 
plexus of Raschkow.



● Myelinated axons: fast conducting 
ü Aδ fibers - 1-6 µm in diameter, 25%
ü Aβ fibers - 6-12 µm in diameter, 1%
● Nonmyelinated axons

ü C fibers - 0.4-1.2 µm in diameter, 75%

Innervation of the dentin-pulp complex

ØAδ fibers - associated with the sharp, 
localized pain when the dentin is first 
exposed

ØAβ fibers - mechanical, thermal and 
tactile receptors 

ØC fibers - associated with dull, diffuse 
pain



Nerve fibers of pulp:
●Most of the nerve bundles terminate in the subodontoblastic 
plexus as free nerve endings
●A small number of axons lose their Schwann cell coating and 
pass between the odontoblast cell bodies to enter the dentinal 
tubules, in close approximation (20 nm) to the odontoblast 
process



Intratubular nerves 

● Intratubular nerves characteristically contain 
neurofilaments, neurotubules, numerous 
mitochondria, and many small vesicular 
structures
ü differentiated from the odontoblastic processes
●The functional significance of intratubular 

nerves is still unknown



Distribution of intratubular nerve

Predentin Mineralizing 
front

Dentin to 
100 µm

Pulp horns 27% 11% 8%

Remaining 
crown 14% 6% 2%

Root 11% 0% 0%



Dentin sensitivity
There is a well-established clinical 
impression that dentin is most sensitive at 
the dentinoenamel junction and quite 
sensitive close to the pulp; overall it has 
increased sensitivity when supported by 
an inflamed pulp.



Hypersensitivity at DEJ

The increased sensitivity at the 
DEJ is explained by the profuse
branching of the tubules in this 
region.



Three theories of dentin sensitivity



Three mechanisms of dentin sensitivity

Direct innervation theory:
●The oldest theory
●Based on the belief that dentinal nerve terminals extend to 

the DEJ
ü the nerve terminal is deformd directly by mechanical perturbation 

and initiates an action potential

●Arguments
ü relative scarcity of nerves in dentinal tubule
ünerve terminals extend between 200 and 300 μm into the predentin-

dentin, which is too close to the pulp
üapplication of local anesthetics to the surface of dentin does not 

abolish the sensitivity 



Transduction theory:
●Odontoblast can transduce a mechanical stimulus and 

transfer that signal to closely opposed nerve terminal
●Agreements: odontoblasts are:

üderived from neural crest cells
ü to be closely associated with nerve terminals
ü to contain gap junctions that electronically couple adjacent odontoblasts

●Arguments:
üno synaptic specializations between odontoblasts and nerve terminals, 

hence no chemical transmission
üodontoblast are not excitable cells that cannot produce an electrical 

response (no neurotransmitter substances) 

Three mechanisms of dentin sensitivity



Three mechanisms of dentin sensitivity

Hydrodynamic theory:
●Based on the movement of the fluid contained in the dentinal 

tubules, in response to iatrogenic or environmental trauma
üthe fluid movement through the tubule distorts the local pulpal 

environment and is sensed by the free nerve endings in the plexus of 
Raschkow

●Can explain why local anesthetics fail to block dentin 
sensitivity and why pain is produced by dehydration, 
hypertonic solutions, thermal change, and mechanical probing



Pulp stone (denticle)
● More frequently found at the orifice of the pulp 

chamber or within the root canal
● Consists of concentric layers of calcified tissue 

formed by surface accretion around blood thrombi, 
dying or dead cells, or collagen fibers (dystrophic 
calcification, false denticle)



●Pulp stone containing dentinal tubules
and surrounded by odontoblasts (true 
denticle)

●Free stone and attached stone

Pulp stone (denticle)



Diffuse 
calcification



Age changes of dentin-pulp complex



●The cell density has decreased by about half at the age of 70
●The distribution of the collagen fibrils may change with age, 

leading to the appearance of fibrous bundles

Age changes of dentin-pulp complex



Age changes of dentin-pulp complex
Decreasing volume of the pulp chamber 
and root canal brought about by continued 
dentin deposition, resulting in a reduction in 
the vascular supply to the pulp.

Young tooth 

Old tooth



●The occurrence of irregular areas of 
dystrophic calcification

●Continuous deposition of intratubular 
dentin, resulting in a gradual reduction in 
the diameter of the tubule

●Formation of sclerotic dentin, especially in 
apical dentin near the root tip

Age changes of dentin-pulp complex



● Increase in the brittleness and a decrease in 
the permeability of the dentin

● Occurrence of dead tracts which are empty 
tubules due to retraction of the odontoblast 
process or death of odontoblast

● Dead tracts occur most often in coronal 
dentin and are frequently bound by bands of 
sclerotic dentin

Age changes of dentin-pulp complex



Dead 
tracts

Reflected lightTransmitted light

Reparative 
dentin



Reparative dentin Dead tract



Response to environmental stimuli

●The response of the complex to gradual 
attrition is to produce more sclerotic dentin
and to deposit secondary dentin at an 
increased rate



Response to environmental stimuli

● Physiologic sclerosis: continued 
deposition of intratubular dentin or 
deposition of collagen and ground 
substance in the tubule lumen and 
subsequent mineralization



Response to environmental stimuli

● Pathologic sclerosis: Mineralization of 
a decaying odontoblast process or 
deposition of remineralization crystals
(resulting from carious dissolution) in 
the tubule



Response to environmental stimuli

● For a shallow cavity, the odontoblasts will 
respond with the formation of sclerotic 
dentin and the deposition of some tertiary 
dentin

● Deeper cavities result in an inflammatory 
response within the pulp



Thank you
for

your attention


