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ABSTRACT

The ultrastructure of the odontoblast reflects the
certain phases that the cell undergoes in their life-
cycle. Ultrastructure studies of the odontoblasts have
often been carried out using young teeth. In this study,
teeth from an older individual have been used to study
the odontoblasts from the crown and root area. The
odontoblasts from the crown area retain their columnar
shape while odontoblasts from the root area appeared
to be flattened. The organelles present in the
odontoblasts either from the crown or root area was
observed to be reduced.
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INTRODUCTION

The morphology of the odontoblast cell in rodent has
been described extensively by previous workers (1,2).
The odontoblast cell consists of the cell process and
cell body. Ultrastructural studies of the cell process
have been conducted to determine the extent of the
process throughout the entire thickness of dentine (3,4)
and it's association with dentine sensitivity (5,6). The
ultrastructure of the cell body indicates that they
undergo certain phases in their life cycle (7,8,9) and
this included the secretory function which has been
described by Weinstock and Leblond (2). Couve (10)
described the ultrastructural changes in the life cycle
of the human odontoblasts as consisting of pre-
odontoblasts, secretory, transitional and aged
odontoblast.
Pre-odontoblasts cells are short cylindrical cells

(15 p.m) which are developing the intracellular
machinery needed for active protein synthesis. In the
early pre-odontoblast cell, the intracellular polarity is
ill-defined and the nucleus is situated near the basal
portion of the cell. The Golgi apparatus is poorly
developed, with a few saccules but numerous vesicles
are present. Small profiles of rough endoplasmic
reticulum can be seen throughout the cytoplasm.
Centrioles are located near the Golgi apparatus and
form a primary cilium. The function of the cilium is
not known but persistence of this feature in the
odontoblasts could reflect the static condition of the
cell (11) since the primary cilium is common in cells
that have completed or withdrawn from the cell-cycle
(12,13). In the advanced stages of pre-odontoblasts,
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the Golgi apparatus becomes more prominent and fills
much of the supranuclear region. Another normal
feature of differentiating odontoblasts is the presence
of the cell process that extends from the apical end of
the cell (14).
Secretory odontoblasts are organised into a single

layer of elongated cells (about 50 p.m in length). They
are highly polarised and contain numerous organelles
(2,15). Most of the organelles are located mainly in
the large supranuclear region with the nucleus at the
base of the cell. The large cisternae of the rough
endoplasmic reticulum are aligned parallel to the long
axis of the cell. The Golgi apparatus comprises of
several stacks of saccules. Elongated profiles are the
most conspicuous elements of the secretory
odontoblasts and these are the presecretory granules.
These granules would continue to elongate and become
denser to form the secretory granules. Numerous
intermediate filaments of about 10p.min diameter are
evident in the cyctoplasmic matrix. A system of
microfilaments (5-8 '11min diameter) and wide
microtubules (27 '11m)has also been noted by Garant
(16).
Transitional odontoblasts are narrower with

reduced number of organelles. They are less polarized
than in the secretory phase, with the nucleus displaced
from the basal extremity and exhibit chromatin
condensation. Compared to the secretory odontoblasts,
the amount of rough endoplasmic reticulum is reduced
and confined to the area around the nucleus. The Golgi
apparatus is smaller and located close to the apical
region of the nucleus. Autophagic vacuoles are present
in the cytoplasm. The autophagic process may be
responsible for reorganisation of the cytoplasmic
components as it reduces the number of organelles in
the cell (17,18).
The last stage in the life cycle of the odontoblasts

is represented by the aged odontoblasts. The cells are
typically shorter and more crowded than secretory
ones, giving the odontoblasts layer a pseudo stratified



appearance. The organelles of the cell which are
reduced in number are mainly located in the
infranuclear region. The supra nuclear region is devoid
of organelles, except for large lipid-filled vacuoles
which are characteristics of the aged odontoblasts.
Different procedures of fixation for electron
microscopy studies have revealed the presence of large
vacuoles, possibly formed from the residual parts of
the autophagic process (19). The decrease in size of
the rough endoplasmic reticulum and Golgi apparatus,
with the absence of secretory granules, suggests that
these cells are in the least active stage when compared
to the secretory cells.

MATERIALS AND METHODS

A freshly extracted tooth obtained from a 55 year old
person, was sectioned immediately to allow rapid
fixation of the tissue. Using the microslicer at low
speed with a buffered fixative cooling system, 2
transverse sections from the tooth were obtained; one
from the apical region and the other one from the
upper third of the root. The fixative used was 2.5%
Glutaraldehyde solution held at a physiological pH of
7.3-7.4 with the use of a phosphate buffer. The
sections were in this fixative at 40 C for 3 hours.
The tooth was decalcified using EDTA (Ethylene

diamine tetra-acetic acid disodium salt) for
approximately three weeks. The end point of the
decalcification process was determined by radiographic
examination of the specimen. Each of the sections was
further reduced to the area surrounding the pulp in
order to simplify orientation of the specimen. Tissues
were fixed in 2.4% glutaraldehyde in phosphate buffer
at 4~ C for 3 hours. This was followed by washing
the tissues in 3 changes of buffer over a period of one
day. Tissues were then post-fixed in 2% Osmium
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Tetroxide in Veronal Acetate buffer at 40 C for 2
hours, dehydrated and embedded in pure resin.
The block containing the pulpal cells to be

examined was trimmed with a knife to expose the
tissue and sections O.5-1.5um thick were cut and
floated onto a water bath from where they were picked
up and mounted onto a labelled glass microscope slide,
allowed to dry on a hot plate and stained with 1%
Toluidine blue in 1% borax. These sections were
examined under the light microscope and an
appropriate area of the section was selected for further
sectioning using the ultramicrotome to produce
ultrathin sections. The block face was then retrimmed
to include only this area. The sections were grid-
stained with uranyl acetate and lead citrate before
viewing under the Philips CM12 electron microscope.

RESULTS

Odontoblasts from coronal region
The odontoblasts, as seen in the toluidine blue

stained section, were rather narrow and elongated (Fig
1). Transmission electron microscope examination
revealed that the cytoplasm contained parallel
cytoplasmic filaments and that profiles of rough
endoplasmic reticulum were rarely seen (Figure 4).
The mitochondria appeared to be reduced in number
and some damage was visible in the mitochondrial
cisternae. Tight junctions were visible between
adjacent cells.
Cell processes were visible in the odontoblasts

tubules (Fig 5) and they were largely devoid of
cytoplasmic features except for the presence of
filaments and a few small vacuoles. There was a
random arrangement of collagen fibrils in the central
intertubular zone and fibrils arranged parallel to the
cell processes at the periphery of the tubule.

Figure 1: Tolidine blue stained section of the odontoblasts from the coronal area.
The shape of the odontoblasts were observed to be rather narrow and elongated. X 40.
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Figure 2: Toluidine blue section of the odontoblasts from the apical area.
The odontoblasts were flattened and closely approximated to the pre-dentine zone. X 40.

Figure 3: Toluidine blue stained section of the homogenous material observed
in the apical area. Where the odontoblasts were not present, the area between
the periphery of the pulp and the pre-dentine or the dentine was filled with

and homogenous material. X 40.

--

Odontoblasts from the apical region
In the toluidine blue stained section, it was

observed that the cells were few in number and located
in specific zones around the pulp periphery (Fig 2).
There were some areas between the periphery of the
pulp and the dentine or pre-dentine where no
odontoblasts can be seen (Fig 3). The odontoblasts
were flattened and closely approximated to the pre-
dentine zone. Transmission electron microscope
examination revealed that tight junctions occurred
between adjacent cells and the cytoplasm contained a
group of cell organelles in the infra-nuclear region (Fig
6). Large vacuoles were present within the cytoplasm
and they contained droplets which, using the present

fixation and staining technique may be interpreted as
lipid in nature. Only very small amounts of rough
endoplasmic reticulum were present within the
cytoplasm.
The cell membranes were closely approximated to

the pre-dentine and cell processes and could be
followed into the pre-dentine zone but not beyond (Fig
6). In the region where odontoblast cell bodies could
be readily recognised, both at the light and electron
microscopic levels, the pre-dentine consisted of clearly
definable collagen fibrils which were densely packed
and mainly oriented at right angles to the odontoblastic
processes (Fig 7). In zones where no differentiated
odontoblast cells were visible, there was a homogenous
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Figure 4: Cell body of the odontoblast from the coronal region.
There is reduction in the number of intracytoplasmic organelles.

X 1700. Bar = 1.51lm

Figure 5: Cell process of the odontoblast from the coronal region.
The process was largely devoid of cytoplasmic feature except for

the presence of filaments and a few small vacuoles.
X 29500. Bar = Illm
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Figure 6: Odontoblast of the apical region. A group of cell organelles can be
seen in the infra-nuclear region and very small amounts of rough endoplasmic reticulum

were present within the cytoplasm. The cell process could be followed into the
pre-dentine zone but not beyond. X 8500. Bar = 311m.

Figure 7: High power view of Fig 6. The pre-dentine consists of densely packed
collagen fibrils which were oriented at right angles to the odontoblastic process.

X 13000. Bar = 211m.
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Figure 8: Homogenous material at the border between pulp and predentine.
No differentiated odontoblasts could be seen when this homogenous material was present.

X 5000. Bar = 51Lm.

zone of material separating the dentine or pre-dentine
from the periphery of the pulp (Fig. 8).

DISCUSSION

Although there appear to have been no previous
attempts to study odontoblasts from older individuals,
the findings of this study suggest that there are some
similarities between the odontoblast of the crown area
and the younger coronal odontoblasts described by
previous workers. The older odontoblasts from the
coronal region in this study retain their columnar shape
with reduced number of organelles. The cyctoplasmic
reticulum were rarely seen and the number of
mitochondria seen was reduced with some damage
visible in the mitochondrial cisternae.
In the odontoblast's process, a reduced number of

organelles were reported by Harris and Griffin (20)
when studying odontoblasts from 25-35 years old
patients. They reported the presence of filaments in
the odontoblasts process along with a few dilated
profiles of rough endoplasmic reticulum and occasional
mitochondria. In this study, the number of organelles
was noted to be further reduced as apart from the
presence of filaments and a few small vacuoles, the
odontoblasts processes were largely devoid of
cytoplasmic features.
This reduction of organelles seems to occur at an

earlier stage of transitional odontoblasts (10) and when
compared to the odontoblasts used in this study, is not
very marked. De Duve (17) and Glaumann et al (18)
proposed that the reduction in the number of organelles

seen in the transitional stage as explained by Couve
(10) was mediated by an autophagic process where it
seems that the process was necessary for reorganisation
of the cytoplasmic components. However, Romagnoli
et al (21) found that the endoplasmic reticulum
undergoes progressive atrophy and the lysosome
components decreased in volume in crown odontoblasts
from the crown area of rat molars. They, therefore,
concluded that autophagocytosis did not occur but
instead there was reduction in the renewal of organelles
involved in protein synthesis as indicated by the
progressive atrophy of the endoplasmic reticulum.
Except for Furseth (19) who studied apical

odontoblasts taken from patients 11to 17 years of age,
there appear to have been no attempts to investigate
apical odontoblasts from older individuals. In the
apical odontoblasts of this present study, the cells were
more flattened and closely related to the predentine
area. The size and number of cell organelles was
reduced and located in the infra-nuclear region. Large
vacuoles that were present within the cytoplasm were
similar to those described previously (10,20,22) as
characteristics of the odontoblasts from the coronal
region in the more mature stage of their life-cycle.
These vacuoles which sometimes contained lipid
droplets might have been the residual part of the
autophagic process.
The presence of fat in odontoblasts has been

demonstrated histochemically (23) and its presence in
the mature odontoblasts may be evidence of maturation
or mobilisation of fat arising from trauma. The
presence of lipid droplet in vacuoles suggest that in
odontoblasts the fat is usually absorbed by a pinocytic
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mechanism and then may be found discharged at the
plasma membrane (24), or alternatively, vacuoles
containing the droplets may pass out of the cell and
disrupt. The appearance of the fat cells may indicate
that the cells are in the least active stage of their life
cycle.
The outline of the pulp at the apical region was

observed to be fairly regular indicating that the
deposition of the homogenous material seen at the
apical area is keeping pace with the rate of pre-dentine
formation by the few odontoblasts left. Although the
cellular appearance of these odontoblasts have
indicated that they are in the least active stage of their
life cycle, they are still productive as shown by the
presence of the homogenous material. The
homogenous material also contain fibrils further back
which implies that there must have been cellular
(fibroblast) or odontoblast activity at some stage or
else the whole system is coming to a halt and no more
pulpal encroachment will occur. As the size of the
sample in this study is small, further in depth studies
will be required to confirm the findings.
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