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Abstract: A study was conducted to observe the
surface morphological changes of human dentinal
pulpal walls in specific areas of the tooth at various ages.
Thirty-two extracted human non-carious teeth with
single root canals were used. The teeth were divided
longitudinally in the bucco-lingual plane and prepared
for scanning electron microscopy (SEM). The specimens
were divided into two groups (younger and older)
according to age. Four central sites of the dentinal
pulpal wall, including coronal, cervical, mid-root and
apical sections, were selected as specific locations.
Under the conditions of this study, six basic types of
SEM appearance at dentinal pulpal wall surfaces were
identified on the basis of calcospherite shape and
mineralization. The appearance of the calcospherites
varied according to tooth age and location along the
dentinal pulpal walls. (J. Oral Sci. 50, 199-203, 2008)
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Introduction
It is well known that tooth morphology can alter

secondary to environmental conditions within the oral

cavity. Such morphologic changes may take place in the
dental pulp cavity, which is surrounded by the dentin.
Initially the pulpal wall is formed by primary dentin. After
the tooth has erupted, various forms of stimuli such as
attrition, abrasion, occlusion, chemical irritation, and
restoration lead to continuous deposition of dentin on the
pulpal walls. Therefore, the pulp cavity gradually becomes
smaller through environmental effects and aging. There
have been several studies of dentin formation and
calcification in relation to these conditions (1-3). Different
types of dentin tissues have been described: primary,
secondary, and tertiary dentin (4). Primary dentin is the
original tubular dentin largely formed prior to eruption of
a tooth. Secondary dentin is the same circumpulpal dentin
as primary dentin, but formed after completion of root
formation. Tertiary dentin is found only in dentin that has
been subjected to trauma or irritation. Thus, detailed
knowledge about these structures is essential in order to
understand the progressive changes in the dentin pulp
cavity, and therefore the efficacy of intracanal medications
and root canal enlargement methods in current use.
However, there are still insufficient scientific data on the
changes in histological and physiological characteristics
of dentin in relation to age.

The purpose of this study was to observe the surface
morphological changes in human dentinal pulpal walls in
specific areas of the tooth at various ages using SEM.

Materials and Methods
A total of 32 extracted human teeth that had no caries

or restorations from patients aged between 9 and 62 years
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were selected for this study. The reasons for extraction
included orthodontic problems (15 teeth), impaction (1
tooth) and periodontal disease (16 teeth). The teeth were
grooved longitudinally in the bucco-lingual plane with a
high-speed turbine. The guiding grooves were as near as
possible to the dental pulp cavity but avoided penetrating
the pulpal walls. These teeth were further fractured
longitudinally by hand. Remnants of pulp tissue were
carefully removed with a pair of tweezers and the specimens
were immersed in 3% sodium hypochlorite for 24 h. Each
specimen was thoroughly washed in distilled water,
ultrasonically cleaned, and dehydrated through a graded
series of ethanol solutions. Samples for SEM were sputter-
coated with gold in an argon atmosphere within a Polaron
coating unit, followed by observation by SEM (JSM-T200
JEOL, Tokyo, Japan) at 5 to 15 kV. The specimens were
marked at the cementum-enamel junction, cervical root-
mid root, and mid root-apical root levels; then four sites
on the dentinal pulpal wall, including coronal, cervical, mid-
root and apical sections, were selected as specific locations
for SEM photomicrography (Fig. 1). Two standard
magnifications ranging from ×35 to ×1,000 were generally
utilized. Chi-squared analysis (P < 0.05) was performed
to determine any statistically significant differences in
type appearance between teeth from younger and older
individuals.

Results
On the basis of typical SEM photomicrographs of the

dentinal pulpal wall, six basic appearances were categorized
as follows (Fig. 2).
Type 1. Partially fused calcospherites.

Many calcospherites locally coalesced in a dome-like
shape were commonly observed at the buccal and lingual
surfaces of dentinal pulpal walls, or forming a cog-
wheel shape at the proximal surfaces, especially in teeth
from younger individuals.

Type 2. Almost or completely fused calcospherites.
Calcospherites fully coalesced in a flattened shape were
mostly found at the proximal surfaces of dentinal pulpal
walls in teeth from younger individuals. These seemed
to be scarcely present or decreased in number in older
teeth.

Type 3. Network-like mineralized appearance.
Many clusters consisting of mineralized fibers were
crossed and interlaced together like a mesh. The clusters
varied in size from fine to large and rolling. This
appearance was mostly evident on the proximal surfaces
of dentinal pulpal walls in the apical-root or mid-root
location, especially in teeth from older individuals.

Type 4. Ridge-like mineralized appearance.

Many clusters consisting of mineralized fibers projected
to the pulpal surface. In some cases, they resembled
bamboo shoots and were mostly found on the proximal
surfaces of dentinal pulpal walls in the apical-root
location, especially in older teeth.

Type 5. Spherically mineralized appearance.
Many small spherical minerals were seen to coalesce.
This feature was mostly found at the dentinal pulpal walls
in the apical-root location, especially in older teeth.

Type 6. Structureless mineralized appearance.
Stone-like or crack-like appearances were mostly found
at the dentinal pulpal walls in the apical location,
especially in older teeth.
In teeth from younger individuals (Table 1, Fig. 3), the

dentinal pulpal walls were fully occupied by fused
calcospherites including types 1 and 2. Types 2 and 3
spread mostly on the proximal surfaces of the walls in the
apical area and seemed gradually to replace type 1 (Table
3).

In teeth from older individuals (Table 2, Fig. 4), the
appearance of dentinal pulpal walls was the same as in
younger teeth, but the appearance on the proximal surfaces
of the walls was replaced by types 3, 4, 5 and 6 in the mid-

Fig. 1 Selected specific points (*) for photomicrographs at
each tooth location (×35). Dentinal pulpal walls of the
teeth were divided into four sections including the
coronal, cervical, mid-root and apical locations.
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root and apical locations (P < 0.05). Especially, type 4 was
represented in a high proportion of apical locations (Table
3).

Discussion
In this study, the dentinal pulpal wall of specimens from

the crown to the root apex was fully exposed and observed

in detail in various areas of the tooth using SEM. In order
to show the mineralizing front, the organic elements were
removed by immersion in sodium hypochlorite for 24
hours, ultrasonically cleaned, and washed with distilled
water (5). These conditions allowed the appearance of
the entire dentinal pulpal walls to be examined easily and
clearly.

Fig. 2 Photomicrographs obtained by SEM (×1,000) – (a) partially fused calcospherites (type 1); (b) almost or completely fused
calcospherites (type 2); (c) network-like mineralized appearance (type 3); (d) ridge-like mineralized appearance (type 4);
(e) spherically mineralized appearance (type 5); (f) structureless mineralized appearance (type 6).

Fig. 3 Occurrence of various mineralized forms on the dentinal
pulpal walls of teeth from younger individuals.

Table 1 Distribution of various mineralized forms on the
dentinal pulpal walls of teeth from younger individuals
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Several dental anatomy textbooks state that dentin is
calcified through the formation, enlargement and ultimate
fusion of many centers of calcification (6-8). These centers
are named calcospherites. The calcospherites continue to
grow uniformly in all directions until contact is made with
other calcospherites (9). The resulting inhibition of growth
leads to modification of the initially spherical calcospherite
shape. Whittaker and Kneale (10) have reported a detailed
study of the mineralizing front at the dentin-predentin
interface in human teeth. They described the relationship
of the various mineralization patterns to the position in the
tooth, which they found to be of a general rather than a
reliably specific nature. Mineralization of dentin continues
with tooth aging (11). As the tooth matures, the peritubular
dentin becomes more mineralized, which in some instances
can result in complete obliteration of the dentinal tubules
(12).

In younger teeth, the shape of calcospherites was
described as being almost or completely fused (types 1 and
2). In older teeth, the shape of calcospherites in the coronal
part of the pulp cavity had a similar appearance to that seen
in younger teeth, but nearer to the mid-root and apical-root
areas the appearance of calcospherites was replaced by types
3, 4, 5 and 6, with a less regular surface and fewer tubules.

The different appearances of calcospherites in relation to
location on the tooth and age were considered to be related
to the number of odontoblasts forming the tubular dentin
and to dimensional variation of the pulp cavity.

Shellenberg et al. (13) concluded that a certain number
of odontoblasts facing the walls of the greater concavity
(buccal/lingual) have to crowd themselves more closely
than the same number of cells facing the walls of the
lesser concavity (mesial/distal). This anatomy-dependent
regional difference leads to morphological differences
between the bucco-lingual surfaces and proximal surfaces.

From a clinical viewpoint, it is of interest to clarify the
morphological changes that occur with aging and location
(14). Our present data suggest that apical dentin contains
a lower number of tubules in which microbes can colonize,
and subsequently release enzymes and degradation products
into the periapical tissue. Hence, if the root canal system
is well obturated, there are relatively few, if any, sites for
remaining bacteria to occupy.
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Fig. 4 Occurrence of various mineralized forms on the dentinal
pulpal walls of teeth from older individuals.

Table 2 Distribution of various mineralized forms on the
dentinal pulpal walls of teeth from older individuals

Table 3 Observed types in younger and older groups
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