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Introduction: Dentine is a biological mineralized tooth structure that is
densely perforated with dentinal tubules that extend from the pulp
chamber to the enamel-dentine junction. The presence of dentinal tubules
is an attributing factor to dentine permeability (Thomas, 1985). VPSEM
was used based on the inquisitive recognition of the tissue morphological
characteristics in their natural hydrated state. No prior critical-drying or
coating is needed. In conventional high vacuum scanning electron
microscopy, specimens need to be coated with conductive material like
gold to dissipate charge build up.

Objective: It is hope that insights gained from this study will further
update knowledge of use to oral biology especially to the understanding of
dentine sensitivity.

Methodology: The study gives an anatomical overview of the dentine
morphology of partially demineralised molar human tooth preparations
with special emphasis to its dentinal tubules diameter and numbers
located at the middle part of the coronal end of the pulp chamber. The
spatial arrangement and diameter was examined using a LEO 1455VP
VPSEM without the tedious conventional scanning electron microscope
tissue preparation protocols. Five caries free adult human molar tooth
were used. The teeth were chemically fixed in 10% formalin immediately
after extraction for 24 hours, than demineralised in 10% EDTA at pH 7.3
for 4 weeks, with regular changes of the demineralization solution. On the
4th weéek enamel were macroscopically absent leaving occlusal dentine
exposed. The partially demineralised dentine was divided into two halves
using a surgical scalpel; then rinsed with repeated changes of Ringer’s
solution. Each halves was examined under the VPSEM, using its peltier
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cooling sub-stage at 35 Pascal pressure at an accelerating voltage of 15
kV. They were examined from occlusal to the pulpal border.
Photomicrographs images of the dentinal tubules were transferred to
Leica imaging workstation to enable accurate location of the study areas.
Grey image processing was used to extract dentinal tubules. Grey level
threshold was set to detect only the tubules. Binary image processing was
used to remove little artifacts. Resultant image was measured and colour-
coded in accordance to histogram classes. Statistical results for area,
length, breadth, perimeter and equivalent diameter were tabulated

Results and conclusions: Demineralised dentine undergoes
morphological shrinkage during normal dehydration post-demineralization
and thus provides a false value of its tubule density and diameter
(Garberoglio and Brannstrom 1976). In our partially demineralised dentine
preparations the tubules appeared intact and were mostly empty.
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Abstract

Electron microscopy studies of the dentinal tubules are mainly investigated using
the high vacuum conventional scanning electron microscope (SEM). We aimed
to investigate its morphology using the variable pressure SEM Three almost
caries free intact adult human molar tooth were prepared as unembedded
demineralised whole dentine preparations that were initially chemically fixed with
10% formalin for 24 hours. They were demineralised in 10% EDTA solution for 4
weeks following, which they were than section into two equal halves. The
uncoated partially demineralised dentine half tissue was inspected systematically
under a LEO VPSEM using the peltier cooling sub stage at 15 Pascal pressure
with an accelerating voltage of 15 kV. An occlusal and longitudinal observation
was made from its occlusal surface to the pulpal border. Both low and high
magnifications images were prepared from each specimen observed.

Introduction

Dentine is a biological mineralised tooth structure that is densely perforated with
dentinal tubules that extend from the pulp chamber to the enamel-dentine
junction. The presence of dentinal tubules is an attributing factor to dentine
permeability (Thomas, 1985). There are numerous literatures descriptions of
odontoblast processes in dentine tubules (Ten Cate, 1967; Brannstrom and
Garberoglio, 1972; Garberoglio and Brannstrom, 1976). These earlier studies
measured the diameter and number of the dentinal tubules in animal and human
dentition using both the light and the conventional scanning electron microscope
but still the extent of the process and the volume of the dentinal tubule it
occupies especially in human tooth model are some features that still remain until
now controversial. At present the odontoblast layer is being suggested as a
barrier. Little knowledge is known now to suggest the mechanism orchestrated
by this layer. To understand the barrier there is a need to acknowledge the
functional cdontoblast cellular kinetics that maintains its intactness as a layer and
its ultrastructural significant. This will further understanding of the role of the
intercellular junctional complexes of the odontoblast layer towards exogenous
permeation of fluid and substances.

In mineralised dentine there are thousands of microscopic tubules that extend
from the pulp-dentine border to the enamel-dentine junction (EDJ) or cement-
dentine junction (CDJ). A morphometric assessment of the cross sectional area
of coronal dentine occupied by dentinal tubules in human third molars gave an
incidence of 22,000 dentinal tubules per square millimetre near the enamel-
dentine junction while midway between the pulp chamber and the enamel-
dentine junction the number of tubules was 37,000 mm2. Closer to the pulp the
number of dentinal tubules was 48,000 mm™ (Dourda, Moule and Young, 1994).
Hence the numbers of tubules present per square millimetre increased from the



EDJ to the pulp (Mjor & Nordahl, 1996; Dourda, Moule & Young, 1994; Berkovitz,
Holland & Moxham, 1992;).

Variable pressure scanning electron microscope is new introduction to high-
resolution microscopy. The microscopical investigation using the variable
pressure scanning electron microscope (VPSEM) is based on the inquisitive
recognition of the tissue morphological characteristics in their natural hydrated
state. No prior knowledge in staining regents or coating is needed. In
conventional high vacuum scanning electron microscopy, specimens need to be
dehydrated in critical drying and then coated with a layer with conductive material
like gold to dissipate charge build up. Thus VPSEM allows image to be studied
uncoated and fully hydrated and reduced sample preparation requirements, in
such a situation its application in particular to forensic science applications have
been significantly noted.

Hals1983, and Dyngeland et al., 1983, described the presence of wide diameter
‘giant tubules’ that was observed in human coronal dentine. The presence of
these giant tubules was supported by a series of paper that was presence in
animal and human tooth dentin model but a review of the literatures showed that
these studies were largely investigated in unerupted anterior tooth. In a pilot
study Farid et al, (2001) studied on five caries free adult human molar with
special emphasis to its dentinal tubules diameter and numbers located at the
middle part of the coronal end of the pulp chamber. The statistical summary
showed that the mean and standard deviation were: area 4.88 + 2.43, length
3.22 + 0.94, breadth 2.08 + 0.58, perimeter 9.93 + 3.22, and equivalent diameter
2.41 + 0.62 which indicates normally distributed data.

Objective

1. To gain insights of use to oral biology especially to the understanding of
dentine sensitivity.

2. To observe human tooth dentinal tubule density and diameter as
measured at various distances from the enamel dentine junction to the
predentine-pulp interface.

3. To observe the dentinal tubule density and numbers observed under the

VPSEM in almost its hydrated natural condition.

To observe extension of the odontoblast process in its almost hydrated

natural condition in unerupted mandibular tooth /wisdom tooth’.

To observe the different levels of mineralisation of dentine using

backscattered electron-imaging (BSE) technique of the VPSEM.

To compare ground and demineralised dentinal tubule’s preparations

measurements.
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This study was focused to recognize the natural hydrated anatomical overview of
the dentine morphology in non-caries molar human tooth preparations with
special emphasis to its dentinal tubules diameter, incidence and numbers located
over the whole length of the dentine proper. The dentinal tubules spatial
arrangement and diameter will be examined using a variable pressure scanning
electron microscope LEO 1455VP and the dentine tooth preparation will be
prepared without the tedious conventional scanning electron microscope tissue
preparation protocols. The criteria for sample inclusion are normal healthy non-
painful fresh tooth wherelse exclusion of sample are caries, painful, old extracted
tooth. A minimal number of 30 non-caries adult human mandibular third molar
teeth will be selected. The tooth will be collected fresh from HUSM operating
theatre or HKB dental surgeries. The teeth will be selected from those indicated
for wisdom tooth removals especially those that is indicated for orthodontics
requisite. The investigator will not make the decision for extraction. The teeth will
be chemically fixed in full strength Karnovsky's immediately after surgical
removal for 24 hours, than either sectioned with a diamond rotary saw microtome
as ground sections or demineralised in 10% EDTA at pH 7.3 for 4 weeks, with
regular changes of the demineralisation solution. Based from previous works by
the 4th week enamel will be macroscopically absent leaving occlusal dentine
exposed. The demineralised dentine will be divided into two equal halves using a
surgical scalpel; each halves will then be rinsed with repeated changes of
Ringers solution. Each demineralised halves and ground sections will be
examined under the VPSEM, using its peltier cooling sub-stage at 35 Pascal
pressure at an accelerating voltage of 15 kV. They will be examined from their
occlusal surface to the pulpal border. Photomicrographs images of the dentinal
tubules will be transferred to Leica imaging workstation to enable accurate
location of the study areas. Grey image processing was used to extract dentinal
tubules. Grey level threshold will be set to detect only the tubules. Binary image
processing will be used to remove little artefacts. Resultant image will be
measured and colour-coded in accordance to histogram classes. Statistical
results for area, length, breadth and diameter will be expected to be derived and
tabulated.

Imaging Methodology:

Electron microscopy studies of the dentinal tubules are mainly investigated using
the high vacuum conventional scanning electron microscope (SEM). We aimed
to investigate its morphology using the variable pressure SEM The specimens
will be examined using a LEO 1455VP Variable Pressure Scanning Electron
Microscope (VP SEM). In variable pressure mode, neutralization of charge build
up in insulating samples was achieved by adjusting chamber pressure (range
from 1Pa to 400Pa). In general, greater pressure will be used for more insulating
specimens. Without variable pressure mode, the specimens will be difficult to be
examined using conventional high vacuum SEM. In conventional high vacuum,
specimens need to be coated with a layer with conductive material like gold to
dissipate charge build up.
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SELECTION OF FRESH TOOTH SPECIMENS (non-caries adult human wisdom tooth)
(HUSM = HKB)

SATISFY INCLUSION AND EXCLUSION CRITERIA

(N=186)
CHEMICAL FIXATION

v v

DIAMOND
SAW MICROTOME DEMINERALISED IN 10% EDTA
SECTIONING / (Ground sections) “-5 EKS)
@©=93) (n793)

(Rinse in sodiLm phosphate buffers)
DIVIDED INTO TWO HALVES
USING SURGICAL SCALPEL;

!

RINSE RINGER’S SOLUTION

T /X)

EXAMINATION UNDER VPSEM

(Peltier cooling sub-stage at 35 Pascal pressure at an accelerating voltage of 15 kV)

DATA CO£ECTION

ELECTRON PHOTOMICROGRAPHS IMAGES

y

IMAGING WORKSTATION

|

RESULTS AND DATA ANALYSIS

!

REPORT WRITING + CONFERENCE PRESENTATION



Sample size calculation

N=2c? (Zo+ ZB)? =
Az
N =2X (2.43)% (1.96+0.84)2 =92.58
(1.0)2
=93 per group
(Zo=1.96, Zp = 0.84, c = 2.43, A =1.0)

Reason for selecting just mandibular third molar tooth.

1. It's the last tooth to erupt into the oral cavity hence it is expected that the
selected tooth specimen will be of minimal or caries free.

2. The tooth will be least exposed to mastication activities hence attrition and
erosion that leads to crown fracture and present of micro leakage should
be minimal or absent.

3. Medical and dental history of consenting patients will be bettered
assessed on the day of surgery.

4. Finally the tooth specimen can be obtained fresh.

Outcome:

1. By measuring the diameter of the tubules better understanding of dentine
permeability in human model preparation (ground and demineralised) will
be derived. Thus providing further background data for further scientific
researches in dentine permeability and endodontics.

2. It wills enhanced better overview of the morphological changes as
observed in dentine tissue especially in their hydrated state.

3. Promote mineralised tissue research especially in tooth ultrastructural
hence thus to encourage collaborative research with overseas centres.

4. Transfer expertise in mineralised tissue and high-end resolution
microscopy to University Sciences of Malaysia.

Results and Discussions

Demineralised dentine undergoes morphological shrinkage during normal
dehydration post-demineralisation and thus provides a false value of its tubule
density and diameter (Garberoglio and Brannstrom 1976). In our partially
demineralised dentine preparations the tubules appeared intact and were mostly
empty. Occasionally a cylindrical whitish tread like substance was observed
transversing along the major length of the dentinal tubules they were suggestive
of putative odontoblast processes. The dentinal tubule diameter measured at
random was approximately within 4 vm to 5 vm in diameter. Summary statistics
showed that mean and standard deviation were: area 4.88 + 2.43, length 3.22 +
0.94, breadth 2.08 * 0.58, perimeter 9.93 + 3.22, and equivalent diameter 2.41 +
0.62 which indicates normally distributed data. No intratubular dentine was



observed, both in the coronal and pulpal ends. Arends et. al, (1995)
measured the diameter of the dentinal tubules at a distance of about 1.5 mm
from the pulp and found that the diameter was affected by the critical point drying
techniques regularly used in conventional scanning electron microscope. In this
study, the change in diameter observed in the preparations was quite minimal. In
conclusion VPSEM offers a promising horizon and new challenges for further
understanding especially in the extent of odontoblast process and lamina limitans
morphology within dentine structure.

Conclusion

Variable pressure scanning microscopy when used to study mineralised tissue
such as dentine or bone, in their hydrated natural state and with the present of
other soft tissues offers a very promising potential and new challenges for further
probing and understanding of various controversies still lingering especially in the
extent of odontoblast process and lamina limitans morphology within dentine
structure.
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Figure I: Dentinal tubules orifices observed at the coronal pulpal end of the
dentine preparation. No intratubular dentine was observed.
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Figure ll:  Pulpal-predentine border showing the longitudinally running
dentinal tubules and its orifice at the pulp end.
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Figure lll:  Whitish tread like material suggestive of a putative odontoblast
process observed in the coronal end of the dentine.
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“REVIEW ARTICLE

PERMEABILITY OF DENTINE

Farid Bin Che Ghazali

School of Health Sciences, Universiti Sains Malaysia,
16150, Kubang Kerian, Kelantan, Malaysia.

This is an update on the present integrated knowledge regarding dentine
permeability that assumed a role in dentine sensitivity and contribute clinically to
the effective bonding properties of restorative dental materials. This paper will
attempt to refer to in vivo and in vitro studies of dentine permeability and the

various interrelated factors governing it.

Key words : dentinal tubules, permeability, odontoblast and fluid movement.

Introduction

Dentine forms the bulk of the tooth and is
perforated by tubules that extend from the pulp to
the enamel-dentine or cement-dentine junction.
Dentine is a permeable mineralised tissue, which
often becomes exposed by disease or restorative
procedures. Once exposed the dentine can be very
sensitive and any fluid within its tubules can affect

_ the bonding properties of restorative materials.
Interest in the permeability of dentine arises partly
from the hydrodynamic hypothesis of dentine
sensitivity. This hypothesis states that fluid
movement occurs within the tubules when dentine
is stimulated. The movement is thought to be rapid
enough to stimulate nerve endings in the inner parts
of the tubules. There is evidence for fluid movement
through dentine both in vivo (1, 2) and in vitro (3).

The permeability of a material may be defined
as its capacity to allow the passage of a solvent or

‘. solution through it. The permeability of a membrane

""" to water may be total i.e. all water may pass through.

On the other hand solutes in water may or may not
be able to pass through depending upon the size of
the solute particles with respect to the pore size in
the membrane. The term reflection coefficient is
used to denote the extent to which solute particles
may pass across a membrane and it is assigned a
numerical value of 1.0 when no particle may pass
across and 0.0 when all such particles may pass
through.

“The first description of permeation of
substances across the dentine was given by Fritsch
in 1914’ (4). The relationship between differences

in the permeability of dentine and its topography
has been investigated. The permeability coefficient,
which is the opposite of reflection coefficient,
measures the ease with which solutes can diffuse
across membranes down a chemical gradient in the
absence of bulk fluid movement. These terms have
been taken from physiology (where the permeability
of e.g. capillary membranes is of great interest) and
have been extrapolated to research in dentine
permeability mostly by Pashley and his colleagues
(5, 6, 7). In dentine the permeability coefficient of
glucose, sucrose and dextran are all different,
because their molecular size and intrinsic
diffusibilities are different (6). The permeability
coefficient and flow rates vary widely with the
highest permeability observed over the regions of
the pulp horns and the lowest in the center of the
occlusal dentine (7). The density and diameter of
the dentinal tubules increases with dentine depth
from the EDJ (Enamel deritine junetion) to the pulp
region. The permeability of dentine is lowest at the
EDJ and highest at the pulpal ends. The permeability
of dentine has been said to be related to the functional
diameter of the dentinal tubules; the greater the
functional diameter, the higher the flow rate and thus
the rate of permeation. The permeability increases
(hydraulic conductivity increases) rapidly as the pulp
chamber is approached as permeability of dentine
is proportional to the product of tubule numbers and
diameter both of which increase as the tubules
converge on the pulp (8). Thus the lower
permeability of central dentine compared with that
over the pulp horn might be due to fewer tubules
per unit of the cross sectional area and that central
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tubules may have smaller diameters because they
are further away from the pulp. Each tooth appears
to have its own permeability characteristics that
differ from other teeth and there are also permeability
differences between different age groups (6, 9).

Factors that may reduce the permeability of
dentine include a) normal appositional growth of
intratubular dentine, b) deposition of calcium
phosphate crystals e.g. whitlockite in the tubules in
the translucent zone ahead of the demineralised areas
of caries, sometimes referred to as caries crystals,
c) the coagulation of plasma proteins (fibrin) from
pulpal blood vessels in the tubules beneath a recently
cut cavity (10), d) pathological precipitation of
intratubular materials i.e. mineral deposits, collagen
fibrils, proteoglycan linings and bacteria and e) the
formation of a smear layer of dentine debris on its
cut surface during cavity preparation. All these
factors can contribute to intratubular occlusion that
reduces permeability.

Flow in dentine shows similarities to systems
of porous media in which flow occurs through an
assembly of channels that vary in diameter and

shape, and such systems include membranes, plant

cell walls, wood and soils. As flow in such systems
is complicated by interruptions between the solvents
and solutes, so flow in dentine is influenced by the
‘presence of organic material, cellular elements and
the residual dentinal fluid. Pashley, (11), has shown
that evaporative, thermal and osmotic stimuli applied
to the dentine surfaces can induce fluid movement.
He postulates that fluid lost is replaced by
transudates that arise from pulpal vessels. However,
the influence of the odontoblast layer on dentine
permeability has cffectively been ignored in studies
of fluid movement. Information on peimeability and
its influence on the ultrastructure of the odontoblast
layer in humans is lacking.

The basic concept of fluid movement in the
tubules was proposed long ago (12, 13). A summary
of the forces that are thought to affect fluid flow
through dentine today include the following: (1)
diffusion involving concentration and electrical
gradients. (2) filtration flow down a hydrostatic
pressure gradient. (3) capillarity forces. (4)
evaporation. (5) osmotic pressure.

An understanding of dentine permeability
depends upon knowledge of fluid flow
characteristics under controlled conditions. Among
the factors that influence the conditions are the tissue
morphology. Although there is considerable
information on fluid flow, however only little
information has been focused on the morphology
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related to fluid flow experiments. This prese
review attempts to address this issue.

Dentine permeability studies in vitro.

In recent decades efforts have been made
study fluid flow phenomena in detail. Iz vitro studi
on fluid movement provide means of studyir
diffusion of chemicals through dentine and th
assist the safe undertaking of clinical trials throug
dentine (14, 15, 16, 17). Brannstrom’s significa
contributions include studies on whole extracte
teeth in which the pulp has been removed and tt
chamber filled with physiological saline. The crow
was either heated or cooled with water and tt
solution in the chamber moved out of the apex wit
heat and into the tooth on cooling. It was conclude
that heating the tooth induced centripetal flui
movement in the tubules i.e. towards the pulp ar.
centrifugal fluid movement on cooling (18). .

Anderson, et al., (19) examined the possibilit
that osmotic stimuli can induce fluid moveme
through dentine. They placed saturated calciul
chloride solution in cavities prepared in extracte
teeth and observed that saline placed in the pul
chamber moved towards the cavity preparation. Th
fluid was observed in a capillary tube attached t
the pulp chamber and movement was said to hav
occurred because the meniscus moved towards th
pulp. This was among the early publication attempit
to examine the influence of osmotic gradients o
fluid movement in dentine. :

The hydraulic conductance of a tissu
expresses the ease in which fluid can move across:
unit surface area under a unit pressure per unit tim
(5). The gradient can be driven by hydrostatic ¢
osmotic forces. The measurement of hydrauli
conductance in vitro has provided information abot
the physical factors governing tubular flui.
movements and dentine permeability. The hydrauli
conductance of dentine is determined by a numbe
of variables that include the pressure moving flui,
across the dentine, the length of the dentinal tubules
the viscosity of the fluid and the radius of the tubules
In 1974 Outhwaite, et al., (20), established their firs
in vitro method to measure the hydrauli
conductance of dentine. The measurements wer:
derived from experiments with a split chambe
device that uses slices of coronal dentine of 1 mn
thickness from extracted human third molars. Thes
slices were placed on a piece of plexiglass with on
end connected to a source of hydrostatic pressure
The other end was used to collect the fluid in orde
to measure the flow rate. This set-up was thei
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modified.(one end of the specimen was acid etched)
to study convection and diffusion across dentine with
active pressure with the help of a pressure transducer
that created a hydrostatic pressure to activate fluid
flow.

The calculation of the hydraulic conductance
(Lp) of dentine was based on a mathematical

equation as follows,

Lp = Jv/At(P)

where

Lp= Hydraulic conductance in uL.cm-%. min.-1.
cm.H,0-'

jv = Fluid flow in pL.min.

A= Surface area of the dentine in cm?

= time
P= Hydrostatic pressure applied in cm. H,O.

The values for hydraulic conductance {(Lp) in
various different specimen preparations e.g. cryo

- preserved, unpreserved and freshly extracted teeth

ranged from 1.5 x 107 pL.cm-% min.-1. cm.H,0 ,.
to 8.97 x 10? uL.cm,. min_, .cm.H,0,. These
results have been obtained using a range of
hydrostatic pressure gradients (21, 22, 23, 24).
Between different research groups there has been
little standardisation of hydrostatic pressure and time
of application.

Pashley and his colleagues (23) have
investigated numerous dentine permeability
phenomena in extracted teeth and dentine disc
preparations. For example they have shown that
resistance to fluid movement across crown segments
under pressure is composed of three parts, the pulpal
resistance, the intratubular resistance and the surface
(smear layer) resistance (6). According to this early
study the smear layer accounted for 86% of the total
resistance (25). The pressure applied across the
crown segment in these experiments was high (non-
physiological) and a lot of faith was placed in the
integrity of the odontoblasts and pulp despite lack
of chemical fixation or control of their vitality. In
other experiments using dentine discs Pashley, et
al., (23), have demonstrated the effects of
temperature and acid etching on fluid flow. An
increase in temperature of 400 gave a 1.8 fold
increase in fluid flow in ‘unetched’ (one side etched)
dentine and an increase of 4 fold in dentine that had
been etched on both sides. In more recent work
Pashley and Matthews, (29) have shown that
diffusion of molecules can occur across dentine in
the opposite direction to forced convective flow.

Physiological studies by Pashley, et al., (23)

e
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and other workers (26, 27) did suggest that the
hydraulic conductance of the dentine is governed
by its biological variability but surprisingly there is
yet to be published a proper morphological
description of the dentine preparations used. In
addition, there are important questions that need to
be answered; these include the level of preservation
of the tissue and whether it represents the condition
in vivo or not. It would also be interesting to study
the ultrastructure of the tissue following dentine
permeability studies and compare them with non-
experimental tissues. Another issue that is also of
concern is the permeability of acellular dentine in
which all the organic elements have been removed
during tissue preparation. Among the methods used
to remove the organic components is the maceration
technique using 2.5N NaOH aqueous solution (28).
Comparison of fluid flow either spontaneous or
pressure induced supported by morphological
investigation could offer valuable insight into the
understanding of dentine permeability.

Diffusion or passive transport is the net
movement of particles from an area of high
concentration within a medium such as water to an
area of low concentration due to the random
molecular movement of particles. According to
Pashley & Matthews (29) diffusion is a relatively
slow process across dentine requiring 30-120
minutes depending on the size of the molecules
across a thickness of 1-2 mm of dentine. Very little
detailed information is available about the diffusion
of drugs across dentine. Knowledge of diffusion
properties in dentine may be useful for studying the
diffusion of drugs across the dentine. For example
is it possible for local anesthetics or medicaments
to move into the pulp by intratubular diffusion?
Diffusion of radionuclides such as 14C-urea, 3H-
cortison, 85 Co-hydroxycobalamin and 3H-
tetracycline in dentine has been studied using
autoradiography (30) and the diffusion of
epinephrine and methylene blue through dentine by
Bitter (31) and Ciarlone et al., (32). Epinephrine
permeability was observed to increase with
decreasing thickness of the dentine disc used and
increased significantly with the removal of the smear
layer.

As the investigation of dentine permeability
reaches new frontiers, the measuremént of dentine
permeability becomes more specialised. Hughes,
et ¢l., (33) used scanning electro-chemical
microscopy (SECM), a relatively new chemical
imaging technique that can be use to measure fluid
flow across individual dentine tubules. They scanned
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a microscopic electrode near the surface of a dentine
disc in araster pattern. Potassium ferrocyanide was
placed in a chamber below the dentine slab and
allowed to diffuse across open dentinal tubules to
reach the scanning electrode tip, where it was
electrochemically oxidized. After obtaining the
baseline diffusional transport rates across dentine
they then increased the pressure of the pulpal side
of the chamber to 20 cm H,O to induce convective
transport of potassium ferrocyanide along with the
diffusive transport. They were then able to detect
and analyse from images created to localise the fluid
flow of individual dentinal tubules. The conclusion
is that the fluid flow across that dentine was far from
uniform and those dentinal tubules that permitted
fluid flow did so at a very high velocity.

Other methods of studying dentine using
complex mathematics have been introduced.
Examples are an impedance technique (34), an
electrochemical technique (35), and an alternating
current impedance technique (36, 37, 38) but a
proper description of the histology of the specimens
used is still lacking.

Another possible approach to the study of
dentine permeability in vitro is to remove the pulp
from the odontoblast layer leaving the latter in situ.
Evidence that such an approach might be possible
is provided in studies by Kramer, (39) and Rockert
(40). Chadha and Bishop (41), Ghazali and Bishop
(42) showed excellent retention of postmitotic
human odontoblasts after pulp removal from third
molars. Recently Ghazali and Bishop (43) have
improved the technique of pulp removal, as
compared to the earlier study with light microscope

Transmission electron
photomicrograph of chemically fixed
odontoblast processes in dentinal
tubules in human third molar. (JEOL
JEM 1200 EXII)

Figure 1:

by Chadha and Bishop (41), odontoblasts with we
defined morphology (cell bodies and cytoplasn
processes) was well retained in the dentinal tubu
of third molar crowns following pulp removal. T
ultrastructural evidence was documented usi
transmission electron microscope. JEOL JEM 12
EXII The results of this study creates possibility
maintaining the viability of odontoblasts retain
in situ without the pulp and of investigating t
permeability of that layer.

Dentine permeability studies i vivo.

In, Pashley et al. (44), published study on t:
hydraulic conductance of dentine in dog teeth
vivo, they applied positive or negative hydrostat
pressures to the exposed dentine of canines ar
molars. The pressure was applied by means of
conical chamber cemented to the dentine. The ba:
of the chamber was attached to a reservoir «
Dulbecco’s phosphate buffered saline via
micropipette. Positive pressure was applied whe
the reservoir was raised above the tooth (up to 24
cm) and negative pressure was applied when tt
reservoir was lowered beneath the level of the teet
(up to 85 cm below). Fluid movement was observe
by the movement of an air bubble within th
micropipette. The bubble moved towards the toot
when the pressure was positive and away from th
tooth when the pressure was negative. This implie
that fluid can move into or out fro n the dentine an
it was the first time that dentinal fluid movemer
was demonstrated in alive animal. At the same tim
these workers calculated the hydraulic conductanc
of the dentine and found that it was significantl:

Figure 2:  Light photomicrograph of odontoblas
cell bodies lining the coronal surfac.
of pulp chamber. The pulp tissues ha

been removed. (P=Pulp Chamber)
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\higher in the molars than in the canines even though
'ﬁ j'.-the dentine thickness was comparable.

In later experiments it was shown that the

" smear layer influences permeability of dentine (45).
‘Pashley, et al., (46) then showed that the

permeability of dentine in live dogs decreased with
time. This was found to be due to the accumulation
of inflammatory products including plasma protein
and possibly fibrin in the tubules. Next the
permeability of dentine in fibrinogen-depleted dogs
was shown to be greater than that in which no
fibrinogen depletion had been induced (10).
Although this work is very significant it also shows
that fluid movement has been demonstrated under
conditions that seem to be pathological. No attempt
seems to have been made by Pashley and his
colleagues (44, 45, 46) to examine the morphology
of their preparations. Byers, et al.,, (47), and others
(48, 49) have shown that the odontoblasts can easily
be disrupted if the dentine is drilled and if deeper
preparations into dentine is made the damage could
be severe. In-the light of the evidence for a
permeability barrier consisting of tight junctions
between the odontoblasts (50, 51) it is difficult to
see how such rapid fluid movement can occur across
dentine without its disruption.

Another significant contribution to
knowledge of dentinal fluid movement has been
made by Vongsavan and Matthews (1, 2). Among
the most significant findings is the demonstration
that fluid pours out of the cut ends of dentine tubules
in cat canines (1, 2). They observed under a light
microscope the procession of fat droplets in a
micropipette that was connected to an exposed
dentine surface of an anaesthetized cat. Thus a novel
technique for measuring fluid flow across cat dentine
in vivo has been devised. This fluid flow has been
carefully monitored and its rate has been shown to
increase following electrical stimulation of the
sensory supply to that tooth and to decrease
following sympathetic stimulation. The latter
stimulus can also stop the flow or even reverse its

. direction. In the case of sensory stimulation it seems

possible that the axon reflex may be initiated. As
such stimulation of the sensory supply electrically
in addition to stimulating the nerve endings may
stimulate nearby vessels supplied by a branch of the
same axon. This use of the axon reflex pathway
results in vasodilatation of the vessels involving
presumably the production of more vascular
transudate all assisting to produce more fluid
movement out through the tubules. By observing
the movement of lipid droplets in dilute milk solution

PERMEABILITY OF DENTINE

they established that the resting outward fluid flow
is around 13pl/s. The mean flow per tubule is 0.6f1/
s, which corresponds to a mean tubular fluid velocity
of 1.4 um/s at the outer dentine surface (1, 2, 52).

Vongsavan and Matthews (11) showed that
the rate of outward fluid movement in cat dentine
in vivo was sufficient to prevent the inward diffusion
of Evans blue dye. This study gave evidence that
the rate of inward diffusion of chemicals through
exposed dentine is affected by the rate of outward
flow of fluid through the dentinal tubules. In
attempting to test the hydrodynamic theory of
dentine sensitivity directly in cats by inducing
known fluid flow rates across dentine while.
simultaneously recording intradental nerve activity,
they reported that outward fluid movement activates
intradental nerves at lower velocities than inward
fluid flow (52).

Evaporation of water from dentine.

Dentine exposed to air is likely to lose water
by evaporation. Air currents or air blasts such as
those used clinically are probably effective in
evaporating water from dentinal fluid if the humidity
of the air is below 100%. The lower the humidity,
the higher is the rate of water evaporation. Among
the variables involved in evaporative water loss from
dentinal fluid are the humidity of air, velocity of air,
clinically the distance of an air syringe from a tooth
and the temperature of the air (52). In 1993,
Matthews and colleagues (53) reported that
spontaneous evaporative water loss from dentine in
vitro is about 1 pl. cm® min-!, both in the presence
or in the absence of a smear layer. It was observed
that smear plugs and layers permit water vapour to
permeate almost as easily as if they were absent.

The smear layer.

The smear layer is an aggregation of inorganic
and organic substances or debris produced by cutting
or burnishing the dentine (53, 54, 55, 56, 57). Itis
found on the surface of the cut dentine forming a
carpet lining which covers the exposed tubules and
intratubular zones. The smear layer has been found
to be 1-5um thick and can be identified as a thin
white coat in the SEM (58). It adheres tenaciously
to the underlying dentine.

The presence of the smearlayer has been said
to have a profound influence on the permeability of
dentine (11, 59). Its removal can lead to increases
in the rate of fluid permeation across dentine (60,
61). Insome cases the presence of the smear layer
has been reported to reduce the flow rate to zero
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(56). It had been shown previously by Stevensson,
(62), that grinding the dentine in vitro markedly
reduced its permeability. This reduction may have
been due to the formation of a smear layer, The
permeability of dentine was reported to decrease up
to 35% in the presence of the smear layer (25). Other
studies by Pashley and colleagues (6, 63), on the
permeability of slices of human dentine with and
without the smear layer showed that the presence of
smear layer on both sides of the discs reduced the
rate of transport of 3H,0 by 72% and 86%
respectively. Hence it was calculated that removal
of the smear layer from one side of the disc would
produce a decrease in the permeability of dentine
by about 40%.

Some workers have observed that following
cavity preparation a number of the orifices of the
cut dentinal tubules contain plugs of dentinal debris,
which they called, smear plugs (64). The smear plugs
extend varying distances into the dentinal tubules
(65, 66) and are usually much longer than the
thickness of the smear layer. The use of dilute
concentrations of EDTA has been shown to remove
the smear layer without removing the smear plug.
The smear plug alone can prevent adhesive resin
penetration into the dentinal tubules (67). On the
other hand if sufficient etching time is permitted,
the acid will dissolve both the smear layer and the
entire length of the smear plug. While this would
permit the penetration of restorative resins into the
tubules, it would also permit the outward flow of
dentinal fluid that may interfere with the bonding
of dental restorative resin to the walls of the tubules.

The permeability of normal dentine increases
following acid etching (24, 68, 53. 69). However,
Kurosaki, et al., (70) demonstrated that the tubules
in acid etched excavated carious dentine was
occluded by plugs that would make dentine
impermeable. Recently Pashley, et al., (71),

. confirmed that extremely low values for
permeability in studies of excavated carious dentine.

In normal dentine which has been cut the
combination of smear layer and smear plug forms a
continuum that is responsible for reducing the
permeability of dentine.

Bacteria, caries and dentine permeability.
Dental caries is a multifactorial tooth disease
that results in various mineralisation changes in the
tooth structure. There has been intense interest in
the permeability of sclerotic and tertiary dentine
because it can form beneath carious dentine in a
symptom free tooth. Studies with the use of dyes,
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. . . vy Vi that
solvent and radioactive ions have showi

sclerotic dentine production can cause a dCCI'C'C‘-“'f “jl
the permeability of dentine (72). The preifent_:eb g
caries crystals are also believed to be effective 1311
blocking fluid movement within the tubules (71,75;
74). Some workers (75, 76) believed that th§SC EW?
types of dentine were permeable but Pash]e?)f m 1)_ 89
(73), suggested that the presence of sclerotic .dcntmc
would enhance the role of dentine as a barrier. The
irregular reparative dentine was said tO reduce
permeability and fluid flow in dentine and thus
decrease dentine sensitivity by blocking the pulpal
ends of the tubules. Regular secondary dentine on
the other hand only affected the permeability by
increasing diffusion distances (77).

Over the years bacteriological studies thC
also demonstrated that dentine can act as an effective

barrier to bacterial infiltration (64, 78). On an’

exposed cut surface of dentine, generally it was
thought that the presence of a smear layer would
prevent microorganisms from invading into the
dentinal tubules but these studies have shown that
even in its absence, if the microorganisms are able

to penetrate into the tubules, their advancement will

be halted. The microorganisms have great difficulty
penetrating the whole thickness of the dentine due
to the varying shape and diversity of the tubules.
The physical presence of the microorganisms
entrapped within the dentinal tubules is thought to
reduce dentine permeability. Trowbridge, (79)
suggested that the any entrapped bacteria can interact
with the local intratubular dentine. This, Trowbridge
believed would result in the formation of caries
crystals and sclerotic dentine that would reduce the
permeability of that dentine. The permeability
properties of the dentinal tubules indicate that
functionally they have much smaller dimensions
than their actual microscope dimension (5, 74).
Although the microscopic diameter of the dentinal
tubules at the EDJ has been reported to be 0.5 pm to
0.9 wm; it was suggested that they have a diameter
of 0.1um. To support this, Pashley in 1985 (55)
reported that dentine was able to remove 99.8% of
a bacterial suspension that had diameters of
approximately 0.5pm.

Effect of storage medium on permeability.
Investigators have used many different types
of storage solutions and storage time periods for
teeth prior to their permeability studies. Dentine
discs or crown preparations have also been stored
before permeability experiments were performed.
The type of storage medium affects the permeability
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of dentine in vitro. However there is no standard
storage protocol for either whole teeth or prepared

specimens. The solutions used for storage have
included distilled water (80, 81), formalin (82, 83),
ethanol (84, 85) saline solutions (86, 65) and
phosphate ringer’s buffers solutions (8). Most of the
data have not compared the effects of one storage
solution to another and therefore it is possible that
the results of any one study cannot be compared
directly to any other study (87). Salt precipitation
has been observed to occur in dentine stored in
sodium phosphate buffered saline, which could
explain its decrease in permeability over time (46).
Elsewhere the decrease in permeability due to type
of storage medium used was due to dissolution and
redeposition of either mineral or organic components
of the dentine into the lumen of the tubules (88, 89).
The use of fixatives was reported to give low
but consistent permeability values (87). The fact that
fixed dentine showed little variation in permeability
suggests that the residual material in the tubules such
as the odontoblast process and collagen were
controlled (preserved). Outhwaite, et al., (8) reported
that there was a modest increase in dentine
permeability between hour one two days after
extraction. No further changes were observed over
the following 3-4 weeks. Reeder, et al., (24) used
various storage times between 2 days and 1 month
in their studies to determine the hydraulic
conductance across dentine but did not mention
whether the different times of storage had any
significant influence on conductance. Goodis, et
al., (90) stated that individual specimens have
variable permeability in different solutions and thus
different solutions affect permeability differently.
Pashley and Metthews (29) reported that
steam sterilisation did not alter dentine permeability.
Apparently neither high nor low temperatures can
alter the functional properties of dentine as long as
the teeth are intact and dentine is mineralised. (91).
On the other hand refrigerated storage with
antiseptics modifies dentine permeability by
intratubular precipitation of mineral components
(92) or organic components such as odontoblast
processes, or intratubular collagen fibres (87, 90).

In any dentine permeability experiment’

performed in vitro the variables should be controlled
as well as possible. It is quite clear that much work
in this field has been done in specimens that have
been stored.

PERMEABILITY OF DENTINE
Conclusion

The understanding of the importance
morphological role of the odontoblasts and its
processes within the dentinal tubules and the tubules
physiological characteristics is a structural linked
asset to dentine fluid flow and its permeability.
Controlled clinical trials should not underestimate
this role as a gold standard in clinical trial to effective
prompt treatment of dentine hypersensitivity
especially with the usage of dentine desensitizing
agents.

Correspondence:

Dr. Farid Che Ghazali D.D.S., M.Med Sci.
(Oral Surgery), Cert. Implant.

School of Health Sciences,

Universiti Sains Malaysia,

16150, Kubang Kerian, Kelantan,

Malaysia. '

References

1. Vongsavan, N., Matthews, B. The permeability of the
cat dentine in vivo and in vitro. Archs oral Biol., 1991;
36, 9: 641-646.,

2. Vongsavan, N., Matthews, B. Interaction between
neural and hydrodynamic mechanisms in dentine and
pulp. Archs oral Biol., 1994; 39 Suppl,, 87s-95s.

3.  Maita, E,, Simpson, M.D, Tao, L., Pashley, D. H. Fluid
and protein flux across the pulpo dentine complex of
the dog in vivo. Archs oral Biol., 1991; 36: 103-110.

4,  Fritsch, C. Untersuchungen uber den Bau und die
innervierung des Dentins. Arch. Mikrosc. Anat., 1914;
84: p307.

5. Pashley, D. H. Dentine permeability: Theory and
practice. In: Experimental endodontics. (Ed. Spangberg
L) CRC press inc., Boca Raton, FI. 1990: p19-49,

6. Pashley, D. H., Livingston, M. J, Greenhill, J. D.
Regional resistance to fluid flow in human dentine
in vitro. Archs oral Biol., 1978; 23: 807-810.

7. Pashley, D. H., Andringa, H. J., Derkson, G. D.,
Derkson, M. E. Kalathoor, S. R. Regional variability
in the permeability of human dentine. Archs oral Biol.
1987; 32(7): 519-523.

8. Outhwaite, W. C., Livingston, M. J., and Pashley, D.
H. Effect of changes in surface area, thickness,
temperature and post extraction time on dentine
permeability. Archs oral Biol., 1976; 21; 599-603,

9. Mjor, L. A, Heyeraas, K. J., Pulp-dentin biology in
restorative dentistry, Part I: Normal structure and
physiology. Quintessence International 2001; vol., 32,
6: 439-400.

33



Farid Che Ghazali

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

34

Pashley, D. H., Galloway, S. E., Stewart, E. Effects of
fibrinogen in vivo on dentine permeability in the dog.
Archs oral, Biol., 1984; 29: 725.

Pashley, D. H., Smear layer: overview of structure and
function. Proc Finn Dent Soc., 1992; 88 Suppl 1: 215-
24,

Blandy, A. A. On the sensibility of teeth. Am. J. Dent.
Sci., 1850; 1: 22-28.

Gysi, A. An attempt to explain the sensitiveness of
dentine. Br J. Dent. Sci., 1900; 43: 865-868.

Hume, W. R. A new technique for screening chemical
toxicity to the pulp from dental restorative materials
and procedures. J. Dent. Res., 1985; 649(11): 1322-
1325.

Gerzina, H.T., Hume, W.R,, Effects of hydrostatic
pressure on the diffusion of monomers through dentinc
in vitro. J. Dent Res., 1994; 74(1): 369-373. January.

Ciarlone, A. E., Pashley, D. H. Permeability of root
dentine to epinephrine released from gingival retraction
cord. Oper Dent., 1992; 17: 106-111.

Hanks, C.T, Wataha, J.C, Parsell, R.R, Strawn, S. E,
Fat, J. C. Permeability of biological and synthetic
molecules through dentine. J. Oral Rehabilitation.
1994; 21: 475-487.

Brannstroms, M., Johnson, G. Movements of the
dentine and pulp liquid on application of thermal
stimuli. An in vitro study. Acta Odontol. Scand., 1970;
28: 59-70.

Anderson D.J., Matthews B., Gorretta C. Fluid flow
through human dentine. Archs oral Biol., 1967, 12:
209-216.

Outhwaite, W. C., Mc Kennzie, D. M. and Pashley, D.

H. A versatile split chamber device for studying dentine
permeability. J. Dent. Res. 1974; 57: 1503,

Camps, J., Martin, P, Ladeque, P., Rieu R., Fuser, I.,A

Influence of tooth cryopreservation on human dentin
permeability. Dent Mater, May 1994; 10: 210-214.

‘Ozok, A. R., Wu, M. K., Wesselink, P. R., The effects
of post-extraction time on the hydraulic conductance
of human dentine in vitro. Arch Oral Biol. Jan., 2002;
47(1): 41-6.

Pashley, D. H., Thompson, S. M., Stewart, E P. Dentine
permeability: Effects of the temperature on hydraulic
conductance. J. Dent. Res., 1983; 62 (9) Sept. 956-
959,

Reeder, O. W. Jr,, Walton, R. E,, Livingston, M. J.,
Pashley, D. H. Dentine permeability: Determination
of hydraulic conductance. J. Dent Res., 1978, Feb;
57(2): 187-193.

Dippel, H. W., Borggreven, J. M., Hoppenbrouwers,
P. M. M. Morphology and permeability of the dentinal
smear layer. J. Prost. Dent., 1984; 52, 5: 657-662,

Brown, L. R., Wachtel, L. W., Wheatcroft, M. G.
Diffusion of niacin through extracted human teeth and

its effects on bacterial penetration into dentine. J. Dent.
Res., 1969; 41: 684.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

Fogel, H M., Pashley, D H., Dentine permeabilit
effects of endodontics procedures on root slabs.
Endodon., 1990; 16: 442-425.

Ohtani, O. Three dimensional organisation of t}
connective tissue fibers of the human pancreas:
scanning electron microscopic study of NaOH treate
tissue. Arch. Histol. Jap. 1987; 50(5): 557-566.

Pashley, D. H., Matthews, W. G. The effects of outwar
forced convective flow on the inward diffusion i
human dentine in vitro. Archs oral Biol., 1993; 38 (7)
577-582.

Haustein, K. O., Thiele, G., Stangel, U. Transport 0
various substances through human enamel and dentine
Int. J. Clinical Pharm.& Therapeutics. 1994; 32 (9).
483-487.

Bitter, N. C. The effect of 25 % tannic acid on prepared
dentine. A scanning electron microscope-methylene
blue dye study. J. Prosthet. Dent., 1990; 64: 12-16.

Ciarlone, A. E., Tao, L., Ziemer D. M., Pashley, D. H.
Epinephrine permeation across dentine in vitro. Endo.
Dent. Traumatology, 1991; 7: 5-9.

Hughes, N. P, Littleword, D, Macpheron, 1. V., Beeston,
M. A, Unwin, P.R,, Direct measurements of fluid flow
rate in dentinal tubules using scanning electro-chemijcal
microscopy. In: Dentin/pulp complex. Shimono M,
Takahashi K, Editors. Tokyo, Japan: Quintessence
Publishing 1996.

Hoppenbrouwers, P. P. M., Scholberg, H. P. F,
Borggreven, J. M. P. M. Measurement of the
permeability of dental enamel and its variation with
death using an electrochemical method. J. Dent. Res.
1986; 65: 1322-1325.

Von Fraunhofer, T. J., Hammer, D. W. Microleakage
of composite resin restorations. J. Prosthet. Dent.,
1984; 51: 209-213,

Levinkind, M., Vandernoot, T.J., Elliott, J. C. Electro-
chemical impedence characterisation of human and
bovine enamel. J. Dent. Res., 1990; 69: 1806-1811.

Levinkind, M., Vandernoot, T. I., Elliott, J. C.
Evaluation of smear layers on serial sections of human
dentine by means of electro-chemical impedence
measurement. J. Dent. Res., 1992; 71: 426-433.

Vandernoot, T. J., Levinkind, M. Impedence
characteristics of human dental enamel and dentine. J.
Electroanal Chem., 1991; 300: 191-198.

Kramer, I. R. H. The isolation and examination of
odontoblasts in fresh unfixed state. Proc. Roy. Soc.
Med., 1956; 49: 545-546, "

Rockert, H. Methods for the isolation of odontoblasts
and determination of intracellular potassium. Acta
Odontol Scand., 1964; 22:373-378.

Chadha, S., Bishop, M. A. Effect of mechanical
removal of the pulp upon the retention of odontoblasts
around the pulp chamber of human third molars. Archs
oral Biol., 1996; 41, 8/9: 905-909.




azah, F., Bishop M.A. Permeability of human
entine to water in odontoblast preserved and
dontoblast free preparations. Australian and New
land Journal OfMedzcme, 1996; Vol. 26, 3, June.

rmeability:
ot slabs. J

tion of the
ancreas: A §i ,Ghazah, F,, Bishop, M. A. Contents of tubules in
OH treated _relation to spontaneous water flow through human
-566. A entine. Journal of Dental Research, 1998; 77 (special
of outward B v;ssue) 651, 158.
iffusion in B Pashley, D. H., Nelson, R., Pashley, E. L. In vivo fluid
93;38(7): "~ movement across dentine in the dog. Archs oral Biol.,
. 1981; 26: 707-710.
ansport of § ‘ ~Pashley, D. H, Kepler, E. E., Williams, E. C., Okabe,
1d dentine. . A. The effects of acid etching on the in vivo
)4; 32 (9): -““ " permeability of dentine in the dog. Archs oral Biol.
" 1983; 28(7): 555-559,
1 prepared . Pashley, D. H., Kepler, E. E., Williams, E. C.,O’Me'ara.
nethylene "J. A. The effects on dentine permeability of time
: 12-16. following cavity preparation in dogs. Archs oral Biol.,
ro. Endo. 47. Byers, M. R., Narhi, M. V,, Mecifi, K. B. Acute and
chronic reactions of dental sensory nerves to
. hydrodynamic stimulation or injury. Anat Rec., 1988;
Beeston, 221: 872-883,
luid flow
chemical §  48. Tumer, D., Marfurt, C., Sattelburg, C. Demonstration
nono M, § of physiological barrier between pulpal odontoblast and
tessence : its perturbation following routine restorative
¢ procedures. A horseradish peroxidase tracing study in
I PR rat. J. Dent. Res. 1989; 68(8): 1262-1268.
: .of'thg 49. Ohshima, H. Ultrastructural changes in odontoblasts
ion with and pulp capillaries following cavity preparation in rat
ont. Res. molars. Arch. Histol. Cytol., 1990; 53: 423-438.
50. Bishop, M. A. Evidence for tight junctions between
leakage odontoblasts in the rat incisor. Cell Tissue Res., 1985;
Dent., E 239; 137-140.
, ' 51. Bishop, M. A., Yoshida, S. A permeability barrier to
llectro- lanthanum and the presence of collagen between
an and odontoblast in pigs’ molars. J. Anat., 1992; 181: 29-
811 38.
j. C. 52. Vongsavan, N., Matthews, B. The relation between
Juman fluid flow through dentine and the discharge of the
Jence intradental nerves. Archs oral Biol., 1994; 39 Suppl:
' 140s. .
ence § 53 Pashley, D.H, Galloway, S. B. The effect of oxalate
e b treatment on the smear layer of ground surfaces of
ne. human dentine. Archs oral Biol., 1985; 30 10: 731-
737.
n of 54. Matthews, W. G, Showman, C. D, and Pashley, D. H.
Soc. Air blast-induced evaporative water loss from human
dentine, in vitro. Archs oral Biol,, 1993; 38: 517-523.
asts 55. Ruse, N. D., Smith, D. C. Adhesion to bovine dentine-
\cta surface characterisation. J. Dent. Res 1991;70: 1002-
1008.
cal 56. Pashley, D. H. The effects of acid etching on pulpo-
'Shts dentine complex. Operative dentistry. 1992; 17: 229-
chs

242.

57.

58.

59.

60.

61.
62.

63.

65.

66.

67.

68.

69.

. 70.

71.

72.

PERMEABILITY OF DENTINE

Prati, C. What is the clinical relevance of in vitro
dentine permeablhty tests? J. Dent. Apt.; 1994; 22(2);
83-88.

O’Connell M. S., Morgan, L. A., Beeler, W. J.,
Baumgartner, J. C., A comparative study of smear layer
removal using different salts of EDTA. J Endod. 2000,
Dec; 26(12): 739-43.

Eick J. D., Wilko, R, A., Anderson C. H., Sorenson, S.
E. Scanning electron microscopy of cut surfaces and
identification of debris by the use of the electron
microprobe. J. Dent. Res., 1970; §3: 1255.

Prati C, Venturi L, Valdre G, Mongiorgi R. Dentin
morphology and permeability after brushing with
different toothpastes in the presence and absence of
swmear layer. J Periodontol, 2002, Feb.; 73(2): 183-90

Boyer, D. B., Svare, C. W. The effect of rotatory
instrumentation on the permeability of dentine. J. Dent.
Res., 1981; 60: 966-971

Tagami, J., Tao, L., Pashley, D. H. Correlation among
dentin depth permeability and bond strength of
adhesive resins. Dent. Materials. 1991; 6: 45-50.

Stevensson, T. S., Fluid movement in human dentine.
Archs oral Biol., 1965; 10: 935-944,

Pashley, D. H., Livingston, M. J., Outhwaite, W. C.
Rate of permeation of isotopes through human dentine
in vitro. J. Dent. Res., 1977; 56 (1): 83.

Olgart, L., Brannstrom, M., and Johnson, G. Invasion
of bacteria into dentinal tubules. Experiments in vivo
and in vitro. Acta. Odontol. Scand 1974, 32: 61.

Pashley, D. H,, Tao 1., Boyd, L., King, G. E., Homer,
J. A. Scanning electron microscopy of the substructure
of smear layer in human dentine. Archs oral Biol.,
1988; 33: 265-270.

Van Meerbeck, B., Inokoshi, S., Braem, M.,

" Lambrechts, P., Vanherle, G. Morphological aspects

of the resin dentine interdiffusion zone observed with
different dentine adhesive resins. J. Dent. Res., 1992;
71: 1530-1540.

Hamlin, P., Samarawickrama, D., and Lynch, E. Effect
of the new conditioning agent on dentine. Amencan J.
Dent., 1990; 3: 119-124.

Pashley, D. H., Michelich, V., and Kehi, T Dentine
Permeability: Effects of the smear layer removal. J.
Prosth Dent., 1981; 46: 531-537.

Tagami, J., Sugizaki, J., Hosoda, H. Effects of the
various pretreatments for dentine bonding on the
dentine permeability. Japanese J. society of dental
materials and devices, 1990; 9: 240-246.

Kurosaki, N., Kubota M., Yamamoto, Y., Fusayama,
T. The effects of etching on the dentine of the clinical
cavity floor. Quintessence International, 1990;21: 87-
92.

Pashley, E. L., Talman, R., Horner, J. A., Pashley, D.
H. Permeability of the normal versus carious dentine.
Endodontics and Dental Traumatology. 1991;7: 207-
211.

35



Farid Che Ghazali

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

36

Bergren, G. Brannstrom, M. The rate of flow in dentinal
tubules due to capillary attraction. J. Dent. Res., 1965;
44: 408.

Pashley, D. H. Dentin: A dynamic substrate: a review.
Scan microsc. 1989; 3: 161-176.

Pashley, D. H. Dynamic of the pulpo-dentine complex,
Crit Rev. Oral. Biol. Med. 1996; 7(2): 104-133.

Langeland, K., Tissue response to dental caries. Endo
Debt Traumatol., 1987; 3: 149-171.

Tronstadt, L., Langeland, K., Electron microscopy of
human dentine exposed by attrition. Scand J Dent Res.
1971, 79: 160-171.

Holland, G. Morphological features of dentine and pulp
related to dentine sensitivity. Archs oral Biol., 1994;
39 (suppl): 3-11.

Michelich, V. J., Schuster, G. S., Pashley, D. H.
Bacterial penetration of human dentine in vitro. J. Dent.
Res. 1980; 59(8): 1398-1403.

Trowbridge, H. O. Pathogenesis of pulpitis resulting
from dental caries. J. Endodontol., 1981; 7 (92): 52.

Barakat, M. M., Powers, J .M., In vitro bond strengths
of cements to treated teeth. Aust. dent. J., 1986; 31:
415-419.

Addy, M., Mostafa, P.,, Dentin hypersensitivity — I.
Effects produced by the uptake in vitro of metal ions,
fluoride and formaldehyde onto dentine. J, oral Rehab.,
1988; 15: 575-585.

Wenner, K. K., Fairhurst, C. W., Morris, C. F., Hawkins,
I.R., Ringle, R. D. Microleakage of root restorations.
J. Am. Dent. Ass., 1988; 17: 825-828.

Sandoval, V. A., Cooley, R. L., Barnwell, S. E.
Evaluation of potassium oxalate as a cavity liner. J.
Prosthet. Dent., 1989; 62: 283-287.

85.

86.

87.

88.

89.

90.

91

92.

93.

Boyde, A. Air polishing effects on enamel, denti:
cement and bone. Br. Dent. J., 1984; 156: 387-391

Taiz, L., Zieger, E. The structure and properties
water. In: Plant physiology. Benjamin & Cummni.
publishers, California. 1991; Chapter 3: 61-67.

Tao, L., Reynolds, J. M., Pashley, D. H. Effects of dyc
on dentine permeability. Endod. Dent. Traumatolog
1988;4: 16-18.

Goodis, H. E., Marshall, G. W. Jr., White, J. M, Ge
L, Hornberger, B, Marshall, S. J. Storage effects ¢
dentin permeability and shear bond strengths. De;
Mater.,, 1993; Mar. 9(2): 79-84.

Sakae, T., Mishima, H., Kozawa, Y. Changes in bovir,
dentine mineral with sodium hypochlorite treatmen
J. Dent. Res., 1988; 67: 1229-1239..

Barbosa, S.V., Safavi, K.E., Spangberg, L. $. W
Influence of sodium hypochlorite on the permeabilit:
and structure of cervical human dentine. Int. Endo. J.
1994, 27: 309-312.

Goodis, H. E., Mashall, Jr., G. W., White, J. M. Tht
effects of storage after extraction of the teeth on humar
dentine perneability in vitro. Archs oral Biol,, 1991,
36 (8): 561-566.

McGuekin, R. S., Pashley, D. H. The effect of
disinfection/sterilization treatments on Glumma
mediated dentine shear bond strengths. Am J Dent.,
1990; 3: 278-282.

Greenhill, J. D., Pashley, D. H., The effects of
desensitising agents on the hydraulic conductance of
dentine in vitro. Journal of Dental Research 1981; 60:
686-698.



Sclence and Engineering Vlsuahzatmn Challenge

Entry Form
Entries must be postmarked ne later than May 31, 2003
Entries will not be returned

Title of Work: Oc‘oﬂ%‘ofaﬂs Procecses n tUn (,szm(‘atnsecc lwvn ary Moa

- A \Vacdalde Pressure sEwv  \vesfisaten-
Entry Category: Photographs & Tlustrations O  Active and/or Multimedia O

Name(s): ‘AM we:m Role/title:
Dc tan& ’%m che @Vn‘(aﬂ Qﬁnd \n\ inwﬁ&cz’b"‘
\ ]

Ci_Be. Towarddiy Mat hion _Asshoot tvesfirlor

~ Please print

Science

Please print
Use another sheet for additional team members.

Contact Person: Dr Bres Bin & Gaaoat
ScHgo—  OF  teaLTH SagNces.
UnmweeaiTy  Scien ces oy MLH—TSIA.»
lkiso Kugem G Weeinm , KELANTRN DN

Institution:

Address:

E-mail address: 'gdf\'(‘v A Wb, Uswy. V\‘B
-~ 0q- F£6382%2
—A — FL6TF88¢%

Phone number:

Fax number:

I (we) warrant that this entry is original and has been independently developed by me and/or
members of my team and does not violate the copyright or other personal or proprietary right of
another person or team of people. Further, I (we) attest that I (we) will be able to grant to
Science and Scienc n¥ non-exclusive publication and web rights if our entry places first,
second or third jxany category or honorable mention.

LL"G &J{e’ae Ghazali

Contact person is responsible for distributing information received from the competition and/or
sponsors to all other members of the team.

Science and Engineering Visualization Challenge Pagel



Descriptive Summary of Submission (100 words): Describe the final product and the basic
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Odontoblasts are terminally differentiated distinctive cellular bodies, which line the
periphery of the pulp chamber in a tooth. Each cell has a cytoplasmic process that
extends into dentine. In the literature there are numerous descriptions of odontoblast
processes in dentine tubules (Ten Cate, 1967, Brannstrom and Garberoglio, 1972;
Garberoglio and Brannstrom, 1976) but the extent of the process and the volume of the
tubule it occupies are some of the features, which remain controversial. The
photomicrographs were taken from our study (Farid, 1999, 2002) on odontoblasts using
VPSEM (LEO 1450VP) technique to promote new avenues and prompt viable results
mimicking viable, hydrated nature of the dentine tissues without the vigorous tissue
preparation protocols. Hence encouraging a simpler innovative approach to visual human
odontoblasts processes, its extension and role. in dentine proper of human third molars.

In this study, the combination of variable pressure microscopy (LEO 1450VP), image
analysis system (Leica QWin) and dye sublimation printing have ephanced the
visualization and probe the extent of the odontoblast processes into the dentinal tubules
thus promoting further understanding of the edontoblasts role in dentine permeability and
gives insights to controversies of its extent as observed in animals studies. In our study
the visualization of odontoblast processes into mid dentine and enamel-dentine junction
elucidated controversial belief that the odontoblasts is only found at the predentine and
pulp-dentine interface. It is hope the study will revealing new insights and thinking of the
role of odontoblasts to the dental clinician and basic oral biologist.
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HIGH-RESOLUTION
MICROSCOPY AND
MICROANALYSIS IN
ORAL BIOLOGY AND
DENTISTRY

The oral region contains all types of
mineralised tissues found in the body. Its
normal mucosa lining exhibits a greater
variation in histo-structure than found in
the entire skin surface. As such the oral
cavity gives rise to diseases not found
elsewhere in the body and additionally, a
great variety of systemic diseases may
express themselves in the oral cavity and
paraoral region. High- resolution
microscope applications in oral biology
and dentistry, (1). brings structural
biology understanding and maps the
natural state of its biological cell e.g.
odontoblasts, osteoclasts, cementoblasts
etc under normal and pathological
conditions-expanding research
capabilities and ability to understand
cellular structures and processes with
direct impact to pain management (2).
Its probing capabilities facilitate the
characterization of the atomic structures
of dental composites materials thus
allowing observation of their dynamic
behaviors under various different
conditions. These observations are
important especially to improve the
quality, performance of the dental
cosmetic composites and restorative
materials and  finally (3). the
developments of microscopy and its
techniques e.g. for isolation and growing
cells under reproducible

conditions have contributed to the
understanding  of  oral  biology
controversies thus providing better
insight of actual descriptions.Dentine is
a biological mineralised tooth structure
that is densely perforated with dentinal
tubules that extend from the pulp
chamber to the enamel-dentine junction.
The presence of dentinal tubules is an
attributing factor to dentine permeability
(Thomas, 1985). In the literature there
are numerous descriptions of odontoblast
processes in dentine tubules (Ten Cate,
1967, Brannstrom and Garberoglio,
1972; Garberoglio and Brannstrom,
1976 but the extent of the process and
the volume of the dentinal tubule it
occupies are some features, which
remain controversial. Using fluorescent
microscopy Byers and Sugaya, (1995),
reported that the odontoblast process in
rats does not extend into outer dentine
except during the early stages of
development. The study also reported
that the processes present along the
innervated regions of the crown were
long and straight, whereas those in root
dentine were extensively branched and
shorter in length. In a scanning electron
microscope study Szabo, et al., (1984)
showed the presence of the odontoblast
process in inner, middle and peripheral
dentine and reported that the odontoblast
process observed in the inner third of the
dentine was closely apposed to the
tubule wall and was present in most
tubules in that region. These earlier
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studies measured the diameter and
number of the dentinal tubules in animal
and human dentition using both the light
and the conventional scanning electron
microscope but still the extent of the
process and the volume of the dentinal
tubule it occupies especially in human
tooth model are some features that still
remain until now controversial. At
present the odontoblast layer is being
suggested as a barrier. Little knowledge
is known now to suggest the mechanism
orchestrated by this layer. To understand
the barrier there is a need to
acknowledge the functional odontoblast
cellular kinetics that maintains its
intactness as a layer and its
ultrastructural significant. This will
further understanding of the role of the
intercellular junctional complexes of the
odontoblast layer towards exogenous
permeation of fluid and substances.

In 1905, von Korff reported the presence
of argyrophilic fibres between the
odontoblasts in early stages of
dentinogenesis in teeth of pigs and
calves. Ever since then the existence of
these corkscrew argyrophilic fibres has
been very controversial. In 1994,
Ohsaki and Nagata confirmed that the
von Korff fibres seen in a developing
mouse molar consisted mainly of type III
collagen in which a non-collagenous
protein fibronectin was found to be
densely associated. The association of
fibronectin with von Korff fibres may be
related to the organisation and
maintenance of their structural integrity.
These von Korff fibres extend from the
dentine between the apical ends of the
odontoblast cell bodies into the
interodontoblastic space and from the
interodontoblastic ~ space  into  the
subodontoblast layer of the pulp (hence
also known as interodontoblastic fibres).

There are various macroscopic changes
observed on the tooth morphology,
especially in its form and colour that
occurs concurrently with age. These
changes are usually associated related to
wear and attrition. To date there is
various high-grade research end light
and electron microscope available that is
of importance to dentistry, among them
is the confocal true laser microscope,
variable pressure scanning electron
microscope and the fully automated
analytical transmission electron
microscope. The prevention and
treatment of oral and dental diseases
requires a thorough knowledge of the
histological and biological variables
influencing the aging and disease
patterns.
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& BAHAN PEBAIKAN :
27000 BEKALAN BAHA"I_-BAHAN LAIN 7,000 00 11.682.4—0} 3,813.50 - 000 - 3,81 350' - 15,495.60 (8,495.90]
28000 PENYELENGA‘?MN & PENIBAIKAN 000 0.00 0.CO 0.00 0.00 ‘ 0.c0 0.00
KEClL YANG DIBEL} ’ :
28000 PERKHIDMATAHN lKTISA & LAIIH.A N- 600 00 195.00 301.60 0.00 3 00 486.00 104.90
PERKHIDMATAN & HOSPITALITI i
35000 LAIN-LAIN HARTA MODA._ ‘A oo 000 0.00 0.00 0.00 000. 0.¢0 0.00
. .' vome cace mme. sateme .-.v;._‘ et e :
JUMLAK BESA"\' . 17,800 OC 13,785.001 4,114.50 000 4,114.50 . 17,883.50 0.50(
e e A



