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ABSTRACT

Utilization of impedance measuring methods in dental researches makes the
determination of electrical properties of human tooth possible. Although impedance
measurement forms the basis of numerous oral diagnostic methods, limited studies are
available about the impedance of human dentin. In this paper the thickness dependency of
the impedance of human dentin is investigated.

Dentin disks were prepared from dentin layer of the crown between the top of pulp
and below dentin-enamel junction of five human wisdom teeth. Separated and isolated
round shaped measurement areas were created on the surface of the specimens with
diameter of 1 mm. The samples were thinned sequentially while the thickness and the
complex impedance of each measurement area was recorded.

Investigation of the impedance of human dentin in the thickness range of 0.3-2.3 mm
allowed us to define the thickness-impedance coefficient of human dentin, as the absolute
impedance value divided by the thickness and multiplied by the area of the examined
dentin. The average of the thickness-impedance coefficient is equal to 8.356 Qm at 1 kHz
measurement frequency.

Approximately linear correlation between the thickness and the impedance of human
dentin was revealed. These results may have significance in the field of clinical dentistry.
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INTRODUCTION

Dentin is one of the major hard tissue components of teeth. It can be found under the
enamel and it surrounds the entire pulp. This tissue contains micro channels projecting
radially from the pulp to the enamel called dentin tubules. The density of dentin tubules near
the pulp on the inner dentin is 55000 - 75000 mm?, near the enamel on the outer dentin it is
15000 - 20000 mm?. The diameter of the tubules is different as well, near the pulp they are
approximately 3 - 4 um, on the border of the dentin-enamel it is approximately 1 um [1-5].
The dentin tubules are filled with ionized dentinal fluid therefore the bioelectrical activity of
the pulp becomes measurable on the surface of the dentin. This method is called dentin
recording.

Dentin recording methods allow us to observe the process of dental pain and pulp
inflammation. These techniques also let the fluid flow through the tubules to be inspected and
facilitate the examination of the neural control of the fluid flow [6-9]. In order to record one
dental nerve activity separated from the others it is necessary to develop small size electrodes
[10]. The changes of the hydrostatic pressure of the dental fluid in the dental tubules were
measured to calculate the electrical field of the pulp [11].

Beyond the observations there are lots of experiments where the aim was to track the
effect of some kind of stimulus with measuring the bioelectrical activity of tooth nerves [12].
Thus performed pulp sensibility testing has been and still remains a very helpful aid in
endodontic diagnosis [13]. Applying these measurements the underlying cause of the dental
pain can be tested [14-17]. An experiment series were made with different stimuli to specify
the required threshold voltage and current for electrical stimulation [18]. In spite of the in vivo
methods, these values can be defined more precisely with in vitro experiments.

The required mechanical properties of the dentin are already well defined [19] but the
electrical properties have yet to be thoroughly characterized. For this purpose, performance of
in vitro dentin recording experiments are required. The precise determination of the electrical
impedance of dentin makes the definition of the accurate threshold voltage and current for
electrical stimulation possible, but there are difficulties [20].

The temperature of the tooth not only influences the functional properties of the tooth
pulp neurons [21] but also has affect to the impedance of the dentin [22]. This electrical
parameter can be modified by the concentration of the used electrolyte (saline solution of
sodium chloride) [23, 24] or the age of the tooth too [25]. The applied measuring signal has to
be AC because in case of DC signal polarization artefacts arise on the electrode-tooth contact
area [26-28]. The exact determination of dentin impedance can reveal other parameters and
can be a basis of various diagnostics methods [29]. Due to dental caries the demineralization
of the dentin occurs. This process changes both the tubules diameters and the dentin
impedance [30]. Most experimental caries diagnostics methods are based on impedance
measurement [30-32]. These methods have been proved to be more successful than former
techniques [33—-36]. Measuring the impedance between an inserted electrode in a root canal of
a human tooth and an outer electrode placed on the oral mucosa was suitable to calculate the
root canal length [37, 38]. Furthermore, impedance measurements can be used for defining
the dentin permeability [39] or forming the basis of the investigation of an alternative
bioimpedance spectroscopy method for assessment of tooth structure [40].
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In the last few years new methods have been developed and applied in oral sciences like
the two photon and the multi photon microscopes which were used successfully in caries
diagnostics [41, 42], and y-radiation which can change the mechanical and electrical
properties of the dentin and of the enamel [43].

Impedance measurement has a prominent relevance in definition of the electrical
properties of the dentin and it can be the basis of further oral diagnostic methods that might
be used in clinical practice. The aim of this study is to define a new parameter, namely the
thickness-impedance coefficient to characterize the thickness dependency of the impedance of
human dentin.

MATERIALS AND METHODS

Specimen Preparation

Dentin disks were prepared from human wisdom teeth for in vitro characterization of the
thickness dependent impedance of human dentin. Five teeth were removed without damage in
the Semmelweis University, Department in Community Dentistry. The collection and
application of the specimens happened anonymously accordance with the research ethical
approval made by the Semmelweis University Regional Scientific and Research Ethics
Committee with the permission note of 246/2017.

The protocol of specimen preparation was the following. The roots were stabilized in
dental gypsum and with a suitable saw (Hofer, Aathal - Seegrében, Switzerland) 1 or 2 mm
thick dentin disks were cut from the occlusal surface of the crown between the pulp and the
enamel. The surfaces of the prepared disks were cleaned with 35% phosphoric acid for 20 s
long to open the dentinal tubules from smear layer. The specimens were stored in 0.154
mol/L sodium chloride solution. A representative sample of prepared dentin disks is shown in
Figure 1A.

Figure 1. One of the used dentin disks (a) and the assembled arrangement for impedance
measurement in a Petri dish filled with sodium chloride solution (b): the Ag/AgCI
reference electrode, the gently pressed silicone tube with the working electrode within, a
dentin disk and its holder.
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Thickness Measurement

Prior to realizing thickness measurements, 3 - 4 separated test areas had been specified on
the surface of each dentin disk. The number of the specified areas depended on the size of the
intact area of the examined dentin disks. A layer thickness measuring apparatus was utilized
to measure the thickness of the dentin on the middle of the defined test areas. The accuracy of
the thickness measurement method is critical for proper calculation of the thickness
dependency of the impedance, thus a stereotaxic frame with 10 pm resolution (David Kopf
Instruments, Los Angeles, USA) was used to measure the thickness of the tested dentin disks.
A needle was stabilized to the electrode holder of the stereotaxic frame. Using a microscope,
the reference thickness value was defined where the needle point reached the surface of the
frame. The examined dentin disk was placed under the lifted needle to measure the thickness
of each test area. Following this, the thicknesses of the test areas were calculated by
subtracting the reference value from the thicknesses which were measured on the top of the
test areas. The thickness measurement method was utilized before every impedance
measurement to specify the correlation between the thickness and the impedance of the
dentin.

Impedance Measuring System

Intan RHD2000 Evaluation System (Intan Technologies, Los Angeles, USA) was used
for impedance measurement. The system contained an Intan RHD2000 USB interface board
with a 16-channel amplifier board. The amplifier board was connected to the interface board
via an SPI interface cable, the interface board was connected to a computer via USB 2.0. One
of the sixteen channels was used to measure the impedance between the reference electrode
and the working electrode. During the experiments the reference electrode was a silver
chloride electrode and the working electrode was an 80% platinum - 20% iridium 40.46 pm
thick micro wire (California FineWire Company, California, USA). The experiments were
performed in 0.154 mol/L sodium chloride solution.
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‘ Ag/AgCl reference electrode Enamel

Figure 2. The representation of the assembled arrangement for impedance measurement.
The dentin disk was placed between silicone rubber parts which stabilized the specimen
and insulated the working electrode from the reference electrode.
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The examined dentin disk was placed in a holder in a Petri dish filled with sodium
chloride solution. The holder allows the solution to flow under the specimen and through the
dental tubules. The reference electrode was inserted in the solution near the specimen while
the working electrode was built into a silicone tube. The inner diameter of the applied tube
was 1 mm so the measured dentin surface was 0.785 mm?. The silicone tube was also filled
with the 0.154 mol/L sodium chloride solution and it was gently pressed to the dentin to
insulate the working electrode from the surrounding solution. Because of the insulation, the
ion current between the working and the reference electrode could only flow through the
dental tubules during the impedance measurement. The thus assembled measuring system is
shown in Fig 1B and the schematic of the assembled system is presented in Figure 2.

Impedance Measurement

The insulation of the silicone tube was verified before the impedance measurements of
test areas. The filled tube with the working electrode in it was gently pressed to the bottom of
the Petri dish. The reference electrode was next to the tube as we described it earlier. The
impedance measurement system has shown that there was no electrical connection between
the two electrodes so the insulation of the silicone tube was suitable for the further recordings.
Prior to measuring the impedance of dentin disks it had been necessary to define the
impedance of the working electrode and the transfer fluid to calibrate the measuring system.
The thus defined electrode impedance was subtracted from the impedance values measured
on test areas to get the impedance of the examined dentin.

After every thickness measurement the impedance of each test area was measured at
multiple frequencies between 50 Hz and 5000 Hz and the coherent thickness-impedance
values got recorded according to the frequency.

As the next step of the measuring process, test areas of dentin disks were thinned with
low speed dental drill. After thinning the same cleaning method was performed with
phosphoric acid which was utilized after cutting dentin disks. The cleaning was followed by
thickness measurement and the specimens were immersed to the sodium chloride solution to
refill the dental tubules with saline. As it was done, the impedances of thicker test areas were
measured and the new thickness-impedance values got recorded. The whole measuring
process was repeated until the dentin disks were reduced to 0.3 mm thickness.

Data Analysis

The first step of the data analysis was to compare the coherent thickness and impedance
values. Following that, focus groups were organized based on the measured thickness to
observe the impedance of thickness ranges.

Group intervals were defined with consideration of the importance of the remaining
dentin thickness in clinical practice. Thus defined focus groups and their quantity of samples
were the following: between the thickness of 0.3 mm and 0.44 mm there were 11 samples,
between 0.45 mm and 0.59 mm there were 11 samples, between 0.60 mm and 0.74 mm there
were 13 samples, between 0.75 mm and 0.94 mm there were 9 samples, between 0.95 mm
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and 1.24 mm there were 14 samples and between 1.25 mm and 2.28 mm there were 13
samples.

For statistical analyzing IBM SPSS Statistics 24 (IBM Corporation, New York, USA)
software was used. The focus groups were observed by Kruskal - Wallis test on p = 0.002
significance level, and by using LSD as a post hoc test.

RESULTS AND DISCUSSION

The combined complex impedance of the working electrode and the saline is presented in
Figure 3. Using the absolute impedance and its phase, the complex impedance of the
measuring system is definable and it can be subtracted from the complex impedances which
had been measured on the dentin disks to get the complex impedance of human dentin. A
representative sample of the calculated dentin impedance is presented in Figure 4. The Bode
curves indicate the capacitive behaviour of the measured system. The average impedance and
the standard error of each thickness group is demonstrated at different frequencies in
Figure 5.
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Figure 3. The absolute impedance of the measuring system according to the measuring
frequency (A) and the phase of the impedance of the measuring system according to the
measuring frequency (B).
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Figure 4. A representative sample of the absolute impedance of the dentin according to
the measuring frequency (A) and the phase of the impedance of the dentin according to
the measuring frequency (B). The presented values were measured on a 1 mm thick
test area.
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Figure 5. The average absolute impedance of human dentin with the standard error of the
mean, sorted by the measuring frequency and the thickness of the specimens.

In order to represent the connection between the absolute impedance and the thickness of
the examined dentin, the thickness-impedance coefficient of human dentin was defined as:

1zl _
— A =83560m

with the standard error of
0.605 Om

at 1 kHz, where Z is the absolute impedance, d is the thickness and A is the measured area of
the dentin.

The applied statistic method proved that there are significant differences between the
impedance values of each thickness group at 1 kHz. Please note that this coefficient depends
on measuring frequency.

Previous studies reported the impedance of the human dentin on some specified thickness
and usually from a larger measurement area (A) and on invariant thickness (d).

Using the analogy of conductive materials, the measurement area can be taken into
account as the cross-section and the length of a conductive material, which is inversely
proportional to the impedance. Therefore, it is important to include measurement areas in the
analysis if we intend to compare the values obtained by previous and future studies. With this
taken into account, the thickness-impedance coefficient presented here has proven to be in the
same order of magnitude as earlier studies suggested [20,29,44]. However, the measurements
of those studies were limited to one specific thickness value. In case of measuring the
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impedance of the dentin perpendicularly to dental tubules, the measured impedances would
be in a higher range of magnitude [45].

We used surgically removed impacted wisdom teeth in order to get similar samples
where dentinal tubules were open on their entire length, also to reduce the influence of age
related factors. A former study presented the age related changes in impedance spectroscopy
of human dentin [25]. In terms of the age related occlusion of dental tubules, wisdom teeth
are slightly comparable with the youngest focus group presented in that study. Comparing the
results, if the tested thickness and the measured area are considered, the thickness-impedance
coefficient provides corresponding impedance value as it was published earlier.

A recent in vivo study observed the effect of cavity depth on dentin sensitivity [16]. The
authors deepened the cavities and measured the electrical resistance of them to observe the
distance between the bottom of the cavities and the enamel-dentin junction. Since the
remaining dentin thickness was not observed, the electrical resistance values presented in that
study are hardly comparable with our results.
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