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Abstract

Aim: To investigate structural changes in human dentin due to aging process or caries using ultrasound velocity and scanning electron 
microscopy (SEM). 

Materials and Methods: An in-vitro study conducted on human dentin samples. Dentin samples were prepared from the extracted molars 
using a computerized water-cooled cutting machine. Each sample was 7mm long, 5mm wide and 2mm thick [± 0.1mm]. Fifteen dentin samples 
were prepared for the three experimental groups. Each group consists of five dentin samples. Group 1 (20year old sound dentin), group 2 
(50year old sound dentin) and group 3 (carious dentin). Ultrasound velocity measurements were carried-out on dentin samples and the data 
were compiled and analyzed using Wave Star software and Minitab 12.1 software. After the ultrasonic measurements, the dentin samples were 
characterized using SEM. 

Results: Ultrasonic measurements showed that the arrival time of wave signal was 35.1µs in 50year old dentin, 35.8µs in 20year old dentin 
and 36.4µs in carious dentin, and there were significant differences (p < 0.05 at 95% confidence level) in the mean values of the ultrasonic velocity 
measurements between group 1 and group 2, and between group 2 and group 3. Based on the SEM micrographs, the structural changes can be 
seen clearly in 50year old dentin due to the aging process and in carious dentin due to caries.

Conclusion: Results indicated that structural changes of human dentin due to aging process and caries can be distinguished using ultrasonic 
velocity, however, further work is required on larger sample size, intermediate ages and restored teeth.
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Introduction

Ultrasound is a safe, fast, non-invasive and relatively 
inexpensive technique that has been used extensively in medical 
imaging for several decades. In the dental field, the use of 
ultrasound to investigate oral soft and hard tissues is increasing. 
The early use of ultrasound to visualize internal structures of 
teeth was initiated a long time ago [1]. Subsequently, several 
researchers carried out ultrasonic investigations on dental tissues 
and their results confirmed that ultrasound as tested in-vitro 
shows considerable promise for the assessment of tooth layers, 
tooth surface demineralization and types of dentin [2-4]. Recently, 
ultrasound is being used for early caries detection [5], assessment 
of sound dentin [6] and enamel thickness [7], visibility of pulp  

 
spaces [8], assessment of gingival thickness [9], dental implants 
placement [10], measurement of bone thickness surrounding 
implants [11] and accuracy of tooth impressions [12]. Lately, 
extensive reviews of ultrasound imaging advances in dentistry 
were published by Marotti et al. [13] and Kocasarac & 
Angelopoulos [14]. However, insufficient data is available for 
the assessment of structural changes in dentin due to the aging 
process. Dentin is a complex structure in nature and consists of 
intertubular dentin, dentinal tubules and peritubular dentine. 
One of the age-related changes in human dentin is the continuous 
deposition of peritubular dentin on the inner surface of the walls 
of the dentinal tubules. It begins at the extremities of dentinal 
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tubules near the dentino-enamel junction and the tubules become 
partially or completely occluded with increasing age [15]. Partial 
and/or complete closure of dentinal tubules with increasing age 
was demonstrated by using SEM [16].

Dentin caries is caused by cariogenic bacteria, which has the 
ability to produce acid to demineralize the inorganic component 
of dentin. The clinical consequence of dentin demineralization is 
serious, because it decomposes dentin structure by dissolving the 
minerals of inorganic components and results in widening of the 
dentinal tubules. As a result of widening of the dentinal tubules, 
dentin permeability increases to micro-organisms and/or their 
toxins leading to caries formation and pulpal tissue infections. 
Thus, probing for a safe and fast technique that enhances the 
visualization of dentin structure changes due to caries around 
tooth restorations is considered a subject of interest. Therefore, 
the aim of this in-vitro study was to investigate primarily the 
feasibility of ultrasound to detect structural changes in human 
dentin due to the aging process and caries. The null hypothesis 
of the current study was incapability of ultrasound to detect 
structural changes in human dentin.

Materials and Methods

Teeth collection

Extracted impacted and caries third molars were used for the 
current study. The patient’s age was known for the molars. The 
rationale for using impacted sound molars was to avoid the effect 
of attrition on dentin structure and to confirm structural changes 
in dentin due to the aging process. Immediately after extraction 
the teeth were cleaned of soft tissue debris and bone fragments 
and stored in hermetically sealed vials containing normal saline 

with a few Thymol crystals and kept at 4 ºC. Two age groups 
(20 and 50 years old) were selected for studying the age-related 
structural changes in sound dentin. A written informed patient 
consent was obtained prior to extraction.

Sample preparation

Dentin samples were prepared from the extracted molars 
using a computerized water-cooled cutting machine equipped 
with a diamond wheel (Struers Ltd., Glasgow, U.K.). Following 
a radiographic assessment, the upper surface for each dentin 
sample was cut under the DEJ and the lower surface above the 
pulp horns as shown in (Figure 1a & 1b). Then a rectangular 
shape having smooth flat surfaces and parallel sides was prepared 
using a water-cooled cylindrical diamond bur and polishing paper. 
Each dentin sample was 7mm long, 5mm wide and 2mm thick [± 
0.1mm]. The dimensions of dentin samples were measured using a 
micrometer screw gauge at three different locations to determine 
their mean thickness, width and length. Dentin sample thickness 
was dictated at 2mm in order to keep away from pulp horns and 
dentino-enamel junction to obtain pure dentin sample with a flat 
and parallel surface free of irregularities and enamel layer. Before 
conducting the ultrasonic measurements, the prepared dentin 
samples were examined under a stereomicroscope to confirm 
absence of cracks or surface irregularities. Fifteen dentin samples 
were prepared for the three experimental groups in the current 
study. Five samples were prepared from 20year old molars (group 
1), five samples were prepared from 50year old molars (group 2) 
and five samples were prepared from carious molars (group 3). 
Samples were kept in a saline solution at 4 ºC. The preparation of 
dentin samples was standard through-out the study.

Figure 1a & 1b: Schematic diagrams of dentin sample preparation.

Experimental setup

The computer controlled experimental setup consisted of 
an acoustic water tank fabricated from transparent Perspex 
and two transducers (each with 2.5MHz frequency). One of the 
transducers was connected to a pulse generator (pulser) and the 

other transducer was connected to a 100MHz digital oscilloscope 
(Tektronix TDS 220, USA). The digital oscilloscope employs Wave 
Star software (Tektronix, Inc., USA). The software controls the 
oscilloscope to capture, display and analyze signal waveforms to 
obtain numerical values via GPIB, RS-232 or internet connections.
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Sample holder

A special sample holder was fabricated from polystyrene 
material to hold the dentin sample between the transducers and to 
prevent sample movement during the ultrasonic measurements.

Ultrasonic velocity measurements

The ultrasonic velocity measurements of dentin samples 
were carried out at 20 ºC using the computer controlled 
experimental set-up [6]. Prior to the ultrasonic measurements, 
the experimental set-up was validated using calibration phantom. 
The dentin samples were thawed for at least one hour before 
ultrasonic measurements, and then each sample was placed in 
the sample holder and inserted into the acoustic water tank filled 
with distilled water (ddH2O). The sample holder with the dentin 
sample was placed in close proximity to the transmitter to ensure 
that all signals effectively passed through the dentin sample. A 
five- minute delay before starting ultrasonic measurement was 
initiated to avoid the effect of water motion on the ultrasonic 
measurement. Then a signal was generated by the pulse generator 
and transmitted through the dentin sample. The received signal 
was transmitted to the digital oscilloscope and saved on the 
computer. The same procedure was repeated for each dentin 
sample.

Scanning electron microscopy examination

After performing all ultrasonic measurements, the dentin 
samples were examined under Environmental SEM–Philips FEI 
XL30. Dentin samples were polished on wet P 1200 carborundum 
paper and washed with ddH2O. Samples were etched with 35% 
w/v phosphoric acid for 15 seconds to remove smear layers and 
again washed with ddH2O. The pulpal surface was marked for each 
sample. The samples were dehydrated through graded alcohol 
containing 50 % v/v, 70 % v/v and 90 % v/v ethyl alcohol for 
30min each. This was followed by two immersions in absolute 

ethyl alcohol for 30 min each in order to avoid tissue shrinkage 
on direct exposure to absolute alcohol. After drying the samples 
in graded alcohol, the samples were further desiccated under 
vacuum overnight at 20 oC. Each sample was mounted on a carbon 
disc and then securely placed on an aluminum SEM stub.

Statistical analysis

Minitab for windows, version 12.1 (Minitab Inc, Pennsylvania, 
USA) (https://www.minitab.com/en-us/), was used in the current 
study. Minitab is a software package for carrying out statistical, 
numerical, and graphical calculations. The software was used to 
perform a t-test and ANOVA test at a confidence level of 95% to 
ascertain the differences between the experimental groups were 
statistically significant. 

Results

Measurements of ultrasonic velocity were carried out on 
dentin samples and the measurements demonstrated that the 
arrival time of wave signal was 35.1µs in 50year old dentin, 
35.8µs in 20year old dentin and 36.4µs in carious dentin using 
Wave Star software. Mathematical calculations of the ultrasound 
velocity measurements using the computer software were carried 
out and the results are shown in Figure 2 for group 1 (20year 
old dentin), group 2 (50year old dentin) and group 3 (carious 
dentin). The figure shows the mean values of ultrasound velocity 
measurements of five samples for each group. Ultrasound velocity 
measurements showed that there were significant differences in 
ultrasound velocity between group 1 and 2, and between group 
2 and group 3 (p < 0.05 at 95% confidence level). After ultrasonic 
measurements, dentin samples were characterized using SEM. 
The SEM micrographs of 20year old dentin, 50year old dentin and 
carious dentin are shown in Figure 3-5, respectively. Based on the 
SEM micrographs, the structural changes can be seen clearly in 
dentin samples due to the aging process and the caries disease.

Figure 2:  Ultrasound velocity measurements of the experimental groups [group 1 (20year old dentin), group 2 (50year old dentin), 
group 3 (carious dentin)]. (*) Indicates significant difference between group 1 and group 2 (p < 0.05 at 95% confidence level) and 
(†) indicates significant difference between group 2 and group 3 (p < 0.05 at 95% confidence level) 
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Figure 3: Electron micrograph scan of 20year old dentin (DTs, Dentinal tubules).

Figure 4: Electron micrograph scan of 50year old dentin (DTs, Dentinal tubules).

Figure 5: Electron micrograph scan of carious dentin (DTs, Dentinal tubules).

Discussion 

The use of ultrasound to investigate dental tissues is increasing 
and the results of these investigations have shown that ultrasound 
has a promising future for dental applications. Several studies have 
been assessing ultrasound velocity on dentin samples, but none of 
these studies have considered the influence of structural changes 

due to aging process or caries on the experimental work. In the 
literature, different values of ultrasound velocity in dentin were 
reported by the earlier studies. The ultrasound velocity values 
were found to be 3870 ± 300m/s by Maev et al. [4], 4000m/s by 
Kossoff and Sharpe [17], 3800 ± 370m/s by Barber [18], 4050 ± 
30m/s by Ng SY [19] and 2800-4300m/s by Löst [20].
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In the current study, the ultrasound velocity measurements of 
dentin samples showed that the arrival time of wave signal was 
35.1µs in 50year old dentin, 35.8µs in 20year old dentin and 36.4µs 
in carious dentin. The arrival time of wave signal indicates that 
the wave signal travels faster in sound older dentin than in young 
dentin and carious dentin. The mean values of the mathematical 
calculations of the ultrasound velocity measurements in 
dentin samples were found to be 4400±30m/s in 50year old, 
3900±24m/s in 20year old and 3750±55m/s in carious dentin, in 
this study. One-way ANOVA test of the mean values of ultrasound 
velocity measurements revealed a significant difference (P < 
0.05 at 95% confidence level) between 20year old and 50year 
old dentin and between 50year old dentin and carious dentin. 
However, there was no significant difference (P < 0.09 at 95% 
confidence level) between 20year old dentin and carious dentin. 
The current results explain the reason for the different values of 
ultrasound velocity in dentin were reported by the earlier studies 
and show that ultrasound has the capability to distinguish the 
changes in dentin structure. Similar results were demonstrated by 
two in-vitro studies. In the first study, the researchers investigated 
structural changes of bone, which is similar to dentin, using 
ultrasound velocity and showed that when the porosity of bone 
decreased, there was a significant increase in ultrasound velocity 
[21]. In the second study, the ultrasound velocity was found to be 
slower in coronal dentin (3903m/s) than that in radicular dentin 
(4226m/s) [22].

Having been careful to fully validate the method by examining 
and comparing the original pulse-echo characteristics of the 
ultrasound transducer before and after the insertion of sample 
holder and the pulse-echo characteristics of ultrasound after 
passing through dentin sample [6], the differences between young 
and old dentin are believed real and indicated that the ultrasound 
velocity in older dentine is faster than that in younger dentin. 
This can be explained by the continuous deposition of peritubular 
dentin on the inner walls of dentinal tubules, which is known to 
reduce the diameter of dentinal tubules, eventually leading to 
complete closure of tubules with increasing age. In effect, the 
young dentin consists of inter tubular dentin, peritubular dentin 
and dentinal fluid in widely open dentinal tubules. Whilst older 
dentin has the same components, there is much more peritubular 
dentin in occluded tubules, and consequently less dentinal fluid. 

As a result of continuous deposition of peritubular dentin 
in older dentin, the inorganic component increases, and the 
structure becomes more homogenous and less porous than young 
dentin. It can be clearly seen in Figure 3 that dentinal tubules 
are widely opened and distributed all over the surface of young 
dentin, whereas in old dentin, most dentinal tubules are partially 
or fully occluded by peritubular dentin deposition (Figure 4). In 
carious dentin, ultrasound velocity was found to be the slowest 
(3750±55m/s) compared to sound old and young dentin. It is 
well documented that caries rigorously damages dentin structure 

by severe demineralization of the inorganic part and widening 
of dentinal tubules, as is clearly shown in the SEM micrograph 
(Figure 5). This study was the first to investigate the capability 
of ultrasound to distinguish structural changes due to the aging 
process and caries in human dentin. Within the limitations of the 
current study, the primary results showed that structural changes 
of human dentin can be distinguished by using ultrasound velocity 
and thus the proposed null hypothesis was rejected. 

Conclusion

The results indicated that structural changes of human 
dentin due to aging process and caries can be distinguished using 
ultrasound velocity, however, further work is required on a larger 
sample size, intermediate ages and restored teeth. 

Clinical Significance

A safe and fast method based on ultrasound measurements, 
that enhances the visualization of dentin structure changes, could 
has a significant potential as diagnostic tools for dentin structure 
analysis and early secondary caries detection in the future.
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