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INTRODUCTION

	 The fact that dental caries continue to be a health 
concern in spite of major advancements in the field of 
dentistry, calls for our attention as health care profes-
sionals.1 Dental caries is a chronic microbial disease 
that results in localized damage of hard tooth structure.2 
The main etiologic agents are acid-producing bacteria, 
predominantly Streptococcus mutans (in caries initi-
ation) and Lactobacilli species (in caries progression). 
Furthermore, due to the interaction of dietary, host 
and environmental factors that occurs over a period of 
time, dental caries is considered to be a multi-factorial 
disease. 

	 Early detection of caries/demineralization is one of 
the most popular research fields.3 Iatrogenic damag-
es caused to the dental tissue by dentist are of great 
concerns.4 The field of minimal invasive dentistry is 

gaining more popularity among the dentist and the 
patients.5

	 Optical Coherence Tomography (OCT) uses an 
optical heterodyne detection scheme which is based on 
the principle of Low Coherence Interferometry (LCI) to 
detect back reflected or back scattered light from the 
sample.6 In general, from a sample a back reflected light 
combines with the reference arm’s back scattered light 
at the fiber optic coupler before entering the photodiode 
detector.7 When optical path of light from reference 
arms and sample are matched the interference of low 
coherent light occurs within the coherence length of 
optical source. As a result of this interference patterns 
which represents depth of back scattered intensity are 
registered as vertical spikes, while their heights are 
registered as intensity of reflected or back scattered 
light (Tommlins et.al. 2005).8 These are the reflectivity 
profiles called “A-Scans”. The combination of many 
one dimensional A-scans can combined to form two 
dimensional cross sectional images which are called 
“B-scans”. They are formed by the lateral scanning 
optical beams across the sample. Similarly C-scans 
are produced by the transverse scanning of different 
depths of the sample.9

	 X-ray micro tomography which is also called Micro 
CT or commonly used XMT or µCT as an abbreviation 
is radiographic imaging technique which has the ability 
to produce Three Dimensional images at a resolution 
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which is better than 1mm at a spatial resolution 
(Mizutani et.al.2012).10 The preparation technique for 
the samples is minimal and for most of the materials 
this technique is non-destructive.11 The benefit for this 
technique is that under different conditions many scans 
can be taken from same samples. For example, a tooth 
can be scanned under normal condition and then the 
effect of different material on the tooth surface can be 
monitored by taking another scan of the same tooth. 
Effect of mineralization and demineralization can be 
observed using this technique and the images produced 
are in extremely high resolution. The images produced 
can be seen in two dimensional high resolution or three 
dimensional ultrasonic imaging.12

	 Scattering Attenuation Microscopy (SAM) tech-
nique helps in detection of differentiating between sev-
eral colors with human eye. False coloring can improve 
the contrast of the images but the over expression of 
signal intensity cannot define the true histopathological 
morphology. Microbubbles or Engineered microspheres 
are often used as exogenous contrast agents. A tech-
nique which is called spectroscopic OCT can be used; 
it has the ability the measure scattering of tissues or 
spectral absorption.13

	 Drishti is a multi-platform, open-source Volume 
Exploration and Presentation Tool. It is used for visu-
alizing tomography data, electron-microscopy data and 
so forth. It aims to ease understanding of the data set 
and to assist with conveying that understanding to the 
research community or a lay person. The central idea 
about Drishti is that the scientists should be able to use 
it for exploring volumetric datasets as well as use it in 
presentations. It has been used number of purposes, 
such as volumetric visualisation of various computer 
tomography datasets.14

MATERIALS AND METHODS

	 The use of OCT as method for imaging tooth sur-
face (Enamel) was investigated. ̀ Drishti` software was 
used for 3-D observation of the scan. These scans were 
made using the software “OctView” and for enhancing 
different levels of mineralization we used ImageJ soft-
ware.15

	 To detect carious lesion by X-Ray Microtomography 
10 non carious extracted teeth were collected from the 
tooth bank that had been kept in a 20 % ethanol con-
taining solution. Samples were cleaned, all the debris 
was removed by washing under normal water; and to 
remove the organic contaminants they were polished 
with pumice slurry. All samples were then placed in 
marked containers containing 20% ethanol in distilled 
water. A grain of thymol was added to keep the solution 
bacteria free. 

	 Samples were placed in the XMT sample containing 
holders. Each sample was tightly packed in the cell/
sample holder to hold the sample firm when the stage 

is moving for the three-dimensional scans. All scans 
were done under standard resolution and the voltage 
was 70 kVp. XMT files produced were in “icq” file 
format which was converted to “Tomview” file using 
the ‘icq2tom” software. Images were generated with 
Tom view and were observed for any pathologies or 
abnormalities. Samples were investigated in all three 
planes with Tomview. 

	 The area of a sample was marked for any abnor-
mality or pathology according to XMT results. The rest 
of the surface was covered with nail varnish to allow 
accurate scanning of that site by OCT exact scanning 
of the area with OCT. An exposed window was left for 
the working area. Then the samples were placed back 
again in the container with ethanol-based solution. 

	 To detect same lesion with Optical Coherence To-
mography 

	 A stage was then created for the OCT scans for 
these samples. The OCT microscope is placed on a 
fixed table and the stage was firmly placed under the 
optical scope. A measuring gauge was fixed with the 
stage so that exact distance for the samples can be set 
under the optical scope for all the samples. 

	 The direction and height from the base of the stage 
for tooth sample was noted for all scans. This step was 
taken to locate the sample at nearly exact position for 
rescanning after treating them with different solutions 
later in the project. The software that was used to scan 
the sample was “octView” (Fig1). The number of B-scans 
was set to 400, B-scan width was set to 250. Images 
were produced and analysed using ImageJ software 
(Fig2)

RESULTS

	 To detect and locate carious lesion by X-Ray 
Microtomography 

	 The results of the scans revealed that out of six non 
carious teeth, two of the samples had areas of deminer-
alization which were not visible from eye examination. 
In one of the sample a V-shaped lesion was found in 
enamel with its narrow side touching the dentine surface 
(fig 3). There was also a thin opaque line on the surface 
of the enamel which was continuous with the rest of 
the enamel surface. 3-D observation was confirmed 
using Drishti software around the area of lesion. In 
the second sample there was a linear shaped lesion 
on the distal side of the tooth which ended up with a 
deeper lesion on one side as marked in the figure # 23. 
On observation it was found that in sample a fracture 
line runs throughout the centre of the the enamel and 
dentin surface. 

	 The Figure 5 and Figure 6 are representative image 
of an Optical Coherence Tomography two dimensional 
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Fig 1: Mineralized Tooth obtained from ImageJ Soft-
ware using OCT

Fig 4: Remineralization around the lesion. Enamel re-
moved using the software Drishti for 3-D observation. 

Fig 5: SAM software showing back scattering  
attenuation

Fig 2: Same tooth enhanced with ImageJ software 
showing dense mineral zones 

Fig 6: Oct image showing the V-shaped lesion

Fig 7: Image enhanced using with Image J showing 
mineral zones

Fig 3: μCT showing a V-shaped lesion on the surface 
of enamel with its base touching the surface of the 

dentin. 
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(2-D) depth B-scan taken across the region of demin-
eralization surrounded by sound enamel. There is 
significant subsurface light back scattering of light at 
the lesion site when compared to the back scattering 
of the surrounding enamel. Light has penetrated deep 
in the area of demineralization and is reflected back 
when it hits the sound enamel. The manual light-scale 
confirms the deeper penetration of light in the demin-
eralized site. 

	 When the average mean of penetration depth was 
noted and was compared with surrounding sound 
enamel depth of penetration, it was observed that the 
average depth of the light penetration at lesion site 
was 10.49+/-3.69 μm and the average depth of light 
penetration in the surrounding sound enamel was 8.49 
+/- 5.2 μm. The two-tailed P value is less than 0.0001. 
By conventional criteria, this difference is considered 
to be extremely statistically significant. 

DISCUSSION 

	 Early detection of caries/demineralization is one of 
the most popular research fields. Iatrogenic damages 
caused to the dental tissue by dentist are of great con-
cerns. The field of minimal invasive dentistry is gaining 
more popularity among the dentist and the patients.

	 The results of the XMT scans revealed areas of 
demineralization which were not visible with the eye. 
When these scans were compared with the results of 
OCT, it was found that OCT can detect changes in 
degree of mineralization of tooth. In the figure 3, it is 
observed that there is thin opaque line on the surface 
of caries which could suggest that there is possible rem-
ineralization occurring on the surface. When lesion was 
compared with the image created with ImageJ. Around 
the lesions there is a dark zone surrounding it, when 
image was observed with Drishti software using 3-D 
technology, it was found that there is remineralizing 
around the lesion site, only explanation of the dark 
zone was that area of remineralization was giving a 
different back and light was not able to pass below it. 

	 OCT can be used under conditions similar to oral 
cavity for the determination of changes in the enamel 
surface. In one of the studies early erosion on bovine 
enamel was recently done.16 Samples can be immersed 
in different demineralization solutions with different 
pH and real time observation of process of deminer-
alization can be seen. A portable optical probe can be 

designed for the dental clinical use, for easy scanning 
inside the oral cavity. 

CONCLUSION

	 OCT can detect carious lesions that are invisible 
to the eye, assess mineral density of enamel. Develop-
ment of the technique to allow chairs-side diagnosis 
will permit early intervention to maintain oral and 
preserve whole body health.

REFERENCES 
1	 Hujoel PP, Hujoel MLA, Kotsakis GA. Personal oral hygiene 

and dental caries: A systematic review of randomised controlled 
trials. Gerodontology. 2018 Dec;35(4):282–89. 

2	 Aas JA, Paster BJ, Stokes LN, Olsen I, Dewhirst FE. Defining 
the Normal Bacterial Flora of the Oral Cavity. J Clin Microbiol. 
2005 Nov;43(11):5721–32.

3	 Philip N, Suneja B, Walsh LJ. Ecological Approaches to Den-
tal Caries Prevention: Paradigm Shift or Shibboleth? CRE. 
2018;52(1–2):153–65. 

4	 Lussi A, Gygax M. Iatrogenic damage to adjacent teeth during 
classical approximal box preparation. Journal of Dentistry. 
1998 Jul;26(5–6):435–41

5	 Walsh LJ, Brostek AM. Minimum intervention dentistry prin-
ciples and objectives. Aust Dent J. 2013 Jun;58 Suppl 1:3–16.

6	 Podoleanu AG. Optical coherence tomography. J Microsc. 2012 
Sep;247(3):209–19.

7	 Fujimoto JG, Pitris C, Boppart SA, Brezinski ME. Optical Co-
herence Tomography: An Emerging Technology for Biomedical 
Imaging and Optical Biopsy. Neoplasia. 2000 Jan;2(1–2):9–25.

8	 Tomlins P, Wang R. Theory, developments and applications of 
optical coherence tomography. J Phys D: Appl Phys. 2005 Aug 
7;38:2519–35

9	 Agrawal A, Pfefer TJ, Woolliams PD, Tomlins PH, Nehmetallah 
G. Methods to assess sensitivity of optical coherence tomography 
systems. Biomed Opt Express, BOE. 2017 Feb 1;8(2):902–17.

10	 Mizutani R, Suzuki Y. X-ray microtomography in biology. Micron. 
2012 Feb;43(2–3):104–15. 

11	 Park Y-S, Bae K-H, Chang J, Shon W-J. Theory of X-ray micro-
computed tomography in dental research: application for the 
caries research. In 2011. 

12	 Latief FDE, Sari DS, Fitri LA. Applications of Micro-CT scan-
ning in medicine and dentistry: Microstructural analyses of a 
Wistar Rat mandible and a urinary tract stone. J Phys: Conf 
Ser. 2017 Aug;884:012042

13	 Tomlins PH, Adegun O, Hagi-Pavli E, Piper K, Bader D, Fortune 
F. Scattering attenuation microscopy of oral epithelial dysplasia. 
J Biomed Opt. 2010 Dec;15(6):066003

14	 Limaye A. Drishti: a volume exploration and presentation tool. 
In: Developments in X-Ray Tomography VIII [Internet]. Inter-
national Society for Optics and Photonics; 2012 . p. 85060X.

15	 Hartig SM. Basic Image Analysis and Manipulation in ImageJ. 
Current Protocols in Molecular Biology. 2013;102(1):14.15.1-
14.15.12.

16	 Aden A, Anderson P, Burnett GR, Lynch RJM, Tomlins PH. 
Longitudinal correlation of 3D OCT to detect early stage erosion 
in bovine enamel. Biomed Opt Express. 2017;8(2):954–73. 

CONTRIBUTIONS BY AUTHORS
1	 Nauman Bari Khan:	 Principal Author, Manuscript Writing .
2	 Simon Rawlinson:	 Project Co-Supervisor.
3	 Pete Tomlins:	 Project Co-Supervisor, OCT.
4	 Paul Anderson:	 Project Supervisor, XMT.


