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INTRODUCTION

 According to the World Health Organization (WHO), 
dental caries although largely preventable, is prevalent 
among 60–90% of school-age children and is virtually 
universal among adults worldwide.1

 It necessitates the need for continuous innovation at 
the level of research, development and implementation 
of effective diagnostics and preventive strategies. The 
health gains of prevention are intuitive – it is wiser to 
prevent a disease than to face its harmful manifesta-
tions once it reaches severity. 

 Dental caries is a chronic microbial disease that 

results in localized damage of hard tooth structure. 
The main etiologic agents are acid-producing bacteria, 
predominantly Streptococcus mutans (in caries initia-
tion) and Lactobacilli species (in caries progression).2

 Following the production of acid, as the pH drops, 
the level of calcium and phosphate ions also drops. The 
risk of demineralization increases as pH lowers and 
the tooth releases subsurface calcium and phosphate 
ions into the plaque in an attempt to neutralize the 
acid. The critical pH at which a tooth starts to dissolve 
varies among individuals. It may range from 6.5 in 
individuals with low levels of calcium and phosphate 
in saliva to 5.5 in those with higher salivary concen-
trations of calcium and phosphate.3 It may be as low as 
5.1 for dental plaque. When demineralization exceeds 
the natural re-mineralization capacity of saliva, it will 
eventually lead to a carious lesion.4

 Demineralization is the process of removing min-
erals, in the form of mineral ions, from dental enamel. 
Demineralization is another term for "dissolving the 
enamel". Dental enamel is a crystalline latticework 
composed of various minerals, the principle component 
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of which is a complex calcium phosphate mineral called 
hydroxyapatite.5 A substantial number of mineral ions 
can be removed from hydroxyapatite latticework with-
out destroying its structural integrity; however, such 
demineralized enamel transmits hot, cold, pressure 
and pain much more readily than normal enamel.

 Optical technology has a distinguished and very 
long history in the field of medicine. After the invention 
lasers in the field of surgery, there has been a rapid 
development in the field of optical fibers which led 
to the invention of endoscopes which were capable of 
viewing or imaging internal organs inside the body.6

 Optical Coherence Tomography (OCT) is a novel 
Three-Dimensional (3-D) imaging technology which 
produces cross-sectional high-resolution images of 
internal microstructures of living tissue (16) Tomo-
graphic techniques provide non-invasive diagnostic 
images by generating slice images of 3-D objects.7 It 
should be noted that there is a very fundamental and 
basic difference between optical tomography and other 
imaging techniques such as magnetic resonance imaging 
and X-rays. Optical tomographic (OT) techniques are 
heavily influenced by diffraction, which suggest that 
“Fourier slice theorem” cannot be implied in the image 
construction and analysis.8

 Optical Coherence Tomography primarily deals 
with ballistic and near ballistic photons which are 
basically the photons which travel in a straight line 
in turbid medium for a specific distance.9 In order to 
map the two dimensional (2-D) lateral reflectance of 
the sample, depth scans are performed at successive 
depths. (10)

 Micro CT shares its basic function with com-
puterised axial tomography (CAT or CT) scans, this 
equipment is used in the field of medicine for the last 
thirty to forty years.11 These techniques which were 
an extension of conventional projection radiography 
produce a 2-D image of internal structure when they 
were given a sufficient powerful source.12 Because of 
the variation in x-ray absorption broken bones, decayed 
teeth can be easily identified when compared with the 
surrounding bone or tissue. It can scan specimens be-
tween one millimeter and one centimeter in size and it 
can also create images in cross sections which approach 
around 1um in spatial resolution.13

 It is used for visualizing tomography, electron-mi-
croscopy data and so forth. It aims to ease understand-
ing of the data set and to assist with conveying that 
understanding to the research community or a lay 
person.

 Scattering Attenuation Microscopy (SAM) software 
shows demineralized surface area of enamel. It shows 
Ztop and Zbottom backscattering lines in yellow colour. 
Ztop showing when light hits the enamel surface and 
Bottom showing lower end when light it is backscat-

tered. (Figure 3). The green and red lines on the side 
show the area of enamel taken for scanning.14

MATERIALS AND METHODS 

Making of the Demineralizing Solution

 The demineralizing solution used in this study 
was 0.1 mol l-1 acetic acid and was prepared using 
de-ionized water and buffered to pH 4 by adding 1 mol 
l-1 NaOH. A pH meter (Orion-pH/ISE meter model 
710) was used to measure the pH of the solution and 
then the solution was kept in a bottle. The bottle was 
sterilized in an autoclave at a temperature of 121°C 
and pressure 15 p.s.i for about 15-30 minutes. 

Method

 Six non carious extracted teeth were taken for 
this part of the project. Samples which had already 
been scanned using X-ray Microtomography (XMT) 
and Optical Coherence Tomography (OCT) and deter-
mined to have no pathology or abnormality were used 
for this section. They were covered with nail varnish 
and a window was left on the enamel surface. As the 
non-demineralized reading was acquired, the samples 
were then put in small glass containers and 30ml of 
demineralizing solution was added to each container. 
The containers were covered and were kept in a moving 
incubator for 24 hours. The solution was changed after 
24 hours; pH was again taken to confirm the acidity 
of the solution before changing it. After 48 hours the 
samples were taken out and were washed with normal 
running water. After washing the samples, they were 
scanned with OCT microscope. Images after scanning 
with OCT were scanned with X-Ray Microtomography 
(XMT) to confirm the areas of demineralization within 
the desired window.

Plotting the images for depth of penetration

 An excel map was created using the SAM software 
for measuring the depth of light penetration in the 
working area. OCT image volume for number of B-scan 
was set at 400, B-scan width was set 250, A-scan was set 
90000 and the scan width was set at 1. In the Excel files, 
each cell represents a single pixel in the corresponding 
SAM image. The coordinates are noted for the region 
of interest in the excel file. Same area was taken for 
both samples and a histogram were plotted using the 
selected data. The histogram created was frequency of 
reading of depth of light penetration plotted against 
depth of light penetration (frequency distribution his-
togram). Histogram was helpful in comparing if there 
is any shift in the graph due to different depth of light 
penetration between the two samples. A 100x100 pixel 
area was taken for the plotting of histograms where 
number of observations (n) was 10,000.

 An unpaired t-test and paired t-test were used to 
compare two sample means of pre-demineralization 
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and demineralized samples. The data selected for this 
is the same which was taken for histograms. Un-paired 
t-test was used to compare the differences in mean 
penetration, before and after demineralization 

 OCT Images were reconstructed using the 3D 
software ‘Drishti’ and the effect of demineralization 
was observed on the surface of the tooth.15

RESULTS

 There is a significant difference between the min-
eralized and demineralized enamel surface. Graph 
showing the average depth of light penetration before 
and after demineralization. (Fig-1) Scattering Attenu-
ation Microscopy revealing that the back scattering of 
mineralized area is less and the distance between Ztop 
and Zbottom is very narrow whereas is seen wide in the 
area which was demineralised as shown in the figure 
2. The average depth of penetration in the mineralized 
zone was found to be 10.65 ± 1.55 µm and when it was 
compared after the demineralization of the same site it 
was observed to be: 23.29 ± 3.65 µm and student paired 
t-test value were 0.03 suggesting a statistically signif-
icant result. Thus, suggesting a deeper penetration of 
light in the demineralized samples. The back-scattering 
image of mineralized sample showing a blue image 
and the demineralized area showing a mix of green 
and yellow scattered all over. This difference in depth 
in penetration when shown in a histogram shows a 
different curve as shown in figure 3. There is a shift 
towards the right side showing greater penetration 

 SAM processing image showing the small separation 
between Ztop and Zbottom (Fig 2A) A large separation is 
seen between Ztop and Zbottom in demineralized enamel 
surface (Fig 2B) There is least penetration of light 
into the mineralized enamel surface (Fig 2C) There 
is greater penetration of light in the demineralized 
surface of enamel. (Fig 2D) The histogram is showing 
the separation between the two means and the data is 
normally distributed. (Fig 3) There is a shift towards 
right after demineralization suggesting deeper pene-
tration of light. The mean difference for mineralized 
sample and demineralized sample is 13.43 µm and 
22.33 µm.

DISCUSSION

 The penetration of light in demineralized enamel 
surface is greater than the mineralized surface. The 
reason for greater penetration is due to loss of dense 
enamel tissue allowing light to pass through. It can 
be observed that light has penetrated more in some 
samples while in some sample the average depth of 
penetration is less. The degree of demineralization 
can depend on factors like age suggesting that younger 
enamel can demineralize much faster than the aged 
one. 17 It can also depend on the site of enamel as cuspal 
areas in posterior teeth and cingulum in incisors are 
more densely mineralized. 

Fig 1: Graph showing six samples before and after 
demineralization difference

Fig 2: Figure showing depth of light penetration 
before and after demineralization 

Fig 3: Sample showing before and after demineral-
ization of enamel.

 In a study done by Al Sayed, it was observed that 
Optical Coherence Tomography can be used to non-de-
structively monitor the integrity of such coatings, as well 
as enamel changes adjacent and beneath to them.18 In 



21Pakistan Oral & Dental Journal Vol 41, No. 1 (January-March 2021)

Demineralisation of enamel

another study done by Tsai et al illustrates that OCT 
was helpful when used as an indicator of early-stage 
cavity formation and demineralization of the tooth sur-
face can be successfully detected by Optical Coherence 
Tomography.19

 Austin Rs et al detected Optical Coherence To-
mography (OCT) signal changes in the superficial 
sub-surface enamel of upper central incisor teeth of 
healthy individuals after rinsing from orange juice.20 
Shimada et al used OCT for diagnosis of cracks, caries 
and defects in tooth restorations.21 Kim JM used optical 
coherence tomography for automatic detection of tooth 
cracks in images. They were able to distinguish split 
and craze lines, structural cracks, in tooth cracks using 
OCT images, and automatically detected the position 
of various cracks in the optical coherence tomography 
images.22 In a study done by Chew HP, concluded that 
Optical Coherence Tomography was able to detect 
demineralization after 10 minutes of erosive stimuli 
and could be used to monitor the progression of demin-
eralization of initial enamel erosion in vitro.23

CONCLUSION

 Keeping in mind the results of this study it can be 
conducted that OCT is able to detect changes in the 
degree of mineralization in enamel surface. This sug-
gests that early changes in degree demineralization in 
a tooth surface can be detected by OCT. This degree of 
demineralization can be confirmed using the software 
called‘Scattering Attenuation Microscopy” which mea-
sures the volumetric data and produces SAM images 
for colour coding of light penetration. 

 Though the resolution and the structure cannot be 
compared to XMT but it is safe and useful in detecting 
early changes in enamel mineral concentration.
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