
  

 

Abstract— A conventional optical coherence tomography 
(OCT) system was set up in-house to image early dental 
caries, identify gap formation in the bonding interface for 
restoration and secondary caries. Two-dimensional 
images of tooth samples was obtained and dental defect 
were identified. A novel electro-optic tuning system is 
proposed in order to improve scanning speed and to 
perform noiseless imaging. Preliminary studies were 
conducted with two crystals namely, LiNbO3 (Lithium 
Niobate) and KTP (Potassium Titanyl Phosphate) using a 
SLED source for OCT system and the simulated and 
experimental results were found to be qualitatively 
similar. The tuning range for LiNbO3 and KTP was found 
to be in the order of few micrometers whereas KTN 
(Potassium Tantalate Niobate) using the quadratic 
electro-optic effect is expected to show scanning range of 
tens of micrometers. KTN based hybrid scanning for 
dental caries imaging is also planned. 

 

I. INTRODUCTION 

In recent years, there has been a growing interest in oral 
health monitoring. One of the most prevalent chronic oral 
diseases worldwide is dental caries. Caries are formed due to 
the complex interaction between the tooth surface and the 
biofilm overlaying it [1]. The mineral equilibrium of the tooth 
is affected, from early caries characterized by subsurface 
mineral loses to tooth substance being lost when unattended 
leading to cavity formation where physical intervention 
becomes necessary [2]. Caries identified at early stages can 
be arrested through preventive therapies [3]. In the case of 
heavy demineralisation and tooth restoration procedure, there 
is a need for marginal adaptation of the restoration for the 
treatment to be a success. Due to the morphology of the tooth 
surface and shrinkage of the filling, there may be gap 
formation at the bonding interface, which enables the onset of 
secondary caries, affecting the longevity of the restoration 
and onset of secondary caries [4]. Therefore, there is a need 
for early detection of caries for facilitating non-invasive 
reversal and detection of secondary caries formation in 
restorative procedure. Conventional diagnostic methods used 
to detect caries are visual inspection, tactile inspection and 
radiography [5]. These methods can detect caries only after it 
has progressed to deeper layers in the tooth or up to the bone. 
At this stage, physical removal of the infected area is 
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required. Early caries are characterized by intact tooth surface 
with subsurface mineral loss and hence cannot be identified 
using conventional systems [6]. 

 
Advancement in optical technology has led to the 

development of non-invasive or non-contact optical imaging 
techniques. Optical imaging has several advantages of being 
non-ionizing, real time and high resolution, also providing 
functional information. Optical imaging uses the optical 
properties of the biological tissues such as the refractive 
indices of the tissue compositions and the tissue structure. 
One such imaging technique is an Optical Coherence 
Tomography (OCT). This imaging technique provides high 
resolution morphologic depth images of the tooth. It produces 
cross-sectional images of the internal microstructure in the 
tissue by measuring echoes of backscattered light [7]. OCT 
can be used to produce two and three-dimensional images of 
the tooth.  

In conventional Time Domain Optical Coherence 
Tomography (TDOCT) system, depth scans are produced by 
measuring the intensity of back-scattered light from various 
layers of a sample by a scanning mechanism. Scanning inside 
the tooth sample is performed by moving a reference mirror 
in micrometer order present in the interferometric setup. This 
scanning mechanism is generally implemented using a 
mechanical stepper motor system or a piezoelectric system. 
The mechanical system involves backlash for 
forward-reverse motions, operates at low speeds and involves 
vibrations. Interferometric systems are very sensitive to 
vibrations and pick them up as noise affecting the diagnosis 
output. Piezoelectric system also involves mechanical 
movement of the reference mirror and lacks precise 
positioning on continuous scanning due to hysteresis.  

In the current study, a novel method of scanning based on 
an electro-optic effect is proposed. This effect allows a high 
frequency phase modulation due to faster response time. The 
advantage of the electro-optic tuning is the absence of moving 
parts and high operating speeds than electro-mechanical 
drives. The electro-optic device involves change in refractive 
index of a material in a controlled manner by applying an 
electric field. The changes in the refractive index can translate 
into a number of optical parameters being modified, such as 
phase, polarization, or deflection, as it propagates through the 
device [8]. In the present study, conventional OCT system has 
been setup and tooth samples with early caries and restoration 
were imaged. A proof of concept study of the electro-optic 
based scanning technique for the OCT system is proposed and 
demonstrated. 
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II. OPTICAL COHERENCE TOMOGRAPHY 

The OCT system is based on a Michelson interferometer. 
and the interference signal recorded using a photodetector or 
a camera provides imaging information. Interference occurs 
only when the Optical Path-length Difference (OPD) between 
the sample arm and reference arm is within the coherence 
length of the source being used. Coherence length is inversely 
proportional to the spectral width of the source and it 
represents the resolution of the system. Coherence length [9] 
can be estimated using (1), 

݈ =
2ln2
ߨ ቆ

ଶߣ

ቇߣ∆
 (1) 

 
where, ݈ is the coherence length, ߣ is the center wavelength 
and ∆ߣ is the bandwidth of the source. In order to understand 
the working of OCT system with a broadband 
superluminescent light emitting diode (SLED) source, the 
OCT system was simulated based on the electromagnetic 
field propagation. A source was simulated with a center 
wavelength of 840 nm, spectral width of 48 nm and with a 
Gaussian spectral profile.  

The intensity I of the interference signal was estimated 
for the movement of reference mirror. The interference signal 
is plotted as shown in Fig. 1. The coherence length can be 
estimated from the full-width at half maximum (FWHM) of 
the interference signal and was found to be 6.26 μm. The 
value of the coherence length based on the theoretical 
simulation was approximately matching with the analytical 
calculation of 6.33 μm given by (1). 

 
Fig. 1. Simulated OCT interference signal 

III. ELECTRO-OPTIC BASED SCANNING SYSTEM 

The proposed system of electro-optic based scanning is 
shown in Fig. 2. An electro-optic crystal is inserted in the 
reference arm of the interferometer. This system works on the 
principle of Pockels or Kerr effect [10].  

A high voltage ac/dc supply is connected across the 
crystal as shown in Fig. 3. The applied voltage changes the 
refractive index of the crystal. A linear relationship exists 
between the applied voltage and change in refractive index 
and this result in phase modulation of light passing through it. 

 
 

Fig. 2. Electro-optic based scanning system 

 

Fig. 3. Electro-optic phase modulation 

Different electro-optic crystals, such as Lithium Niobate 
(LiNbO3), Potassium Titanyl Phosphate (KTiOPO4), 
Potassium Tantalate Niobate (KTa1-xNbxO3, KTN) etc. can be 
considered for such application. The change in refractive 
index is as shown in (2) [11].  

∆݊ = ±
݊ଷ

2
× ߛ × ܧ (2) 

where, ∆݊ is the change in refractive index due to the applied 
electric field E (=V/d), ݊  is the refractive index of the 
material, ߛ  is the electro-optic coefficient. This change in 
refractive index induces a phase difference in the light 
passing through it thereby producing the same effect as that of 
a linear movement of the reference mirror.  

As a typical case for LiNbO3 crystal (9x9x25 mm), if we 
consider propagation of light along the optic axis 
(z-direction) with ordinary polarization (parallel to 
y-direction), the refractive index change ∆݊experienced by 
light can be evaluated by using (2) where ݊	is	2.278 (He-Ne) 
and 2.274 (Diode laser) for LiNbO3, ߛଶଶ is 7 pm/V. On the 
other hand for KTiOPO4 crystal (3x3x12 mm), the resultant 
refractive index change ∆݊due to applied electric field for 
light propagating along the optic axis (x-direction) with 
extraordinary polarization (parallel to z-direction) can be 
evaluated, where ݊ is 1.773 (He-Ne) and 1.771 (Diode laser), 
	ଷଷߛ is 36.3 pm/V as described in (2) [12]. The effective 
change in the optical path length due to the change in 
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electric field only to the crystal in the reference arm, the 
optical path-length experienced by light passing through the 
crystal varies - mimicking the mirror movement. The change 
in optical path-length upon applied voltage is studied by 
counting the number of fringe shifts. Electro-optic tuning for 
SLED source was simulated and verified experimentally and 
the fringe shifting pattern is shown in Fig. 7. The trend 
followed by the experimental results was found to be 
qualitatively similar to simulation results.  However, due to 
the background DC term in the interferogram, poor contrast 
was observed. The optical path-length difference achieved for 
LiNbO3 (ߛଶଶ is 7 pm/V) is 0.63 μm for an applied voltage of 6 
kV and that for KTP (ߛଷଷ is 36.3 pm/V) is 1.26 μm for an 
applied voltage of 4 kV voltage. In order to improve the 
scanning range, a crystal with a very high electro-optic 
coefficient value, such as Potassium Tantalate Niobate 
(KTa1-xNbxO3, KTN) can be considered. The optical 
path-length difference for KTN (4x3.2x1.5 mm) (s11 is 
2.210-14 m2/V2) for He-Ne laser source and with an applied 
voltage of 1 kV, is estimated to be ≈441.9 μm and is 
compared with the experimental data of LiNbO3 and KTP as 
shown in Fig. 8. 

 

Fig. 7. Electro-optic study with KTP crystal for SLED source 

  

(a) (b) 
Fig. 8. (a) Comparative electro-optic study of KTN simulation with 

LiNbO3 and KTP experimental data and (b) KTN simulation data 

V. CONCLUSION 

A time domain OCT system was set up in-house for imaging 
early dental caries and restoration bonding interface. A 
two-dimensional image of a tooth sample was obtained and a 
dental defect was identified at a depth of 105 μm from the 
surface of the tooth. A tooth sample with composite filling 
was imaged to identify the bonding interfaces. The proposed 
technique can be used for imaging and measuring the 
characteristics of the interface between the filler material and 
the tooth interface. A novel electro-optic tuning system is 

proposed in order to improve scanning speed and to perform 
noiseless imaging. Preliminary studies were conducted with 
LiNbO3 and KTP using He-Ne, Diode laser and SLED 
sources. In order to increase the range of scanning, a crystal 
with a higher electro-optic coefficient KTN can be 
considered. The tuning range is expected to increase to 51.6 
μm with an application of a voltage of 1 kV for KTN whereas 
LiNbO3 and KTP showed a tuning range of 0.63 μm and 1.26 
μm for an input voltage of 6 kV and 4 kV, respectively. Thus 
a significant increase in scanning range can be used for 
imaging dental caries. However in order to obtain deeper 
imaging, KTN based hybrid scanning, consisting of an 
electro-mechanical movement combined with the 
electro-optic based fine tuning for early dental caries imaging 
is also planned.  
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