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Study on application to the field of dentistry using optical coherence tomography (OCT)

Se-Wook Pyo!, Young-Joon Lim', Won-Jin Lee?, Jun-Jae Lee'*

'Department of Prosthodontics, School of Dentistry, Seoul National University, °Department of Oral and Maxillofacial Radiology,
Dental Research Institute, School of Dentistry, Seoul National University, Seoul, Republic of Korea

Purpose: This paper describes the basic principles and the feasibility of the field of dental diagnosis of optical coherence tomography (OCT) used in diverse field of medical
diagnosis. Materials and methods: In this review, the research data of OCT were searched from PubMed, medical journal and related papers. Results: Generally, OCT is non-
invasive and is possible to secure an excellent spatial resolution and real-time images of biological microstructure. Conclusion: This review discusses not only the basic prin-
ciples of operation, types, advantages, disadvantages of OCT but also the future applications of OCT technology and their potential in the field of dental diagnosis. (J Korean

Acad Prosthodont 2017,55:100-10)
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Table 1. Comparison of the dental OCT and other medical imaging equipment
Type Advantage Weakness
X-ray - low cost - radiation exposure
- wide measurement range - low resolution
- only 2D image
Dental CT - wide measurement range - no real-time image
- 3D image available - radiation exposure
- low resolution
Intraoral digital camera - low cost - surface observation only

- no radiation exposure

Periodontal probe - low cost - low sensitivity
- wide measurement range - no image
- invasive method
OCT - high resolution - limited penetration depth and scan range
- real-time image acquisition
- 3D image available
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Table 2. Medical applications and contents of OCT

Application fields Application contents

Ophthalmology Retina (AMD (Age-Related Macular Degeneration), diabetic retinopathy, glaucoma, retinal macular hole), anterior eye segment (LASIK surgery

before/after flap thickness measurement, measuring intraocular lenses, glaucoma narrow iridocorneal angle measurements)

Cardiovascular Risk thrombosis diagnosis, visualization stents, peripheral vascular disease diagnosis

Dental X-ray equipment replacement (10-fold higher resolution)

Dermatology Diagnosis and treatment of skin/scalp, non-invasive blood glucose measurement

Cancer diagnosis Cancer diagnosis and treatment occurred in the bladder (usually diagnostic endoscopic type), stomach, lung, uterine, breast, skin etc.
Urology Diagnosis and surgery for prostate, bladder and related diseases

Non-medical fields

Jewelry appraisal, fingerprint detection, medical equipment test, industrial measuring devices, measuring devices for MEMS (Micro

Electro Mechanical System) equipment, pharmaceuticals coating state analysis, polymer characterization, thin film thickness measurement,

inspection wipers

Data source: Optical Coherence Tomography 2010: Technology, Applications and Markets, Strategies Unlimited, 2010.%
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Fig. 1. The principle of the Michelson interferometer.
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Fig. 2. The principle of confocal microscopy.
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Fig. 3. Comparison of resolution and tissue penetration depth with OCT and oth-
er medical imaging equipment. (Data source: OCT supports industrial nondestructive
depth analysis. Laser Focus World. 2011.8)."
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Table 3. Feature comparison of SD-OCT vs SS-OCT

SD-OCT SS-OCT
Light source SLD Swept laser
(Superluminescent Diode)
Center wavelength 840 nm 1,050 nm
A-scan rate 50,000 Hz 100,000 Hz
Resolution (x) 20 um 20 um
B-scan measurement time 1.0 sec (50x) 1.0 sec (96x)
Imaging depth 2.3 mm 2.6 mm
B 5 s
Fixed mirror
E .
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Fig. 4. The schematics of (A) TD-OCT and (B) FD-OCT.
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Table 4. Types and principles of OCT by image representation

OCT types Methods Principles
TD-OCT Time domain Michelson interferometer
FD-OCT SD-OCT Frequency domain or Fourier domain Spectral domain
SS-OCT Swept source
PS-OCT Polarization sensitive Polarized light by the birefringence
Doppler OCT Doppler effect
A Spectral OCT B Swept Source OCT
Reference 'J,J ﬁ. I‘Ic‘a AU Reference
Mirror LA T Mirror
u,
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Fig. 5. Block diagrams of the OCT methods with the use of Fourier-domain detection. (A) Spectral OCT, (B) Swept source OCT.
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Fig. 8. Measurement of marginal fit between implant and abutment using 3-D OCT. (A) OCT image of the control which was tightened without stainless steel plates with
three-dimensional (3-D) OCT image. (B) The sample in (a) overlaid with porcine gingiva (GN). Implant surface is in a close proximity to the GN. (C) Increased signal inten-
sity at the implant-abutment interface corresponds to gap between an implant and an abutment in OCT image (arrows). The length of this line indicates GS. The bottom
image is a 3-D OCT scan. (D) Porcine tissue covering the implant-abutment interface. The gap (arrows) can be clearly observed in this sample (with permission from J

Biomed Opt®).
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