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for in vivo Tooth Imaging
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Abstract Optical coherence tomography (OCT) is a non—invasive high resolution cross—sectional imaging method
with high sensitivity. A simple handheld spectral- domain optical coherence tomography (SDOCT) system is
developed for imaging tooth tissues. The design of the handheld OCT probe is described in detail, and the lateral
scanning is realized by using a scanning mirror. The handheld OCT probe is characterized by its compact size and
portable feature, making it easier for in vivo tooth imaging. The system is used for imaging of in vitro and in vivo
tooth tissues. The enamel, dentin and the interface between them can be clearly observed in the high—resolution
tomographic images.
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Fig.1 (a) Schematic of SDOCT system; (b) photograph of handheld probe
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Fig.2 Sensitivity test result of the handheld SDOCT system
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Fig.4 (a) OCT image of tooth enamel; (b) OCT image of tooth dentin; (¢) OCT image at the position marked with red line in Fig. 4(d)
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0204003-5



mOE B ok

BT o B A(d) kBT ) A 1 0 B R, LR 2 B R SR A i 1 DX R BT 4 () A A TS TR BT 4(a) L (b) A3 R A R
5T OCT R AN A AR it OCT EIM& , B 4(c) M A & 2 il 5 A 24 AR I 43 AL 1T OCT B4 o
3.2 EAHRFEXHRER

FIAZ TR OCT RGN T A W AER R . J2 50 F 2R X R TS MU 2 #1745 R aniEl s
fi s, B S5(a) i S TE U 5 1 B8 R o 2D SR AR 0 7 B o 1 X, K R 29 R 2 mm; B 5(b) FRE X OCT &
Gexd ot AR B A5 R o DAIET 5(b) AT LA B S iR B Rl BT L A AR S5 4 A TR AT R LA R S il BRI A AR B Y
Gy P, DT AR B A U SRR B o XFTE AR U5 1 OCT MR AT 28 Jt 40 A, AN 1 14 19 U IR BE 29
1.4 mmo 2R DI PR 1 2 il S50 J5E B 24 1.1 mm , PELARORT L0 B8 A T IG5 ok 24 il ot — A B L TwT s, AR X
Pl J3E W 5 ARG, 5 T B e 32 380 O KA BRI 3 BORE 2 AR o ) R B A 29 0.3 mm, SEER 45 R i — D iE
2 S Jot S 3R B0 KT 28 Rl T, G AE A Rl o b 32 B0 A BELAR 5/N  BUIRER BEAR K, WG HE AT AR TR Z S5,
VR B K, AR 52 3 R A PR

PR AT LA 2598, #5 2 1 F 5520 OCT R G s D i R A5 T AR 36 1R 20 U5 4548 i TR A 8L, mT UK A4
F 15 PEAT S FE R ER I, 2 — AR HE T OCT RGLAE A 1 i R 12 W Hh 1) & e

P,

enamel

dentin—enamel junction

i '-“JIL!I:H;[

5 (a) FT BRI B35 MF 15 B8R (b) M43 50 OCT R Sk 0 18 5(a) P 2T (0 B 2R IX B Y OCT 115
Fig.5 (a) Photograph of the imaged human tooth; (b) in vivo OCT image at the position marked with red line
in Fig. 5(a) obtained by the handheld probe

dentin

4 4 ik

[T T — RO FE 3R OCT RS, M 630 T 0 o A1 U R AR . 44538 OCT H 3 25 4 i 2
5 F S BL TFL A (R RS AR L 7 BT X R 104 B LU AT AR . 5 50 0CT R Sod e 1% T 4558
OCT #R ST T AEHE 305 THRAE R B8 T2 T2 OCT e AR (0 1 428 04 4T 77 AR T L5
I T 8 AL BU AR E T TR OCT B AR I R 2 G 1 KW )

& E X #k
1 Huang D, Swanson E A, Lin C P, et al.. Optical coherence tomography[J]. Science, 1991, 254(5035): 1178-1181.
2 Su Ya, Meng Zhuo, Wang Longzhi, et al.. Correlation analysis and calibration of noninvasive blood glucose monitoring in vivo with optical
coherence tomography[J]. Chinese J Lasers, 2014, 41(7): 0704002.
Do, dh H, TR, &L G T R0 0 oA I b A G 4 B AR a2 1], P O, 2014, 41(7): 0704002,
3 Liao Jiuling, Gao Wanrong. A method of improving signal-to—noise ratio in spectrally encoded microscopy[J]. Acta Optica Sinica, 2015,
35(3): 0317001.
BV, 7 5 . — Tt 1 A0 e A AR AR A e B T ik )], e 2E 24, 2015, 35(3): 0317001,
4 Wang Ling, Tu Pei, Shi Ran, et al.. Quantitative evaluation of three—dimensional bio—printed hydrogel scaffolds by optical coherence
tomography[J]. Chinese J Lasers, 2015, 42(8): 0804003.
£ LA SR G TR TR BOR T T = AR W AT BK BEIR ST AR A5 R I E S WA AT ST Hh RO, 2018,
2015, 42(8): 0804003.
5 Swanson E A, Huang D, Hee M R, et al.. High—-speed optical coherence domain reflectometry[J]. Optics Letters, 1992, 17(2): 151-153.
6 Bian Haiyi, Gao Wanrong, Zhang Xianling, et al.. Reconstruction method based on the detected matrix for spectral-domain optical
coherence tomography[J]. Acta Optica Sinica, 2014, 34(2): 0211003.
R =T R, TRANFS, A L RE T SRR B Y A O 2 AR T BT AR B R R (D). D625 4R, 2014, 34(2): 0211003,

7 Guo Xin, Wang Xiangzhao, Bu Peng, et al.. Effects of scattering on spectral shape and depth resolution in Fourier domain optical coherence

0204003-6



AN I S
tomography[J]. Acta Optica Sinica, 2014, 34(1): 0117001.
oW, Tl L W AR B EAT RS R AR AR S BER AR W], 5655l 2014, 34(1): 0117001
8 Ha G, Lindner M W. “Coherence radar” and “spectral radar” — new tools for dermatological diagnosis[J]. Journal of Biomedical Optics,
1998, 3(1): 21-31.
9 Lexer F, Hitzenberger C K, Fercher A F, et al.. Wavelength—tuning interferometry of intraocular distances[J|. Applied Optics, 1997, 36
(25): 6548-6553.

10 De Boer J F, Cense B, Park B H, et al.. Improved signal—to—noise ratio in spectral-domain compared with time—domain optical coherence
tomography[J]. Optics Letters, 2003, 28(21): 2067-2069.

11 Hsieh Y S, Ho Y C, Lee S Y, et al.. Dental optical coherence tomography[J]. Sensors, 2013, 13(7): 8928-8949.

12 Colston Jr B W, Everett M J, Da Silva L. B, et al.. Optical coherence tomography for diagnosing periodontal disease[C]. SPIE, 1997, 2973:
216-220.

13 Baumgartner A, Dichtl S, Hitzenberger C K, et al.. Polarization—sensitive optical coherence tomography of dental structures[]J]. Caries
Research, 2000, 34(1): 59-69.

14 Amaechib B T, Higham S M, Podoleanu A G, et al.. Use of optical coherence tomography for assessment of dental caries: Quantitative
procedure[]J]. Journal of Oral Rehabilitation, 2001, 28(12): 1092-1093.

15 Lenton P, Rudney J, Chen R, et al.. Imaging in vivo secondary caries and ex vivo dental biofilms using cross—polarization optical coherence
tomography[J]. Dental Materials, 2012, 28(7): 792-800.

16 Imai K, Shimada Y, Sadr A, et al.. Noninvasive cross—sectional visualization of enamel cracks by optical coherence tomography in vitro
[J]. Journal of Endodontics, 2012, 38(9): 1269-1274.

17 Maia A M A, de Freitas A Z, de L. Campello S, et al.. Evaluation of dental enamel caries assessment using quantitative light induced
fluorescence and optical coherence tomography[J]. Journal of Biophotonics, 2015, doi: 10.10021jbio.201500111.

18 Jung W, Kim J, Jeon M, et al.. Handheld optical coherence tomography scanner for primary care diagnostics[J]. IEEE Transactions on
Biomedical Engineering, 2011, 58(3): 741-744.

19 Shelton R L, Jung W, Sayegh S 1, et al.. Optical coherence tomography for advanced screening in the primary care office[J]. Journal of
Biophotonics, 2014, 7(7): 525-533.

20 Zhang N, Tsai T H, Ahsen O O, et al.. Compact piezoelectric transducer fiber scanning probe for optical coherence tomography[J]. Optics
Letters, 2014, 39(2): 186-188.

21 Lee A M D, Cahill L, Liu K, et al.. Wide-field in vivo oral OCT imaging[J]. Biomedical Optics Express, 2015, 6(7): 2664-2674.

22 Wang D, Fu L, Wang X, et al.. Endoscopic swept—source optical coherence tomography based on a two—axis microelectromechanical system
mirror[J]. Journal of Biomedical Optics, 2013, 18(8): 086005.

23 Lu C D, Kraus M F, Potsaid B, et al.. Handheld ultrahigh speed swept source optical coherence tomography instrument using a MEMS
scanning mirror[J]. Biomedical Optics Express, 2014, 5(1): 293-311.

24 Drexler W. Ultrahigh—resolution optical coherence tomography[J]. Journal of Biomedical Optics, 2004, 9(1): 47-74.

25 Schmitt J M. Optical coherence tomography (OCT): A review[]]. IEEE Journal of Selected Topics in Quantum Electronics, 1999, 5(4):
1205-1215.

26 Leitgeb R, Hitzenberger C, Fercher A. Performance of Fourier domain vs. time domain optical coherence tomography[J]. Optics Express,
2003, 11(8): 889-894.

27 Yariv A, Yeh P. Photonics: Optical Electronics in Modern Communications[M]. New York: Oxford University Press, 2007.

28 Hodara H. Statistics of thermal and laser radiation[J]. Proceedings of the IEEE, 1965, 53(7): 696-704.

29 Izatt J A, Choma M A. Theory of Optical Coherence Tomography[M]. Berlin: Springer Berlin Heidelberg, 2008: 47-72.

30 Fried D, Glena R E, Featherstone J D B, et al.. Nature of light scattering in dental enamel and dentin at visible and near—infrared
wavelengths[J]. Applied Optics, 1995, 34(7): 1278-1285.

EERE: X574

0204003-7



