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Development of Terahertz Pulse Imaging Technology and Its Application to
Adhesive Dental Restoration
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Recent advancements in non-destructive imaging technologies have improved
understanding of dental bonding mechanisms and early caries diagnosis. With caries being globally
prevalent, this study focuses on advancing minimally invasive adhesive restorative dental
treatments. We have uncovered new insights into the interaction between dental adhesives and
hydroxyapatite, and tooth surface deproteinization. Further, we optimized Terahertz Pulse
Time-Domain Spectroscopy (THZ-TDS), enhancing imaging precision for the adhesive restorative
treatments. Using optimized THZ-TDS, we have non-destructively examined dental defects and inside
restorations. These findings, presented at the 7th International Adhesive Dentistry Conference,
suggest potential for novel diagnostics, efficiency in restorative treatments, and enhanced
longevity of adhesive restorative procedures.



OCT

THz

THz THz

THz

THz

in vitro

OCT
TMR CLSM TEM SEM



THZ-TDS

2022
THZ-TDS

100pm 200pm 11ps



35 35 34 24

Motoyama Yutaro Yamauti Monica Nakajima Masatoshi Ikeda Masaomi Tagami Junji Shimada 15

Yasushi Hosaka Keiichi

Hydroxyapatite Affects the Physicochemical Properties of Contemporary One-Step Self-Etch 2022

Adhesives

Materials 8255 8255
DOl

10.3390/ma15228255

Sanon Kittisak Tichy Antonin Hatayama Takashi Thanatvarakorn Ornnicha Prasansuttiporn 38

Taweesak Wada Takahiro Shimada Yasushi Hosaka Keiichi Nakajima Masatoshi

Addition of metal chlorides to a HOCI conditioner can enhance bond strength to smear layer 2022

deproteinized dentin

Dental Materials 1235 1247
DOl

10.1016/j .dental .2022.06.006

Shioya Yorichika Tichy Antonin Yonekura Kazuhide Hasegawa Mayu Hatayama Takashi lkeda 13

Masaomi Tagami Junji Nakajima Masatoshi Hosaka Keiichi

Sodium p-Toluenesulfinate Enhances the Bonding Durability of Universal Adhesives on 2021

Deproteinized Eroded Dentin

Polymers 3901 3901
DOl

10.3390/polym13223901

Antonin Tichy, Kelichi Hosaka, Yi Yang, Yutaro Motoyama, Yasunori Sumi, Masatoshi Nakajima, 23

Junji Tagami

Can a New HEMA-free Two-step Self-etch Adhesive Improve Dentin Bonding Durability and Marginal 2021

Adaptation?

The Journal of Adhesive Dentistry 505-512

DOl
10.3290/j . jad.b2288233




Keiichi Hosaka, Antonin Tichy, Daisuke Araoka, Wurihan Wurihan, Yo Shibata, Masaomi lkeda, 23

Celso Afonso Klein Jr, Junji Tagami, Masatoshi Nakajima

Eight-year Microtensile Bond Strength to Dentin and Interfacial Nanomechanical Properties of a 2021

One-step Adhesive

The Journal of Adhesive Dentistry 461-467
DOl

10.3290/j . jad.b1999815

RUMMANI Ghassan IDE Kurumi HOSAKA Keiichi TICHY Antonin ABDOU Ahmed OTSUKI Masayuki 40

NAKAJIMA Masatoshi

Regional ultimate tensile strength and water sorption/solubility of bulk-fill and conventional 2021

resin composites: The effect of long-term water storage

Dental Materials Journal 1394 1402
DOl

10.4012/dmj .2021-101

Nooruldeen Ali Saeed, Antonin Tichy, Yusuke Kuno, Keiichi Hosaka, Junji Tagami, Masatoshi 23

Nakajima

Effect of Surface Moisture on Bur-cut Dentin on Bonding of HEMA-free and HEMA-containing 2021

Universal Adhesives with or without Methacrylamide Monomer

The Journal of Adhesive Dentistry 327-334
DOl

10.3290/j . jad.b1650121

Ishikawa Kyoko Yamauti Monica Tichy Antonin Ikeda Masaomi Ueno Takeshi Wakabayashi -

Noriyuki Thanatvarakorn Ornnicha Prasansuttiporn Taweesak Klein-Junior Celso Afonso

Takahashi Akifumi Takagaki Tomohiro Nakajima Masatoshi Tagami Junji Hosaka Keiichi

UV-Mediated Photofunctionalization of Indirect Restorative Materials Enhances Bonding to a 2021

Resin-Based Luting Agent

BioMed Research International 1 8

DOl
10.1155/2021/9987860




HOSAKA Keiichi KUBO Shisei TICHY Antonin IKEDA Masaomi SHINKAI Koichi MASEKI Toshio 40

RIKUTA Akitomo SASAZAKI Hiromi SATOH Kaori FUJITANI Morioki HANABUSA Masao YAMAMOTO

Takatsugu YOSHIKAWA Kazushi MORIGAMI Makoto UNO Shigeru SUGIZAKI Junpei YATANI Hirofumi

NIKAIDO Toru

Clinical effectiveness of direct resin composite restorations bonded using one-step or two-step 2021

self-etch adhesive systems: A three-year multicenter study

Dental Materials Journal 1151 1159
DOl

10.4012/dmj .2020-428

KOBAYASHI Shun NAKAJIMA Masatoshi FURUSAWA Kiyoka TICHY Antonin HOSAKA Keiichi TAGAMI 40

Junji

Color adjustment potential of single-shade resin composite to various-shade human teeth: Effect 2021

of structural color phenomenon

Dental Materials Journal 1033 1040
DOl

10.4012/dmj .2020-364

HASEGAWA Mayu TICHY Antonin HOSAKA Keiichi KUNO Yusuke IKEDA Masaomi NOZAKI Kosuke CHIBA 40

Ayaka NAKAJIMA Masatoshi TAGAMI Junji

Degree of conversion and dentin bond strength of light-cured multi-mode adhesives pretreated or 2021

mixed with sulfinate agents

Dental Materials Journal 877 884
DOl

10.4012/dmj .2020-346

ALMASABI Waleed TICHY Antonin ABDOU Ahmed HOSAKA Keiichi NAKAJIMA Masatoshi TAGAMI Junji 40

Effect of water storage and thermocycling on light transmission properties, translucency and 2021

refractive index of nanofilled flowable composites

Dental Materials Journal 599 605

DOl
10.4012/dmj . 2020-154




Hasegawa M, Tichy A, Hosaka K, Kuno Y, lkeda M, Nozaki K, Chiba A, Nakajima M, Tagami J.

Degree of conversion and dentin bond strength of light-cured multi-mode adhesives pretreated or 2021

mixed with sulfinate agents

Dent Mater J -
DOl

10.4012/dmj . 2020-346

Dwiandhany WS, Abdou A, Tichy A, Yonekura K, lkeda M, Hosaka K, Tagami J, Nakajima M. -

Additive effects of touch-activated polymerization and extended irradiation time on bonding of 2021

light-activated adhesives to root canal dentin

Dent Mater J -
DOl

10.1016/j -prosdent.2020.11.021

Tichy A, Brabec M, Bradna P, Hosaka K, Chiba A, Tagami J. 115

Influence of central and peripheral dentin on micro-tensile bond strength estimated using a 2020

competing risk model.

J Mech Behav Biomed Mater

104295-104295

DOl
10.1016/j . ymbbm.2020.104295

Almasabi W, Tichy A, Abdou A, Hosaka K, Nakajima M, Tagami J.

Effect of water storage and thermocycling on light transmission properties, translucency and
refractive index of nanofilled flowable composites

2020

Dent Mater J

DOl
10.4012/dmj . 2020-154




Soontornvatin V, Prasansuttiporn T, Thanatvarakorn O, Jittidecharaks S, Hosaka K, Foxton RM, 40

Nakajima M.

Bond strengths of three-step etch-and-rinse adhesives to silane contaminated dentin 2021

Dent Mater J 385-392
DOl

10.4012/dmj . 2020-025

Madrigal EL, Tichy A, Hosaka K, lkeda M, Nakajima M, Tagami J. 40

The effect of curing mode of dual-cure resin cements on bonding performance of universal 2020

adhesives to enamel, dentin and various restorative materials

Dent Mater J 446-454
DOl

10.4012/dmj . 2020-077

Kaykhine P, Tichy A, Abdou A, Hosaka K, Foxton RM, Sumi Y, Nakajima M, Tagami J. 40

Long-term evaluation of warm-air treatment effect on adaptation of silane-containing universal 2021

adhesives to lithium disilicate ceramic

Dent Mater J 379-384
DOl

10.4012/dmj . 2020-057

Tichy A, Brabec M, Bradna P, Hosaka K, Tagami J. 36

A competing risk model for bond strength data analysis. 2020

Dent Mater 1508-1515
DOl

10.1016/j .dental .2020.09.004.




Shimada Y, Burrow MF, Araki K, Zhou Y, Hosaka K, Sadr A, Yoshiyama M, Miyazaki T, Sumi Y, 10
Tagami J.
3D imaging of proximal caries in posterior teeth using optical coherence tomography 2020

Sci Rep

15754-15754

DOl
10.1038/s41598-020-72838-2.

Yonekura K, Hosaka K, Tichy A, Taguchi K, lkeda M, Thanatvarakorn O, Prasansuttiporn T, 39

Nakajima M, Tagami J.

Air-blowing strategies for improving the microtensile bond strength of one-step self-etch 2020

adhesives to root canal dentin

Dent Mater J 892-899
DOl

10.4012/dmj .2019-299

Paing SY, Tichy A, Hosaka K, Nagano D, Nakajima M, Tagami J. 128

Effect of smear layer deproteinization with HOCI solution on the dentin bonding of conventional 2020

and resin-modified glass-ionomer cements

Eur J Oral Sci 255-262
DOl

10.1111/e0s.12694

Hatayama T, Kano Y, Aida A, Chiba A, Sato K, Seki N, Hosaka K, Foxton RM, Tagami J, Nakajima M. 24

The combined effect of light-illuminating direction and enamel rod orientation on color 2020

adjustment at the enamel borders of composite restorations

Clin Oral Investig 2305-2313

DOl
10.1007/s00784-019-03085-7.




Kusumasari Citra Abdou Ahmed Tichy Antonin Hatayama Takashi Hosaka Keiichi Foxton Richard 94
M. Wada Takahiro Sumi Yasunori Nakajima Masatoshi Tagami Junji
Effect of smear layer deproteinization with chemo-mechanical caries removal agents on sealing 2020

performances of self-etch adhesives

Journal of Dentistry

103300 103300

DOl
10.1016/j . jdent.2020.103300

Hatayama Takashi Kano Yukinori Aida Asami Chiba Ayaka Sato Kento Seki Naoko Hosaka 38
Keiichi Foxton Richard M. Tagami Junji Nakajima Masatoshi
The combined effect of light-illuminating direction and enamel rod orientation on color 2019
adjustment at the enamel borders of composite restorations
Clinical Oral Investigations -
DOl
10.1007/s00784-019-03085-7
Tichy Antonin Hosaka Keiichi Bradna Pavel Ikeda Masaomi Abdou Ahmed Nakajima Masatoshi 35
Tagami Junji
Subsequent application of bonding agents to a one-step self-etch adhesive ? Its effect 2019
with/without previous light-curing
Dental Materials e299 e309
DOl
10.1016/j .dental .2019.08.108
KUNO Yusuke HOSAKA Keiichi NAKAJIMA Masatoshi IKEDA Masaomi KLEIN Junior Celso Afonso 38
FOXTON Richard M TAGAMI Junji
Incorporation of a hydrophilic amide monomer into a one-step self-etch adhesive to increase 2019
dentin bond strength: Effect of application time
Dental Materials Journal 892 899

DOl
10.4012/dmj .2018-286




IDE Kurumi NAKAJIMA Masatoshi HAYASHI Juri HOSAKA Keiichi IKEDA Masaomi SHIMADA Yasushi 38

FOXTON Richard M. SUMI Yasunori TAGAMI Junji

Effect of light-curing time on light-cure/post-cure volumetric polymerization shrinkage and 2019

regional ultimate tensile strength at different depths of bulk-fill resin composites

Dental Materials Journal 621 629
DOl

10.4012/dmj .2018-279

Hosaka Keiichi Tichy Antonin lIkeda Masaomi Nakagawa Keiichi Sadr Alireza Tagami Junji 35

Takahashi Masahiro Sato Kento Nishitani Yoshihiro Klein-Junior Celso Afonso Pashley David

H. Nakajima Masatoshi

Ultra-high-speed videography of resin-dentin interface failure dynamics under tensile load 2019

Dental Materials el53 el6l
DOl

10.1016/j .dental .2019.04.006

Hayashi Juri Espigares Jorge Takagaki Tomohiro Shimada Yasushi Tagami Junji Numata 35

Tomoko Chan Daniel Sadr Alireza

Real-time in-depth imaging of gap formation in bulk-fill resin composites 2019

Dental Materials 585 596
DOl

10.1016/j .dental .2019.01.020

ESPIGARES Jorge HAYASHI Juri SHIMADA Yasushi TAGAMI Junji SADR Alireza 37

Enamel margins resealing by low-viscosity resin infiltration 2018

Dental Materials Journal 350 357

DOl
10.4012/dmj .2017-153




ALQARNI Dhaifallah NAKAJIMA Masatoshi HOSAKA Keiichi IDE Kurumi NAGANO Daiki WADA 38

Takehiro IKEDA Masaomi MAMANEE Teerapong THANATVARAKORN Ornnicha PRASANSUTTIPORN Taweesak

FOXTON Richard TAGAMI Junji

The repair bond strength to resin matrix in cured resin composites after water aging 2019

Dental Materials Journal 233 240
DOl

10.4012/dmj .2018-044

ARAOKA Daisuke HOSAKA Keiichi NAKAJIMA Masatoshi FOXTON Richard THANATVARAKORN Ornnicha 37

PRASANSUTTIPORN Taweesak CHIBA Ayaka SATO Kento TAKAHASHI Masahiro OTSUKI Masayuki TAGAMI

Junji

The strategies used for curing universal adhesives affect the micro-bond strength of resin 2018

cement used to lute indirect resin composites to human dentin

Dental Materials Journal 506 514
DOl

10.4012/dmj .2017-240

Thanatvarakorn Ornnicha Prasansuttiporn Taweesak Thittaweerat Suppason Foxton Richard M. 34

Ichinose Shizuko Tagami Junji Hosaka Keiichi Nakajima Masatoshi

Smear layer-deproteinizing improves bonding of one-step self-etch adhesives to dentin 2018

Dental Materials 434 441

DOl
10.1016/j .dental .2017.11.023

12 4 11

Yang Yi, Inoue Go, Keiichi Hosaka, lkeda Masaomi and Shimada Yasushi

The effect of deproteinizing pretreatment on bonding performance and acid resistance to eroded dentin

The 7th International Congress on Adhesive Dentistry

2022




Kazuhide Yonekura, Yumika lda, Yu Tokizane, Taka-aki Yano, luchi Tomoki, Takeshi Yasui and Keiichi Hosaka

Nondestructive observation of adhesively cemented interface between dentin and indirect composite resin disks using a novel
terahertz pulsed imaging technique

The 7th International Congress on Adhesive Dentistry

2022

luchi Tomoki, Kazuhide Yonekura, Yumika lda, Motoyama Yutaro, lkeda Masaomi, Kenichi Hamada, Nakajima Masatoshi and Keiichi
Hosaka

Are HEMA and 10-MDP necessary in the bonding agent of a 2-SEA?

The 7th International Congress on Adhesive Dentistry

2022

Sanon Kittisak, Hatayama Takashi, Tagami Junji, Keiichi Hosaka, Nakajima Masatoshi

Bonding Durability of 1-SEAs to HOCI-Smear Layer Deproteinized Dentin

International Association for Dental Research

2021

Tichy Antonin, Keiichi Hosaka, Yang Yi, Motoyama Yutaro, Keiichi Hosaka, Sumi Yasunori, Nakajima Masatoshi, Tagami Junji

A Multifaceted Evaluation of a Novel HEMA-Free Two-Step Self-Etch Adhesive

International Association for Dental Research

2021




11. , , s , s

58

2021

Citra Kusumasari, Masatoshi Nakajima, Ahmed Abdou, Takashi Hatayama, Antonin Tichy, Keiichi Hosaka and Junji Tagami

Papacarie and Carisolv Pretreatments Improve Dentin Bonding Using Self-etch Adhesives,

2020 1ADR/AADR/CADR General Session

2020

Tichy A., Brabec M., Bradna P., Hosaka K., Nakajima M., Tagami J.

Competing Risk Model for Bond Strength Data Analysis.

4th Meeting of the International Association for Dental Research Asia-Pacific Region

2019

Citra KUSUMASARI, Masatoshi NAKAJIMA, Ahmed ABDOU, Takashi HATAYAMA, Keiichi HOSAKA, Junji TAGAMI

Effect of Papain Enzyme and NaOCl-based Gel on Sealing Performances of Self-etch Adhesives.

ConsAsia

2019




Keiichi Hosaka

Is Our Direct Composite Restoration Perfect?

International Symposium on Adhesive Dentistry in Okayama

2018

Keiichi Hosaka, Juri Hayashi, Daisuke Araoka, Masatoshi Nakajima, Richard Foxton, Masaomi lkeda, Wurihan, Yo Shibata,
Takashi Miyazaki, Junji Tagami

Eight-year Durability of Resin-dentin Interfaces of a 1-SEA.

96th I1ADR/PER General Session

2018

Yasushi Shimada, Keiichi Hosaka, Kazuyuki Araki, Alireza Sadr, Takashi Miyazaki, Yasunori Sumi, Junji Tagami, Masahiro
Yoshiyama.

3D Diagnosis of Proximal Caries Using Swept-source Optical Coherence Tomography.

IADR/PER General Session

2018

(NAKAJIMA Masatoshi)

(50272604) (12602)




(HAYASHI Juri)

(60803187)

(12602)

Charles University

King"s College London




