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　The Japanese Society of Conservative Dentistry is pleased to announce that it will start pub-
lishing its English journal, Operative Dentistry, Endodontology and Periodontology（ODEP）, 
from December 2021.

　Since the first edition of our journal was published in Japanese in 1958, it has been issued six 
times a year since 1986, and 280 volumes have been published to date. The circulation of each 
copy is about 4,500, and these have been mailed to academic society members, but since 2020, it 
has been published online and can be distributed to researchers overseas via the Web.

　By publishing an English journal, the members of the Japanese Society of Conservative Den-
tistry will be able to disseminate their scientific research, clinical research, and education in the 
field of conservative dentistry to researchers all over the world. It will be a great honor and 
pleasure for us to contribute to the development of research.

　Publication of this ODEP journal will help establish close cooperation with related academic 
societies in Japan and overseas；we will strive to conduct research, clinical practice, education 
and training that will be disseminated to the world as well as contribute to Japanese dentistry.

　I hope that the journal will provide a platform for the further development of conservative 
dentistry based on the long-held philosophy of our Society.

PREFACE

Launch of the ODEP

TANI-ISHII Nobuyuki
President

The Japanese Society of Conservative Dentistry
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Influence of Etching Mode on the Dentin Bond Effectiveness 
of a Universal Adhesive

Jennifer A. HASSLEN1, Akimasa TSUJIMOTO2, Mark D. MARKHAM1,
Mone SHOJI3, Toshiki TAKAMIZAWA3, Mark A. LATTA1,

Masashi MIYAZAKI3, Atsushi KAMIMOTO4 and Wayne W. BARKMEIER1

1Department of General Dentistry, Creighton University School of Dentistry
2Department of Operative Dentistry, Iowa University School of Dentistry

3Department of Operative Dentistry, Nihon University School of Dentistry
4Department of Comprehensive Dentistry and Clinical Education, Nihon University School of Dentistry

Abstract
　Purpose: This laboratory study aimed to assess the dentin bond fatigue resistance and interfacial charac-
teristics of a universal adhesive in etch-and-rinse and self-etch modes.
　Methods: The universal adhesive used was Clearfil Universal Bond Quick（Kuraray Noritake Dental, 
Tokyo, Japan）. The dentin surfaces were treated with the universal adhesive in either etch-and-rinse or self-
etch mode. Initial bond strength was measured by loading 15 specimens per test group to failure using an 
all-electric dynamic instrument with a chisel-shaped metal load at a crosshead speed of 1.0 mm/min. The 
fatigue load was applied to the specimens using a sine wave at a frequency of 20 Hz for 50,000 cycles or until 
failure occurred. The surface free energy characteristics of adhesive-treated dentin were determined. Scan-
ning electron microscopy（SEM）observations of the resin-dentin interface of the adhesive were also con-
ducted for each etching mode.
　Results: For the universal adhesive tested, etching mode did not affect the bond fatigue resistance. The 
surface free energy characteristics of the baseline showed that the γs, γsd, γsp, and γsh values for dentin in 
etch-and-rinse mode were significantly lower than in self-etch mode. The surface free energy values of adhe-
sive-treated dentin in etch-and-rinse mode were not significantly decreased by adhesive application, while 
both γs and γsh values were decreased after adhesive application in self-etch mode. In SEM observations of 
adhesive interfaces, deeper penetration of adhesives into the dentinal tubules was observed in etch-and-rinse 
mode due to removal of the smear layer and opening of the dentinal tubules.
　Conclusion: The results suggest that the dentin bonding performance of the universal adhesive was not 
affected by etching mode.

Key words: universal adhesive, dentin bonding performance, etching mode

　Corresponding author: Akimasa TSUJIMOTO, Department of Operative Dentistry, Iowa University School of Dentistry, S248 
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Introduction

　Recently, universal adhesives have become popular in 
dentistry because they can be used in a variety of 
modes: etch-and-rinse, self-etch, or selective-etch1）. With 
the expiration of the patent for 10-methacryloy-
loxydecyl dihydrogen phosphate（10-MDP）in 2003, 
manufacturers began exploring the usage of 10-MDP in 
combination with other components in novel adhesive 
formulations. Universal adhesives that can be used with 
resin cements on different substrates2）, with shortened 
application times3）, or with different surface moisture 
conditions on enamel and dentin substrates4） have been 
brought to market. On the contrary, the bond durability 
of universal adhesives has been reported to be inferior 
to that of two-step self-etch adhesives5）. Nevertheless, 
the flexibility of universal adhesives has ensured their 
increasing popularity in clinics6）, creating a need to fur-
ther investigate better ways to utilize universal adhe-
sives.
　Over the past decade, a method of assessing bond 
fatigue resistance in adhesives has been developed in a 
collaborative effort between the Creighton University 
School of Dentistry（CU, Omaha, NE, USA）and the 
Nihon University School of Dentistry（NU, Tokyo, 
Japan）. Development began with Erickson et al.7） and 
has been refined by researchers from CU and NU8‒10）. 
The appropriate frequency9）, number of cycles10）, and 
method of analysis11） have been established. However, 
the universal adhesive made by the manufacturer that 
developed 10-MDP has not been investigated with this 
established testing method, although such an investiga-
tion could provide novel insights for the further devel-
opment of universal adhesives.
　Yoshida et al.12） reported that the chemical interac-
tion of 10-MDP with dentin is essential in obtaining 
durable bonds, while Inoue et al.13） showed that chemi-
cal interactions between 10-MDP and dentin can be 
explained through changes in dentin surface character-
istics. Although it has been shown that the bonding 
strategy employed does not significantly affect the 
bonding performance of a given universal adhesive, it 
remains possible that the chemical bonding interactions 
of a universal adhesive with ground dentin and with 
etched dentin differ. Moreover, further assessment of 
changes in the energy characteristics of dentin surfaces 

treated with universal adhesive in the two different 
modes may provide an explanation for the discrepancy 
between bond strength and chemical bonding effective-
ness, as long as such an assessment is accompanied by 
a bond fatigue resistance analysis.
　The purpose of this laboratory study was to assess 
the dentin bond fatigue resistance and energy charac-
teristics of a universal adhesive in each of two modes: 
etch-and-rinse and self-etch. The two null hypotheses 
tested were as follows: （i）etching mode would make no 
difference to the dentin bond fatigue resistance, and（ii）
etching mode would make no difference to the energy 
characteristics of universal adhesive-treated dentin.

Materials and Methods

 1 ．Study materials
　The universal adhesive used in this study was Clear-
fil Universal Bond Quick（CU, Kuraray Noritake Dental, 
Tokyo, Japan）. A phosphoric acid-etching agent（Ultra-
Etch; Ultradent Products, South Jordan, UT, USA）and 
a composite resin（Z100 Universal Restorative; 3M Oral 
Care, St. Paul, MN, USA）were employed to construct 
the specimens（Table　1）.

 2 ．Specimen preparation
　De-identified extracted human molar teeth were used 
in this study. The experimental protocol for using 
de-identified human molar teeth was reviewed and 
approved by the Biomedical Institutional Review Board 
at the CU（No.　760765‒1）and the Ethics Committee for 
Human Studies of the NU（No.　2015‒06）.
　Sectioned buccal and lingual halves of the teeth with 
the apical portions removed were mounted in 25 mm 
brass rings using an acrylic resin（Bosworth Fastray; 
Keystone Industries, Myerstown, PA, USA）. Flat dentin 
surfaces were prepared on the mounted buccal and lin-
gual surfaces by wet-grinding using a sequence of sili-
con carbide（SiC）papers（Struers, Cleveland, OH, USA）
of gradually increasing fineness（#180-, #320-, #600-, 
#1,200-, #2,000-, and #4,000-grit）in a grinder-polisher
（Ecomet 4; Buehler, Lake Bluff, IL, USA）. As the direc-
tionality of surface scratches created by the abrasives 
might substantially influence the bond strength testing 
results, the surfaces were polished up to #4,000-grit to 
minimize this influence. These surfaces were then 
washed with water and dried using a dental three-way 
syringe at a distance of 5 cm above the surface at an 
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air pressure of 0.3 MPa.
　Thirty specimens were prepared for each adhesive 
for initial bond strength testing, and 40 specimens were 
prepared for each adhesive for bond fatigue strength 
testing. Additionally, 20 specimens were prepared for 
each adhesive for surface free energy measurements. 
Half of the specimens for each adhesive were phos-
phoric acid-etched for 15 s before application of the 
adhesive（etch-and-rinse mode）, while the other half 
were not etched（self-etch mode）. The specimens were 
prepared under ambient laboratory conditions of 23±
2℃ and 50±10％ relative humidity.

 3 ．Initial bond strength testing
　Stainless steel（SUS304）rings with an inner diameter 
of 2.4 mm, an outer diameter of 4.8 mm, and a height of 
2.6 mm were used to bond a composite to the dentin. 
The bonding side of each metal ring was treated with a 
3％ solution of paraffin in hexane. Each dentin surface 
was treated with the universal adhesive in etch-and-
rinse or self-etch mode according to the manufacturer’s 
instructions. A custom fixture was used to position and 
hold the stainless steel ring over the bonding site as the 
composite was placed into the ring using a condensing 
instrument. The composite was then light-cured for 40 s 
using a quartz-tungsten-halogen（QTH）curing unit
（Spectrum 800 Curing Unit; Dentsply Caulk, Milford, 
DE, USA）set at a light intensity of 800 mW/cm2. The 
bonded specimens were then stored in 37℃ distilled 
water for 24 h before testing.

　A chisel-shaped metal rod was used to apply the load 
to the metal ring（mold-enclosed method）immediately 
adjacent to the flat dentin surface. Fifteen specimens 
per group were loaded to failure using an all-electric 
dynamic test instrument（ElectroPuls E1000; Instron, 
Canton, MA, USA）at a crosshead speed of 1 mm/min. 
Initial bond strength（MPa）was calculated from the 
peak load at failure divided by the bonded surface area.

 4 ．Bond fatigue strength testing
　A staircase method was used to perform the bond 
fatigue strength tests using the all-electric dynamic test 
instrument.11） In the staircase method, the initial stress 
level was set to half of the measured initial bond 
strength and was applied to the first specimens. The 
fatigue load was applied to the metal ring using a sine 
wave at a frequency of 20 Hz for 50,000 cycles or until 
failure occurred. If the first specimen survived the 
application of 50,000 cycles, a new second specimen was 
tested for the same number of cycles at a stress level 
that was about 10％ higher. If the first specimen failed, 
the stress level was reduced by the same amount for 
the second specimen. This procedure was repeated for 
20 specimens, raising and lowering the stress based on 
survival or failure at each loading force. The test speci-
mens were immersed in water at room temperature
（23±2℃）during the testing. 

 5 ．Surface free energy measurement
　The dentin surfaces were prepared as described 
above. Each dentin surface was treated with universal 

Table　1　Materials used in this study

Material
（lot no.）

Type of material
（code）

Main component
（pH）

Manufacturer

Clearfil
Universal

Bond Quick
（1L0003）

Universal adhesive
（CU）

bis-GMA, HEMA, 10-MDP, 
hydrophilic amide monomer, 
ethanol, water, initiators, 
silica, silane coupling agent
（2.3）

Kuraray Noritake Den-
tal, Tokyo, Japan

Ultra-Etch
（G019）

Etching agent
35％ phosphoric acid, glycol, 
cobalt aluminate blue spinel

Ultradent Products, 
South Jordan, UT, USA

Z100 
Universal 
Restrative
（1312131）

Composite resin
bis-GMA, TEGDMA, silane-
treated ceramic, benzotri-
azolyl methylphenol

3M Oral Care, St. Paul, 
MN, USA

bis-GMA: 2,2-bis［p-（2-hydroxy-3-methacryloxy propoxy）phenyl］propane; HEMA: 
2-hydroxyethyl methacrylate; 10-MDP: 10-methacryloyloxydecyl dihydrogen phosphate; 
TEGDMA: triethylene glycol dimethacrylate
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adhesive in etch-and-rinse or self-etch mode in accor-
dance with the manufacturer’s instructions, and the 
uncured adhesive layer was removed by three set of 
alternating rinses of acetone and distilled water. The 
contact angles of the specimens were then measured to 
analyze the surface free energy characteristics of each 
adhesive-treated surface. Phosphoric acid-etched and 
ground dentin surfaces were also measured. The sur-
face free energy characteristics of the specimens were 
determined by measuring the contact angle formed 
with the surface by the three test liquids of known sur-
face free energy parameters: 1-bromonaphthalene, 
diiodomethane, and distilled water. For each test liquid, 
the equilibrium contact angle（θ）was measured using 
the sessile drop method under ambient laboratory con-
ditions, as described earlier, using a contact angle mea-
surement apparatus（DM 500; Kyowa Interface Science, 
Saitama, Japan）for ten specimens per group. The appa-
ratus was fitted with a charge-coupled device camera to 
enable automatic measurement. A standardized 1.0μl 
drop of each test liquid was placed on the treated den-
tin surface, and a profile image was captured after 500 
ms using the apparatus. The contact angle was then 
calculated using the θ/2 method, using the built-in 
interface measurement and analysis system（FAMAS; 
Kyowa Interface Science）. The surface free energy（γs）
and its parameters for solids（γsd, γsp, and γsh）were 
calculated using the formulae described by Hata et 
al.14）, again using the built-in software（FAMAS）. The 
dispersion force（γsd）represents the weakest intermo-
lecular force between apolar molecules. The polar
（non-dispersion）force（γsp）represents the electric and 
metallic interactions, in addition to the dipolar interac-
tions. Besides these two parameters of γs, the hydro-
gen-bonding force（γsh）, which relates to the water and 
hydroxyl components, was calculated.

 6 ．Scanning electron microscopy observation of 
bonding interface

　Representative scanning electron microscopy（SEM）
micrographs of the resin-dentin interfaces for three 
specimens per group were obtained using field-emission 
SEM（ERA 8800FE; Elionix, Tokyo, Japan）. A rectangu-
lar（4×2×1 mm）section of dentin was removed from 
each molar for SEM observations of the bonding inter-
face. The dentin surface was prepared as described 
above for specimen preparation. The dentin surface 
was treated with the adhesive according to the manu-

facturer’s instructions in etch-and-rinse or self-etch 
mode. The resin composite was then placed and light-ir-
radiated for 40 s using the QTH curing unit from a 
standardized distance of 1 mm. For the composite/den-
tin interfaces, bonded specimens were embedded in 
epoxy resin（Epon 812; Nisshin EM, Tokyo, Japan）and 
then stored at 37℃ for 24 h. Each bonded specimen 
was then sectioned near its center, and the surfaces of 
the cut halves were polished with a sequence of SiC 
papers（#180-, #320-, #600-, #1,200-, #2,000-, and #4,000-
grit）using a grinder-polisher. Finally, the surface was 
polished with a soft cloth using 1.0μm particle diameter 
diamond paste（DP-Paste; Struers, Ballerup, Denmark）. 
SEM specimens of the composite-dentin interfaces were 
dehydrated by first immersing them in ascending con-
centrations of aqueous tert-butanol（50％ for 20 min, 
75％ for 20 min, 95％ for 20 min, and 100％ for 2 h）and 
then transferring them from the final 100％ bath to a 
freeze-drying apparatus（Model ID-3; Elionix）for 30 min. 
The polished surfaces were etched for 30 s using an 
argon ion beam（Type EIS-200ER; Elionix）directed 
perpendicular to the surface at an accelerating voltage 
of 1.0 kV and an ion current density of 0.4 mA/cm2. 
The surfaces were then coated with a thin film of gold 
in a vacuum evaporator（Quick Coater Type SC-701; 
Sanyu Electron, Tokyo, Japan）and observed using 
field-emission SEM at an operating voltage of 10 kV.

 7 ．Statistical analysis
　Initial bond strength data were analyzed with one-
way analysis of variance（ANOVA）followed by Tukey’s 
post hoc honestly significant difference（HSD）test. The 
bond fatigue strength data were analyzed using a modi-
fied t-test with a Bonferroni correction and custom soft-
ware. The γs, γsd, γsp, and γsh data were analyzed using 
one-way ANOVA along with Tukey’s HSD test. All 
statistical analyses, apart from the bond fatigue 
strength data analysis, were conducted using statistical 
software（SPSS Statistics Ver.　13; International Business 
Machines, Armonk, NY, USA）, applying a significance 
level of 0.05.

Results

　The initial bond strength of the universal adhesive in 
each etching mode is shown in Table　2. The initial bond 
strength of the universal adhesive was not significantly 
influenced by the etching mode（p＝0.606）.
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　The bond fatigue strength for the universal adhesive 
in each etching mode is shown in Table　3. The bond 
fatigue strength of the universal adhesive was not sig-
nificantly influenced by the etching mode.
　The surface free energy parameters of the universal 
adhesive-treated dentin are shown in Table　4. The 
baseline in etch-and-rinse mode exhibited significantly 
lower γs and γsh values than in self-etch mode（p＜0.001 
for γs and γsh）. Changes in the γsd and γsp values of the 
universal adhesive-treated dentin were not significantly 
decreased（γsd: p＝0.279 for etch-and-rinse mode, p＝
0.571 for self-etch mode; γsp: p＝1.000 for etch-and-rinse 
mode, p＝0.734 for self-etch mode）by the adhesive 
application, in contrast to γs and γsh in self-etch mode, 
whose values were significantly decreased（γs: p＝0.004; 
γsh: p＝0.002）.
　Representative SEM images of the composite-dentin 
interfaces of etch-and-rinse samples and self-etch sam-
ples are shown in Fig.　1. The thickness of the layer of 
universal adhesive was ‒10μm. For each tested adhe-
sive, the composite-dentin interface showed excellent 
adaptation to dentin regardless of etching mode. How-
ever, deeper penetration of adhesives into the dentinal 
tubules was observed in etch-and-rinse mode due to 
removal of the smear layer and opening of the dentinal 

tubules.

Discussion

　In the present study, etching mode did not affect the 
dentin bond fatigue resistance of the universal adhesive, 
and thus the first null hypothesis was not rejected. A 
recent study15）, which used the same research design to 
study enamel bonding, reported that the bond fatigue 
resistance of universal adhesives was significantly 
higher in etch-and-rinse mode than in self-etch mode. 
The results of the present and previous studies suggest 
that the use of etch-and-rinse or selective etching 
modes with universal adhesives is more effective than 
that of self-etch mode from the viewpoint of bond 
fatigue resistance, in agreement with a systematic 
review of earlier laboratory bond strength evalua-
tions16）.
　The results for interfacial characteristics showed that 
the baseline γs, γsd, γsp, and γsh values for dentin in 
etch-and-rinse mode were significantly lower than in 
self-etch mode. These results indicate that the wettabil-
ity, hydrophilicity, and degree of polarization of phos-
phoric acid-etched dentin might be lower than those of 
ground dentin. Tay et al.17） reported that the dehydra-

Table　2　 Initial bond strength of universal adhesives to den-
tin using etch-and-rinse and self-etch modes

Code Etch-and-rinse mode Self-etch mode

CU 27.3（4.2）a 28.1（4.2）a

Unit: MPa. Values in parentheses indicate standard devia-
tions. Same small letter indicates no significant difference
（p＞0.05）.

Table　3　 Bond fatigue strength of universal adhesives to 
dentin using etch-and-rinse and self-etch modes

Code Etch-and-rinse mode Self-etch mode

CU 13.9（1.9）a 14.4（1.7）a

Unit: MPa. Values in parentheses indicate standard devia-
tions. Same small letter indicates no significant difference
（p＞0.05）.

Table　4　 Surface free energy characteristics of universal adhesive-treated 
dentin using etch-and-rinse and self-etch modes

Code
Etch-and-rinse mode Self-etch mode

γs γsd γsp γsh γs γsd γsp γsh

baseline
41.1
（2.5）a

37.8
（1.5）a

1.1
（1.6）a

2.2
（1.1）a

68.8
（3.6）a

41.0
（1.4）a

2.8
（2.3）a

25.0
（2.4）a

CU
39.2
（2.4）a

37.2
（0.8）a

1.1
（1.8）a

0.9
（2.1）b

64.1
（2.9）b

40.2
（1.1）a

2.5
（1.5）a

21.4
（2.0）b

Unit: mN/m. γs, surface free energy; γsd dispersion force; γsh, hydro-
gen-bonding force; γsp, polar force. The same letters in a column indi-
cate no statistically significant difference（p＞0.05）.
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tion of demineralized dentin resulted in osmosis of 
water content from deeper dentin, leading to weaker 
bonding due to osmotic blisters and hydrolysis of the 
adhesive itself. However, etching mode did not influ-
ence the dentin bond fatigue resistance of the universal 
adhesive in the present study. In our SEM observations 
of adhesive interfaces, deeper penetration of the adhe-
sive into the dentinal tubules was observed in etch-and-
rinse mode due to removal of the smear layer and 
opening of the dentinal tubules by phosphoric acid etch-
ing, despite the lower wettability of the dentin. These 
deeper resin tags, lying perpendicular to shear stress, 
may have contributed somewhat to the cyclic fatigue 
resistance of adhesive interfaces. Additionally, bond 
fatigue testing in this study was performed with a fre-
quency of 20 Hz and a cycling period of 50,000 cycles, 
but only for ‒40 min, which may not be a sufficiently 
long testing period. Hence, the influence of osmosis of 
water content from deeper dentin, resulting in osmotic 
blisters and hydrolysis of adhesive, might have been 
reduced due to the short testing period compared to 
tests using long-term water storage or thermal cycling.
　For the universal adhesive employed in this study, 
10-MDP is a key technological factor for chemical bond-
ing with dentin substrate, regardless of the bonding 
strategy employed. The adhesion-decalcification con-
cept18） claimed that the functional group of 10-MDP 
interacts ionically with calcium in dentin, forming a 
chemically bonded structure of 10-MDP and calcium 
salt layers on the dentin surface. As the long carbonyl 
chain of 10-MDP is relatively hydrophobic19）, a hydro-
phobic layer would cover the dentin surface due to the 

layered structure of 10-MDP and calcium salt. A 
greater extent of chemical bonding to the dentin sur-
face should therefore create a more hydrophobic sur-
face. Only the γsh value of adhesive-treated dentin in 
etch-and-rinse mode was significantly lower than the 
base l ine , a l though both γs and γsh va lues were 
decreased after adhesive application in self-etch mode. 
Thus, the second null hypothesis was rejected. A previ-
ous study13） reported that interfacial characteristics 
were influenced by reactions between acidic functional 
monomers and calcium in tooth substrates; thus the 
present results are consistent with those of previous 
studies. Based on the different tendencies observed in 
the changes in interfacial characteristics between base-
line and adhesive-treated dentin, the chemical interac-
tions in self-etch mode might be much stronger than 
those in etch-and rinse mode.
　Another interpretation of the results of bond fatigue 
testing might be supported by these surface free 
energy changes. Even with the deeper penetration of 
resin tags, lower reactivity between 10-MDP and colla-
gen fibrils might reduce the stability of the bond, add-
ing to the effects of the lower wettability of the adher-
end surface. However, further research is needed to 
clarify the contribution to dentin bond durability of the 
interaction between the functional resin monomer and 
naked collagen.
　The clinical implication of this study is that although 
many Japanese clinicians use universal adhesive in 
selective etching mode, there is not much need to 
worry about exposure of dentin to phosphoric acid 
when the clinician places a direct composite filling with 

Fig.　1　Scanning electron microscopy images of the composite-dentin interface
　One panel as CU etch & rinse and the other panel as CU self-etch at（a）2,500×and（b）10,000×
magnifications. A, adhesive; D, dentin; HL, hybrid layer; R, resin composite.
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this adhesive.

Conclusion

　1．The initial bond strengths and bond fatigue 
strengths were not significantly influenced by etching 
mode.
　2．The baseline in etch-and-rinse mode exhibited sig-
nificantly lower γs and γsh values than in self-etch 
mode. Only the γsh value of adhesive-treated dentin in 
etch-and-rinse mode was significantly lower than the 
basel ine , whi le both the γs and γsh va lues were 
decreased after adhesive application in self-etch mode.
　3．Based on SEM observations, the adaptation of the 
interface to dentin was excellent for both etching 
modes.
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Abstract
　Purpose: A chairside dry heat sterilizer using halogen lamps as a heat radiation source was developed, and 
its potential for clinical application was investigated.
　Methods: The temperature in the sterilization chamber was measured in two groups: one group in which 
the central temperature was set and maintained at 330℃, and another group in which the central tempera-
ture continuously increased. Then, changes in the physical properties of a stainless-steel K-file irradiated with 
the lamp were examined by observing the surface by scanning electron microscope and by bending and tor-
sion tests. Finally, sterilization tests were conducted using spore-forming bacteria and indigenous oral bacte-
ria.
　Results: The temperature in the light condensing area stabilized after about 20 s, with little effect on the 
physical properties of the K-file. Sterilization of spore-forming bacteria took several tens of seconds, while 
that of indigenous oral bacteria took 3‒5 s on a paper point and 7‒10 s on a cotton ball.
　Conclusion: It is suggested that the chairside dry heat sterilization using a thermal radiation source is use-
ful for dental materials.
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Introduction

　Aseptic treatment in dentistry is one of the most 
important principles to improve treatment outcomes 
and prevent the spread of infection via treatment 
instruments. In particular, endodontic treatment 
requires thorough removal of bacterially infected tooth 
structures and antiseptic treatment of healthy dentin. 
In addition, root canal treatment possesses the risk of 
contamination by blood and saliva during the proce-
dure, and also by necrotic tissue that has been infected 
by bacteria, making it necessary to re-disinfect the 
treatment instruments during the procedure.
　In recent years, from the perspective of nosocomial 
infection, dental care workers have needed to be espe-
cially careful about their own infection potential to pre-
vent bacterial infections caused by methicillin-resistant 
Staphylococcus aureus, Pseudomonas aeruginosa, and 
Treponema pallidum1,2）. Viral infections include infec-
tions caused by viruses of the herpesvirus family, hepa-
titis B and C viruses, and human immunodeficiency 
virus, and these microorganisms have also been 
detected in dental pulp and periodontal tissues3‒5）. 
Recently, severe acute respiratory syndrome coronavi-
rus 2（SARS-CoV-2）has caused a worldwide pandemic 
and the infection is still spreading, so patients must be 
treated with caution during dental care6,7）.
　Small sharp instruments such as reamers and files, 
which are frequently used in endodontics, are classified 
as critical instruments and are sterilized by gas or 
high-pressure steam sterilization before use8）. However, 
once they come into contact with fingers, saliva, or 
infected dentin, bacterial contamination of the instru-
ments is inevitable, and because these instruments are 
used repeatedly during the procedure, frequent steril-
ization during treatment is necessary.
　Many endodontic dry heat sterilizers that can be 
used chairside have been described in the literature, 
including 1）devices using molten tin-based alloys, 2）
devices using salt as a medium, 3）bead sterilizers using 
small glass beads or metal balls, 4）electric furnace-type 
dry heat sterilizers with heaters wrapped around 
quartz tubes, and 5）sterilizers that heat brass blocks 
with slits9‒18）. However, sterilizers that use molten 
metal or small balls, such as glass beads, introduce the 
possibility that the metal or balls will become attached 

to the sterilized instrument and be transported directly 
into the root canal , result ing in blockage of the 
canal11,12）, harm to the human body due to heavy metal 
poisoning, and burns due to scattering of hot material.
　Meanwhile, other sterilizers also have problems, such 
as unbalancing the table of the dental unit due to the 
excessive weight of the entire sterilizer, media spillage 
when the sterilizer is tipped over, and salt coagulation 
due to humidity in hot salt sterilizers. Furthermore, all 
sterilizers take time to heat the media, so advance 
preparation is necessary. Finally, in recent years, oppor-
tunities for home-visit dental care, in addition to dental 
care in the clinic, have been increasing, and thus there 
is a demand for easy, safe, and portable sterilizers that 
can be brought into a typical residence.
　In this study, we developed a simple dry heat steril-
izer that uses halogen lamps as a thermal radiation 
source to convert electrical energy into thermal energy 
and directly apply it to materials to be sterilized in the 
form of electromagnetic waves. Then, we investigated 
the characteristics of the sterilizer to determine its 
potential for clinical application.

Materials and Methods

 1 ．Experimental equipment
　An overview of the prototype sterilizer and periph-
eral apparatus is shown in Fig.　1. The prototype steril-
izer was composed of two metal plates, each 154 mm in 
width by 70 mm in height, and two heat sinks, each 
100 mm in width by 70 mm in height. These were com-
bined on a metal chassis measuring 180 mm wide by 
120 mm deep by 55 mm tall. A hole 1 cm in diameter 
was made in the center of the upper metal cover, and 
halogen lamps were installed in the heat sinks. 
　A halogen lamp spot heater（HSH-30, Fintech, Hyogo, 
Japan）with a focal length of 40 mm, a light condensing 
area diameter of 10 mm, and power of 75 watts was 
used for the experiment. Irradiation was carried out in 
both directions on opposite sides of the device’s coaxial 
axis, and the material to be sterilized was placed in the 
irradiation field in the middle of the heater. The voltage 
was supplied by a 100 V household power supply, which 
was converted to 24 V for use, and the current was set 
at 3.125 A.
　In Fig.　2, K-type thermocouples（Φ 0.3 mm）were 
placed alternately facing each other at 5-mm intervals 
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up to 35 mm from the side of the apparatus to measure 
the temperature of the sterilization area. The light con-
densing area（10 mm）at the focus of the halogen lamp 
was set at a depth of 15‒25 mm from the hole, with 15 
and 25 mm at the outer edge of the light condensing 
area and 20 mm at the center of the light condensing 
area.
　The irradiation time could be set from 0.1 to 99.9 s at 
0.1-s intervals, and a countdown system was adopted. 
There was also a temperature control switch that could 
be set from 100℃ to 500℃ in 1℃ increments. Two set-
tings for halogen lamp irradiation were established:

　Ⅰ: When the control switch is turned on, the lamp 
cycles on and off to reach and maintain the set tem-
perature automatically.
　Ⅱ: When the control switch is turned off, continuous 
irradiation is performed and the temperature increases 
until the switch is turned off.

 2 ．Experimental details
　The following items were investigated to determine 
the effects of this device on endodontic instruments and 
materials.

Fig.　1
（a） Overview of prototype sterilizer and peripheral apparatus：（A）Prototype sterilizer,（B）Control apparatus,（C）Power 

supply unit, （D）Irradiation switch, （E）Temperature control apparatus
（b）Schematic diagram of prototype sterilizer（※：Base of the halogen lamp）

a
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D
A B

b

Heat sink

※
100 mm

70 m
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55 m
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Fig.　2
（a） Prototype sterilizer（Fig.　1, A）, top view：（A）Halogen lamps, （B）K-type thermocouples, （C）Heat 

sinks
（b） Cross-sectional schematic diagram of the prototype sterilizer：the entire circle is the light condens-

ing area, and the circumference is the outer edge. The black points represent the tips of the 
K-type thermocouples（depths of 10, 15, 20, 25, 30, and 35 mm from the top）.
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 1 ）Measurement of temperature in the light con-
densing area

　The K-type thermocouples placed inside the sterilizer 
were used to record the temperature change over time 
at 100-ms intervals when the temperature was con-
trolled at 330℃ with setting Ⅰ and when the tempera-
ture was continuously increased with setting Ⅱ. The 
irradiation time was set to 90 s for both settings.
　The measurement data were recorded on a PC
（Inspiron 15 7000 Gaming, DELL, Round Rock, TX, 
USA）using a data logger（NR-1000, KEYENCE, Osaka, 
Japan）. Temperature measurements were performed 
at room temperature（25℃）and humidity（55％）.

 2 ）Surface observation of K-files after heat irradia-
tion

　The surface of #40 stainless-steel hand K-files（MANI, 
Tochigi, Japan）was observed under a scanning electron 
microscope（SEM, S-4000, Hitachi, Tokyo, Japan）after 
halogen lamp irradiation to detect any change in the 
surface properties.
　Five experimental groups were established. The first 
group was subjected to natural air cooling to room tem-
perature after 5 s of irradiation, and this cycle was 
repeated 10 times at setting Ⅱ. The second and third 
groups were subjected to the same treatment, but at 
irradiation times of 10 s and 15 s. In addition, two con-
trol groups were set. An untreated group was used as a 
negative control and a flame-treated group was used as 
a positive control. In the flame-treated group, the blade 
was set at the position of the oxidizing flame of the gas 
burner（about 1,500℃）and heated for 10 s by grasping 

the top, then the K-file was allowed to cool by natural 
air cooling to room temperature, and this process was 
repeated 10 times. We observed the surface changes by 
SEM for each group（n＝1）.

 3 ）Strength testing of files after heat irradiation
　The changes in physical properties of the files after 
irradiation with halogen lamps were tested according to 
the international standard ISO 3630-119） for small dental 
instruments and judged according to the standard val-
ues of ISO 3630-5.20） Two types of #15‒40 stainless-steel 
hand K-file were used for the test: K-file and Senseus 
K-FlexoFile（Dentsply Sirona, Charlotte, NC, USA）. 
Since there was a risk of bias with a single type of sam-
ple, we made a comprehensive judgment by comparing 
two K-files with their respective untreated groups.
　Non-irradiated files were used as a control group, and 
the experimental group consisted of files that were 
irradiated 10 times with halogen lamps for 10 s at set-
ting Ⅱ（n＝10 for each group）. All instruments were 
allowed to stand at room temperature（25℃）for 30 min 
after each irradiation before the next irradiation. Before 
each test, the handle of the file was removed with wire 
cutters at the point where it was attached to the 
instrument shaft.
（1）Bending test（ISO 3630-1）
　The bending test machine and test method are 
shown in Fig.　3. A section of the K-file up to 3 mm from 
the tip was fixed vertically in the chuck section of the 
bending test machine and rotated at a speed of 100 
mm/min to induce bending. The maximum bending 
torque was measured and the average value of 10 files 
was used as the maximum bending torque（mN・m）.

Fig.　3　Bending test machine
　The first 3 mm of the file tip 
is fixed with a chuck, and the 
bending torque is measured 
when the file is bent to 45°.

Load cell

45°

3 mm
Fig.　4　Torsion test machine

　The first 3 mm of the file tip is fixed with a 
chuck, the file is twisted until it breaks, and the 
torsion torque and rotation angle at the time of 
failure are measured.

Load cell
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（2）Torsion test（ISO 3630-1）
　The torsion test machine and test method used are 
shown in Fig.　4. Each sample was set in the chuck of 
the motor, and a section of the file up to 3 mm from the 
tip was fixed in the chuck on the opposite side. The 
torque measuring device on the top of the machine was 
connected to the torsion testing machine by a wire, and 
the motor was operated at 100 mm/min. The average 
value of 10 files was used as the maximum torsional 
torque（mN・m）and fracture angle（°）.

 4 ）Heat sterilization tests for K-files, paper points, 
and cotton balls

　Various microorganisms were applied to different 
dental materials to evaluate the sterilization effective-
ness. Bacillus atrophaeus ATCC9372 was used because 
it is regarded as an indicator organism for dry heat 
sterilization in ISO 11138-421）. Fusobacterium nucleatum 
ATCC23726, Streptococcus intermedius NCTC11324, 
Actinomyces oris（formerly known as A. viscosus）
T14V22）, and Streptococcus mutans MT814823） were 
used as representative of indigenous oral bacteria. In 
addition, Escherichia coli W3110 was also included, for a 
total of six bacteria species used in the experiment.
　B. atrophaeus and F. nucleatum were purchased 
from the American Type Culture Collection（ATCC）, 
and S. intermedius was purchased from the National 
Collection of Type Cultures（NCTC）. E. coli W3110 was 
obtained from the Institute of Medical Science, Univer-
sity of Tokyo.
　First, only B. atrophaeus was inoculated in 50 ml of 
Shaeffer’s medium24） as a spore-forming medium, and 
cultured at 37℃ with shaking for 24 h. The spores 
were then removed from the shaking incubator and 
stored at room temperature for 1 wk. After confirming 
sufficient spore formation by Wirtz’s spore staining 

method, the spores were collected by centrifugation at 
3,000×g for 15 min, washed three times with sterile 
distilled water, and then heat-treated at 75℃ for 30 min 
to kill the vegetative form bacteria. Other bacteria 
were inoculated in brain heart infusion（BHI: Becton, 
Dickinson and Company, Sparks, MD, USA）broth and 
incubated at 37℃ for 24 h.
　For experimental samples, we used a #40 stain-
less-steel hand K-file, #40 sterile paper points（Absor-
bent Paper Points, Zipperer, Germany）, and cotton balls 
with a diameter of 3 mm（Micro Cotton Ball #3, Iwa-
tsuki, Tokyo, Japan）. The K-file was cut with wire nip-
pers just below the handle, and the cotton balls were 
removed from their container, placed in sterilization 
bags, and sterilized by high-pressure steam in an auto-
clave for the experiments.
　The procedure of the sterilization test is shown in 
Fig.　5. The K-file was immersed up to 16 mm from the 
tip of the blade in a bacterial solution adjusted to 1.0×
108 colony forming units（CFU）/ml for each species. 
Contaminating bacteria on the paper points and cotton 
balls were prepared at approximately 2.0×103 CFU/ml. 
The paper points were immersed in 2.0×106 CFU/ml 
of bacterial solution up to 10 mm from the tip（about 
1μl）, and the cotton balls were contaminated by drop-
ping 10μl of 2.0×105 CFU/ml bacterial solution. The 
cotton balls were then placed in a sterile Petri dish for 
30 min at 37℃ to dry them before use in the experi-
ments.
　For the K-files, the irradiation time was set to 0［Con-
trol（＋）］, 3, 5, 7, and 10 s with setting Ⅱ for all bacte-
ria. For the paper and cotton samples, setting Ⅰ was 
used, and the irradiation time was set to 0［Control
（＋）］, 3, 5, 7, 10, 15, 20, 30, and 40 s for B. atrophaeus 
and 0, 3, 5, 7, and 10 s for other bacteria（n＝20 for each 

Fig.　5　Sterilization test procedure

－Sterility test－

Halogen
lamp

Halogen
lamp

K－file Paper point Cotton ball

K－file

1. Prepare solution of
each bacteria species 2. Contaminate samples

with each solution

3. Irradiate contaminated
materials with halogen lamps 4. After irradiation, place

samples in sterile Tryptic
soy broth

5. Incubate cultures at 37℃
for up to 2 wk and visually
determine the results

Cotton ball

Paper point
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group）. The test samples were irradiated with halogen 
lamps and incubated in sterile Tryptic soy broth（Bec-
ton, Dickinson and Company）at 37℃ for 24 h, 48 h, 72 
h, 1 wk, and 2 wk, the results were visually checked, 
and those with increased turbidity or precipitation 
were judged as positive for culture. For each group, the 
number of samples that were culture negative was 
counted, divided by 20（the total number of samples）, 
and multiplied by 100 to calculate the culture negative 
achievement rate.
　The paper points were cut 10 mm from the contami-
nated tip before being fed into the sterilizer.

 3 ．Statistical analysis of strength
　Student’s t-test was performed on the data obtained 
from the strength tests. The statistical significance 
level was set at less than 5％, and IBM SPSS ver.　25 
was used as the statistical software.

Results

 1 ．Temperature measurement of sterilization 
area

　The temperature of the sterilization area was mea-
sured for 90 s when the temperature was controlled to 
around 330℃ with setting Ⅰ（Fig.　6）. When this tem-
perature was reached, the control apparatus could not 
react quickly enough, and the center temperature rose 
to 349℃. However, 20 s after the start of control, the 
temperature stabilized at around 330℃. The amplitude 
during each on/off switching cycle was about 10℃, 
which maintained the temperature at around 325‒335℃ 

until the end of irradiation.
　At 15 mm and 25 mm, which were the outer edges of 
the condensing area, the temperature rose to approxi-
mately 260℃ and remained at around 240‒250℃ until 
the end of irradiation. The temperature dropped 
sharply outside the condensing area, reaching only 120‒
150℃ at 10 mm and 30 mm and 70‒90℃ at 35 mm.
　In setting Ⅱ, continuously increasing irradiation was 
performed for 90 s, and the results were measured over 
time（Fig.　7）. In the light condensing area at a depth of 
15‒25 mm, the temperature rose rapidly as soon as 
irradiation started, reaching 275℃ at the center and 
215‒226℃ at the outer edge 5 s after the start of irradi-
ation. After another 10 s, the temperature reached 
368℃ at the center and 280‒289℃ at the outer edge, 
and after 15 s, 408℃ at the center and 307‒317℃ at the 
outer edge. The highest temperatures after 90 s of irra-
diation were 464℃ at the center and 367℃ at the outer 
edge.

 2 ．Surface observation of K-files after heat irradi-
ation

　The surface of each file was observed by SEM（Fig.　
8）. The flame-treated group showed a loss of continuity 
due to the collapse of the file edge, with the metal on 
the file surface peeling off. In the group irradiated by 
the halogen lamp, there was no major change in the 
surface properties of the files irradiated for 5, 10, and 
15 s compared with the untreated group, either by 
visual inspection without magnification or in the SEM 
images.

Fig.　6　 Temperature measurement during irradiation 
at setting Ⅰ

　Irradiation was started 10 s after the start of tem-
perature measurement.
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Fig.　7　 Temperature measurement during irradiation 
at setting Ⅱ

　Irradiation was started 10 s after the start of tem-
perature measurement.
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 3 ．Strength testing of K-files after heat irradiation
　The results of the strength tests are shown in Fig.　9.

1）Bending test
　The torques required to bend the files up to 45°are 
shown in Fig.　9A and B. There was a significant differ-
ence between the control and irradiated groups for the 
#15 MANI K-files（p＜0.05）, and there was no signifi-
cant difference between the groups for the Senseus 

K-FlexoFile. The bending torque values in both groups 
were within the ISO standard values.

2）Torsion test
　The maximum torque and fracture angle until frac-
ture when torsion was applied to the file are shown in 
Fig.　9C‒F. For the #25 MANI K-file, results for the irra-
diated group were significantly lower than those for the 
untreated group, and for the #35 MANI K-file, results 

Fig.　8　Surface observation by SEM of K-file irradiated by halogen lamp

Flame treatment group［Control（+）］

Untreated group［Control（－）］

5 s irradiation repeated 10 times group

10 s irradiation repeated 10 times group

15 s irradiation repeated 10 times group
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for the untreated group were significantly lower than 
those for the irradiated group（p＜0.05）. The torque 
failure values for both groups were within the ISO 
standard values.
　There was no significant difference between the 
groups for Senseus K-FlexoFile, but only one of the 10 
#40 K-files had a fracture angle below the ISO standard 
of 360°. Therefore, 10 additional tests were conducted 
in accordance with the standard, and all of them were 
confirmed to meet the standard.

 4 ．Sterilization tests
　The results of the sterilization tests are shown in 
Tables 1‒3. The culture results for K-files were all neg-
ative after 10 s of irradiation for B. atrophaeus and after 
7 s for other bacteria. Results for the paper points were 
negative after 30 s for B. atrophaeus, after 5 s for S. 
mutans and A. oris, and after 3 s for other bacteria. 

The culture results for cotton balls were all negative 
after 40 s for B. atrophaeus, after 10 s for S. mutans, A. 
oris, and F. nucleatum, and after 7 s for other bacteria.

Discussion

　Most conventional simple dry heat sterilizers provide 
sterilization heat through a heating medium, such as 
glass pellets or molten metal, and it takes several min-
utes for the heating medium to rise to the sterilization 
temperature. In contrast, the prototype of the simple 
dry heat sterilizer used in this study heats the materi-
als to be sterilized by directly radiated heat, which has 
the advantage of eliminating the need to turn on the 
power supply and heat the medium beforehand because 
there is no heating medium. Therefore, it is possible to 
rapidly heat an object by turning on the power and 

Fig.　9　Bending test and torsion test results（p＜0.05, n＝20）
　（A）MANI K-file bending test results；（B）Senseus K-FlexoFile bending test results； 
（C）,（E）MANI K-file torsion test results；（D）,（F）Senseus K-FlexoFile torsion test results
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Table　1　Sterilization test results of K-file（％）

Species and Irradiation 24 h 48 h 72 h 1 wk 2 wk Species and Irradiation 24 h 48 h 72 h 1 wk 2 wk

B. atrophaeus  0 s   0   0   0   0   0 E. coli  0 s   0   0   0   0   0
 3 s   0   0   0   0   0  3 s  60  60  60  60  60
 5 s  70   0   0   0   0  5 s  65  65  65  65  65
 7 s  80  35  30  30  30  7 s 100 100 100 100 100
10 s 100 100 100 100 100 10 s 100 100 100 100 100

Species and Irradiation 24 h 48 h 72 h 1 wk 2 wk Species and Irradiation 24 h 48 h 72 h 1 wk 2 wk

S. mutans  0 s   0   0   0   0   0 S. intermedius  0 s   0   0   0   0   0
 3 s  90  80  80  80  80  3 s  80  80  80  80  80
 5 s  95  95  95  95  95  5 s  95  95  95  95  95
 7 s 100 100 100 100 100  7 s 100 100 100 100 100
10 s 100 100 100 100 100 10 s 100 100 100 100 100

Species and Irradiation 24 h 48 h 72 h 1 wk 2 wk Species and Irradiation 24 h 48 h 72 h 1 wk 2 wk

A. oris  0 s 100   0   0   0   0 F. nucleatum  0 s   0   0   0   0   0
 3 s 100   0   0   0   0  3 s   0   0   0   0   0
 5 s 100  90  65  65  65  5 s  85  85  85  85  85
 7 s 100 100 100 100 100  7 s 100 100 100 100 100
10 s 100 100 100 100 100 10 s 100 100 100 100 100

The percentages of negative achievement rate are indicated（n＝20）.

Species and Irradiation 24 h 48 h 72 h 1 wk 2 wk

B. atrophaeus  0 s   0   0   0   0   0
 3 s   0   0   0   0   0
 5 s  15   0   0   0   0
 7 s  25  25  25  25  25
10 s  50  50  50  50  50
15 s  60  60  55  55  55
20 s  75  65  65  65  65
30 s 100 100 100 100 100
40 s 100 100 100 100 100

Species and Irradiation 24 h 48 h 72 h 1 wk 2 wk

S. mutans  0 s   0   0   0   0   0
 3 s 100  95  65  65  65
 5 s 100 100 100 100 100
 7 s 100 100 100 100 100
10 s 100 100 100 100 100

Species and Irradiation 24 h 48 h 72 h 1 wk 2 wk

A. oris  0 s 100   0   0   0   0
 3 s 100  35  35  35  35
 5 s 100 100 100 100 100
 7 s 100 100 100 100 100
10 s 100 100 100 100 100

Species and Irradiation 24 h 48 h 72 h 1 wk 2 wk

E. coli  0 s   0   0   0   0   0
 3 s 100 100 100 100 100
 5 s 100 100 100 100 100
 7 s 100 100 100 100 100
10 s 100 100 100 100 100

Species and Irradiation 24 h 48 h 72 h 1 wk 2 wk

S. intermedius  0 s   0   0   0   0   0
 3 s 100 100 100 100 100
 5 s 100 100 100 100 100
 7 s 100 100 100 100 100
10 s 100 100 100 100 100

Species and Irradiation 24 h 48 h 72 h 1 wk 2 wk

F. nucleatum  0 s   0   0   0   0   0
 3 s 100 100 100 100 100
 5 s 100 100 100 100 100
 7 s 100 100 100 100 100
10 s 100 100 100 100 100

Table　2　Sterilization test results of paper point（％）

The percentages of negative achievement rate are indicated（n＝20）.
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pressing the irradiation switch.
　In our prototype sterilizer, the time from pressing 
the“on”switch to stabilizing the temperature in the 
light condensing area was about 20 s. It was reported 
that it takes 9 min for the temperature to stabilize at 
230℃ for glass beads, 5 min for salt, and 6 min for mol-
ten metal, which are conventional heating media13）. 
Therefore, the setup time was greatly reduced, and the 
sterilizer could be used immediately. This feature is 
useful not only in daily clinical practice, but also in 
home-visit dental care if the device can be made 
smaller.
　In addition, it is possible to set the temperature at 
the center of the light condensing area with a control 
switch and select setting Ⅰ, which controls the tem-
perature by cycling the lamp, or setting Ⅱ, which per-
forms continuously increasing irradiation. The paper 
points and cotton balls, which have poor thermal con-
ductivity, were irradiated with setting Ⅰ, while K-files, 
which are stainless steel and have good thermal con-
ductivity, were irradiated with setting Ⅱ.
　The reason why the temperature was 330℃ in set-

ting Ⅰ, which is slightly higher than that of conven-
tional sterilizers（200‒280℃）9‒18）, is that the prototype 
sterilizer reflects more of the radiant heat projected 
onto the sterilized materials compared with the conven-
tional type that uses a heating medium, and not all of 
the heat energy incident on the materials can be used. 
This is also the reason why the core temperature of N.I. 
dry heat sterilizers using radiation heat has been 
increased to around 360℃ in the past16）.
　There is no clear ISO standard for simple dry heat 
sterilizers, and each sterilizer is designed with its own 
optimal temperature. The temperature difference 
between the center of the light condensing area and the 
outer edge of the light condensing area was 80℃. 
Although the temperature at the outer edge was not 
lower than the temperature of a conventional sterilizer, 
the temperature of the sterilized material may be lower 
than the apparent temperature for paper and cotton 
products in a sterilizer with low thermal energy effi-
ciency. Currently, almost no sterilizers available on the 
market can heat K-files up to 330℃, and N.I. sterilizers 
have only been reported to heat cotton plugs and paper 

The percentages of negative achievement rate are indicated（n＝20）.

Species and Irradiation 24 h 48 h 72 h 1 wk 2 wk

B. atrophaeus  0 s   0   0   0   0   0
 3 s   0   0   0   0   0
 5 s   0   0   0   0   0
 7 s   0   0   0   0   0
10 s   0   0   0   0   0
15 s   0   0   0   0   0
20 s   0   0   0   0   0
30 s  45  45  45  45  45
40 s 100 100 100 100 100

Species and Irradiation 24 h 48 h 72 h 1 wk 2 wk

S. mutans  0 s   0   0   0   0   0
 3 s  15   0   0   0   0
 5 s 100  45  30  25  25
 7 s 100  80  65  55  55
10 s 100 100 100 100 100

Species and Irradiation 24 h 48 h 72 h 1 wk 2 wk

A. oris  0 s 100   0   0   0   0
 3 s 100   0   0   0   0
 5 s 100  60  45  45  45
 7 s 100  95  95  95  95
10 s 100 100 100 100 100

Species and Irradiation 24 h 48 h 72 h 1 wk 2 wk

E. coli  0 s   0   0   0   0   0
 3 s  10  10  10  10  10
 5 s  95  80  80  80  80
 7 s 100 100 100 100 100
10 s 100 100 100 100 100

Species and Irradiation 24 h 48 h 72 h 1 wk 2 wk

S. intermedius  0 s   0   0   0   0   0
 3 s  60  25  25  25  25
 5 s  95  95  95  95  95
 7 s 100 100 100 100 100
10 s 100 100 100 100 100

Species and Irradiation 24 h 48 h 72 h 1 wk 2 wk

F. nucleatum  0 s   0   0   0   0   0
 3 s  10   0   0   0   0
 5 s  70  50  50  50  50
 7 s  75  70  70  70  70
10 s 100 100 100 100 100

Table　3　Sterilization test results of cotton ball（％）
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points16）.
　In this study, we observed the surface of the heated 
files and performed bending and torsion tests according 
to ISO 3630-1 to observe the changes in physical prop-
erties（Figs. 7 and 8）. Compared with the untreated 
group, images of the flame-treated group showed metal 
peeling off the surface of the file and the blade disinte-
grating and blunting due to heat, while the halogen 
lamp-irradiated group showed no major changes.
　It has long been believed that sensitization（a chro-
mium deficiency phenomenon caused by grain precipi-
tation due to chromium carbonization on the surface of 
the file）, which is the cause of intergranular corrosion 
in 18-8 stainless steel, occurs when steel is heated for a 
long time at 500‒800℃. In this experiment, the tem-
perature was about 410℃ even after the longest irradi-
ation of 15 s, so it is thought that the files were undam-
aged because the temperature was not high enough to 
cause grain precipitation25）.
　In the bending tests, torque was significantly lower in 
the MANI #15 K-file, and in the torsion tests, torque 
was significantly lower in the MANI #25 K-file with 
respect to the untreated group. However, in both tests, 
the torque did not decrease significantly compared to 
the untreated group, and the ISO standard values20） 
were met, so the K-files would still be acceptable for 
clinical use.
　There was no significant difference in the fracture 
angle among all groups, but one Senseus K-FlexoFile 
#40 fractured at an angle under the ISO standard 
value. The additional 10 pieces tested in accordance 
with the standard all exceeded the standard value. The 
results of these strength tests are in agreement with 
those of Asakura26）, who reported that the mechanical 
properties of K-files were not affected until they were 
heated at 400℃ for 1 h in an electric furnace.
　In the sterilization test, we used B. atrophaeus
（Gram-positive bacteria）, which is an indicator bacte-
rium for dry heat sterilization and has the ability to 
form spores; S. mutans, S. intermedius, and A. oris as 
Gram-positive bacteria indigenous to the oral cavity; 
and F. nucleatum as Gram-negative bacteria. In addi-
tion, E. coli was used as a general Gram-negative bac-
terium. The amount of bacteria applied to the paper 
points and cotton balls was set at 2.0×103 CFU/ml, 
under the assumption that these materials would be 
used before provisional sealing at the end of treatment, 

because the number of glove bacteria in the second half 
of treatment, just before the working length was deter-
mined and provisionally sealed, has been reported to be 
approximately 1.0‒3.0×103 CFU27）.
　For the paper points , negative cultures were 
obtained after 3‒5 s of irradiation for non-spore-forming 
bacteria, but after 30 s for spore-forming B. atrophaeus. 
Because the central temperature of the condensing 
area rises to 330℃, this area seems to be able to kill 
bacteria in a short time. However, the temperature 
decreases away from the center, and the temperatures 
of the ends of the samples（tip of the paper point and 
edge of the cut）located in the outer edge reach only 
240‒250℃. Therefore, the spores that survive there 
could germinate.
　Cotton balls were culture negative after 7‒10 s of 
irradiation for non-spore-forming bacteria, but took 40 s 
for spore-forming B. atrophaeus. The longer time 
required for a negative culture compared to the paper 
points for all species was thought to be due to the fact 
that the depth from the surface to the center of the cot-
ton ball required more time for heat conduction, allow-
ing interior bacteria to survive.
　In the K-files, the length of contamination was 16 
mm, some of which was not placed within the condens-
ing area, and despite the large number of contaminat-
ing bacteria, the culture was negative after 10 s for 
spore-forming B. atrophaeus and after 7 s for other bac-
teria species. This is probably due to the good thermal 
conductivity of the metal, unlike paper or cotton. 
Because it is rare to come into contact with highly 
thermostable bacteria in general dental practice, the 
results confirmed that clinical sterilization could be 
achieved by irradiating the K-files for 7 s with setting 
Ⅱ, and the paper points for 5 s and small cotton balls 
for 10 s with setting Ⅰ at the temperature settings 
used in this study.
　The results show that it was able to quickly and 
safely heat the materials to be sterilized and achieve 
sterilization in the light condensing area. This proto-
type sterilizer had the necessary control boards and 
equipment in order to achieve sufficient performance. 
However, since some equipment could be omitted in 
actual clinical applications, it is possible to reduce the 
size of the sterilizer, and since there is no heating 
medium compared to the conventional type, it is possi-
ble to reduce the weight. Moreover, the lack of a heat-
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ing medium prevented the material from being bent 
when it was inserted into the sterilization area and 
eliminated contamination of the material by a heating 
medium. The results also suggest that this sterilizer is 
effective for infected root canal treatment, where a 
large amount of necrotic pulp or infected dentin is han-
dled, or where contamination is suspected due to small 
instruments falling outside the clean area or being 
exposed to saliva. Moreover, although they do not come 
into direct contact with the sterilized materials, the 
internal walls of the equipment can be sterilized by 
autoclaving if they are assembled, with the exception of 
the halogen lamps, which require wiring, so mainte-
nance is considered possible.
　However, as with conventional sterilizers, it is neces-
sary to insert long instruments, such as tweezers or 
K-file handles, that are not heat resistant to direct light 
exposure. In addition, sterilization of materials exposed 
to a large amount of microorganism contamination will 
require a conventional autoclave. The bacterial count 
set for this study corresponds to that observed during 
clinical procedures, and it is therefore desirable to ster-
ilize any suspected contaminated items after cleaning 
them with gauze.
　In addition, the temperature tended to drop rapidly 
away from the center of the light condensing area. 
Thus, this instrument is effective for sterilizing small 
areas contaminated during use, and conventional meth-
ods are required to achieve complete sterilization of the 
entire instrument. Once used, instruments should only 
be used for the same patient, and autoclaves or dry 
heat sterilizers should be used to sterilize instruments 
between patients.

Conclusion

　1. In settingⅠin which the central temperature of the 
condensing area was maintained, the temperature was 
stable at a central of around 330℃ and an outer edge of 
around 250℃ after irradiation for 20 s.
　2. In settingⅡwith continuous irradiation, the center 
temperature reached 368℃ and the outer edge tem-
perature increased to around 280℃ after irradiation for 
10 s.
　3. In SEM observation of the irradiated K-file, there 
was no change compared to unirradiated file.
　4. In the bending test and the torsion test of the 

K-file, there was a tendency that no significant differ-
ence was observed between the conditions with and 
without irradiation.
　5. The time required for 100% of the spore-forming 
bacteria to be sterilized was 10 s for the K-file, 30 s for 
the paper point, and 40 s for the cotton ball. For other 
bacterial species, it took 7 s for the K-file, 3 to 5 s for 
the paper point, and 7 to 10 s for the cotton ball.
　These results suggest that this sterilizer is effective 
as used in this experiment, which was conducted under 
the assumption of clinical procedures.

　The authors declare no conflicts of interest associated 
with this manuscript.
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Development of Multilayered Dental Pulp Cell Sheets  
and Consideration for Calcification Ability
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Abstract
　Purpose: The purpose of this study was to analyze the calcification characteristics of three-dimensional

（3D）culture of multi-layered dental pulp cell（DPC）sheets that have potential application in pulp regenera-
tion and evaluation of dental materials and pharmaceuticals.
　Methods: DPC were isolated from third molars extracted from three healthy patients aged 18‒30 years 
old. DPC sheets were constructed using a temperature-responsive culture dish（UpCell）and a gelatin stamp
（Cell Stamp for UpCell）. Histological examination of three-layer and six-layer DPC sheets was performed 
using hematoxylin and eosin staining（HE）. DPC sheets on mineral trioxide aggregates（MTA）were observed 
using a scanning electron microscope（SEM）to examine the microstructure. The LOX-1 probe was used to 
examine the effects of hypoxia. Calcification ability was analyzed by real-time PCR and Alizarin Red S stain-
ing（ARS）. In this study, two-dimensional（2D）culture（monolayer）served as a control.
　Results: Thick multilayered cell sheets were confirmed under the macroscopic view and with HE. The 
SEM images showed that the DPC sheets covered the MTA. Higher osteo/odontogenic differentiation was 
seen in the multi-layered cell sheets than in the monolayer cell sheets. The expression levels of alkaline phos-
phatase（ALP）, type Ⅰ collagen（COL1A1）, osteocalcin（OCN）, and dentin sialoprotein（DSPP）genes were 
higher in the DPC sheets. With ARS, characteristic nodules of mineralization were observed in the cell 
sheets.
　Conclusion: DPC sheets possessed higher mineralizing ability than the monolayer sheets. Cell sheets may 
be useful for comparative examination of pharmaceuticals, materials, and pulp regeneration in a 3D environ-
ment.
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Introduction

　In recent years, three-dimensional（3D）culture has 
been performed using various methods. It has been 
reported that 3D culture provides results that closely 
mimic natural tissues as compared to those of two-di-
mensional（2D）culture for accurate modeling of living 
organisms1） and analysis of medicines2,3）. In dentistry, 
3D cultures can be used to assess biocompatibility of 
dental materials4,5） and for regeneration of pulp6） and 
periodontal ligament7）, using scaffolds8）. However, 
hypoxia, promotion of calcification in the spheroid struc-
ture9）, and a decrease in viability due to a decrease in 
oxygen and nutrient supply can occur due to the scal-
ing-up of the 3D structure10）. Therefore, there may be 
underestimation or overestimation of the results when 
evaluating drugs and materials. In view of these facts, 
we wondered if it would be possible to perform 3D cul-
ture that maintains a specified thickness that does not 
cause hypoxia without using a scaffold and that focuses 
on cell sheet engineering. Cell sheet engineering refers 
to the use of a temperature-responsive culture dish
（UpCell）to collect cell sheets that retain extracellular 
matrix without using enzymes such as trypsin from 
monolayer culture, and to construct 3D structures by 
layering these cell sheets11）. It is possible to collect cell 
sheets that retain the binding and extracellular matrix 
and stack these cell sheets to construct a 3D struc-
ture11）. In recent years, cell sheet technology has been 
clinically tested in humans12,13）. However, there are few 
studies on the effects of calcification and hypoxia in cell 
sheets that retain the specified thickness by multi-lay-
ering of dental pulp cell（DPC）sheets using UpCell. 
Therefore, we used a gelatin stamp（CellStamp for 
UpCell）to stack cell sheets and analyze the character-
istics of DPC sheets for application in pulp regeneration 
and evaluation of dental materials and pharmaceuticals.

Materials and Methods

 1 ．Cell isolation and culture
　In this study, DPC was collected from three third 
molars of three healthy patients（18‒30 years old）who 
had undergone orthodontic treatment, following a pro-
tocol approved by the Institutional Review Board of 
The Nippon Dental University, School of Life Dentistry 

at Tokyo with informed consent. DPC was cultured 
according to the method described by Huang et al14）.  
Pulp tissues were minced and digested in a solution 
containing 3 mg/ml collagenase type Ⅰ（Sigma, St. 
Louis, MO, USA）and 4 mg/ml dispase（Gibco, Invitro-
gen, Carlsbad, CA, USA）at 37℃ for 60 minutes. Cell 
suspensions were obtained using a 70μm strainer and 
then seeded in 60 mm culture dishes at 37℃ under 5％ 
CO2 and cells with passage numbers of 3‒6 were used 
in all experiments. The growth medium（GM）used was 
as follows; minimum essential medium α（MEM-α, 
Gibco）, 10％ fetal bovine serum（FBS, Hyclone, Logan, 
UT, USA）, 100 units/ml penicillin G, 100μg/ml strepto-
mycin（Wako Pure Chemical Industries, Ltd., Osaka, 
Japan）, 2 mmol/l L-glutamine（Wako）, and 100μmol/l 
L-ascorbicacid-2-phosphate（Sigma）. The osteo/odonto-
genic differentiation medium（OM）used was as follows: 
10 nmol/l dexamethasone（Sigma）, 10 mmol/l β-glycer-
ophosphate（Sigma）, 50μg/ml L-ascorbic acid phos-
phate（Sigma）, and 10 nmol/l 1,25 dihydroxyvitamin D3
（Cayman Chemical, Ann Arbor, MI, USA）.

 2 ．Laminating procedure for the DPC sheets
　DPC sheets were laminated by a modified procedure 
of the method described by Haraguchi et al15） and the 
number of seeded cells was determined with reference 
to the manufacturer’s protocol. DPC was seeded at a 
cell density of 1.5×105/well into a 24-well UpCell（Cell-
Seed, Tokyo, Japan）and incubated for 5 days in GM, 
then the 7.5％ gelatin stamp（CellStamp for UpCell; 
CellSeed, Tokyo, Japan）was placed in the well and left 
at 25℃ for 30 minutes. The cell sheets were trans-
ferred to a gelatin gel, which was then transferred to 
the next well. This process was repeated to create mul-
tiple layers. After the stacking was complete, the gela-
tin gel was heated at 37℃ for 30 min to dissolve the 
gelatin and was washed three times in the medium
（Fig.　1）.

 3 ．Observation by hematoxylin and eosin（HE）
staining

　The monolayer, three-layer, and six-layer cell sheets 
in the GM were cultured on a polytetrafluoroethylene 
membrane for 3 days and fixed with 10％ neutral for-
malin. Then, the cell sheets were embedded with opti-
mal cutting temperature（OCT）frozen compound and 
a 7μm section was cut from the OCT blocks and 
stained with HE. HE was observed using an optical 
microscope.

SHNE0504責.indd   23 2021/12/22   13:41:29



24 ODEP Vol. 1, No. 1

 4 ．Observation by scanning electron microscopy
（SEM）

　The monolayer, three-layer, and six-layer cell sheets 
in the GM were cultured on MTA（ProRoot MTA; Den-
sply Tulsa Dental Specialties, Johnson City, TN, USA）
with a diameter of 6 mm for 3 days. The samples were 
fixed with 2.5％ glutaraldehyde solution for 30 min and 
post-fixed with 1％ osmium tetroxide for 2 h at room 
temperature. The samples were then dehydrated with 
50, 70, 80, 90, 95％, and 99.5％ ethanol for 10 min, fol-
lowed by replacement with t-butanol and freeze-drying. 
The samples were observed using SEM.

 5 ．Alizarin Red S staining
　The monolayer, three-layer, and six-layer cell sheets 
were cultured in the OM for 21 days, washed with 
phosphate-buffer solution, and fixed with 10％ neutral 
formaldehyde at room temperature for 15 min. After 
washing twice with dH2O, 300 ml/well of 40 mmol/l 
ARS（pH 4.1）was added, incubation at room tempera-
ture was performed for 20 min, then the wells were 
washed with 1 ml dH2O 4 times for 5 min each. The 
samples were observed using an optical microscope and 
macroscopic views. Three random points on the well 
were measured by ImageJ software to determine the 

mean size of calcification（n＝3）.
 6 ．Analysis of hypoxia

　Monolayer, three-layer, and six-layer cell sheets were 
cultured in the OM for 3 days, and the hypoxia probe 
solution LOX-1（Medical & Biological Laboratories, 
Aichi, Japan）was used in the medium at a final concen-
tration of 2μ/l. The cells were observed under a fluo-
rescence microscope（Carl Zeiss LSM 700, Oberkochen, 
Germany）.

 7 ．Real-time polymerase chain reaction（PCR）
analysis

　Monolayer, three-layer, and six-layer sheets were cul-
tured in the GM and collected at 3, 7, and 14 days. 
Total RNA was extracted using TRIzol reagent
（Thermo Fisher Scientific, Waltham, MA, USA）and 
Maxwell RSC simplyRNA Cells Kit（Promega Corpora-
tion, Madison, WI, USA）according to the manufacturer’s 
instructions. Complementary DNA synthesis was per-
formed from total RNA（1μg）using SuperScript VILO 
Master Mix（Life Technologies, Foster City, CA, USA）. 
Real-time PCR was performed with a THUNDERBIR 
Probe qPCR Mix（TOYOBO, Osaka, Japan）using a 
StepOnePlus real-time PCR system（Applied Biosys-
tems Waltham, MA, USA）under the following condi-

Fig．1　Procedure for laminating cell sheets
　①Gelatin gel（7.5％）was prepared by molding and placed on a 24‒well UpCell plate. ②‒④Cells were attached to the 
bottom of the gelatin stamp at 23℃ for 30 min, and the process was repeated three times to make three‒layer sheets. 
Six‒layer sheets were prepared by layering a three‒layer sheet on top of another three‒layer sheet after dissolving the 
gelatin. ⑤Gelatin was dissolved by heating at 37℃ for 30 min in the 24 well plate. ⑥Cell sheets were washed 3 times 
with GM.

①Preparation of gelatin stamp ②For UpCell

③Placement on UpCell

④Incubate at 23 ℃ for 30 min
⑤24 well plate
Dissolution of

gelatin
（37℃，30 min）

⑥In culture
medium
3 washes

Used  for
experiments

In case of
6 layers

Repeat
3 times・7.5％ gelatin stamp
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tions: 95℃ for 3 min, followed by 40 cycles at 95℃ for 
15 s. The primers for gene amplification were subjected 
to 40 cycles at 60℃（45s） for alkaline phosphatase
（ALP）, type Ⅰ collagen（COL1A1）and osteocalcin
（OCN）and at 62℃（45s） for dentin sialoprotein（DSPP）. 
β-actin（NM_001101.2）was used as an endogenous con-
trol. The primer sequences used are shown in Table 1.

 8 ．Statistical Analysis
　Statistical significance was analyzed using one-way 
analysis of variance followed by Tukey’s test. Data 
were expressed as mean±standard deviation, and p＜
0.05 was considered statistically significant.

Results

 1 ．Histological analysis
　The macroscopic view revealed membranous cell 
sheets with a thickness of three and six layers. The 
thickness of the monolayer, three-layer, and six-layer 
cell sheets, as seen with HE staining, was approxi-
mately 7μm, 25μm, and 45μm, respectively. For SEM, 
when the cell suspension was seeded on the sample, the 
cells were scattered and attached to the MTA, but on 
the cell sheets, an image covering the sample was 
observed（Fig.　2）.

Table　1　Sequences of human primers used for real‒time PCR

Genes Upper primers Lower primers

ALP 5′‒TCCCTGATGTTATGCATGAGC‒3′ 5′‒CGAGAGTGAACCATGCCA‒3′
OCN 5′‒CGCCTGGGTCTCTTCACT‒3′ 5′‒CTCACACTCCTCGCCCTAT‒3′
COL1A1 5′‒TTCTGTACGCAGGTGATTGG‒3′ 5′‒GACATGTTCAGCTTTGTGGAC‒3′
DSPP 5′‒TGACACATTTGATCTTGCTAGGA‒3′ 5′‒TTTGGGCAGTAGCATGGG‒3′

macroscopic
views

Hemotoxylin
and eosin
staining

scanning
electron

microscope

monolayer three－layer six－layer

A B C

D E F

G H I

Fig．2　Histological and SEM findings of cell sheets
　Macroscopic views of the monolayer（A）, three‒layer（B）, and six‒layer（C）cell sheets. Hemo-
toxylin and eosin staining of the monolayer（D）, three‒layer（E）, and six‒layer（F）cell sheets. 
Scanning electron microscope view of the monolayer（G）, three‒layer（H）, and six‒layer（I）cell 
sheets.
　Scale bar＝50 μm
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 2 ．Analysis of hypoxia
　The monolayer cell sheets showed a few LOX-1 posi-
tive cells. More hypoxic cells were observed in the six-
layer cell sheets than in the monolayer and three-layer 
cell sheets（Fig.　3）.

 3 ．Alizarin Red S staining
　Several nodules of mineralization were observed in 
the three-layer and six-layer cell sheets but not in the 
monolayer sheets. In addition, the nodules of mineral-

ization were larger in the six-layer cell sheets（1,573.4±
669.1μm2）than in the three-layer sheets（895.4±269.7
μm2）（Fig.　4）.

 4 ．Real-time PCR
　The expression of ALP was upregulated in the 
monolayer, three-layer, and six-layer cell sheets at day 7 
and downregulated at day 14, but tended to be signifi-
cantly higher in the three-layer and six-layer cell sheets 
than in the monolayer sheets（p＜0.05）. The expression 
of COL1A1 was upregulated in the monolayer, three-
layer, and six-layer cell sheets on day 7 and was signifi-
cantly higher in the six-layer cell sheets than in the 
monolayer sheets. The expression of OCN was upregu-
lated in the monolayer, three-layer, and six-layer cell 
sheets at day 14 and was significantly higher in the six-
layer（p＜0.05）cell sheets than in the three-layer and 
monolayer sheets. The expression of DSPP was upreg-
ulated in the monolayer, three-layer, and six-layer cell 
sheets at day 14 and was significantly higher in the six-
layer（p＜0.05）cell sheets than in the three-layer and 
monolayer cell sheets（Fig.　5）.

monolayer three－layer six－layer

Fig．3　Analysis of hypoxia
　24‒well viewed from above hypoxia was detected 
with the LOX‒1 probe in the monolayer, three‒layer, 
and six‒layer cell sheets.
　Scale bar＝100 μm

macroscopic
view optical microscope view

monolayer

three－layer

six－layer

A B C

D E F

G H I

Fig．4　Macroscopic and optical views
　Macroscopic view of Alizarin Red S staining of the monolayer（A）, three‒layer
（D）, and six‒layer（G）cell sheets in the 24‒well plate. Optical microscope view of 
the monolayer（B, C）, three‒layer（E, F）, and six‒layer（H, I）cell sheets. Nodules 
of mineralization（indicated with black arrows）can be observed in relation to the 
three‒layer and six‒layer cell sheets.
　Scale bar＝500μm
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3 days 7 days 14 days

3 days 7 days

：monolayer ：three－layer ：six－layer

14 days

3 days 7 days 14 days

3 days 7 days 14 days

Fig．5　Real‒time PCR analysis of mineralization related marker genes
　Real‒time polymerase chain reaction was performed for ALP, COL1A1, OCN, and DSPP
（n＝3）. The results of two independent experiments performed in triplicate are expressed 
as the mean（±SD）（＊：p＜0.05）.

Fig．S1　 Phase contrast image 
of DPC

Scale bar=100μm

Fig．S2　Macroscopic and optical views
　Macroscopic view of ARS of the monolayer（A）was cultured in the GM 
for 21 days. Optical microscope view of the monolayer（B, C）. Calcification 
was not observed（Scale bar=500μm）.
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Discussion

　In the present study, it was possible to fabricate cell 
sheets to form in membranous by multilayering, as 
shown by Kikuchi et al16）. In addition, some studies on 
MTA have reported the necessity of direct contact 
between cells and MTA for their differentiation into 
odontoblast-like cells17）. Based on these studies, if it is 
possible to cover the MTA as shown by SEM, it may 
be possible to analyze the interaction with cells that 
occurs in the surface layer of the material in more 
detail and to study the material properties in an envi-
ronment similar to that in vivo. Considering the miner-
alization-associated marker gene, after the initial 
expression of calcification and in ALP, which is an 
important factor for mineral deposition18）, downregula-
tion was observed after 14 days in the monolayer 
sheets, while the levels were high in the three-layer and 
six-layer sheets, which may have been due to the 
occurrence of heterogeneous calcified areas within the 
sheets. COL1A1, a major collagen in dentin and bone 
matrix, also showed a similar trend. The expression of 
OCN, a non-collagenous protein and a marker of osteo/
odontogenic differentiation, and DSPP, a representative 
marker of odontogenic differentiation, was also higher 
in the multilayered sheets. The expression trends of the 
markers were consistent with those seen in previous 
studies19）. The above-described upregulation of the min-
eralization-related marker and increased nodular calcifi-
cation seen with ARS were observed, especially in the 
six-layer sheets. This may have been due to the thick-
ness of the cells（as seen with HE）, causing the expan-
sion of hypoxic areas and the upregulation of mineral-
ization-associated marker expression20） induced by 
localized hyper-calcified areas and hypoxic areas in 
ARS. However, when considered in terms of materia-
logical characterization, since many dental materials 
are often compared with cells for their odontogenic 
induction21）, a comparative study of calcification-related 
factors using six-layer sheets may result in an overesti-
mation of calcification. Therefore, we hypothesized that 
a 3D culture with about three layers would not be 
affected by scaffolding or hypoxia and would allow us to 
perform comparative material studies in a 3D environ-
ment similar to that in vivo. In addition, there is a cor-
relation between LOX-1 and hypoxia-inducible fac-

tor-1α（HIF-1α）22）. The effect of hypoxia on cells may 
cause activation of angiogenesis23） by inducing vascular 
endothelial growth factor（VEGF）expression related to 
HIF-1α, which may be advantageous for pulp regenera-
tion by transplantation. The above results suggest that 
cell sheet technology may be further developed by 
changing the application depending on the thickness of 
the cell sheets.
　Note that there were some limitations to this study. 
We were not able to produce stable cell sheets. There-
fore, it is necessary to consider a more appropriate pro-
tocol.
　In the future, we plan to conduct a more detailed 
study to investigate the material science of multilay-
ered cell sheets with DPC for regeneration of dental 
pulp.

Conclusion

　DPC sheets possessed higher mineralizing ability 
than monolayer sheets. Cell sheets may be useful for 
comparative examination of pharmaceuticals, materials, 
and pulp regeneration in a 3D environment.

　The authors have no conflicts of interest directly relevant 
to the content of this article.

Supplemental Date

　DPC image（Fig. S1）and ARS staining control（Fig. 
S2）were added as Supplemental Date. 
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Abstract
　Purpose: The aim of this study was to elucidate the inhibitory mechanism of a surface pre-reacted 
glass-ionomer（S-PRG）eluate and S-PRG filler against volatilization of hydrogen sulfide（H2S）.
　Methods: The immediate inhibitory activity of S-PRG eluate on H2S volatilization was assessed by mixing 
with a solution of sodium hydrogen sulfide（NaHS）in equal amounts for 5 min, and measuring the gaseous 
concentration of H2S by gas chromatography. Subsequently, changes in the concentration of H2S in the gas-
eous and liquid phases, as well changes in the pH in the liquid phase, were examined following the addition of 
S-PRG eluate, S-PRG filler, spherical silica, and potassium bicarbonate（KHCO3）.
　Results: S-PRG eluate inhibited 31.6％ of H2S volatilization in the reaction mixed with NaHS solution but 
with no significant difference（p＝0.065）. Following the addition of S-PRG eluate to the H2S solution, the con-
centration of H2S was reduced by 20％ in the gaseous phase and increased by 5％ in the liquid phase. There 
was no change in the gaseous concentration of H2S in the reaction supplemented with spherical silica, 
whereas the gaseous concentration of H2S was reduced in the reaction supplemented with KHCO3, similar to 
that with S-PRG filler. The pH of the liquid phase was 5.77 in the H2S solution, 6.01 in that with spherical sil-
ica, 7.07 in that with S-PRG filler, and 8.50 in that with KHCO3.
　Conclusion: The results of this study suggest that the inhibitory effect of S-PRG eluate and S-PRG filler on 
H2S volatilization might be due to their buffering ability.
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Introduction

　Oral malodor, or bad breath, is one of the major com-
plaints from patients visiting dental clinics, behind only 
dental caries and periodontitis. Clinical causes of oral 
malodor include periodontitis, poor oral hygiene, tongue 
debris, deep caries, inadequately fitted restorations, 
endodontic lesions, and low salivary flow1‒4）. The major 
compounds involved in oral malodor are volatile sulfur 
compounds（VSCs）, and approximately 90％ of the 
VSCs in mouth air are hydrogen sulfide（H2S）and 
methyl mercaptan（CH3SH）5）. VSCs are produced by 
oral bacteria in the oral cavity during metabolism of the 
sulfur-containing amino acids cysteine and methionine6）. 
Gram-negative anaerobes are important producers of 
VSCs7‒9）. Persson et al.7） evaluated the capacity of 163 
culturable oral bacterial strains to produce VSCs; all 
bacterial strains tested formed H2S from L-cysteine, 
whereas less than one-third of the strains produced 
CH3SH from L-methionine. Periodontal pathogens iso-
lated from subgingival plaque, such as Porphyromonas 
gingivalis, Prevotella intermedia, Tannerella forsythia, 
and Treponema denticola, have been shown to generate 
significant amounts of H2S and CH3SH8）. An examina-
tion of the microbiota composition in tongue biofilms of 
individuals without periodontitis, or only a slight degree 
of periodontitis, suggested that the major species of 
H2S-producing bacteria are Veillonella, Actinomyces, 
and Prevotella9）.
　Dental restorative material containing surface pre-re-
acted glass-ionomer（S-PRG）filler has recently been 
shown to possess both anti-dental plaque and anti-bac-
terial properties10‒15）. S-PRG filler can both release and 
recharge fluoride ions（F）, as well as release other ions, 
including strontium（Sr）, silicon（Si）, boron（B）, sodium
（Na）, and aluminum（Al）16）. S-PRG filler and released 
ions have anti-demineralization and re-mineralization 
effects17,18）. Previous studies concerning the anti-cario-
genicity of S-PRG filler have reported that the eluate of 
S-PRG filler inhibits bacterial growth, adhesion, and 
gene expression related to sugar metabolism of Strepto-
coccus mutans10,12）. We have been studying the effect of 
S-PRG eluate on oral microbiota including periodonto-
pathic bacteria14,15）. S-PRG eluate has been shown to 
suppress the protease and gelatinase activities of P. 
gingivalis, as well as the coaggregation between P. gin-

givalis and Fusobacterium nucleatum14）, to inhibit bio-
film formation and disrupt mature biofilms; however, its 
anti-bacterial activity was limited15）. In further clinical 
trials, oral rinsing and tongue cleaning with S-PRG elu-
ate reduced oral malodor compared to the control15）. 
Since the reduction of oral malodor occurred immedi-
ately after oral rinsing with S-PRG eluate, it is thought 
that S-PRG eluate suppresses oral malodor by an imme-
diate mechanism that does not involve anti-biofilm, 
anti-bacterial, or anti-enzyme actions. The purpose of 
this study was to investigate whether S-PRG eluate and 
S-PRG filler suppress oral malodor independent of their 
effect on oral bacteria, and to clarify the underlying 
mechanism.

Materials and Methods

 1 ．Preparation of S-PRG eluate and S-PRG filler
　The S-PRG eluate（lot 031501K; Shofu Inc., Kyoto, 
Japan）and S-PRG filler（lot 120501; Shofu Inc.）used in 
this study were generated as previously described18,19）. 
S-PRG eluate was prepared with S-PRG filler under the 
specific conditions that produce the highest concentra-
tion of each ion19）. Elemental analysis of ions released 
from S-PRG filler（Al, B, Na, Si, and Sr）was performed 
using inductively coupled plasma atomic emission spec-
troscopy（ICP-AES; ICPS-8000, Shimadzu Co., Kyoto, 
Japan）and fluoride ion electrodes（fluoride electrode, 
Model 9609BN; pH/ion meter, Model 720A; Orion 
Research Inc., MA, USA）14）. The ion concentrations of 
S-PRG eluate used to evaluate the immediate inhibitory 
effect of S-PRG eluate on gaseous H2S were as follows: 
Al, 1.5 ppm; B, 890.5 ppm; Na, 368.2 ppm; Si, 6.0 ppm; Sr, 
78.4 ppm; and F－, 105.0 ppm.

 2 ．Immediate inhibitory ef fect of S-PRG eluate 
on gaseous H2S

　Gaseous H2S was prepared from a dilute aqueous 
solution of sodium hydrogen sulfide（NaHS）. Chlorides 
of two metal ions released from S-PRG filler, AlCl3 and 
SrCl2, were prepared as 1 mol/l aqueous solutions. 
Then, 2 ml of S-PRG eluate, 1 mol/l AlCl3 solution, or 1 
mol/l SrCl2 solution was added to 2 ml of 10－5％ NaHS 
solution in 15 ml tubes, which were sealed and incu-
bated at room temperature for 5 min. Then, 1 ml of the 
gas phase was collected and analyzed using a gas chro-
matograph（model GC2014; Shimadzu Co.）. Distilled 
water（d-water）and 1 mol/l ZnCl2 solution were used 
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as negative and positive controls, respectively. All test 
reagents were obtained from FUJIFILM Wako Pure 
Chemical Co.（Osaka, Japan）. The experiments were 
repeated at least three times.

 3 ．Preparation of H2S solution
　H2S gas was produced by adding dilute sulfuric acid 
through a dropping funnel into a four-necked flask con-
taining ferric sulfide. H2S gas was transferred into an 
Erlenmeyer flask and bubbled through 150 ml of Milli-Q 
water to obtain a stock solution of H2S（Figure 1A）. 
The H2S stock solution was removed by syringe and 
transferred to an Erlenmeyer flask containing 100 ml 
Milli-Q water, and rotated at 400 rpm for 1 h to obtain a 
solution of H2S with a concentration of 500 ppb（Figure 
1B）. Finally, 2μl of the liquid and 30μl of the gas in the 
headspace of the H2S solution were tested by gas chro-
matography to confirm that the concentration of H2S 
was 500 ppb.

 4 ．Changes in H2S concentration in the gaseous 
and liquid phases following addition of S-PRG 
eluate

　The changes in H2S concentration in the gaseous and 
liquid phases following addition of 0.5 ml S-PRG eluate 
to 100 ml of H2S solution（500 ppb）in an Erlenmeyer 
flask were measured by gas chromatography（GC-14B; 
Shimadzu Co.）at 0, 1, 2, 3, and 4 h. Then, 30μl was 
sampled from the headspace as a gaseous phase sam-
ple, 2μl was sampled from the reaction mixture as a 
liquid phase sample, and the H2S concentration was 
measured.

 5 ．Changes in H2S concentration in the gaseous 
phase and pH in the liquid phase following 
addition of S-PRG filler

　The H2S concentration in the gaseous phase and pH 
in the liquid phase were measured at 0, 0.5, 1, 2, and 3 h 
following the addition of 0.1 g S-PRG filler, 0.1 g spheri-
cal silica, or 0.1 g potassium bicarbonate（KHCO3）to 100 
ml of H2S solution（500 ppb）in an Erlenmeyer flask.

 6 ．Changes in H2S concentration in the liquid 
phase following addition of S-PRG filler by the 
methylene blue method

　In a previous study, S-PRG filler was added to H2S 
solution and the changes in H2S concentration in the 
liquid phase were examined by the methylene blue 
method20）. Immediately following the addition of S-PRG 
filler in the above experiment（initial）, as well as at 0.5, 
1, 2, and 3 h, a 0.1 ml sample was taken from the liquid 
phase as a test solution. Briefly, 0.1 ml test solution was 
added to 10 ml distilled water in a 15 ml stoppered test 
tube; 1 ml p-aminodimethylaniline dichloride（10 mmol/l 
in 10 N H2SO4）and 1 ml FeCl3（20 mmol/l in 1％ H2SO4）
were also added（Figure 2）. After incubation at room 
temperature for 15 min, the absorbance was measured 
at 665 nm using an ultraviolet-visible-near-infrared 
spectrophotometer（V-550; Jasco Co., Tokyo, Japan）. 
Measurement of only the reagent without the test solu-
tion was used as the baseline.

 7 ．Statistical analysis
　Welch’s t-test was used to evaluate the immediate 
inhibitory effects of metal ions and S-PRG eluate on H2S 
volatilization compared to the addition of d-water（nega-
tive control）. Differences were considered to be signifi-
cant at p＜0.05. Statistical analyses were carried out 

Fig.　1　Hydrogen sulfide（H2S）gas generator（A）and equipment for preparation of the H2S solution（B）
A
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using the R software package（ver.　3.6.1.; http://www.
R-project.org）.

Results

 1 ．Direct inhibitory ef fect of S-PRG eluate on 
gaseous H2S

　In the reaction mixed with the 10－5％ NaHS solution, 
neither aqueous solutions of AlCl3（－9.68％）nor SrCl2
（－4.63％）inhibited H2S volatilization, whereas S-PRG 
eluate inhibited H2S volatilization by 31.6％（p＝0.065）
（Figure 3）. The aqueous solution of ZnCl2 almost com-
pletely inhibited H2S volatilization（99.9％, p＜0.001）.

 2 ．Changes in H2S concentration in the gaseous 
and liquid phases, and pH, following addition 
of S-PRG eluate or S-PRG filler

　Although the reproducibility was confirmed by 
repeated experiments, the reaction was easily affected 
by the temperature and the measured values varied, 
and thus representative data are shown. One hour after 
S-PRG eluate was added to the H2S solution（500 ppb）
and stirred at 400 rpm, the concentration of H2S in the 
gaseous phase decreased by 20％, while that in the liq-
uid phase increased by 5％（Figure 4）; these concentra-
tions remained unchanged after 4 h. Following the addi-
tion of S-PRG filler, the concentration of H2S in the gas-
eous phase decreased by approximately 70％ after 1 h, 
and by approximately 80％ after 3 h（Figure 5）. As 
shown in Figure 5, the reaction with KHCO3 resulted in 
a similar decrease in the concentration of H2S in the 
gaseous phase as that following the addition of S-PRG 
filler. By contrast, the addition of spherical silica did not 

Fig.　2　Methylene blue method
　Under acidic conditions, H2S produces methylene blue by the reaction of p-aminodimethylaniline hydrochloride 
with iron（Ⅲ）chloride as an oxidizing agent. Since methylene blue has a maximum absorption wavelength of 665 
nm, it is possible to quantify H2S using absorptiometry.
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Fig.　3　 Immediate inhibitory effect of surface 
pre-reacted glass-ionomer（S-PRG）elu-
ate on gaseous H2S

　Bars show mean±standard error. S-PRG elu-
ate inhibited 31.6％ of H2S volatilization（p＝
0.065）, while AlCl3 and SrCl2 did not inhibit H2S 
volatilization. The aqueous solution of ZnCl2 
almost completely inhibited H2S volatilization
（＊：p＜0.001）.
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Fig.　4　 Changes in H2S concentration in the gaseous and 
liquid phases following addition of S-PRG eluate
（representative data）

　The concentration of H2S in the gaseous phase（filled 
circles）decreased by 20％, while that in the liquid phase
（filled squares）increased by 5％.
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affect the concentration of H2S in the gaseous phase. 
The pH values in the liquid phase prior to the reaction, 
and 3 h after the addition of S-PRG filler, KHCO3, and 

spherical silica, were 5.77, 7.07, 8.50, and 6.01, respec-
tively. The concentration of H2S in the liquid phase was 
examined with the methylene blue method（Figure 6 

Fig.　5　 Changes in H2S concentration in the gaseous and 
liquid phases, and in pH, following addition of 
S-PRG filler（filled circles）

　The concentration of H2S in the gaseous phase 
decreased by 80％ after 3 h. The reaction with KHCO3

（filled triangles）resulted in a decrease in H2S concentra-
tion in the gaseous phase similar to that following addi-
tion of S-PRG filler. The addition of spherical silica（filled 
squares）did not affect the concentration of H2S in the 
gaseous phase. Representative data are shown.
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A）. The relative concentration of H2S in the liquid 
phase increased by 15.9％, 25.3％, 19.4％, and 25.8％ at 
0.5, 1, 2, and 3 h after the addition of S-PRG filler（Fig-
ure 6B）.

Discussion

　We previously reported that metal ions such as Ag＋, 
Cd2＋, Cu2＋, and Zn2＋ inhibit H2S volatilization by chem-
ical binding21）. In both previous and current experi-
ments, Sr2＋ and Al3＋ did not inhibit volatilization of 
H2S. On the other hand, S-PRG eluate inhibited 31.6％ of 
H2S volatilization in the reaction mixed with 10－5％ 
NaHS. S-PRG eluate immediately inhibited H2S volatil-
ization by a mechanism distinct from its action on bac-
teria and chemical binding by metal ions. In terms of 
the anti-bacterial action of S-PRG filler on S. mutans, it 
has been reported that borate and fluoride ions are 
among the ions released from the filler22）. Sr2＋ are also 
often taken up by enamel and are considered to be 
involved in the inhibitory effect of S-PRG eluate on the 
demineralization of enamel23）. In that study, the absorp-
tion of multiple ions from S-PRG filler eluate into the 
tooth structure occurred much faster than that of each 
ion alone. As described above, S-PRG filler is character-
ized by its ability to allow the released ions to act in 
concert with multiple ions, rather than acting alone. 
However, we conclude that suppression of the volatil-
ization of H2S does not occur via a chemical bond, since 
no reaction occurs with the ions alone.
　The pH of S-PRG eluate is approximately 7.819）. 
Therefore, we focused on the buffering effect of S-PRG 
filler and S-PRG eluate. S-PRG filler, KHCO3, and spheri-
cal silica were added to an aqueous solution of H2S, and 
the concentration of H2S in the gas phase and pH in the 
liquid phase were measured. The concentration of H2S 
in the gas and liquid phases respectively decreased and 
increased when KHCO3 and S-PRG filler were added, 
which makes the aqueous solution weakly alkaline. The 
effects of pH were considered in these experiments. In 
the reaction vessel, the gas-liquid and acid dissociation 
equilibria are in equilibrium（Figure 7）:
　H2S（gas phase）⇄H2S（liquid phase: free）⇄H＋＋SH－

Also, when limited to solution only,
　H2S（liquid phase）⇄H＋＋SH－

　Since its acid dissociation constant（pKa1）is 6.88, the 
equilibrium tends to dissociate ions when the pH of the 

solution rises, and H2S（liquid phase: free）in the liquid 
phase may decrease. Since the H2S aqueous solution is 
weakly acidic, H2S（liquid phase: free）＞H＋＋SH－ in the 
liquid phase before the material is charged, but when 
the pH of the liquid phase is＞6.88, H2S（liquid phase: 
free）＜H＋＋SH－. In other words, H2S（liquid phase: 
free）in the liquid phase decreases in an environment 
with pH＞6.88, and H2S in the gas phase may move to 
the liquid phase. The concentration of H2S in the gas 
and liquid phases was examined every hour for 3‒4 h, 
and the reaction was nearly complete after 1 h follow-
ing the addition of both S-PRG filler and S-PRG eluate. 
The reaction occurred rapidly, as the concentration of 
H2S in the gas phase decreased by 31.6％ after 5 min in 
the mixing experiment with NaHS. The concentration 
of H2S in the gas phase is believed to be lower in S-PRG 
filler than in S-PRG eluate, because the S-PRG filler con-
tinued to release ions to maintain the buffer capacity.

Conclusion

　In conclusion, the weak inhibitory effect of S-PRG 
eluate and S-PRG filler on H2S volatilization might be 
due to their buffering ability. Oral malodor might be 
suppressed by complex mechanisms of S-PRG eluate 
and filler that include anti-biofilm, anti-bacterial, and 
anti-enzyme actions against bacteria as well as a 
non-bacterial buffer action.
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Abstract
　Purpose: Many studies have been conducted on the resin-coating technique for indirect restorations, and 
its efficacy has been reported. This study investigated the clinical course of cases with the resin-coating 
technique for dentin after inlay cavity preparation and examined the efficacy of the technique clinically.
　Methods: Twenty cases in 18 patients visiting one of three dental clinics that were collaborating with this 
investigation between September 2014 and October 2019 were evaluated. The patients were treated using 
the resin-coating technique by applying a thin coating material（Hybrid Coat Ⅱ, HC Ⅱ）after inlay cavity 
preparation. Patient dental and medical records as well as clinical information that included tooth site, proce-
dures, materials used, and clinical symptoms before, during, and after the procedures and at the time of 
recall were obtained using set clinical evaluation criteria.
　Results: Fifty percent of the restorations were performed in premolars and 50％ in molars. Local anesthe-
sia was used in all cases except one. Resin coating was performed using HC Ⅱ alone in 40％ of cases and HC 
Ⅱ combined with a flowable resin in 60％ of cases. After inlay placement, 95％ of the cases（19 cases）had a 
favorable outcome. Of the 10 cases（50％）where the patient experienced pain on cold water stimulation 
before treatment, nine cases had a favorable outcome; however, in one case pain on drinking cold water per-
sisted and the patient then presented with pulpal symptoms, thereby requiring a pulpectomy.
　Conclusion: The results demonstrate the clinical efficacy of the resin-coating technique using HC Ⅱ on 
inlay cavity preparations.
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Introduction

　In recent years, the use of direct composite resto-
rations in molars has improved with the advancement 
of adhesive materials and technologies. Currently, a 
composite restoration can be promptly performed by 
preparing the cavity such that only the‘caries-infected’
dentin is removed and‘caries-affected’dentin is pre-
served, thereby protecting the remaining dentin and 
pulp. However, for extensive carious lesions in molars 
where the restoration is subjected to greater occlusal 
loading and the restorations may need to protect cusps, 
an indirect restoration such as an inlay or onlay can be 
selected. Generally, the degree of dentin exposure after 
preparation for an indirect restoration is much greater.
　The resin-coating technique was introduced based on 
the idea of direct composite resin restorations and the 
application of a reliable adhesive system for indirect 
restorations. The resin-coating technique is used to 
cover the dentinal surface exposed after cavity prepa-
ration for an indirect restoration such as an inlay or 
crown with an adhesive system for protecting the 
exposed dentin and pulp1‒4）. Specifically, coating the 
exposed dentinal surface immediately before impres-
sion-taking with an adhesive system aims to form a thin 
film on the dentinal surface which helps protect the 
pulp and improves adhesion of the resin cement to the 
dentin, thereby improving the marginal seal1）. By using 
the resin-coating technique, few adhesive failures of res-
torations at the dentinal interface occur due to the 
improvement in the adhesion of the resin cement to the 
dentin. This also leads to a decrease in the frequency of 
marginal and bacterial leakage which has been 
reported2,5‒13）. Conservat ion of tooth structure , 
decreased patient discomfort, and a favorable clinical 
course o f ind irect restorat ions have a lso been 
reported1,2,14‒19）.
　In Japan, the resin-coating technique for preparing 
vital abutment teeth has been covered under the Japa-
nese national health insurance system since December 
2019 and its use is expected to become more common. 
On the other hand, the clinical application of the res-
in-coating technique is still being improved20）. Labora-
tory studies have demonstrated its superior perfor-
mance; a clinical study on the resin-coating technique 
for crown preparation of vital teeth reported that the 

resin coating is a reliable treatment21）. However, no 
clinical study has evaluated the resin coating for cavity 
preparations. Therefore, this retrospective study inves-
tigated the clinical performance of inlay restorations 
placed using a resin-coating technique in collaboration 
with three dentists who routinely employ the res-
in-coating technique for vital teeth, and assessed the 
validity and efficacy of the procedure.

Materials and Methods

 1 ．Materials for resin coating
　The composition of Hybrid Coat Ⅱ（HC Ⅱ Sun Med-
ical, Moriyama, Japan）, a resin coating material used in 
this study, is shown in Table 1. HC Ⅱ is the next ver-
sion of HC（Sun Medical）, which has been available in 
the market since January 2010. HC Ⅱ was developed 
on the concept of a one-step bonding agent, which con-
sists of a one-bottle bonding agent and a dedicated 
sponge22）. When HC Ⅱ is used, a dedicated sponge con-
taining adhesion promoters is used to apply the bonding 
material to the tooth surface. In Japan, HC Ⅱ has been 
covered under the Japanese national health insurance 
system since December 2019 as a material for resin 
coating of prepared surfaces of vital abutment teeth.

 2 ．Methods for investigation
　This study was approved by the Ethics Committee of 
Asahi University School of Dentistry（approval number 
32007）. The study was conducted in collaboration with 
three dentists in private practice who frequently per-
form vital tooth inlay restorations using the resin-coat-
ing technique. The outline of the clinical study and its 
methods were explained to the dentists and their con-
sent to join the study was obtained.
　The study included 18 patients（ten males, eight 
females; mean age, 51.4 years old）visiting one of the 
three dentists between September 2014 and October 
2019. Patient records were identified for those who 
received an inlay for a vital tooth. The age of the 
patients is shown in Table 2. Nineteen cases in 18 
patients who could be followed up after the restoration 
and who also consented to join the investigation were 
investigated.
　Immediately after the cavity preparation, the pre-
pared tooth was resin-coated using HC Ⅱ followed by 
impression-taking. At the next visit, an inlay was placed 
with a resin cement.
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　We used a clinical investigation proforma to obtain 
basic information about each patient（age, sex）, the 
intervention site and investigated procedures such as 
whether local anesthesia had been administered, if pulp 
protection had been provided, methods for resin coat-
ing, the resin cement used for adhesion, and any clinical 
symptoms before, during, and after the restorative pro-
cedure and at the time of latest recall based on the 
dental records. Personal information including patient 
name and address was excluded from the data forms to 
maintain anonymity.

 3 ．Data collection and analysis
　After the investigation was completed, the evaluation 
forms were collected from the dentists. When there 
was any doubt about the information provided in the 
form, the dentist who completed it was asked directly 
for confirmation and clarification. Thereafter, all data 
were collated and analyzed.

Results

　The results of the investigation are shown in Table 3. 
In this study, the restorations were performed on pre-
molars in 10 cases（50％）（five cases on maxillary pre-
molars and five cases on mandibular premolars）and 
molars in 10 cases（50％）（three cases on maxillary 
molars and seven cases on mandibular molars）. The 
average period between cavity preparation and inlay 
placement and between inlay placement and recall was 

11 days and 289 days, respectively. The total period of 
the investigation was 10 months on average.
　Before commencing the cavity preparation, local 
anesthesia was used in all cases except one. Also, local 
anesthesia was used for inlay placement in 10％ of the 
cases.
　The resin-coating technique was performed on each 
cavity using a single application of HC Ⅱ in eight cases
（40％）and a combination of HC Ⅱ with a flowable resin 
composite in 12 cases（60％）. No case required direct 
pulp capping during the cavity preparation. The resto-
rations comprised inlays covered under insurance in 14 
cases（70％）（metal inlay in 12 cases and a resin com-
posite inlay in one case）and self-financed inlays in six 
cases（30％）（hybrid resin inlay in one case, gold alloy 
inlay in two cases, ceramic inlay in two cases, and a zir-
conia inlay in one case）.
　In 19 cases（95％）, a dual-cure resin cement was used 
for the cementation, SA Luting Plus（Kuraray Noritake 
Dental, Tokyo, Japan）, G-Luting（GC, Tokyo, Japan）, and 
other dual-cure resin cements described as listed in the 
clinical data forms. In one case（5％）, Super-Bond C & 
B（Sun Medical）, a methyl methacrylate-based resin 
cement, was used.
　After inlay placement, the clinical outcome was 
determined to be favorable in 19 cases（95.0％）. 
Although discomfort such as pain on drinking cold 
water was observed before treatment in nine cases
（45％）, the outcome was determined to be favorable 

Table　1　Composition and usage of resin-coating material

Brand Manufacturer Composition Procedure

Hybrid Coat Ⅱ
（HC Ⅱ）

Sun Medical
（Moriyama, Japan）

liquid：acetone, MMA, 4-META others, water ① Liquid stirring and mixing with a 
coat sponge/micro-brush sponge

② After applying the mixed solution 
for 10 s, air-blowing for 5 s

③Light irradiation for 5 s

Powder in coat sponge/micro-brush sponge：
aromatic amine, aromatic sulfinate

MMA：methyl methacrylate, 4-META：4-methacryloxyethyl trimellitate anhydride

Table　2　Baseline information of the participants

Category
Sex Age（yrs） Treatment tooth

Male Female 20‒29 30‒39 40‒49 50‒59 60‒69 Premolar Molar

Number of cases
（Percentage）

10（55.6） 8（44.4） 1（5.6） 3（16.7） 4（22.2） 3（16.7） 7（38.9） 10（50.0） 10（50.0）

Total 18 Average 51.4 Total 20
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after treatment in eight of the nine cases. Of the cases 
where discomfort was experienced before treatment, 
pain on drinking cold water persisted after treatment 
and even at the time of recall occurred in only one case, 
which subsequently required a pulpectomy 155 days 
after the commencement of treatment（Table 3）.

Discussion

　The results of this study showed that as cavity 
preparation for vital teeth was accompanied by the cut-
ting of intact dentin, local anesthesia needed to be used 
for cavity preparation in almost all cases. Some studies 
have indicated that damage to the pulp is associated 
with the cutting of vital dentin when using an air-tur-
bine hand piece23,24）. If protecting the vital tooth struc-
tures is prioritized based on the idea of minimally inva-
sive dentistry, a direct composite restoration should be 
selected for caries treatment. However, when an inlay 
restoration is inevitably selected as the treatment of 
choice, the tooth preparation should be carefully per-
formed while using air-water spray from the handpiece 
and a very light touch preparation to minimize damage 
to the pulp. On the other hand, local anesthesia was not 
used in one case. The reason was not unclear, but cut-
ting intact dentin might have been minimal in this case. 
According to Fusayama’s concept25）, local anesthesia is 
not necessary if cutting is limited only for‘caries-in-
fected’and‘caries-affected’dentin.
　A favorable outcome free of any discomfort after 

placement of the restoration in 95％ of cases was deter-
mined, which indicated that the resin-coating technique 
was effective after cavity preparation in vital teeth. 
The clinical outcomes were favorable in 8/9 cases that 
originally presented with pain upon cold water stimula-
tion before the treatment. The resin-coating technique 
was able to protect the prepared dentin surface and 
isolated it from pain-causing stimuli. However, one case 
still experienced pain on cold water exposure at the 
time of recall and finally presented with pulpal symp-
toms, thereby requiring a pulpectomy. Currently, it is 
challenging to accurately diagnose the pulp response of 
a tooth where the patient experiences discomfort. In 
cases requiring a pulpectomy, it is difficult to diagnose 
the pulpal condition for an inlay restoration. Under the 
current circumstances, in cases with discomfort due to 
pulpal sensitivity, the restoration should be performed 
after recovery from the discomfort. In cases requiring a 
restoration, it is crucial to carefully perform the restor-
ative procedures after providing the patient with an 
adequate explanation of the benefits and risks of the 
procedure and then obtaining consent.
　The resin-coating technique may improve the bond-
ing performance of resin cement to dentin for indirect 
restorations and also enhance the marginal seal 
between the restoration and the cavity wall26‒28）. This 
evaluation used dual‒cure resin cements for luting res-
torations in most cases. Such cements are routinely 
used for the luting of tooth-colored restorations, such as 
resin composite and ceramic inlay/onlay restorations, 

Table　3　Evaluation outcomes collected from the protocols

Content of survey
Number of cases

（Percentage of cases）

Local anesthesia Cavity preparation Yes 19（95.0）
No  1（5.0）

Inlay placement Yes  2（10.0）
No 18（90.0）

Resin-coating procedure Single application of HC Ⅱ  8（40.0）
Combination of HC Ⅱ with a flowable resin 12（60.0）

Resin cement MMA-based resin cement  1（5.0）
Dual-cure resin cement 19（95.0）

Restoration category under the national insurance system Approved 14（70.0）
Not approved  6（30.0）

Adverse event after placement of the restoration No 19（95.0）
Yes  1（5.0）
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because the light-curing of the cement effectively 
improves the bond strength of the tooth-colored resto-
rations to the underlying tooth structure. On the other 
hand, self-cure resin cements, such as Super-Bond C & 
B, should ideally be used for metal inlay restorations. It 
was reported, however, that the immediate dentin bond 
strength of Super-Bond C&B was significantly lower 
than that of dual-cure resin cements, but after 24 h a 
high bond strength could be achieved29）. Further inves-
tigation of the cl inical outcomes of restorations 
cemented with various types of resin cement, including 
cement removal after restoration placement, is required 
to expand the current evidence base30,31）.
　Resin coating was performed by using HC Ⅱ alone in 
37％ of cases and HC Ⅱ combined with a flowable resin 
in 63％ of cases. As the coating with HC Ⅱ forms a 
thin coating of approximately 5 μm thickness per appli-
cation, HC Ⅱ does not alter the overall contour of the 
prepared surface18,32,33）. Meanwhile, when HC Ⅱ is com-
bined with a flowable resin, any undercuts within the 
cavity preparation can be easily blocked out by place-
ment of the flowable resin. In this study, interviews 
after collecting the evaluation forms confirmed that the 
cavity morphology had been modified by the additional 
use of a flowable resin. In addition, it has been reported 
that HC Ⅱ combined with a flowable resin improved 
the adhesion of a resin cement to dentin4,10,11,34,35）. Resin 
coating using HC Ⅱ alone is suitable for cases requiring 
high-precision preparation methods, such as crown 
preparation of abutment teeth for a fixed prosthesis. On 
the other hand, resin coating using HC Ⅱ combined 
with a flowable resin is suitable for cases requiring 
smooth and stress concentration-free cavity forms such 
as resin or ceramic inlays.
　The resin-coating technique has been covered by the 
Japanese national health insurance system for the 
preparation of vital teeth since 2019, however, it does 
not include inlay and onlay cavities. The results of this 
study revealed the efficacy of the resin-coating tech-
nique on inlays and onlays. It is strongly hoped that the 
resin-coating technique will be covered within the 
insurance system for inlay and onlay cavities in the 
future. This study verified the short-term clinical out-
comes of the resin-coating technique; however, its long-
term clinical outcomes need to be investigated.

Conclusion

　1．Local anesthesia was used for cavity preparation 
in a vital tooth in almost all cases.
　2．The outcome was favorable after placing the res-
toration with the resin-coating technique using HC Ⅱ 
alone and HC Ⅱ combined with a flowable resin in 95％ 
of cases.
　3．Of the nine patients who experienced discomfort 
before the procedure, the clinical outcome was favor-
able in eight cases（89％）; however, discomfort per-
sisted in one case, which required a pulpectomy（11％）.
　4．These results revealed that the resin-coating 
technique using HC Ⅱ was effective in protecting the 
dentin and pulp after cavity preparation.
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The Shaping Advantage of M-wire Compared 
with Conventional Nickel-titanium Rotary Instruments 

in Heavy Curvature Canals
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Abstract
　Background: The purpose of this study was to evaluate the shaping advantage of M-wire NiTi ProTaper 
NEXT（PTN）compared with a conventional NiTi ProTaper Universal（PTU）file in heavy curvature canals. 
The shaping ability was measured by the amount of canal cutting and transportation between the PTN and 
conventional PTU.
　Methods: Root canal shaping by the PTN and PTU was classified into two experimental groups according 
to the final tip size, ISO #25 or ISO #40. Eighty-four J-shaped root canals（10°, 20°, 30° apical curvature）in 
resin blocks were used.
　Results: After adjusting for the level and canal wall side, the mean transportation did not significantly 
decrease between the PTN and PTU with ISO #25. Significantly less deviation occurred with the PTN and 
PTU between 10° and 30° using ISO #40.
　Conclusions: The PTN improves file flexibility and enables accurate canal shaping for heavy curvature 
canals.

Key words: M-wire, ProTaper NEXT, ProTaper Universal, shaping ability, apical curvature

　Corresponding author: Nobuyuki TANI-ISHII, Department of Pulp Biology and Endodontics, Kanagawa Dental University, 82, 
Inaoka-cho, Yokosuka, Kanagawa 238‒8580, Japan
　TEL: ＋81‒46‒822‒9527, FAX: ＋81‒46‒822‒8856, E-mail: n.ishii@kdu.ac.jp
　Received for Publication: June 16, 2021/Accepted for Publication: August 24, 2021
　DOI: 10.11471/odep.2021‒006

ODEP 1（1）：44～51，2021Original Article

SHNE0105責.indd   44 2021/12/22   13:44:12



45Dec, 2021 The Shaping Advantage of M-wire NiTi File

Introduction

　Rotary dental files with a NiTi alloy containing 56％
（wt）Ni and 44％（wt）Ti have significantly changed 
root canal preparation. The NiTi alloy has a cubic crys-
tal structure with an austenite phase above the shape 
recovery temperature1）. The austenite phase changes 
to martensite under force and temperature, but when 
the stress is released, the phase returns to austenite2,3）. 
Consequently, the NiTi alloy has a shape memory effect 
and super-elasticity without plastic deformation, which 
is advantageous for instruments used for root canal 
preparation.
　Given the development of NiTi endodontic instru-
ments targeted at root canals with complex anatomical 
configurations, the shape memory and super-elastic 
properties of such NiTi instruments have helped pre-
vent endodontic accidents（such as ledges, root canal 
perforations, apical transportation, and file fractures）4,5）. 
Currently, unique heat and mechanical treatments can 
be used to complement the mechanical properties of 
NiTi alloys to improve flexibility and fatigue resistance.
　In 2007, Sportwire LLC（Langley, OK, USA）devel-
oped a unique heat treatment process with the aim of 
producing a more flexible NiTi alloy with better fatigue 
resistance than conventional NiTi alloys6）. Additionally, 
Berendt developed a NiTi composition in which trace 
elements of less than 1％ were added to produce a NiTi 
alloy7）. Under a heat treatment process, the M-wire 
alloy converts to a rhombohedral（R）phase（intermedi-
ate temperature phase between austenite and marten-
site）and the elasticity changes with the change from 
austenite to martensite. Therefore, the flexibility of a 
NiTi endodontic file can be enhanced by modification8,9）. 
Additionally, NiTi alloy converted to the R phase is 
conventionally produced by cutting; however, NiTi files 
are produced by a non-cutting rolling step, thereby 
increasing the file fatigue resistance and fracture resis-
tance.
　The ProTaper NEXT（PTN）file used in this study 
is a next-generation model of ProTaper Universal
（PTU）, which is a modification of the conventional NiTi 
alloy PTU and uses M-wire. PTN was developed as a 
file suitable for severely curved root canals given its 
increased flexibility and fracture resistance. Compared 
with PTU, the PTN suppresses the occurrence of 

micro-cracks during root canal formation10,11）. Root 
canal wall displacement after cutting12‒15）, fatigue resis-
tance16‒18）, and file breakage resistance19） of PTN have 
been previously studied to determine the shaping abil-
ity. However, no report has objectively compared the 
different curvature canal range and shaping ability of 
PTN with a PTU in the same shaping system. The pur-
pose of this study was to analyze the advantages of the 
PTN and the relationship between the amount of canal 
wall removed and canal center transportation com-
pared with a PTU.

Materials and Methods

 1 ．Simulated root canal block and experimental 
design

　Eighty-four simulated J-shaped canal blocks with a 
curvature of 10°, 20°and 30°（apical diameter/taper: 15/
06, root canal length 19 mm（working length）, Nissin 
Plastic Training Block S4-U1, Nissin, Kyoto, Japan）were 
used. Three J-shaped canal blocks with different angles
（S4-U1-10°, 20°, 30°）were cut at 19.0 mm（S4-U1-10°）, 
18.5 mm（S4-U1-20°）, and 18.0 mm（S4-U1-30°）from the 
root canal orifice at the top of the model by IsoMet
（Buehler, Tokyo, Japan）and adjusted to allow apical 
foramen penetration（Fig.　1）.
　We used a PTN file（Dentsply Sirona, Ballaigues, 
Switzerland）made by M-wire and a PTU file（Dentsply 
Sirona）as a control.
　For root canal preparation, there were two final api-
cal sizes for four groups, ISO #25（1: PTN, 2: PTU）and 
ISO #40（3: PTN, 4: PTU）. Using a J-shaped canal block, 
measurements were made by classifying the blocks into 
two groups. The apical size and file taper（diameter 
increase amount/mm）of each NiTi file were PTN X1
（17/04）, X2（25/06）, X3（30/07）, X4（40/06）, and PTU 
F1（20/04）, F2（25/06）, F3（30/06）, and F4（40/06）, 
which were used to set the final apical size to ISO #25 
and #40.
　Three curvature blocks（10°, 20°, 30°; each n＝7）were 
used, giving a total of 21 canal blocks for each of the 
ISO #25（1: PTN, 2: PTU）and ISO #40（3: PTN, 4: PTU）
groups. Therefore, 84 canal blocks were tested. All root 
canal models were attached to the Endo Training 
Model Castillo（VDW, Frankfurt, Germany）, and root 
canal preparation was performed in a situation where 
the root canal morphology could not be confirmed.
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 2 ．Root canal preparation
　The canals were first scouted with an ISO #15 stain-
less-steel K-file（Dentsply Sirona）to check patency and 
to precisely determine the working length（19 mm）. 
The canal preparation was performed by a single oper-
ator（specialist of JEA and JCD）using the Ni-Ti（PTN, 
PTU）files in strict accordance with the manufacturer’s 
recommendations for each system.
　Before starting root canal preparation with the PTN 
and PTU files, flare formation in the upper third of all 
root canal orifice openings and smooth file guide path 
creation（glide path）up to the root apex were per-
formed. Flare formation was performed using PTN SX 
and PT SX files, which are used for straight line forma-
tion only. Furthermore, the glide path was confirmed 
up to #15 using an ISO #15 stainless-steel K file
（Dentsply Sirona）. All NiTi files were washed with 
purified water using a dedicated engine（X Smart plus, 
Dentsp ly S i rona）, and 1 ml o f EDTA-ge l G l ide
（Dentsply Sirona）was applied to the NiTi files.
　Root canal preparation using PTN and PTU files was 
performed by a single dentist with more than 7 years of 
experience using NiTi rotary files. The following proce-
dure was performed and files were exchanged after 
every five root canal formations.
　1）ISO #25 PTN: Using two X1 and X2 files sequen-
tially, select the X Smart plus PTN mode（300 rpm, 2.0 
Ncm）, perform root canal cleaning with 2 ml of distilled 
water by plastic syringe when exchanging files, and 
reach the working length（19 mm）of the X2 file to 
complete the root canal formation.
　2）ISO #25 PTU: Using S1（17/02）, S2（20/04）, F1 
and F2 files in sequence, select the PT mode（250 rpm, 
3.0‒1.0 Ncm）, perform root canal cleaning with 2 ml of 
distilled water when exchanging files, and let the F2 file 

reach its working length.
　3）ISO #40 PTN: Using X1, X2, X3, and X4 files in 
sequence, select the PTN mode（300 rpm, 2.0 Ncm）, 
perform root canal cleaning with 2 ml of distilled water 
when exchanging files, and let the X4 file reach its 
working length.
　4）ISO #40 PTU: Using S1, S2, F1, F2, F3, and F4 
files in sequence, select the PT mode（250 rpm, 3.0‒1.0 
Ncm）, perform root canal cleaning with 2 ml of distilled 
water when exchanging files, and save the F4 file after 
it reaches its working length.

 3 ．Evaluation of the canal shaping
　The amount of resin removed in the outer and inner 
sides of the curved root canal was compared. A stereo-
scopic microscope（SZX16, Olympus, Tokyo, Japan）and 
a digital camera（DP71, Olympus）were used for the 
measurement. The transparent root canal models 
before and after root canal preparation were superim-
posed with digital images, and the resulting images 
were transferred to a PC and measured. The measure-
ment points were 1, 2, 3, 4, and 5 mm from the apex, 
and the increase in the root canal width on the outer 
and inner sides was measured and statistical processing 
was performed（Fig.　2）.
　Root canal center transportation was measured as 
the amount of root canal wall cutting in the outer and 
inner sides of the curved root canal, and the median 
displacement of the root canal before and after prepara-
tion was measured. We measured ①the distance 
between shaping and original inner canal wall, ②the 
distance between shaping and original outer canal wall, 
and ③the canal width of the shaped canal. The canal 
center transportation was calculated as the centering 
ratio using the equation ①－②/③16）. The shaping 
becomes more centered as the center ing rat io 

Fig.　1　 J-shaped canal blocks made of clear resin with diameter of 0.15 mm, taper of 06, and apical 
curvatures of（a）10°, （b）20°, and（c）30°.
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approaches zero.
 4 ．Statistical analysis
　The amount of root canal wall cutting and root canal 
transportation was measured using statistical analysis 
using one-way analysis of variance and a multiple com-
parison test using the Bonferroni-Dunn test. The level 
of significance was set at p＜0.05.

Results

　The root canal shaping ability was evaluated accord-
ing to the amount of resin removed and the root canal 
transportation. In experimental groups 1 to 4, the 
amount of resin removed was shown by comparing 
PTN and PTU for each curvature（10°, 20°, 30°; Figs. 3‒
5）. The root canal transportation was classified by PTN 
and PTU files（Tables 1 and 2）.

 1 ．Shaping ability of the final apical size ISO #25
　The removal of resin by PTN decreased in both the 
inner and outer sides in the ISO #25 curvatures of 10°
to 30° compared with the PTU（Fig.　3-a, 4-a, 5-a）. Mean-
while, the amount of resin removed by PTU on the 
inner and outer sides was small at 10° to 20° curva-
tures. The amount of resin removed by PTU increased 
slightly at the 30° curvature: the apex side was 1 mm 
on the outer side, and the apical side was 4 mm and 5 
mm on the inner side, although the difference was not 
significant（Fig.　5-a）.
　The change in the root canal transportation for both 
PTN and PTU was within 0.02 mm for all root canals 

with a curvature of 10°to 30°（Table 1）.
 2 ．Shaping ability of the final apical size ISO #40

　Even with ISO #40 and PTN, the amount of resin 
removed from the inner and outer sides was less than 
those in the PTU group for all root canals with a curva-
ture of 10°to 30°（Fig.　3-b, 4-b, 5-b）. For ISO #40 and 
PTN, the amount of resin removed was significantly 
less than that of the PTU group at 1‒5 mm on the inner 
side with a curvature of 10°（Fig.　3-b）and 1 mm on the 
outer side at 30°（Fig.　5-b）. The amount of resin 
removed by PTN only increased from 4 to 5 mm on the 
inner side compared with the outer side at 20°（Fig.　
4-b）and 30°（Fig.　5-b）. This tendency was similar to that 
of the PTU group. The amount of resin removed by 
PTU with ISO #40 significantly increased by 1 mm on 
the apex side for all curvatures, and the cutting amount 
on the inner side increased from 4 to 5 mm on the apex 
side（p＜0.05）（Fig.　5-b）.
　The change in the root canal transportation was less 
than 0.05 mm with the 10° to 20° curvatures using PTN, 
but 0.06 mm at the apex 4 to 5 mm into the root with 
the 30° curvature. The transportation further signifi-
cantly increased to 0.08 mm（p＜0.05）（Table 2）.
　In contrast, the root canal transportation of PTU 
showed a displacement of 0.1 mm or more on the outer 
side of the apex side at 1 mm in all the root canals with 
a curvature of 10°to 30°. In the PTU, the canal trans-
portation on the inner side increased to 0.07 mm and 
0.08 mm at 3 and 4 mm, respectively, even with a cur-
vature of 10°, and the inner side displacement of the 
root canal of 30° also increased to 0.07 mm and 0.08 mm 
at 4 and 5 mm, respectively（Table 2）.

Discussion

　The mechanical properties of the NiTi file depend on 
the processing method of the file and the surface finish-
ing method, but it has been reported that the change in 
crystal structure by the heat treatment process affects 
the flexibility of NiTi alloys9,20‒22）. The PTU used in this 
study has super-elasticity by the stress-induced trans-
formation of the martensitic phase with a monoclinic 
crystal structure to the austenite phase, which is the 
cubic crystal structure of a conventional NiTi alloy23）. 
Meanwhile, PTN, which is a NiTi alloy processed into 
M-wire by heating and cooling, coexists with austenite, 
martensite, and R phases, and has a monoclinic marten-

Fig.　2
　Pre-instrumentation and post-instru-
mentation images were superimposed 
and the difference between the canal 
configuration before and after instru-
mentation was measured in each of the 
five traced levels.
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site phase and R phase16‒18）. Because the elastic modu-
lus is less than that of the austenite phase, the initial 
flexibility is improved. Additionally, the M-wire NiTi 
alloy is more flexible than the conventional NiTi alloy 
because the austenite phase undergoes a martensitic 
transformation due to the stress on the file when form-
ing a curved root canal. The stress load on the file is 
reduced, which reduces file corruption19）.
　In this study, the usefulness of the M-wire NiTi alloy 

was analyzed by comparing the cutting characteristics 
of PTN and PTU under a stress load（formation of a 
curved root canal）. The root canal formation using root 
canal models with different apex curvatures of 10° to 
30° was analyzed with final apical sizes of ISO #25 and 
ISO #40. There was a large difference in the displace-
ment of the root canal wall between the groups. In the 
ISO #25 group, there was no significant difference in 
the amount of resin removed or canal transportation 

Fig.　3　 Total amount of removed resin（mm）at the different levels after root canal preparation for 
10° apical curvature canals by（a）ISO #25 PTN, ISO #25 PTU, and（b）ISO #40 PTN, ISO 
#40 PTU

＊：Significant difference between PTN and PTU（p＜0.05）
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Fig.　4　 Total amount of removed resin（mm）at the different levels after root canal preparation for 
20° apical curvature canals by（a）ISO #25 PTN, ISO #25 PTU, and（b）ISO #40 PTN, ISO 
#40 PTU

＊：Significant difference between PTN and PTU（p＜0.05）
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Table　1　 Statistical analysis of canal transportation at different levels after root canal preparation using a final apical size 
of ISO #25 in 10°, 20°, and 30° apical curvature models by PTN and PTU.

PTN PTU

apical curvature 10° 20° 30° 10° 20° 30°

level（mm）
1 　0.00±0.00 　0.00±0.01 0.00±0.01 　0.00±0.00 －0.01±0.01 －0.02±0.01
2 　0.00±0.00 －0.01±0.00 0.00±0.01 －0.01±0.01 　0.00±0.00 －0.01±0.01
3 －0.02±0.00 　0.00±0.01 0.00±0.00 －0.01±0.01 　0.00±0.00 　0.00±0.01
4 －0.02±0.00 －0.01±0.01 0.02＋0.01 －0.01±0.00 　0.01±0.00 　0.02±0.01
5 　0.00±0.00 　0.00±0.00 0.00±0.01 　0.01±0.01 　0.01±0.01 　0.03±0.02

Mean±SD（mm）

Table　2　 Statistical analysis of canal transportation at different levels after root canal preparation using a final apical size 
of ISO #40 in 10°, 20°, and 30° apical curvature models by PTN and PTU.

PTN PTU

apical curvature 10° 20° 30° 10° 20° 30°

level（mm）
1 －0.03±0.02＊ －0.05±0.01＊ －0.05±0.03＊ －0.10±0.02＊ －0.10±0.03＊ －0.13±0.03＊

2 　0.00±0.01 －0.02±0.01 －0.02±0.02 　0.01±0.02 －0.04±0.01 －0.05±0.02
3 　0.00±0.01＊ －0.01±0.01 －0.01±0.01 　0.07±0.02＊ －0.01±0.01 　0.01±0.01
4 　0.00±0.00＊ 　0.04±0.01 　0.07±0.03 　0.08±0.01＊ 　0.03±0.01 　0.07±0.02
5 　0.01±0.01 　0.05±0.00 　0.08±0.03 　0.04±0.01 　0.03±0.01 　0.08±0.03

Mean±SD（mm）
＊：Significant difference between PTN and PTU（p＜0.05）

Fig.　5　 Total amount of removed resin（mm）at the different levels after root canal preparation for 
30° apical curvature canals by（a）ISO #25 PTN, ISO #25 PTU, and（b）ISO #40 PTN, ISO 
#40 PTU

＊：Significant difference between PTN and PTU（p＜0.05）
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associated with the change in the bending angle in PTN 
and PTU.
　In the ISO #25 group, the amount of resin removed 
by PTN and PTU was 1 to 5 mm from the apex of the 
inner and outer sides for curved root canal angles of 
10°, 20°, and 30°. The measured value was less than 
0.05 mm. Furthermore, the root canal transportation 
was less than 0.05 mm and both files could form the 
root canal and maintain the original anatomical root 
canal morphology. The NiTi file with an ISO #25 tip 
showed that the shaping ability of the conventional and 
M-wire type NiTi alloy files were similar and useful for 
root canal preparation of curved root canal angles 
between 10° to 30°.
　In the ISO #40 group, the amount of resin removed 
significantly changed depending on the root canal cur-
vature between the PTN and PTU files. The PTU 
increased the lateral displacement by 1 mm from the 
apex, and by 4 mm and 5 mm from the apex in the 
inside of the root canal between the 10° to 30° canals. 
The risk of transportation and canal perforation in the 
curved root canal was observed. However, the PTN 
maintained the original root canal morphology when the 
amount of resin removed in the inner and outer sides 
was 1 to 3 mm and from the apex was 0.1 mm or less 
between the 10° to 30°canals. For the 30° curvature 
canal, the inner side cutting of 4 mm and 5 mm from 
the apex tended to be as high as that of the PTU. The 
PTN obtained by converting the NiTi alloy into the R 
phase by heat processing improved the root canal fol-
lowability and suppressed the transport on the outer 
side of the apex. It is necessary to be careful of acci-
dents, such as strip perforation during root canal forma-
tion on the inner side, when using the 30° curvature.
　Because the PTN and PTU used in this study are 
similar file systems for complete root canal formation 
with multiple lines, the flexibility of the M-wire NiTi 
alloy is useful for proper root canal formation. Addition-
ally, the M-wire type NiTi alloy single file preparation 
system（Reciproc, WaveOne file）completes root canal 
formation with only one file, the root canal wall dis-
placement is less than that by the PTU, and the root 
canal transportation is reduced. Additionally, the PTN 
is reported to retain anatomical morphology9,23）. Finally, 
the PTN has excellent fatigue resistance and torsion 
resistance regardless of the difference in file systems 
used for root canal preparation.

Conclusion

　The amount of canal wall removed and transported 
by M-wire ISO #40 PTN was less than that by the con-
ventional ISO #40 PTU in 10° to 30° curvature canals 
and the original root canal form was maintained, 
although there was no significant difference in the 
shaping ability for curvature canals by both PTN and 
PTU of ISO #25. The M-wire PTN improves file flexibil-
ity and enables accurate canal shaping for wide and 
heavy curvature canals.
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Influence of Surface Moisture on the Bond Strength  
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Abstract
　Purpose: This study aimed to investigate the effect of surface moisture on the enamel and dentin bonding 
performances of a universal adhesive in the etch-and-rinse mode based on shear bond strength（SBS）tests.
　Methods: Enamel and dentin surfaces were prepared（moist and dry conditions）using bovine mandibular 
incisors and treated with the universal adhesive Clearfil Universal Bond Quick（CU）using the etch-and-rinse 
mode. Resin composite was condensed into a plastic mold clamped to a fixture against the adherend surfaces 
and light-cured for 40 s. The bonded specimens（n＝15）were either stored in distilled water at 37℃ for 24 h 
or underwent 10,000 thermal cycles between 5℃ and 55℃ before the SBS tests. The universal adhesive 
interfaces in the etch-and-rinse mode were observed via scanning electron microscopy（SEM）.
　Results: The CU’s enamel and dentin bond strengths were not influenced by the surface moisture, regard-
less of the storage condition. Based on the SEM observations, surface moisture did not influence the widths 
of the adhesive and hybrid layers in the resin-dentin interfaces. However, the lengths of the resin tags in the 
moist group were longer than those in the dry group.
　Conclusion: These findings indicated that the surface moisture content of the enamel and dentin might not 
significantly influence CU bonding performance regardless of the storage conditions. The presence of a new 
hydrophilic amide monomer in this universal adhesive might be a key factor that influences its bonding per-
formances with enamel and dentin.
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Introduction

　Universal adhesives, in both etch-and-rinse and self-
etch modes, have increased in popularity due to their 
versatility and relative ease of application1）. Universal 
adhesives can be used as pretreatment agents for resin 
luting cements2）; they can bond to various substrates 
without surface pretreatment3） and can be used with 
reduced application time4）.
　A recent systematic review on the laboratory bond 
strength of universal adhesives reported that the dentin 
bond strength of universal adhesives was not affected 
by the bonding strategy employed. In contrast, the 
enamel bond strength was lower in the self-etching 
mode than in the etch-and-rinse mode1）. In addition, 
previous studies of universal adhesives demonstrated 
that the use of an etch-and-rinse mode for dentin bond-
ing yields a bond strength equal to or greater than a 
self-etch mode5‒7）. These results suggested that univer-
sal adhesives might be more suitable for use in the 
etch-and-rinse mode than in the self-etch mode in some 
cases. However, there is no consensus on the optimal 
conditions for using universal adhesives in the etch-and-
rinse mode; the ideal surface moisture condition for 
applying these adhesives has not been determined so 
far. The influence of surface moisture on the bonding 
performance of dental adhesive systems has long been 
discussed. A higher water content or over-drying of the 
demineralized dentin can degrade the quality of the 
adhesive layer and reduce the bond strength8）. Previous 
studies have reported that the dentin bond strength of 
universal adhesives in the etch-and-rinse mode is not 
affected by surface moisture9,10）. Nonetheless, the effect 
of surface moisture on the bonding of universal adhe-
sives to enamel and dentin in the etch-and-rinse mode 
needs to be clarified.
　This study aimed to investigate the influence of sur-
face moisture on the bonding performance of a univer-
sal adhesive in the etch-and-rinse mode. The null 
hypotheses tested were as follows: 1）the surface mois-
ture in phosphoric acid-etched enamel and dentin does 
not influence the bond durability of the universal adhe-
sive, and 2）the surface moisture does not affect the 
interfacial morphology of the universal adhesive in the 
etch-and-rinse mode.

Materials and Methods

 1 ．Study materials
　The universal adhesive used in this study（Clearfil 
Universal Bond Quick ER; CU）was obtained from Kur-
aray Noritake Dental, Tokyo, Japan. Ultra-Etch（Ultra-
dent Products, South Jordan, UT, USA）, a 35％ phos-
phoric acid solution, was used as the etching agent, and 
Clearfil AP-X（Kuraray Noritake Dental）was used as 
the resin composite to fabricate the specimens（Table 1）.

 2 ．Specimen preparation
　The shear bond strengths of CU to enamel and den-
tin in the etch-and-rinse mode were measured using the 
notched-edge test specified by ISO 2902211）. Bovine 
mandibular incisors were extracted from 2- to 3-year-
old cattle. The roots were cut using a slow-speed saw 
equipped with a diamond-impregnated disk（Isomet, 
Buehler, Lake Bluff, IL, USA）, and the pulps were 
removed. Each tooth was then mounted in self-curing 
acrylic resin（Tray Resin Ⅱ, Shofu, Kyoto, Japan）and 
placed underwater to limit the temperature rise caused 
by the exothermic polymerization of the resin. The den-
tin bonding surfaces were ground flat using a grind-
er-polisher（EcoMet 4, Buehler）with P120 and P400 
silicon carbide（SiC）papers（Struers, Cleveland, OH, 
USA）under running water. The surfaces were then 
washed with an air-water spray and air-dried using a 
three-way syringe.
　The prepared enamel and dentin adherent surfaces 
were etched with 35％ phosphoric acid for 15 s before 
applying the adhesive. Subsequently, they were divided 
into two groups based on the level of moisture: moist 
group, where 2.5μl of distilled water was applied to an 
area（diameter, 4 mm）and blot dried; and dry group, 
where 2.5μl distilled water was applied to an area of 
similar diameter and air-dried for 5 s using a dental 
three-way syringe（distance, 5 cm above the surface; air 
pressure, 0.25 MPa）. The specimens were prepared 
under ambient laboratory conditions at 23℃±2℃ and 
50％±10％ relative humidity.

 3 ．Shear bond strength testing
　The prepared enamel and dentin surfaces from the 
two groups were treated with the universal adhesive 
per the manufacturer’s instructions. After applying the 
adhesive to the tooth surface, a Bonding Mold Insert
（2.38 mm in internal diameter and 2.5 mm in height, 
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Ultradent Products）was clamped to a fixture against 
the adherend surfaces and filled with resin composite 
using a condensing instrument. The resin composite 
was light-cured for 40 s at a standardized distance of 1 
mm using a quartz-tungsten halogen（QTH）curing unit
（Optilux 501, Kerr, Orange, CA, USA）. The light inten-
sity（＞600 mW/cm2）of the QTH curing unit was mon-
itored using a curing radiometer（Model 100, Kerr）. The 
plastic mold was removed, and the bonded specimens 
were stored in distilled water at 37℃ for 24 h. The 
specimens were randomly allocated to two subgroups
（n＝15 each）as follows: those that did not undergo 
thermal cycling（no thermal cycling; 24 h）and those that 
underwent 10,000 thermal cycles（10,000 TC at 5℃ and 
55℃）. Thermal cycling was conducted using a thermal 
shock tester（TTS-1, Thomas Kagaku, Tokyo, Japan）, 
and each cycle involved incubation in each water bath 
for 30 s with a transfer time of 5 s.
　The shear bond strength（SBS）measurements were 
performed using a universal testing machine（5500R, 
Instron, Norwood, MA, USA）equipped with Test Base 
Clamp（Ultradent Products）at a crosshead speed of 1.0 
mm/min. Crosshead Assembly（Ultradent Products）
with a semicircular notch（diameter, 2.38 mm）was used 
for the measurements. The SBS values（MPa）were 
calculated by dividing the peak load at failure by the 
bonding area.

 4 ．Failure mode analysis
　After the SBS tests, a single experienced individual 
evaluated the bond failure sites via optical microscopy
（SZH-131, Olympus, Tokyo, Japan; magnification, 20×）. 
The failure mode was assessed based on the percent-
age of surface area（adhesive, resin, or substrate）
observed on both the bonded resin composite cylinders 

and the tooth bonding sites. The failure modes were 
classified as follows: adhesive failure at the interface; 
cohesive failure in the resin composite; cohesive failure 
in the enamel or dentin; and mixed failure.

 5 ．Scanning electron microscopy observation
　Representative micrographs of the resin-enamel and 
resin-dentin interfaces were obtained using field-emis-
sion scanning electron microscopy（SEM; ERA 8800FE, 
Elionix, Tokyo, Japan）. Acid-base treatment was per-
formed to visualize the resin tags and assess their 
length to dentinal tubules. The enamel and dentin sur-
faces were prepared（as described earlier）, and the 
bonded specimens were stored in distilled water at 
37℃ for 24 h. They were embedded in epoxy resin
（Epon 812, Nisshin EM, Tokyo, Japan）and stored at 
37℃ for an additional 24 h. Subsequently, the specimens 
were sectioned at the center, and the surfaces of the 
cut halves were polished using a grinder-polisher
（#4,000-grit SiC paper）. Finally, the surfaces were pol-
ished with a soft cloth using 0.25μm-grit diamond paste
（DP-Paste; Struers, Ballerup, Denmark）and ultrasoni-
cally cleaned for 3 min. The polished surfaces of speci-
mens with the resin-dentin with acid-base treatment 
interfaces were etched with HCl solution（6 mol/l）for 
25 s and deproteinized by immersion in 6％ NaOCl 
solution for 3 min. The SEM specimens were dehy-
drated by immersing them in ascending concentrations 
of aqueous tert-butanol（50％ for 20 min, 75％ for 20 min, 
95％ for 20 min, and 100％ for 2 h）and then transfer-
ring them to a freeze dryer（Model ID-3, Elionix）for 3 
min. In order to enhance the visibility of the layers on 
the adhesive interfaces, the specimens’ polished sur-
faces were etched for 30 s using an argon ion-beam
（Type EIS-200ER, Elionix）, which was directed perpen-

Table　1　Materials used in this study

Material
（Lot No.）

Type
（Code）

Main components Manufacturer

Clearfil Universal 
Bond Quick ER
（9T0050）

Adhesive
（CU）

bis‒GMA, MDP, HEMA, hydrophilic amide monomer, 
filler, ethanol, water, NaF, photo initiators, chemical 
polymerizer, accelerator, silane coupling agent, others

Kuraray Noritake Dental, 
Tokyo, Japan

Ultra‒Etch
（A124）

Etching agent 35％ phosphoric acid, glycol, cobalt aluminate blue spinel
Ultradent Products, South 
Jordan, UT, USA

Clearfil AP‒X
（380094）

Resin composite
bis‒GMA, TEGDMA, silanated barium glass filler, sila-
nated silica filler, silanated colloidal silica, CQ, pigments, 
others

Kuraray Noritake Dental, 
Tokyo, Japan
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dicular to the surface at an accelerating voltage of 1.0 
kV and an ion current density of 0.4 mA/cm2. The sur-
faces were then coated with a thin film of gold in a vac-
uum evaporator（Quick Coater Type SC-701, Sanyu 
Electron, Tokyo, Japan）and observed using field-emis-
sion SEM（operating voltage, 10 kV）. The approximate 
lengths of the resin tags were measured on the images 
of the acid-base-treated resin-dentin interfaces.

 6 ．Statistical analysis
　The SBS data were analyzed using a two-way analy-
sis of variance followed by Tukey’s post hoc honestly 
significant difference test. Fisher’s exact test was used 
for statistical analysis of the failure mode after SBS 
testing. The significance level in this study was set at  
p＜0.05. The statistical analysis was conducted using a 
commercial statistical software package（SPSS Statis-
tics, IBM, Armonk, NY, USA）.

Results

 1 ．SBS
　Table 2 shows the results for the effect of surface 
moisture on the SBS of CU in the etch-and-rinse mode. 
The SBS to the enamel was not influenced by the sur-
face moisture, regardless of the storage condition. Fur-
thermore, no significant difference（p＞0.05）in the SBS 
of the universal adhesive to dentin between the moist 
and dry groups was noted, regardless of the storage 
condition.

 2 ．Failure mode
　The results of the failure mode analysis for SBS after 
24 h and 10,000 TC are shown in Table 2. Fisher’s 

exact tests did not reveal statistically significant differ-
ences in failure modes based on the surface moisture 
conditions or the substrate.

 3 ．SEM observation of bonding interface
　Figure 1 shows representative SEM micrographs of 
the control and etching groups. SEM observations of 
the resin-enamel and resin-dentin interfaces showed 
excellent adaptation, regardless of surface moisture. 
The thickness of the adhesive layers in the resin- 
enamel and resin-dentin interfaces ranged from 5 to 10
μm; a hybrid layer（thickness, approximately 2μm）was 
visible in the resin-dentin interfaces. However, the sur-
face moisture did not influence the widths of the adhe-
sive and hybrid layers. In the SEM observations of the 
resin-dentin interfaces treated with an acid-base, the 
resin tags were identified and concentrated in the den-
tinal tubules. The length of the resin tag was dependent 
on the surface moisture condition of the dentin; the 
length in the moist group was longer（40‒60μm）than 
that in the dry group（30‒50μm）.

Discussion

　Clinicians try to control the surface moisture of the 
substrate after phosphoric acid etching when using uni-
versal adhesives in the etch-and-rinse mode. However, 
moisture control is dependent on the individual’s inter-
pretation of the most appropriate surface moisture con-
dition for the procedure. This study investigated the 
influence of surface moisture on the bonding strengths 
of a universal adhesive to both enamel and dentin in the 
etch-and-rinse mode.

Table　2　 Shear bond strength（MPa）and standard deviations（in parentheses）of the 
universal adhesive with their failure mode

Substrate
Surface
wetness

24 h 10,000 TC

Bond strength
（MPa）

Failure mode
Bond strength
（MPa）

Failure mode

Enamel
Moist 33.4（3.9）a ［100/0/0/0］ 35.6（4.7）a ［100/0/0/0］
Dry 34.8（5.0）a ［100/0/0/0］ 36.9（5.3）a ［100/0/0/0］

Dentin
Moist 21.2（4.5）b ［93/0/7/0］ 23.1（4.7）b ［100/0/0/0］
Dry 22.5（4.8）b ［86/0/14/0］ 24.4（5.1）b ［100/0/0/0］

Same small letters indicate no significant differences（p＞0.05）.
Percentage of failure mode［adhesive failure/cohesive failure in resin/cohesive failure 
in enamel or dentin/mixed failure］. There were no significant differences in failure 
mode with surface wetness or substrate.
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　The results of the present study suggested that the 
surface moisture of adherent surfaces did not affect the 
bond durability of CU in the etch-and-rinse mode. 
Therefore, the first null hypothesis that“surface mois-
ture does not affect the bond durability of universal 
adhesives in the etch-and-rinse method”was not 
rejected. These results were consistent with those of a 
previous study12）, even when using the current univer-
sal adhesive. Phosphoric acid etching creates a 
micro-porous surface13） and increases the surface free 
energy of enamel14）. In contrast, in the case of the den-
tin, the surface becomes hydrophobic, and the surface 
free energy is decreased15）. Previous studies have 
reported that the surface of the enamel etched with 
phosphoric acid is more“friendly”toward water than 
that of the dentin because the water is tightly trapped 
onto the surface owing to its structure and high surface 
free-energy16）. This makes it difficult for the water to 
be removed by air-drying and the small difference in 
water content between the wet and dry enamel sur-
faces when compared to those of dentin.

　On the other hand, the inorganic apatite crystals in 
the smear layer, superficial layer, and subsurface of the 
phosphoric acid-etched dentin are demineralized by 
etching and replaced by water. The intrinsic water-
bound hydroxyl groups surround the collagen fibrils17）. 
The water must surround the collagen fibrils to main-
tain the rigidity of the spaces between the fibrils, 
increase the adhesive penetration into the collagen net-
work, and facilitate the interaction between the adhe-
sive and the collagen. When the dentin surface becomes 
excessively dry, the collagen network collapses and 
shrinks, trapping water within the dentin tubules, 
resulting in poor interaction with the adhesive and 
reduced adhesive penetration18）. In contrast, when the 
surface of the etched dentin is over-wet, the collagen 
network swells, and the interfibrillar space decreases, 
resulting in poor penetration of the adhesive into the 
dentinal tubules19）. Furthermore, excessive moisture on 
the substrate causes phase separation of the adhesive20） 
and poor polymerization21）, leading to hydrolysis and 
degradation of the adhesive layer. Thus, moisture con-

Fig.　1　 Representative scanning electron microscopy images of resin-enamel, resin-dentin, and resin-dentin＋acid-base-
treated interfaces

　The left upper and lower images indicate representative resin-enamel interfaces. The upper and lower images in the 
middle indicate representative resin-dentin interfaces. The main images are at ×5,000 magnification. The smaller white 
rectangle indicates the location in the main images at ×20,000. The right upper and lower images indicate representative 
resin-dentin interfaces with acid-base treatment. The main images are at ×1,000 magnification. The smaller white rectan-
gle indicates the location in the main images at ×5,000. A: adhesive; Acid-Base: acid-base treatment; D: dentin; E: enamel; 
HL: hybrid layer; R: resin; RT: resin tags.
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trol on the surface of demineralized dentin is an import-
ant factor determining the adhesive effect of the adhe-
sive in the etch-and-rinse mode22）.
　The effect of the surface moisture condition was visi-
ble in the SEM images of the resin tags in the acid-
base-treated resin-dentin interface. Moreover, there 
were no differences in the widths of the adhesive and 
hybrid layers between the moist and dry groups at the 
resin-enamel or resin-dentin interfaces. The length of 
the resin tags in the acid-base-treated resin-dentin 
interfaces depended on the surface moisture conditions; 
the resin tags in the moisture group were longer than 
those in the dry group. However, no difference in the 
thickness of the hybrid layer was noted. Therefore, the 
second null hypothesis,“the interfacial morphology of 
CU in the etch-and-rinse mode does not differ depend-
ing on the surface moisture,”was partially rejected.
　In the present study, no relationship between the 
length of the resin tags and dentin bond durability of 
CU was observed. A previous study reported no cor-
relation between the length of the resin tag and the 
adhesive strength of a two-step etch-and-rinse adhe-
sive23）, but a strong correlation was observed with the 
thickness of the hybrid layer. In another study, the 
lengths of the resin tags in the case of the universal 
adhesives were significantly longer than those of the 
two-step etch-and-rinse adhesives; no relationship was 
observed between the length of the resin tag and the 
dentin bond strength22）. Alternatively, according to 
Sugimura et al., there was an association between the 
length of the resin tags and the dentin bond durability 
of universal adhesives, and it was material depen-
dent24）.
　However, the length of the resin tags and the thick-
ness of the hybrid layer alone cannot fully explain the 
results obtained in the present study because the effect 
of surface moisture on the bond durability to dentin 
might be dependent on the material used. The most 
likely reason for the difference between the results of 
this study and those of previous studies might be the 
composition of the adhesive used9,10）. CU contains a new 
hydrophilic amide monomer, which is considered to be 
an important technical factor of this adhesive. It is used 
as an alternative to 2-hydroxyethyl methacrylate
（HEMA）. It exhibits a higher degree of polymerization 
than HEMA, thereby reducing water absorption, which 
is important to ensure adhesiveness under different 

surface wetting conditions. Therefore, the new hydro-
philic amide monomer might reduce the effect of sur-
face moisture on the bond durability of CU. By captur-
ing the moisture from the substrate, the universal adhe-
sive makes it more prone to demineralization and 
increases the chemical reactions between the adhesive 
and the substrate. Excess moisture in the adhesive will 
result in insufficient polymerization and a low-quality 
adhesive layer. In contrast, insufficient moisture in the 
adhesive will result in weak demineralization and 
poorer chemical reactions. Therefore, it is important to 
optimize the moisture content of the adhesive before 
applying it to the tooth substrate.
　Nowadays, the principle of development differs 
among manufacturers, even for adhesives that belong to 
the same category. Therefore, the effect of surface 
moisture on bond durability in the etch-and-rinse mode 
can be overcome by adding special ingredients to the 
adhesive and optimizing the moisture content. How-
ever, there is little information about the influence of 
moisture condition on the bond performance of univer-
sal adhesives in the self-etch mode. Further research is 
needed to investigate the influence of moisture condi-
tion on bond performance when using universal adhe-
sives in the self-etch mode.

Conclusion

　1．The enamel and dentin bond strengths of CU 
were not influenced by the surface moisture, regardless 
of the storage condition.
　2．SEM observations of the resin-enamel and res-
in-dentin interfaces showed excellent adaptation, 
regardless of the surface moisture. On the other hand, 
the lengths of the resin tags in the acid-base-treated 
resin-dentin interfaces differed according to the surface 
moisture conditions of the dentin.
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Removal of Biofilm from Titanium Surfaces Using 400-kHz Ultrasound
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Abstract
　Purpose: Peri-implantitis is a microbial infectious disease that is similar to periodontal disease. Although 
one of the most important procedures for managing peri-implantitis is to remove dental biofilm from tita-
nium surfaces, this is less than adequate when the procedure is conducted using conventional dental devices. 
Ultrasound in the MHz range generates vibration in water, thereby accelerating water molecules through 
which debris on the surface of an object can be removed. The objective of this study was to investigate the 
effectiveness of ultrasonic water flow in removing plaque from titanium specimens.
　Methods: Sound pressure was measured by the beam pattern distribution and a hydrophone. The opti-
mum applied power and irradiation conditions were determined based on the relationship between artificial 
plaque removal effect and sound pressure. Plaque biofilms were formed over a period of 72 h on the surfaces 
of titanium specimens attached to custom-made stents fixed to the buccal surfaces of the molar and premo-
lar teeth of volunteers. In this experiment, the titanium surfaces were exposed to an ultrasonic water flow of 
400 kHz, with a sound pressure of 0.6 MPa, for 180 s. After cleaning by the ultrasonic water flow, the tita-
nium surfaces were examined by a scanning electron microscope. For each specimen, the residual plaque 
biofilm areas were evaluated as percentages of the surface scanned.
　Results: The sound pressure measurements were confirmed to be reasonably accurate based on the calcu-
lated results of the beam pattern distribution. The artificial plaque was removed in a sound pressure-depen-
dent manner. The total proportions of residual plaque biofilm were 22.8％（median）and 7.05％（median）on 
mirror-finished and rough surfaces, respectively. The difference in residual plaque biofilm compared to the 
condition before treatment on both the mirror-finished and rough surfaces was judged to be significant at 
＊p＜0.05. Furthermore, the ultrasonic water flow completely destroyed the bacterial chains on the titanium 
specimens.
　Conclusions: This study demonstrated that the 400 - kHz, 0.6 - MPa sound pressure ultrasonic water flow 
cleaning device can effectively remove plaque biofilm from titanium surfaces.
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Introduction

　Peri-implantitis is a microbial infectious disease that 
is similar to periodontal disease. One of the most 
important procedures for managing peri-implantitis is 
the removal of dental biofilm from titanium surfaces. 
Biofilm consists of microbes enclosed within extracellu-
lar polymeric substances such as polysaccharides, pro-
teins, and nucleic acids. Biofilm formation can be 
observed on the surfaces of medical devices such as 
venous catheters, heart valves, coronary stents, and 
dental implants1,2）. The biofilm formed around dental 
implants follows a similar pattern of microbial coloniza-
tion as that formed on natural teeth3）. Microbiological 
evidence of biofilm-related peri-implant infection has 
been reported in the literature4,5）. Peri-implant mucosi-
tis and peri-implantitis were reported as new dental 
diseases affecting implants6,7）. Although thorough bacte-
rial reduction is necessary to treat peri-implant dis-
eases, it is difficult to eliminate bacteria from a dental 
implant surface using conventional tools such as tooth 
brushes and ultrasonic scalers8,9）, which is because the 
implant’s roughness is in the order of micrometers.
　Ultrasonic scalers have an advantage with respect to 
the removal of plaque and calculus, but they also carry 
the risk of scratching the surface of dental implants10,11）. 
Therefore, it is necessary to develop a device for clean-
ing dental plaque from rough surfaces.
　Ultrasonic cleaning is an efficient method to remove 
unwanted particles from an object by generating 
high-frequency mechanical oscillations in water or a sol-
vent. The cleaning mechanism is based on cavitation 
and vibrational acceleration within the washing fluid. 
Ultrasonic cleaners that operate at frequencies below 
100 kHz primarily depend on this cavitation mecha-
nism12）. This type of ultrasonic cleaner is suitable for 
removing particles with sizes in the order of several 
microns and is used, for example, for cleaning optics 
and precision parts. Cleaners in the MHz range are 
operated at very high frequencies above 1 MHz, and 
these depend on the vibrational acceleration mecha-
nism13）. At these frequencies, particles measuring  
≤ 0.3μm in diameter can be removed14）. This type of 
cleaner relies on high-frequency acceleration force and 
is used, for example, for cleaning photo masks or silicon 
wafers in the manufacture of semiconductors14‒16）. 

Recently, we focused on developing a new cleaning sys-
tem operating at a midrange frequency, in which 400 - 
kHz ultrasound was superposed on a water flow from a 
nozzle. The ultrasonic water flow（UWF）worked as a 
medium not only for propagating ultrasound but also 
for transporting debris detached by the ultrasonic 
action17）.
　The present study aimed to explore whether it is 
possible to use the developed UWF system to remove 
biofilm from titanium surfaces.

Materials and Methods

 1 ．Ultrasonic water flow
　UWF is a non-contact high-frequency ultrasonic 
cleaning system that removes dental biofilm from the 
minute structures of implants without cavitation or con-
tact damage.
　Figure 1 depicts a schematic of the experimental 
setup of the UWF system. The washing fluid is sup-
plied to the device from a water tank, in which ultra-
sonic waves（frequency: 400 kHz; input power: 0‒25 W）
are propagated. The diameter of the ultrasonic trans-
ducer is 30 mm. The nozzle’s outlet diameter is 6 mm. 
The vibrator case is tapered toward an outflow port, 
and the washing fluid through which the ultrasonic 
waves propagate impinges upon the specimen.
　The UWF device was mounted on an arm that could 
be adjusted along three axes to ensure reproducibility. 
In the present experiment, the variation in sound pres-
sure with the working distance was measured and the 
optimal working distance was determined for the clean-
ing test. Figure 2 shows images of the UWF device. 
Since the UWF device is to be used in the mouth for 
this application, the water flow rate was chosen to be 
approximately 300 ml/min. Although it was observed 
that the water flow remained rectilinear, it developed 
into a spray after a working distance of ≥ 60 mm 
（Fig.　2）.

 2 ．Sound pressure simulation
　Figure 3 shows a simulated ultrasonic beam pattern 
under the free-boundary condition in water. The ultra-
sonic field was calculated using the ring function 
method18）at a frequency of 400 kHz（wavelength 3.75 
mm）, a transducer size of φ＝30 mm, and a sound 
velocity of 1,500 m/s. The maximum sound pressure 
area appears around 50‒80 mm from the transducer. 
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This simulation shows the profile of the sound pressure 
that we experimentally measured using hydrophones.

 3 ．Measurement of sound pressure
　The sound pressure distribution in the UWF system 
was measured using a hydrophone（ONDA HNR-0500; 
with ‒250 kHz to 1 MHz calibration）. Figure 4 shows 
the waveform of the sound pressure p0－p of the UWF 
system.
　The measurements were performed for various input 
settings and various distances from the transducer.
　In the present experiment, the sound pressure was 
measured as a function of working distance for various 
input powers, and an optimal condition was determined 
for the cleaning test.

 4 ．Cleaning experiment for artificial plaque
　The cleaning effects of various input powers were 

Fig.　1　The UWF system

ultrasonic wave

ultrasonic transducer

washing machine body

water

washing fluid

specimen

Fig.　2　Images of UWF
　1：Water flow, 2：Ultrasonic water flow, 3：Ultrasonic water flow（Close-up view）

Fig.　3　Simulated beam pattern in the free-boundary condition
　1：Ultrasonic transducer, 2：Maximum sound pressure of the ultrasonic wave, 3：Level of sound 
pressure. The maximum（peak）pressure（Pp）is 2.00.
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investigated using artificial plaque on a titanium speci-
men. The input power to the ultrasonic transducer 
ranged from 5 to 25 W, and the washing time was 60 s. 
The area of artificial plaque remaining on the titanium 
specimen after cleaning was measured using a digital 
optical microscope. The residual artificial plaque（RAP）
in the scanned area was defined as the percentage of 
the area that retained the artificial plaque after clean-
ing. This area was measured by setting a threshold 
value for the color.

 5 ．Cleaning experiment for biofilm
 1 ）Biofilm formation on titanium specimens
　Figure 5 illustrates the position of the titanium plates 
fixed to a removable custom-made stent placed in the 
mouth of a volunteer. The specimens were placed at 
the buccal sites of molar and premolar teeth in the 
mouths of five male subjects for 72 h to allow plaque 
biofilm to form on them19）and were removed only 
during eating or brushing. They were then analyzed for 

biofilm formation and removal using UWF treatment. 
The study protocol was approved by the ethics com-
mittee of the Showa University School of Dentistry, and 
written informed consent was obtained from all partici-
pants（No.　2011‒013）.
　The surface characteristics of the titanium specimens 
were similar to those of commercial dental implants
（Setio, GC Corporation, Japan）. Two types of surface 
were examined, a mirror-finished surface and a sand-
blasted rough surface. The sandblasted surface was 
hydrophilic, grade IV, with a surface roughness Ra＝
2.54 μm and Rz＝11.87μm.

 2 ）Estimation of the area covered by the residual 
plaque biofilm

　The titanium specimens were subjected to water 
flow alone or to UWF, and in each case the area cov-
ered by residual plaque biofilm（RPB）was measured as 
the percentage of the area of a randomly selected 
scanned surface using a digital microscope（VHX - 2000, 
KEYENCE, Japan）. To compare the RPBs, the initial 
area covered by the plaque biofilm was defined as 
100％ RPB20）.

 6 ．Scanning electron microscope observations
　After the application of UWF, the titanium speci-
mens were f ixed in glutaraldehyde［2.5％ phos-
phate-buffered saline（PBS）］for 30 min and then rinsed 
in PBS. Then, the samples were fixed in osmic acid（1％ 
PBS）for 30 min at 4℃ and subsequently dehydrated in 
a graded ethanol series（50％‒100％ for 10 min）. Finally, 
the samples were dried in a critical point drying 
machine（HCP-2, Hitachi, Japan）. All samples were 
mounted on scanning electron microscope（SEM）sam-
ple stubs（E-1030, Hitachi）and sputtered with platinum. 
The plaque biofilm was analyzed using an S - 4700 SEM

Fig.　4　Waveform of the sound pressure

p0－p：0 to（positive）peak pressure

p0－p：0 to（negative）peak pressure

Fig.　5　 Titanium test plate placed in the mouth
　Plaque biofilm was formed on the titanium 
specimens in situ over a period of 72 h（rough 
surface and mirror-finished surface, 5 mm×7 
mm）at the buccal site of the molar and premo-
lar teeth on custom-made stents.
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（Hitachi）at×350 magnification.
 7 ．Sample size calculation
　Sample size was calculated using EZR（Saitama Med-
ical Center, Jichi Medical University, Japan） and by 
performing power analysis for RPB on titanium speci-
mens. The sample size was calculated for a＝0.05 and 
b/a ratio＝0.8, and the effect of size was calculated 
using the mean and SD of the variables. The analysis 
indicated that a sample of five subjects was needed.

 8 ．Statistical analysis
　The results are presented as median values with the 
top 25th and the bottom 25th percentiles（first and 
third quartiles）rather than as mean and standard devi-
ation. Statistical analyses were performed using EZR, 
which is a graphical user interface for R（The R Foun-
dation for Statistical Computing, Vienna, Austria）. The 
Mann-Whitney U test was used to evaluate the differ-
ences in RPB, and the Wilcoxon signed-rank test was 
used to compare differences between the initial plaque 
biofilm（IPB）and RPB. The correlation was analyzed 
using Spearman’s correlation test. A p value of ＜0.05 
was considered to be significant.

Results

　Figure 6 depicts the relationship between the nega-
tive and positive peak pressures of the sound pressure 
waveform in the UWF system. The sound pressure 
measurements were confirmed to be reasonably accu-
rate based on the calculated results of the beam pat-
tern distribution（Fig.　6A）. An increase in sound pres-
sure can be observed at distances ＞50 mm from the 
ultrasonic transducer（Fig.　6A）. Therefore, the work 
distance for the artificial plaque cleaning test was cho-
sen as 50 mm. The absolute values of the negative and 
positive peak pressures were approximately equal. As 
shown in Figure 6B, when the input setting was 
changed from 5 to 25 W, the sound pressure increased 
depending on the input power. For example, the maxi-
mum sound pressure was 0.6 MPa when the input 
power was 15 W.
　Figure 7A shows a painted titanium specimen before
（left）and after（right）cleaning. The input power to the 
ultrasonic transducer was ‒5‒25 W, and the cleaning 
time was 60 s. As depicted in Figure 7A, metallic colors 
indicate the areas from which artificial plaque had been 
removed. Although the nozzle outlet diameter was 6 

mm, the area cleaned by the UWF was considerably 
larger. Figure 7B shows the percentages of RAPs for 
various input powers. Water flow without ultrasonic 
waves was unable to remove any of the artificial 
plaque. As shown in Figure 7B, when the input setting 
was changed from 5 to 25 W, the RAP declined with an 
increase in the input power; for example, the RAP was 
60％ when the input power was 15 W. There was a 
negative correlation between the RAP rate and the 
input power. Based on these results, the device condi-
tions used for evaluating the removal of dental biofilm 
were set as follows: the input power was 15 W and the 

Fig.　6A　 Axial position and sound pressure field 
measured in the water f low using a 
hydrophone
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distance from the transducer to the specimen surface 
was 50 mm.
　Figures 8A and 8B show optical images of the initial 
titanium surface. Both types of specimen（i.e., those with 
a mirror-finished surface and those with a rough sur-
face）exhibited an erythrosine-stained plaque biofilm 
coverage of 100％ after 72 hours of intraoral exposure
（Figs. 8C and 8D）. The titanium specimens were sub-
jected to UWF under the abovementioned conditions, 
and digital microscopic photographs of each surface 
revealed the removal of plaque biofilm（Figs. 8E and 
8F）. Biofilm removal was observed after approximately 
45 s from the initiation of UWF. Plaque removal was 
found to increase in a time-dependent manner for up to 
180 s. All stained specimens were improved similar to 
that in the initial titanium surface.
　The total RPBs after cleaning on the mirror-finished 
and rough surfaces were 22.8％（median）and 7.05％
（median）, respectively（Fig.　9）. A significant decrease 
in RPB after the application of UWF was confirmed by 
comparison with the surfaces before treatment. Eight 
specimens were included in each group.
　The clean titanium specimens showed a flat（Fig.　
10A）or sharp-edged surface（Fig.　10B）. The specimens 
exhibited a thick dental biofilm（Figs. 10C and 10D）; in 
particular, the specimen with a rough surface was 
entirely coated（Fig.　10D）. The plaque biofilm could not 
be removed by normal water flow treatment, and it 
remained intact with only a slight disturbance of the 
surface（Figs. 10E and 10F）. However, the UWF treat-
ment removed not only the plaque biofilm but also the 
water-insoluble glucans from both types of surface
（Figs. 10G and 10H）. The grooves and peaks on the 
rough titanium surface were visible after the UWF 
treatment（Fig.　10H）. There were no alterations in the 
surfaces of the specimens treated by UWF.

Discussion

　Sound pressure estimation based on input power
　Regarding the estimation of sound pressure from the 
input power, sound pressure, p0－p , is represented using 
the electric input power E（W）and the electromechan-
ical coupling factor, η（％）, as follows: 

　　p0－p＝1.4× 　　　　　　……（1）

　where, S is the effective area of the transducer（m2）, 

　　　 ×ρc
E×η2

S

Fig.　7A　 Cleaning experiment for artificial plaque
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Fig.　7B　 Correlation of the RAP areas and input 
power

　The cleaning effects of various input powers 
were investigated using artificial plaque on a tita-
nium specimen. The input power to the ultrasonic 
transducer ranged from 5 to 25 W, and the wash-
ing time was 60 s. RAP declined with increase in 
the input power. There was a negative correlation 
between the RAP and the input power.
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ρ＝1×103kg/m3 is the density of water, and c＝1,500 
m/s is the speed of sound in water. If the effective 
diameter of the transducer is assumed to be 0.02 m and 
electromechanical coupling factor, η, is assumed to be 
0.5, at the electric input power E＝15 W, we obtain

　　p0－p＝1.4× 　　　　　　　　　　　

 =0.236（MPa）……（2）

　From Figure 4, if we assume that the sound pressure 
is around 2.5 times greater at the focal point, the sound 
pressure 0.23 MPa becomes 0.59 MPa at the focal point. 
The measured value was 0.6 MPa.
　Therefore, the acceleration α associated with a fre-
quency of 400 kHz is determined using equation（3）as 
follows: 

　　α＝ －2πf　　  ＝－2π×400×103× 　　　　＝

　　　　－1.0×106（m/s2）……（3）
　This value is approximately 100,000 times the gravi-
tational acceleration g（＝9.8 m/s2）.
　The mechanism involved in ultrasonic cleaning in the 
MHz range is related to the magnitude of vibrational 
acceleration in the washing fluid13）. We combined an 
ultrasonic cleaner at 400 kHz with flowing water to 
produce an UWF system that is capable of effectively 
removing dental biofilm from titanium surfaces. The 
enhanced cleaning effect of this setup may be due to 
the sound pressure derived from vibrational accelera-
tion in the fluid.
　In the simulation illustrated in Figure 3, a region of 
high sound pressure is observed at distances of ≥50 
mm from the transducer, and the beam pattern of the 
high-frequency ultrasound has a narrow directivity 
angle, which is characteristic of high-frequency ultra-
sonic cleaners. In addition, the sound pressure measure-
ments depicted in Figure 6 indicate that the sound 
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Fig.　8　Optical images of plaque biofilm removal by the ultrasonic water flow
　Control specimens of titanium with a mirror-finished surface（A）and a rough surface（B）. 
Plaque biofilm formed on the titanium surfaces after 72 h（C, D）. Surfaces after treatment by 
ultrasonic water flow for 3 min（E, F）. Magnification：×100

Fig.　9　 The RPB areas after ultrasonic water 
treatment of the specimens

　The total RPBs are 22.8％（median）and 7.05％
（median）on the mirror-finished and rough surfaces, 
respectively. There is a significant decrease in the 
RPB when compared to its value before treatment 
for both the mirror-finished and rough surfaces. 
＊: p＜0.05, Mann-Whitney U test（n＝8）.

＊
＊

100

80

60

RP
B（

％
）

40

20

0
pre treatment mirror surface rough surface

SHNE0109責.indd   65 2021/12/22   13:46:24



66 ODEP Vol. 1, No. 1

pressure reaches its maximum value at a distance of 50 
mm from the transducer, and when the input power is 
set to 15 W, the sound pressure is also stable. This sta-
ble sound pressure could be measured in all directions 
if sufficient flowing water was obtained. Therefore, this 
suggests that the same effect can be expected in the 
human oral cavity. However, it is considered that a noz-
zle tip needs to be developed to transmit the ultrasonic 
energy of the flowing water to a narrow part of the 
oral cavity. Hence, these values were determined to be 
the optimal conditions for the experiment.
　The efficiency of ultrasonic cleaning depends on the 
sizes of the particles to be removed and the frequency 
of the ultrasound. Low-frequency（‒28‒200 kHz）ultra-
sonic cleaners are suitable for removing particles with 
≥10μm diameter, and high-frequency（‒1 MHz）ultra-
sonic cleaners can easily remove much smaller particles 
measuring ≤0.3μm in diameter14,21,22）. The 400 - kHz 
ultrasonic cleaner used in this study is commonly 
applied to remove particles measuring ‒0.2‒5μm in 
diameter, corresponding to the size of bacteria23）. Fur-
thermore, oral bacteria are electrostatically attached to 
the tooth or implant surfaces and can be removed by 
vibrational acceleration. Therefore, we suggest that a 
high-frequency or a midrange-frequency ultrasonic 
cleaner is most suitable for removing plaque biofilm. 
The use of UWF was effective in removing biofilm 
from titanium surfaces（Fig.　9）. This removal effect was 

due to the vibrational acceleration of the washing fluid. 
It is thought that the vibrational acceleration and wash-
ing fluid exert a synergistic effect on the biofilm 
removal. The result of smaller RPB areas on UWF-
treated rough surfaces may have been caused by ultra-
sonic waves propagating in the thread gap. In addition, 
the ultrasonic waves may have reflected off the uneven 
surface and effectively peeled off the biofilm.
　SEM observations of both mirror-finished and rough 
surfaces showed that titanium surfaces covered by den-
tal biofilm recovered almost to their original state in 
terms of both biofilm content and surface characteris-
tics after the UWF treatment. The results also demon-
strated that even the biofilm from the crests and 
troughs of threaded implants could be removed using 
the proposed cleaning system（Fig.　10）, whereas con-
ventional devices such as hand scalers, toothbrushes, 
and ultrasonic scalers cannot reach such minute struc-
tures since the diameters of the working parts are gen-
erally too large.
　In general, the damage caused by ultrasonic cleaners 
depends on their frequency, with higher frequencies 
causing greater damage. In this study, there were no 
changes to the titanium surfaces treated using the 
UWF system.
　Cleaning procedures with conventional devices, 
which require contact with the dental implant, can 
increase the surface roughness of titanium, thereby 

Fig.　10　SEM micrographs of plaque biofilm on titanium surfaces
　Control specimens of titanium with a mirror-finished surface（A）and a rough surface（B）. Untreated titanium 
surfaces covered by dense bacterial biofilm（C, D）. Micro-structured titanium surfaces treated with a water jet 
demonstrating little or no disruption of the bacterial chain（E, F）. Titanium surfaces after exposure to ultrasonic 
water flow for 3 min, resulting in complete disruption of the bacterial chain and also removal of the water-insolu-
ble glucans（G, H）.（Magnification：×350）
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affecting microbial colonization and inducing the forma-
tion of plaque10,11,24）. Our proposed technique avoids this 
disadvantage.
　Therefore, the advantages of the UWF system can 
be summarized as follows: 1）it can remove dental bio-
film from minute structures, 2）the use of a higher fre-
quency in this system implies that there is less cavita-
tion damage, and 3）it is a non-contact cleaning system 
that does not cause additional damage. However, a 
future task is to reduce the size of the UWF device and 
the amount of water as the ultrasonic transducer is 
large.

Conclusion

　We demonstrated a novel UWF cleaning mechanism 
that can efficiently remove plaque biofilm without alter-
ing the characteristics of the titanium surface. In our 
experiment, titanium surfaces were exposed to UWF 
with a water flow rate of 300 ml/min, an ultrasonic fre-
quency of 400 kHz, and an input power of 15 W（sound 
pressure of 0.6 MPa）. The proposed UWF mechanism 
can be applied to devices for the maintenance of dental 
implants.
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Effect of Root Canal Transportation by Minimally Invasive Endodontic 
Shaping of Canal Orifice Dentin

Kazuyuki TSUBAKI, Mai UTSUNOMIYA, Kaori SHIMOJIMA,
Noriko MUTOH and Nobuyuki TANI-ISHII

Department of Pulp Biology and Endodontics, Kanagawa Dental University

Abstract
　Background: The purpose of this study was to analyze the effect of minimally invasive（MI）shaping of 
canal orifice dentin by evaluating the shaping characteristics of TruNatomy（TN）, which was developed as a 
Ni-Ti file capable of MI endodontics.
　Methods: A J-shaped canal model was used to compare prepared final canal morphology using a minimally 
invasive shaping TN file and a conventional shaping ProTaper NEXT（PTN）file. The TN files used in the 
experiment were classified into two groups: no straight-line access（group A）and straight-line access（group 
B）. The PTN files of the control were also classified into two groups: no straight-line access（group C）and 
straight-line access（group D）, and the increase in canal width and the median displacement（transportation）
were compared.
　Results: Analysis of the canal width by TN showed that the displacement on the inner side increased by 5 
mm in both groups A and B, but the displacement on the outer side increased at the other measurement 
sites. In groups C and D using PTN, the displacement on the inner side increased by 3‒5 mm. On the other 
hand, the displacement on the outer side increased by 8 mm, and the displacement in group D increased. The 
canal transportation using TN was 0.1 mm or less in both groups A and B, although preparation by PTN 
showed significant transport to the inner side by 3‒5 mm and outer side of 8 mm in group D compared to 
groups A and B.
　Conclusion: TN shaping was shown to preserve tooth structure and canal geometry without straight-line 
access. It was confirmed that TN, which was developed based on the concept of MI Endo, enables accurate 
root canal shaping and reduces transportation.
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Introduction

　It has been reported that endodontic treated teeth 
have a higher risk of fracture depending on the mor-
phology and amount of residual tooth substance1‒3）. Seo 
et al.4） reported that 79％ of vertical root canal frac-
tured teeth were endodontic treated teeth. Endodontic 
treated teeth and root canal fractures have been shown 
to be related to stress during root canal shaping5）. Den-
tin cracks that occur during root canal shaping are 
thought to be the cause of vertical root canal fracture 
along with long-term disinfectant administration in the 
root canal and excessive vertical filling pressure during 
root canal obturation6）.
　In recent years, minimally invasive endodontics（MI 
Endo）has been advocated, and root canal shaping by 
minimal dentin removal that preserves the dentin on 
the canal orifice reduces root canal fracture7, 8）. In the 
basic process of canal shaping, straight-line access is 
one of the most important procedures and is a prereq-
uisite step for shaping and obturation9‒11）. The removal 
of infected dentin at the canal orifice by straight-line 
access and reduction of the degree of root canal curva-
ture facilitate accurate root canal shaping. However, 
straight-line access has been reported to be associated 
with excessive shaping of the orifice dentin, reducing 
both dentin stiffness and fracture resistance12, 13）. It has 
been reported that preservation of orifice dentin of the 
upper one-third of the root canal is more important 
than preservation of crown occlusal surface dentin to 
prevent root canal fracture14, 15）. It has also been 
reported that contouring of the access cavity by MI 
Endo is related to the structural maintenance of the 
crown dentin, but the relationship between minimally 
invasive access to the cervical dentin and the fracture 
resistance of the root is controversial16‒18）. However, 
root canal shaping by MI Endo of orifice dentin is 
reported to maintain high fracture resistance compared 
to root canal shaping by straight-line access19）.
　Currently, MI Endo20） is being used mainly on the 
west coast of the United States in order to prevent root 
canal fracture, unlike the conventional root canal prepa-
ration method. MI Endo aims to maximally preserve 
dentin and also influences caries diagnosis, treatment 
choices, access cavity design, and root canal or resto-
ration choices21, 22）. The access cavity is considered to 

be a prerequisite for improving the prognosis of end-
odontic treatment because it enables apical closure by 
proper root canal filling by maintaining the apical root 
canal morphology during root canal preparation23）. 
However, next-generation Ni-Ti files, microscopy, and 
cone-beam computed tomography enable dentists to 
make access cavities as minimally invasive as possible 
and maintain the dentin structure of the tooth being 
treated.
　The TruNatomy（TN; Dentsply Sirona, Ballaigues, 
Switzerland）file was designed based on the concept of 
MI Endo and was developed to enable accurate root 
canal shaping without straight-line access, and rotates 
at high speed. It is a unique thin Ni-Ti wire with a max-
imum flute diameter of 0.8 mm instead of 1.2 mm, 
which is commonly used in other Ni-Ti files. Also, it has 
a regression taper and an off-centered parallelogram 
cross section in the file system as used by Peters et 
al.24）. The TN file consists of a file system designed 
according to the conventional ProTaper NEXT（PTN, 
Dentsply Sirona）file. Since the PTN file25） is used based 
on the conventional root canal shaping concept that 
requires straight-line access, it can be compared with 
the minimally invasive shaping TN file as a control for 
this study. The physical characteristics of PTN files 
have been reported to be extremely flexible26, 27）. Simi-
lar to PTN, the TN file is constructed with a cross-sec-
tional form in which the file cutting surface is off-cen-
tered, but the characteristics of the alloy are different. 
Although the tapers of both TN and PTN files are vari-
able, both have a 6％ taper for the apical 3 mm. In addi-
tion, the file system has a similar format, but the PTN 
file tip sizes are X1（#17）, X2（#25）, and X3（#30）, 
while the TN file tip sizes are Small（#20）, Prime（#26）, 
and Medium（#36）. Both file systems are usually 
designed to complete root canal shaping with two files: 
X1 and X2 for PTN, Small for TN, and Prime for cases 
of pulpectomy in the root canal.
　The purpose of this study was to evaluate the char-
acteristics of canal preparation by TN based on the MI 
Endo concept. For the evaluation, root canals were pre-
pared using a minimally invasive cutting type TN and a 
conventional cutting type PTN, and the total amount of 
removed root canal wall and the canal transportation 
were measured and compared. The results clarified the 
relationship between straight-line access during root 
canal preparation and final canal morphology.

SHNE0106責.indd   70 2021/12/22   13:47:00



71Dec, 2021 Canal Transportation by Straight Line Access

Materials and Methods

 1 ．Operator and test canal model
　The canal preparation was performed by a single 
operator（specialist of JEA and JCD）using Ni-Ti（PTN）
files in strict accordance with the manufacturer’s rec-
ommendations for each system.
　For the experiment, a total of 40 J-type root canal 
models（curvature 30°, apex diameter #15, taper 02, 
canal length 16.5 mm: End Training block canals, 
Dentsply Sirona）made by epoxy resin were used. All 
root canal models were attached to the Endo Training 
Model Castillo（VDW, Frankfurt, Germany）, and root 
canal preparation was performed in a situation where 
the root canal morphology could not be confirmed.

 2 ．Root canal preparation
　To analyze the effect of straight-line access on the 
final canal morphology after root canal preparation, TN 
and PTN files were compared. The TN files used in the 
experiment were classified into two groups: no straight-
line access（group A）and straight-line access（group 
B）. The PTN files of the control were also classified 
into two groups: no straight-line access（group C）and 
straight-line access（group D）, and the increase in root 
canal width and the canal transportation were com-
pared. In each experimental group, the PTN Access 
Opener XA of the PTN file system was used for the 
straight-line access group, and the Orifice 5（OM）of the 
TN file system was used for the no straight-line group 
to enlarge the root canal orifice.
　In each experimental group, the final preparation 
morphology was set to TN Prime（file tip diameter 
#26/average taper 04（Variable: V）: ISO #26/04V）and 
PTN file X2（ISO #25/06）. Figure 1 shows the dimen-
sions of the TN and PTN files, and Table 1 shows the 
files used up to the root canal preparation in each 
experimental group.
　For root canal preparation by TN in the experimen-
tal group, after confirming penetration to the apex with 
a stainless-steel K file #10（Dentsply Sirona）before the 
start of root canal preparation, straight-line access was 
made using Orifice Modifier 20/08 to shape the canal 
orifice. The experimental TN group was classified into 
no straight-line group A using Orifice Modifier 20/08 
for the root canal orifice opening, and straight-line 
group B using TN Access Opener XA. Then, a glide 

path was formed by TN Glider. Root canal preparation 
by TN was shaped using X Smart plus（Dentsply 
Sirona）by the following procedure. For root canal 
preparation, shaping was performed with TN Small
（20/04V）, then TN Prime（26/04V）, with both files set 
to 500 rpm and 1.5 Ncm, and three vertical movement 
operations were performed. The working length was 
reached in 3 cycles as 1 cycle, then root canal prepara-
tion was completed by cleaning the root canal with 2 ml 
of distilled water（DW）at the end of each cycle.
　In the control group using PTN, penetration to the 
apex with K file #10 was confirmed before the start of 
root canal preparation. After confirmation of penetra-
tion, the group was classified into no straight-line group 
C using Orifice Modifier 20/08, and straight-line group 
D using PTN Access Opener XA. Then, a glide path 
was formed in the TN Glider group（n＝20）. Root canal 
formation by PTN was performed using X Smart plus 
by the following procedure. For root canal preparation 
by PTN, two X1（17/04）and X2（25/06）files were 
used, with both files set to 300 rpm and 2.0 Ncm. The 
first X1 and second X2 files were penetrated to the 
working length three times, then root canal preparation 
was completed by cleaning the root canal with 2 ml of 
DW at the end of each cycle.

 3 ．Evaluation of root canal morphology
　The amount of root canal morphological displace-
ment was analyzed by measuring the total amount of 
removed root canal wall on the outer and inner sides of 
the curved root canal. A stereoscopic microscope
（SZX16; Olympus, Tokyo, Japan）and a digital camera
（DP71; Olympus）were used for measurement, transpar-

Fig.　1　 The dimensions of TN（A：Small 20/04 V，B：
Prime 26/04 V）and PTN（C：X1 17/04，D：
X2 25/06）files
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ent root canal models pre- and post-preparation were 
superimposed on digital images, and the obtained image 
data was captured on a PC for measurement. Measure-
ments were performed using software（WinRoof; Tokyo, 
Japan）（Fig.　2）. To measure the amount of root canal 
wall shaping in the root canal model, the positions were 
set at 1, 2, 3, 5, and 8 mm from the apex as the measur-
ing unit, and the root canal width was increased on 
each of the outer and inner canal sides. The distance 
from the root canal wall of pre- to post-preparation and 
the median root canal value as canal transportation 
were measured and statistically processed.

 4 ．Statistical processing
　The measured values of root canal wall cutting were 
statistically processed with a risk factor of 5％ using 
one-way ANOVA, Bonferroni-Dunn multiple compari-
son test, and Mann-Whitney U test（comparative analy-

sis between two groups）.

Results

　The root canal morphology in post-preparation was 
evaluated by measuring the increase in root canal 
width and the median displacement on the inner and 
outer sides at positions 1, 2, 3, 5, and 8 mm from the 
apex. Comparing the prepared canal morphology（Fig.　
2）of the canal models in pre- and post-root preparation 
of groups A, B, C, and D, flare formation on the canal 
orifice was not observed in group A without straight-
line access. However, in group C in which straight-line 
access was not formed, flare formation on the canal ori-
fice was observed similar to that in groups B and D in 
which straight-line access was formed. Furthermore, in 
group D with straight-line access, an increasing ten-

Table 1　The files used up to root canal preparation in each experimental group

Experimental
Group

Ni‒Ti file system
Straight‒line（＋/－）

Scout Orifice open Glide path
Preparation

Start file
Preparation

Final file

A
TruNatomy
Straight‒line（－）

#10 O. Modifier 20/08 Glider 17/02 V Small 20/04 V Prime 26/04 V

B
TruNatomy
Straight‒line（＋）

#10 A. Opener XA Glider 17/02 V Small 20/04 V Prime 26/04 V

C
ProTaper NEXT
Straight‒line（－）

#10 O. Modifier 20/08 Glider 17/02 V X1 17/04 X2 25/06

D
ProTaper NEXT
Straight‒line（＋）

#10 A. Opener XA Glider 17/02 V X1 17/04 X2 25/06

Fig.　2　Superimposition of pre‒ and post‒preparation images
　TN no straight‒line group（A），TN straight‒line group（B），PTN no straight‒
line group（C），and PTN straight‒line group（D）．＊：Straight‒line access，＊＊：
Final preparation by PTN X2 file.

A）

Apex
1mm
2mm
3mm

5mm

8mm

＊＊

＊＊ ＊＊

D）C）B）

SHNE0106責.indd   72 2021/12/22   13:47:02



73Dec, 2021 Canal Transportation by Straight Line Access

dency was observed in the amount of cutting on the 
inner side at the start position of the curve of 3‒5 mm.
　The results of measuring the total amount of 
removed root canal wall are shown in Fig.　3 and canal 
transportation is shown in Fig.　4 for all experimental 
groups.
　According to the results of analyzing the increase in 
total amount of root canal wall removed by TN, the dis-
placement on the inner side increased at the measure-
ment site by 5 mm at the start position of root canal 
curvature in both groups A and B, but the displace-
ment on the outer side increased at other measurement 
sites. On the other hand, in both groups C and D, the 
displacement on the inner side at the measurement site 
increased by 3‒5 mm, on the outer side by 8 mm, and 
the displacement of group D increased in particular
（Fig.　3）.
　The median displacement as canal transportation by 
TN was 0.1 mm or less at all measurement sites in both 
groups A and B. The median displacement by PTN was 
significant: 3‒5 mm to the inner side at the measure-
ment site in group D compared to groups A and B, and 
8 mm to the outer side. On the other hand, the median 
displacement of group C was not significantly different 
from that of groups A and B（Fig.　4）.

Discussion

　Regarding endodontic treated teeth, it has been sug-
gested that the treatment process itself such as access 
cavity preparation and root canal enlargement has a 
risk of causing root canal fracture, and in particular, a 
relationship between the distribution of occlusal stress 
and root canal fracture has been reported28）. To reduce 
the risk of root canal fracture, the concept of MI Endo 
with minimal access cavity and root canal preparation 
using Ni-Ti files is recommended. It is essential to nego-
tiate the root canal using a K file at the start of root 
canal preparation, to obtain anatomical root canal infor-
mation such as curvature, calcification, apical foramen 
diameter, and root canal length. Furthermore, when 
preparing curved root canals, removal of the orifice 
dentin ridge is considered to be the most important 
step, facilitating file insertion to the apical foramen. 
That is, the removal of dentin ridges by straight-line 
access and the establishment of glide paths have been 
regarded as essential techniques for the safe use of 
Ni-Ti files.
　On the other hand, it has been reported that straight-
line access, which has been considered the basis of root 
canal preparation, reduces fracture resistance and 
causes root canal fracture due to excessive cutting of 
orifice dentin. Endodontic treated teeth have high 

Fig.　3　 Total amount of removed canal wall（mm）at 
the different levels in post‒preparation

　TN no straight‒line group（A），TN straight‒line 
group（B），PTN no straight‒line group（C），and PTN 
straight‒line group（D）．＊：Significant difference 
（p＜0.05）.
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1 Fig.　4　 Canal transportation at different levels from 
apex in post‒preparation

　TN no straight‒line group（A），TN straight‒line 
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stress concentration in the cervical region29, 30）, and 
excessive cutting of orifice dentin is considered to be a 
factor that increases the susceptibility to fracture31）. 
These study reports have shown that minimizing flare 
formation due to straight-line access may reduce the 
risk of cervical fracture. In addition, a straight-line 
access unformed root canal causes stress dispersion in 
the orifice dentin when normal stress is applied to the 
occlusal surface, whereas the straight-line access 
formed root canal concentrates stress and has weak 
fracture resistance19）. The results showed that end-
odontic treated teeth using MI Endo were less suscepti-
ble to cervical fracture. Previous studies have sug-
gested that the preservation of orifice dentin may be 
correlated with long-term maintenance of occlusal func-
tion in endodontic treated teeth14, 15）.
　Previous research reports have discussed the need 
for straight-line access in root canal preparation. For 
straight-line access unformed root canals, it is likely to 
be difficult to limit the operation of instruments and 
directly reach a direct view due to the reduction of the 
surgical field at the start of root canal preparation. 
Inadequate morphological following ability may result. 
The present study analyzed the relationship between 
the final canal morphology by Ni-Ti preparation and 
straight-line access, and accurate root canal preparation 
was possible even with MI Endo, which reduces the 
risk of root canal fracture. The 30° curvature of the 
curved root canal model used in this study was selected 
because it is easy to obtain the effect of reduced curva-
ture due to straight-line access.
　Furthermore, the TN used in this study was devel-
oped with the concept of MI Endo, which maintains a 
high occlusal strength of endodontic treated teeth by 
forming a root canal with minimally invasive shaping. 
The results showed that TN enables proper root canal 
preparation without straight-line access. The increase 
in root canal width and the median displacement in TN 
canal preparation were measured. Even when compar-
ing the no straight-line access group（A）and the 
straight-line access group（B）, no significant difference 
was observed between the increase in root canal width 
and the median displacement using TN. Accurate canal 
preparation was shown to require no straight-line 
access.
　On the other hand, a comparison of the PTN with the 
no straight-line access group（C）and the straight-line 

access group（D）revealed interesting results. The 
increase in root canal width and the median displace-
ment in the group without PTN straight-line access（C）
showed the same amount of displacement of 1‒3 mm at 
the apex as in groups A and B by TN. Furthermore, 
the displacement by TN in groups A and B increased 
by 5 mm only on the inner side and by 8 mm on the 
outer side, but no significant difference was observed, 
and straight-line access was not formed even in root 
canal preparation by PTN. It was shown that proper 
root canal preparation is possible. Since the PTN X2 file 
has a large taper, flare of the upper one-third of the 
root canal is formed even in the no straight-line access 
group（C）when using X2, similar to the straight-line 
access formation, at the apex. It was also shown that 
accurate root canal preparation was possible.
　In addition, at 1‒2 mm on the apical side, accurate 
root canal preparation was possible in both the TN and 
PTN groups regardless of the presence or absence of 
straight-line access, and the median root canal value 
was also the same.
　This result shows that both TN and PTN files have a 
6％ taper up to 3 mm on the apical side, TN（apical 0, 1, 
2, 3 mm＝ #26, #32, #38, #44）and PTN（apical 0, 1, 2, 
3 mm＝#25, #31, #37, #43）. The fact that the file diam-
eters were the same may have had an effect. On the 
other hand, the displacement on the inner side of 3, 5 
and 8 mm significantly increased, showing a tendency 
of straightening on the inner side of the curved root 
canal in the PTN straight-line access group（D）. This 
result is considered to be due to the difference in flexi-
bility and file taper（4 mm or more from the apex）
between the PTN file and the TN file. Peters et al. 
reported that TN was more fatigue resistant and 
showed significantly more predictable torque and 
threading-in force compared with PTN24）.
　It was shown that root canal preparation by PTN 
that formed the straight-line access, which was consid-
ered to be essential for maintaining the anatomical root 
canal morphology, straightened the curved root canal 
on the inner side.
　The PTN has two files, X1 and X2, which can obtain 
the final root canal morphology that enables sufficient 
root canal cleaning and root canal filling, and at the 
same time, the elasticity of the file itself is improved. 
The files are easy to use and are expected to reduce 
accidents, and are used clinically. The PTN files are 
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characterized by having a rectangular cross section and 
always cutting at only two points in contact with the 
root canal wall in order to reduce the bite into the wall. 
Therefore, PTN is the most frequently used file system 
in Europe and the United States because there are few 
accidents during root canal preparation and accurate 
root canal preparation is possible even in curved root 
canals. The TN file system was constructed with a sim-
ilar system based on PTN, and was designed to have a 
final root canal morphology that can be filled with root 
canals using two files, Small and Prime. However, since 
there is no straight-line access, the root canal following 
ability of the apical curved root canal may be inade-
quate due to the restricted instrument operation in the 
limited field. The results of this study showed that 
there is no need for straight-line access, which has been 
considered essential for accurate root canal preparation. 
Insufficient flare preparation in the upper part of the 
root canal when straight-line access is not formed sug-
gests the difficulty of root canal cleaning and the effect 
of insufficient pressurization of root canal obturation. 
However, for root canal preparation by minimally inva-
sive shaping type TN, it is recommended to use a dedi-
cated needle with an improved tip for root canal clean-
ing and pressure root canal obturation or single-point 
root canal obturation with a dedicated gutter core by 
root canal obturation. In recent years, a bioceramic 
sealer has been developed for root canal obturation, and 
has been reported to have excellent biological proper-
ties such as hard tissue forming ability in addition to 
biocompatibility and non-cytotoxicity32）. In particular, 
bioceramic sealers are expected to have a higher 
tight-sealing chain than other sealers by forming hard 
tissue at the dentin interface and apical foramen. Cur-
rently, the root canal obturation method uses multiple 
chemically and physically stable gutta-percha cones to 
tightly seal the root canal by lateral and vertical obtu-
ration with heated gutta-percha. The obturation method 
has been established and good clinical results have been 
reported. However, the single-point root canal filling 
method33） using a bioceramic sealer capable of root 
canal preparation and hard tissue formation, which 
reduces the risk of root canal fracture due to minimally 
invasive cutting type TN, will follow the flow of end-
odontic treatment in the future. The possibility of shift-
ing to MI Endo was shown.

Conclusion

　Root canal preparation by TN was shown to maintain 
the original anatomical root canal morphology without 
straight-line access. The minimally invasive shaping 
type TN developed based on the concept of MI Endo 
enables accurate root canal preparation and reduces 
the amount of root canal displacement after root canal 
preparation due to the shape and flexibility of the file.
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Study on Evaluation of Cavity Preparation Using
Non-contact High-speed 3-D Shape Measuring Device
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Abstract
　Introduction: In dental education, it has long been essential to master cavity preparation techniques by 
training with models, both during basic and clinical training before college graduation as well as during clini-
cal practice as dentists. However, the instruction given is subjective depending on the instructor, with varia-
tions in instruction contents and evaluations, and it has long been pointed that quantification is difficult. 
Effective and efficient education and instruction as well as reproducible and objective evaluations are essen-
tial. Therefore, this study examined the objective evaluation and grading of Class Ⅱ metal inlay cavity by a 
computer system using a non-contact high-speed 3-D shape measuring device.
　Subjects and methods: Ten dental residents at the Department of Operative Dentistry, Osaka Dental Uni-
versity Hospital were recruited as subjects. A jaw model containing an artificial tooth for training was used 
to conduct cavity preparation for a mesial Class Ⅱ metal inlay on the mandibular right first molar tooth 
within 30 minutes. After preparation, an evaluation was conducted by this system and by nine instructors at 
the Department of Operative Dentistry with 7 to 28 years of clinical experience. A free description column 
for the evaluation and instruction items was provided as part of the evaluation by instructors. Feedback was 
given based on the results, and a total of five sessions of cavity preparation were conducted at two-month 
intervals. Pearson’s correlation coefficient was used in the correlation analysis of the evaluation results.
　Results: Reanalysis was conducted by excluding the seven points which had the largest deductions in the 
evaluation using the measuring device. As a consequence, a significant positive correlation with the number 
of preparations was observed. There was also a significant positive correlation with the evaluation by 
instructors. A comparison of the evaluations by the measuring device and by the instructors showed a signif-
icant positive correlation.
　Conclusion: The measuring device can consistently and objectively evaluate Class Ⅱ metal inlay cavity 
preparation equivalent to evaluations by multiple instructors with long clinical experience. It was also shown 
that a curriculum using evaluations by the measuring device and instructors effectively improved the skills 
of the dental residents. Incorporating evaluation by the measuring device may be an effective method for 
reducing the burden on instructors and length of the instruction period.
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Introduction

　In the field of dental education, it has long been 
essential for students to master tooth-cutting tech-
niques. In particular, the technique used to prepare a 
cavity for metal inlay, which is an indirect repair 
method, greatly affects the prognosis after treatment. 
Conventionally, students learn the basic skills of metal 
inlay cavity preparation by repeatedly training using 
mannequins and jaw models during undergraduate 
basic and clinical training before college graduation as 
well as during clinical practice as residents. At present, 
there are no other methods of evaluation or instruction; 
both of these approaches are subjective, depending on 
the instructor or medical advisor. An instructor with 
experience and skills who has mastered cavity prepara-
tion techniques is thus required for evaluation and 
instruction. However, students often become confused 
due to differences in the instructions given by each 
instructor, as well as variations in contents and evalua-
tions. In addition, providing instruction in the clinical 
field requires much time and effort, sometimes result-
ing in failure to provide sufficient instruction1）.
　Cavity preparation techniques are often evaluated 
based on subjective observation of outline and depth of 
the cavity by the instructor. Even the same instructor 
may sometimes give different evaluation results2‒5） since 
quantification is difficult6）, and the lack of objectivity in 
evaluation methods has been pointed out in the past6,7）. 
Some have reported that effective and efficient educa-
tion and instruction as well as reproducible evaluations 
are essential2,3,8‒10）. In addition, with the use of 3-D shape 
measuring devices, it is now possible to measure the 
data on cavity preparation in a short period1,11,12）.
　This study examined the consistency of objective 
evaluations by instructors by using a computer system 
featuring non-contact high-speed 3-D shape measure-
ment to perform objective evaluations and grading. The 
usefulness and practicality of a curriculum using this 
system was also examined.

Subjects and Methods

 1 ．Subjects
　The subjects were ten dental residents undergoing 
clinical training at the Department of Operative Den-

tistry, Osaka Dental University Hospital, which is a 
controlled postgraduate education institution.

 2 ．Methods
　A jaw model（D16FE-500H（GSF）-MF, Nissin Dental 
Products Inc, Kyoto）, in which an artificial tooth for 
training（A5SA-500#46, Nissin Dental Products Inc.）
with special processing on melamine was inserted as 
the mandibular right first molar tooth, was attached to 
the simulator（DR-H Ni: MO, Nissin Dental Products 
Inc.）（Figs.　1 and 2）. The task was to form a mesial 
Class Ⅱ metal inlay cavity（within 30 minutes）. A 
period of two minutes to visually observe the example 
tooth（Fig.　3）was given, and the subjects were not 
allowed to check the example during cavity prepara-
tion. As cutting tools, diamond burs（#401, #301, #F215, 
#201, SHOFU Inc, Kyoto）, and steel burs（UA, No.　701, 
No.　702, No.　703 Steel, Beldenta Supply Inc, Switzer-
land）were used（Fig.　4）. The formed cavity was mea-
sured and evaluated with the 3-D shape measuring 
device（hereafter,“evaluation by measuring device”）, 
and was evaluated by nine instructors belonging to the 
Department of Operative Dentistry with 7 to 28 years 
of clinical experience（hereafter,“evaluation by instruc-
tors”）. A column for free description on evaluation and 
instruction items was provided as part of the evaluation 
by instructors（Table 1）. Feedback was given to each 
student based on the results after evaluation. Cavity 
preparation was conducted at two-month intervals in 
the curriculum, with a total of five cavity preparation 
sessions, followed by measurement, evaluation, grading 
and feedback. Informed consent was orally given to 
participants in the research and the freedom to refuse 
participation was guaranteed. Pearson’s correlation 
coefficient was used in the correlation analysis between 
the evaluation by measuring device and the evaluation 
by instructors.

 3 ．Grading evaluation methods
 1 ）Cavity preparation evaluation system and mea-

surement principle
　The system used in this study consisted of a 3-D 
shape measuring device（J. Morita Mfg. Corp, Kyoto; 
hereafter,“SURFLACER”）（Figs.　5 and 6）, a personal 
computer（Latitude E5430, DELL, Tokyo）equipped with 
the measuring device control software and cavity 
preparation skill evaluation software, and a printer（LP-
S520, EPSON, Tokyo）1）. The system measured the 
formed cavity using SURFLACER. It superimposed the 
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example tooth cavity shape data that was registered in 
advance and the shape data for the formed cavity, and 
executed evaluation and grading on the computer using 
the different date.
　The principle of measurement was as follows. The 
laser was irradiated on the formed tooth attached to 
the special j ig and the slit l ight of the laser was 
received by two CMOS cameras. The 3-D coordinate 
values on the specimen were obtained by triangulation 
measurement using the slit-ray projection method. 
Computer calculations were made based on these 3-D 
data to convert them into an image1,13）. The basic trian-
gulation measurement principle using the slit-ray pro-
jection method is shown in Fig.　7. The optical axis of 
the laser projection part was positioned at angle θ to 
the optical axis of the CMOS camera detection part. 
Since image formation point P’ on the horizontal image 
of the CMOS camera changes when the position of the 
intersection point P moves from camera center O, it is 
possible to calculate height Z（height of actual object）
as displacement Z from the camera center by reading 
the position of image point P’.

Fig.　1　 Artificial tooth for train-
ing

Fig.　2　Simulator, jaw model Fig.　3　Example tooth

Fig.　4　Burs that were used

Table　1　 Instructor evaluation items and allocation of points

Cavity outline
Allocation
of points

1．Size（width）of the cavity outline

□ Too large（too wide） 10
□ Rather large（wide） 20
□ Appropriate 35
□ Rather small（narrow） 25
□ Too small（too narrow） 15

2．Is the cusp ridge retained?

□ Retained 30
□ Somewhat retained 25
□ Difficult to say 18
□ Retention rather failed 12
□ Not retained  5

3．Does the cavity outline include the pit and fissure?

□ Included 30
□ Somewhat included 25
□ Difficult to say 18
□ Rather not included 12
□ Not included  5

Cavity depth
Allocation
of points

4．Cavity bottom dept

□ Too shallow 35
□ Somewhat shallow 40
□ Appropriate 95
□ Somewhat deep 40
□ Too deep 20

Free description column
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 2 ）Setting the criteria for evaluation with the mea-
suring device

　A cavity that satisfied the requirements for a metal 
inlay cavity14,15） was formed as the example tooth. It is 
necessary to incorporate the data on the example tooth 
in advance and set up the evaluation map based on the 
incorporated data in order to execute evaluation by the 
measuring device. The evaluation map is divided into 
the outline and depth of cavity. The cavity outline was 
set up by dividing it into maps to evaluate and grade 
the outer or inner side of the margin of the example 
tooth. The area outside the margin was considered as 
the excessive cutting area, and the area inside the mar-
gin as the insufficient cutting area, and the ratio of 
deduction and locations that could not be cut or that 
could not be left uncut were set up（Fig.　8, Table 2）. 
Regarding cavity depth, dental pulp exposure is a con-
traindication in clinical practice. Excessive cutting was 
therefore set with a larger deduction ratio than insuffi-
cient cutting.

Fig.　5　SURFLACER

Fig.　6　 Attachment part of SURFLACER 
for artificial tooth for training

Fig.　7　 Slit‒ray projection method measurement prin-
ciples

Projection elements
Laser beam（Slit-ray source）
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Fig.　8　 Evaluation map for outside and inside the cav-
ity

a. Outside the cavity　b. Inside the cavity

a b

Relative deduction
　Deduction ratio 0 3 1

Absolute deduction
　Deduction value 10 10

Relative deduction
　Deduction ratio 0 0.5 1

Absolute deduction
　Deduction value 10

Table　2　Cavity depth evaluation map

Insufficient cutting Excessive cutting

Shallowness
（mm）

Deduction
ratio

Depth
（mm）

Deduction
ratio

0.00‒0.10 0.00 0.00‒0.10 0.00
0.10‒0.20 3.00 0.10‒0.20 0.25
0.20‒0.30 1.00 0.20‒0.30 3.00
0.30‒0.40 1.00 0.30‒0.40 1.00
0.40‒0.50 1.00 0.40‒0.50 1.00

0.50‒ 0.00 0.50‒ 0.00
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 3 ）Setting the evaluation criteria for the evaluation 
by instructors

　The evaluation by instructors was made using the 
same example tooth used for the evaluation by measur-
ing device. The teeth formed by dental residents were 
assigned codes A through J so that the individuals 
could not be identified.

 4 ）Score calculation in evaluation by measuring 
device and evaluation by instructors

　Table 3 shows the score calculation formula for SUR-
FLACER in the evaluation by measuring device. In 
addition, points for the outline and points for the depth 
of cavity were both calculated in the deduction method. 
Tables 1 and 4 show the evaluation items and allocation 
of points in the evaluation by instructors, and the score 
calculation formula. The average score resulting from 
five measurements and gradings on the example tooth 
after setting the criteria for the evaluation by measur-
ing device was 95 points. Based on this, the point alloca-
tion was set so that the highest score would be 95 
points for the third item in cavity outline and the first 
item in cavity depth. In accordance with clinical prac-
tice in a similar fashion to the setting for the evaluation 
by measuring device, both cavity outline and cavity 
depth were set so that a lower score was given when 
cutting was excessive. Settings were also made to mini-
mize the variation in scores among the instructors 

based on the results of a preliminary experiment. The 
highest and lowest scores by the nine instructors were 
also excluded and the average of the other instructors 
was used as the score.

 5 ）Feedback method
　Feedback was given to the dental residents using the 
results of evaluation by measuring device（Figs.　9 and 
10）and the results of evaluation by instructors. The 
parts in the evaluation by measuring device that are 
marked in red indicate excessive cutting, and those in 
blue indicate insufficient cutting. The results allow visu-
alization into fine parts. The average score of the nine 
instructors was indicated for the evaluation by instruc-
tors, and the comments in the free description column 
were presented along with the score.

Results

　The total score results of the evaluation by measur-
ing device and the evaluation by instructors are shown 
in Table 5.

 1 ．Objective evaluation by measuring device
　The results of correlation analysis showed no signifi-
cant difference between the number of preparations 
and evaluation by measuring device（Fig.　11）（NS）. The 
average score was 60 points and the highest score 85 
points. In the results, the largest deduction（－98 
points）occurred at seven points（A-3, C-2, -3 and -5, F-3, 
G-3 and -4）due to the locations at which cutting or leav-
ing uncut was a contraindication, resulting in especially 
low scores（Table 5）. A breakdown of the scores at 
these seven points is shown in Table 6. Of the seven 
points, excessive cutting in cavity depth was considered 

Table　3　Score calculation formula for SURFLACER

Cavity outline evaluation score O＝（OE×OI）1/2

　Evaluation score for excessive cutting OE
　　　　　　　　　　　　　　　　＝100－excessive cutting deduction value
　Evaluation score for insufficient cutting OI
　　　　　　　　　　　　　　　　＝100－insufficient cutting deduction value

Cavity depth evaluation score D＝（DE×DI）1/2

　Evaluation score for excessive cutting DE
　　　　　　　　　　　　　　　　＝100－excessive cutting deduction value
　Evaluation score for insufficient cutting DI
　　　　　　　　　　　　　　　　＝100－insufficient cutting deduction value

Total evaluation score＝（O×D）1/2

Table　4　Score calculation formula for instructor evaluation

Cavity outline evaluation score＝（evaluation item 1＋2＋3）
Cavity depth evaluation score＝evaluation item 4
Total evaluation score＝（outline score×depth score）1/2
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a contraindication at six points and excessive cutting in 
cavity outline was a contraindication at one point. Cor-
relation analysis was therefore conducted by excluding 
the above seven points, and the result showed a signifi-
cant positive correlation between the number of prepa-
rations and evaluation by measuring device（Fig.　12）

（r＝0.32, p＜0.05）.
 2 ．Objective evaluation by instructors

　Correlation analysis showed a significant positive cor-
relation between the number of preparations and evalu-
ation by instructors（Fig.　13）（r＝0.30, p＜0.05）. The 
evaluation by instructors tended to be higher in both 
average score and highest score.

 3 ．Comparison between evaluation by measuring 
device and evaluation by instructors

　A scatter diagram of the evaluation by measuring 
device and the evaluation by instructors is shown in 
Fig.　14. Correlation analysis showed a significant posi-
tive correlation between the two evaluations（r＝0.41, 
p＜0.01）.

Discussion

　For improving clinical dental skills, it is necessary to 
master the procedures in addition to learning the 
knowledge in order to conduct treatments. In dental 

Fig.　9　 Measuring device evaluation results,  
Example（1）

Sample1
Tooth ID: #46                    Tooth name: 
Cavity ID:                         Cavity name : ClassⅡ

Prepared Cavity Evaluation Result

Cavity evaluation Vertical section

Horizontal section Master Cavity

Total score   70
Outline form score 72
Demerit score for excessive cutting 29
Demerit score for insufficient cutting 27

Depth score   69
Demerit score for excessive cutting 27
Demerit score for insufficient cutting 35

Student
Master

Excessive 
cutting

Insufficient 
cutting

Fig.　10　 Measuring device evaluation results,  
Example（2）

Sample2
Tooth ID: #46 Tooth name: 
Cavity ID: Cavity name : ClassⅡ

Master Cavity

Prepared Cavity Evaluation Result

Cavity evaluation Vertical section

Horizontal section

Total score   76
Outline form score 80
Demerit score for excessive cutting 30
Demerit score for insufficient cutting 9

Depth score   72
Demerit score for excessive cutting 11
Demerit score for insufficient cutting 41

Excessive 
cutting

Student
Master

insufficient 
cutting

Fig.　11　 Measuring device evaluation score（by 
preparation session）

20

30

40

50

60

70

80

90

100

Sc
or

e

Session1 2 3 4 5
NS

SHNE0110責.indd   82 2021/12/22   13:47:44



83Dec, 2021 The Device can Objectively Evaluate Metal Inlay Cavities and are Consistent

care, precise work must be conducted inside the con-
fined space of the oral cavity. To acquire the skills to 
conduct diagnosis and treatment safely and precisely 

within the oral cavity of the patient, it is important to 
repeatedly perform skill training in basic education and 
training. It is therefore necessary to evaluate skills 

Table　6　Score breakdown

T O OE OI D DE DI

A‒3 30 65 91 46 14  2 100
C‒2 25 62 45 85 10  2  47
C‒3 28 13  2 81 60 37  98
C‒5 34 83 75 91 14  2 100
F‒3 35 87 98 78 14  2 100
G‒3 27 76 91 62  9  2  45
G‒4 29 78 90 69 11  2  61

T：Total evaluation score, O：Cavity outline evaluation 
score, OE：Evaluation score for excessive cutting, OI：
Evaluation score for insufficient cutting, D：Cavity depth 
evaluation score, DE：Evaluation score for excessive cut-
ting, DI：Evaluation score for insufficient cutting

Fig.　12　 Measuring device evaluation score（by 
preparation session, with deletion of 
seven points）
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100
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e

Session1 2 3 4 5

r＝0.32 p＜0.05

Table　5　 Measuring device/instructor evaluation 
score results

1 2 3 4 5
（Session）

A
DS 52 66 30 70 70
IS 57 70 42 79 69

B
DS 75 57 68 69 59
IS 74 56 75 75 64

C
DS 60 25 28 70 34
IS 49 67 84 92 50

D
DS 36 64 65 60 59
IS 46 54 55 56 82

E
DS 63 66 55 71 60
IS 76 78 60 92 74

F
DS 71 53 35 70 85
IS 81 69 58 88 93

G
DS 56 59 27 29 70
IS 58 85 67 92 89

H
DS 58 66 46 76 63
IS 46 88 55 86 59

I
DS 73 66 72 67 67
IS 71 70 70 56 61

J
DS 58 73 82 58 78
IS 61 62 92 73 85

DS：Measuring device evaluation score, IS：Instructor 
evaluation score Fig.　13　 Instructor evaluation score（by prepa-

ration session）
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Fig.　14　 Correlation diagram on measuring 
device evaluation score and instruc-
tor evaluation score
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objectively, not based on the subjectivity of the instruc-
tor, and various attempts have been made16‒23）. Unlike 
knowledge that can be learned in the classroom, practi-
cal experience is essential for mastering the proce-
dures. This is one of the reasons why clinical training is 
included as a requirement in curriculums for dental 
school students. Universities that teach dentistry thus 
have university hospitals where students can receive 
clinical training. However, the number of patients who 
participate in clinical training has declined dramatically 
in recent years due to changes in patients’ attitudes 
toward medicine, etc., and many dentistry students face 
the risk of graduating and becoming dentists without 

having sufficient practical experience as it is becoming 
increasingly difficult to gain sufficient clinical skills at 
outpatient hospitals. Therefore, this study compared 
objective evaluation by measuring device and objective 
evaluation by multiple instructors in cavity preparation 
for a Class Ⅱ metal inlay, and examined the usefulness 
and practicality of a skill education curriculum that 
adopted this system.
　This study recruited dental residents who were 
undergoing clinical practice at the Department of Oper-
ative Dentistry, Osaka Dental University Hospital. The 
skills of a dental resident improve by both experience 
in diagnosis and treatment and self-improvement using 
jaw models on which they work during spare time from 
diagnosis and treatment. Accordingly, medical advisors 
assign patients to suit the skills of the dental resident. 
The study was therefore conducted within the extent 
that would not interfere with their diagnosis and treat-
ment at two-month intervals. No significant difference 
in correlation was observed in total scores of evaluation 
by measuring device. It is considered that the maxi-

Table　7　Measurable depth to cavity width

Cavity width（mm） 0.5 1.0 1.5 2.0 2.5
Measurable depth（mm） 0.45 0.90 1.35 1.80 2.25

Fig.　15　Invisible area
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Approx
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Fig.　16　 Example of invisible 
area display

○：Invisible area

Fig.　17　 Results of evaluation by measuring device 
and instructors（C‒3）

Total score   28
Outline form score 13
Demerit score for excessive cutting 98
Demerit score for insufficient cutting 19

Depth score   60
Demerit score for excessive cutting 63
Demerit score for insufficient cutting 2

Measuring device evaluation score 

Vertical section

Horizontal section Master Cavity

Cavity evaluation

Instructor evaluation score
Total score   84
Outline form score 74
Depth score   95

Excessive 
cutting

Insufficient 
cutting

Student

Master
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mum deduction at seven points（－98 points）affected 
the correlation results greatly（Table 5）. The cut on 
locations uncut considered as contraindication were 
specified in the settings for the measuring device. As a 
result, large deductions occurred. As a significant posi-
tive correlation was observed by excluding these seven 
points, it was found that skills were improved by con-
ducting evaluations by measuring device and giving 
feedback over time. It was also found that skills were 
improved by conducting evaluations by instructors and 
giving feedback over time, as a significant difference in 
correlation coefficient was observed in the evaluations 
by instructors. Based on these findings, this curriculum, 
which incorporates evaluation by measuring device and 
evaluation by instructors, is expected to be effective for 
improving the skills for cavity preparation.
　Evaluation of cavity preparation with measuring 
devices has been used to ensure fairness for students 
and make feedback more objective2,7,24‒28）. Meanwhile, 
evaluations by instructors have also been examined, 
including whether importance should be placed on the 
cavity outline or depth, and what ratio of the two would 
be best1）. Variations in evaluations among instructors 
were also observed in some of the formed teeth in this 
study. On the other hand, evaluation by measuring 
device is possible under certain conditions, as a detailed 
evaluation map can be set up and differences that can-
not be judged by the human eye can be evaluated. 
However, there are areas that cannot be seen by the 
measuring device（Fig.　15）, and the measurable depth 
varies depending on the cavity width（Table 7）. If there 
are invisible areas within the cavity, it is impossible to 
evaluate the cavity depth in such areas, even though 
the cavity outline can be evaluated. In such cases, the 
cavity depth is evaluated based on the points in prox-
imity to the invisible area that can be measured. That 
is, evaluation by an instructor is necessary for 3-D 
shape measurement using laser light, as the occurrence 
of invisible areas is unavoidable. The invisible areas can 
be recognized by experienced people, as they appear as 
white areas in the results（Fig.　16）.
　At C-3, which had the largest deduction in the evalu-
ation by measuring device, the evaluation by instruc-
tors varied greatly with a tendency for high evalua-
tions（Fig.　17）. Comments in the free description column 
in the instructor evaluation included“it was well-
formed,”“slightly too large on the lingual side, but well-

done.”Instructors tended to give a high evaluation as 
long as the tooth was formed with a good balance, even 
when parts that were subject to deduction had been 
cut. While dental residents may feel that evaluations 
done by measuring device under certain conditions are 
severe, it is considered better to evaluate under certain 
conditions when comparing changes over time. Since 
the evaluations by measuring device and by instructors 
showed a significant positive correlation, it was consid-
ered that the measuring device can perform evaluations 
that are similar to those by instructors.
　It is possible to apply SURFLACER, which was used 
in this study, in basic training and clinical training 
before graduation in addition to the training of dental 
residents. By incorporating phantom training using this 
system, it is expected that students can experience 
more complete training as the limited skill training 
period can be utilized more effectively and the instruc-
tor can spend more time in instructing individual stu-
dents. Furthermore, SURFLACER can be operated by 
the students or dental residents themselves, and they 
can receive instant self-feedback29）. It is also considered 
that the system will help students study better on their 
own, as it can be used to visualize even the points of 
the formed tooth that are difficult to see with the eye, 
and make it easier to understand visually with coloring. 
Since reports have been published on using the system 
for training on abutment tooth preparation, caries 
removal and pulp chamber opening other than cavity 
preparation2,29,30）, it is considered that SURFLACER is 
an effective new method of skill training. Because the 
evaluation map on the example tooth can be freely set, 
another advantage of this system is that the severity of 
evaluation can be specified to suit the skill level of the 
student. It can be set to an easy level for basic training 
of students who have little experience in cavity prepa-
ration, and to a harder level as they gain experience 
from hospital training on the way to becoming dental 
residents. It may also be used by dentists as a self-im-
provement tool for ongoing training.

Conclusion

　1．The non-contact high-speed 3-D shape measuring 
device can objectively evaluate Class Ⅱ metal inlay 
cavities, and can execute evaluations that are consistent 
with evaluations by multiple instructors with rich clini-
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cal experience.
　2．A curriculum that includes evaluation by measur-
ing device and evaluation by instructors is effective for 
improving the skills of dental residents.
　3．The incorporation of evaluation by measuring 
device may reduce the burden on instructors and the 
instruction period.
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Effects of Universal Adhesives on Dentin Adhesive Performance 
and Acid-base Resistance
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Abstract
　Purpose: This study elucidated the dentin-bonding performance of three kinds of universal adhesive using 
the bond strength test and morphological observation under a scanning electron microscope（SEM）.
　Methods: OptiBond Universal（OPB）, Prime&Bond Universal（PBU）, and Clearfil Universal Bond Quick ER

（UBQ）were used. For the microtensile bond strength（μTBS）test, human dentin was ground with #600-
grit silicon carbide（SiC）paper, then an adhesive and built resin composite were applied. After water storage 
for 24 h, bonded teeth were sectioned into beam-shaped specimens. Specimens were divided into three sub-
groups and exposed to 0, 5,000, or 10,000 thermal cycles. After the μTBS test, statistical differences were 
examined by multiple comparisons using t-tests with Bonferroni correction（α＝0.05）. For the acid-base 
resistant zone（ABRZ）observation, human molars were sectioned into dentin disks. Dentin surfaces were 
ground with #600-grit SiC paper. Following the application of the adhesive, a flowable resin composite was 
light-cured to make a dentin disk sandwich. After water storage, the acid and base challenges were con-
ducted using a buffered demineralizing solution（pH＝4.5）and 5％ NaOCl（pH＝10.5‒12.9）. Then, the surface 
was covered by adhesive resin Super-Bond C&B. The specimens were sectioned to approximately 2 mm 
thickness, and polished. The polished surfaces were etched with an argon-ion beam, and gold-sputter coated 
for the morphological analysis of adhesive interface under SEM.
　Results: The results of μTBS tests depended on the thermal cycle challenges. After 10,000 cycles, the 
μTBS of all adhesives were significantly lower than those of the 0 cycle group. After 5,000 cycles, μTBS 
results showed different trends among the three groups. ABRZ observation showed that all groups formed 
ABRZ. A funnel-shaped erosion was clearly observed in OPB and PBU, but not in UBQ. On the other hand, 
funnel-shaped erosion was observed in UBQ, but not clearly.
　Conclusion: The bond strength test results and the interfacial morphological structure after the acid-base 
challenge depended on material components such as hydrophilic amide monomer, HEMA and NaF. The 
results of this study suggest that the bonding durability between universal adhesives and dentin depends on 
material components.
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Introduction

　The three-step bonding system consists of etching, 
priming, and bonding procedures. Due to the demand 
for simpler, more user-friendly, and less technique-sen-
sitive adhesives, manufacturers have developed new 
adhesives used in one-step procedures1,2）. Recently, one-
step self-etch adhesive（SEA）systems called“multi-
mode adhesive”or“universal adhesive”were released. 
With these adhesives, clinicians can choose one of three 
strategies（etch and rinse, selective enamel etch, or self-
etch modes）, depending on the clinical application, ren-
dering the clinical procedure more user-friendly3）. 
These bonding agents are also indicated to be used as 
silane for glass ceramics and primers for metal alloys 
and polycrystalline ceramics. This is why these adhe-
sives are called“universal adhesives”4）. Universal adhe-
sives are a complex mixture of hydrophilic and hydro-
phobic compounds, water, and solvents such as ethanol 
and acetone, which can lead to poor adhesion and dete-
rioration of the bonding interface5）.
　To evaluate the bonding interface, not only the bond 
strength test but also morphological evaluation is often 
conducted. Primarily, a scanning electron microscope
（SEM）examination provides valuable information for 
adequately understanding the mechanism of adhesive 
adhesion to teeth. SEM studies after acid and base chal-
lenges revealed the formation of an“acid-base resistant 
zone（ABRZ）”adjacent to the hybrid layer when dentin 
was treated with a SEA system6）. However, there have 
been few comparative studies7） on universal adhesives 
after acid and base challenges. In one study7）, a univer-
sal adhesive was employed to evaluate the bonding 
interface.
　Therefore, the present study elucidated the den-
tin-bonding performance of three kinds of universal 
adhesive by the bond strength test and morphological 
observation under SEM. The null hypothesis of this 
study was that the material components of universal 
adhesives do not influence the durability of dentin 
bonding.

Materials and Methods

 1 ．Materials used in this study
　This study used three kinds of universal adhesive, 

OptiBond Universal（OPB; Kerr, Brea, CA, USA）, 
Prime&Bond Universal（PBU; Dentsply Sirona, Char-
lotte, NC, USA）, and Clearfil Universal Bond Quick ER
（UBQ; Kuraray Noritake Dental, Tokyo, Japan）. The 
characteristics of each adhesive are as follows. Regard-
ing the functional monomers, OPB contains GPDM, 
PBU contains MDP and PENTA, and UBQ contains 
MDP. Additionally, PBU and UBQ contain a hydrophilic 
amide monomer, and only UBQ contains NaF. Table 1 
provides a detailed description of the respective adhe-
sives and application protocols. In this study, caries-free 
human third molars were collected according to the 
ethical protocol No.　2013-022 approved by the Human 
Research Ethics Committee of Tokyo Medical and Den-
tal University. The teeth were stored in 0.1％ thymol 
solution at 4℃, and used within six months after 
extraction.

 2 ．Microtensile bond strength（μTBS）testing
 1 ）Tooth specimen preparation
　The outline of the μTBS test is schematically pre-
sented in Fig.　1. Thirty human third molars were 
selected for this part of the study. For each tooth, the 
coronal portion was removed to expose a flat mid-coro-
nal dentin surface using a low-speed water-cooled dia-
mond saw（Isomet; Buehler, Lake Bluff, IL, USA）. The 
exposed dentin surface was ground for 30 s with #600-
grit silicon carbide（SiC）paper under running water to 
produce standardized smear layers.

 2 ）Bonding and restorative procedures
　Thirty teeth were randomly divided into three 
groups（10 teeth per group）by type of adhesive. Each 
tooth was bonded according to the manufacturer’s 
instructions（Table 1）. After application, the specimens 
were air-dried for 5 s and cured with a light-emitting 
diode（LED）light-curing unit（VALO LED Curing Light, 
high-power mode at 1,400 mW/cm2, Ultradent, South 
Jordan, UT, USA）for 10 s. Then, the resin composite
（Clearfil AP-X, shade A2, Kuraray Noritake Dental）
was built to a thickness of 2 mm and light-cured for 
40 s using the light-curing unit. This operation was per-
formed twice to build a resin composite block with a 
total thickness of 4 mm. After storage in 37℃ distilled 
water for 24 h, all bonded teeth were sectioned into 
beam-shaped specimens（surface area: 1.0×1.0 mm）
using Isomet. Nine specimens were obtained from the 
center of each bonded tooth（9 beams per tooth）.
　The beam-shaped specimens in each group were ran-
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domly divided into three subgroups, and exposed to 0, 
5,000 or 10,000 thermal cycles（n＝30, for each sub-
group）. The beams were cycled between two water 
baths at 5℃ and 55℃ with a dwell time of 30 s in each 
bath and a transfer time of 5 s using a thermal cycling 

device（K178-08, Tokyo Giken, Tokyo, Japan）. After 
thermal cycling, each specimen was individually bonded 
to a tensile testing jig using cyanoacrylate adhesive
（Model Repair II Blue, Dentsply-Sankin, Tokyo, Japan）
mounted in a tabletop testing machine（EZ-SX, Shi-

Table　1　Materials used in this study

Code Composition
Hydrophilic 

amide 
monomers

HEMA NaF Application time

Universal adhesive
　OptiBond  
　Universal

OPB GPDM, HEMA, dimethacrylate, 
acetone, ethanol, glycerol,

― ✓ ― OPB was applied for 
20 s with agitation, 
then air-dried for 5 s.

　Prime & Bond
　Universal

PBU Phosphoric acid modified acrylate 
resin（MDP, PENTA）, multifunc-
tional acrylate, bifunctional acrylate
（amide monomer）, acidic acrylate, 
isopropanol, water, initiator

✓ ― ― PBU was applied for 
20 s with agitation, 
then air-dried for 5 s.

　Clearfil Universal
　Bond Quick ER

UBQ MDP, HEMA, Bis-GMA, hydrophilic 
amide monomers, colloidal silica, 
silane coupling agent, sodium fluo-
ride, dl-camphorquinone, ethanol, 
water

✓ ✓ ✓
（＜0.1％）

UBQ was applied and 
immediately air-dried 
with no time lapse 
between steps.

Resin composite
　Clearfil AP-X Bis-GMA, TEGDMA, silanated glass filler, silanated silica filler, silanated colloidal silica, di-cam-

phorquinone, catalysts, accelerators, pigments
Clearfil Majesty
ES Flow

Silanate barium glass filler, silanate colloidal filler, TEGDMA, hydrophobic aromatic dimethac-
rylate, di-camphorquinone, accelerators, pigments

GPDM：glycero-phosphate dimethacrylate, HEMA：2-hydroxyethyl methacrylate, MDP：10-methacryloyloxydecyl dihydro-
gen phosphate, PENTA：dipentaerythritol penta acrylate monophosphate, TEGDMA：triethylene glycol dimethacrylate, Bis-
GMA：2,2 bis［4-（2-hydroxy-3-methacrylyloxy-propoxy）-phenyl］propane.

Fig.　1　Schematic of specimen preparation methodology for μTBS

Human molar

Sectioning

Surface preparation
#600 SiC

Thermal cycling
　　transfer time 5 s μTBS SEM

Failure mode
analysis

Crosshead speed
1 mm/min5°C 30 s 55°C 30 s

Bonding
（OPB，UBQ，PBU）
composite

24 hour storage
in distilled water at 37°C
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madzu, Kyoto, Japan）and subjected to the μTBS test at 
a crosshead speed of 1.0 mm/min（Fig.　1）. The μTBS 
was derived by dividing the imposed force at the time 
of fracture by the bonded area（mm2）. Statistical differ-
ences were examined by multiple comparisons using 
t-tests with Bonferroni correction（α＝0.05）in IBM 
SPSS Statistics for Windows, version 22.0（IBM, 
Armonk, NY, USA）.
　After the μTBS test, the fractured specimens were 
observed under SEM（JSM-IT100, JEOL, Tokyo, Japan）
to characterize their failure modes. Fractured speci-
mens were classified as: （1）C-D: cohesive failure in 
dentin with＞80％ of total bonding area, （2）I-DA: inter-
facial failure between dentin and adhesive with＞80％ 
of total bonding area, （3）C-A: cohesive failure in adhe-
sive with＞80％ of total bonding area, （4）Mix: mixed 
failure. Statistical differences were examined by Fisher’s 
exact test and Chi-square test（α＝0.05）in IBM SPSS 
Statistics for Windows, version 22.0.

 3 ．SEM observation of the adhesive-dentin inter-
face after acid-base challenge

　The sample preparation for SEM examination of the 
ABRZ is illustrated in Fig.　2. Thirty human third 
molars were randomly divided into three groups（10 
teeth per group）. Each tooth was sectioned to obtain 
two 2 mm-thick dentin disks using Isomet. The dentin 
surfaces were ground with #600-grit SiC paper under 
running water to standardize the smear layers, and in 
the same way as the μTBS test, one of the three adhe-
sives was applied. Following the adhesive application, a 

flowable resin composite（Clearfil Majesty ES Flow, 
shade A2, Kuraray Noritake Dental）was placed 
between pairs of prepared dentin disks and light-cured 
to make a dentin disk sandwich. The bonded specimens 
were stored in distilled water at 37℃ for 24 h. Subse-
quently, the specimens were sectioned vertically at the 
dentin-adhesive interface and embedded in epoxy resin
（Epoxicure 2 Resin, Buehler）. Each specimen was first 
stored in 100 ml of a buffered demineralizing solution, 
containing 2.2-mmol/l CaCl2, 2.2-mmol/l NaH2PO4, and 
50-mmol/l acetic acid adjusted to pH 4.5, for 90 min to 
create an artificial secondary caries challenge. The 
specimens were then immersed in 5％ NaOCl（pH＝
10.5‒12.9）, which was prepared from 10％ sodium hypo-
chlorite solution（Yoneyama Yakuhin Kogyo, Osaka, 
Japan）, using an ultrasonic cleaner for 20 min in an 
attempt to remove any demineralized dentin collagen 
fibrils, and rinsed with running water for 30 s. The 
edge of the dentin-adhesive interface could be easily 
damaged during specimen polishing. To prevent this, a 
self-cure adhesive resin, Super-Bond C&B（Sun Medical, 
Moriyama, Japan）, was applied to the surface without 
any surface preparation8）. The specimens were sec-
tioned perpendicular to the dentin-adhesive interface, 
and reduced to approximately 2 mm thickness, then 
polished with diamond pastes（Struers A/S, Copenha-
gen, Denmark）down to 0.25μm particle size. The pol-
ished surfaces were etched with an argon-ion beam
（EIS-200ER, Elionix, Tokyo, Japan）at 1 kV, 0.2 mA/cm2 
for 30 s to bring the hybrid layer into sharp relief. The 

Fig.　2　Schematic of specimen preparation methodology for SEM
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（OPB，UBQ，PBU）
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specimens were then gold-sputter coated, and morpho-
logical changes to the dentin-adhesive interface due to 
the acid-base challenge were observed under SEM9,10）.

Results

 1 ．Microtensile bond strength（μTBS）
　The μTBS values and failure modes are shown in 
Tables 2 and 3. Compared to each adhesive, the μTBS 
test results showed that the bond strength of the UBQ 
groups was significantly higher than that of the OPB 
groups after the 10,000 thermal cycle challenge（p＜
0.001）. Regarding the bond strength of the 0 and 5,000 
cycles groups, there were no significant differences 
among the three adhesive groups. In the OPB groups, 
the bond strength of the 0 cycle group was significantly 
higher than those of the 5,000 and 10,000 cycles groups
（p＜0.001）. Moreover, the bond strength of the 5,000 
cycles group was significantly higher than that of the 
10,000 cycles group（p＜0.001）. In the UBQ groups, the 
bond strength of the 0 cycle group was significantly 
higher than those of the 5,000 and 10,000 cycles groups
（p＜0.001）. However, there was no statistically signifi-
cant difference in the bond strength between the 5,000 
and 10,000 cycles groups（p＞0.05）. In the PBU groups, 
there was no statistically significant difference in the 
bond strength between the 0 and 5,000 cycles groups
（p＞0.05）. Moreover, there was no difference in the 
bond strength of the 5,000 and 10,000 cycles groups
（p＞0.05）. Meanwhile, the bond strength of the 0 cycle 
group was significantly higher than that of the 10,000 
cycles group（p＜0.001）. Regarding the failure mode 
observation, there was no statistically significant differ-

ence in all groups.
 2 ．SEM observations of ultra-structural features 

after acid-base challenge
　Typical interface morphologies after the acid-base 
challenge are shown in Fig.　3. An outer lesion（OL）, 
created by the dissolution of dentin due to the acid-base 
challenge, was observed in the three groups. The depth 
of OL ranged from 15 to 20μm in all specimens. ABRZ 
was observed in all groups. The zone was approxi-
mately less than 1μm thick. Moreover, a funnel-shaped 
erosion was observed at the junction of the dentin and 
bonding layer in all groups. A funnel-shaped erosion 
was clearly observed in OPB and PBU. On the other 
hand, a funnel-shaped erosion was observed in UBQ, but 
not clearly.

Discussion

　For 5,000 thermal cycle challenges, μTBS results 
showed different trends among the three groups. Of the 
three universal adhesives, only the OPB group showed 
a statistically significant deterioration in μTBS at both 
5,000 and 10,000 cycles. Both UBQ and PBU contain 
multifunctional hydrophilic amide monomers. A multi-
functional hydrophilic amide monomer is more hydro-
philic before polymerization and more hydrophobic 
after polymerization than previously used hydrophilic 

Table　2　Microtensile bond strength（Mean±SD, MPa）

Group
Thermal cycle

0 5,000 10,000

OPB 67.5±13.2A 58.6±10.0B 47.4±11.6C

PBU 62.4±8.2Aa 57.5±10.6Bab 52.8±9.8CDb

UBQ 66.3±9.4A 58.7±6.4Bc 54.3±13.1Dc

N＝30, Mean and standard deviation（SD）of microtensile 
bond strength values（MPa）.
Values within the same thermal cycle stage, marked with 
the same large superscripts, are not significantly different
（p＞0.05）.
Values within the same material, marked with the same 
small superscripts, are not significantly different（p＞0.05）.

Table　3　Failure mode analysis

Group Thermal cycle
Failure mode

C-D I-DA C-A Mix

OPB 0 6a 1a 4a 19a

5,000 11a 0a 8a 11a

10,000 9a 3a 6a 12a

PBU 0 10a 0a 6a 14a

5,000 13a 1a 12a 4a

10,000 15a 0a 7a 8a

UBQ 0 11a 2a 0a 17a

5,000 16a 2a 3a 9a

10,000 15a 1a 6a 8a

C-D：cohesive failure in dentin with ＞80％ of total 
bonding area, I-DA：interfacial failure between dentin 
and adhesive with ＞80％ of total bonding area, C-A：
cohesive failure in adhesive with ＞80％ of total bond-
ing area, Mix：mixed failure.
Numbers marked with the same small superscripts are 
not significantly different（p＞0.05）.
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monomers, and also has excellent mechanical proper-
ties11）. Therefore, these characteristics of hydrophilic 
amide monomer might contribute to the bond strength 
after the thermal cycles of UBQ and PBU.
　Furthermore, the PBU group results showed no sta-
tistically significant difference between 0 cycle and 
5,000 cycles（p＞0.05）. In this study, only PBU does not 
contain 2-hydroxyethyl methacrylate（HEMA）. The 
hydrophilic monomer HEMA has been commonly incor-
porated into adhesive formulations to improve dentin 
bond strength because it enhances wetting of the den-
tin subsurface12）. However, HEMA after polymerization 

exhibits hydrophilic properties, leading to water uptake 
after polymerization13）. Thus, HEMA-containing SEAs 
are more hydrophilic14）, exhibit higher water sorption15） 
and show an accelerated reduction in the mechanical 
properties of the adhesive layer during water stor-
age16）. Additionally, some studies12,17‒20） reported that 
HEMA reduces the long-term durability of adhesive. 
From the results of earlier studies and this study, it 
could be inferred that PBU showed more resistance to 
the thermal cycle test than other adhesives.
　For dentin bonding, the hybridization theory has 
been widely accepted, in which a resin monomer pene-

Fig.　3　Representative SEM images of failure site
　（a）C-D：cohesive failure in the dentin with ＞80％ of total bonding area, magnification of 80×. （b）I-DA：interfacial 
failure between dentin and adhesive with ＞80％ of total bonding area, magnification of 80×. （c）C-A：cohesive failure in 
adhesive with ＞80％ of total bonding area, magnification of 80×. （d）Mix：mixed failure, magnification of 80×. （e）C-D, 
magnification of 500×. （f）I-DA, magnification of 500×. （g）C-A, magnification of 500×.

Fig.　4　SEM images of dentin-adhesive interface after acid-base challenge, magnification of 3,500×
　OL：outer lesion, R：resin composite, A：adhesive layer, D：dentin, ABRZ：acid-base resistant zone, OPB：SEM image 
of OptiBond Universal, PBU：SEM image of Prime&Bond Universal, UBQ：SEM image of Clearfil Universal Bond Quick 
ER.
　ABRZ was observed in all groups. In OPB and PBU a funnel-shaped erosion was clearly observed at the junction of the 
dentin and bonding layer, whereas a funnel-shaped erosion was not clearly observed in UBQ.

SHNE0111責.indd   93 2021/12/22   13:48:42



94 ODEP Vol. 1, No. 1

trates into demineralized dentin and polymerizes in 
situ, resulting in the formation of a hybrid layer, which 
is an intermingling of resin with the collagen fibers of 
the dentin21,22）. In 2004, Tsuchiya et al.23） first reported 
a new zone adjacent to the visible hybrid layer in 2SEA 
characterized by the resistance to acid and base chal-
lenges, which was identified from a part of the hybrid 
layer by argon etching. This zone indicated higher 
microhardness than the hybrid layer, and was charac-
terized by tooth-like structures under SEM observa-
tion23）. Hence, it is different from the conventional 
hybrid layer and caries-inhibition zone in fluoride-re-
leasing materials. It was therefore named“ABRZ,”and 
is considered to play an important role in preventing 
secondary caries, sealing restoration margins, and pro-
moting restoration durability21）. However, ABRZ forma-
tion has been confirmed only in SEA systems, but not in 
etch and rinse systems21,24）. Furthermore, it was 
reported that ABRZ is not formed depending on the 
type of functional monomer25）. In this experiment, all 
groups formed ABRZ. Previous studies7,26） demon-
strated that ABRZ was formed using 2SEA containing 
MDP or GPDM. In this study, it was newly confirmed 
that GPDM contained in universal adhesives also forms 
ABRZ. Meanwhile, some researches7,27） reported that it 
was difficult to detect the hybrid layer at the interface 
of 1SEA, even though the hybrid layer was detected 
with 2SEA. Similarly, the hybrid layer was not clearly 
observed using universal adhesives in this study. Some 
studies7,26,28） reported that even if ABRZ is formed, a 
funnel-shaped erosion adjacent to ABRZ indicates a vul-
nerable region to acid-base attacks. It was reported 
that a universal adhesive that contains MDP creates 
ABRZ with a funnel-shaped erosion7,26）, and that a fun-
nel-shaped erosion was not observed in 2SEA contain-
ing MDP or GPDM7,26）. In contrast to 2SEA, in this 
study, all groups formed a funnel-shaped erosion, 
regardless of the type of functional monomer.
　Universal adhesives contain hydrophobic monomers, 
hydrophilic monomers, water, and solvents in one bot-
tle. Hence, universal adhesives are a complex mixture 
of hydrophilic and hydrophobic compounds and water, 
so they contain solvents such as ethanol or acetone to 
maintain miscibility29,30）. Meanwhile, solvent and water 
evaporation is essential because residual solvent and 
water adversely affect the polymerization of the adhe-
sive12,31‒34）. However, complete evaporation of the sol-

vent and water is clinically difficult35）. Therefore, the 
degree of polymerization of universal adhesives is gen-
erally inferior to that of 2SEAs5）. These properties of 
universal adhesives could make a vulnerable region 
adjacent to the bonding interface, resulting in the for-
mation of a funnel-shaped erosion after the acid-base 
challenge. In contrast, in this experiment, a fun-
nel-shaped erosion was clearly observed in OPB and 
PBU, but not in UBQ. Previous studies of ABRZ36,37） 
reported the formation of a slope shape, sloping upward 
to the end of the outer lesion, without a funnel-shaped 
erosion observed when using SEAs containing NaF. 
The formation of a slope shape indicates improved acid 
resistance. From these reports, NaF might improve the 
acid-base resistance adjacent to the bonding inter-
face36,37）. Meanwhile, the formation of a funnel-shaped 
erosion indicates that the acid-base resistance of the 
region directly below the ABRZ is reduced. In this 
experiment, a funnel-shaped erosion was not clearly 
observed in UBQ, probably because the decrease in 
acid-base resistance was compensated for by the inclu-
sion of NaF. From these results, the null hypothesis of 
this study was rejected.

Conclusion

　After thermal cycling, the bond strength test 
appeared to be influenced by the hydrophilic amide 
monomer（PBU and UBQ）or HEMA（OPB and UBQ）. 
For SEM observation after the acid-base challenge, 
ABRZ formation was detected using universal adhe-
sives containing MDP（PBU and UBQ）or GPDM（OPB）. 
Moreover, a funnel-shaped erosion adjacent to ABRZ 
was not clearly observed in a universal adhesive con-
taining NaF（UBQ）, but was clearly observed in others
（OPB and PBU）. Therefore, the results of this study 
suggest that the durability of the bonding between uni-
versal adhesives and dentin depends on material com-
ponents.
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Abstract
　Dens invaginatus is a developmental malformation, in which there is an infolding of enamel into dentin. It 
is prevalent in maxillary lateral incisors, with a relatively high incidence of 0.3‒10％. However, the morphol-
ogy is complex and therefore its diagnosis and treatment are difficult. We report a case of endodontic treat-
ment of dens invaginatus with a root apex lesion by non-surgical root canal treatments using an operating 
microscope to preserve the pulp.
　Case report: The patient was a 23-year-old male. He had no spontaneous pain but had an abscess of the 
maxillary left lateral incisor. The pulp was diagnosed as reversible pulpitis. Transient pain occurred upon 
cold stimulation. Percussion and palpation pain were noted. The periodontal pocket depth was ≤3 mm all 
around the tooth. Dental X-rays showed invagination in the central part of the root canal and there were 
pathways of communication with the periodontal tissue at the root apex. CBCT was taken to understand the 
root canal morphology. Oehlers type Ⅲ-b dens invaginatus was diagnosed, with apical periodontitis due to 
infection via the invagination despite a normal tooth pulp morphology. Therefore, root canal treatment of the 
invagination was performed using a microscope and pulp preservation was anticipated. Both oral and written 
informed consent were obtained from the patient prior to treatment, and a full explanation of the research 
purpose was given. A manual stainless-steel file was then used to explore the route through the pseudo-root 
canal and was passed through it, and the root canal length was measured with an electronic apex locator. 
After confirming that the root canal length was correct, the working length was set at a point 0.5 mm 
shorter than the root canal length. Preparation was performed using Ni-Ti rotary files. After final irrigation 
of the root canal, filling was performed with MTA cement. The entrance of the invagination was sealed with 
an adhesive resin.
　Course: The clinical symptoms disappeared after one year. The case was diagnosed as“healing”due to the 
diminishing apical radiolucency on dental X-ray and CBCT.
　Discussion: In this case, we were able to magnify the invagination to the minimum necessary by using an 
operating microscope. The use of MTA cement enabled tight sealing and protection of the pulp, which may 
have resulted in good healing.
　Conclusions: An operating microscope may be useful in the treatment of dens invaginatus.
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Introduction

　Dens invaginatus, also known as tooth within a tooth, 
is a condition in which there is invagination of the 
enamel and dentin of a tooth crown into the pulp cav-
ity1）; its mean prevalence is reported to be 0.3‒10％. 
Around 90％ of reported cases have involved the maxil-
lary lateral incisors2）, and it has been shown to be more 
frequent in particular ethnic groups3‒5）.
　Although numerous different classification methods 
have been reported, Oehler’s classification, which is 
based on the depth of incursion of the invagination and 
its positional relationship with the cementoenamel junc-
tion（CEJ）, is generally used5）. Studies of the prevalence 
of different classes have not identified any racial differ-
ences, with typeⅠ being the most frequent and type Ⅲ 
the most uncommon6,7）. This is also the case in Japa-
nese patients8）. Type Ⅲ has two subtypes, with invagi-
nations that communicate laterally with the periapical 
tissue designated as type Ⅲ-a and those that communi-
cate via the apical foramen as type Ⅲ-b. Because these 
invaginations are completely separate from the pulp 
cavity, they may cause large apical lesions even in vital 
teeth. Such cases are difficult to treat and diagnose, but 
cases in which the tooth pulp has been conserved by 
successful treatment of the invagination in the same 
way as an infected root canal（pseudo-root canal）have 
been reported9）. This report describes an attempt to 
conserve the tooth pulp of a type Ⅲ-b dens invaginatus 
with an apical lesion that nevertheless exhibited a vital 
reaction by performing non-surgical root canal treat-
ment using an operating microscope.

Case Report

　Patient: 23-year-old man
　Chief complaint: Unable to bite due to swelling of the 
gingiva of the left upper front teeth
　Location: Maxillary left lateral incisor
　General medical history: Nothing of note
　History of present illness: The patient was examined 
for root canal treatment of a malformed tooth at the 
request of his previous dentist. A hole had appeared on 
the lingual side of the maxillary left lateral incisor two 
months before and this had been filled. The patient said 
that the gingiva had been swollen since the previous 

week. On inspection, the maxillary left lateral incisor 
had a wide tooth crown and a lingual-side composite 
resin filling, and the gingiva in the apical region was 
reddened（Figure 1-a）. In terms of clinical symptoms, 
cold stimulation elicited transient pain, and the tooth 
exhibited a normal pulp reaction in comparison with 
that of the neighboring teeth, but percussion pain, apical 
palpation, and some mobility were evident. The peri-
odontal pocket depth was ≤3 mm all around the tooth 
and some degree of tooth mobility was evident. On a 
panoramic X-ray image that the patient brought from 
the previous doctor, the maxillary left lateral incisor 
showed root hypertrophy, and its appearance suggested 
dens invaginatus. Dental X-ray imaging was therefore 
performed for further investigation（Figure 1-b）, and an 
invagination that reached the apex of the root was 
found in the center of the tooth; there was no obvious 
caries-like radiolucency in the crown, but an apical 
radiolucency was apparent around the hypertrophic 
root apex. On the basis of these findings, Oehler’s type 
Ⅲ-b dens invaginatus was diagnosed, with apical peri-
odontitis due to infection via the invagination despite a 
normal tooth pulp morphology. When embarking on 
treatment, additional cone-beam computed tomography
（CBCT）was performed to evaluate the shape of the 
invagination and its positional relationship with the 
lesion（Figure 2）. On the CBCT images, the enamel was 
invaginated from the incisal tip toward the apex and 
communicated with the periodontal tissue, so that the 
invagination appeared similar to a root canal（pseu-
do-root canal）. In part of the interior of this pseudo-root 
canal, the enamel was partially cut off and the dentin 
was exposed. The apical radiolucency included the 
opening of the invagination, and a part of the buc-
cal-side cortical bone defect was evident in the sagittal 
section. The slice data acquired by CBCT were used to 
create a three-dimensional（3D）reconstruction image 
and a 3D model for use in treatment planning. The 3D 
model was printed with a 3D printer（Objet260 Connex, 
Stratasys, Eden Prairie, MN, USA）using transparent 
biocompatible resin（MED610, Stratasys）（Figure 3）.
　On the 3D reconstruction image, there was no obvi-
ous communication between the main root canal and 
the pseudo-root canal. On the 3D-printed model, the 
pulp cavity was observed to surround the pseudo-root 
canal in a C-shape. The pulpal horn was present up to a 
comparatively high position. Based on these findings, a 
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treatment plan was formulated consisting of non-surgi-
cal treatment under surgical microscopic observation, 
with the aim of preserving the pulp by treating the 
pseudo-root canal as a root canal.
　In line with the Declaration of Helsinki, the purpose 
of the study and the treatment plan were explained 
orally and in writing to the patient, who, having fully 

understood them, consented to take part. Treatment 
was then started in compliance with the ethical regula-
tions of Tokyo Dental College（Tokyo Dental College 
Ethics Committee approval no.　999）.
　Treatment: Root canal treatment of the pseudo-root 
canal.
　The composite resin closing the invagination was 

Fig.　1　Pre-treatment images of maxillary left lateral incisor
　（a）Intraoral photographs showing a wide crown of the lateral incisor. （b）Dental X-ray image showing an 
enlarged root and an invagination penetrating to the root apex.

a b

Fig.　2　Pre-treatment CBCT images of maxillary left lateral incisor
The cortical bone of the buccal side is missing.
（a）Frontal section. （b）Sagittal section. （c）,（d）Transverse sections.

a b

c

d

e
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removed with a diamond turbine bur, after which the 
enamel of the invagination was drilled away. A manual 
stainless-steel file was then used to explore the route 
through the pseudo-root canal and was passed through 
it. There was a purulent discharge from the pseu-
do-apex, which was aspirated using a root canal vac-
uum. When no more pus was discharged, an electronic 
apex locator was used to measure the length of the root 
canal. A file was inserted into the root canal up to this 
measured length, and a dental X-ray was taken to con-

firm that this length was in fact correct. The working 
length was then designated as a point 0.5 mm proximal 
to the root canal length（Figure 4）. The hardness of the 
enamel in the upper part of the pseudo-root canal 
meant that the entrance had not been sufficiently 
enlarged, and this was therefore further enlarged using 
a diamond-coated ultrasonic tip. Because exploration 
with the manual file showed that the inner surface of 
the pseudo-root canal felt softer to drill, it was enlarged 
to #60 with a Ni-Ti rotary file（Hi-Flex CM, Coltene 

Fig.　3　3D construction images of maxillary left lateral incisors
　（a）3D construction image. （b）3D printer output buccal-side model. （c）3D printer output distal-side 
model. （d）3D printer output mesial-side model.

a b c d

Fig.　4　Enlargement of the dens invaginatus opening and negotiation
　（a）After enlargement of the dens invaginatus opening. （b）Drainage from the pseudo-root canal. 
（c）Dental X-ray with a trial file at the root canal length.

a b c
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Whaledent, Cuyahoga Falls, OH, USA）. However, 
because there were some hard parts of the inner sur-
face of the pseudo-root canal, it was thought that it 
might not have been sufficiently enlarged, and chemical 
cleaning was therefore performed more thoroughly 
than during normal root canal treatment. Passive ultra-
sonic irrigation（PUI）was performed using 2.5％ NaOCl 
and an ultrasonic tip. A final cleaning of the inside of 
the pseudo-root canal was conducted using 2.5％ NaOCl 
and 17％ ethylenediaminetetraacetic acid（EDTA）, 
after which it was dried with a root canal vacuum. The 
pseudo-root canal was filled with mineral trioxide 
aggregate（MTA）cement. A rubber stopper was fitted 
to a root canal filling plugger, and incremental filling 
was performed while taking care that nothing escaped 
from the pseudo-apex into the periapical tissue. The use 
of MTA as a root filling material was approved by the 
Ethics Committee of Tokyo Dental College Suidobashi 
Hospital（approval no. SH-41）. After pseudo-root canal 
filling, the entrance to the invagination was closed with 
composite resin, and dental X-rays were then taken
（Figure 5）.

Clinical Course

　Three months after non-surgical root canal treat-
ment, the clinical symptoms had disappeared, and den-

tal X-rays showed that the radiolucency had decreased 
in size. One year after filling, there was no change in 
symptoms, but on dental X-rays, a radiolucency was 
still present on the inner curve（Figure 6）. CBCT scan-
ning was performed to evaluate whether the buc-
cal-side bone had healed. On CBCT images, a radiolu-
cency was still evident on the inner curve of the invagi-
nation, but since regeneration of the buccal-side cortical 
bone was observed, it was considered to be healing
（Figure 7）.

Discussion

　In the treatment of type Ⅲ dens invaginatus with an 
apical lesion, if the tooth pulp exhibits a vital reaction, it 
is reportedly possible to conserve the pulp by treating 
the pseudo-root canal10‒12）. However, issues of concern 
in the treatment of pseudo-root canals include: （1）the 
inner surface of the invagination is covered with 
enamel and irregular in shape; （2）in parts of the inner 
surface, dentin is exposed, and the pulp is closely adja-
cent; and （3）the pseudo-apical foramen is wide open10）. 
In the present case, the following two issues were also 
considered for the three risk factors. The first issue 
was the appropriate instrument to use for cleaning out 
the pseudo-root canal. The instruments reported in 
studies can be broadly divided into three types: manual 

Fig.　5　Intraoperative images of maxillary left lateral incisor
　（a）Before enlargement of the dens invaginatus opening. （b）After enlargement of the dens invaginatus 
opening with ultrasonic instruments. （c）Enlargement of the pseudo-root canal. （d）After cleaning the pseu-
do-root canal. （e）,（f）Filling the pseudo-root canal with MTA cement. （g）After filling the pseudo-root canal.

a b c

d e f g
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drilling instruments, rotary drilling instruments, and 
ultrasound drilling instruments. Manual drilling instru-
ments enable the torque during enlargement to be con-
trolled by the operator, preventing instrument fracture 
and enabling safe treatment, and their use has been 

widely reported9,11）. In the present case, the enamel at 
the invagination entrance was hard, and the inner sur-
face of the pseudo-root canal was irregular. Hard areas 
were therefore encountered at various points on the 
inner surface, and a manual instrument could not be 

Fig.　6　Post-treatment X-rays of the maxillary left lateral incisors
　（a）Three months after root canal filling. （b）Twelve months after 
root canal filling.

a b

Fig.　7　Pre-treatment and post-treatment images
　（a）Pre-treatment intraoral photographs. （b）‒（d）Pre-treatment CBCT images. （e）Post-treatment intra-
oral photographs. Loss of sinus tract was observed. （f）‒（h）Post-treatment CBCT images. Bone regeneration 
was observed at the root apex and buccal side.

a b c d

e f g h
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used because the drilling sensation was difficult to dis-
tinguish. With respect to rotary drilling instruments, 
there have been some reports on the use of Gates-Glid-
den drills in combination with manual drilling instru-
ments9,13）, but if the enamel of the inner surface of the 
invagination is hard, then drilling with them is also diffi-
cult. The use of a Ni-Ti rotary file has also been 
reported in a few cases14）. In the present patient, 
because most of the inner surface of the pseudo-root 
canal was covered with enamel, the areas of advanced 
caries had softened and could be drilled away, but the 
other parts could not be sufficiently drilled. Rotary drill-
ing instruments may be captured by the enamel inside 
the pseudo-root canal, and if torsion stress is generated, 
they may break10）. Their use thus requires caution and 
care. Ultrasound instruments are reportedly capable of 
efficiently enlarging and removing the invagination15）, 
and they can enable sufficient debridement when used 
in conjunction with cleaning16）; in the present case, one 
was useful for drilling out the invagination entrance and 
debridement during the PUI of the inside of the pseu-
do-root canal. Ultrasound instruments can also be used 
under surgical microscopic observation, which enables 
safe, minimally invasive treatment. We therefore con-
sider ultrasound instruments to be ideal for use in 
cleaning dens invaginatus. The second issue was which 
material and method to use for filling the pseudo-root 
canal. In this case, the pseudo-root canal was closely 
adjacent to the pulp based on the diagnosis using a 3D 
model, and pulp irritation and infection during enlarge-
ment and filling were both concerns. It is well known 
that MTA cement causes little damage to pulp, and it is 
recommended as a pulp capping agent17）, reportedly 
providing good long-term closure and therapeutic out-
comes18）. We therefore considered that the use of MTA 
cement was appropriate to prevent pulp irritation and 
infection. Because the pseudo-apex was wide open, we 
had to consider the possibility that the filling agent 
might escape into the periapical tissue. In the conven-
tional root canal filling method using gutta-percha, lat-
eral and vertical condensation filling techniques have 
been reported11）, but in both techniques, the filling 
agent may escape, and caution is therefore required. 
Good results have been reported from the use of MTA 
cement even when the apical foramen is wide open18,19）, 
and it may therefore be suitable for filling pseudo-root 
canals. In addition, the success of the treatment was 

due to the fact that we were able to select the appro-
priate filling method based on the diagnosis using the 
3D model in advance20）. Another report has also noted 
that, after root canal treatment of a type Ⅲ dens invag-
inatus with similar morphology, a radiolucency on the 
inner curve of the root persisted for a long time despite 
the absence of clinical symptoms21）. In that report by 
Sübay et al., the radiolucency on the inner curve of the 
root persisted for 3 years after pseudo-root canal treat-
ment with no evident clinical symptoms. They there-
fore performed surgical curettage, which showed 
regeneration of the bone. In the present case as well, a 
persistent bone defect at the same site was still present 
after 18 months. However, it is possible that healing 
may have been delayed because of the large size of the 
bone defect, or that it may never have been filled with 
bone at all because of the persistence of soft tissue 
from the time of eruption. We will continue to monitor 
this case carefully, including the possibility of future 
surgical intervention.

Conclusion

　This case demonstrated the usefulness of an operat-
ing microscope for the non-surgical, pulp-conserving 
treatment of type Ⅲ-b dens invaginatus.

　The authors state that there are no conficts of interest 
related to this study.
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manuscript can be published.

10． The listing order is the order of acceptance. A certification of publication will be issued upon request.
11． Manuscripts are to be submitted via the Japanese Society of Conservative Dentistry’s website, e-mail, or postal 

mail. Manuscripts submitted for publication should be addressed to the secretariat of the Japanese Society of 
Conservative Dentistry.

12． In principle, authors can proofread their manuscript a maximum of two times. Extensive changes, additions, or 
deletions made to the contents of the manuscript cannot be accepted. Proofs should be returned by the desig-
nated date. If the authors do not need to proofread their manuscript, they should mention this on the left side 
of the cover page.

13．The copyrights for articles published in ODEP belong to the Japanese Society of Conservative Dentistry.
14． Matters not mentioned in these guidelines will be independently determined by the editorial board.

　Submission of your manuscript for publication must conform to the following“Submission Guidance”as well as 
“Submission Guidelines.”
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Submission Guidance （applied as of the Issue 1 of Vol. 2）

Manuscript organization

 1． In principle, original articles should be organized into the following sections: （1）cover page; （2）abstract; （3）
Main text （Introduction, Materials and Methods, Results, Discussion, and Conclusion）; （4）References; and （5）
Figure and table captions. Page numbering should start with the cover page. In principle, manuscripts, such as 
reviews or case reports, other than original articles should be organized in the same format as that of original 
articles.

 2． Manuscript sections
　　1）　 Title: The title should concisely describe the contents of the manuscript. The subtitle should also clearly 

describe the contents, and should not consist of only numbers.
　　2）　 Introduction: The introduction should clearly describe the background, novelty, purpose, and significance of 

the study.
　　3）　 Materials and Methods: This section should provide detailed information on the materials, equipment, or 

methods used along with clear instructions so that the experiments can be reproduced by others. Parame-
ter settings, number of specimens, extraction methods, statistics processing, and others should comply with 
the purpose of the study.

　　4）　 Results: This section should simply present the findings without bias or interpretation. Measurement results 
should show characteristic values including mean values and standard deviations.

　　5）　 Discussion: This section should carefully consider the materials and methods, results, and others referring 
to relevant literature. Please note that it should not be overly assertive and should avoid off-topic points. 
The discussion should stay focused on the study purpose and not digress into a general discussion.

　　6）　 Conclusion: The section should precisely summarize the results obtained and relate them to the purpose of 
the study and hypothesis as presented in the Introduction.

 3． Manuscripts should be prepared using A4-size paper. The suggested length of each typed page is 80 alphanu-
meric characters per line×25 lines per page using a 12-point font. Top/bottom/left/right margins should be 
approximately 25 mm.　Non-Japanese names and places should be in their original names..

 4．For the manuscript style, refer to the latest issue of the journal.

Ethics Code

 1． Each report on the result of clinical research （clinical trial or observational research）or research involving any 
specimen collected from a human body must include a clear statement that it was approved by the head of the 
affiliated institution or by the research ethics review board assigned by the institution’s head, in order to 
expressly indicate that the research was conducted in compliance with all applicable guidelines and laws, 
including the Declaration of Helsinki and the medical research guidelines, etc. issued by the Ministry of Health, 
Labour and Welfare including the following:

　　1）Ethical Guidelines for Life Science and Medical Research Involving Human Subjects;
　　2）Guidelines for Gene Therapy and Other Clinical Research; and
　　3）Clinical Trials Act.
 2． Each report on the result of research on, or a case concerning, regenerative medicine technology, etc. as defined 

The publishing charge is 10,000 yen for a Journal page including tables and figures. Extra charges for such as 
figures and tables preparation, color printing of photographs will also be paid by the authors. If authors do not 
pay publishing charge, the article may be retracted.
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in the Act on the Safety of Regenerative Medicine must include a clear statement that the technology was pro-
vided to the patients in compliance with the aforementioned Act.

 3． Each report on a case of a therapeutic method involving any off-label drug or device, or any pharmaceutical, 
medical device, regenerative medicine, or other related product not domestically approved must include a clear 
statement that the use was approved by the committee concerned （research ethics review board, review 
board for unapproved new drugs, etc.）at the affiliated institution.

 4． In each instance of publication of an academic paper, all personal information must be thoroughly protected so 
that none of the research subjects （patients）can be identified from it.

 5． In each instance where a patient’s clinical photo or X-ray image is included in an academic paper for publication, 
a clear statement must be provided that the consent of each such patient （or a parent, guardian, or proxy if the 
patient is a minor or in case it is otherwise difficult to obtain consent from the patient）was duly obtained.

 6． Each report on the result of research involving animal subjects must include a clear statement that the research 
was approved by the animal experiment committee, etc. at the affiliated institution.

Cover page

 1． The title, authors’ names, institutional affiliations, and corresponding author’s contact address should be centered, 
with a new line for each item, on the cover page.

 2． The title should be in upper and lowercase letters, where the first letter of each word is uppercased and the 
remaining letters are lowercased. Articles, prepositions, conjunctions, and commonly used technical terms are 
lowercased. For hyphenated compound words, the letters following the hyphen should be lowercased.

 3． The corresponding author’s contact details should include the following information: one author’s name, institu-
tional affiliation, postal address, telephone and fax numbers, and e-mail address.

Abstract

 1． The abstract should be a maximum of 400 words organized into four sections with the following headings: Pur-
pose, Methods, Results, and Conclusion. Approximately three keywords should be placed at the end of the 
abstract.

 2． Contributors should put considerable effort into preparing the abstract as it may determine whether or not the 
reader continues with the manuscript. When necessary, abstracts should be checked by a native English 
reviewer（preferably with expertise in dental medicine）.

Main text

 1． Introduction, Materials and Methods, Results, Discussion, and Conclusion are the main headings and are not 
numbered.

 2． Subparagraphs should be numbered in the following order: 1. 2. 3. …; 1）2）3）…; （1）（2）（3）…; ① ② ③ …; 
and a. b. c. …

 3．English characters should be written in the following manner:
　　1）　Generally, only the last name should be used to indicate a person.
　　2）　 When the name of a product or manufacturer must be in the original language, the first letter of each word 

should be uppercased and the remaining letters lowercased.
　　　　 In principle, “generic name （product name, company name, city ［state in the case of U.S.］, country）”should 

be used in English manuscripts. Trademark and registration symbols ® and TM are not required.
　　3）　 Regarding common nouns in German or Latin, the first letter should be uppercased and the remaining let-

ters lowercased. For common nouns in English and French, all letters should be lowercased.
　　4）　 Regarding binominal nomenclature, the first letter of the genus should be uppercased and the remaining 

letters lowercased. The names of all genera and species should be italicized. When the same genus 
appears frequently, it is acceptable to replace the name with the initial after the first use.
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Example: Streptococcus mutans → S. mutans
　　5）　 For nouns that must be in their original language, other than German, Latin, English or French, all letters 

should be lowercased, except for commonly used technical terms.
 4．In principle, SI units are used for measurements.
 5． Any conflicts of interests（COI）must be declared after the conclusions. When there is no COI, the statement 
“The authors declare no conflict of interest related to this paper”should be included.

 6．Acknowledgments for all sources supporting this study including grant funds should be added after of COI.

References

 1． References must be listed at the end of the main text, and numbered in the same order as they appear in the 
text.

 2． In the main text, a cited reference should appear with a superscript numeral and closing parenthesis. When two 
references are cited, a comma should be used to separate them; more than two references should be connected 
by an en dash between the first and last numeral.

　　Examples: “by authors3）”, “…is reported7,8）”, “previous studies10‒15）show”
 3．Examples of Reference
　 a ．Journal articles
　　Number） Last name and first name of all authors with a comma separating each author. Title of paper. Name of 

journal and publishing year in the Christian era; Volume number: Inclusive page numbers of paper.
　　Example:
　　1） Clark AB, Erickson D, Hamilton FG. Tensile bond strength and modulus of elasticity of several composite resins. J Dent 

Res 1992; 37: 618‒621.
　 b ．Book
　　Number） Author （co-authors）. Title of book. First/last volume. Edition. Publisher’s name: Publisher’s location 

（City）; Publishing year in the Christian era. Cited pages.
　　Example:
　　2）Phillips RW. Skinner’s science of dental materials. 9th ed. WB Saunders: Philadelphia; 1991. 219‒221.
　 c ．Book with co-authors
　　Number） Contributor’s name. Title of contributed article. Name of editor （editor-in-chief）. Book title. First/last 

volume. Edition. Publisher’s name: Publisher’s location （City）; Publishing year in the Christian era. 
Cited pages.

　　Example:
　　3） Torneck CD. Dentin-pulp complex. Ten Cate AR. Oral histology. 5th ed. Mosby: St. Louis; 1998. 150‒196.
　　 For cases in which each author’s contribution is not separately indicated, the author’s name and the title of the 

contributed article should not be listed.
　　Number） Name of editor （editor-in-chief）. Title of book. First/last volume. Edition. Publisher’s name: Publisher’s 

location （City）; Publishing year in the Christian era. Cited pages.
　 d ．Other writing styles
　　・Abstracts of scientific meeting
　　Number） Presenter （all presenters should be cited. A comma should be used to separate the authors in the case 

of co-presentations.）. Title of abstract. Name of journal and publishing year in the Christian era; Vol-
ume number: Inclusive page numbers, abstract number.

　　Example:
　　4） Marais JT. Cleaning efficacy of a new root canal irrigation material. J Dent Res 1998; 77: 669, Abst. No. 300.
　　・ Journal articles in press
　　 In principle, the same style as that of a regular journal article should be used; however, when the inclusive page 

numbers are not known, they can be omitted. The statement “in press”should be shown at the end.
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　　Example:
　　5）Sato K. Effect of toothbrushes on gingival abrasion. J Periodont Res 1994; 29: in press.
　　・Electronic journal
　　 In principle, the same style as that of a regular journal article should be used; however, when the inclusive page 

numbers are not known, the DOI and other indicators should be shown. When papers are published in elec-
tronic journals before printing, the statement ［Epub ahead of print］ should be shown after the publishing year 
and month.

　　Example:
　　6） Sunada N, Ishii R, Shiratsuchi K, Shimizu Y, Tsubota K, Kurokawa H, Miyazaki M. Ultrasonic measurement of the 

effects of adhesive application and power density on the polymerization behavior of core build-up resins. Acta Odon-
tol Scand; doi: 10.3109/00016357.2011.654252

　　・Internet website
　　Page publisher. Title of page. URL address. （Access date）
　　Example:
　　7） World Health Organization. Continuous improvement of oral health in the 21st century. http://www.who.int/oral_

health/en/ （cited 2005. 10. 1）
 4． In principle, journal names should be abbreviated in accordance with the format used by the journal.

Figures and Tables

 1． Figures, photographs, and tables are categorized into figures and tables, and then numbered. Paper size should 
be A4, and each figure and table should be printed on a separate page. The numbers allocated for the figures 
and tables should be consistent with those referred to in the text.

 2． Figures and tables should be accompanied by explanations that are easily understandable. Explanations of fig-
ures/tables are presented as captions and explanations for tables/tables should be presented as footnotes.

 3． If authors wish to have the figures color-printed, color data should be attached; if authors wish to have the figures 
printed in black and white, black-and-white data should be attached.

　　Notes on creating imaging data:
　　・ The jpg data format should be used if possible.
　　・  Image size should correspond to the layout; image resolution should be at least 300 dpi for photographs and 

at least 1,200 dpi for line drawings.
 4． Figures printed in black and white can be uploaded as color pictures on J‒STAGE; authors should request this 

at the time of submission. The cost to create color data for J‒STAGE uploading is to be borne by the authors. 
In a case where color figures are uploaded only on J‒STAGE, new captions cannot be added since it would 
make the J‒STAGE content different from the original content published in the journal. When selecting color/
black-and-white figures, the authors themselves should carefully check that the original figure captions are suf-
ficient.

Sending manuscript intended for publication

 1． The manuscript（cover page, abstract, main text, references, and figure and table captions are created as one 
file）should be formatted as a Microsoft Office Word （hereafter “Word”）document.

 2． Figures should be provided in jpg or pdf format.
 3． Tables should be provided in Microsoft Office Excel, jpg, pdf, or Word format.
 4． File titles should be as follows: “author name”_“university name （name after department is not needed）”_
“manuscript/figure/table/submission form”_“.filename extension （indicating file type）”.

　　　　Example） Nihon Tarou_Nihon University/manuscript.docx; Nihon Taro_Nihon University_Figure.jpg; Nihon 
Taro_Nihon Univesity_Table.xlsx; Nihon Taro_Nihon University_submission form.pdf

　　　　 Also, pdf files with embedded fonts for all contents are acceptable for submission. In such cases, file names 
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should be as follows: Nihon Taro_Nihon University_comprehensive manuscript.pdf
 5． E-mail title （subject）should be“Submitted papers for ODEP”.
 6． Submitted papers should be sent to the e-mail address of Oral Health Association of Japan: hensyu6@kokuhoken.

or.jp. For safety, also send as a CC to hensyu5@kokuhoken.or.jp.
 7． When e-mail submission is difficult for such reasons as the file size is too large, submission via an FTP server 

and other methods are acceptable. In such cases, the intent of submission should be informed by e-mail. In the 
e-mail, information regarding the site and other methods for downloading the file should be provided.

 8． The submission form of ODEP provided on the Japanese Society of Conservative Dentistry’s home page （http: 
//www.kokuhoken.or.jp/exterior/ jscd/fileform/）can be used for submission.

Reprographic Reproduction
The Japanese Society of Conservative Dentistry authorized Japan Academic Association For Copyright 
Clearance（JAC）to license our reproduction rights of copyrighted works. If you wish to obtain permissions 
of these rights, please refer to the homepage of JAC（http://www.jaacc.org/en/）and confirm appropriate 
organizations to request permission.
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ANGELUS PRODUCTS 

Ready to Use

プレミックスタイプ
練和の必要がないので手間もなく、材料のロスも少ないシリンジタイプ

1

2

3

抗菌性
高い pH11～13 を維持

レジンフリー
レジンが一切含有されていません

高い生体親和性2

1 プレミックスタイプ
練和の必要がないので手間もなく、材料のロスも少ないシリンジタイプ

3 抗菌性
pH11 ～ 13 の強いアルカリ性を維持する
ので抗菌性が期待できます。

プレミックス
歯科用覆髄材料
バイオシー リペア

Ready to Use

＊0.5ｇシリンジ ４本　標準価格 13,000 円（税別）＊0.5ｇシリンジ ４本　標準価格 13,000 円（税別）

一般的名称：歯科用覆髄材料
販売名：バイオ シー リペア（Bio-C Repair）
認証番号：301AGBZX00089000（管理）

＊0.5ｇシリンジ ４本　エンドチップ S 20 本
　標準価格 10,500 円（税別）　

プレミックス
水酸化カルシウム系歯科根管充填材料
バイオ シー シーラー
水酸化カルシウム系歯科根管充填材料

一般的名称：水酸化カルシウム系歯科根管充填材料
販売名：バイオ シー シーラー（Bio-C Sealer）
承認番号：30200BZX00263000( 高度）

Ready to UseReady to Use

暫間的に使用する根管充填用材料に、新しいバイオセラミック貼薬材
バイオシーテンプ登場！

販売名：バイオ シー テンプ（Bio-C Temp）　　一般的名称：水酸化カルシウム系歯科根管充填材料　　承認番号：30300BZX00060000 ( 高度管理医療機器）

〈販売元〉〒110-8507　東京都台東区上野7-6-9　0800-170-5541（コンタクトセンター）

Ready to Use

〈製造販売元〉Angelus Japan 株式会社 大阪府茨木市下穂積 4-13-206

X 線造影性

pH

ちょう度　・　フロー

パーティカルサイズ

11-13

7mm Al 以上

約 21.5mm

≦ 2 μ m

高い抗菌性

プレミックス

Ｘ線不透過性

除去が容易

高い生体親和性

根管充填に適したプレミックスペースト。
練和の必要が無いので手間もなく、材料のロスも軽減できます。

pH11-13 の強アルカリ性を維持するので、抗菌性が期待できます。

タングステンカルシウムを配合。充填後の予後観察はもちろんのこと、
耐変色性にも優れています。

チェアタイムの削減につながります。

2
3
4
5

1
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Simplicity,
aesthetics and

performance in
your hands

シンプルシェードのユニバーサルコンポジットレジン

ナノハイブリッド充塡用コンポジットレジン

ジーニアル アコード
™

歯科充填用コンポジットレジン　ジーシー　ジーニアル　アコード
管理医療機器　302AKBZX00096000
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