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Improving Resin-dentin Bond Durability

and a Novel Ultra-high-speed Videography
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Graduate School of Medical and Dental Sciences, Tokyo Medical and Dental University (TMDU)
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Study on the Sealing Ability of a New High-penetration Resin Material
for Enamel Cracks and Dentinal Tubules

Miura Tatsuki, YASUO Kenzo, IwATA Naohiro,
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Department of Operative Dentistry, Osaka Dental University

Abstract

Purpose: In line with the increasing number of remaining teeth per person, the incidence of noncariogenic
hard tissue diseases other than dental caries and periodontal disease has been increasing. Among noncario-
genic diseases, micro cracks of enamel (enamel cracks) may be a cause of hypersensitivity with no substance
defect. Furthermore, exposed dentin is a cause of dentin hypersensitivity to transient cold water and abra-
sion pain. A new high-penetration resin material for tooth substrates having high flowability, hydrophilicity
and wettability also has high penetrability for enamel cracks and dentinal tubules. Considering the sealing of
enamel cracks and dentinal tubules with resin-based dentin desensitizers, we measured the permeability inhi-
bition rate using a tooth model of hypersensitivity.

Methods: Enamel crack specimens and dentin disc specimens were prepared using healthy human teeth
with no dental caries. Using a device prepared following the method reported by Pashley et al., the specimen
was connected to the device and the inner pressure was set at 25 mmHg. The materials used in the experi-
ment were the new high-penetration resin material for tooth substrates (KE, Kuraray Noritake Dental) and
resin-based desensitizers G-Premio BOND (GP; GC) and Scotchbond Universal Adhesive (SU; 3M ESPE).
After application of each desensitizer, the enamel crack and dentinal tubule permeability inhibition rate was
measured. The surface and longitudinal cross-sectional surface in the enamel crack specimens and dentin disc
specimens were observed under SEM, and the penetration depth of resin in enamel cracks was measured.

Results: The permeability inhibition rate of the enamel cracks in the KE, GP and SU groups was 96.0, 96.3
and 94.0%, respectively. The permeability inhibition rate of the dentinal tubules in the KE, GP and SU
groups was 90.0, 94.2 and 93.7%, respectively. There was no significant difference in the permeability inhibi-
tion rate of the enamel cracks and dentinal tubules between the KE, GP and SU groups, and the permeability
inhibition rates of all groups were high. SEM images showed that the superficial layer of the enamel cracks
and dentin was covered with a resin coating in all the groups, and that the longitudinal cross-sectional sur-
face of the enamel cracks was sealed with resin in all the groups. The penetration depth of resin in the
enamel cracks was significantly higher in the KE group than in the GP and SU groups. On the longitudinal
cross-sectional surface of the KE group, we observed long resin tags which penetrated into the dentinal
tubules. However, we did not observe any resin tags penetrating the dentinal tubules in the GP group, and
observed resin tags that penetrated slightly into the dentinal tubules in the SU group.

Conclusion: It is considered that the new high-penetration resin material for tooth substrates delivered a
better sealing ability than conventional resin-based desensitizers for enamel cracks and dentinal tubules.

Key words: sealing ability, dentin hypersensitivity model, high-penetration resin material
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Introduction

With the graying of society in Japan, the number of
remaining teeth per person is increasing thanks to
activities such as the 8020 movement and advances in
dental treatment". As a result, however, the incidence
of noncariogenic hard tissue diseases, which are differ-
ent from dental caries and periodontal diseases, is
increasing. Noncariogenic hard tissue diseases include
tooth wear, tooth fracture or cracking, hypoplasia, mal-
formation, and abnormal number of teeth?. Among
such diseases, two phenomena that can cause hypersen-
sitivity are microcracks of enamel (enamel cracks) with
no substance defect, and dentin hypersensitivity, which
presents with exposure of the dentin. In addition, vari-
ous factors such as bruxism, clenching, changes in the
environment of the oral cavity due to eating and drink-
ing, and decrease in salivary secretion are thought to
affect the expansion of enamel cracks and exposure of
dentin with substance defect”. It has been reported
that the incidence of enamel cracks in healthy teeth
increases with age: 60% of those in their teens, 68% of
those in their twenties, 90% of those in their thirties?,
and more than 95% of those in their forties and older®.
Enamel cracks are assumed to cause pigment penetra-
tion via the cracks, cosmetic disturbance of the teeth
due to secondary caries, expression of dentin hypersen-
sitivity-like pain, and disturbance of procedures such as
whitening®”. Enamel cracks may also reach the dentin,
allowing stimulation to reach the dental pulp via den-
tinal tubules®.

The hydrodynamic theory, which claims that pain
occurs as movement of the inner fluid in dentinal
tubules stimulates the free nerve endings inside the
dental pulp under an external stimulation, which is
transmitted through the dentinal tubule openings on the
dentin surface, is considered the most likely mechanism
of pain expression in dentin hypersensitivity9). Based on
the hydrodynamic mechanism similar to dentin hyper-
sensitivity, in hypersensitivity which occurs in concur-
rence with enamel cracks, it is assumed that pain
occurs as stimulation reaches the dentin through the
enamel cracks®. Methods of treating dentin hypersensi-
tivity include conservative treatments such as applica-
tion of medicament, iontophoresis, laser treatment, and
coverage with adhesive materials. Similar treatment
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methods and external crown repair are also used as
methods for treating enamel cracks. The application of
medicament is often considered the first choice in the
treatment of dentin hypersensitivity due to its simplic-
ity and immediate effectiveness. The action mechanism
of desensitizers involves sealing of the enamel cracks
and dentinal tubules on the exposed dentin surface, pre-
venting stimulation from reaching the dental pulp and
suppressing the excitation of dental pulp cells. It is also
considered to promote calcium deposition to, and
encourage active sealing of, enamel cracks and dentinal

10)

tubules™”. There are many types of desensitization,

including solidification of tissue fluid', crystallization of

1219 and sealing with resin-based materi-

mineral sal
als'?, depending on their action mechanism. However, it
has been reported that the cure rate for conservative
treatments is only about 60 to 70%'¥, leaving the possi-
bility of symptom recurrence. In comparison, there is no
established treatment for enamel cracks. Noninvasive
treatment is needed as the concept of minimal inter-
vention (MI) has become popular. Furusawa, et al.'?
reported the effectiveness of sealing enamel cracks
with dentin desensitizers (desensitizers).

In recent years, coating and sealing of the dentin sur-
face with resin-based desensitizers have attracted
attention, as indicated by the introduction of insurance
coverage for coating treatment using dental sealing/
coating materials to seal the dentinal tubules on the
surface of vital abutment teeth!”. A prototype new
high-penetration resin material for tooth substrates
(new high-penetration resin material), KEC-100, was
newly developed by Kuraray Noritake Dental Inc. for
the purpose of sealing microcracks in dentin. Its charac-
teristics include the incorporation of hydrophilic multi-
functional amide-type monomer with high hydrophilic-
ity and affinity to dentin, no need for air drying as it
contains no solvents such as water and organic sol-
vents, low viscosity, and high wettability to dentin. In
this study, we examined the ability of this new
high-penetration resin material to seal enamel cracks
and dentinal tubules by preparing a device that can
apply a pressure of 25 mmHg, which is equivalent to
the inner pressure of human dental pulp, in accordance
with a report by Pashley, et al’®, and used the device
and a dentin hypersensitivity model to measure the
permeability inhibition rate.



2020 4F 12 B Sealing Ability of High-penetration Resin for Enamel Cracks and Dentinal Tubules 485
Table 1 Materials used in this study
Materials Composition Application protocol Manufacturer Lot No.
10-MDP, Bis-GMA, hydrophilic amide 1. Apply bond (waiting time 10s) Kuraray 170804
KEC-100 (KE) monomer, photo initiators 2. No dry Noritake (experi-
3. Light cure for 10 s Dental mental)
. 10-MDP, 4-META, methacrylate acid 1. Apply adhesive (waiting time 0's)
G-Premio BOND . . .
(GP) ester, MDTP, distilled water, acetone, 2. Dry with max air pressure for 5s GC 1710033
photo initiators, silica filler 3. Light cure for 10s
Seotchbond 10-MDP, dimethacrylate resins, a-meth- 1, Apply adhesive (waiting time 20 s)
cotchbon
Uni | acrylate-modified polyalkenoic acid 2. Dry with gentle air flow for 5s 3M ESPE 71207 A
niversa
v copolymer, HEMA, filler, ethanol, 3. Light cure for 10 s

Adhesive (SU) L .
water, photo initiators, silane

Materials and Methods

Table 1 shows the materials used in the experiments
and how they were applied. As resin-based desensitiz-
ers, we used G-Premio BOND (GP; GC, Tokyo, Japan)
and Scotchbond Universal Adhesive (SU; 3M ESPE,
Minnesota, USA). As the prototype new high-penetra-
tion resin material for tooth substrates, we used KEC-
100 (experimental, KE; Kuraray Noritake Dental, Tokyo,
Japan). The groups to which each material was applied
are referred to as GP group, SU group and KE group,
respectively.

1. Preparation of enamel crack specimens and

dentin disc specimens

As test subject teeth, we used healthy human molars
(human teeth) without caries which had been frozen at
—40°C in physiological saline for storage after being
removed at the Department of Dental Surgery of our
University Hospital due to necessity of removal in the
course of treatment, and defrosted the teeth immedi-
ately before the experiment.

1) Enamel crack specimens

After cutting the root of the tooth, we cut the crown
mesiodistally. We then shaped the surface from the
maximum profile part on the labial and lingual sides
using a model trimmer to prepare a flat enamel surface.
We polished up to #600 with waterproof abrasive paper,
and prepared a cylinder-shaped enamel-dentin disc with
the size of 8 mm diameter and 1 mm thickness. After
dropping a 200 g weight twice from a height of 2 cm,
we identified enamel cracks by phase difference using a
confocal laser scanning microscope (VK-X100 series,

X100, KEYENCE, Osaka, Japan). We allowed 10%
phosphoric acid solution (Kishida Chemical, Osaka,
Japan) to act on the dentin side of the enamel crack
specimen for 30 seconds, then rinsed it under running
water for 5 seconds. We obtained the enamel crack
specimen by removing the smear layer and rinsing
with distilled water in an ultrasonic cleaning machine
for 5 minutes to open the dentinal tubules.

2) Dentin disc specimens

We shaped the surface from the occlusal surface
using a model trimmer to prepare a flat dentin surface.
We then cut the root of the tooth near the tooth cervix
and removed the dental pulp. We polished it up to #600
with waterproof abrasive paper, and prepared a cylin-
der-shaped dentin disc with the size of 8 mm diameter
and 1 mm thickness for the exposed dentin surface. We
allowed 10% phosphoric acid solution (Kishida Chemi-
cal) to act on the occlusal surface of the dentin disc for
30 seconds, and rinsed it under running water for 5 sec-
onds. We then allowed 5% sodium hypochlorite solution
(Kishida Chemical) to act on the dental pulp side for 10
seconds, and rinsed it under running water for 5 sec-
onds. We obtained the dentin disc specimen by remov-
ing the smear layer on both sides and rinsing with dis-
tilled water in an ultrasonic cleaning machine for 5
minutes to open the dentinal tubules.

2. Experiment device

We prepared the dentin hypersensitivity model based
on the method by Zennyu, et al'” (Fig. 1).

We set up the specimen stage by placing a rubber
ring with 6 mm inner diameter on the dentin side of the
enamel crack specimen or the dental pulp side of the
dentin disc specimen, and mounting it with a stainless
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Fig. 1 Schematic diagram of a dentin hypersensitivity model

A rubber ring with an inner diameter of 6 mm was placed on the

dentin side of the enamel crack specimen or the pulp side of the den-

tin disc specimen, inserted between the upper and lower stainless

steel holders, and used as a specimen stage. The pressure in the spec-

imen stage was adjusted to 25 mmHg, equal to human dental pulp, to

reproduce the pressure in clinical practice.

steel holder to pinch the top and bottom of the speci-
men. We ensured fenestration in a square of 5 mm side
(approx. 025 cm?® in area) at the center to expose the
surface to which to apply the desensitizer. After filling
physiological saline assumed as the inner fluid of den-
tinal tubules (DF) inside the specimen stage while
ensuring that no air was trapped, we connected it to
the device for setting the inner pressure, which we pre-
pared according to the report by Pashley, et al®®. We
adjusted the inner pressure of the specimen stage to 25
mmHg, which is equivalent to the inner pressure of
human dental pulp, to reproduce the inner pressure of
dental pulp in clinical scenes® .

3. Measurement of permeability inhibition rate

First, we cut off the DF from the cylinder direction
with three-way cock B and connected it to the glass
capillary, which was already connected to the specimen
stage and the experiment device. We then blew air on
the exposed enamel surface at the central fenestration
part of the specimen stage for 60 seconds in this state,
left it standing for 30 seconds, and measured the
amount of DF movement inside the glass capillary®* 2.
We specified the air pressure as 0.3 MPs. We then cut
off the DF flowing inside the glass capillary by adjust-
ing three-way cock B so that DF could flow only to the
specimen stage from the cylinder direction. Next, we
injected DF so that it could flow from the cylinder to
the pressure gauge and the specimen stage by adjust-

ing three-way cock A, and adjusted the inner pressure
to 25 mmHg. We applied each material according to the
manufacturer’s instructions, and cured it using Pen-
Cure (J. Morita Mfg, Kyoto, Japan). We then blew air
for 60 seconds in a similar fashion to that before appli-
cation to the specimen, left it standing for 30 seconds,
and measured the amount of DF movement again. We
measured the permeability inhibition rate for each
material based on the amount of DF movement before
and after material application. We calculated the rate
using Equation (1) below, based on the amount of DF
movement before treatment (x) and amount of DF
movement after treatment (v):
Permeability inhibition rate (%) =1{(x—y) /x} X100
......... 1)
4. Laser observation of enamel surface

We used a confocal laser scanning microscope (VK-
X100 series, KEYENCE) to observe the enamel cracks
on the surface to which desensitizer was applied before

and after treatment by phase difference.

5. SEM observation of sample surface and longi-
tudinal section, and measurement of enamel
crack sealing depth

We conducted gold deposition on the specimens for

surface observation according to the normal method.
We cut each specimen for longitudinal section observa-
tion with a low-speed diamond wheel saw (Model 650,
South Bay Technology, California, USA) after embed-
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Fig. 2 Measurement of the permeability inhi-
bition rate of each dentin desensitizer
in enamel cracks

Same letters indicate no significant differ-
ence (p>0.05).

ding it in epoxy resin. We polished it up to #2000 with
waterproof abrasive paper, and soaked it in 1 mol//
hydrochloric acid (Kishida Chemical) prepared with
distilled water for 1 minute, then 5% sodium hypochlo-
rite solution (Kishida Chemical) for 5 minute to rinse it
with water. We then conducted gold deposition accord-
ing to the normal method. We observed each specimen
with a scanning electron microscope (JSM-5610LV,
JEOL, Tokyo, Japan).

We also measured the sealing depth inside the
enamel crack by resin based on the longitudinal section
SEM images of the enamel crack specimens.

6. Statistical processing

We set the number of specimens to n=5 in each
group, and conducted statistical processing on the per-
meability inhibition rate and enamel crack sealing
depth which we calculated by using one-way analysis of
variance and Tukey’s test (p<0.05).

This study was conducted after obtaining approval
from the ethics committee, Osaka Dental University
(Approval No. 110767, May 13, 2020).

Results

1. Permeability inhibition rate

Figure 2 shows the results of measuring the permea-
bility inhibition rate after application of each material
on the enamel crack specimens, and Fig. 3 the results
after application of each material on the dentin disc
specimens.

There was no significant difference in permeability

Fig. 3 Measurement of the permeability inhi-
bition rate of each dentin desensitizer
in dentin

Same letters indicate no significant differ-
ence (p>0.05).

inhibition rates of the KE, GP and SU groups for the
enamel crack specimens and dentin disc specimens, and
each group indicated a high permeability inhibition rate.

2. Laser observation of enamel surface

Figure 4 shows the results of laser observation of the
enamel surface on the enamel crack specimens.

In all of the KE, GP and SU groups, we observed
images in which the resin film coated the enamel crack
surface.

3. SEM observation of specimen surface and lon-

gitudinal section

Figure 5 shows the results of SEM observation of the
enamel surface and longitudinal cross-sectional surface
of the enamel crack specimens, and Fig. 6 the results of
SEM observation of the specimen surface and longitudi-
nal cross-sectional surface of the dentin disc specimens.

On the enamel surfaces of the enamel crack speci-
mens in all of the KE, GP and SU groups, we observed
images in which the resin film coated and sealed the
enamel crack surface. On the longitudinal cross-sec-
tional surface of all of the KE, GP and SU groups, we
observed images in which the insides of enamel cracks
were sealed by the penetrating resin.

On the surfaces of the dentin disc specimens in all of
the KE, GP and SU groups, we observed images in
which the resin film sealed the dentinal tubules and
coated the dentin surface. On the longitudinal cross-sec-
tional surface of the KE group, we observed long resin
tags which penetrated into the dentinal tubules. How-
ever, we did not observe any resin tags penetrating the
dentinal tubules in the GP group, and observed resin
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In the KE, GP and SU groups, the superficial layer of enamel cracks appeared to be covered with a resin coating.
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Fig. 5 SEM observation of enamel surface and longitudinal cross-sectional surface of enamel crack

In the KE, GP and SU groups, the superficial layer of enamel cracks appeared to be covered with a resin coating. The

specimens were embedded in epoxy resin and SEM observation of the longitudinal cross-sectional surface of the enamel

crack specimens was conducted. The inner region of enamel cracks was sealed with resin (white arrows).

tags that penetrated slightly into the dentinal tubules in
the SU group.

4. Enamel crack sealing depth

Figure 7 shows the results of enamel crack sealing
depth by resin. The sealing depth of the KE group in
enamel cracks was significantly larger than the values
of the GP or SU group (p<<0.05).

Discussion

KE, which is a prototype new high-penetration resin
material for tooth substrates, is intended to seal microc-
racks in tooth substrates, and its characteristics include
low viscosity and high wettability to tooth substrates.
Since it does not contain solvents such as water and
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Fig. 6 SEM observation of dentin surface and longitudinal cross-sectional surface of dentin

In the KE, GP and SU groups, the superficial layer of dentin appeared to be covered with a

resin coating. In the KE group, resin tags penetrated into dentinal tubules (white arrows). In
the GP and SU groups, there were no or a few resin tags penetrating into dentinal tubules

(white arrows).
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Fig. 7 Penetration depth of resin in enamel
crack

Different letters indicate significant differ-
ences at p<0.05, as determined by one-way
layout analysis of variance and Tukey’s test.

organic solvents, it does not require air drying after
application, and no polymerization failure is expected to
occur thanks to no residual solvents even in deeper
parts of microcracks. In addition, it quickly adheres to
dentin as the hydrophilic multifunctional amide-type
monomer that is contained has higher hydrophilicity
than 10-MDP or HEMA, features excellent polymeriza-

tion curing property, and is considered resistant to the
effects of hydrolysis even after polymerization curing.
The material is also adhesive to tooth substrates® .
There are resin-based desensitizer products that apply
the one-step self-etching system, which uses dentin
adhesive material like the one we used in this experi-
ment. Resin-based desensitizers have been reported to
deliver higher sealing abilities than other desensitizers
as the resin coating adheres well to the dentin and
finely covers the enamel cracks and dentinal
tubules!*%%) Many of the resin-based desensitizers
contain hydrophilic monomers, hydrophobic monomers,
water, and organic solvents®. Water is necessary for
the etching effect of the acidic monomer, and organic
solvents are necessary for dissolving the monomer
components and water’”. However, these solvents may
cause resin polymerization to fail, and thus the solvents
need to be removed thoroughly by air drying®”. On the
other hand, air drying during treatment can cause pain
for those patients who present hypersensitivity symp-
toms. It is also considered difficult to remove solvents
that permeate into minute enamel cracks by air drying.

Based on the permeability inhibition rate in enamel
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crack specimens, the KE, GP, and SU groups showed
favorable enamel crack sealing abilities, and the SEM
images of the enamel surface revealed resin films that
coated the surface. Based on the SEM images of the
longitudinal cross-sectional surface of enamel cracks,
the resin permeated more deeply into the cracks in the
KE group than in the GP and SU groups, while all three
groups showed resin components that permeated inside
the enamel cracks. Since KE benefits from the effects of
low viscosity and the hydrophilic multifunctional amide-
type monomer with high affinity to dentin®, and since
it does not contain fillers, it is assumed that it perme-
ated more deeply into fine enamel cracks. It is also
assumed that sealing with resin was observed even in
deeper parts of enamel cracks as sufficient polymeriza-
tion occurred thanks to no solvent content, which
therefore caused no failure of resin polymerization.
However, due to the low mechanical strength which
results from containing no fillers, the results suggest
that some resin fell out from inside the enamel cracks
during the preparation of specimens for SEM observa-
tion. On the other hand, for GP and SU, which are one-
step self-etching systems, the viscosity of each material
as well as the grain shape and size of the filler con-
tained seemed to have affected the penetration depth
into the enamel cracks, even though we observed per-
meation of resin components into enamel cracks for
both systems. Furthermore, since GP contains acetone
and water, and SU contains ethanol and water, as sol-
vents, it is possible that the air drying did not reach
sufficiently into the deep parts of enamel cracks®.

Polymerization failure, which occurs due to the pres-

%) may also have

ence of unremoved residual solvents
been a factor that resulted in the difference in penetra-
tion depth into enamel cracks.

Based on the permeability inhibition rate in dentin
discs, we found that the KE, GP, and SU groups have
favorable ability to seal dentinal tubules, with SEM
images of the dentin surface showing resin films coat-
ing the surface. In the SEM images of the longitudinal
section of dentin discs, we observed resin tags that pen-
etrated into the dentinal tubules in the KE group. The
hydrophilic multifunctional amide-type monomer con-
tained in KE has high hydrophilicity, and KE is low in
viscosity as it contains no fillers. Therefore, it is
assumed that KE permeated even the dentinal tubules
to which dental pulp inner pressure was applied, and

638 H6S5

that it brought about the formation of resin tags. On the
other hand, GP and SU, which are one-step self-etching
systems, have been reported to have favorable adhesive

31%) However, we did not observe

properties to dentin
the penetration of resin tags into the dentinal tubules in
the GP group, even though we observed the bonding
layer that coated the dentin surface. In addition, the SU
group showed only a little penetration of resin tags into
the dentinal tubules even though we observed the
bonding layer that coated the dentin surface. There is a
report which claimed that a coarse resin film with
voids was observed due to the effects of the inner fluid
of dentinal tubules, which seeps out to the dentin sur-
face under the inner pressure of the dental pulp, when
a resin-based desensitizer was applied on the dentin
surface on which such inner pressure was applied%).
The results suggest that resin tags were not observed
for GP and SU in this experiment as the bonding com-
ponents could not seep into the dentinal tubules due to
the effects of the inner fluid of the dentinal tubules
under the inner pressure of the dental pulp, even
though the adhesiveness between the dentin surface
and bonding components was favorable.

Conclusion

In this study, we examined the sealing ability of a
prototype new high-penetration resin material for tooth
substrates for enamel cracks and dentinal tubules
under application of the inner pressure of human dental
pulp, and obtained the following results.

1. Regarding the permeability inhibition rate on
enamel cracks and dentinal tubules, we observed that
the new high-penetration resin material delivered an
equally high and favorable rate as conventional res-
in-based desensitizers.

2. Compared to conventional resin-based desensitiz-
ers, we observed that the new high-penetration resin
material permeated more deeply and sealed the enamel
cracks and dentinal tubules.

3. The results indicated that the new high-penetra-
tion resin material delivered a better sealing ability
than conventional resin-based desensitizers.

The authors declare no conflict of interest in this study or
report.
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Table 1 Materials used in the study
Adhesi
Code (Lotelffl(\)lj Main components Manufacturer
CU Clearfil Universal Bond Quick bis-GMA, MDP, HEMA, hydrophilic amide Kuraray Noritake Dental
(4G0011) monomer, filler, ethanol, water, NaF, photo

initiators, chemical polymerization, acceler-
ator, silane coupling agent, others
dimethacrylate resins, initiators, water

Etching agent

Ultra-Etch
(GO17)

35% phosphoric acid

Ultradent Products

Resin composite

Clearfil AP-X
(N416713)

bis-GMA, TEGDMA, silane barium glass
filler, silane silica filler, silanated colloidal
silica, CQ, pigments, others

Kuraray Noritake Dental

bis-GMA : 22-bis [4-(2-hydroxy-3- methacryloyloxypropoxy) phenyl] propane, MDP : 10-methacryloyloxydecyl dihy-
drogen phosphate, HEMA : 2-hydroxyethyl methacrylate, TEGDMA : triethyleneglycol dimethacrylate, CQ : d/-cam-

phorquinone
Table 2 Application protocol for pre-etching and self-etching adhesives
Etching-mode Pre-etching protocol
Etch-&-rinse Enamel surface was conditioned with phosphoric acid for 15 s.
Conditioned surface was rinsed with water for 15 s (three-way
dental syringe) and air-dried.
Self-etch Phosphoric acid pre-etching was not conducted.
Code Application method Adhesive application protocol
CU Active application Adhesive applied to air-dried enamel surface with rubbing action
for 10 s, followed by application of a mild stream of air for 5 s or
until the adhesive no longer moved and the solvent had com-
pletely evaporated. Light irradiated for 10 s.
Inactive application  Adhesive applied to air-dried enamel surface without rubbing
action for 10 s, followed by application of a mild stream of air for
5 s or until the adhesive no longer moved and the solvent had
completely evaporated. Light irradiated for 10 s.
Table 3 Surface free energy and their component values of tested liquids
Liquid Lot No. Manufacturer YL e yP 7t
1-Bromonaphthalene ALH4513 Wako Pure Chemical Industries 446 444 0.2 0.0
Diiodomethane ALL2310 Wako Pure Chemical Industries 50.8 46.8 4.0 0.0
Distilled water — — 728 29.1 1.3 424

Unit : mN - m ™%,

1. © surface free energy, y.¢ : dispersion force, y.” : polarity force, y." : hydrogen-bonding force
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Table 4 Influence of application condition on enamel bond strength and failure mode analysis (MPa)

Etch-&-rinse mode

Self-etch mode

Active Inactive Active Inactive
CU 418 (16)? 430 (35)? 290 (4.0)° 278 (26)°
[86.7/0/0/13.3] [80/0/0/20] [100/0/0/0] [100/0/0/0]

N=10, values in parentheses indicate standard deviation.

Same small letter in horizontal columns indicates no difference at 0.05 significance level.

Failure mode : [adhesive failure/cohesive failure in resin composite/cohesive failure in enamel/mixed

failure] in percentage of each failure mode.

Wsr=v1+ vs— ys.= 1. (1+cosb)

Z OfRER Fowkes OBEaREZH VT, &F&MFICBT 5
REEBT R VX — (ys) 208 (v, BT (ys)
B X OKERE (Vsh) DE %, RN THim»r o6
BHLEY,

VSL:VL+VS_2(VLd : Vsd)1/2_2(VLp : Vsp)l/z
—2 (VLh : Vsh)l/z

VL= VLd+ P+ VLh

Vs= Vsd+ rsP+ )’Sh

4. SEM #iz=

BEMEITB I BT Fe—y TEBAKO T F A VELE
H D SEM AR 1%, R HEH T 5L ¥ — Iz R
F& FARRICEE L 7. B/ L 7- SEM BIZ AR, tert-
7% 7 =V ERARINCNARIZTE U 7oz, BAERZE: (Model
ID-3, Elionix) #fT-o72. Z 0%, AR L 14~
a—% — (Quick Coater Type SC-201, Sanyu Electric)
FHOTHEEL, 74—V FIT3vy¥arSEM
(ERA-8300 FE, Elionix) % F\w> CHIHERE 10kV D%
oz L 7:.

5. HEEtAER

BonEERIBLXUCRABHI A LF —ICOL
T, FEHE e MR L 7R, oM E & U Tukey HSD
test Z W THEREKIE SN DM THEIKKEE2T-
7z,

1. EEEd

Bty F o e —RB8LUT7 774 TR OFHE
D, ZZAN—HLT Fe— TOEERIICRIETHE
D i % Table 412789, “JUELIE S BT OFE R 5
Iy FUrIE—FNIEERSINOBRELREENTTH-
oD (p<0001), 7 F b —3 7 OBAAEIIEER
~NOBELBZRTF TR o7 (p=067). $7, FHRT
McotEERRRD s hxhr o7 (p=0162).
IFXAVEEE®RSIZ, ERE— F Tl 41.8~43.0

MPa, SE &— FTI& 278~290 MPa &, BAEDE
Wb b3 ER €= FIZSE £— FIcHKRL CHEREIC
BLESERIERLE, £k, KLy F U ITE—FTT
7574 TRBOR#EZ KT 2L, wTFhoE—Fick
WTHEEERRDONE» -T2,

B R BRTK T B OB I B B B0 g %,
Table 4 IR T, ER — FTi&, BREDENIIH 2D
59, FEBIEES KB EZ GO 7 b O ORAWIESHE X
N, SET— FCREBMEDEDIILPDOLT TRTH
mETH - 7.

2. REBHIFRILX—

BihiryFrrE—RBLUT 274 7B OFHE
D, Z=N—HLT Fe— TEMAHIBZO TS A VEIC
BUZEBABRI AV X —ICKIETHEDRES Table
S5IRL7z, THANVEWHEE LY vBLy Fv 7
WMEHOEHEH T 2 V¥ — (ys) &, ZHLZH 600
mN m B 783mN-m'"chbd, VorpLyF
ZTICE > TCERAHHI AV —3ERICELL ko7, £
Tz, ZZN—HIT7 P = TEHED yslk, WTho
ITvFUVITE—FBIXUOTFE=Y TV THT Y
T4 TR T 274 TR LERICHERL T, R
HERBEOLENEVHOD yBME N T 2HEARL 72, —
7, ﬁﬁmﬁ(cvily%yﬁ%—PB;U#ﬁ&n
b 53 410~425mN-m '"Th b, HEZEIAD
h&#ot,Wﬁ?ﬁﬁ(k)@,@ﬁ%@@mk##
HDE5FTERE—FTSE E— FIcHIE L TEWEZ R L
fz. ERAKEHEOEST (") F wThozyFrs

E—FIZBWTHT 7714 7TEETS LTRSS
A FED 5Nz,

3. SEM £#i%

7 F b=y 7EAHOMHIgERE K 7Y Vg v F
Y IHBO T F AOVEEE O SEM G0 FEH %, Fig. 11
AT, SICR— S —fFHImEIE, HIZHEE EDHICRA IV —
BokEstEsns (Figl-a). — VBT Y F
Y IBEANIE A S ¥ —Eh TR ICRES N, HER Ty
Fr Ry —rpEEIN (Figl-b), Birzzy 5
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Table 5 Effect of application condition on surface free-energy (mN * m™})
Application condition Vs 7sd vs® s
. Initial 600 (15)° 415 (05)* 30 (0.3)¢ 146 (26)°
Baseline
Pre-etch 783 (20)* 417 (06)* 96 (12)° 278 (24)*
Ftch-&-rinse Active 480 (2.3)¢ 410 (16)* 71 (27)° 02 (0.1)¢
c Inactive 495 (15)¢ 423 (1.0)* 6.3 (06)™ 04 (0.1)¢
U
Active 448 (16)¢ 425 (16)* 30 (06)¢ 03 (0.2)°
Self-etch . 4 d
Inactive 466 (16)° 417 (1.0)* 45 (1.0)¢ 05 (0.3)¢

N=10, values in parentheses indicate standard deviation.

yg 5 total free energy, vs® ; dispersion force, ys® ; polar force, y5" ; hydrogen-bonding force

Same small letter in a column indicates no significant differences at 0.05 significance level.

T

Fig. 1 Representative SEM images of initial and treated enamel surfaces
(a) Ground with #400 SiC paper (baseline sample, X 5,000 magnification).
(b) Phosphoric acid pre-etching for 15 sec (baseline sample, X 5,000 magnifi-

cation).

VIE—FTAoN—H LT Fe—v T 2H0ED,
TOT 4 TUEBEE LRI NETD R D SEM
BoONREHF % Fig 2 1cnd, ERE—FTIEX, WwTiho
BAEICBW T Ly F 788 — LV RBIEINEL D
D, TIT 4 TUEHETIIT y F 2 788 — VAR
&t 7o 7z (Fig.2A, 2B). —7/, SE€—FTOITF AL
BALPRE X, SIC R— S—{fHIm L FkR&EERL, 7
74 THEOBRIC PO LT Ty Fr Iy —ik
BEINT, WOWCAI T —BREE L 2R
(Fig. 2C, 2D).
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54—, 2z AN—HULT Fe— TOEMICEL T
X, BARER, BAAEH D VId T 7 7o — I

Yo THLR->TWS, K, 2= N—H L7 Fe—>7
FBAT O T 77 4 T, WEESEERLES
#BZEEHNE LTEH L OBEESIERLTWVS, L
L, BRIy F U IE—FIZBIBT 7T 4 70
DI F A VEBEEEICRIETHECHET 2 ME 3%
W, 22T, By Frre—RBIOEMESD
SN—H LT Fe—3 7T F A NVEEEECKIZTTE
HizonT, EERSIBLUT Fe—v 7EBMAHORH
Hi T 2L X —DHlES & ' SEM 222 & » THREF L
7z.
EERIRBOMEL S, ERE— FOTF 2 VEEE
EWMESIE, 7774 TUHOBEI 2 H 5T, SE € —
Ficht L CEWEZ R L7z, ZofERIE, Vorvgy
FU T REHALIEELV T Iy F U TV RATLDIF AL
HEEECET 2 I hETOMRBRE T EDT
HotMW  IFAVEADY VEEZYF LI, XL
MWEmESE 5L LS ICHRIIREFIET 2 2 LT
R ERIIERA 12 BT w3 R HdH T 2oL X —l
ERERP D, VBRI Yy F v J0BE X SIC R—8—
TR 12 HEEE U € v K9 30% BF- L 7228, & g BT
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Fig. 2 Representative SEM images of enamel surfaces treated with CU

(A) Etch-&-rinse mode with active application (X 5,000 magnification). (B)
Etch-&-rinse mode with inactive application (X 5,000 magnification). (C) Self-
etch mode with active application (X5,000 magnification). (D) Self-etch mode

with inactive application (5,000 magnification).
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Influence of Active Application and Etching Mode on Enamel Bond
Strength and Surface Free Energy of a Universal Adhesive

IMmAT Arisal, TakaMizAwA Toshiki?, TaMURA Tomohiko!,
TaramivyA Hiroshi!, WakamaTsu Kengo!, TsujmMoTo Akimasa'?,
Suzukt Soshi!, Suzukt Miho! and Mrvazakt Masashi'?

'Department of Operative Dentistry, Nihon University School of Dentistry

®Division of Biomaterials Science, Dental Research Center, Nihon University School of Dentistry

Abstract

Purpose: The purpose of this study was to investigate the influence of active application and etching mode
on the enamel bond performance of a universal adhesive based on shear bond strength (SBS) tests and sur-
face free-energy (SFE) measurements.

Materials and Methods: A universal adhesive, Clearfil Universal Bond Quick (CU, Kuraray Noritake Den-
tal), was used. Bovine enamel surfaces were ground with silicon carbide papers, ending at #400-grit. The
prepared enamel specimens were divided into four groups following surface treatment:(1) etch-&-rinse mode
with active application;(2) etch-&-rinse mode with inactive application;(3) self-etch mode with active applica-
tion; (4) self-etch mode with inactive application. Ten bonded specimens per group were stored in 37°C water
for 24 h, and then SBS tests were performed. The SEF of the enamel surfaces with different application
modes was measured after rinsing with acetone and water. Representative treated enamel surfaces were
observed with a scanning electron microscope (SEM). One-way ANOVA followed by Tukey’s honestly sig-
nificant difference test (a =005) was performed for analysis of the SBS and SFE data.

Results: The SBS values in etch-&-rinse mode were significantly higher than those in self-etch mode
regardless of with or without active application. On the other hand, there were no significant differences in
SBS between the active and inactive application groups. For baseline, the enamel surface after phosphoric
acid etching showed a significantly higher total SFE value than the initial (just ground) enamel surface. A
reduction in total SFE was observed for the active application groups compared with the inactive application
groups. From the SEM observations, although typical etching patterns were observed in etch-&-rinse mode,
the spicular etching pattern appeared to be collapsed in active application.

Conclusion: The results of this study indicated that the SBS values of the universal adhesive tested were
significantly higher in etch-&-rinse mode than in self-etch mode, regardless of the adhesive application mode.
Regarding the SFE, the universal adhesive showed higher polar force in etch-&-rinse mode than in self-etch
mode.

Key words: enamel bonding, universal adhesive, active application, surface free energy
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ERR TSR 72 EPME SN TE DY, Y FRE
KBWTSH AROMEMENRIEIN TV S, K
W, EIERZE LG 2 I~ T A A Y FRE D 5 i
H-FAESINEZRY 72/ — VDAY FF v 2 EHKE
THZET, ZOMBEEIERICKELZEWMESN
729 ThbbRAYFF IR, BEIRERE O M
WETAMEARH 2000 Lk, —7, HERKBEY
WA SN DEE L ZEERICEWT, X¥FF 080
I 2 PSIERN R A FIET 20 E 5 D IEAHTH 5.

AWFZecI, BRFBEZICB W CEEM L 2 8ERIC
WUTCAYFF v BPRIESRERTHEI »EHES C
LR HEMIC, ZofE—BEE L CHERGMESEMEEE S
a—REHETTHRELLZBICA VT 0T 7 F 0 TRl
L, g0 RIERER T OELEMICKIET AT FF D
MHIhH A MRS L 72,

MEE L VAE

1. ## i)

b bR ARRHESERINE X, CRL-2014 (ATCC, USA) %
Awni., EEE, 10%0HE &Y Y RIRME %2 &
DMEM % V>, 3~5 % THER L 7z flifid 2 =Bt L
7o, iz, WE O 7V a2 — 2R (55 mmol/l) % Normal
glucose (NG), E2Z v a—2EE (25 mmol//) % High
glucose (HG) & L7, ABREBENEL LT, NG
195 mmol/l ®~ v = F—)L (MN) ZiFEML TR L 72
F% MNHEE UL CEBRICMA 72,

2. =

S100A8 & SIO0A9 12 ATGen (Sampyeongdong,
Korea) »68AL, Av7u5 27 F i3 Kwon 5DJ
B> THBLL 2. A5 F F v 3HEHZED 5 B A
L7z, %7z, 1kBa, pbd DHiEE L UOBDEDD Y Vg
1t HiiE1% Cell Signaling Technology (USA) 2> 5 BEA L,
YIRYvT7ay FETHO,

3. PRSI OEEESEICRIETILAFF D

FEDIRET

BT oo B8 56 VE M B R IS v, MTT [3-(4,5-
dimethyl-thiazole-2-yl) -2,5-diphenyl tetrozolium bro-
mide] (Sigma-Aldrich, USA) #:% v CllE L 722,
Thbb, Mz 96 K7L — ki 10X 104E/96 well @
BRI D KO I L, 2024 RIS FF v
(0~15umol/l) ZIFM U7z, Z Dk, 24~48 KiffHEE
L, MTT #&&BE 05 mg/mlic72 2 & S5 ICiimL 7z,
A o HTEE: X, MTT 2L CHEBEO KL<
v R L - Mild % DMSO T L 725, WOLE S
(Bio-Rad, HIEWE 1595 nm) % v CHAMRK O Fafk
B2 EIE LR,

4. RIEFBEERFOEEMEDIKE

b ARRAES % R 3 & (NG, HG, MN) T
BELEE, V7o 7 275 (50 nmol/l) T 24 BE
TR L 722 0k5%E LiE£2EINL, Wilo ELISA ¥ v b
(R & D, USA) #HMHwTIL-6, Monocyte chemotactic
protein (MCP)-1, MMP-1 & & ¢* Tissue inhibitor of
MMP (TIMP)-1 DEABRER X7, £/, A7 o
T2 F o ic & % kil 4 o RIEREER T o EEFEICE
225 FF v oMfIRIREFHR S 202, 10 umol/!
DAY FFvEHNTaT o5 REo 1R Rm
L7355 ff¢ THRET L 72,

5. MR JFIVmERDIRET

b b ARRHETEIIE 2 150 3 4t (NG, HG, MN) T
WmEL, A 7uF 25> (50 nmol/l) T 30 I
L7tk &filds o7 2REINL, @FEE-TT TR
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g7y MEICE -S> TIkBa B XU p6s DV »Ez{E)
T, B, VYBILDTIE, VIARX=DT
79 4 ¥ — (ImageQuant LAS500, GE ~)V 27 7 ¥ %
Ry) REALTHRILE, 7, AVTaTFo2Fric
L2 IkBaB XU pbs DV VIRILFEEIZBIF 2 A5 FF
v OHIFIS R A TR B 72d12, 10umol/l DAY FF v
EANTa T F R T 5 1 IRHEETHCHRN U 72 5258
2L THRET L7z, B, VUL IkBa B LU
p65 DEEELX, Image] V7 bW =7 (ver.153a, NIH,
USA) #HWTHEN Y FORELRHIEL 724, MR
IkBa & O p65 D EALE OME T’ L 72 %l & - TEF
filiL 7z,

6. #EETREAN

HFHICBY 2 GEEOEME, WEMITY 7 b JMP
80.2 (SAS Institute, USA) % F\>T ANOVA Tukey-
HSD test 3 & ¥ Student’s #-test I & > T L, pfl
23005 Kz HEED D LHEL .

B R

1. REFF L& D MIEEER DR

A& FF 0%, 0, 1, 5, 10, 15umol/l THaPIRRHES:
HHAE 2 HIE L T 24 R B & O 48 WefEIREE L -t ol
AR IC BB L2 IF S B h o 72 (ANOVA-Tukey
HSD #7E, Fig. 1C).

2. ANTOFIFUOREMRERERFOEEICS

IBREFFLDEE

Fig. 2 IcRT & 512, AT 0T 2 F I3 thARRHED
Mg MCP-1 % & (N IL-6 DA 2 BIMICHEE L 72 (p<
0.0001, Student’s t-test). 7z, HG &M T CHEL -
B AR AR I B v T, WEBFE L TV T m
T 7 F VIEEMED MCP-1 EEAIZERICIUE L 7228 IL-6
DEFRICHMOEEZEED 2oz (MCP-1:p=
0.016, vs. NG, p=0.023, vs. MN ; IL-6 : p=0.064, vs.
NG, p=065, vs. MN, Student’s t-test). 7z, HL 7
0T F ko CHEES N MCP-1 £, AFF
F v OETLIIC X o THERICIHI S 7223 [L-6 DEE
BIHE N -7 (MCP-1: NG, p<0.0001, HG,
p<0.0001, MN, p=0.0002;IL-6:NG, p=081, HG,
p=057, MN, p=016, Student’s t-test).

Kz, Fig 3wt &5ic, ArrlusrrF v IidthA
FRMESEMIE 0 MMP-1 BE4E % BIMICEEE L 7258 TIMP-1
DEEEITIIFE L FIEE 2o 72 (MMP-1 : p<0.0001 ;
TIMP-1:p=052, Student’s t-test). %7z, HG&HT
THE L - ARSI B v Tid, THEEEE Hig L
THNTaT 7 F vFEREO MMP-1 EEA IF A RIC T
L 7% TIMP-1 OERICEREEIZED 0> 7z (MMP-
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(A) (B)

OCHj; OH
HO
e
H;CO
OH O
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E i
@)
= 056 [
=
=
0
Suda (umol/):0 1 5 10 15 0 1 5 10 15
time (h): 24 48
Fig. 1

(A) Image of Citrus sudachi. (B) Chemical struc-
ture of Sudachitin. (C) Effects of Sudachitin on cell
proliferation. After HGFs were treated with Sudachi-
tin (0-15 umol/l) for 24-48 h, cell proliferative activity
was determined using MTT assay. Data represents as
the mean=®SD from 3 independent experiments.
Suda, Sudachitin. NS, not significant differences,
ANOVA Tukey-HSD.

1:p<0.0001, vs. NG, p=0.0002, vs. MN ; TIMP-1:
p=067, vs.NG, p=044, vs. MN, Student’s i-test).
7, AVTuTFIF Ik o THEINT MMP-1 E
EF RS FF v ORI & > TERICIFI S 23,
TIMP-1 ® LI IZZLIZA SN D> 7 (MMP-1 :
NG, p<0.0001, HG, p<0.0001, MN, p=0.0002;
TIMP-1: NG, p=092, HG, p=059, MN, p=0.82,
Student’s #-test).

3. ANTOFIFUOFEMMBAY T IVRERIC

BUBIREFFDEE

ANTa Ty F o, WARMETMED p6s B L O
IkBa ® U v 2 EICEEE L7 (Fig 4A). £7 HG
FMETCHREL RRRMESMELZ AV T e 77 50T
Fd 2 &, WIEEEE L T pbdb B L KX IkBa DV v
BAL N E 5T L 72, —H, NGB XU HGE&MHET T
WELCERABESHEo AV e T 7 F yEERD
p65 B & U IkBa DV Y @itix, A& FF v ORTAEIC
X oTE B IcEHICIHE E N (Fig 4B).

£ =
B DR BRI OB A IHED —DTH 5. K 7o thft

FRR DB B W CHE PRI B Ot RS I3 ERE L % &
EDPHIENTWBED, ZOREBIEIAHTHS, NET
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Fig. 2 Effects of Sudachitin on calprotectin-induced MCP-1 and IL-6 production
HGFs were cultured with 25 mmol// glucose (HG) or 5.5 mmol// glucose (NG) condition
and stimulated with calprotectin (CPT, 50 nmol//). As an osmotic control for HG, cells were

also cultured in NG medium supplemented with 19.5 mmol// mannitol (MN). Also, HGFs
were pretreated with Sudachitin (Suda, 10 umol//) for 60 mins. Supernatants were collected
after 24 h later, and the protein levels of target molecules (MCP-1, IL-6) were measured
using ELISA Kits. Production of MCP-1 (A, B, C) and IL-6 (D, E, F). Data represents as the
mean=+SD from 4 independent experiments. * : p<0.05, ** : p<0.01, as compared with

control, Student’s #test.

bhivbiid, HG S T TR U7 e ARRHESE G 2
HEMEIL-6 Lk 7% — (SIL-6R) & IL-6 CTH:AlET %
L, Ml N @ extracellular signal-regulated kinase
(ERK)-CCAAT /enhancer binding protein (C/EBP) ¥
7 F VAR L T, #EHMIC VEGF B s s
LARELEY. coC i, BEEREEE IR
~NOTHIME ORE S EE S N, FEWSERAOHRE &
QIR U 2 P OfilE T e F v R L o T 5,
ANT BT 7 F 138100 7 7 2 U —IZJBT % SI00AS
L SI00A9 D~F ¥4 =—Tdhb, TIHFPERIZE -
TEESNZHTTHBY, chiTicbhbhiy, #
vra sy F o d AR EE OWMAEZHETICE W T
BEECHREINZ I ELD, ZOWERDOZH <~ —
H—ELTOEREZEELCEZY, x5ithar7o
727 F 1%, Toll 524k 4 (TLR4) & & N NF-«B #%
%/ U CHARHESEIE O IL-6 8 & O MCP-1 @ 4
AFETLELOMELTE LY, s —HORFREK
REEALT, Ar7aT oI i3EEAEORERICE

B2 R T o7 ThdEEZLOND. Z TR
®"TIE, ETALTOT 7 F U ERBEEEOWERE
L FHT 2RSS 2 E S ICER L, $/k
bbb, HEIREEEOWAMEMKEEERCHET 2L
HG £#F T °h5#% L 7- lARRMESEIIE (HG ) 2Ah 17
v 75y CRIEL &, IL-6, MCP-1 8 XU as—7
VHRHE R VAR T 5 MMP-1 0 REA M Ic JIF § s 2
7o, BB LI, HGHTIREHE O IV a— A RER
(NG#) LML THLVTBT 27 F 1 MCP-1 BL O
MMP-1 @ EEEZHRICTUEL 72, —J5, MMP-11cfH
EEMZRT TIMP-1 OEEAEEREMM L ah otz T
bbb TIMP-1EEE, VT aF 7 F o fFE: TLRY &
IV ko THIflshiawEEZ NS, £,
TIMP-1 OERDZAL L s WIRIIC & % 728, FESRNIC
MMP-1 12 & %25 —7 ViRHOWEN & 5 Icm s h
LEBICHDEDRBEIN, T kX, Ao
T2 F I & o THE S N W RE B o s B
Bro—RE2RTb0THD. —J, WEEOIKELK

EE PN
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Fig. 3 Effects of Sudachitin on calprotectin-induced MMP-1 and TIMP-1 production

HGFs were cultured with 25 mmol// glucose (HG) or 5.5 mmol// glucose (NG) condition
and stimulated with calprotectin (CPT, 50 nmol//). As an osmotic control for HG, cells were
also cultured in NG medium supplemented with 19.5 mmol// mannitol (MN). Also, HGFs
were pretreated with Sudachitin (Suda, 10 umol//) for 60 mins. Supernatants were collected
after 24 h later, and the protein levels of target molecules (MMP-1, TIMP-1) were measured
using ELISA Kits. Production of MMP-1 (A, B, C) and TIMP-1 (D, E, F). Data represents
as the mean=+SD from 4 independent experiments. ** : p<0.01, as compared with control ;

NS, not significant differences, Student’s #test.

WHEBELREZEZ2 R 7-TIL-61Ico0W T, bhvbioDLHE]
OWENMIELTHIL T O T 2 F VI & 2 BN EL
FHxASNEN, HCRICB I 2 HELEEIA LN
7 hpo o, 1L-6 13 EREREEET I B Vv T, BEIRE R
BB L ERIZ b 2w ob b Livkwy, RIC, 4
NraFrF U ko THEEIND ¥ 7 FIVREREKIC
KIET HGC 0 E 25701, HCEIZBIF 2 HL
7u sy rHEENED NF-«B Rk OB 2 T~ L C
%, NGEELH# L TIkBa B XU p65 DY v iftrsEl
TS N, bhbNIFHGEIC BT B IL-6 7 F
IWARES T gpl30 DFBLOBBE WS L7, AT
072 F v OERRZEET H 5 ARSI O TLR4
FREPHGIC & > THEIN DD E 5 23S HEOMIEH
ETH D,

i PRI ER A S R 9 2 ol R IR TR 1 e FEL AL 0 IR R &
FEMRNICBRE T 2 L WO KEFEHNE S 2 5 DD, HbAlcfE
237.0% %8 2 B854 ZEIMAY 72 AR 2 T 2 B b
RIBxNTE Y, BREICIIEEI 2 8RR A% i

B S22 20 0RICLIELIDEET 3. 2 2 clihE
v bu— VAR OB IO L TR o b
B - PURIERIRICHIRE T 2 ML R, BIRan 3
eSS, HEES A 2V v ERHACEERIT O
W (LDDS) 3z ofREHITH 5 5
FESREDEREMTH 2 HIFEDO X 5 F1%, BHELE
BRDSTR WV 72 O IERN R D b 2 Fek L L RIS B &
»%\w» (Fig 1A), A FFaticidg s g - fiEgdl -
ENZIRLE EDH D Evwbh, MRNEEESROEE
DEEDICOLIPEDOHEEZIZOIEHEZIND LSICH-T
Wzl %, KR THOERASFF I, RS TR
BO(BHERE) poBsns R Y72/ -V ThHD
(Fig.1B). miff, A¥FFv~ern 77y —V2ENLE
L7z in vitro W92 & - T, FEB SRS ESE
(iNOS, inducible nitric oxide synthase) @ E24EHIH % 1
UTHgIESREE T2 2 L2, it~y 2 21510
& U7z in vivo TFRIC & » THIMEERENRE2E T 5 Z
LOpRE SN, Cho OBFRERE, EEAKB LV
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Fig. 4 Effects of Sudachitin on calprotectin-induced
phosphorylation of p65 and IkBa

(A) HGFs were cultured with 25 mmol/! glucose
(HG) or 55 mmol/! glucose (NG) condition and stim-
ulated with calprotectin (CPT, 50 nmol//) for 30 mins.
As an osmotic control for HG, cells were also cultured
in NG medium supplemented with 19.5 mmol// manni-
tol (MN). (B) To examine the effects of Sudachitin
(Suda) on CPT-induced phosphorylation of p65 and
1xBa, Sudachitin (10 umol/l) was added 60 min prior
and during stimulations. Cell lysates were resolved by
SDS-PAGE and analyzed using western-blotting
probed with antibodies against phospho-p65 and phos-
pho-lkBa. Equal loading of total lysates (10 ug) was
confirmed by re-probing with antibodies against each
molecule p65 and IkBa. This figure shows a result of
representative 2 independent experiments. Quantita-
tion of the phosphorylated protein levels was per-
formed by densitometric scanning of each band using
Image ] software, and fold changes of each band were
expressed as a ratio of control.

BEPRIR DO WIT DIEBIC A Y F F v BRI E2 52 %
TR ETB T 25D TH D, FTTARIFERETIE, Y
FF > DIWEIRIR A I BT 2 g R ERE/L ISR L < 4]
WalEAZRTHhEIEBRNT 2201, HGHICE

Sudachitin

MMP-1 MCP-1

MCP-1 MMP-1
Fig.5 Schematic representation of inhibitory
effects of Sudachitin on calprotectin-induced
progression of severe periodontitis in dia-
betic patients
HG enhances calprotectin (CPT)-induced produc-
tion of inflammation-related molecules in HGF's,
resulting in progression of severe periodontitis in
diabetic patients. In addition to the usual periodonti-
tis treatment clinically, Sudachitin intake may con-
tribute to prevent the progression of these
unwanted cascades.

JB AT a T s F RO RIERERT O EARIC
BUBAYFF L OEELTNL LIz, ¥7, b
NONIFEBERICH GV ZHWIE R A S FF > ORIERE %
BEfL7:. T7%bb, WMARMEFEMECE A5 FF
T & B SRR I RIE TR AR MTT ik & - T
BLIET A, AFFF 3 15umol/I LT OBEICE
W CHIBETEIE M IC R A S B R RS o Tz, T O
B 5, ARBFZE T 10 umol/l D A & F F v % g sk
WA Z L Lz, &8, Yuasa b OEP Cli~
0 77—V RAW264 flfIc N 2 2 4 F F > DRl
B 30 umol/ [ ICRE SN T WD T, bhvbhdHE
BRI B3 A9 FF 0 OBAMEE IZ 2N L L TR
BETH-7- LEix s, —7, Ohyama 5 OHI%EY
2k 3k, 10umol/l DAY FF I & - THE D
SAIMH SN TE D, RYFF v OEEEE IZERH
faic ko CTHEZ 2R E 2 5N, RIiT, HARHE
FHficBThHNV T T 7 F i & B RIEREA T
FEEFBENAYTFF Ik THflENE L E S %2
Rzt A, A¥FFd MCP-1 8 & X MMP-1 0
EEFHRCHIHI L2, REWNRTEDA 2 TH D MCP-
1 O EAIMGNZ REEME O E(HE - HEE25D 5
LIZEDBDT, RYFF AT IR O SERE A
faREE= Gl T 218 db s EZENT. i,
MMP-1 @ EEIHNIZFERAIC a 5 — 47 o fiHE o @
HICEEN 2 DT, AFEERP S, 25 FF VIZHEARE
HEATIC & % AR O MG ER 26 3 2 "lRElE b R
WXz, B, KR THLNIZAROIELEE XU



2020 4F 12 H

TR DEERIGHE OIEX, @7 in vivo I dH % 01
BRI DO FERIC & > THREES N2 MEDH 5. Tz,
— I TLR 3 7" F Wi 80T NF-«B R 13 R0 72
REZRITEPAENTVREDT, &H, A7 o
T 7 F VEEMED NF-kB EEOHEBP R FFF I
o THIHIENE D EIDEFXNILELES, RYFFV
372D IkBa B XU p6s DV VL EZE L SHIFHIL 7.
bhvbhid, AMRKEFHECE T2 MCP-18 LU
MMP-1 @ 45 NF-kB g Ic & » CHilflsh s 2 &
FREL TR, Thbb, WABESHICE T3
AT FFUICEBANVTOT 7 F L FEEED MMP-1 B
& " MCP-1 o EEIHNZ, NF-«B B0 #Iflic & - <
EUBHDLEEING, R FF 2 I FHREHEIC B
I} % TNF 584 0 NF-«B #2213 2 & & s
NTHE LYW, KRR ZNICHIGT 25D TH -
7. F7-, BASBMESMIIC B W T Yuasa 5P 0T
RENTINOS Z N0 L G FET 20 £ 5 picon
TRESHBOBETHL, Dol thrs, R¥VFFUIC
AR R R T 5 & £ & Al LT RESE
MZRTHEMED D b, fFk, BRI7REHRE FET
2RV 72/ =k L COBRKGHAPHEEFENG, Ly
Ladio, hnvras o FrFEEEoIL-6EERICE W
CAYFF v OUHIRIRIZA SN0l L5,
N5 F A& TAYFF 10 & 2 HIIafEH ORI 3R
7Mbb d 5. Thbb, 1. NF-kBEEIUAICHI
e EZ R T MO 7 F VDT OHFLEREETE 20,
2. MCP-1%° MMP-1 0EAEBHVTO T2 F Ic kB
BEENZY 7 FIVIKET 25D TR %L, E3HLvT
a7 7 F UEEEORMOYA A vtk B A -2
UV y 7 FIVRPHEL, A¥FFrickoT, #
DARBHD Y 7 F A PHIFIEh T 2 AREED H 5. 5
%, RYFF UL DRIERIGOMEIET OFEM? Z 5
WCHRRH - BRENDZ T EDPEETN D,

— R, KV T 2 — VAR D BB kR IR S
5 T ETHRINTIREIFEZ BT < L v 5 ZhRBICHARE T 5%
BETH Y, FE, KV T 2 —VOESIEEN
atrEh, ZoEBRBEFIATLRVTHRIFINS &
o TC&E, ThbbIME, H{r6HO6NTE
ToHERRIEE R & 72 & TRER D OBITEAR, ZN 56D
ST E2EDAL LT, ThETHELA Lo
Wil BN 2 EHAR PRI N 2R G0 9 b
Lz, RIFZETiE, 2459 13 HG & F o
U 7= 8 POAHE LRI 1 38 W TR 0 S5E B T D a4
ZHHIT 5 L 2R LT (Figh). WS, 25558
ik alififfiary Fo— L oWENRLBEINTS
b, EHICREE, ZX8FF ic & 2 REEHIE O A3HH
L ~OLTHH SR 5 2 &C, FERIE & AR BREL

AR O SOERF AT BT 5 2 9 F 5~ D HIHIZI R 509

U 7B AR & JIHIHIE L 5 2877 g a v & 77k DR
B & CRBEEANOFBICKH O B IfFan 5.
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Inhibitory Effects of Sudachitin on the Production
of Inflammation-related Molecules in Human Gingival Fibroblasts
Cultured under High Glucose Conditions

NisHIKAWA Yasufumi, Naruisar Koji',
Kipo Jun-ichi? and YumoTo Hiromichi

Department of Oral Implant Center, Tokushima University Hospital
'Department of Periodontics, Tokushima University Hospital

’Department of Periodontology and Endodontology, Tokushima University Graduate School of Biomedical Sciences

Abstract

Purpose: Diabetic patients are susceptible to severe periodontitis. Sudachitin, which is a polymethoxyfla-
vone derived from the peel of Citrus sudachi, possesses antioxidant properties. The purpose of this study
was to explore the biological activities of Sudachitin on severe periodontitis in diabetic patients by targeting
human gingival fibroblasts (HGFs) cultured under high glucose (HG) conditions.

Methods: HGF cell line CRL-2014 (ATCC) was maintained in DMEM containing 5.5 mmol// glucose (normal
glucose condition, NG) or 25 mmol/! glucose (HG), and cells were stimulated with calprotectin. To investigate
the productivity of MCP-1, IL-6, MMP-1 and TIMP-1 after calprotectin stimulation, cell supernatants were
collected for enzyme-linked immunosorbent assay. Next, total cell lysates were collected for western-blotting
in order to investigate the NF-kB signaling after calprotectin stimulation. To examine the effects of Sudachi-
tin on the production of inflammation-related molecules or NF-xB signaling, Sudachitin was added 60 min
prior to the calprotectin stimulation.

Results: Calprotectin increased MCP-1, IL-6 and MMP-1 production significantly in HGFs. HG enhanced
significantly calprotectin-induced production of MCP-1 and MMP-1, but not IL-6. Sudachitin suppressed cal-
protectin-induced MCP-1 and MMP-1 production in HGF's cultured with both NG and HG significantly. Suda-
chitin also inhibited dramatically the calprotectin-induced I«Ba and p65 phosphorylation.

Conclusion: HG enhances calprotectin-induced production of MCP-1 and MMP-1 in HGF's. Sudachitin sup-
presses MCP-1 and MMP-1 production in HGFs via the NF-kB pathway. Sudachitin might be a useful poly-
phenol for severe periodontitis in diabetic patients.

Key words: diabetes mellitus, periodontitis, Sudachitin, calprotectin, gingival fibroblasts
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NCF
B VB 0.06

Fig. 1 Custom-made dynamic cyclic
fatigue testing device used in
the present study

Fig. 2 Artificial canal used in

the present study
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Fig. 3 The number of cycles to failure (NCF) of the
tested instruments during dynamic cyclic

fatigue testing
*indicates a significant difference in NCF (p<0.05).
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Fig. 4 Length of the fractured fragment (mm) of the
tested instruments
*indicates a significant difference in the length of
the fractured fragment (p<<0.05).
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Effect of Taper of Nickel-titanium Rotary Instruments
on Cyclic Fatigue Resistance in a Dynamic Model

FUKUMORI Yohei, NAKATSUKASA Taro™, Mak1 Keiichiro*,
KiMURA Shunsuke™®, EBIHARA Arata™, Okij1 Takashi™
and SUGIZAKI Jumpel

Department of Dentistry, Toranomon Hospital
*Department of Pulp Biology and Endodontics, Division of Oral Health Sciences, Medical and Dental Sciences Track,
Graduate School of Medical and Dental Sciences, Tokyo Medical and Dental University (TMDU)

Abstract

Purpose: This study examined the effect of taper on the dynamic cyclic fatigue resistance of nickel-tita-
nium (NiTi) rotary instruments.

Methods: This study examined three NiTi instruments with a tip size of 0.25 mm and 25 mm in length; i. e,
Vortex Blue (Dentsply Sirona; size #25/0.04 taper and #25/0.06 taper; Group VB 0.04 and Group VB 0.06,
respectively), and ProTaper Gold F2 (Dentsply Sirona; size #25/0.08 taper; Group PTG 0.08) (n=10 in each
group). An artificial stainless steel canal with a 60° angle and 3 mm radius of curvature was used. The
Instruments were rotated in the artificial canal using a custom-made dynamic cyclic fatigue test device oper-
ated at an up-and-down speed of 50 mm/min and an axial amplitude of 1 mm. Rotational speeds were set
according to the manufacturer’s recommendation. The canal was filled with a silicone oil to reduce the gen-
eration of frictional heat during the rotation of instruments. The time to fracture was measured using a digi-
tal stopwatch, and the number of cycles to fracture (NCF) was determined by multiplying the time by the
number of rotations per minute. The length of the fractured tip was measured with an electronic digital cali-
per. NCF and the length of the fractured fragment in the three groups were statistically analyzed using the
Kruskal-Wallis test followed by multiple comparisons with the Steel-Dwass test, with 5% set as the level of
significance.

Results: NCF of Group VB 0.04 showed significantly higher values compared with that of Groups VB 0.06
and PTG 0.08(p<0.05). There was no statistically significant difference between NCF of Groups VB 0.06 and
PTG 008 (p>0.05). The length of the fractured fragment of Group VB 0.04 was significantly shorter com-
pared with that of Group VB 0.06 (p<<0.05). None of the other intergroup comparisons were statistically
significant (p>>0.05).

Conclusion: Under the present experimental conditions, the 0.04 taper Vortex Blue instrument showed a
significantly higher dynamic cyclic fatigue resistance compared with the 0.06 taper Vortex Blue instrument.
The dynamic cyclic fatigue resistance of the ProTaper Gold F2 instrument was similar to that of the 0.06
taper Vortex Blue instrument.

Key words: dynamic cyclic fatigue resistance, nickel-titanium rotary instrument, taper
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Table 1 Materials used in this study with their application procedure

Product Manufacturer Composition
DC-200C Kuraray Noritake Water, 10-Methacryloyloxydecyl dihydrogen phosphate (MDP), Trieth-
(Lot : T181116) Dental anolamine, Polyethylene glycol, Stabilizer, Dyes
Ivoclean Ivoclar Vivadent  Zirconium oxide, Water, Polyethylene glycol, Sodium hydroxide, Pig-

(Lot : X28703)
Multi Etchant
(Lot : 01091825)

YAMAKIN

ments, Additives
Purified water, Phosphoric acid monomer, Thickening agents, Dye

PANAVIA V5
Paste (Lot : AB0089)

Tooth Primer (Lot : AG0057)

Kuraray Noritake
Dental

Paste A : Bis-GMA, TEGDMA, Hydrophobic aromaticdimethacrylate,
Hydrophilic aliphatic dimethacrylate, Initiators, Accelerators, Silanated
barium glass filler, Silanated, Fluoroalminosilicate glass filler, Colloidal
silica

Paste B : Bis-GMA, Hydrophobic aromatic dimethacrylate, Hydrophilic
aliphatic dimethacrylate, Silanated barium glass filler, Silanated almin-
ium oxide filler, Accelerators, DI-Camphorquinone, Pigments

MDP, HEMA, Hydrophilic aliphatic dimethacrylate, Accelerators,

Clearfil Ceramic Primer Plus Water

(Lot : AA0039)

3-trimethoxysilyporopyl methacrylate, MDP, Ethanol

(Artificial saliva)

CaCl,, KH,PO,, NaOAc, NaN3, Casein, H,O

KATANA AVENCIA
Block Universal
(Lot : 000752)

Kuraray Noritake
Dental

Mixed filler with colloidal silica (?40 nm) and aluminum (@20 nm) oxide,
Cured resins consisting of methacrylate monomer (Copolymer of ure-
thane dimethacrylate and other methacrylate monomers), Pigments

7 %475 72990 B e U E, Bencor Multi-T test-
ing device (Danville Engineering, USA) > 7/ 77
U L— MEEA (Zapit, DVA, USA) 2V TEZEL,
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A E % one-way ANOVA & Tukey’s test % A
WCHEREIKHE 5% I TIRE L 7z,
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NG | aREE iR O Bk O V5 YR W & BEg L, B2
BB HE L7 (R X200). 7B HEREER,
W OBEEEL Y v X v F OBAEEIC X > TRHE
Wi, BRI S X NEATREIC ML 72,

5. BIELEEMDIER R > /N7 BIREBED T

CBB (Coomassie Brilliant Blue) #¢€1C 45% £ & / —
WV /10% WEWE % N 2 0.25% CBB i8R % H#Efi L 7. XRic
#1000 WFEEHRIC & - THIE L 7z CAD/CAM L ¥ v 7
vy 7 OY TV E& IMEER L, ATHERIC 1550
BIER, STHLRBEME A - —FREBDICHOLTH
AL % SEHE L 72, 0.25%CBB AR IC Y > 7L % 12 IRE]
RiEL, 20Kk - EET, DhtER (HASE

4, SE6000) % F\> T ¢10 mm O #ipH ¢ @iFllE %17 -
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Wk DOFET, STRREMOMER Y v 7 Bl
% 5T L 72

& R
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Fig 112, F7RPEZ2MEERGH L - EFRHEOM/NIR
BEEMX % Fig 217, CAD/CAM LY Vi, RAFE
EDICHRERIC K D EERIERICE N L (<
0.05). CAD/CAM Vv ¥ »if I3 MERRTS Juf%, MR k5
AR —yv, = FTvyFr v, DC-200C) T
BE M X IZMEHE L7258, DC-200C TR L 7= BE D A3 a
Yho— UL EEOEERS £ THEE L (p>005).
RIFE MR TG Get%, SMERREE (vVvFzy Fr v
I, DC-200C) THFEMRS 1ZEIE L 7223, DC-200C T
BLEHOA Y Fu— VL AEOEEMS £ CH
L7 (p>005).
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Fig. 1 uTBS results of contaminated CAD/CAM
resin block
Values with the same alphabets indicate no signifi-
cant difference (p>0.05)
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Fig. 2 ©TBS results of contaminated dentin
Values with the same alphabets indicate no
significant difference (p>0.05)
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Fig. 6 Photographs of representative specimens after protein staining test
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Effect of New Decontamination Material on the Dentin Bond Strength of
Saliva-contaminated Hybrid Resin Block for CAD/CAM Crowns

TAKAHASHI Kel, YOsHIYAMA Tomohiro, YOKOYAMA Akihito,
SHIMADA Yasushi and YosHIYAMA Masahiro

Department of Operative Dentistry, Field of Study of Biofunctional Recovery and Reconstruction,
Okayama University Graduate School of Medicine, Dentistry and Pharmaceutical Sciences

Abstract

Objectives: The clinical failure of hybrid resin crowns fabricated using computer-aided design and comput-
er-aided manufacturing (CAD/CAM) involves various factors. The aim of this study was to evaluate the
effect of decontamination agents for saliva contamination on the bonding of CAD/CAM crowns.

Methods: CAD/CAM resin blocks (KATANA AVENCIA Block Universal, Kuraray Noritake Dental) were
bonded to the dentin surface with and without artificial saliva contamination. A newly developed decontami-
nation agent containing MDP (DC-200C, Kuraray Noritake Dental) and two commercially available decontam-
ination agents (Ivoclean, Ivoclar Vivadent; Multi Etchant, YAMAKIN) were used in this study. Flat dentin
surfaces were prepared and divided into eight groups. CAD/CAM resin blocks were bonded to the dentin
surface using PANAVIA V5 (Kuraray Noritake Dental) as follows: 1) control group without saliva contam-
ination on either resin block or dentin, 2) resin block with saliva contamination, 3) resin block with saliva
contamination and Ivoclean decontamination, 4) resin block with saliva contamination and Multi Etchant
decontamination, 5) resin block with saliva contamination and DC-200C decontamination, 6) dentin with saliva
contamination, 7) dentin with saliva contamination and Multi Etchant decontamination, and 8) dentin with
saliva contamination and DC-200C decontamination. After 24 hours, the samples were subjected to microten-
sile bond strength testing at the crosshead speed of 1.0 mm/min. A saliva protein staining test was per-
formed by the pigment binding method to investigate the effect of removing saliva protein. The results were
statistically analyzed at the significance level of p=0.05.

Results: The obtained bond strength values in MPa were as follows: 1) 35.74+4.81, 2) 16.75+4.79, 3) 2649
+4.21,4) 2394%264,5) 3350£6.38, 6) 21.58+5.73, 7) 30.65+2.92, and 8) 34.43+533. The saliva contamina-
tion on both the CAD/CAM resin block and dentin surface showed significantly lower values than the con-
trol group (p<0.05). All the decontamination agents could significantly restore the bond strength from the
saliva contamination (p<0.05), and DC-200C showed no significant difference from the control (p>0.05).
From the results of the saliva protein staining test, DC-200C showed higher removal effect of saliva protein
for the CAD/CAM resin surface than the other materials due to the surface active effect of MDP salt.

Conclusion: The bond strength of the saliva-contaminated CAD/CAM hybrid resin block was restored to
the same level as before the contamination by using a new decontamination material (DC-200C). It is sug-
gested that DC-200C has a higher salivary protein removal effect than the other decontamination materials.

Key words: saliva contamination, microtensile bond strength, CAD/CAM resin crown
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LY E B RERIBA S 1 T 7o AR TR R E RVX-208
P BEAAE I 31T 2 PR RE AT

A B R O BKE T EFE B K E X

A %  NANTAKEERATIPAT Teerachate b 3\ XREEK
VANBED NI A SR/ R T A i & B
moOoRK BB = K K s db N IE &

RoH K & K T K & N E fff &
RBTREEREBEHFETIFER O TS e (DESAREEHE)

iz

HY : KEefh v o 58I Mineral Trioxide Aggregate (MTA) % M 7= EEEBERES—RIICH W 5
NTW3H, Zhbid, EEEHERCAHRBEIEZGZRITEVIREEZET S, C0kd, wEEHE~05
EWD D OHT R EEENY (F) oBFEIHFINTwE, AEEEYEO—>TH B RVX-2081F, —
EY xR T4 7 AGEBTHRRAEZE(EE S LT, RECERHOHMEICERE EEE2HES 2 LrRESN
T3S, W BT 2 EEIIRIATH 3. # 2 TAPIEIZ, RVX-208 OBl 3 % 234l & &
CHEMIRIC B 1 3 RVX-208 DEEREZ MG 2 C LT, WP NERERHAI L L CHELBEIEO %2 RVX-
208 BT HDrEDERETEIERZHNE LT,

ML ik T RICRFE M BRI TRBIEREO o IcEKE I N2 —/ N NAEZHEB L, out
growth %2 W CHEE L 7z £ FlEBERIAE (hDPC) #FEBRicfit L 7z, RVX-208 A% hDPC iz &1 3 fllfa a1t ic
SWTiE, 2T ee Yy s (PD) R TRE L, 2L T, RVX-208 25 hDPC D HETEIC K13 T 82
SWTIE, TeEFAFXFI YUYy BrdU) 7veAEZHwTHE L, &5ic, hDPC % RVX-208 f£7E F T
AFRAGEEL, %18 HBB I 2R OEEE, 7IFY v Ly FREaEzHOTRI L, MAT, A
KA EER I B 1) 5 hDPC O RFFEMME - LEIEE R O FHE U 7L & 4 L PCR %% Hw» TfRf L7z,

FER T RVX-208 (0~100nmol/l) 1%, hDPC OFEMERABMS 2 Z Lidkd o7z, BrdU 7 v £ A Off
H, RVX-208 (0~100 nmol/]) 1 hDPC Ol % 5 T Llidahotz, —H, 7UF U REAOFERL D,
hDPC DOTEFAMTE Bk~ D LiEE 18 HHIZ BT, RVX-208 (0~100 nmol/!) 1FIEEMKENIC hDPC @
ARV 2R T 2 C LS D Loz, 561, VTNV E A L PCRBH OfESR X b, hDPC DR %
TR~ D LB i 3w T, RVX-208 (0~100 nmol/l) i, hDPCItEBF 37V AV KA T 7 ¥ —F
(ALPL) B O 18as5—45> (COLIAL) BETOHEEZET ¥/, —h, RVX-208 (0~100 nmol//)
&, hDPC It BT 3R FE 7u g 82 (DSPP) B8O FvFv=rUvy 2270541 (DMPI) O&
BFHBE PR SE2, A<, AREE6HEIKBWT, RVX-208 (0~100 nmol/!) & hDPC ® Runt-
Related Transcription Factor-2 (RUNX2) ORBMEFRIDCHEEZRIEZ hro 720, GRAEE ISHHEHICE
T, 100 nmol/! RVX-208 13 hPDC ® RUNXZ2 & iGF-FIi %2 B =i Hif L 7=

M EEVEMEYE RVX-208 13, meBEMIfic N L CHEEE RS T, 2o8MEELS 2L, s
M ORI AN D LB L OGP EIRET 2 2 EBHL L o7, Thbb, RVX-208 1344 TH
S E R RER Dkl & 72 2 ATREME SRR S Tz,
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OISy %A L, ML BE R fEoHkT, W
OFEBICEESE L, ST MR o6 3 2 Bl pE % &
D, Wi, Zh o Ofifa A s L i iEh
AREEERAMESEEL T Y, HoBERICIZHE
B SHETE U, R Ic 2 L B R
FEAKT 5 2 LT, B - BEWY - (b2 - s
7 E ORI EN L B RET S EHL D L
o TWn3Y

ek, WEPIcEENn D X & AR EYE o
BIFICER L, 06 OV & ERIGH S 284
BEBREINTVEY, —flE LT, EOKDSD—>TH
7% 0%, VIRIEER - PUEEA - HigER 2B
LT, ZhsoDfEADHEERZ 1L O OIMERES
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1. fREE

AW7EE, RIRFERFG R A ERim M Z B 2
DEBEB IO, REBRONEEZEMR LS 2
T, AvI7Fr—LFaver  PESNEZBEREFD
BED» S E—/NAROEHKRZ T, REPEZFIEL 72
%, tREAEZ ML L, 35 mm Culture Dish (Corning,
USA) Nz Ah T oshfilg2iEE L2, RESA &
D EE, BEREL CE il E 5~12 AR L, & I ilaBE
Mg (hDPC) & L CTAFERICHEL 72, MR DRI,
02% bV 7> v-002% = F LY 7 3 v UMY S +
U 4 (Gibco Laboratories, USA) % 7z, hDPC ®
MEAETE I, 10% Fetal Bovine Serum (FBS, Thermo
Fisher Scientific, USA) & 60ug/ml A+ <4 > (fl
HAMIE L) Z2IMA 72 a B¥EA — 7 IVER/AINGHAEEM
(MEMa, FIGHi3ETE) 2 M, 37°C, 5% CO %M
TTfio7:. hDPC O fKALEEZE b D~ D {likE
121, RVX-208 (Cayman Chemical, USA) WiNE 721
VAFNANEF T F (DMSO, FIMAFETEE) 2am
U7 ARAGEESR L [10% FBS, 5 mmol// B2Vt
U U (ARG TE), 50ug/ml7AaLE i (F
JEMERT ) &F] 2HwT, 2, 3HI Lickibe i
L7z,

2. iMkasM 0T

12-well Clear TC-treated Multiple Well Plates (Corn-
ing) 12 hDPC (1.0Xx10° cells/well) % &R L, #EIN7ER
Hb T starvation 21T - 7z, 24 B5fE%, BEORL 3
RVX-208 (0~100 nmol//) f#7E F T hDPC Z}5# L,
24 K oFLMlaE oE G2 a vk e e Yy L (P,
MR T3E) cREBLTEL. $4bb, Mldz
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Hank’s 8y 77— [1% 7 Y IliE7 V7 & > (BSA,
Sigma Aldrich, USA) &% Hank’s “FiEA®R (HBSS,
Thermo Fisher Scientific)] T#¥e# L, PI (1 ug/tube)
ZUNINtL, 7a—4%4 + A —%— (BD FACS Calibur,
BD Bioscience, USA) % '\ TENT L 7. f@HT I,
FlowJo (BD Bioscience) % T, PIFit:fliao® &
ZHE L7z,

3. fMRIIETERE DA%ET

96-well Multiple Well Cell Culture Plates (Corning)
2 hDPC (1.0x10* cells/well) Z3&RE L, MEMiERHT
24 B[ starvation 217> 7. Z0H, BEOHRL 2
RVX-208 (0~100 nmol/l) #7E FThDPC k%L 7=
B Mg 5EsE %, Cell Proliferation ELISA BrdU
assay kit (Roche, Switzerland) ZHWTHIE L7z, T
b b, 1.0x10% cells/well ® hDPC % 10 umol/! 7 1 €
FAXT v UYy (BrdU) TI~LL, 10% FBS &H
MEMa ¥54C 24 RefEIRSE L 72, 2 otk, gz -
EE L, #1BrdU iR CE# L, BrdU D A A#ilE %
V) A—%— (GLOMAX : 96 MICROPLATE LUMI-
NOMETER, Promega, USA) %MW CHIEL .

4. BT EEDIEET

hDPC Z T afE~N & B8 L 72, T72b b,
12-well Multiple Well Cell Culture Plates (Corning) i
hDPC (1.0X10° cells/well) %#&FE L, £ KIVEHERHY
ZRAWCIS HEEE L 7. MEE o H ALYz ERE I
SVWTORENE, TUFY vREEERCTT-2Y, F
bt Mgz LNy a—Y o EEEE A ESEK
(PBS, AEAIEETIE) T L%, =&/ —v (fl
JEHIFRTIE) ICTRIE L7z, Wik, 1% 7 VY v Ly
FRutak (pH 64, FIDEMZETE) < TR % S
U7z, HR@ENTY 7 b7 =7 (WinRoof, ZAMHE) %
MeT7 ¥ vy FBEOEREEZ T A Yy
fERT U 72

5. RIFMBMEEEEET DORRE

hDPC @4 JKALZEEERR IC B 5 R LM o (L RE
EETOREEME Lz, $7%b5, 12-well Multiple
Well Cell Culture Plates (Corning) i hDPC (1.0X10°
cells/well) Z#%fE L, AKALFEERE O TREL
7. ¥#®E6H L 18 HHIC, RNA-Bee (TEK-TEST,
USA) % v THliigs 54 RNA & i - L7z, &
5z 4 RNA 288 & LT, High Capacity RNA-to-
cDNA kit (Applied Biosystems, USA) % Fv» CTHfifiz’E
K %47v, cDNA Z2{E8L L7z, 1§ 5717z cDNA % #H
LT, UTNE A LPCRIEIC & b QIR (LB
BRETFOFFEEME L 7. PCRKJEE, Fast SYBR
Green PCR Master Mix (Applied Byosystems) # >
T, StepOnePlus Real-time PCR System (Applied Bio-

RVX-208 o s#EHHAEIC B 1) % BEAE 529

systems) I TiTo7, %72, HEEFOHKEEZ, »
7 A ¥ — Y v EIE T Hypoxanthine Phosphoribosyl-
transferase (HPRT) WMy o — V@GR T &L
T, FEETFORBTERICNT 2HENELE LTEBL .
R LB EE R I RE N 794 ~— (&)
5 34 4 % 7213 Thermo Fisher Scientific) DEF %K D
EBOTH S,

HPRT :F :5-GGCAGTATAATCCAAAGATGGT-
CAA-3, R:5-GTCAAGGGCATATCCTACAA-
CAAAC-3, ALPL:F:5-GGACCATTCCCAC-
GTCTTCAC-’3, R : 5-CCTTGTAGCCAGGCCCATTG-
'3, COLIAI :F :5-CCCGGGTTTCAGAGACAACTTC-
3, R:5-TCCACATGCTTTATTCCAGCAATC-3,
DSPP:F:5-GGCAGTGCATCAAAAGGAGC-3, R:5-
TGCTGTCACTGTCACTGCTG-3’, DMPI1:F 5
TGGAGTTGCTGTTTTCTGTAGAG-3, R : 5-ATTGC-
CGACAGGATGCAGA-3, RUNX2 . F : 5-CACTGGC-
GCTGCAACAAGA-3, R : 5-CATTCCGGAGCTCAG-
CAGAATAA-3

6. METFHIEER

T—21F, ThEFhoVPHfE L EERFRETRL, 38
B Eo K Tld One-way ANOVA & Dunnett 7% F W
THEKEE 5% THREFIE 21T - 72,

s R

1. hDPC (23¢9 % RVX-208 O #lfa 14

hDPC 12 x§ 9" % RVX-208 Dl % fHli§ % 7z ®
12, hDPC i RVX-208 % %I L 7z B2 o SEfil e o &l & %
Baf L7z, §7%4b%, hDPC Iz RVX-208 (0~100 nmol/7)
ZUINL, 24 BRI, PIRBMStHOE &% 70—
YA P A=Y —THIELK. ZDOFRE, 1~100 nmol/l D
RVX-208 %1 L 7% & 0 nmol/I RVX-208 (DMSO
WA & o, Pl hDPC OEI&ICEBAE% R
Wizrot (Fig 1),

2. RVX-208 7" hDPC DOFBRIBTEREIC K IX ¢ 5 &

XKIZ, RVX-208 73 hDPC OfifasblaEIc £ D & 5 7%
WERRIET O RN T B0, BrdUT7 vk A4 %
VT RVX-208 Dz & 2 hDPC o MEIHAE % i
L7, T74bb, hDPC 2 RVX-208 (0~100 nmol//)
ZIRINL 24 BRE 524, hDPC IcHU b A £ v 7z BrdU
2, LI A= —FEHVTHEL. BrdU T v A
DR, 1~100 nmol/l ® RVX-208 Z M L 7= #E L 0
nmol// RVX-208 (DMSO B hiim) # & offc, BrdU
OML AARICEREEZ%2Zd o7z (Fig 2).
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0 1 10 100
RVX-208 (nmol//)
Fig. 1 Effect of RVX-208 on cytotoxicity
of hDPC
hDPC was treated with RVX-208 (0-
100 nmol/) and the frequency of PI*
dead hDPC was analyzed by flow cytom-

etry. Values represent the mean=stan-
dard deviation (SD) of triplicate assays.

10 100
RVX-208 (nmol/?)
Fig. 2 Effect of RVX-208 on proliferation
of hDPC

hDPC was treated with RVX-208 (0-100
nmol//) and the incorporation of BrdU in

hDPC was analyzed. Values represent the
mean=SD of triplicate assays.

3. RVX-208 7 hDPC O AR REEIC K IT 52
5B

Iz T, RVX-208 %% hDPC O Fi JKALYIF AL AE 1 2 1E
TEE2RET 272012, hDPC % BB~ &
UFEE L 2B AR OTREEE 7 U 3 > Qehik
WTHE L7, $7%% b b, hDPC %2 RVX-208 (0~100
nmol/l) FE N ChIKLFEERE I THEEL, 18 HED
At E T VY v Ly FTORE L, 7YY oG
BRI F o A B Yy ZEATICTEEIL 72
FEHR, RVX-208 13 B EMRAF1IC hDPC @ FH IRALITE L
PIREIVHDLEDPHEHL P E o7z, 51, 100 nmol/!
RVX-208 1% 0 nmol// RVX-208 (DMSO Hzsin) # &
L <, BRCAOFKMMOERZRES 2 L2
5h ko7 (Fig 3).
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Fig. 3 Effect of RVX-208 on calcified nodule formation
of hDPC
hDPC was cultured in calcification medium in the

presence of RVX-208 (0-100 nmol//) and the alizarin

staining was performed on day 18.

a) Images of the alizarin stained hDPC. Data are rep-
resentative of three independent experiments.

b) The densities of the alizarin staining. Values repre-
sent the mean=®SD of triplicate assays. * % : p<
0.01, compared with 0 nmol// RVX-208.

4. RVX-208 »" hDPC O RIFHF Mz 5 LRE &R T
ZRICRITTHE

& 512, RVX-208 45 hDPC @ % 2 flifim 431k B
BT OFHBICRIETHEEL2 R T 27201, hDPC %
RVX-208 (0~100 nmol/]) 7L N TAKAEEER I T
B#2 L, hDPC < B 3 R FMEDLEIEE R T 0 %
BHE) 7L A LPCRIEICTHRA L, UTLYA L
PCR AT OfER, HE6 HHICB W T, RVX-208 1%
A, hDPClcB1J % ALPL 8 X0 COLIAI (%
FEMRE O~ —h —) OBETFHIEET S
7= (Fig.4-a, b). —7J7, RVX-208 (%, hDPC iz ¥J 3%
DSPP 8 & U DMPI (BASHF IO~ —5—) Oi&
ETFHE% ERE8 7 (Fig.d4-c, d). &6, Gk
B (E6HHE) ItBWwTiE, RVX-208 DEMIC X
Y hDPC O RUNX2BIZTHIRICE R R EZ 2RO h >
7278 (Fig. 5 left), AIKALGFEEO®ZRI (B5#% 18 HH) <
B T, 100 nmol/l RVX-208 ¥, hDPC Iz 1 %
RUNX2 B T-FEE2 B ICHH L7z (Fig 5 right).
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Fig. 4 Effect of RVX-208 on mRNA expression of odontoblast-related genes during
cytodifferentiation of hDPC

hDPC was cultured in calcification medium in the presence of RVX-208 (0-100

nmol/l) for 6 days and mRNA expression of (a) ALPL, (b) COL1AI, (c) DSPP

and (d) DMPI in hDPC was analyzed by real-time PCR. Values represent the mean

+SD of triplicate assays. * : p<<0.05, * * :p<<0.0l, * * * : p<0.001, compared
with 0 nmol// of RVX-208
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Fig. 5 Effect of RVX-208 on RUNX2 mRNA expression during cytodifferentiation
of hDPC

hDPC was cultured in calcification medium in the presence of RVX-208 (0-100
nmol/l) and RUNX2 mRNA expression was analyzed by real-time PCR on day 6
(left) and 18 (right) of cytodifferentiation of hDPC. Values represent the mean=+SD
of triplicate assays. * % : p<<0.01, compared with 0 nmol// of RVX-208.
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SW  chEcic, WSO MLFEEICE X Y
VRIDIEY 2 3T 4 7 ARBGHiNEE LR &EEE D O
TENREIhTWwS, —FlE LT, Cho 5% in vitro
ZBWT, b PRSI 2 BT e F L
FHEAITH 2 V7 aligz2iNNs$ % &, Osterix, Osteo-
pontin B & O RUNX2 &\ o 72 B BEHEER T DR B A3E
Exh, FEfEOSE E CRKAMEEZ NS Z L%
HELTWE, bbb OFEBRICE LTS, &M
ML % RVX-208 718 T CHALMIE A~ & 915
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BK T 7 5 N DSPP 8 & O DMP1 &5 F 0 58 I
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BET 7 7 & U —% v %7 1%, Bromodomain-contain-
ing protein 2-4 (BRD2-4) & Bromodomain testis-spe-
cific protein (BRDT) D 42D % v 8 7 ETHE IR T
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L, JQUIFFEE T CRMEzEET 5 L, Z oM
RSB E 0 20—, BD2 EIRWIHER
FTdh 3 RVX-208 O itk %, L BET #IflR+TdH
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B0, HFRSIC XD WEER~—H =0T DORED T
INBZ LT, BERLDMERA XY P OFREREIMET
T3 EMMESIhTWL 32, RVX-208 13 HAHKD
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The Functional Analysis of RVX-208 in Human Dental Pulp Cells:
An Initiative for the Application of a Bioactive Compound, RV-208,
on Direct Pulp Capping

MATSUMOTO Masahiro, FujIHARA Chiharu, SHIMABUKURO Yoshio,
YAMAMOTO Yu, NANTAKEERATIPAT Teerachate, KITAGAKI Jirouta,
Y AGI Hiroko, HAYASHI Satoko, IWAYAMA Tomoaki,
KASHIWAGI Yoichiro, MIKI Koji, KITAMURA Masahiro,
SAWADA Keigo, KINOSHITA Mayu and MURAKAMI Shinya

Department of Periodontology, Division of Oral Biology and Disease Control, Osaka University Graduate School of Dentistry

Abstract

Purpose: Calcium hydroxide and mineral trioxide aggregate (MTA) are the most widely used for direct
pulp capping. However, these agents induce the large pulp necrosis beneath the materials. Therefore, there
is a need to develop non-toxic agents for pulp capping. RVX-208, a bioactive compound, plays important roles
in inflammation and bone metabolism by epigenetic regulation of the expression of various genes. However,
the functions of RVX-208 in dental pulp cells are still unknown. Thus, in this study, we investigated the toxic-
ity and functions of RVX-208 on dental pulp cells to evaluate whether it offers the necessary features as a
good next generation candidate for direct pulp capping materials.

Methods: The first premolars were extracted from patients undergoing orthodontic treatment at the
Osaka University Dental Hospital. Then, dental pulp was extracted from the premolars and human dental
pulp cells (hDPC) were isolated by primary outgrowth cultures. The cytotoxicity of RVX-208 on hDPC was
examined by probidium iodide (PI) staining. The effect of RVX-208 on proliferation of hDPC was analyzed
using Bromodeoxyuridine (BrdU) assay. In addition, the effect of RVX-208 on calcification nodules produced
by cytodifferentiation of hDPC was evaluated by alizarin staining. Furthermore, the effect of RVX-208 on
mRNA expression of odontoblast-related genes during cytodifferentiation of hDPC was examined by real-
time PCR.

Results: The frequency of occurrence of PI* cells was not significantly different between hDPC in the
presence of 1, 10, 100 and 0 nmol// of RVX-208. BrdU assay revealed that RVX-208 (0-100 nmol/!) did not
affect the proliferation of hDPC. In contrast, on day 18 of cytodifferentiation of hDPC, alizarin staining
showed that RVX-208 increased the calcification nodules of hDPC in a concentration-dependent manner. In
addition, real-time PCR analysis revealed that DSPP and DMPI1 mRNA expression was up-regulated in
hDPC treated with RVX-208 during cytodifferentiation, whereas ALPL and COLIAI mRNA expression was
down-regulated in these cells. On day 6 of cytodifferentiation of hDPC, there was no significant difference in
RUNX2 mRNA expression between hDPC treated with or without RVX-208. In contrast, on day 18, RUNX2
mRNA expression was significantly down-regulated in hDPC treated with 100 nmol// of RVX-208, compared
to that treated without RVX-208.

Conclusion: A bioactive compound, RVX-208, enhanced cytodifferentiation and calcification of dental pulp
cells. RVX-208 might be a good candidate for a safe and effective biological direct pulp capping agent.

Key words: RVX-208, human dental pulp cells, direct pulp capping agent
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HREOEEE THEME. (SEM) #%2{752Lick->
THET L 72,

B LUOFE
1. #HEME S L ORIERCERRA 2R

BRLATFeE—v 7B UOCHEAEEL X v + %,
Table 1, 21ZRL7%., 7 Fe—=y7 & L Tl&, OptiBond
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Universal (OU, Kerr, USA), G-Premio Bond (GP,
Y —y—) B X U Scotchbond Universal (SU, 3M Oral
Care, USA) o 38z v/, AOEELA VY PEL
T ¥, Maxcem Elite Chroma (ME, Kerr), G-CEM
LinkAce (GL, ¥ —3<—) 3 & Uf RelyX Unicem 2 Auto-
mix (RU, 3M Oral Care) @ 3 8% A—8EEZEDT R
t—3 T LR U7, & 7 AIERYERRIE ST 8% (Optilux 501,
Kerr) &, % DJHEED 600 mW/cm*BL ETH 2 2 &%
RS L CEBRICA L 72

2. EEEIOATE

BERBRIERARF oBEICE L TiE, V¥ 2~3 %
) OTHEIMEOEERDOAZFRESGLY Y (FL—
LYV, IE) e L, BEE6~83mmBEED T ) 2
WHES 5 VCIIRFEFHAELE SN 5 & 5 Bl
ZEIL 72, RwT, ZOmEZEMAES Y avyh—ng
FR—s8—@ #320 CHHEIL, BEEHEmE L.

INEOPEWEIIFLTCE, 7=y 72217
Iy FrrE—FE L CHEEEHERCHE, TEMA, =7
Tu—%1{Totk., K0T, 7 Fe—=v 7 AKEE%24T5
(HEH), H2VIEHREZTbRw GEREE) Lv)
QEMAERETHELEDIL, TRE—Y 728BAETH
oEEv Ay boAEHVEZRFZaryto—LE L
72, RoT, A 24 mm, HE2mm DY v R AF v
LA (SUS 304) Blc@ifI L7z A > FEZIEFE L, #E
FEHZBHR MY v TR THEEE L I 30 B REEIH &
2ot kB, TFe—v 7L HOESEL A v O
HEiE, FE—EEEOER L LT,

A%, BEERD> S STPCHREUKY Iz 24 BREIAE L
7o, JieEalEE (Type 5500R, Instron, USA) % f
», 7 A~y FZ2EY—F 1.0 mm/min DM B
B 2T LFHER L OFHEREER RO 7. K50
B2 OBIZ10ME E U, BEREK TRORA T
DWTIE, EREMEE (SZH-131, VU o3 2) 2HW
TLYVM, BWEME L O HCEEE 2 A v BT 2
BZE L, FUmBEE, WEHZVIELY e XA v b DOEHE
WL L RABIE L LTHHL 7.

3. SEM #iz=

HOEEL X v M EHE L OBAREOBEICEEL T
1, BEEREAEA LRI L 23 % 37T°CHBLK
HC 24 KRR L 7288, =X ¥ Y BifE (Epon520,
H#T EM) casi L7z, B2 U7, A %Y)
Witk (IsoMet 4000, Buehler, USA) %W CHEKTT
fieWr L, oM%Y A Y EY FR—=2Z b O£ 0.25 um
F ORI L C SEMBIEARA & Lz, ool
Ri&, tert-7% 7 — VIRE LR RINIERZE L 7214,
kS (Model ID-3, = UA =2 R) ZHWT7
U—XFI4L, IEEE10KV, 14 ViiEE12
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Table 1 Universal adhesive used in this study
Uni 1 adhesi
Hversat achiesive Main component Manufacturer Lot No.
(Code)
OptiBond Universal UDMA, TEGDMA, silica-zirconia filler Kerr 6689301
(ou) (USA)
G-Premio Bond MDP, 4-MET, MEPS, methacrylate monomer, acetone, water, silica, initi- GC 1611011
(GP) ator
Scotchbond Universal Bis-GMA, HEMA, decamethylene dimethacrylate, ethyl methacryalate, 3M Oral Care 80822C

(SU) propenoic acid, methyl-reaction products with decanediol and phospho-
rous oxide, copolymer of acrylic and itaconic acid, dimethylaminobenzo-
ate, methyl ethyl ketone, ethanol, water, silane treated silica, initiator

(USA)

UDMA : urethane dimethacrylate, TEGDMA : triethyleneglycol dimethacrylate, MDP : 10-methacryloyloxydecyl dihydro-
gen phosphate, 4-MET : 4-methacryloyloxyethyl trimellitate, MEPS : methacryloyloxyalkyl thiophosphate methylmethacry-
late, Bis-GMA : 2,2-bis [4- (2-hydroxy- 3-methacryloyloxypropoxy) phenyl] propane, HEMA : 2-hydroxyethyl methacrylate.

Table 2 Self-adhesive resin cement used in this study

Self-adhesive resin cement

Main component Manufacturer Lot No.
(Code)
Maxcem Elite Chroma HEMA, GDM, UDMA, 1,1,3,3-tetramethylbutyl hydroperoxide Kerr 7198588
(ME) TEGDMA, fluoroaluminosilicate glass, GPDM, barium glass filler, (USA)
fumed silica
G-CEM LinkAce UDMA, dimethacrylate, phosphonate monomer, y-methacryloxypro- GC 1906171

(GL)

pyltrimethoxysilane, o, «-dimethyl-benzyl hydroperoxide, fluoro-alu-
minosilicate glass, silicon dioxide, initiator, inhibitor, pigment

RelyX Unicem 2
Automix
(RU)

propanediyl dimethacrylate and phosphorus oxide, substitute dimeth- 3M Oral Care 6054585
acrylate, TEGDMA, 2-propenoic acid, 2-methyl-, 1,1’-[1- (USA)
(hydroxymethyl) -1,2-eth-anediyl] ester, silane treated glass powder,

silane treated silica, sodium persulfate, glass powder, tert- butyl per-
oxy-3,5,5-trimethylhexanoate, copper (II) acetate monohydrate, 1,12-

dodecane dimethycrylate, 1-benzyl-5-phenyl-barbic-acid, calcium

salt, sodium p-toluenesulfinate, calcium hydroxide, methacrylated ali-

phatic amine, titanium dioxide

HEMA : 2-hydroxyethyl methacrylate, GDM : glycerol 1,3-dimethacrylate, UDMA : urethane dimethacrylate, TEGDMA :
triethyleneglycol dimethacrylate, GPDM : glyceroldimethacrylate dihydrogen phosphate.

ER, TVA4=272) % 30BfFo7. KT, 414 -
a—% — (Quick Coater Type SC-201, ¥ > 1 —FET)

FHOTEEE2TV, 74—V FTIvya vl 1. BB
SEM (ERA-8800 FE, =V A =2 2) 2T, A& 7 Re—y TADOHEOEESHCESE LA~ FOH
B 10kV OB L 72, BEAEICKIFTHEA, Table 31CR L7z,

4. #RETILER IFANVEEERSIE, avituo— LT LT

BonrzHlE@EicowClE, HEHY 7 r 927 Fe—v 72T LICE > TERICEWEZRL
(Sigma Plot version 13.0, Systat Software, USA) % f 7. 72, 7Fe—v 7 ADNBBH OERKTHIKT 5
W, —ILHEDEOHTE & Of Tukey HSD test I & - E,MEBELUOGLICBLWTERIIEWEEZRL, RUT
THREIKME 5% O TR 21T 72, BEEBERRD NPT, RFEEERSE, =
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Table 3 Influence of light irradiation to universal adhesives on bond

strength of self-adhesive resin cements

Resin cement Adhesive Light irradiation  Enamel Dentin
Control 48 (08)¢ 46 (19)¢

ME ouU with 217 (14)* 222 (40)°
ou without 186 (30)° 170 (23)°

Control 56 (09)¢ 47 (14)¢

GL GP with 152 (23)° 124 (22)°

GP without 131 (1.8)¢ 93 (12)¢

Control 44 (10)¢ 53 (15)°

RU SU with 172 (20)° 179 (32)°

SU without 163 (14)®> 146 (1.8)°

n=10, unit : MPa

Same small case letter in vertical columns indicates no difference at

5% significance level.

Table 4 Failure mode analysis of de-donded specimens

Resin cement Adhesive Light irradiation Enamel Dentin
Control [100/0/0/0]  [100/0/0/0]
ME oU with [100/0/0/0] [87/0/0/13]
ou without [100/0/0/0] [100/0/0/0]
Control [100/0/0/0] [100/0/0/0]
GL GP with [100/0/0/0]  [100/0/0/0]
GP without [100/0/0/0]  [100/0/0/0]
Control [100/0/0/0] [100/0/0/0]
RU SuU with [100/0/0/0]  [93/0/0/7]
SuU without [100/0/0/0]  [100/0/0/0]
n=10

Failure mode : [adhesive failure/cohesive failure in resin cement/cohe-

sive failure in tooth/mixed failure] percentage of each failure mode.

ANVBEERRICT Fe— 72T L THEICE
WEZR L, BRETREIERETEE & i L CERICE v
EWMIERNLT,

2. BEW

AR TR OWWIHIC B ) 208K %, Table
4R L7z, bbb, B THOBMIHEIC BT 50
BHEREZ, arvbe—l2EdCeTNoWERBE LU
MBS Ic 22 0 6§ FUAIE KRB & 5 © 2 A % 7R
L7z,

3. SEM #RZ=

HoOBEEE A v b, =F AVEESRE D SEM £
ZFig licR L7, WTFhoBHS#EELA Y 2B W T
b, THFANVEEOEAREIZT Fe—v 7T~
Db T RIFCH 7. £, HT7Fe—v 7

OB GAFCHIEET 2 &, ST CIEMRETRE & it L
TT7 Fe—v 7 EBEL 2 AHAZRL 2.

HoEELA Y O, RFFICBI 28AAED
SEM &% Fig. 21T/Rn L7z, RAFICNT HLY vk Ay
FOBAREIR, TRE—YTOEED B IR
HichrrboTRIFTCH D, RFMENITRELLY
VY OPEEIN, T Fe—v7BIZ, TF AL
B ARG CEL R aEHAE R L7z,

x =
WEHERKBOOFHAZETSZEI I v 7 2HB0IE

CAD/CAM V¥ v DIEFITIE, BEENRENE LU
BEEEICEN LY v A v FAERE T 35,
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with light irradiation

OU/ME

GP/GL

SU/RU

i

without light irradiation

Fig. 1 SEM observation of resin cements-enamel interfaces

R : resin cement, A : adhesive, E : enamel (original magnification : X 10,000)

INET, LYVEAVMERAORESIBLTE, &
YL EDITHEWZNFNICHE L RIS HEET H
D, HEEBOBRENSEME B DDICINDBT =y
ey T4 TRTER B EMERSIhTLREY, 22
T, WEBEYOEE KL TRIERT v 72 fEIEl L
HCEE A v P2SBF, BRIRCHS NS k9 1Kk-o
72—, FEFNC X o TIXACEES £ A v b OBET
Iz SRS ERRD b, SRESHERBERC
BEARTH S 7 Fe—2 72HI0EM & LTHY 2
R RARE S N2 L l, Bfishi7 Fe—
TN T ARBEOEEL Y, ZOEKRIcowT
EARAR S S, 22T, BiLEME LCHAT ST
Ft— 7AOKEESHOESE 2~ F OWREEEE
W MIETEE IS LT L 7.

RWFFEIE, SIS R S BB R A o HlfE B L
T, W 24mm, B 2mm DY v ZIRAF v L A%
¥ % mold-enclosed method 2 L7, Zo#R
Bkiz AT v L ABIE WS 2 BT & o TS EER
RIS E T2 ERAEE kB L EDIT,

LY vk Ay b OIS OEVPEERIICKIET
AR T 2 IhTwd, (7, BSR4 Y
ELYVrvEAVMHRBET 2 E» S, KEEHVDS
TLILEoT, BoNT—9DNGTOENDLLRD
ELDIWRE LT =9 %822 ENTERLDDLEER
sz,

Mold-enclosed method % A\ 7z B35 3 BR DFER D 5,
WThoHAEEL A Y MIBWTS, TRE—Y 7%
BT 2 LB O BEEIC»rb 5T ary fr—L L
BLTERICEESRS SN, HoEER X v
M, GEINhAEREEE ~—2E LCEAT 3 C
ECHEREOBIKL, LAy LAt v el
RO T B EEDIT, B 2 — WO HEREICE
B REL 2RI LT B 2 b ORUINERRER A ) &
BLTw2Y, —F ACESER AV Mz OB
ErREIw2-0IC74 59— DB EBEEINTS
b, N L Y vE ) v —BadRlks,. Lido
TLYrR—2Z L ofigittewE~onntiz Lz, 7
Fe—v 7t T2 k%, Lo,
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with light irradiation

OU/ME §

GP/GL

SU/RU

TREe— T ADKBE E LY R X v OBEEEE 541

without light irradiation

Fig. 2 SEM observation of resin cements-dentin interfaces

R : resin cement, A : adhesive, D : dentin (original magnification : X 10,000)

7REe—v 7 REHCESEL A v P ORI & LM
TR EoTHILY v Ay FR—ZA FTARET
LAHEEDS S B HE A~ DN E b IEEER D <

EAHREL 2D, EEBRIPSERCALLEZLDEER
59,

RNT, 2= =HT7 F b= TR DO HE
TEEMIZHEK T2 L, RUODZFANVEIINT 58
ETREZRDONADP D DD, ThMADELT
IR L I L CEBICEWER R L, —7F,
ERIMO SEM BZE2 513, WINoE&FicBw bl
SIEEIIERARE L I L C 7 Fe— > TEMEL 4 518
mERL, ZOEZIZ1I~5um Th-7%2. 7Fe—v 7
i, Bkt L7=h v 7 7 —F 7 v a8mHIT
HHT IV EMEEREBELTCIVANVEELD L
T, VYUVE)C—QEAVEL, EEFREICRE LT
Fe—v 7E2HHET 27, 7 F b= 7T ADNMEH
HEEE I IUE TR ERG L #iE 2 51%, BEEM
SREBMEREL AL ELEZESATY
BB Ui T, MRE ET o 2 S CEER S A
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X5, HHEFOERICL->THELLET Fe—2 T TE
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BEMED 5 2%, bbb, BNEWEANICL>TELE
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Influence of Light Irradiation of Universal Adhesives
on the Bonding Effectiveness of Self-adhesive Resin Cements

IsHI Ryo'?, Takamizawa Toshiki'?, Nojirt Kie',
TsuymoTo Akimasal?, AMARI Yoshiyuki!, Okuwaki Taketo!,
Iyima Tatsuya' and Mivazakr Masashi'?

'Department of Operative Dentistry, Nihon University School of Dentistry
®Division of Biomaterials Science, Dental Research Center, Nihon University School of Dentistry

Abstract

Purpose: The purpose of this study was to investigate the influence of light irradiation of universal adhe-
sives on the bonding performance of self-adhesive resin cements based on shear bond strength (SBS) tests
and SEM observations of resin/dentin interfaces.

Materials and Methods: Three combinations of universal adhesive and self-adhesive resin cement were
used: OptiBond Universal/Maxcem Elite Chroma, G-Premio Bond/G-CEM LinkAce, and Scotchbond Univer-
sal/RelyX Unicem 2 Automix. Bovine enamel and dentin surfaces were ground with SiC papers, ending at
#320 grit. Each universal adhesive was applied to the ground surface in self-etch mode according to the man-
ufacturers’ indications. The treated specimens were divided into two groups, with or without light irradia-
tion of the adhesive applied surface. A stainless-steel metal ring was placed over the bonding area, and the
self-adhesive cement was condensed into the ring and light irradiated. Ten specimens per each group were
stored in 37°C water for 24 h, and then SBS tests were conducted. Two-way ANOVA followed by Tukey’s
honestly significant difference test (o =0.05) was used for analysis of the SBS data.

Results: Although SBS value was material dependent for both enamel and dentin, the light irradiation
groups tended to show higher SBS values than the non-irradiated groups. In the SEM observations, the adhe-
sive layers with light irradiation were thicker than those without.

Conclusion: The results of this study indicated that appropriate light irradiation of universal adhesives may
increase the bond performance of self-adhesive resin cements.

Keywords: self-adhesive resin cement, universal adhesive, light irradiation, bond strength, SEM observation
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WY EIENT XA =Y —CEAMBOEREEZRD 2 (p<0.05).
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Fig. 3 Multifit brush

Fig. 4 Rustogi Modification Navy Plaque Index (RMNPI)
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h, i : cervical area
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Table 1 Plaque removal rate by Multifit brush in two groups (%)

Whole mouth  Cervical Interproximal Smooth surface
New type 19.0+105 227+£129 11.2+86 204+139
Conventional type 239+117 267+134 169+112 254+133

Table 2 Results of sensory evaluation

Ability for brushing

Satisfaction in every corner Refreshing feeling Hope for continuous use
very
New type 37+12 35+11 40+12
Conventional type 36x1.2 33=x11 38t1.2
60 6.0
50 50 |
- I | [ 7 I
£ 40 A0 L !
()
LN 20
g 20 '
[}
: y ol
10
0 00 Satisfaction Ability for ~Refreshing Hope for
Whole Cervical Interproximal Smooth . brushing feeling  continuous use
mouth surface 10 EVery corner
New type Conventional type New type Conventional type

Fig. 5 Plaque removal rate by Multifit brush
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Table 3 Measured values of three clinical parameters

PD (mm) BOP (%) GI
Before After Before After Before After
New type 282+072 256*+£055 481%+251 368*+£234 141+035 122*+045
Conventional type 2824053 259*+054 53.7%£21.0 428+234 147£030 1.33£0.32
* : p<0.05
* *
6.0 I ] 25 1 I I
g
15 40 % 15 1 3 e
- = < 10 =
= | -
g 20 —_— 3 —
E ’ T —ak E 05 """-—.\_\__
10 - ’ e
00 0.0
’ Before After Before After
Fig. 7 Change of mean value (PD) by New Fig. 9 Change of mean value (GI) by New
type Doltz type Doltz
* 1 p<0.05 * 1 p<0.05
* *

I | 60 I |
100

s § _ o
s E 40 -
70 2
£ 60 - E|
5 S 30
o 50 -
?E 40 - g 20 ﬁ
§ 30 =
20 10 4
10
0 0.0
Before After Before After
Fig. 8 Change of BOP by New type Doltz Fig. 10 Change of mean value (PD) by Con-
* 1 p<005 ventional type Doltz
* 1 p<0.05
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Fig. 11 Change of BOP by Conventional type
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Table 4 Improvement rate of three clinical parameters (%)

PD BOP GI
New type 82+123 223t344 16.0+25.0
Conventional type 7.8=+11.3 19.2+379 85%+20.3

60
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40

30

20

Improvement rate (%)

R

10

PD  BOP  CI
New type Conventional type
Fig. 13 Improvement rate of three clini-
cal parameters in two groups
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The Efficacy of Dental Plague Removal and Usefulness
for Periodontal Tissue of a Sonic Toothbrush
Equipped with Tapping Amplitude

Kamor Hisahiro, YOSHIMINE Masaya,
MiurA Haruka™ and HamMapA Mariko™

Dental Clinic, Nippon Medical School Chiba Hokusoh Hospital
*H - M’s collection

Abstract

Objective: Plaque control by daily brushing is important to prevent oral diseases. The usefulness of elec-
tric toothbrushes for effective plaque control has been demonstrated. In this study, the usefulness of a new
electric toothbrush for removing plaque was evaluated from multiple aspects.

Subjects and Method: The subjects were males and females, regardless of age, who had knowledge of and
were able to perform the oral cleaning method, and met the study conditions. For the test teeth, 6 Ramfjord
teeth (16, 21, 24, 36, 41, and 44 or alternative teeth) without restoration with marked plaque accumulation
were used. For the tool, two types of sonic toothbrush, the new Doltz and the conventional Doltz (Panaso-
nic), were used. First, to evaluate oral plaque removal, plaque was scored using the Rustogi Modification
Navy Plaque Index before and after use of the sonic toothbrush. For statistical analysis, the Wilcoxon test
was used. Then, to evaluate oral cleaning, the following evaluation items were measured before and after use
of the toothbrush: probing depth (PD), bleeding on probing (BOP), and gingival index (GI). For statistical
analysis, the Wilcoxon test was used.

Results and Discussion: The plaque removal rate was higher in the conventional Doltz group than in the
new Doltz group in all regions, but the differences between the two groups were not significant. On evalua-
tion of periodontal pocket cleaning, the improvement rates of all parameters (PD, BOP, and GI) were higher
in the new Doltz group than in the conventional Doltz group. In addition, significant differences were noted
after use in all parameters on intra-group comparison (p<<0.05).

This study clarified that the new Doltz has greater improvement effects on periodontal tissue than the
conventional Doltz; this may be due to the tapping amplitude newly added to the main unit of the new Doltz,
which appropriately stimulates the gingiva, as well as the dense extra-fine toothbrush, which is optimal for
periodontal pocket cleaning, exhibiting synergistic effects to improve the gingiva. Sonic toothbrushes are
expected to be effective for plague control to prevent caries and periodontal disease.

Key words: Rustogi Modification Navy Plaque Index, tapping amplitude, effects to improve the gingiva
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Influence of Light Irradiation Conditions on the Tensile Bond Strength
of Resin Composite Bonding Materials to Dentin

OucHr Satoko, IwATA Naohiro, L1U Haitao,
XIE Zhougiao, WANG Xiangyu, MorOTO Hidetoshi,
IsuipA Shunsuke, KoMASA Reiko, YAsuo Kenzo,
TaNIMOTO Hiroaki, YosHIKAWA Kazushi and YAMAMOTO Kazuyo

Department of Operative Dentistry, Osaka Dental University

Abstract

Purpose: The influence of irradiation conditions on tensile bond strength (TBS) was evaluated using Clear-
fil Mega Bond (MB, Kuraray Noritake Dental) and Clearfil Mega Bond 2 (MB2, Kuraray Noritake Dental)
which contain a highly active photopolymerization catalyst.

Methods: The surface of human teeth was ground with wet SiC paper up to 600 grit to prepare the dentin
surface. The prepared surface was then conditioned by applying primer of MB, followed by bonding agent of
MB. The applied bonding agent was light-irradiated from approximately 2.0 mm, 7.0 mm and 12.0 mm above
the adherend surface under the following conditions: 1. Using a halogen irradiation device (XL3000, 3M ESPE,
USA) for 10 seconds, 2. Using a conventional LED light irradiation device (PenCure, Morita) for 10 seconds,
and 3. Using a high-output LED light irradiation device (PenCure 2000, Morita) in high-power mode for 3
seconds. The resin composite was filled and cured by the XL3000. TBS was determined after 24-hour stor-
age in water at 37°C (n=5).

Results: In the case of the irradiation distance of 2.0 mm, MBZ2 attained enough TBS under the conditions
of high-output LED light irradiation by the PenCure 2000 in high-power mode for 3 seconds. However, when
the irradiation distance was long, MB2 could not attain enough TBS with 3 seconds of irradiation and enough
TBS was attained only when irradiating with the PenCure for 10 seconds.

Conclusion: Even if the irradiation distance of PenCure was long, MB2 attained enough TBS. In addition, it
was possible to obtain sufficient TBS by conducting light irradiation for 10 seconds, even when the irradia-
tion distance was longer.

Key words: bonding system, TBS, LED light-curing unit
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Introduction

In recent years, the bonding systems of composite
resins (CRs) have dramatically advanced, including
improved bond strength and reduced technical sensitiv-
ity with simplified steps. In addition, thanks to the con-
current improvements in mechanical properties and
esthetics of CRs, they have been used for treating vari-
ous cavities!™. Moreover, the widespread populariza-

8 among

tion of the concept of minimal intervention
dentists has resulted in broader use of CRs to perform
large repairs of molar parts and devitalized teeth after
root canal treatment. As opportunities for CR repair
increase, the light irradiation devices and bonding sys-
tems used in such repairs have rapidly advanced, with
new products being released one after another. As light
irradiation devices, devices that use blue light-emitting
diodes (LEDs) as light sources have replaced the con-
ventional halogen lamp types and have become the
mainstream. Unlike halogen light, the light irradiated
from these LED devices is in specific wavelength
regions”, and the devices also consume less electricity
and their light source has a longer lifespan compared to
halogen irradiation devices'”. They also offer advan-
tages such as low heat generation and no need for fil-
ters to eliminate unnecessary wavelengths“’lg’). The
insufficient light intensity of the early models has there-
fore been improved, and recent high-output LED light
irradiation devices can polymerize bonding materials in
a shorter irradiation time'*®. However, it has been
reported that the bond strength deteriorated depending
on the type of bonding material when the irradiation
period was short, as polymerization was insufficient .
Clearfil Mega Bond 2 (MB2), which is currently avail-
able commercially, is a two-step self-etching bonding
system which consists of two materials, namely the
primer and the bonding agent, and it incorporates a
phosphate ester-based monomer called MDP, which
delivers a high bond durability'®. It is also considered
possible with this system to reduce the light irradiation
period by using a high-output LED light irradiation
device (1,500 mW/cm? or higher), as the photocuring
properties are improved with the incorporation of a
high-activity photopolymerization catalyst, which offers
high absorption of light and an absorption wavelength
region that includes the LED region, and so can gener-
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ate a larger number of highly active radicals than the
conventional photopolymerization catalysts.

In this study, the effects of different light sources and
irradiation distances on the tensile bond strength (TBS)
to dentin were compared and examined by using MB2
and Clearfil Mega Bond (MB), which is a conventional

bonding system.
Materials and Methods

This study was conducted with the approval of the
ethics committee, Osaka Dental University (approval
No.: Osaka Dental University Medical Ethics No.
110883). Table 1 lists the materials that were used in
this study, and Table 2 the irradiation devices and irra-
diation conditions that were used.

1. Measurement of tensile bond strength (TBS)

Flat dentin surfaces were prepared by defrosting
human premolars which had been stored in a freezer
after removal immediately before use, removing the
enamel on the labial side of the crown part by using a
model trimmer while preserving the dental pulp, and
then polishing the area up to #600 with waterproof
abrasive paper. The bonding surface area was defined
by fixing double-sided tape in which a hole with 3.0 mm
inner diameter was formed, and a brass jig with 4.0 mm
inner diameter at the top, 3.5 mm inner diameter at the
bottom and 2.0 mm height was placed on top of it. MB
or MBZ was applied on the dentin surface to be bonded,
followed by primer treatment for 20 seconds, thorough
drying by blowing air, thin application of bonding agent,
and light irradiation under different conditions with
irradiation distances of 2.0 mm, 7.0 mm, or 12.0 mm.
The three irradiation conditions listed in Table 2 were
used. After filling CR into the brass jig in bulk and
pressure-welding it with a glass plate under pressure
applied by the fingers via a polyester film, a halogen
irradiation device (XL3000, 3M ESPE, USA) was used
to irradiate light for 20 seconds to cure the material.
The cured material was stored in water at 37°C for 24
hours before it was subjected to TBS measurement
with a universal testing machine (IM-20, INTESCO) at
a crosshead speed of 0.3 mm/min (n=>5). As statistical
processing, the significant difference authorization of
groups (MB-XL3000, MB2-XL3000, MB-PenCure,
MB2-PenCure, MB-PenCure 2000 and MB2-PenCure

2000) was held for every irradiation distance using one-
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Table 1 Materials used
Materials Code Composition Lot Manufacturer
Bond
10-MDP, HEMA, Bis-GMA,
. Hydrophobic aliphatic
Clearfil :
Mega Bond MB Primer methacrylates, Colloidal 000031
ega Bon
£ 10-MDP, HEMA, silica, dl-Camphorquinone,
. e . Inti Kuraray
Bonding Hydrophilic aliphatic ntitators, Noritak
oritake
system dimethacrylates, Accelerators, Water Dental
. enta
dl-Camphorquinone, 10-MDP, HEMA, Bis-GMA,
) Water Hydrophobic aliphatic
Clearfil ) )
MB2 dimethacrylates, Colloidal 000035
Mega Bond 2 - .
silica, dl-Camphorquinone,
New initiators, Accelerators
Composite Clearfil CR Bis-GMA, TEGDMA, Photopolymerization catalyst, 920064
resin AP-X (shade A3) Filler, Colorant, Accelerators

Table 2 Light-curing devices and conditions

Curing light device Irradiation time Manufacturer
PenCure 10 seconds .
. Morita
PenCure 2000 High power 3 seconds
XL3000 10 seconds 3M ESPE (USA)

way analysis of variance and Tukey’s post hoc test (p<
0.05).

All samples were sputter-coated with gold after TBS
measurement according to the normal method, and the
tensile fracture surface of dentin was observed using a
scanning electron microscope (JSM-5610LU, JEOL). The
failure type was determined by classifying those with
70% or more interface exposure as adhesive failure,
those with 70% or more adhesion of dentin or the
cured material as cohesive failure, and others as mixed
failure.

2. Measurement of light intensity

WSpec (B & W TEK, USA) was used to measure the
quantity of light. Light intensity levels of PenCure, Pen-
Cure 2000 in high-power mode, and X1L.3000 were mea-
sured at distances from the measurement fiber of 2.0
mm, 7.0 mm, and 120 mm (n=5). As statistical process-
ing, the significant difference authorization between the
irradiation distances was held for each container which
was irradiated with light using one-way analysis of
variance and Tukey’s post hoc test (p<<0.05).

Results

1. Tensile bond strength (TBS)

Figure 1 shows the results of TBS measurements. As
a result of one-way layout analysis of variance, the com-
bination of bonding resin and irradiation device gave a
significant difference in TBS (2.0 mm: F=5.24, p<0.01;
70 mm: F=3.64, p<0.05; 12.0 mm: F=11.50, p<0.01).
TBS did not show any significant difference between
the PenCure samples and the XL3000 samples for MB2
(p>0.05) when PenCure 2000 in high-power mode was
used to irradiate light for 3 seconds at the irradiation
distance 2.0 mm, even though TBS decreased signifi-
cantly for MB (p<<0.05). It was found that a high TBS
value could be obtained by irradiating light for 10 sec-
onds using PenCure when the irradiation distance was
longer, although TBS decreased for both MB and MB2
when XL3000 was used (p<0.05). Furthermore, the
TBS value decreased significantly when the irradiation
distance was 12.0 mm even for PenCure 2000 in high-
power mode when the light irradiation period was 3
seconds (p<0.05).
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Fig. 1 Influence of irradiation on dentin tensile bond strength

* :p<<0.05

Tables 3 to 5 and figure 2 show the results of tensile
fracture surface observation. Adhesive failure images
were not observed for MB2 even with longer irradia-
tion distances, although it was observed for MB even at
the irradiation distance of 2.0 mm when light was irra-
diated for 3 seconds with PenCure 2000 in high-power
mode.

2. Light intensity

Figure 3 shows the measurement results. As a result
of one-way layout analysis of variance, the significant
difference was accepted for light intensity by difference
in irradiation distance (PenCure: F=4853.04, p<0.01;
PenCure 2000: F=519.70, p<0.01; XL3000: F=168.74, p
<0.01). The light intensity decreased significantly with
longer irradiation distance for all irradiation devices (p
<0.05). Especially, when the irradiation distance was
increased to 12.0 mm, the light intensity levels of both
PenCure 2000 and XL3000 decreased to approximately
half compared to the levels at the distance of 2.0 mm.

MPa
35 x il *
30 I
25
20
15
10
5
0 MB MB2 MB MB2 MB MB2
7.0 mm
B x1.3000
I:I PenCure
[ ]PenCure 2000
Discussion

LED irradiation devices offer advantages such as
excellent operability even in the confined space of the
oral cavity thanks to their cordless feature, light
weight, small head part, stable light irradiation with no
deterioration in light intensity during continuous irradi-
ation, and less frequent need for charging thanks to low
electricity consumptionw). The devices are thus used in
various clinical settings as a replacement for conven-
tional halogen light irradiation devices. In addition, they
can produce parallel and uniform light irradiation when
combined with an optical mirror and an aspherical lens
inside the head, and are estimated to deliver a sufficient
amount of light even at some distance from the irradi-
ated partm). However, deterioration in optical energy
during light irradiation and unstable focus are highly
likely to occur when irradiation is done in a deep cav-
ity, such as a repair that includes the gingival wall of a
class 2 cavity or a pulp cavity after root canal treat-
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Table 3 Failure mode analysis of irradiation distance 2.0 mm

XL3000 PenCure PenCure 2000
MB MB2 MB MB2 MB MB2
Adhesive failure 1
Mixed failure 2 2
Cohesion failure of bonding resin 3 4 2 3 4 5
Cohesion failure of dentin 1 1 2

Table 4 Failure mode analysis of irradiation distance 7.0 mm

X1.3000 PenCure PenCure 2000
MB MB2 MB MB2 MB MB2

Adhesive failure 1
Mixed failure 2 1
Cohesion failure of bonding resin 4 4 3 5 4 4
Cohesion failure of dentin 1 1

Table 5 Failure mode analysis of irradiation distance 12.0 mm

XL3000 PenCure PenCure 2000
MB MB2 MB MB2 MB MB2
Mixed failure 3 2 1 2
Cohesion failure of bonding resin 2 4 3 3 3 5
Cohesion failure of CR 1 1

Fig. 2 Typical example of failure mode

a : Adhesive failure, b : Mixed failure, c¢ : Cohesion failure of bonding resin, d : Cohesion failure of dentin,
e ! Cohesion failure of CR
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Fig. 3 Results of light intensity

* 1 p<0.05

ment, which is expected to also affect the bond
strength. Therefore, in this study, the dentin bonding
performance when light was irradiated on the bonding
material with a halogen type irradiation device, a nor-
mal LED light irradiation device, and a high-output irra-
diation device at different irradiation distances was
examined while using the conventional MB as well as
MB2.

When the irradiation distance was small, MB, which
is a conventional bonding system, did not show a signif-
icant difference in TBS whether PenCure, an LED light
irradiation device, or XL3000, a halogen irradiation
device, was used. However, no significant difference
was observed for MB2 when irradiation was conducted
under the high-power mode of PenCure 2000 for 3 sec-
onds and when irradiation was conducted with PenCure
for 10 seconds, even though TBS decreased signifi-
cantly for MB when irradiation was conducted under
the high-power mode of PenCure 2000 for 3 seconds. It
is assumed that this result was obtained as sufficient
polymerization occurred in the bonding material of

MB2 even with irradiation for 3 seconds, as it largely
absorbed LED light and generated many highly active
radical reactions, which increased the curing rate, as it
contained a high-activity photopolymerization cata-
lyst'”. When the irradiation distance was longer at 12.0
mm, TBS decreased significantly for both MB and MB2
when light irradiation was conducted with XL3000.
However, when PenCure was used to irradiate light for
10 seconds, TBS values equivalent to those from an
irradiation distance of 2.0 mm were obtained for both
MB and MBZ2. It is surmised that this was because 800
mW/cm? was maintained and because the irradiation
time was somewhat long at 10 seconds, even though
the light intensity of PenCure decreased significantly at
the irradiation distance of 12.0 mm compared to that at
2.0 mm. Furthermore, MBZ did not result in a high TBS
value even with the high-power mode when the dis-
tance was longer, although TBS values equivalent to
those of other irradiation devices could be attained in 3
seconds when the high-power mode of PenCure 2000
was used with the irradiation distance of 2.0 mm. Pen-
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Cure 2000 also decreased in light intensity to approxi-
mately 600 mW/cm? when the distance increased to
12.0 mm, even though it had the light intensity of
approximately 1,600 mW/cm? at 2.0 mm. Meanwhile,
the light intensity of PenCure was approximately 1,000
mW/cm? at 20 mm, and it did not decrease dramati-
cally even at the irradiation distance of 120 mm with
the light intensity remaining at approximately 800
mW/cm? It seems that the high-power mode of Pen-
Cure 2000 used different light condensing and guiding
methods in order to increase the light intensity, which
thus significantly deteriorated the light intensity of Pen-
Cure 2000 at longer irradiation distances, unlike Pen-
Cure, even though they are both LED irradiation
devices. These findings suggest that it may not be
capable of polymerizing the bonding material suffi-
ciently when the distance is longer even in high-power
mode, as the optical energy becomes weaker'®. As to
the differences between the irradiation devices, high
TBS values were attained for both MB and MB2 when
PenCure was used to irradiate light even with a longer
irradiation distance, whereas the TBS value decreased
for both MB and MBZ2 when XL3000 was used to irradi-
ate light with a longer irradiation distance. When
observing the tensile fracture surface, adhesive failure
was observed on MB fracture surfaces irradiated with
PenCure 2000 in high-power mode for 3 seconds even
when the irradiation distance was short. It is assumed
that this occurred as the bonding between dentin and
bonding material was insufficient with incomplete
polymerization of the MB bonding material under light
irradiation of 3 seconds.

Conclusion

Both MB and MB2 did not show deterioration in TBS
even with a longer irradiation distance when the con-
ventional LED light irradiation device was used to irra-
diate light for 10 seconds. In addition, MB2 yielded a
high TBS value even when the irradiation period of the
high-output irradiation device was 3 seconds, as long as
the irradiation distance was 2.0 mm. However, the TBS
value decreased significantly for both MB and MB2
when the irradiation distance became longer under irra-
diation conditions with the high-power LED light or the
halogen light.

638 H6S5
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R A ~ 75 v MBEIE, Tk E W RIBERT
Bl U TREBEREESEE S hTw3Y, Lk
DRHAA T F U AMICB T 2HEEOEHOWAMEE LT
A v 7 v VEMEDRH b, BEHEM TR 19~56%, A
YISV BT I0~3BFIET B Z EBWE SN T
WBEI LS, AT MEEOTHEAKTEE S
BEAAGEBELE LCHEMINTw2Y, BE v 75y
FREBERDBEZF S T RBER A — 5 —Ic &
24750 FPREDERWEDRENH DS DD, 4
7o v OREERZE MR LIERMERRET S L
BIREECH 257, S, Eri YAG L—H =04 v 75
¥ F AR OBRBEANERIEH S hTw 35 2 o
e LTk 294 um o0V 2 ciRBI S 4, AR
FH TN E KD DRI B BUNEF 2 4 U, H%
BRI LA SN T 320 K5 1 Er:
YAGL—¥—%A4 75 FRBELERICHRS Z L
CEVIRE RRE2RENBICEEDT, OA TS5 b
FHMEE & B pum KBRS 2 2 L 2E L w2,

—fiz, AR A 7S PEBRZEEARYT v b
WD 275 LSO BRI L 2RETH B T L
5, T 6ME EMEBROEENESETH 5 Lipo-
polysaccharide (LPS) OREMNEETH 2110 17
v b RPN & RIS & RS
h, 477 FEAMORERIGD S 5RINEET
317 OBWINIC LPS BSEL 2o TWwW3 2 &b
5, Kubota B1dA » 75 v MEGERALIC &2 1 v g
20 7R2ERIEA VT FRIEDLPS #TEL
AR, Er: YAGL—V—BHICE27Fa vy 35—
va v ERICLPS OBREMRERD, A v 75 A
BRICETH S LBEL T,

2T, AT PEABRKICNL Er: YAG L —
PF—2HWTFary 32— a VEiEIC Kubota b @
FHikEAWTLPS 2 & L, BEIREERIT - IEG %W
HT 5,

E Al

BEIZ68 M, TR TA 79 v b B L UHER
BoAA T F v AR ToTWRb DD, LEEEEAIFY)
DA v TTy ML S DHREPSEL W L2 E
FICHHREERRBER Y » & — RN REE L
7o, RHEBOBECBERE LR, F5—7arv b
0= VIERFTH 7D, 214 0T F v FicB VT
I~13mm OKR”7 v b Tu—E v o Him, PHEZ

{

H63% HE6E
Wt Ty AMEEREET, FEAICA Y75
YEPTI R T A= Lh 5 1/ 2REOBWRINEHER L
7z. Froum 5 044V CEREICHY L, KB %
i, &RIchz 2B REBZEG, TRED» S SEREE
MBI 5 CIEFIE 2 £ ORKERE2RD 7. MLk
OREMR» A4 v 75 v MEBEREZHL, HELE
BICHRHE 21T, 4 v 7T v PEBZICNT 2 20BHY
B AT 5 FHlZ I L7, IRIRICHBEL, DREE R
B, RENBAT—)Y T V=L —= v %
fiot, FRHiiRC21 4 >~ 75 v MICEER K7 v b
DEF L, BOP SBlEn o, 4 v 75 v ARSI
THNRIMBEITS T & & Ui, B A s E
EiatkRette — - =4 - TVIZEELL, Invader I
TiTo 7z, #5iH% Table 1 12789, #REEZ 46,000 2
Y —, Prevotella intermedia, Porphyromonas gingivalis
1210 2 ¥ — K, Tannerella forsythensis 1% 5,400 2
v —, Treponema denticola lZ 97 2 ¥ —, Fusobacterium
nucleatum 1% 5400 2 € —TdH o 7z,

A7 T v b OBRIZRD bz h oz HRHIVLE
ERNT 24y 75— L Farkey FREBECTY, WS
2/ ATA VTS PABRICNL Er : YAG L —
P—% O HERLEET .

B

iRt N EE % Fig 1A, BioRd, BHlhisic
13 mm, HEMNE0IC 10 mm O EFE 7% Probing Pocket
Depth (PPD), Eflic 3 mm DOWRFIRIFEZE ZD 72, sl
DFvINITy 7 ARG E%E Fig 1CIIR S, IO E
EEFRI, EcA v 7o b 1/210ET 2 5RINE
bz, 2%xvahAy (/8H7 FLF VYR &
PRI N T, 12 2 5 23 B ICBIBH & & 2 fE 5 %
fTote, ATV MERZERRE VD DD, ZOFH
FIAHEIFICERINE RS, FRAFICEDNTED, &
LIA v 7Ty MERENICT T — 27 LA DWE 2D
72 (Fig.2A). Er : YAGLV—¥— (F—9 4 v, ®Y
%) MW, BXRERA - KO EERIEHE &

Table 1 Microbiological analysis

PreOpe  PostOpe
Total number of bacteria 46,000 <1,000
P. intermedia <10 <10
P. gingivalis <10 <10
T. forsythensis 5,400 <10
T. denticola 97 <10
F. nucleatum 5,400 <27
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Fig. 2
(A)Clinical view at the time of periodontal
surgery showing circumferential bone defect.
(B) Debridement and decortication using
Er : YAG laser were performed. (C) Graft
(Bio-Oss) insertion was performed. (D) Col-

lagen membrane (Bio-Gide) was applied.

CA v 77 PRADARWHFREL TV I 5 —
¥oa VEBEESHKOEKTTITo 7 (Fig.2B). &
BRZEOKRFES, JEic 3B REW S /RIBE D
fe. 4 V7T v MEABEOARRAEFIZPS600TS D F v 7
2R, #57 ml DEKTF T, 30~70 m], 20pps D/
FVEIC CEEBRE 2T AV 750 FRER
PS600TS, CS600F, C800F #f#HMH L, 30~100 m], 20
pps DS FOVIEIC TERFRE L 72, 4 v "9 v FERED
LPS#REIE ¥ 7 v Y IE# 2 7 7 (FLOQSwabs
56780CS01, COPAN) % w72, LPS U7 13 A FF
HEEEZ E Er : YAGL— WY —lckbdFarv9 32—
YavBiiA VTSIV FOEREME LT —ICTHESE,
S5 L, FABHO AR PHEERIC itz v & 5 Ik
HL, LPS 7 U —7K8/K 1 ml (KKK, RIFHMIEK)
TR E R, HBHcE& £ B LPS £ Limulus amebo-
cyte lysate JRICCTER L 7z, 30RO BREXH 13 45 R FIER A7
% 2 [AHRELL, VfEi% LPS B & L7z, Aot TR

Fig. 3 Dental radiographs just (A), 1 year (B) and 5
years (C) after surgery

130001 EU/m! T& 5. LPS OERIEIHKASHLEE— - =
Lo TOVICRFEL 72, LPS O#H, ER 7 1Z Kubota
SEOFHEICHENL 2. Farv vy i r—var,

PS600TS Z AW CEXKBRAEETHO LV —F =T 3L+
r—vav (REEZH) 217-7 (Fig 2B). Z 0,

BHIoA v 75 v b BN LU cEE e PRI, FHHlo 3
BEME RBICN UBHAEICB T 2 2 ¥ v A—)L FO&E
ELCHIBERD H 2 BHEM (Bio-Oss, Geistlich
Pharma Japan K. K) #¥EA L7 (Fig. 2C). BEE D
ErA LS sENTas—F v A v 7Ly (Bio-
Gide, Geistlich Pharma Japan K. K) Z2#& L, il
A CRRAIL 72 (Fig.2D). fiiE#OT v 2Ty 7 R
MEH% Fig. 3A IR T, fiigichild#FE2 &5 L, #KR
1% 2 BRI T 72, it 1R TSR O SORE 16 /N
L, 2HEABICAlO—RHEI G S Nl k%217 -
fo. WREA VTS5 FEHOHEREKET 7 2 I0TTH
FORRE L, MBR1I2HAADF Yy I VT y 7 AREE
% Fig. 3B lc/nd . iRl & ik Lkt 12 A A CidA v 7
7 v FEAEORERBMENITEL, 1 v 7T v FREO
AL A FE D 72, PPD IRETICENIC 13 mm, HEFMlic
10 mm T®H o 723, itk 12 5 A O FEHF <13/ 4
mm, T2 3mm & 7% b, Bleeding on Probing (BOP)
bEEMEIC o7, MRS FERELTV2HDDT 53—
avbrE—VIERFT, BELREZMERFLTCL S
(Fig. 3C) »BloBALRHIFIC X b 78y b X v b2
HUBERRLE R -72 (FigdA). 4 v 75 v Mo O
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Fig. 4 Intraoral photographs 5 years after surgery

Table 2 LPS endotoxin unit pre- and post- Er: YAG laser
decontamination on the implant surfaces

Pre decontamination Post decontamination

First 8.444 0.001
Second 12.307 0.002
Average 10.3755 0.0015 (EU/ml)

A significant decrease in LPS endotoxin unit was
observed after Er : YAG laser decontamination.

HHE O ICHEABRRZ S 7. (Fig 4B). g 12 7 H T
B RS BEEAM B 2 8 B2 AT & Fil U 7o A5 5R, MR8
46,000 2> 5 1,000 A il A L7z, P. intermedia, P.
gingivalis CEEZRBD Nz oboD, T. for-
sythensis & T. denticola 12 10 2 ¥ —Rificigd L, F
nucleatam 1% 27 2 ¥ — R jgk4 L7 (Table 1). L —
P—lckBFary I x—a VEiEE LSRR,
LPS &% 10.3755 EU/m!/ 7> 5 0.0015 EU/m/ iZ i@+
L7z (Table 2),

AT cone-beam computed tomography Tix A > 7
IV MR12 R EERINZERD 2D DD, flith5HET
B4 Y75 FAEOBEAE RGO EZZD -
(Fig.5). 7 BEH L 72 3EA40 - MOkl - EERRHE SR 1R 57 (8)
BORATATH 5.

z K

AFEH T, 477 PEABERICHL, Er: YAG
L—Y—%7G8A 75 v MEROBRRICH I B
WM AMEA L CHERREITo7.. £ Er: YAG L —
P—MHETIcE2Farysr—vavick 36500
2, AT 5y MEERD LPS DL THRE L b DT
HB. BEOME, it 12 H BicB WL Tliplic LN EE
I PPD, BOP #EL, Fv o LTy 2 A L TRSE
WO TEE R L, £, MBS ERBLTVRE LD
DT T —=ravu—VIERIFT, ZELIREZ R
LTwa, A7y MRBRIZEr: YAG L—%—%
w8tz chE coms & —3T 22000, 4

[

638 H6S5

Fig.5 Cone beam computed

tomography sagittal sec-
tional image at pretreat-
ment(A)and 5 years after
treatment (B)

OENZE D Er : YAG V=¥ —RHIck-TA v 75
Y MMEAEE O LPS B L 2 EPHLE 2 E
Tzo 7z,

A v 75 v MEBREIREST 2, 475y MEAE
D75 -2, WaLABRFHEMOBRENINFRTH
B3HLDD, AT —5—FF T 5Lk ERERDTET
BERICHRET T LIRAARETH 2%, LRSI Er:
YAG L —H —=23KICRIN & 1 3 BRIk & 2 /NEH %
FALT A7 5y vMERolE EA2HE/NMMRICE E
&b, oA T 5w b ElE B um KL, 17
Sy MERR%E 1 BRET 2 2 LG LY,

KIEFNE, 4 7T v PHEEARRCEEREZHAL Tw»
5. ZO &S BREHITCRAMBEOBRINEFRD 5 2 L2
HExhTws® WAREHEERET s L4 v 75 b
HRABEOBRINSKEL, AT I ML BOWAD
&L TV, Er:YAGL—¥—%2Hw3ZLickb,
itz & Ok D FRSBEPHEAARA R RFEVER TR
Ty b ETRBRA VTSI VREERRT 5 0T
7.

AKX TIFEr : YAGL—H—1ck3, 4175 b
EH D LPS ORELNRIC > W CHRIIC S T#HE L
7. ZORER, T ETIC in vitro REYEEOHIE T
RBINTHzE 51 BEr:YAG L—H—H4 v 7
5 v FEHOD LPS 2 RNICHRET 22 L2 LRI
L7z, Er : YAG L —%— 3B ICES A v 75> MR
L FEFMABORE 2 LR S35 BREMED 25 2
e, BRI T 2 ABEELD RV ET ERIDH
%2 L —F — 54 O LPS 3405, Er: YAG L —
B —HEHIC & BKEKIG L -HUNBEFIC X B ARARAZER
WEORE, FYEF—Tarick3WmEHRIckoT
Bon LT 5, BEOREDP S, Ert YAG L —
P3P AT 2 L F v TREDOKIZBERIZEL,
SHEREIHISIATEELSERV b v
75V PEHEICBWTH LPS EMBEOBREICEST 3
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eI LPS #BET LN TEL I LDHALLL
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Surgical Treatment of Peri-implantitis by Using Er: YAG Laser:
A Case Report

Yasupa Tadashi!, YaAmMaMoTO Atsuhiko'” and TATSUMI Junichit

'Department of Periodontology, Division of Oral Infections and Health Sciences, Asahi University School of Dentistry
*Perio-Implant Hospital AUTIS

Abstract

Purpose: The erbium: YAG (Er: YAG) laser is used for decontaminating implant surfaces in the treatment
of peri-implantitis. In this study, we quantified lipopolysaccharides (LPS) before and after decontaminating
the contaminated layer on the implant surface, using an Er: YAG laser. In addition, we report that the
peri-implantitis of the patient improved, based on the results of clinical evaluation, bacteriological examina-
tion, and cone-beam computed tomography (CBCT).

Patient: A 68-year-old woman visited our hospital with the chief complaint of drainage from an implant.
Her implant superstructures had been installed eight years ago, and she had no systemic disease except peri-
odontal disease. X-ray examination revealed high resorption of the alveolar bone around the implant, and
CBCT images revealed bone resorption; the resorbed bones were half the length of the implant. In addition,
bacterial examination of the peri-implant pocket revealed Tannerella forsythensis, Treponema denticola, and
Fusobacterium nucleatum. Although the implant showed no mobility, the probing periodontal pocket depth
(PPD) of the labial center was 14 mm, and the distopalatal PPD was 10 mm. After the initial periodontal
therapy, the PPD was 10-13 mm, and it bled on probing. Therefore, a surgical procedure was performed to
treat the peri-implantitis. After administration of anesthesia, a full-thickness flap was raised, and a vertical
bone defect with three walls on the apical side and one wall on the crown side was observed. The inflamma-
tory tissue around the bone defect and the implant surface were decontaminated using an Er: YAG laser
with water spray. LPS on the implant surface were sampled twice before and after decontamination and
quantified using the Limulus amebocyte lysate method. The average of all the values was used as the LPS
value, which decreased from 10.3755 to 0.0015 EU/m/. Bio-Gide was applied after insertion of Bio-Oss, and the
flap was repositioned and sutured.

Results: The PPD of the implant site stabilized at 2-3 mm 10 months after the procedure. A comparison of
periodontal disease-related bacterial tests before and 12 months after surgery revealed that the numbers of
T. forsythensts, T. denticola, and F. nucleatum decreased after surgery. Newly formed bone was observed in
the intrabony defect from the CBCT images.

Conclusion: In this case, the contaminated layer on the implant surface was decontaminated by an Er:
YAG laser used for the treatment of peri-implantitis, along with reduction of LPS on the implant surface,
facilitating long-term bone regeneration.

Key words: peri-implantitis, Er: YAG laser, lipopolysaccharide
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