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A Microtensile Test to Measure Bond Strengths

NisHITANI Yoshihiro and HosHIKA Tomohiro

Department of Restorative Dentistry and Endodontology, Field of Oral and Maxillofacial Rehabilitation,

Course for Developmental Therapeutics, Kagoshima University Graduate School of Medical and Dental Sciences
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Study on Rehardening of Demineralized Dentin with Resin-modified
Pulp-capping Agents Containing MTA

Tsutani Kayo, YAsuo Kenzo, TANIMOTO Hiroaki,
YosHIKAWA Kazushi and YAMAMOTO Kazuyo

Department of Operative Dentistry, Osaka Dental University

Abstract

Purpose: Based on the concept of minimal intervention (MI), temporary indirect pulp capping (IPC) is used
to preserve the deep parts of dentin adjacent to the pulp and avoid pulp exposure when caries advances
deep into the dentin close to the dental pulp. The purpose of this study was to measure the Knoop hardness
of softened dentin applied with cured bodies of resin-modified pulp-capping agents containing MTA at 1
month and 3 months postoperatively.

Methods: We measured the hardness on the side of the enamel of dentin samples with Cariotester, and
used those with enamel side hardness of around 60 KNH as healthy dentin samples. We decalcified the
healthy samples according to the method of Matsuda et al., and used those whose hardness decreased to
around 20 KNH as softened dentin samples. As pulp-capping agents, we applied TMR-MTA cement (TMR)
and NEX MTA cement (NEX), which are conventional MTA cements, and TheraCal LC (TCL) and Super
MTA Paste (SMP), which are resin-modified pulp-capping agents containing MTA, on softened dentin sam-
ples and coated each with base cement to use them as the pulp-capping samples. We measured the Knoop
hardness of the softened dentin after storing the prepared pulp-capping samples in a container at 100%
humidity for 1 month and 3 months. We prepared three samples for each condition, and subjected the
obtained values to statistical analysis using repeated measure analysis of variance and Tukey’s test(p<<0.05).

Results: After application of pulp-capping agents, the Knoop hardness was 32.8+27 KNH after 1 month
and 33.2+04 KNH after 3 months in the TMR group. The hardness values improved significantly after 1
month and 3 months compared to the softened dentin samples, but were significantly lower than those of the
healthy samples. In the NEX group, the hardness was 41.1+2.3 KNH after 1 month and 41.6+4.0 KNH after
3 months. The hardness values improved significantly after 1 month and 3 months compared to the softened
dentin samples, but were significantly lower than those of the healthy samples. In the TCL group, the hard-
ness was 20.1x05 KNH after 1 month and 27.7+44 KNH after 3 months. There was no significant differ-
ence in hardness after 1 month or 3 months compared to the softened dentin samples, and the values were
significantly lower than those of the healthy samples. In the SMP group, the hardness was 56559 KNH
after 1 month and 62.0+25 KNH after 3 months. The hardness improved significantly after 1 month and 3
months compared to the softened dentin samples. Compared to the healthy samples, hardness improved to a
level where there was no significant difference both after 1 month and 3 months. The results of this experi-
ment showed that application of resin-modified pulp-capping agents containing MTA on softened dentin
induced recalcification and hardened the softened dentin.

Conclusion: It was concluded that the application of chemical-cured type resin-modified pulp-capping
agents containing MTA improved the hardness of the softened dentin to a level that was not significantly
different from that of healthy dentin after 1 month and 3 months.

Key words: Knoop hardness, resin modified pulp-capping agent, MTA, remineralization
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Introduction

As a result of advances in pathological research on
carious dentin and dramatic improvements in adhesion
and restoration methods, the concept of minimal inter-
vention (MI) to preserve as much healthy dentin as
possible and minimize invasion has become widespread
in carles treatment in recent years. However, there are
many cases in which pulp exposure will occur if the
infected dentin is removed entirely as caries reaches
deep into the dentin and is adjacent to the pulp, and in
which pulp extirpation is inevitable". In such cases, it is
recommended to use atraumatic indirect pulp capping
(IPC), in which sterilization and recalcification of the
infected dentin that is left and formation of tertiary
dentin (reparative dentin)are facilitated to preserve the
pulp, while intentionally leaving the infected dentin
adjacent to the dental pulp and applying carboxylate
cement containing calcium hydroxide preparation or
tannin-fluoride preparation in order to avoid pulp extir-
pation even in adhesive restoration?.

Meanwhile, it has been reported that mineral trioxide
aggregate (MTA)®, which is used in direct pulp cap-
ping, provides excellent sealing property and biocom-
patibility‘” with relatively low probability of causing
inflammatory reactions, and it is considered that favor-
able therapeutic effects can be expected, including early
induction of the formation of new dentin bridges with

56 even though

regular dentinal tubule-like structures
MTA is strongly basic”. A characteristic of these
cements is that they provide sustained release of min-
eral ions such as calcium ions and hydroxide ions when
they come into contact with moisture”. In addition, it
has been discovered that calcium phosphate precipi-
tates including apatite crystals form on the material
surface through their reaction with calcium ions under
an environment in which phosphate ions are also pres-
ent”'?, and it is considered that this phenomenon
explains the favorable biocompatibility and sealing
properties of these materials'™®. MTA has therefore
attracted attention as an excellent direct pulp-capping
agent to replace the conventional calcium hydroxide

1415 " and its use in direct pulp capping was

preparation
approved under the Pharmaceutical Affairs Law in
April 2007. However, there are several disadvantages

of MTA, including operability during filling, long curing

Rehardening of Demineralized Dentin with Modified Pulp-capping Agents Containing MTA 357

period and high price®'®. To resolve these issues, res-
in-modified pulp-capping agents containing MTA, which
are calcium silicate and Portland cement, the main com-
ponents of MTA, added with resin monomers, have
been developed in recent years'” .

We hypothesized that IPC of various resin-modified
pulp-capping agents containing MTA was beneficial for
remineralization of dentin. The purpose of this study
was to measure the Knoop hardness of softened dentin
applied with cured bodies of resin-modified pulp-cap-
ping agents containing MTA at 1 month and 3 months

postoperatively.
Materials and methods

1. Experiment samples

As test subject teeth, we used human molars that
had been extracted at the Department of Dental Sur-
gery, Osaka Dental University Hospital and stored in a
freezer at —40°C. We defrosted the human molars
under running water immediately before use, observed
the occlusal surface of each tooth with the naked eye,
and excluded any teeth with caries, white spots, color-
ing or cracks.

This study was conducted with the approval of the
Medical Ethics Committee, Graduate School of Den-
tistry, Osaka Dental University (Approval No. 111093,
April 6, 2020).

2. Experiment methods

1) Preparation of samples

We prepared the samples for this study according to
the method of Matsuda et al?’. We extracted the pulp
by cutting the root of the human molar at a position 3
mm toward the root apex from the anatomical cervical
line, and cut the dental enamel and the root dentin with
a model trimmer perpendicular to the tooth axis direc-
tion. We ground the side of the enamel and the side of
the pulp cavity of the exposed dentin with waterproof
abrasive paper of #1000 to prepare a dentin sample of
10 mm diameter and 2 mm thickness. We prepared only
one dentin sample from one tooth. We measured the
hardness of the side of the enamel in each dentin sam-
ple with Cariotester (SUK-971, SaneiME), and used
those samples with hardness of around 60 KNH as
healthy dentin samples (hereafter referred to as
“healthy samples”). We made 24 healthy samples to be
used for preparing the softened dentin samples (3 sam-
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Table 1 Materials
Brand Code Component Manufacturer Lot No.
TMRMTA Powder : Calciu.m carb(?nate,.SﬂiC(')n dioxide,
TMR Aluminum oxide, Zirconia YAMAKIN 1041809
Cement .. -
Liquid : Purified water
NEX MTA Powder : C.allcmm .ox1'de, Blsmu.th ox1d§,
C . NEX Silicon dioxide, Aluminum oxide GC 1808031
men
eme Liquid : Purified water
Light-curable paste : Calcium oxide, Silicon dioxide,
Aluminium oxide, Barium zirconate,
TheraCal LC TCL Strontium glass, Bisco 1800007022
Polyethlene glycol dimethacrylate
Bis-GMA, Photo initiator
Chemically-curable paste : Portland cement,
Zi ium dioxide, .
Super MTA Paste SMP treonttm dioxide Sun Medical TV5
Hydroxypropyl methacrylate
Catalyst : TBBO, n-Hexane, Ethanol
Pf)wger : Fluo‘roalu.mmo‘ silicate glass ' ' Powder : 011621
Base Cement BC  Liquid : Acrylic acid-Tricarboxylic acid copolymer solution, SHOFU

Tartaric acid

Liquid - 031620

ples for each group X4 materials X 2 storage periods).

2) Preparation of softened dentin

To decalcify the healthy samples, we used lactic acid
(Kishida), which is one of the major organic acids gen-
erated by cariogenic bacteria. According to the method
of Matsuda et al?Y’, we soaked the side of the enamel of
a healthy sample in 50 m/ of 20 mmol// lactic acid solu-
tion, and let it stand for 10 hours while conducting suc-
tion at 0.01 MPa from the side of the pulp cavity using
an aspirator (MDA-006, ULVAC). After rinsing the
healthy sample well with distilled water, we measured
the hardness of the side of the enamel with Cariotester,
and used the samples whose hardness decreased to
around 20 KNH as softened dentin samples. We made
24 softened dentin samples for preparing the pulp-cap-
ping samples

3) Preparation of pulp-capping samples

Table 1 lists the pulp-capping agents and cements
that were used in the experiment to prepare the
pulp-capping samples. As pulp-capping agents, we used
TMR-MTA Cement (YAMAKIN, hereafter “TMR”) and
NEX MTA Cement (GC, hereafter “NEX”) which are
conventional mineral trioxide aggregate (MTA)
cements, and TheraCal LC (Bisco, hereafter “TCL")
and Super MTA Paste (Sun Medical, hereafter “SMP”)

as the resin-modified pulp-capping agents containing
MTA. We left the TMR, NEX, or SMP agent standing
to cure inside a rubber mold after mixing according to
the manufacturer’s instructions, and left the TCL agent
inside a rubber mold, and cured it by irradiating light
for 40 seconds each from two directions. Then we
shaped each into a disc with 3 mm diameter and 2 mm
thickness, placed it in a storage box at 100% relative
humidity and stored it for 24 hours in an incubator at
37°C to prepare the pulp-capping agent disc. We placed
each disc on the surface of the decalcified part in a soft-
ened dentin sample, and coated it with a Base Cement
(SHOFU, hereafter “BC”) to use it as the pulp-capping
sample. We stored the pulp-capping samples in distilled
water inside an incubator at 37°C for 1 month or 3
months, respectively, after BC curing. We made 24
pulp-capping samples (12 stored for 1 month and 12
stored for 3 months).

4) Hardness measurement

To examine the temporal changes in hardness caused
by the application of a pulp-capping agent, we mea-
sured the hardness of the healthy dentin, softened den-
tin, and dentin 1 month and 3 months after pulp cap-
ping with Cariotester. We specified the measurement
range to be within 3 mm diameter from the center of
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Table 2 Knoop hardness of dentin in each condition after 1 month and

3 months
TMR NEX TCL SMP

Sound dentin 624 (18) 636 (07) 616 (21) 628 (21)°
Demineralized dentin 218 (22) 201 (1.1) 204 (27)% 230 (26)
M 328 (27) 411 (23) 201 (05)* 565 (59)°
Sound dentin 632 (07) 608 (28) 632 (14) 628 (12)¢°
Demineralized dentin 237 (08) 239 (1.1) 215 (1.0)*> 220 (06)
3M 332 (04) 416 (40) 277 (44)> 620 (25)¢

The unit Knoop hardness of dentin in each condition.( ) means SD of

Knoop hardness. The number of samples was three for each condition. In

each group, values with the same superscript letters are not significantly

different (p>0.05).

the enamel side of a healthy sample and within 3 mm
diameter from the center of the decalcified part of a
softened dentin sample. For pulp-capping samples at 1
month or 3 months after pulp capping, we specified the
measurement range to be within 3 mm diameter from
the center of the part applied with pulp-capping agent
after removing the BC and pulp-capping agent disc
from the pulp-capping sample which had been stored
for the specified period while trying not to touch the
part to which the pulp-capping agent had been applied.
We took measurements at five points per sample, and
used the mean value of the five points as the hardness
of the sample; three samples were used for each condi-
tion.

3. Observation of SEM images

To observe the surface of the pulp-capping sample
after hardness measurement, we fixed the sample
according to the general method, conducted alco-
hol-based dehydration, then freeze-dried the sample
using a t-butyl alcohol freeze dryer (VFD21S, VD).
Then we conducted Os deposition using an osmium
coater (HPC-20, VD), and observed the SEM images
using a field emission-type scanning electron micro-
scope (S-4800, Hitachi). We also observed the surfaces
of the healthy samples and softened dentin samples in a
similar fashion.

4. Statistical processing

We subjected the measurement values obtained from
each sample to statistical analysis using repeated mea-
sure analysis of variance and Tukey’s test (p<0.05).

Results

1. Hardness measurement results

Table 2 shows the hardness of each sample that was
measured using Cariotester.

1) Hardness of sound dentin and demineralized dentin

The mean hardness of the 24 healthy samples for
preparing pulp-capping samples (3 samples X4 materi-
als X2 conditions) was 62.6%+1.7 KNH, and the mean
hardness of softened dentin samples was 22.1%x1.9
KNH. The hardness of softened dentin samples was sig-
nificantly lower than that of the healthy samples (p<
0.001).

2 ) Hardness of pulp-capping samples

(1) TMR group

Hardness after 1 month was 32.8+£2.7 KNH and after
3 months was 33.2%£0.4 KNH. Hardness was signifi-
cantly higher both 1 month and 3 months after applica-
tion than that of softened dentin samples (p<<0.05).
Hardness values after 1 month and 3 months were sig-
nificantly lower than those of the healthy samples (p<
0.001).

(2) NEX group

Hardness after 1 month was 41.1£2.3 KNH and after
3 months was 41.6£4.0 KNH. Hardness was signifi-
cantly higher both 1 month and 3 months after applica-
tion than that of softened dentin samples (p<<0.01).
Hardness values after 1 month and 3 months were sig-
nificantly lower than those of the healthy samples (p<
0.001).
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Sound dentin
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Demineralized dentin

Fig. 1 SEM images of sound dentin and demineralized dentin

Left shows the results of SEM image observation for sound dentin. The sur-

face of the sample is finely covered with crystal deposits assumed to be

hydroxyapatite and so forth, and exposure of collagen fiber was not observed.

Right shows the results of SEM image observation for demineralized dentin.

Collagen fibers were exposed due to decalcification by lactic acid.

(3) TCL group

Hardness after 1 month was 20.1£0.5 KNH and after
3 months was 27.7£4.4 KNH. Hardness did not show a
significant difference from that of the softened dentin
samples either 1 month or 3 months after application.
Hardness values after 1 month and 3 months were sig-
nificantly lower than those of the healthy samples (p<
0.001).

(4) SMP group

Hardness after 1 month was 565459 KNH and after
3 months was 62.0x2.5 KNH. Hardness was signifi-
cantly higher both 1 month and 3 months after applica-
tion than that of softened dentin samples (p<<0.01).
Hardness was also improved to a level at which there
was no significant difference from that of the healthy
samples both 1 month and 3 months after application
(p>0.05).

2. Observation of SEM images

1) Observation of sound dentin

Figure 1 (left) shows the results of SEM image obser-
vation for healthy samples. The surface of the sample is
finely covered with crystal deposits assumed to be
hydroxyapatite, and exposure of collagen fiber was not

observed.

2) Observation of demineralized dentin

Figurel (right) shows the results of SEM image
observation for softened dentin samples. Collagen fibers
were exposed due to decalcification by lactic acid.

3) Observation of pulp-capping samples

(1) TMR group

Figure 2 shows SEM images of the TMR group.

The intertubular dentin had become finer after 1
month due to calcification, with fine crystal deposits
observed at the opening of dentinal tubules, and the
intertubular dentin had become even finer after 3
months due to calcification, with fine crystal deposits at
the opening of dentinal tubules.

(2) NEX group

Figure 3 shows SEM images of the NEX group.

The intertubular dentin had become finer after 1
month due to calcification, with minute crystal deposits
observed, and the intertubular dentin had become even
finer after 3 months due to calcification, with minute
crystal deposits.

(3) TCL group

Figure 4 shows SEM images of the TCL group.
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Fig. 2 SEM images of dentin applied with TMR
The intertubular dentin had become finer after 1 month due to calcification,
with fine crystal deposits observed at the opening of dentinal tubules, and the
intertubular dentin had become even finer after 3 months due to calcification,
with fine crystal deposits at the opening of dentinal tubules.

x5,000

%20,000 &

Fig. 3 SEM images of dentin applied with NEX
The intertubular dentin had become finer after 1 month due to calcification,

with minute crystal deposits observed, and the intertubular dentin had become
even finer after 3 months due to calcification, with minute crystal deposits.
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Fig. 4 SEM images of dentin applied with TCL
The intertubular dentin had become finer after 1 month due to calcification,

with granular crystal deposits observed. On the other hand, the intertubular

dentin had become coarser after 3 months than 1 month after application due

to decalcification, with exposure of collagen fiber observed in peritubular den-

tin.

The intertubular dentin had become finer after 1
month due to calcification, with granular crystal depos-
its observed. On the other hand, the intertubular dentin
had become coarser after 3 months than 1 month after
application due to decalcification, with exposure of colla-
gen fiber observed in peritubular dentin.

(4) SMP group

Figure 5 shows SEM images of the SMP group.

The intertubular dentin had become finer after 1
month due to calcification, with minute crystal deposits
observed, and the intertubular dentin had become even
finer after 3 months due to calcification, with minute
crystal deposits.

Discussion

It is considered that the application of biofunctional
materials that provide sustained release of various ions
would be effective for the recalcification of carious den-
tin that is left in IPC. The application of carboxylate

cement containing calcium hydroxide preparation or

tannin-fluoride preparation? 29, calcium phosphate®”,
28)

bioactive glass®, and surface pre-reacted glass ionomer

(SPRG) filler®® has been examined by various meth-

ods, including hardness, X-ray, bacteriological and histo-
pathological methods. In addition, mineral trioxide
aggregate (MTA) is Portland cement modified for use

133D and has been applied in vari-

in dental applications
ous treatments including direct pulp capping, retro-
grade filling of root canal, root perforation sealing, and
root canal filling (apexification, apical plug, etc.)?.
There has also been an attempt to use calcium sili-
cate-based cements as a source of calcium ions to
induce dentin calcification while focusing on their cal-
cium ion releasing capacity®™, and their ability to
induce recalcification in decalcified dentin has been con-
firmed*®. Furthermore, application of the sustained
release of various ions by MTA may also be an effec-
tive way to induce recalcification of carious dentin that
is left in IPC, as recalcification through uptake of cal-
cium ions, phosphate ions, and fluorine ions occurs in
carious dentin®. Meanwhile, disadvantages of MTA
include difficulty in powder/liquid mixing and applica-
tion to the affected area, as well as clinical operability
due to the time required to achieve sufficient
strengths)‘ These pulp-capping agents also have no
adhesiveness to dentin or restoration materials, with
the risk of insufficient strength and small leakage after
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Fig. 5 SEM images of dentin applied with SMP
The intertubular dentin had become finer after 1 month due to calcification,

with minute crystal deposits observed, and the intertubular dentin had become

even finer after 3 months due to calcification, with minute crystal deposits.

restoration treatment. To overcome these disadvan-
tages, there have been various studies in recent years
on materials with MTA-like compositions with resins
added' 8319 Hut no study has examined the temporal
changes in hardness after applying resin-modified
pulp-capping agents containing MTA on decalcified
dentin.

In this study, we examined the effectiveness of vari-
ous resin-modified pulp-capping agents containing MTA
by measuring the Knoop hardness 1 month and 3
months after application of the pulp-capping agents and
comparing the results with conventional MTA cements,
and also observing SEM images of the surfaces to
which the agents were applied.

TMR and NEX are MTA cements whose main com-
ponent is Portland cement, and they are clinically used
as pulp-capping materials and root canal filling agents.
In this study, TMR and NEX, which are conventional
MTA cements, did not improve the hardness to an
equivalent level of healthy dentin, even though they
improved it significantly compared to the hardness of
softened dentin after 1 month and 3 months. Sawai et
al. observed that the hardness improved to a level that
was not significantly different from that of healthy den-
tin after 1 month and 3 months when NEX was applied

to softened dentin immediately after mixing and before
curing, and also observed the application surface to be
finely calcified in SEM images®. We assume that dif-
ferent experiment results were obtained as we applied
NEX as a cured body in this experiment. The effects on
softened dentin surface within 24 hours of mixing need
to be examined in the future.

TCL is a photocuring flowable resin containing cal-
cium silicate, which was developed as a material for
direct and indirect pulp capping. TCL is attracting
attention as a material which has both excellent bio-
compatibility equivalent to MTA and favorable opera-
bility of photocuring flowable resin. According to the
results of this experiment, TCL, which is a photo-po-
lymerizable resin-modified pulp-capping agent contain-
ing MTA, did not improve the hardness to an equiva-
lent level of healthy dentin, even though it showed a
tendency to improve the hardness to a higher level
than that of softened dentin in 3 months. A possible
reason for this is the high polymerization rate by photo-
polymerization; when a cured body was applied, its
effect may have been suppressed, as an iz vitro study
by Gandolfi et al.*¥) showed that its solubility was lower
than that of MTA. In the present experiment, we
placed the pulp-capping agent that had been cured in
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advance on top of the artificially softened dentin to
observe the changes in sample hardness. However, the
method in this experiment varied from actual clinical
practice; in clinical IPC, the paste of the pulp-capping
agent is applied before curing over the softened dentin
and cavity basing with glass ionomer cement is pro-
vided after it has cured. We adopted this method
because we observed the formation of a resin impreg-
nated layer-like structure on the surface in our prelimi-
nary experiment and found that it was likely to affect
the results of hardness measurement when we applied
a resin-curing pulp-capping agent before curing over
softened dentin. To avoid its effect, we cured the
pulp-capping agents in advance in this study. We plan
to examine the conditions including preparation of
pulp-capping samples immediately after photocuring in
the future.

SMP employs a mechanism to polymerize and cure
the paste containing MTA with tri-n-butylborane
(TBB). TBB is the polymerization initiator for “Super-
Bond,” a dental adhesive resin cement, and has been
reported to have characteristics such as a small amount

d*? and more effec-

of monomers that remain unreacte
tive progress of polymerization reaction in environ-
ments where a small amount of water is present43).
Furthermore, a resin-based MTA has a lower ratio of
Portland cement in the material compared to hydraulic
MTA. It is therefore expected that the amount of cal-
cium ions and OH™ released, which is an important
property of MTA, will decrease. However, it has also
been claimed that the high-purity white Portland
cement used for dental applications which is contained
in SMP has a larger calcium ion releasing capacity than
the conventional cements, and SMP has been reported
to release calcium ions and to form calcium phosphate
at an equivalent level to hydraulic MTA-based materi-
als*¥. Since SMP significantly improved the hardness
compared with softened dentin after 1 month and 3
months to a level that was not significantly different
from healthy dentin in this study, we were able to con-
firm that it affected decalcified dentin even when it was
a cured body. Meanwhile, some MTA-based materials
use Portland cement that is manufactured by using nat-
ural minerals as raw materials, causing concern over
the effects of heavy metals contained as impurities45).
However, SMP is expected to have higher biocompati-
bility, since it uses high-purity white Portland cement

$63% W5

for dental applications which is produced in Japan and

has been reported to contain no heavy metals®.

Conclusion

We conducted experiments in which we applied
cured MTA cements on softened dentin and obtained
the following findings:

1. TMR and NEX, which are conventional MTA
cements, did not improve the hardness to an equivalent
level of healthy dentin, even though they significantly
improved the hardness compared with softened dentin
after 1 month and 3 months.

2. TCL, which is a photo-polymerizable resin-modi-
fied pulp-capping agent containing MTA, did not
improve the hardness to an equivalent level of healthy
dentin, even though it improved the hardness compared
with softened dentin after 3 months.

3. SMP, which is a chemical polymerization type res-
in-modified pulp-capping agent containing MTA, signifi-
cantly improved the hardness compared with softened
dentin to a level that was not significantly different
from that of healthy dentin after 1 month and 3
months.

The authors declare no conflicts of interest associated
with this manuscript.
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Fig. 1 SEM images of the four powder particles used

for air abrasion
A @ Alumina powder, B : Zircon powder, C : Sodium
bicarbonate powder, D : Pulverized peach stone pow-
der

DHBBREZINTWEDEI DR, £/, EEAlKRA
W (HVZAFT 4 T2 —, 25V U875 F o)
bHAWTARTHER L 2. 20k, #FElS hzikiaR
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A4 Y5y 7 (ML-150P, </ k—) 2T #2,000 %
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L.
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12 DIAGNOdent HIEME 135 <, #HFHI#TI1ECO £ 7213 Cl
L C2oEE L ORI BEEE Z kb o 7z,

2) WHHEIRTE O /N B A T 20 LS R & AR O

JE T T T LR AR
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D1 D2

Fig. 2 Typical surface topography (bird’s eye view) and cross—sectional profile (the middle portion) after
abrasion with the four powder particles on enamel and dentin
Al: Alumina (Enamel), A2: Alumina (Dentin), Bl : Zircon (Enamel), B2: Zircon (Dentin), CI : Sodium
bicarbonate (Enamel), C2 : Sodium bicarbonate (Dentin), D1 : Pulverized peach stone (Enamel), D2 :
Pulverized peach stone (Dentin)

Table 1 The depth of enamel and dentin (means and standard deviation) after abrasion
with the four powder particles

Alumina Zircon Sodium bicarbonate Pulverized peach stone
Enamel 13226+1624* 4972+917° 7.81+0.83° 2.79+0.92°
Dentin  16203+59.77% 63.09+12.84" 10.46+191°¢ 5.50+1.89°

The same superscript letters are not significantly different (p<<0.05).
Unit : gm, n=6

IO L REEL &, MNEEEROE O 72 3H SN, DN avliFTiET VI PRI RS L #
BIEBE L Tz, $£7, T3 FRTPCIEERRE NI EBECRIEIE T wisd o7 (Fig 3).
RAEBFICB W OREICHEI S N L Bb N 325 o
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Table 2 Occlusal pit and fissure carious lesion with laser fluorescence
values (DIAGNOdent, peak values) before and after abrasion

Alumina powder Zircon powder
COor C1 Cc2 COor C1 Cc2

Before abrasion 160+54> 290+42* 146+47° 286+4.0°
After abrasion 60+29%¢  62+13¢ 48+31¢  7.2+16%

The same superscript letters are not significantly different (p<<0.05).
mean=*SD, n=5

3) Ml oERESEHREEO~A 70t v h— AF
=

PROFEMRLF, KEKFEF U Y LT ClREGE
TXEEAER I S D ICHEI T E e o Tz e D, TS S
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L7z (Table 3). CO £721% C1 TREERBICB W TH4E
IFANVEOHEERL, C2 TREEKTFHEOWE %
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EDMERTE T, £z, HRofEBmN T, KREKFES b
U LIz oW T, Fig 3oRE\FNTRLEZE S, B
HIT&E hepoBBGICEOLEREYO~A 7uE Yy
H— X DA 20VHN Hitg D b D 2> 5 50VHN Bl E %7~
L7z,

£ =K

INEZLEA IR O VAR 13, BE B B o NP
IREEREEAITEEABR 2 E DAY TR Y 27 2EE L TA
Bt RES N B, o TRAOYEIC L 20
», FENCE-STLE S 020 kD oNns, %
7BAE, MIOBRICHEDE, WEEEEEOESRIC X
b B DY & RANRICHT 2, B & W RIS ERE T B 0R
BOEES N, =5 AVEICRE L el o 0E 127D
s WIS A3, INEZEET OB T A VEIZIR
RLTw35E5 »0ERAMSE#E L, ok aH
W7 A3 PRI 70 B D T B AALEE 0 EA T 2 5 00 7o AL B
EzoNTw3, 361, NEEBETOWEY ORER
Fig. 3 Typical photographs of removal of occlusal pit 2 D 2 C k2% C, REIURE I N o R

and fissure carious lesions with air abrasion YiE (GIRAL) RIEES » 5. AL L RS g i
HFTREECRETERVILDYH S,
DIAGNOdent @ HI7E i 13 B8R Z R ICMES 2

using the four powder particles
A : Alumina powder, B : Zircon powder, C : Sodium
bicarbonate powder, D : Pulverized peach stone pow-

der ENTEL L LEMBREOREINRIERELIE RS
1 : Before abrasion, 2 : After abrasion (Cutting 23, BEENERFEHTD DIAGNOdent DHIEME A 5 CO, Cl,

line—) 3: After abrasion (Bucco-lingually sectional C2ZMET A LIZNEETH > 72, Lussi 5 1% DIAG-

views) NOdent Iz & % MIZEMED & 0~4 : 4, LI (=

FAVE /2 AN gL, 4~10: = F 2 VEEERL 10~
18: RFE1/2UNO@eY L Lthb, 51z, 0~
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Table 3 Vickers hardness of the abraded cavity floor at the deepest portion

Alumina powder
CO or C1

Zircon powder
C2 COor C1 C2

The abraded cavity floor

362.1+£31.4%

at the deepest portion

599+32° 357.0+37.1° 594+35°

The same superscript letters are not significantly different (p<0.05).

mean=*SD, n=5
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Removal of Pit and Fissure Caries by an Air Abrasive Unit
Using Zircon Powder

HotTa Masato, TAKITANI Yoshiaki* and KawANO Satoshi™

Asahi University
*Department of Endodontics, Division of Oral Functional Science and Rehabilitation, Asahi University School of Dentistry

Abstract

Purpose: Pit and fissure caries in extracted human premolars were removed by an air abrasive unit with
zircon particles, and compared with removal using three types of air abrasive materials (alumina, sodium
bicarbonate, and pulverized peach stone).

Methods: Grinding abilities of the air abrasive materials were investigated by measuring the depth of
ground healthy enamel and dentin in the human extracted upper frontal tooth using a three-dimensional
electron beam roughness analyzer. For evaluating the removal of premolar pit and fissure caries, DIAGNO-
dent and a caries detector were used as indices of caries removal, and the colored region or caries region
was removed using the air abrasive materials. In addition, the cavity floor was confirmed in samples pre-
pared by grinding the deepest region of the cavity after removal in the buccolingual vertical direction in par-
allel with the tooth axis using a Vickers hardness tester.

Results: The depth (um) of either enamel (mean) or dentin (mean) ground with the air abrasive mate-
rials decreased in the order of alumina (132.26, 162.03) >zircon (49.72, 63.09) >sodium bicarbonate (7.81,
10.46) >pulverized peach stone (2.79, 550). Healthy dentin ground with either air abrasive material was
deeper than ground healthy enamel. In samples ground with alumina and zircon particles, the colored or car-
les region was entirely removed. When pulverized peach stone or sodium bicarbonate particles were used,
the colored or caries region was not entirely removed. Moreover, the cavity floor of healthy dentin was
excessively ground with alumina particles, but no excessive grinding with zircon particles was observed.

Conclusion: Removal of pit and fissure caries in human extracted premolars by an air abrasive unit with
zircon particles may also remove enamel, similar to alumina particles, which are capable of completely
removing the caries region. In addition, the amount of tooth substance removed was less than when using

alumina particles.

Key words: air abrasive, zircon powder, occlusal pit and fissure carious lesions
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Fig. 1 The three toothbrushes examined in this study

(A) DENTALPRO black super compact.(B) DEN-
TALPRO black diamond compact.(C) DENTALPRO
black diamond wide.

Fig. 2 The brush head design and bristle configura-

tion of the three toothbrushes
(A) DENTALPRO black super compact.(B) DEN-
TALPRO black diamond compact.(C) DENTALPRO
black diamond wide.

C (F4fE : 366 mm?) 73bd K& o7, Sub-Llak
Sub + Ap O FHfEIZ 13.8~16.8 (mm?) & 4.7~52 (mm?)
T, BEEZ o7 (Fig7).

45 o FEEARISE Z/NER L E - REABIE,
Supra -+ Bu & Supra* Ap OFH{EA 109.0~1194 (mm?)
& 406~50.3 (mm?) T& 7. Supra- Bu & Supra
Ap THEIZ, A (F¥HE : 1090 mm? & 406 mm?) D
PrEmR &N E o7z, Sub - Bu & Sub + Ap O FH{E
1% 328~39.3 (mm?) & 132~158 (mm?) T, HEEZ
a7 (Fig. 8).
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Fig. 3 Bristle width and bristle length
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A B C

Fig. 4 Combination of flat and extremely high-tapered filaments
(A) DENTALPRO black super compact.(B) DENTALPRO black
diamond compact.(C) DENTALPRO black diamond wide. — : 1 mm

Table 1 Specifications of three toothbrush heads used in this study

Hole diameter = Number of Number of

Bristle width Bristle length
(mm) holes tufts (mm) (mm)

Bristl
Code Brand Name ristle area

(mm?)

DENTALPRO black

A 1.6 22 22+3 84 154 101.7
super compact

DENTALPRO black

B . d1.2 44 11£2 9.6 196 166.9
diamond compact

DENTALPRO black

. . D12 70 11+2 129 227 2705
diamond wide
(N) Buckling strength (N/cm?) Hardness
15.0 15.0
*
- %
k

10.0 100

50 50 I i

00 A B C 00 A B C

Fig. 5 The buckling strength (deflection force) and the hardness (degree of stiffness) of the A,
B, and C tooth bristles
The filament length : 11.0 mm, n=4, * : p<0.05.
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7z, {3FHEOE T 5> b, EHEAAHFYIETHEA
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Fig. 6 The photographs of artificial plaque (OCCLUDE Pascal) removal after brushing by

using the A, B, and C tooth brushes

— ! 5mm.
mm2 Supra * La
200 e
*
150
100
50
0
A B C
mm? Supra - Ap
50

40

*
* *
30
20
10
0
A B C

mm? Sub - La
20
15
10
5
0
A B C
mm? Sub - Ap
8
6
4
2
0
A B C

Fig. 7 The artificial plaque removal at 45 degrees to the dentition of maxillary central inci-

sor

n=>5, unit : mm? mean (SD), * : p<<0.05.

Supra - La (Supragingival Labial), Supra * Ap (Supragingival Approximal), Sub - La (Sub-

gingival Labial), Sub *+ Ap (Subgingival Approximal).

& T 1.2 mm, RSHAMIGE /NS TR Y 15
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Fig. 8 The artificial plaque removal at 45 degrees to the dentition of maxillary right second

premolar and first molar

n=>5, unit : mm? mean (SD), * : p<<0.05.

Supra * Bu (Supragingival Buccal), Supra * Ap (Supragingival Approximal), Sub - Bu

(Subgingival Buccal), Sub * Ap (Subgingival Approximal).
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Artificial Plaque Removal Efficacy of Different Sizes of Toothbrush Bristles
with Highly Tapered Filaments
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ISHIGURE Hiroshi?, KUSAKABE Shusuke? and NikaDo Toru?

Asahi University
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’Department of Operative Dentistry, Division of Oral Functional Science and Rehabilitation,

Asahi University School of Dentistry

Abstract

Purpose: Effective mechanical plaque removal is the most important measure for preventing dental caries
and maintaining periodontal health. More recently, toothbrush heads with various bristle designs have been
developed in an attempt to better reach the interproximal and gingival margin areas. The Bass technique is
effective for removing plaque adjacent to and directly beneath the gingival margins with the combined use of
a soft toothbrush. The present study evaluated the artificial plaque removal efficacy of a new manual tooth-
brush with large bristles with highly tapered filaments as compared to small bristles with highly tapered fila-
ments by using a brushing machine.

Methods: Three different toothbrushes (DENTALPRO black super compact, DENTALPRO black diamond
compact, and DENTALPRO black diamond wide) were used in this study. Supra and subgingival access was
determined by measuring when brushing using the Bass technique (the toothbrush is positioned in the gingi-
val sulcus at a 45°-angle to the tooth apex and brushed with a force of 200 g at a rate of 190 strokes per 60 s
for one minute)on the artificial plaque of a jaw model. The resulting data were analyzed by ANOVA and the
Scheffée test (o =0.05).

Results: No statistically significant differences were founded among the three toothbrushes in terms of
artificial plaque removal efficacy in the subgingival facial and subgingival interproximal areas, however, the
large brush head bristles provided significantly greater artificial plaque removal efficacy in the supragingival
facial and supragingival interproximal areas when compared to the small bristles.

Conclusions: It is suggested that the highly tapered filaments accessed the subgingival pockets and that
the large bristles were more efficient at accessing the supragingival and interproximal regions.

Key words: subgingival and interproximal area, artificial plaque removal efficacy, highly tapered filaments,
large manual toothbrush bristles
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1. Age:
2. Sex : Mmale (@female

Dyes—5  @no—4

(@high cost
Bothers (

(Dno time
@no family dentist

(Qcaries
Bothers (

(Dpain @moving tooth
@regular examination

(Dinformation of the recall
(visit dental examination
@others (

7. How many cavities do you have now?

@two

(Dno caries @one

Dyes  ®@no

(Dyes (1. dental floss

Dyes  ®@no

3. Do you have regular dental examination?

4 . What is the reason why you do not receive regular dental examination?
(@no necessity

5. What is the reason why you visit the dental clinic? (multiple answers)

6. What is the system which you expect to receive regular examination? (multiple answers)
(@reservation on the internet

@over three
8. Do you know the right brushing knowledge?

9. How many times do you brush your teeth every day?

@O0  @1time @2times @3 times  ®over 4 times
10. How many minutes is your tooth brushing time?
(Dwithin 1 minute (@2-minute @3-minute @®4-minute ®over 5-minute

11. Do you use supporting tools, dental floss or interdental brush?
ii . interdental bush)
12. Do you have a consciousness of 8020 campaign?

)

@no

Fig. 1 Questionnaire
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E LT,

2. TBI O%pR
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Fig. 2 Gender ratio

m18~19
020~29
230~39
240~49
050~59
@60~64
mOver 65
@ Unknown

Fig. 3 Age ratio
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Table 1 The reason not to receive regular dental examina-
tion in the non-dental examination group

Total Male Female

(n=268) (n=169) (n=99)
No time 155 (57.8%) 101 (54.8%) 54 (201%)
No necessity 40 (149%) 25 (93%) 15 (56%)
High cost 39 (146%) 22 (82%) 17 (6.3%)
No family doctor 17 (6.3%) 7 (26%) 0 (37%)
Others 29 (108%) 11 (41%) 8 (6.7%)

HBIERt 23 5 R B, &I 260 4 (71.2%),
EHBeEHRS 80 &4 (21.5%), HEEh 71 4% (187%), Bh:
214 (56%), zoftls % (40%) T "HAERE - 7
V== 7D "THhREYnnni-E, TEaRIT 7
Ry TSN 7 RE) TERBMEIED 2 LEHEH SN T
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HEL T (p<0.05, Fig.5).
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internet
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Fig.5 The system which the patient expects to
receive dental examination.
X test 5 * 1 p<0.05, * * * <0001

A 362), THRET IR L, (v XLk 241),
T7uz2offd b, (v RH209) »EHERRSZE
EERBBEEER LU, —77 T TR 7 > ([E)/
H)) "7 2 o (99/H) 1 T8020 2 HIEL T\ % 4 i
BAEBELZEEIZRD SN h T,

2. TBI O%HR

TBI #o#ElD PCR fE (FHfE+SD) 1& 71.8+124,
2\ H1Z 648+112, 3[EHIZ519+12.3, 4 [A1H & 453+
130 CThotz. av bua— LB 60.1+132, 2[H
Hix 541+142, 3[6H 13 548+13.2, 4[8HIZ 519+14.3
Thotz.

TBI #Ho#IEICH T 2 &R ofE (%) & 2[EH 904
+80 (p<005), 3[EH 73.1+17.8 (p<0.01), 4 [EH 64.2
+186 (p<0.005) TH b, 2[HHLUBEIZWIENIZH~T
PCRENAERICETL, 2HEEICHEL 3EH (p<
0.01), 4[EH (p<0.005) DOEFERICETL TV,
av ru— VTR, WEICNT 2EEOE (%) 13,
2\ H 904+174, 3[AIH 91.0+£89, 4 [[H 840+11.7 T
Ho, 3EHE (p<005) E4[lEH (p<001) F@IENCL
AT PCREPERICET Lz (Fig. 6).
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Table 2 The comparison of the oral health behavior in the both groups

Dental examination grop Non-dental examination grop

-val
(n=106) (n=268) brvae
No caries 73 (689%) 126 (46.6%) <0.001?
Brushing knowledge (+) 77 (726%) 104 (38.8%) <0.001?
The brushing number of time/day 0.121”
0 2 (19%) 5 (19%)
1 10 (94%) 37 (138%)
2 50 (47.2%) 140 (522%)
3 42 (396%) 73 (272%)
4 2 (19%) 13 (49%)
Brushing time/one time 0.091”
1 mim 9 (85%) 33 (12.3%)
2 mim 29 (274%) 64 (239%)
3 mim 31 (292%) 110 (41.0%)
4 mim 6 (57%) 18 (6.7%)
5 mim or more 29 (274%) 38 (14.6%)
Supporting tool (+)
Interdental brush 41 (38.7%) 41 (153%) <0.001?
Dental floss 36 (34.0%) 40 (14.9%) <0.001?

a) x’test b) Mann-Whitney U test

Table 3 The relation of regular dental examination

071-145) 0945
0.74-113) 0416
0.69-2.80)  0.364

The brushing number of times/day 1.01
Brushing time 092
Consciousness of 8020 campaign 1.39

Independent variable OR 95%Cl p-value
Age (more then 40 years old) 161  (1.02-254) 0.043
Female 183 (1.06-317)  0.032
No caries 224 (1.32-380)  0.003
Brushing knowledge (+) 362  (204-6.44) 0.000
Interdental brush (+) 241  (1.33-437)  0.004
Dental floss (+) 209  (1.09-4.02) 0.027
Industry type
Retail 1
Life service industry 065 (023-1.84) 0414
Wholesaler 111  (058-211) 0761
Electricity and gas 043 (018-1.02)  0.056
Banking 156 (0.60-4.02) 0.362
Real estate industry 058 (0.19-1.83) 0.355
Food service industry 100 (0.25-4.01) 1.000
Professional service industry 233 (065-839) 0.194
(
(
(

CI : confidence interval, OR : odds ratio
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Oral Health Behavior and Awareness of Tertiary Industry Workers:
A 2016 Questionnaire Survey in Nishi-ku, Sakai-shi, Osaka

SHIKURA Okinori, SHIKURA Takaaki!, UCHIKAWA Ryutaro?,
Y amaMoTo Akio® and Tommba Mihoko

Department of Oral Health Promotion, Graduate School of Oral Medicine, Matsumoto Dental University
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Abstract

Purpose: Recently, the number of people receiving a regular dental examination has increased, but the con-
sultation rate among workers remains low. Therefore, we explored the awareness of and health actions for
regular dental examinations of tertiary industry workers and discussed awareness-raising activities in future.
Furthermore, we clarified the effects of tooth-brushing instruction (TBI) carried out by a dentist at the sub-
ject’s workplace.

Methods: We investigated type of industry, age, sex, whether receiving a regular dental examination or
not, reasons in case of not receiving, presence of caries, knowledge of brushing, number of times and dura-
tion of brushing, requests about the system of consultation for dental examination, and awareness of the 8020
campaign among workers in tertiary industries using a questionnaire. Logistic regression analyses were per-
formed to evaluate the correlation between regular dental examination (examination group) and the others.
In addition, we divided the 21 subjects who did not receive dental examination (non-examination group) into
the TBI group (11 subjects) who received oral health instruction and the control group (10 subjects) without
instruction. A plaque control record (PCR) was made for all subjects four times every 6 months at each
workplace. We compared the PCR value in both groups and discussed the effect of TBL

Results: Of the 647 questionnaires which we distributed, 378 were returned (dental examination group: 107,
non-examination group: 269, no answer: 2). The main reason for not receiving a dental examination was “no
time”. The desired systems for dental examination were “information of recall” in the examination group and
“visit dental examination”in the non-examination group. Age, woman, no caries, brushing knowledge, and use
of interdental brush or floss were significantly associated with regular dental examination. The PCR value
after the second time in the TBI group significantly decreased compared with the first time, and the value
after the third time in the control group significantly decreased compared with the first time.

Conclusion: Receiving regular dental examinations might improve awareness of oral care and acquisition of
knowledge about brushing. In addition, it was found that TBI and examinations conducted at the workplace
led to a change in behavior toward oral cleaning. These results suggested that an active approach by den-
tists is important for workers and men under 40 years old.

Key words: regular dental examination, visit instruction, tertiary industry workers
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Fig. 1 Indicator line for phan-
tom position of shifted
panoramic radiography
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Table 1 Subjective comparison between panoramic images converted by tomosynthesis and intraoral radiographs

Panoramic radiography Intraoral
converted by tomosynthesis radiography p-value
Continuity of alveolar line 3.10+045 3451051 0.027
Cemento-enamel junction 3.30+£0.57 3.55+0.69 0.218
Anterior maxillary ~ Periodontal space 340050 3.60£0.60 0.260
Pulp cavity form of near the apex 340+0.68 3.20+=0.89 0431
Lamina dura 350£051 340=%0.60 0574
Continuity of alveolar line 2.80£0.70 3.35x0.59 0.01
Molar left side Cemento-enamel junction 250=£0.69 3.50=£0.69 p<<0.001
maxillary Periodontal space 240=£0.75 355=+0.51 p<<0.001
Pulp cavity form of near the apex 245%0.69 345=%0.76 p<<0.001
Lamina dura 245+0.69 3.55+0.60 p<<0.001

Data shown as mean=+SD.

Table 2 Subjective comparison among panoramic radiographs shifted 10 mm forward, panoramic images converted by

tomosynthesis and intraoral radiographs

Panoramic

radiography raphy forward shift

Panoramic radiog-

p-value
Intraoral

forward 10 mm converted by radiography between between between
shift 10 mm tomosynthesis AandB AandC BandC
(A) (B) ©)
Continuity of alveolar line  2.80%+0.62 340060 345+051 0.003 0.001 0.865
Cemento-enamel junction  2.70£0.73 3.55x0.60 355069 p<0.001 0.001 0.862
Anterior Periodontal space 3.10+0.55 350+0.51 3.60x0.60 0.028 0.007 0434
maxillary  Pulp cavity form of near 2.30+0.73 345+0.69 320089 p<0.001 0.002 0406
the apex
Lamina dura 275+055 350051 3402060 p<0.001 0.002 0.643
Continuity of alveolar line  2.75+0.64 3.35+049 3.35+0.59 0.003 0.001 0.524
Molar left Cemento-enamel junction 250061 3.05£0.69 350£0.69 0.017 p<<0.001 0.200
side max- Periodontal space 250061 290+0.72 355051 0.099 p<<0.001 0.003
lar Pulp cavity form of near 270047 310072 345+0.76 0.550 0.018 0.522
y the apex
Lamina dura 275+055 3.05%0.76 355£0.60 0.181 0.002 0.135
Values represent mean=+SD.
LARVIZH L, FPEY VRV RENS S THED, K

AT OB, EEVHEIE Y 7> b oicxwLs s 9
2 X BEEE L B vy RERITEERTY, T8k
5 N FEEHIIC X b EE &5l L, EEHRKICB T S
HFEOEREZME T L TH-., bhbhig,
BIFICKRELEM L TRE LGS E T vy Rk
FHIEIC X D BTSEER « FHEER & D IC FBNWZHT L L dTg
BT DI EEBELPIC UL, AIHEE, X F< X%
Zfidss U, B8 & OV AR o F R 8 1) 2 2T

HOBICEN L 7256 OfIERN R o M2 BE Uk
HOMETH 5.

SRR, B FEY VR Y RETHIET 3
&, BB 2 MM S B T NDERICED» -
7o, L b, EEHEAE T LAIIE L 2SR ONE
X FRETR & TERTH AT TIRIFE AL DHEHICE W T
ER otz T, FPEY VRS RAERIEIC K D S
J IR XMl E EIckl AbhIMEEELRED
A X%, EODLUHIHETTCREFLIRET S LT
%, X OHALERIELND L TR L hEE
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Table 3 Subjective comparison among panoramic radiographs shifted 20 mm forward, panoramic images converted by
tomosynthesis and intraoral radiographs

Panoramic Panoramic radiog- p-value
radiography raphy forward shift Intraoral
forward shift 20 mm converted by radiography between between between

20 mm tomosynthesis AandB AandC BandC
(A) (B) (©)

Continuity of alveolar line ~ 1.55+0.83 3.35+0.49 3451051 p<000l p<0001 0524

Cemento-enamel junction 210x0.72 3.40=£0.60 355069 p<000l p<0.001 0.320

Anterior Periodontal space 140094 375044 360060 p<000l p<0.001 0.446

maxillary  Pulp cavity form of near 1.25£0.79 3.35+£0.59 320089 p<0001 p<0.001 0.789
the apex

Lamina dura 1.45£0.69 370047 3401060 p<0.001 p<0.001 0.097

Continuity of alveolar line  2.25+0.55 3.25+0.64 335059 p<0.001 p<0.001 0.635

Molar left Cemento-enamel junction  2.30%0.73 3.00+0.65 350£0.69 0003  p<0001 0018

side max- Periodontal space 245%0.83 3352049 355+051 p<0.001l p<0.001 0.209

illary Pulp cavity form of near 250£0.61 3.30£0.66 345+0.76 0.001 p<<0.001 0.370
the apex

Lamina dura 270047 325055 3.55+0.60 0003  p<0.001 0.082

Values represent mean=£SD.

Table 4 Subjective comparison among panoramic radiographs shifted 10 mm backward, panoramic images converted by
tomosynthesis and intraoral radiographs

Panoramic  Panoramic radiogra- p-value
radiography phy backward shift Intraoral
backward 10 mm converted by radiography between between between

shift 10 mm tomosynthesis AandB AandC BandC
(A) (B) (©)
Continuity of alveolar line  145+051 295+0.39 345+051 p<0.001 p<0.001 0.002
Cemento-enamel junction  1.55+0.69 285067 3551069 p<0.001 p<0.001 0.002
Anterior Periodontal space 1.10+055 3.00£0.32 360060 p<0001 p<0.001 p<0.001
maxillary  Pulp cavity form of near 145x051 2.80+0.70 320+089 p<0.001 p<0.001 0.079
the apex
Lamina dura 1.15£0.67 295+0.39 340060 p<0.001 p<0.001 0.007
Continuity of alveolar line  1.90x0.64 205£0.76 3.35£0.59 0720  p<0.001 p<0.001
Molar left Cemento-enamel junction  1.85%+0.75 1.80+0.77 350£0.69 0.744 p<<0.001 p<0.001
side max- Periodontal space 1.40+0.50 1.25+0.55 3551051 0405 p<0.001 p<0.001
. Pulp cavity form of near 1.25+0.55 1.25+0.79 345+0.76 0.823 p<0001 p<0.001
illary
the apex
Lamina dura 1.50=x0.76 1.15£0.81 3.55+0.60 0.251 p<0.001 p<0.001
Values represent mean=+SD.
Ltz t#ElEh 5, EENTW, 2L, 20 mm OFTAFEAICE T

10 mm OZEL R CIRAT T & L 0% T L SRR & 1%, RUMEER - FHEESOLEEPIERICKE L Z L
DTS CIRRWESNA, ONEEHET 2 L wTh A, TNHRONEEHKRLTHIFLALER Dok
bW LV TH o7, F72, 20 mm BT ERE CIXETHE CERFHITREFBRETH 572, 10 mm EA7E 20 mm
HOLHEHEUWE LD, PO ONEDIEI DIFZEA ZALICBWTEDPH B FEAIX, 10 mm 2467 TR IERTT
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Table 5 Subjective comparison among panoramic radiographs shifted 20 mm backward, panoramic images converted by
tomosynthesis and intraoral radiographs

Panoramic  Panoramic radiogra- p-value
radiography phy backward shift Intraoral
backward 20 mm converted by radiography between between between

shift 20 mm tomosynthesis AandB AandC BandC
(A) (B) ©
Continuity of alveolar line  0.15%+0.37 2751055 345051 p<0001 p<0001 p<0.001
Cemento-enamel junction 020041 255£0.69 355+069 p<0001 p<0001 p<0.001
Anterior Periodontal space 0.10£0.31 2.65+0.59 360060 p<000l p<0.001 p<0.001
maxillary  Pulp cavity form of near 0.30£047 255+0.89 320089 p<0001 p<0.001 0.220
the apex
Lamina dura 0.00£0.00 2.70+0.86 340060 p<0.001 p<0.001 0.007
Continuity of alveolar line  0.95+0.51 1.95+0.76 335059 p<0.001 p<0.001 p<0.001
Molar left Cemento-enamel junction  1.05+051 1.65+0.75 3.50£0.69 0.008 p<0.001 p<0.001
side max- Periodontal space 0.55+0.60 1.00£0.65 355+051 0.031 p<0.001 p<0.001
. Pulp cavity form of near 0.40£0.60 0.75£0.72 345+0.76 0.100 p<0.001 p<0.001
illary
the apex
Lamina dura 0.55+0.60 0.80+0.77 3.55+0.60 0.313 p<0.001 p<0.001
Values represent mean=SD.
Shift amount —20 mm —10 mm 0 mm 410 mm +20 mm

Panoramic
radiography images

Converted
tomosynthesis images

a ' maxillary anterior tooth

Shift amount —20 mm —10 mm 0 mm +10 mm +20 mm

Panoramic
radiography images

Converted
tomosynthesis images

b : maxillary left posterior tooth

Fig. 2 A typical images of panoramic radiography and converted by tomosynthesis
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Fig. 3 MTF of each shift position in panoramic radio-
graph
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Fig. 4 MTF of each shift position in panoramic radio-
graph converted by tomosynthesis

Table 6 Comparison of MTF value for spatial frequency between panoramic radiographs

and panoramic images converted by tomosynthesis

Panoramic radiography converted

Position Panoramic radiography . p-value
by tomosynthesis
420 mm shift 0.39+0.14 043+0.19 0.718
+10 mm shift 0.56+0.105 0.51+0.09 0.578
0 mm 0.67+0.07 0.64+0.16 0.654
—10 mm shift 0.25+0.03 0.68+0.04 p<<0.0001
—20 mm shift 0.30£0.26 0.26+0.16 0.800

Values represent mean+SD. 1.25 cycles/mm (thickness : 0.4 mm)

b —EDARAT THolclzd, FET VLY AMMIEDE
ERNE oo tEZbN5, £7z, 20 mm BiHZE
AR5 73 [FI BRI D32 1 FE X TR % 22 IR IE 11 2356
N B, YRR - #IED T RRE R H PN IC B
W, RINER» SROIEVIEHIch -7z L bhvbn
EHERIL 72

FrCHiBEERIC B v CHEIRAR I, AR T 5 LA
HEDEIRICHARIEARK OB O PEF I T8, bE
UV ABTHIET 2 Lick > TR A BER L _L
FTIAEBEESN TV, ZOIAKDENITH T
LEIED, FEFMCFSL 020 EEILND,
MTF f##7iZ, %77 10 mm TG L 72 & S IR
KB THIEC X D ERRHREOREE2 R L, 20
FERIE, FAEMRPICE T 2 EETHMOMSE L —3 L
TWwW5, —T, E»OEMEFEICE Y Tk MTF @t
THEMZ RS hholk, HHEZHEO~EETEH
%58, KORVERBEERS, ATH X AS Y 74 L
DOBEFEHRELFEL LS, LEdoT, ThoH
FZOWED FEY UL RIC K B FEEMEICEEL 2]
YD 2. 62 FERDIICOVTE, SHEOHE
ELTHRTOEZ W, 72, AW TIE 20 mm % HA
DERMEE L7dS, Tl EDZERIIIRFEEE O AR
RIS 2 7205 L T 59, FRRIN & IFARIPH X
FLOEEHIIL Ty,

WEAE, COVID-19 2 &de ™ A L AT & 2 YL AT 5L
7R SRIEE o T b, ThE T AL X IFEPERIH
FICHHEET 3 LG SN TE Y, RkELEO Ik
KB EREBERE LB TIHEEICEEAMNETH
5. FELVRVRAETIIN S XEEEH VS
DOAMENICHRIESZ ANS Z L RPAETH b, [H
RZWNC B 2B IESKO—BI L 2B L EX 6B,

HEBSTH 2 b2EICE T B 2018 40 Eiffl X
F281%Tdh b, NENOREIC X % & 2065 I 1 Eik
L#RI1Z 384% 1272 5 L ME SN TWBEY, ok
BHESNERD» S, HOTHHAELR EXBE RO LN
HLOLEESISICHEA, RO TCREE SN
MBS 255 N THEIEEICKE RS 2 RN
mezeFEINns, CoMEIZNL, AFFETcH N
TAERIE, HEIBREOMNEALZLIZFEY YRy A
EHROTEHEGMHIEEZ{TS> LT, LV EERTE
AR E R S Tz,

FEY VR Y RAEOIGHIZEEREROE ORI AL H
5, %7, wHElcBLWTRERO~ v 74 —D &
SIBIIRE E NE L L wizd, [ERD 7 I =ik
LASOWIBEMETTE, $72, MESIck 2 LW
ARNEEREE 7 4 VL UWCTHRE LS80 ETHE
134 66.2 uSv, TV Y UEHERE R VTS T2k
TGA TN 163 uSY TH b, /3 F<IRFICHE LG



2020 4F 10 H

EFOWNEN AR LR 5.
AFFRORBRFRE LTk, EFERHeTVEHVTVS
T OMEBZHICHEHTE B LU HE S5k w5 B
Fwleo Tk, SHBOBHEE LT, WEAETIVEE
L, X bERRIGEOIRER B ERRZHICBL TS b
BV VRV AEPEHTE 202 T 20885 5 L
EZ5,

& &

AR IC N U 72 s O U ARMR DM L 72l T
b, FEYVERYAFEMHIEIC X b ETEEIZE R BN
BWIL R DHREL, L b, FIFICKELSEML
THEE LG AT - Fl e D ICSEIHETH
b, DNE X BRERICS 572w RERERP G605
EPTBI N,

AW 12 JSPS BHHFZ: 20K18547 OBl 22 7= b DT H
3.

AL <, BRet 7 2o F v - P %82 X b Pano-
ACT-ART Plus DEE %213 £ L7223, BIR TN = MM
KERIZH D £H A,

X #®

1) BSOAm. ERHEGSR W o RHTER. BERERERSE
2014 ; 31 : 65-69.

2) B S 5w XBRIEROL AT v A2 DS LT,
I B3 i 4338 2012 5 38 © 117-128

3) RfdExA, SRE=EIA, BSOS, KEBESR 7Y%
7 7% XREHROIERKEZ T & 255k 7 7~ b LD
BH¥E. $HC 2012 5 52 : 47-60

4) Bhakdinaronk A, Manson-Hing LR. Effect of radio-
graphic technique upon prediction of tooth length in
intraoral radiography. Oral Surg Oral Med Oral Pathol
1981; 51: 100-107.

5) Adarsh K, Sharma P, Juneja A. Accuracy and reliability
of tooth length measurements on conventional and
CBCT images: An iz vitro comparative study. ] Orthod
Sci 2018; 7: 17.

6) WEX AR BEHEHRIEROBIR & kR Y
2019 ; 62 : 238-242.

H B R A7 5E

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

FEV VR RFEER VTR 5 X BREER O FE - YRR 403

EHbEE—ER, BESCEAm, Mk 2B Ok 2 BEHIAE,
AHfIE, FIALFUT4 AN — EREEREFY
OV AR 1M ACRENS @ 50 5 2015
Ogawa K, Langlais RP, McDavid WD, Noujeim M, Seki
K, Okano T, Yamakawa T, Sue T. Development of a
new dental panoramic radiographic system based on a
tomosynthesis method. Dentomaxillofac Radiol 2010; 39:
47-53.

Katsumata A, Ogawa K, Inukai K, Matsuoka M, Nagano
T, Nagaoka H, Yamakawa T. Initial evaluation of linear
and spatially oriented planar images from a new dental
panoramic system based on tomosynthesis. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod 2011; 112:
375-382.

fiisEd. by 22 HAOLADSAMEGRSE. &
FIERIEHRSFE 2012 5 29 : 82-84

rRiLZEfn, NEESRZE, BRI, REEE,
AHhEE—ER, P VRV AKBEEE T 58 T X
iEE AV Ol L BEREO X #RATR. R 2013 ;
53 1 32-33.

Rahmel S, Schulze RKW. Accuracy in detecting artificial
root resorption in panoramic radiography versus tomo-
synthetic panoramic radiographs. J Endod 2019; 45:
634-639. e2.

WS, ANRMF, R, BEER, EEE
ANERE, SREEE, BNRE bPEVVRIRICKD
287 T Wi EE AR RE RO MTF. BH#EHEY 2015 ;
44 : 145-156.

MR &b, BESAm, NS, HBEE—, BT
T, R, BMNEX, GHE—. /7 5 < X ik
FOKFHIAR F AN BT 2 FRET. 8k 2012552 9-
14,

Zou L, Ruan F, Huang M, Liang L, Huang H, Hong Z, Yu
J, Kang M, Song Y, Xia J, Guo Q, Song T, He J, Yen HL,
Peiris M, Wu J. SARS-CoV-2 viral load in upper respira-
tory specimens of infected patients. N Engl ] Med 2020;
382: 1177-1179.

NI, SfnERERtE2EE St oBR &5k
5. https://www3.cao.go.jp/kourei/whitepaper/w-2019/
zenbun/pdf/1sls_0l.pdf (202046 H 30 H7 7 & R)
FEFE—, RS, HBEE— A D, BT
T, BREX, AMEE. OFEE & CEERT v 7 A%
REZIC BT RIS E B U 72 ER0AR s, H AR E:
£is 2009 5 65 : 594-602.



404 H A & B & & % M & e3& Hb

afn

Subjective and Physical Image-quality Evaluation of Periodontal Tissue
Findings with Panoramic X-radiography Using Tomosynthesis

SUGIHARA Shuntaro, MorozuMI Toshiya, Kozar Yusuke ™,
INNAMI Hisashi™®, Izumt Masahiro™, TAMURA Toshiyuki,
SAKURAI Takashi™ and MINABE Masato

Division of Periodontology, Department of Oral Interdisciplinary Medicine,
Graduate School of Dentistry, Kanagawa Dental University
*Division of Radiology, Department of Dentomaxillofacial Diagnosis and Treatment,

Graduate School of Dentistry, Kanagawa Dental University

Abstract

Purpose: Intraoral X-ray generates clear images; however, full-mouth X-rays are time-consuming and
involve the risk of discomfort to the patient as well as cross-infection by saliva. This study focused on tomo-
synthesis, in which the shapes and positions of the sections in panoramic X-rays are changed, and images are
reconstructed.

Methods: Panoramic and full-mouth intraoral X-rays were performed using a dental radiography head
phantom. Panoramic X-rays involved imaging at five positions, which were the standard positions with dis-
placements of 10 and 20 mm backwards and forwards, followed by correction by tomosynthesis. Taking as
the reference a panoramic X-ray from the standard position, a dentist subjectively evaluated each of the fol-
lowing types of images for all 20 subjects: (i)displaced panoramic image; (ii) tomosynthesis-corrected image;
and (iii) intraoral image. Evaluation parameters were alveolar crest line continuity, cement-enamel boundary
visibility, root canal identifiability, pulp cavity morphology close to the apical region, and alveolar hard line
identifiability, in the maxillary anterior dental region and left maxillary molar region. Each of the images was
evaluated on a scale of 0 to 4 as follows: 4: very distinct; 3: distinct; 2: visible; 1: partly visible; and 0: com-
pletely invisible. In addition, as an objective evaluation, the modulation transfer function (MTF) was analyzed
in relation to images at each position and corrected images.

Results: In the anterior dental region in images displaced 10 mm forwards and the anterior dental and
molar regions in images displaced 20 mm forwards, the subjective evaluation was significantly higher with
the corrected images (p<<0.001). No significant differences were found between the corrected and intraoral
images. However, in the anterior dental region in images displaced 10 mm backwards and the anterior dental
region and some molar parameters in images displaced 20 mm backwards, the subjective evaluation was sig-
nificantly higher with the corrected images (p<<0.001). Comparison of the corrected images and intraoral
X-rays showed that, with backward displacements of both 10 and 20 mm, all parameters other than pulp cav-
ity morphology close to the apical region were significantly higher in the intraoral X-rays (p<<0.001). The
MTF analysis showed that in the anterior dental region with backward displacement of 10 mm, correction
significantly increased the sharpness (p<<0.0001).

Conclusions: Even in images with a large penumbra, from positions with displacement backwards and for-
wards, significant improvement in sharpness in the anterior dental region was achieved by correction using
tomosynthesis. In particular, in the case of imaging with large displacement forwards, correction improved
sharpness in both the anterior dental and molar regions, suggesting that images of a quality not inferior to
that achieved by intraoral X-rays can be obtained.

Key words: tomosynthesis, panoramic X-radiography, subjective evaluation, MTF analysis
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Evaluation of Root Canal Wall Displacement and Working Time
in Simulated Curved Root Canals Using Various Reciproc Files

SEKIYA Miki, MAEDA Munehiro,
NisHIDA Taro and IGARASHI Masaru

Department of Endodontics, The Nippon Dental University School of Life Dentistry at Tokyo

Abstract

Purpose: To compare the shaping ability of the combination of the R-PILOT (RP) Reciproc glide path file
and the conventional Reciproc (RC) or the more flexible Reciproc Blue (RC Blue) by investigating root canal
wall displacement on the inner and outer sides of the curvature and the working time.

Methods: The curvatures of J-shaped curved root canal model blocks were scanned as image files. All
canals were negotiated with a #10 stainless steel K-file (KF), randomly divided into six blocks in each of five
groups, and prepared to size 25 as follows: group A (#15 KF-#25 KF), group B (RP-R25 RC), group C (#15
KF-R25 RC), group D (RP-R25 RC Blue), and group E (#15 KF-R25 RC Blue). The displacement of the root
canal wall on the inner and outer sides of the curvature from the superimposed images before and after
preparation and the working time for each group, process, and file were measured. Statistical analysis was
performed using the Wilcoxon signed-rank test, one-way analysis of variance, or the Kruskal-Wallis test fol-
lowed by Dunn’s post hoc test. Values of p<0.05 were considered statistically significant.

Results: In group A, the root canal wall displacement was the largest on the outer side of the curvature at
1 mm from the apex. In the groups using RP, root canal wall displacement was smaller on the inner side of
the curvature at 1 and 2 mm from the apex compared with #15 KF. The groups using RC Blue had less root
canal wall displacement on the inner side of the curvature compared with RC, and the displacement on the
inner and outer sides of the curvature was almost equal. Total working time was as follows (in decreasing
order): A>E>C>B>D. The working time during glide path preparation was #15 KF >RP, and during root
canal shaping was RC>RC Blue.

Conclusion: The combination of RP and RC Blue maintained the original root canal curvature and short-
ened the working time.

Key words: nickel-titanium rotary file, reciprocating single-file system, Reciproc, root canal wall displacement,
working time
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Introduction

For successful endodontic treatment, it is important
to disinfect the root canal system thoroughly and pre-
vent reinfection of the pulp cavity. The key to remov-
ing the source of infection from the root canal system is
root canal preparation (mechanical preparation of the
root canal), irrigation (chemical cleaning of the root
canal), and filling. In particular, the purpose of root
canal preparation is not only to remove the infection
source (cleaning), but also appropriate shaping of the
root canal (shaping) for efficient irrigation and hermetic
ﬁllingl’S). Ideally, root canal preparation minimizes api-
cal transportation and forms a continuous taper from
the root canal orifice to the apical foramen while main-
taining the original root canal system. In particular, the
success rate of curved root canal treatment greatly dif-
fers depending on whether the original root canal mor-
phology can be followed or not?.

Stainless steel (SS) hand instruments have tradition-
ally been used for root canal preparation. However, in
recent years, numerous root canal preparation methods
using nickel-titanium (Ni-Ti) rotary instruments have
been reported as being more efficient”™™. Ni-Ti rotary
instruments, which are recognized as being effective
for preparing constricted and curved root canals, can
complete root canal preparation mechanically and rap-
idly by using a larger taper file than the ISO standard
0.02 taper design attached to a low-speed rotary engine.
For this reason, the proportion of using Ni-Ti files
depending on the case has been increasing®. Among
such instruments, Reciproc (RC; VDW, Munich, Ger-
many), which is used in a reciprocating motion that
rotates 150° counterclockwise and then 30° clockwise,
has been shown to improve fracture resistance. There-
fore, RC appears to be a simple and revolutionary sys-
tem that can complete root canal preparation with only
one file using a dedicated engine with an established
rotary speed and torque value”. RC exhibits high cen-
tering ability and safety'”. In addition, R-PILOT (RP;
VDW), a Reciproc file for glide path preparation, has
been developed to require less displacement glide path
preparation. Furthermore, Reciproc Blue (RC Blue;
VDW), which was introduced in 2017, has higher flexi-
bility and cyclic fatigue resistance than the conven-
tional RC because of an innovative heat treatment tech-

[ I
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IL12) Therefore, previous studies have reported

nique
the usefulness of RC Blue in complex root canal sys-
tems based on a comparison with RC in regard to shap-

B9 However, to

ing ability and cyclic fatigue resistance
our knowledge, no report has examined the shaping
ability and working time for root canal preparation
when combining RP with the above techniques.

The purpose of this study was to compare the shap-
ing ability of the combination of RP and RC or RC Blue
on curved root canal preparation by investigating root
canal wall displacement on the inner and outer sides of
the curvature and the working time for each group,
process and file.

Materials and Methods

1. Materials for the Preparation

J-shaped curved root canal models (root canal length:
16 mm, 0.02 taper, Endo Training Bloc J-Shape 15;
Dentsply Sirona, Ballaigues, Switzerland) were used in
this study. A #15 SS hand K-file (KF; 0.02 taper, 21 mm,
MANTI, Tochigi, Japan) and the RP (tip size 125, 0.04
taper, 21 mm)were used for glide path preparation. For
subsequent root canal shaping, #15 KF-#25 KF, R25 RC
(tip size 25, 0.08 taper, 21 mm), and R25 RC Blue (tip
size 25, 0.08 taper, 21 mm) were used.

2. Preparation of the curved root canal model

blocks

The curved surface of each root canal model block
was scanned as an image file using a high-resolution
flatbed color image scanner (GT-X970; EPSON, Tokyo,
Japan) before root canal preparation. During scanning,
the position conditions were unified so that the blocks
could always be scanned in the same position. The
scanned blocks were negotiated with #10 21 mm KF,
and a working length of 15 mm was determined. The
circumference of the blocks was covered by opaque
tape to mask the root canal system. Then, all blocks
were randomly divided into six blocks in each of five
groups, and the apical preparation size was set to 25 as
follows: group A (#15 KF-#25 KF), group B (RP-R25
RC), group C (#15 KF-R25 RC), group D (RP-R25 RC
Blue), and group E (#15 KF-R25 RC Blue). The canals
were always filled with distilled water, and all canal
preparations were completed by one operator (7 years
of clinical experience) following the manufacturers’
instructions.
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The pre-curved KFs were inserted to the full work-
ing length along the external form of the root canal ori-
fice. The main preparation method was a quarter-turn/
pull motion. A #15 KF was inserted to the working
length and used until the file was loose in the canal.
Frequent, copious irrigation with distilled water using a
25-m!/ syringe (Terumo Medical Corp. Tokyo, Japan)
and a 25 G needle (Nishika, Shimonoseki, Japan), and
frequent recapitulation with the #10 KF to the working
length were performed after each instance. In group A,
the same operation as that with a #15 KF was per-
formed up to size 25.

All Reciproc files were attached to an X-Smart Plus
endodontic motor (Dentsply Sirona) set to the RECIP-
ROC mode of the reciprocating system. The Reciproc
files were passively inserted into the canal along the
external form of the root canal orifice or the glide path.
An in-and-out pecking motion with an amplitude of 3
mm using light apical pressure was considered to be
one peck; three pecks were performed. Frequent, copi-
ous irrigation with distilled water, debris removal from
the flutes, and frequent recapitulation with the #10 KF
to the working length were performed after every
three pecks. This process was considered to be one
cycle, and three cycles were repeated until 1 mm short
of the working length. As soon as the working length
was reached, the Reciproc files were removed from the
canal and the process was considered complete.

3. Evaluation of root canal preparations

After the root canal preparations, each block was
scanned by the flatbed color image scanner, and the
images obtained were superimposed on images scanned
before root canal preparation using Photoshop CS6
(Adobe Systems, San Jose, CA, USA). Measurement
points were determined at 1, 2, 3 mm, and 4 mm from
the apex. A line perpendicular to the long axis of the
root canal was drawn at each measurement point, and
the amount of root canal wall displacement (distance of
the root canal wall before and after preparation) on the
inner and outer sides of the curvature was mea-

sured!>1®

, as shown in Fig. 1. The measurement of
working time started after confirming negotiation with
the #10 KF. The irrigation and file exchange times
were excluded from the measurement time'”. In addi-
tion, the working time was measured for each process

and each file used in groups B to E.

Shaping Ability of Reciproc Blue 407

Outer

3 mm
2 mm
1 mm
0 mm (apex)

Fig. 1 Measurement positions of root canal wall dis-
placement in this study

4. Statistical analysis

All values were expressed as mean=*standard devia-
tion (SD). Statistical analyses were performed using
SPSS Statistics (version 25; IBM Japan, Tokyo, Japan).
Statistically significant differences were assessed using
the Wilcoxon signed-rank test, one-way analysis of vari-
ance, or the Kruskal-Wallis test followed by Dunn’s
post hoc test. Values of p<0.05 were considered statis-
tically significant.

Results

No file fractures, perforations, apical blockages, or
loss of working length were observed in any of the
groups.

1. Root canal wall displacement

The root canal wall displacement at each measure-
ment point on the inner and outer sides of the curva-
ture in each group is shown in Table 1. In addition,
comparisons of each group are shown in Fig. 2. The
root canal wall displacement was significantly greater
at 1 mm from the apex on the outer side of the curva-
ture in group A than in the other groups (p<<0.05). In
the groups that used RP for glide path preparation, the
root canal wall displacement was significantly smaller
at 1 mm and 2 mm from the apex on the inner side of
the curvature compared with #15 KF (p<0.05). The
groups that used RC Blue for root canal shaping had
significantly smaller root canal wall displacement on the
inner side of the curvature compared with RC (p<
0.05). Furthermore, the root canal wall displacement
was significantly different at each measurement point
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Table 1 Root canal wall displacement at each measurement point on the inner and outer sides of

the curvature in each group.

Inner/Outer (mm) A B C D E

4 mm 0.22+0.03/ 0.28+0.04/ 0.27x0.05/ 0.20+£0.03/ 0.18+0.05/
0.14+£004** 009+003** 014+002** 0.194+0.04 0.18+0.04

3 mm 0.21+£0.02/ 0.25+0.03/ 0.25+0.04/ 0.17+0.03/ 0.16+£0.03/
0.14+004** 011£003** 014+003** 0.19+0.03 0.18+0.04

2 mm 0.13+0.03/ 0.19+0.03/ 0.23+0.02/ 0.13+0.03/ 0.15+0.03/
0.18+0.04* 011+£002** 0.12+004** 0.17+0.03* 0.16%+0.03

1 mm 0.11+0.04/ 0.16+0.05/ 0.20+0.04/ 0.10+£0.02/ 0.14+0.04/
026+003** 009+£002** 011£006** 0.12x0.02 0.08+0.02**

Statistically significant differences between the inner and the outer were observed (Wilcoxon

signed-rank test, * : p<<0.05; * * : p<<0.0l)

Inner measurement points from apex Outer
[ —
:|::F:|::[ I - | 4 mm j}1j|
— =
:[{{{{ ‘ 3 mm \ _W;H:}} =B
— W oz ac
T P 1 } |
:[:[*% ] 1 mm : 4 :|
v 7 74— 1
(mm) 035 030 025 020 015 010 005 0 0 005 010 015 020 025 030 0.735 (mm)

Fig. 2 Comparison of root canal wall displacement among each group (Kruskal-Wallis test followed by Dunn’s test,

% 1 p<005: % * : p<001)

on the inner and outer sides of the curvature, except
for group D at 1 mm from the apex and group E at 2
mm from the apex (p<<0.05).

2. Working time

The total working time was as follows (in decreasing
order): A (11267%+536s) >E (7279%£9.32s) >C (71.32
+772s) >B (38.08+3.11s) >D (31.02£1.54 s). The
group that used the Reciproc files for root canal prepa-
ration required significantly less time than the groups
using only hand instruments (p<0.05, Fig.3). For
groups B to E, the working time for each process and
each file used is shown in Fig. 4. The working time
during glide path preparation was #15 KF>RP, and
during root canal shaping was RC>RC Blue. A signifi-

cant difference was observed between the total work-
ing time and the glide path preparation time (p<<0.05).
In addition, significant differences were observed
between the glide path preparation time and the root
canal preparation time and between the files in each
process (p<<0.05).

Discussion

Two types of instruments are typically used for
mechanical root canal preparation: SS and Ni-Ti instru-
ments. SS hand instruments, which have conventionally
been used, have excellent cutting ability, but lack flexi-
bility. When performing flare preparation on a curved
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during glide path preparation using a #15 stainless
steel hand K-file (KF), (Kruskal-Wallis test followed
by Dunn’s test, * : p<0.05; * * : p<001)

root canal with SS hand instruments, the files tend to
deviate from the original root canal system and
straighten the root canal because the outer side of the
curvature of the root canal is cut as the size increases.
This instrumentation causes ledge, zip, and strip perfo-
rations easilyg). These inadequate preparations not only
lead to portions of the root canal remaining uncut, but
also make tight root canal filling difficult and cause a
poor prognosis. In this study, group A, which was pre-
pared using only SS hand instruments, had greater root
canal wall displacement than the other groups at 1 mm
from the apex on the outer side of the curvature. This
result suggests that the outward displacement and
straightening of the root canal near the apical foramen
is the largest in the case of root canal preparations for
a curved root canal using only SS hand instruments.
Hand instruments, especially when the size is #30 or
larger, quickly reduce flexibility. Eldeeb et al. reported
that regardless of file type, zipping in a curved root
canal increases significantly with increase in file size,
especially from size 30 to 35, so apical canal preparation
should be limited to size 25 or 30'”. Therefore, it is con-
sidered better to select step-back preparation for apical
preparation of a curved root canal with files larger than
size #25. In addition, root canal preparation by hand
instruments is not only time-consuming and labor-inten-
sive, but also affected by the operator’s tactile sensa-
tion. Therefore, to reduce the working time and stress

(b) Each glide path file

Fig. 4 Working time for each process and each file
used

(c) Each shaping file

(a) Comparison of the time taken for glide path
preparation and root canal shaping, (b) Comparison of
the glide path preparation time between using a #15
stainless steel hand K-file (KF) and R-PILOT (RP),
(c) Comparison of the root canal shaping time between
using R25 Reciproc (RC) and R25 Reciproc Blue (RC
Blue). Tukey’s test, * * : p<001

and obtain a uniform root canal preparation method
that is not affected by the operator, mechanical prepa-
ration has attracted increasing attention.

Ni-Ti alloy has a shape memory effect and superelas-
ticity. Currently, the use of Ni-Ti rotary instruments
has become indispensable for root canal treatment
because these can rapidly shape root canal walls using
a tapered design file and mechanical root canal prepa-
ration with a low-speed rotary engine®®'® . Ni-Ti instru-
ments are more flexible than SS instruments, so they
have superior centering ability and are better suited for
curved root canal preparation. Esposito et al. reported
that Ni-Ti instruments are more effective for maintain-
ing the original path of curved root canals when apical
preparation is enlarged beyond size 30!, Also, a study
on the comparison of root canal preparation by K-files
or Ni-Ti rotary files between operators reported that
Ni-Ti rotary files performed with superior root canal
followability in a shorter time than K-files even for
operators with poor clinical experienceZO). From the
above report, we considered that variation of the proce-
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dure among operators was unlikely, and so the present
study was performed by one operator. The early-gener-
ation Ni-Ti rotary instruments produced in the early
1990 s fractured easily because of low torque values at
fracture. Therefore, to prevent the fracture of Ni-Ti
rotary instruments, improvements have been made in
the design of the cutting blade, heat treatment, and
rotary motion. In contrast to the typical Ni-Ti file, RC
has an S-shaped cross-sectional design. In addition, RC
is made with an M-wire Ni-Ti alloy, which was devel-
oped by transforming an Ni-Ti wire in the austenite
phase into the R-phase using a special heat treatment
technique. M-wire has higher flexibility and cyclic
fatigue resistance than conventional Ni-Ti rotary instru-
ments®. In addition, a continuous rotary motion with
engagement between the dentin walls and the cutting
edges of files easily occurred, applying excessive torque
to the file at that time. This mechanism was a major
cause of file fractures®”. RC prevented the file from
over-engagement and released any excessive torque
using a reciprocating motion based on Roane’s balanced
force technique to avoid straightening of the root canal
curvature®. As a result, fracture resistance was
improved about fivefold compared with conventional
continuous rotary instruments, and RC can now pre-
pare root canals with only one file?** RC Blue trans-
formed the molecular structure of the alloy through an
innovative heat treatment technique that gave the file a
blue color. RC Blue had 40% higher flexibility and 2.3
times more cyclic fatigue resistance than RC, and
gained the ability to pre-curve'*?. In this study, when
comparing groups B and D or groups C and E, the
groups that used RC Blue had less root canal wall dis-
placement on the inner side of the curvature than the
groups that used RC. In addition, the displacement on
the inner and outer sides of the curvature was almost
equal. In groups A, B, and C, root canal wall displace-
ment on the inner and outer sides of the curvature was
significantly different at all measurement points. On the
other hand, except for group D at 1 mm from the apex
and group E at 2 mm from the apex, no significant dif-
ferences were observed in groups D and E. These
results suggest that the superior centering ability of RC
Blue, which has improved flexibility, affected the uni-
form preparation of the curved root canals. However,
because the root canal stenosis and bending become
stronger at the apical level, it is considered that the

$63% W5

root canal wall displacement on the inner and outer
sides of the curvature differed even when using RC
Blue.

Glide path preparation is an essential step for the
safe and effective use of Ni-Ti rotary instruments® .
Glide path preparation refers to the establishment of
working length and the patency of root canals using
#10 or #15 hand instruments prior to the use of Ni-Ti
rotary instruments®%”, Virtually all manufacturers of
Ni-Ti rotary instruments recommend glide path prepa-
ration. Cassim et al. reported that creating a glide path
reduces the risk of torsional stress and instrument frac-
ture and maintains the original canal anatomy with less
modification of canal curvature and fewer canal aberra-
tions®. In addition, Keskin et al. reported that glide
path preparation improves the shaping ability of Ni-Ti
instruments®. RP is a Reciproc file for mechanical
glide path preparation that enables accurate glide path
performance in a short time, which is a characteristic of
Reciproc files. In this study, when comparing groups B
and C and groups D and E, the groups that used RP for
glide path preparation had less root canal wall displace-
ment on the inner side of the curvature at 1 mm and 2
mm from the apex than the groups that used #15 KF.
This result was the same as that reported by Berutti et
al’®. Therefore, it is considered that the mechanical
glide path made possible by RP improved the shaping
ability of Ni-T1 instruments by preparing smooth
patency from the canal orifice to the apex for the next
shaping file because of the limited modification and
aberration of the curved root canal compared with the
manual glide path with #15 KF.

Regarding the effect on the working time of each file,
it was significantly shortened in the groups that used
Reciproc files compared with the groups that used hand
files. Furthermore, in groups B to D, a significant differ-
ence was observed between the glide path preparation
time and the total working time, which suggests that
glide path preparation time influences the total working
time in the case of root canal preparation using Ni-Ti
instruments™.

The findings of this study suggest that the combina-
tion of RP and RC Blue can reduce the risk of transpor-
tation and strip perforation, maintain the original root
canal curvature, and shorten the working time in
curved root canal preparation. However, it is still
impossible to complete root canal preparation using
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only Ni-Ti instruments. Before creating a mechanical
glide path, an initial canal negotiation using #08 through
#10 or 15 hand instruments is necessary to confirm a
reproducible glide path and ensure that there are no
contraindications for the use of Ni-Ti instruments®”.
Furthermore, prior to negotiation, an access cavity
must be prepared to insert files into the root canal suc-
cessfullym. From the above, it appears indispensable
for root canal preparation to follow the path to the api-
cal foramen based on the operator’s tactile sensation
using hand instruments. By gaining a better under-
standing of the operation methods for conventional
hand instruments and performing pretreatment cor-
rectly, root canal preparation that fully utilizes the
characteristics of Ni-Ti instruments can be realized.

Conclusion

This study suggests that the combination of RP and
RC Blue maintains the original root canal curvature and
shortens the working time.

The authors declare that they have no conflict of interest.
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25 T T EEMIE O MR L OBIRIC O W THET L 72,

MHE L UAE

1. BBV AT LA

L7 BB > 2 7 L1k, MTEP (Fig 1-a) & L
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2X%V) BIXUTZATZARUF ((GOS, ¥~Fv), 1A
TYTENTZYF VI VATLDIIT T 4V T4
IZARYFNDZ7Av2 (NDQ, 29V /087574
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BB X R ADE IR 2 L 7.

3. EBEMOMMERATE

ERRIF 4RO MKEREEEFEH L2,
fHE % gRifiic s LIEE A A< A 7 ah vy ¥ — MC-201
THIWI L, EX 2mm D7 1 2 2 REH 2 BREE, HIE
A o S B 85 i % it K BFEE AR #600 THFEI L8 TH &
Uz, {RELL 2 RABEHEHIC 4 BEOBE Y AT L%
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11-methacryloyloxy tetraethyleneglycol dihydrogen phosphate (MTEP)
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o
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10-methacryloxydecyl dihydrogen phosphate (MDP)

Fig. 1 Molecular structures of (a) 11-methacryloyloxy
tetraethyleneglycol dihydrogen phosphate
(MTEP) and (b) 10-methacryloxydecyl dihy-
drogen phosphate (MDP)
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% 63% HLHHE
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J =T 10 BREER L, BEEM oMEREERE L L
7o, BEEM OWERRIE I, BHEUNT UAAE X Rk
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E- E | E
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BonfGERE, —IuEEES BRI, Tukey D% E
Mg (a0 =005) THEEHLEEL 72,

F 7z, BUNBIE D SR X L EEM O MIERE o b
ST EATH 72,

Table 1 Compositions and application procedures for the adhesives tested
Adhesi
. e.swe Lot No  Manufacturer Composition Application procedure
(classification, code)
CFA-20 01081618 YAMAKIN, MTEP, 4-MET, HEMA, Bis-GMA, 3 G, CQ, Eth- Apply adhesive for 20 s
(one-step, CFA) Osaka, Japan anol, Water, Initiators, Thixotropic thickener, Gently air blow
Others Light cure for 10 s
iGOS BOND 01021617 YAMAKIN, MTEP, 4-MET, HEMA, Bis-GMA, 3 G, CQ, Eth- Apply adhesive for 10 s
(one-step, iGOS) Osaka, Japan anol, Water, Initiators, Others Dry with mild pressure
Air blow for 5 s
Light cure for 10 s
CLEARFIL BMO0006 Kuraray MDP, HEMA, Bis-GMA, Hydrophilic aliphatic Apply adhesive and
S®* BOND ND Noritake dimethacrylate, Hydrophobic aliphatic methac- immdiately dry with
Quick Dental, rylate, Colloidal silica, Sodium fluoraide, CQ, mild pressure air blow
(one-step, NDQ) Tokyo, Japan  Accelerators, Initiators, Ethanol, Water, Others for 5s
Light cure for 10 s
CLEARFIL Primer Kuraray Primer Apply primer for 20 s
MEGABOND 6J0154 Noritake MDP, HEMA, Hydrophilic aliphatic dimethac- Gently air blow
(two-step, MB) Bond Dental, rylate, CQ, Water, Accelerators, Dyes, Others Apply bonding agent
6J0247 Tokyo, Japan Bond Gently air blow

MDP, HEMA, Bis-GMA, Hydrophobic aliphatic
dimethacrylate, Colloidal silica, CQ, Initiators,
Accelerators, Others

Light cure for 10 s

MTEP : 11-methacryloyloxy tetraethyleneglycol dihydrogen phosphate ; 4-MET : 4-methacryloxyethyl trimellitic acid ;

HEMA : 2-hydroxyethyl methacrylate ; Bis-GMA : 2,2-bis [ (3-methacryloyloxy-2-hydroxypropyloxy) phenyl] propane ;

3 G : methacryloyloxytriethyleneglycol ; CQ : dl-camphorquinone ; MDP : 10-methacryloyloxydecyl dihydrogen phosphate
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Table 2 Means (standard deviations) of the micro-ten-
sile bond strengths of adhesives (in MPa)

CFA iGOS NDQ SE
503 (168)* 231 (9.7)® 456 (99)* 617 (126)¢

Values with the same superscript are not signifi-
cantly different (p>0.05).
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BEME A - — BRI TEM L, e ETHT
99.5% 7 & b VIR T LB 21572, Z D1,
s 5k Ry  — v ERRIICERBENICBK, &
5T, 7 F AT a— )L CE#E LY ID-2
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AT, BEEMOMU/NGIER D AR S O FEHE X
23.1~61.7 MPa T® - 7z. CFA OBUNGIIR D EE BRI
3, BEDO1IAT Y TV T Ty F 7Y AT LDIGOS
LR L TERICEWEEZ T L (p<0001), NDQ & ix
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B& Cohesive failure in dentin |1 Cohesive failure in adhesive

|__{ Cohesive failure in resin composite [l Mixed failure

Fig. 2 Relative proportions of failure modes after the
micro-tensile bond strength test

TIyF U ATLDOMB ERET 2 EERICEVE
THo7z (p<0.001).
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VB BB IEMERAL O R S T,
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BHEEM O PSR ERE RS Table 310K T, FEE
MoK OYMEIX, 2.83~567GPa TH -7, CFA
ORI, MED1I ATy TRV TLyF VI AT
LD iGOS B X U NDQ & g L CHEICHE WEEZ TR L
7z (p<0.001, p=0018). %7/, 2AF v TEILT Ty
FUITVATLDOMB LRIEREERRD Lo (p=
0.059) .

UNGIR b BE R S L BEEM OB L o BRSO
Mz, Figd4lord, MUNBIRYBEERS L EEM O
HMERE oI, MOIEOHEBERRD s (r=
0.9899) .

3. & EEBENIEEmD SEM 5

it KPR #600 THIEI L 7= RIEH & KHEEM T
MU BORFENM%Z, FigbIliRT,

Fig.5-a ® SEM BEE» 5, MifKBFEHL #600 TDHFHE]
HEA S Y —ic@bh, RFMED A ¥ —Ic &k hED
NTVL AT PEEI N,

CFA & NDQ o RFEEENUHEE (Fig.5-b, d) T
i, FEACORFMEPHOLTE 6T, —HORSF
HEDOAROL Tz, BHERFE LTIiEb T Ik
TFEEHE #600 OWFHIE A HEZR S 1, MlH 7= HERE Y H 52
INTz,

iGOS TORFEEE NI (Fig.5-c) T, 1EIFT



418 H & & B & # % ¥ &

ysis

638 HbHE

yﬁ%’éf&t S

Fig. 3 Representative SEM of failed specimens used for failure anal-

(a) Mixed failure of CFA (dentin side) ; the specimen failed mainly within the dentin and resin com-

posite, with involvement of the adhesive-dentin and adhesive-composite interface and adhesive.(b)

Mixed failure of iGOS (dentin side) ; the specimen failed mainly within the dentin and resin composite,

with involvement of the adhesive-dentin and adhesive-composite interface and adhesive.(c) Cohesive
failure in the adhesive of NDQ (dentin side).(d) Mixed failure of MB (dentin side) ; the specimen failed
mainly within the dentin and resin composite, with involvement of the adhesive-dentin and adhe-

sive-composite interface and adhesive. Ar : adhesive resin, C : composite, D : dentin.

Table 3 Means (standard deviations) of the elastic
modulus of adhesives (in GPa)

CFA iGOS NDQ SE
502 (040)* 283 (136)" 425 (032)° 567 (0.67)*

Values with the same superscript are not signifi-
cantly different (p>0.05).

NTORFHENHOL T indh o7z, EHEKRAE R
WEYTEbLN TV AEIBEINT:,

MB CTORSFERENIH (Fig.5-¢) T, IFLAL
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4. EEFREO TEM 8%
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Fig. 4 Regression analysis between bond
strength and elastic modulus, demon-
strating a linear positive correlation
with r=0.9899
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Fig. 5 SEM images of primer/adhesive-treated dentin specimens

(a) Dentin surface ground with 600 grit SiC paper ; the surface is covered with the smear layer and

plugs. (b) Dentin surface treated with CFA ; the deposits supposed to be the smear partially remain on
the intertubular dentin and in the dentinal tubules.(c) Dentin surface treated with iGOS ; the deposits

remain on the intertubular dentin and in the dentinal tubules.(d) Dentin surface treated with NDQ ;

the deposits partially remain on the intertubular dentin and in the dentinal tubules.(e) Dentin surface

treated with the primer of MB ; the smear layer and plugs have been dissolved, and the intact dentin

surface underneath the smear layer has been slightly demineralized to the extent that collagen fibrils

can be identified.
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Fig. 6 Representative TEM photomicrographs of one-step and two-

step self-etch adhesives bonded to dentin specimens (Original

magnification : X6,000)

(a) Image of the CFA adhesive interface. A relatively thin hybrid layer was formed without clear

surface demineralization. Filler particles are observed scattered throughout the adhesive layer.(b)

Image of the iGOS adhesive interface. A relatively thin hybrid layer was formed without clear surface

demineralization. Filler particles are not observed in the adhesive layer.(c) Image of the NDQ adhesive

interface. A relatively thin hybrid layer was formed without clear surface demineralization. Filler parti-
cles are observed scattered throughout the adhesive layer.(d) Image of the MB adhesive interface. A
hybrid layer was formed with surface demineralization. Hy : hybrid layer.
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‘Adhesive

%0 TR

B

step self-etch adhesives bonded to dentin specimens (Original

magnification : X 25,000)

(a) Image of the CFA adhesive interface. Hydroxyapatite crystals can be seen throughout the thin
hybrid layer. (b) Image of the iGOS adhesive interface. Hydroxyapatite crystals can be seen throughout
the thin hybrid layer.(c) Image of the NDQ adhesive interface. Hydroxyapatite crystals can be seen
throughout the thin hybrid layer.(d) Image of the MB adhesive interface. Hydroxyapatite crystals can

be observed throughout the hybrid layer. White arrow : hydroxyapatite crystals.
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Dentin Adhesion and Elastic Modulus of Adhesives
Containing a Functional Monomer Having Polyethylene Glycol Chains

HanaBUSA Masao, KIMURA Saori,
OrkawA Kazuyoshi and YaAMAMOTO Takatsugu

Department of Operative Dentistry, Tsurumi University School of Dental Medicine

Abstract

Purpose: The purpose of this study was to evaluate the dentin bond strength and elastic modulus of adhe-
sives having polyethylene glycol chains.

Methods: Flat dentin surfaces were made in non-carious extracted human molars using a diamond saw
and 600-grit SiC paper. The surfaces were treated with one of the three one-bottle self-etch adhesives: CFA-
2.0 (CFA), iGOS BOND (iGOS), and CLEARFIL S* BOND ND Quick (NDQ), or a two-step self-etch adhesive;
CLEARFIL MEGABOND (MB). The adhesives were applied to the surfaces, and a resin composite was
incrementally built on the adhesive. Following 37°C water immersion for 24 h, the specimens were sectioned
and subjected to micro-tensile bond strength tests. Four extracted human molars were used to evaluate the
elastic moduli of the adhesives. Two mm-thick discs of the coronal dentin were cut and smoothened with
600-grit SiC paper. The four adhesives were applied to the surfaces, then five replicate applications of each
adhesive were performed, with irradiation after each application. After 24 h storage in 37°C distilled water,
the surfaces of the adhesive layers were assessed using a nanoindenter to determine the elastic modulus. In
addition, the primer/adhesive-treated dentin was observed by SEM and the resin-dentin interface was
ultra-morphologically characterized by TEM.

Results: The bond strength of CFA was significantly higher than that of the iGOS and lower than that of
MB. There was no significant difference between CFA and NDQ. The elastic modulus of CFA was signifi-
cantly greater than those of iGOS and NDQ. There was no significant difference between the moduli of CFA
and MB. SEM observations of the primer/adhesive-treated dentin confirmed that CFA partially demineral-
ized the dentin surface. TEM revealed that a relatively thin hybrid layer was formed without noticeable
demineralization and filler particles were dispersed in the adhesive layer of CFA.

Conclusion: The bond strength of the adhesive CFA containing a functional monomer having polyethylene
glycol chains was equivalent to that of the existing one-step adhesive NDQ containing functional monomer
MDP. The bond strength and the elastic modulus were linearly correlated with a high correlation coefficient
(0.9899).

Key words: functional monomer, bond strength, mechanical property, dentin, elastic modulus
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Bi#%, pH 90 EDTA) ¥Hi» 15%EDTA VAW & [d% 0
2 IY—JERENREE L, RERTEOBEFEIBLK % B
133 2 s EI N £, pH 9.0 EDTA 1A
A Fax o788 4 MoksSe L - BEE S % KR
T2 LHMERSNEY EDTA KA 7L U M
WCHET 22 Lick > T, 3%EDTA /AR, @RI LK
Biik & BREARER SRS hTws, 351, pH%
W7 oVHh UMESEEIC I T 5 2 L T EDTA BRI E
MfEEE A B L, MEEEE IR 2 2 L mE SN
f:17).

K71, 3%BEDTA W % pH 122 O 7 VA4 VM4
T TR L, MRS &k CHITOAMIER 2 1T 5 1

HF63% FELHE
TR T HE 72 S S REIR VR A 0BT 2 HIW & L 72 R4
DG E LT, RIEWIKEE E 2 2 v —BERERIZS
W CIEMT L 72,

MHE L UAE

1. # B& &

EEICIE, BIEBEO 7O L7 2R
10 K230 L 72, k7272 b ic AP IcRE
L, WIEHC A%, mikE% wiRAE® 16 mm ICFE
LAY EY P71 A7 CTHREEUIRE, STERIKAE
LAY —EREEAOERICHEAL 2. ABFgRE, #
HNERER LR MEEERBRARDO T (2018 4 12
H7H, K#&ES548) FEhtL 7.

2. HERELSEH

RIFIAHEA U 72 RE VAL, EDTA - 2Na & K
7 + U 7 & (NaOH) % FEEKICIEME L, %2 D NaOH
EHEZEM S ¥ NaClO B & 1% o Mz ETHe 1 a5
L7z pH 122 ® 3%EDTA - 4Na (LLF#%, pH 122 EDTA)
B A FE R E L7z, pH 122 EDTA 18 ORE Peid
AL U C OBSRERNT X, RERFE IS 5 RAEMIK
HELRFEA Y —ERESRPSFHE L /2. A2 v—
JER LR OMHTIE, RIEFEE pH 90 EDTA B E L
THEEHE L 72, & 512 pH 12.2 EDTA ¥ o Fg F G
RElC ARG E I RER I LT, pHEHHES L O
EDTA HEEREZHEL 7.

3. HEoREH

FHELL 7o iR &2, mESTENCEIRT L, ST A ki
ELTHBHLY Y (Xt v, v—v—) A
U7z, (it KBFEERE (#600~#2000, KOVAX) % HwT
RERRFEABHSE, RFERAEIEL TR v —
& % FEBRINIC TR L RFPELIKEE & A = X — @R EEH
DR L L7,

1) RFEWIKEE D T

A X —BEZKLIBRERFEA N LT, pH
122 EDTA &% 1, 2, 5, 10, 60 2f & fEREIC 7
%, WREBIKOE AT L7z, pH 122 EDTA VAR
MEORERFEREME S ICOVT, BHEUNTAAE X
B (ENT-1100a, =V =2 2) ZHw»T,N—2
vy FHET (a=6503"1H#E, RAAE S0 mN, B
B 30 sec) ICERE L, MWEHOEE L L THAA
W& (HIT), #MEEAFORE L L CHAARMMER (EIT)
DHEEFT-72. 73, pH 122 EDTA iAHIERBTOR
FEARHZ O W T HIT, EIT OHIEEIT- 7=,

2) WREEER 2 v —ERERDI O

RFEWPGRERE D 2 & ¥ — @k 5% OIRE RFER
BHOW L€, ASZKERICRERSIENES2 SEM (SS-
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HTI

1,200.0
& 1,000.0
800.0
600.0
400.0
200.0

0.0

Hardness (N/mm

< 16,000.00

Pre 1min 2min  5min 10min 60min
— Apical = . -Middle .-+ Coronal

ETI

18,000.00

Pre lmin 2min 5min 10min 60min
— Apical = . -Middle ------ Coronal
Mean+SE (n=10, p<0.01)

Fig. 1 Evaluation of demineralization of dentin by nano-indentation method

No statistically significant difference was observed in the change over time before and after 60 minutes of action.

Table 1 Hulsmann classification for the conditions of root
canal dentine

Score 1 : No smear layer, dentinal tubules open.

Score 2 : Small amount of smear layer, some dentinal
tubules open.

Score 3 : Homogeneous smear layer covering the root
canal wall, only few dentinal tubules open.

Score 4 : Complete root canal wall covered by homogenous
smear layer, no open dentinal tubules.

Score 5 : Heavy, non-homogenous smear layer covering
the complete root canal wall.

550, FEELERT) 12C, MEIFRA K D 1 mm (IRE
REER © Apical), 6 mm (R FILE : Middle), 10 mm
(IR HE ML © Coronal) @ 3 A% 2 2 ¥ —[ERERD
ROGHHEAL L U7z, WMERFHENEZE 500 58 & O
1,000 fFciRiE L, A I ¥ —EERAEE % Halsmann O
B hE > T 5 Bl THIE L7 (Table 1).

4. AEFREMEDFHE

pH 122 EDTA A% 100 m/ Z# KXV 7o ¥ L v (PP) &
BICEEAL, HAERFHICHECED 72 25°C, 40°CLRERE
D2FHTAT 1, 6 2 HRRERIC pH Z#) 8 &L FEDTA
EHBEOEE BN L7, pHEOHEEREIZ JIS (HA
TEEHIKE) ICHEL, B9 A4 pH B (Thermo Fisher
Scientific) # EDTA AWICEZEREI ¥ THEL 2.
EDTA &E20HEIZ pH 122 EDTA & %, pH 10.7
Trve=7 T vES Y LMEERE YL 20 LT
7 v 7 THW (F8R%E) 2MA, 01 mol// FEHVATK T
E L7, WEOKRIIERENT O SR 72
Bl U, 86 1 m/ @ EDTA-2Na &= (w/v%) %
HIEMEE L7z,

5. #hEtanig

RIFEWIKEE OFEHAHIANT1E, Friedman’s X?r-test
B & Of Bonferroni V&1 & % % EIIEKE, REBER S
Y — bR £ 20 R o e EEE AT 12 1 & Mann-Whitney
Utest 21T o 7c. HREABREICIZGEHE 1% A0 (p<
001) #68EZEZHD L LT,

B R

1. RITERIKEEDREH

pH 122 EDTA iAW AE A% O RS R FE RO LA
AMEE (HIT) JIE L 724558, EART (Apical : 6780+
1459 (N/mm?), Middle : 498.7%665 (N/mm?), Coro-
nal : 596.8+51.2 (N/mm?)) & i L 2 43 f/EA# (Api-
cal : 710.3+1435 (N/mm?), Middle : 507.9+72.2 (N/
mm?), Coronal : 534.8+938 (N/mm?)) %5 60 4y EifE
% (Apical : 500.7£654 (N/mm?), Middle : 387.0=+
220 (N/mm?), Coronal : 493.1+110.3 (N/mm?)) 1%
W CRIE E O I AME R 23HERR S 72 23, (ERET & 60 2
TR ORBIZLIc B VT, HEENEEEIZED 5
Niehote, i, HLUAABMEE (EIT) B »TH,
fERIRT (Apical : 7.7£24 (10° N/mm?), Middle : 84+
15 (10° N/mm?), Coronal:12.7+07 (10° N/mm?)) &
g L 2 A% (Apical © 7.9+20 (10° N/mm?),
Middle : 85+12 (10° N/mm?), Coronal:109+16 (10°
N/mm?)) 75 60 e (Apical:47+11 (10° N/
mm?), Middle : 72+04 (10° N/mm?), Coronal : 9.3+
1.2 (10° N/mm?)) 23\ CHIEME O M AMERm 23HER &
N7z, wFR G UBRET & 60 0RI1E % ORI 2L %2
H# L TR EREZRRD bWk otz 51T
HIT - EIT HIEMEIC BT, RAEORRM], gl
HEHOSHMICBLTOERENRO N> -
(Fig. 1).
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428 H A & B & & % M & 638 HbHE

3%EDTA (pH9.0)

x1,000

3%EDTA (pH12.2)

Coronal

Middle

x1,000

Apical

Fig. 2 SEM images of dentin surface

3%EDTA (pH9.0) :a b, e fij 3%EDTA (pH122):c d g h k1
Demineralization of numerous perivascular dentin was observed in the dentin smear layer after the pH
12.2 EDTA solution was acted for 60 minutes, but no residual smear layer was observed, and dentinal

tubule opening findings were clearly confirmed.

Table 2 Remaing smear layer evaluated
by Hillsmann score

Coronal Middle  Apical

3%EDTA
(pH12.2)

3%EDTA
(pH9.0)

11203 12.£04 12.£04

12£04 11.£03 12.£04

Mean+SD (n=10, p<0.01)
There was no statistically significant dif-
ference in the smear layer removal effect
compared to the control.

2. IREBEX IV —EBREDROFM

pH 122 EDTA A % 60 D MEABZORFHE R =
Y —Jgix, ZROERRTEORIKZRD 28, R I
Y —EBOBRFIIED 6 NT, RIFME R LT R 25 IC
Wi &7z (Fig 2). NHAEED pH 90 EDTA & HilgL,
R X —ERESRICHTANEREZZRD 5N izd o
7= (Table 2).

3. LML M D

pH 122 EDTA %% 25°C, 40°CAE4MIcB»T6
7 A% I pH & EDTA B =2 HE L 2R,
TR R 20330 5o 7z (Table 3).

Table 3 Chemical stability of alkaline EDTA solution

Storage Storage Period (month)
Temperature  Start 1 6
pH 25°C 122 122 12.3
40°C 122 122 12.3
EDTA 25°C 3.0 3.0 30
(W/V%) 40°C 3.0 3.0 3.0

The pH ranged from 12.2 to 12.3, the EDTA concen-
tration remained unchanged from 3.0% and no change
over time was observed.

Z =

RIS S Nz 2 3% — 88 X CRFMEN B
ALK R Y =75 7 I3BEMEIC & 2 HRECRESR
M OHARLEL SR T7-0, REERTC L 2KhE
DEEMEIHESh T35 HE BERRICIIEL
DEEOMER REVEEFI L ESERIhTw3?, L
» L, 15%EDTA R OMRIC & b 2 2 ¥ —[@kE7 T
TR, REEOBRFMBKAELE 5 2 LGS h
7219 —75, L EDTA VAR O A 12 BI BK 2 b 1k
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TE 2%, Selflimiting 1512 & 3 EDTA ¥ D pH A%
ETL, ¥L—tGoWHlic L > TR I ¥ —J@DkkE
BARTHEEZ b NTHL2Y, AFEETIE, pH % 1221
T 25 Z ET3I%DEIBE EDTARK Z{#H L pH 90
EDTABKEAMED R I v —BREMEBEENS Z
LR S NIz,

A I ¥ —JEREICIE, 3~17% D EDTA VAR A X
hAPD | RENICEAT 5 EDTA BEEMEG &, KEF
FWBHNT T LA F v & DTWITIKES F v 2, B
B T3 EDTA-Na i3 & 5 1 /KE G257 L,
EDTA B D pH 2 ICHE & A ERIKEEDME 9 %
T EDHE I N T 2P AR%ETIE pH 122 EDTA
WRORE ST EOBEIBIK DF M G35 720, 8
N FA AT X BRI X 2R 21T o7z, TN E TR
WERIEICHd % pH 90 EDTA ISR 0B EMZIE
BMThs L HESh T3, KEEBRTIE, pH 122
EDTA A % 60 MEA & ¥ T, FHAAR S (HIT) -
FAABER (EIT) OElIEM, EARTE L T
TNOEBZRED SN otz LhELAaSs, i
NOMEEBICE T b HARER O 5 75 2 5 i 5l iE
DOIAMEIEDERD 54, pH 122 EDTA EK OIRE e
A R/AINRETET 3 EREF LW EEZ BN,
£/, ATV —BREDRERERFIED SEM #HEET
BT U 72 455, 17%EDTA ISR R 3% EDTA 181X
2 X —ERFETHAEHES N, pH 122 EDTA A
Wik, W7 oVvH ) FEERICHEE T 5 L T pH 90 EDTA
WREFED R 2 ¥ —ERESRPHEERI N, £z,
EDTA Z# 7 VA VU FEEIC 8 W CHHEMIEEEf 48 4
I v b fEA L CHIRE 2 AL LYY, MR SR O B
DWAEEE#ES T & CHTEE I LIE R 2 PR
%%, FFE5I1ITTlT, pH 122 EDTA A & 2 A1
BYRBIERIC & > T Enterococcus faecalis 12 & 554 F
T ANVLEEET S EEREL, HRCREEREZE
T35 LEERLED,

BitE, WRERG IEREAMRER L REERCERS
NaCIO VAR DA BHA T H 5 53, NaClO B DAL
TEWZ, EIHEORE FRIC X 2 0@ EEL, BE
RENICEERBEMET T2 2 EPREShTL
%% pH 122 EDTA AL, (L EE®ICEN, 64
ABREICB O THUMENER,ZRD 52> 72, pH
122 EDTA & &, 5B OPBEEM & BHERRIEH I
BOTEIRNTH 5 Z EHPMRINIBE, EBRER X
UEWERIERZE T 2 ZREeRETEH L LR
JCHOTREE S EIRE X N B
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s &

pH 122 EDTA VAW, HESFEOBFIBIK % 2
T, BhlAI Y —BRESRE2RLL 561,
25°C - 40°CORE T 6 AR, @3 - ERicE{hiZ
BOLNE»oT, D EOKERE)» S, pH 122 EDTA A
WIE A 2 Y — R LAV E R E M I BN 7 R A
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The Effect of pH-regulated EDTA on Root Canal Dentin

FujiMAKI Ryuji, SUZUKI Jiro and TANI-IsHII Nobuyuki

Division of Pulp Biology and Endodontics, Department of Oral Interdisciplinary Medicine,

Graduate School of Dentistry, Kanagawa Dental University

Abstract

Purpose: The purpose of this study was to evaluate the dentin demineralization and smear layer removal
ability of 3% EDTA of pH 122 (pH 122 EDTA) as a root canal irrigant.

Method: The demineralization effect of the pH 12.2 EDTA was analyzed using 10 human permanent teeth
with a single root canal. The test samples were prepared by inducing a smear layer on the cross section of
dentin after vertically cutting the teeth, and 3% EDTA of pH 9.0 was used as a control group. The pH 12.2
EDTA was used to irrigate the test samples for 1 to 60 minutes, and the surface hardness of the root canal
dentin at each working time was measured by the indentation hardness test (HIT) and the indentation elas-
tic modulus test (EIT). The effect of removing the smear layer was determined by observing the dentin
surface by SEM after the pH 122 EDTA was applied for each irrigation time, and the state of the remaining
smear layer was determined by the 5-step method according to the method of Hulsmann. Regarding the
chemical stability analysis, the pH 12.2 EDTA solution was classified into storage groups at 25°C and 40°C,
and the pH changes and changes of EDTA content were analyzed after storage for 6 months.

Results: No statistically significant differences of dentin demineralization were found by measuring HIT
and EIT. The residual smear layer in the test samples was not observed, and there was no significant differ-
ence compared with the pH 90 EDTA control group. Furthermore, no significant difference was found in
change in dentin hardness after irrigation and the removing effect of the smear layer in the coronal, middle
and apical of the root canal. Furthermore, no change was observed in color tone or properties for 6 months
under the conditions of storage at 25°C and 40°C.

Conclusion: The pH 12.2 EDTA solution was shown to have excellent smear layer removal effect and
chemical stability as a root canal irrigant.

Key words: root canal irrigant, EDTA, dentin demineralization, smear layer removal
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HIEER D AME - $THAIC & 2 lRIERZ 2 1 —EHE T
FEE L, dE DY) R XN T RIFAFERIG 615
L%, HAIMEw Y2 THOIMEERO N A F F
A v icBwTE, BEEMES REkiTcix, shiiod
ENEMEREL, EFRGNRLEREEZRETZ2EHD, ¥
HRIGE LTav Ry y LY BERBEBAICHEREL
TwaY, F7 MTA (Mineral trioxide aggregate) 1,
PR AEREM B & L CRFAFE I N, S0 E#HE L #
Wi EEEAEZE L Tw 22, SE, 4MEIc X b @%
M B L - B~ o IE R B AR B & LT MTA
(Pro Root MTA, Dentsply) % {#if U 7z s R A%
(Vital pulp therapy : VPT) ichnz, 7u77ilar®
Uy PPV Ko THITR 2885 5 2 LIk b REF
BAERPB LN DO THET 5. AEFITBVLTIX, &
FOREEEY 2 CEMLUZ, KMEEIEL, Ko
TS D B T &, AL MTA I & 2 HmZ
DAREMEDS S 5720, Z OHEIXEREMEDORZ WIEEL
EANOBITH B 2 & 2 EIHL 72,

Tl

B 32, &t

201942 A,

F5F: LowIESIRIT 7z, FRE LBV THEL TEL WY,
W - RidEmE AR L,

BRI 1R iciE# o, rr—=v e
> — VT B & TR T U 2UECRBE.

2 BRI o B A 1 S R T

1. 8B I

R R T O B 1/2 AT U, R
D EFEIE L BRSO ST, 2L BT,
BEAAE SIS AR | mm BREOHRE2 R 2. T2,
AR 12 1F R IE D KEHSHFE L 72, PPD A3 mm B
Lo o T, E IR EIREIREED S kb o
72 (Fig. 1, Table 1),

2. AEZB

BRI T, 53— LB 21T, BEPHES LK
T 3T Bl el & R LA R K I T, 1B T 5 L 2T
#, w4 ruRa—7 T, BEEIIC 3~6%XHiIEE
B b UYL (R T v FF0L 3 v, AARERIEES)
ML -WEHERFICE 2T S ANV —V ) —%fTo
7z, IkMmZHER L, TR~ MTA (Pro Root MTA,
Dentsply Sirona) OFIEZET- 7. FRIEICER L, E#HE
DIETPHEORSRDLH 2 Z L5, MTA BAEDEH

T FRBHTAE ]~ D IEL BRI BEALIE & BEE B 433

TFEEHNICEEZIE D70, FEICTHRBELN~NTEZ
o7 (Fig 2).

L OBREREDTOFE LB, av b7
WNED T 9 v R AF — )N — %585 LRI TREZ
MTA ZrE L7, #ERERFOYRE LK & EE
DHERD Iz ®, FHERTEHEZ B LI EE, L7
Ly F v 7Y A5 L (Clearfil SE Bond, Kuraray Nori-
take Dental) 1 CHHEILE 21T > 7= (Fig 3).

BT R > W T AV 7 2y F 2 7 2T 4
I CHRmEAIRE 2T, 7a7 7 LYy (Clearfil Maj-
esty LV flow E, Kurary Noritake Dental) % BT
RFz#534¥ 7% (Fig4).

POBRBIEZAT S 7 hC, HIEMPLMmAmITNEER. Wik
B CHEBEOETEICETERL, 3, 6 FAZKEL 2
BUE & CLE L I REBEMER L T2 5. (Fig 5,6, Table 2).

Z =

CNECICEBEERICE T 5 MTA oz 44 1B
LT, KAV T L OIKRE BES it s n
T35 Aeinehchi 5 OWFETIFE MELEIZK LT
KB AN LEH] (Dycal) & MTA & % Bl &
LA L5 E 0K %2iT->TE Y, MTA & Dycal
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Fig. 1
Frontal (a) and occlusal (b) view of complicated fracture of permanent maxillary
central incisor.(c) The periapical radiograph shows there is no evidence of root frac-

ture and that the apex is open.

Table 1 Immediately evaluation and scored of the #11, #12, #21

Exam | Perc | Palp | Cold | Hot | EPT Probing depth (mm) Mobility

#11 + + + + + B:2 M:2 D:2 P:2| none
#12 - - + + + B:2 M:3 D:2 P:2| none
#21 — - + + + B:2 M:2 D:2 P:2 none

Tooth were determined by perc, palp, cold and hot irritation, EPT.
Perc : Percussion pain, Palp : Palpation, Cold : Cold stimuli, Hot : Hot stimuli, EPT :
Electric pulp tester, B : Buccal, M : Mesial, D : Distal, P : Pulpal

Fig. 2
a. Using rubber dam isolation, the complicated fractured teeth are cleaned and
disinfected.
b. MTA (Mineral trioxide aggregate) was placed over the exposed pulp.
c. Removed the excess water with the paper points.
d. Gentle pressure was applied in order to condensed to MTA with plugger.
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Fig. 3
Cavity was prepared at low speed steel bur.
Apply the self-etching primer 20 seconds. And dry with mild air for 5 seconds.
Apply the bonding agent. And make uniform bond film with mild air.
Light-cured for 20 seconds.

o0 T oo

Fig. 4
a. Apply the primer to the fragment. b. Apply the bonding agent to the fragment. c.
Light cured for 20 seconds. d. Flowable composite is applied to the tooth. e. The frag-
ment was positioned on the tooth. f. Light cured for 30 seconds. g. Incisal view after
bonding procedure. h. Frontal view after finishing and polished.

o ) Fig. 5 Fig. 6 Postoperative view after 6 months
The .perlaplcallradlograph recorded (a) a}fter 3 weeks The advantages of this approach are the ease
after direct capping does not show any apical patholog- of application and excellence esthetics.

ical findings of tooth.(b) 3 months follow-up.(c) 6
months follow-up.

Table 2 At the 6-month recalls evaluation and scored of the #11, #12, #21

Exam | Perc | Palp | Cold | Hot | EPT Probing depth (mm) Mobility
#11 - - + + + B:2 M:2 D:2 P:2 none
#12 — — + + + B:2 M:3 D:2 P:2 none
#21 - - + + + B:2 M:2 D:2 P:2 none

Tooth were determined by perc, palp, cold and hot irritation, EPT
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Direct Pulp Capping with Condenses and Adhesive Restoration
on Fracture Teeth with Pulp Exposure

KaTaHIRA Nobuhiro, INAT Norimichi' and TaGaMI Junji®

Katahira Dental Office
'Medical Office, Welfare Division, Minister’s Secretariat, The Ministry of Agriculture, Forestry and Fisheries of Japan
’Department of Cariology and Operative Dentistry, Division of Oral Health Sciences, Medical and Dental Sciences Track,
Graduate School of Medical and Dental Science, Tokyo Medical and Dental University (TMDU)

Abstract

Purpose: The direct pulp capping procedure is performed when the dental pulp is accidentally exposed. In
this case report of pulp exposure caused by fracture, direct pulp capping using MTA and attachment of the
tooth fragment was applied and the prognosis was followed-up.

Case: A 32-year-old female patient presented with the upper right central incisor horizontally fractured in
approximately half of the crown, with pulp exposure, mild spontaneous pain and cold-water pain. Chemical
treatment of the exposed pulp surface was performed, and MTA was lightly pressed to the exposed pulp.
Subsequently, a self-etching primer was used on both the residual dentin and the fragment, and finally they
were bonded to each other with flowable composite resin.

The prognosis after 3 weeks, 3 months and 6 months was good. Long-term follow-up observation of this
case is planned.

Conclusions: An excellent clinical prognosis was obtained with direct pulp capping in traumatic teeth using
MTA compressed toward the pulp side, combined with adhesive attachment of the tooth fragment to pre-
vent microleakage. Protection of the pulp and esthetic restoration were achieved simultaneously with this
technique.

Key words: direct pulp capping, adhesive restoration, MTA
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Fig. 2 2D and 3D X-ray of 26 periapical lesion
a, b, ¢ - Before root canal treatment. d, e, f : 2 years

after root canal treatment, 26 periapical lesion disap-
peared.
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Fig. 3 Tissue regenerative therapy for
36 furcation involvement
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Before root canal treatment

Immediately after root canal obturation 7 months after root canal treatment  After 5 years and 3 months

-
“ N
: ¢

27 3D X-ray: Before root canal treatment

27 3D X-ray: After Syears and 3 months

Fig. 5 The periapical lesion of 27 teeth disappeared after root canal treatment

It is shown in a 2D and 3D X-ray

Fig. 6 37 implant primary surgery and 27 crown

lengthening procedure
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A Case Report : Comprehensive Treatment Approach Based on Endodontic
and Periodontal Therapy

ToMINAGA Naohiro'? Kosa Taiki? and Tani-Isair Nobuyuki?

"Tominaga Dental Clinic
Division of Pulp Biology and Endodontics, Department of Oral Interdisciplinary Medicine,

Graduate School of Dentistry, Kanagawa Dental University

Abstract

Objective: It is difficult to make a diagnosis and treatment plan for clinical cases involving root fracture
and endodontic/periodontal diseases because the relationship between clinical symptoms and causes is
unclear. This time, we report a case in which comprehensive treatment based on endodontic and periodontal
therapy was performed successfully for a patient who had a chief complaint of full-mouth dental therapy.

Case: A 52-year-old female, with the chief complaint of full-mouth dental treatment at the first visit. After
the completion of treatment, she moved to maintenance and hoped for occlusal recovery of the upper-left
second molar (27). At the time of occlusal recovery, improvement of extension of 27, root canal treatment for
periapical periodontitis, and implant treatment for 37 were required.

Overview of first-stage treatment: As a basic treatment, the infected root canal was treated after peri-
odontal treatment. For root bifurcation lesions of 36, periodontal regenerative therapy using autologous bone
graft and EMD was performed. After the root canal treatment, crown lengthening surgery was performed
for 26 in consideration of the final prosthesis, and the crown length extension and clearance were secured.
Root fracture was observed in 23 and alveolar bone resorption was progressing, so the tooth was extracted
and implant treatment was performed. After periodontal and root canal therapy, occlusal reconstruction
treatment was performed on teeth 16-26 and 46-36.

Overview of second-stage treatment: Since the patient hoped for occlusal recovery during the maintenance
period, occlusal reconstruction treatment with infected root canal treatment for 27 and implant treatment for
37 were started. For 27, after performing root canal treatment under an operative microscope, an abutment
was built and a crown lengthening operation was performed to secure clearance with a mating implant.

The progress of infected root canal treatment of 27 was favorable, and the implant for 37 was placed with
the superstructure aligned on the occlusal plane. After confirming the health of the upper and lower gingiva,
superstructures for 27 and 37 were prepared and occlusal recovery up to 27 was completed. Currently, main-
tenance 1s being carried out continuously, and 4 years have passed since the end of treatment, with smooth
progress.

Conclusion: It is considered that the most important and final occlusal construction is smoothly guided by
comprehensive basic treatment based on an exact preoperative diagnosis and treatment plan. It is consid-
ered that the operative dental microscope enables highly accurate treatment for infected root canals, crown
restoration, and prosthodontic treatment, and contributes to the improvement of clinical results.

Key words: periodontal and endodontic treatment, periapical lesion, comprehensive treatment
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Fig. 1 Intraoral photograph, dental radiographic
image, and panoramic x-ray at the first-time
visit

a : Sinus tract is observed in labial gum.

b : Extensive absorption is observed inside the root.

¢ ‘ An internal absorption of the upper right central

incisor was found by a radiograph taken by the
referring dental clinic to confirm the lower right
impacted molar.

a b c

Fig. 2 Preoperative CBCT images of right central

incisor

a : Coronal slice. The root canal wall is thinned from
the apex side of the root to the neck.

b : Axial slice. Absorption range is widely spread over
the entire root. The original root canal is found in
the root apex.

¢ . Sagittal slice. A large undercut is formed on the
palate side of the tooth neck. The original root
canal is found in the root apex.

KMl EZz39D011c, ¥—5— (AH 75 X, Dentsply
DeTrey, Germany) % f\>, Obtura II (Obtura corp,
USA) Ic& by & 8—F % 2FHE L 7. REFCIER,
FUINITy 7 ARREE T 572 (Fig.4-b). % D,
RE L#% -TFC R F (v X574 Hov) i CHEFEN
DEENH ATV, 77ANN=—KAFERZ LYV

FESMBHYALE I TR U 72 FRZEFLAE O BRAR P FR R ANUAE 1] 447

Fig. 3 Operating microscope findings
a . Access cavity preparation. There was necrotic
tissue.
b ! Foaming during irrigation with sodium hypochlo-
rite.
¢ : Using ultrasonic waves together, repeated irriga-
tion was performed to remove necrotic tissue.

Fig. 4 Observation of the apex with a microscope
and dental radiograph after root canal filling
a : Observation of the apical foramen (white arrow)
with a microscope.
b : Post-operative periapical radiograph taken imme-
diately after root canal filling

Fig. 5 Restoration procedure using adhesion between

fiber post and core resin
a : Insertion of fiber post. The i-TFC system sleeve is
used to increase the fiber volume fraction.
b : Careful light irradiation.
¢ : Restoration of the palate side with a composite
resin.

(-TFC Y AT L, U AT 4 Hh) cCHEERT- -
(Fig.5-a, b). &EoD7 74 N—F R F 2L, e
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Fig. 6 Dental radiograph of postoperative course after root canal filling

a : Upper right central incisor after composite resin restoration.

b : Postoperative 12 months

¢ . Postoperative 4 years. Postoperative periapical radiograph taken immediately after root canal filling of

the upper left central incisor.

d 4 years 9 months. An unusual view is not seen of the right maxillary central incisor. A sinus tract was

found in the root apex of the left maxillary central incisor, and the infected root canal was treated.

Infected dentin was found under the resin restoration on the distal side.
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Endodontic Management of the Maxillary Right Central Incisor
with Extensive Internal Root Resorption without Perforation

OnsuMI Tatsuya, TAKENAKA Shoji and NoIrI Yuichiro

Division of Cariology, Operative Dentistry and Endodontics, Department of Oral Health Science,
Niigata University Graduate School of Medical and Dental Sciences

Abstract

Purpose: The pathogenesis of internal root resorption is not fully understood, and trauma and chronic pul-
pitis are considered to be major risk factors. Usually, this process is asymptomatic and is diagnosed by rou-
tine X-rays. This case report describes a very slow progression of internal absorption associated with trau-
matic injury. Dental cone beam CT (CBCT) results showed that the internal absorber had not been drilled
out, so we decided on a non-surgical treatment. The combination of CBCT and microscopy gave a good prog-
nosis.

Case: The patient was a 40-year-old man with the chief complaint of suspected internal absorption of #11,
who was referred for examination by a general dental clinic. The patient had a history of trauma to the max-
illary anterior teeth, having fallen from a bicycle about 15 years ago. The patient was less aware of symp-
toms and had no pain to date. In the buccal periapical tissue of #11, a sinus tract was observed. According to
clinical findings and CBCT imaging, the case was diagnosed as apical abscess caused by irregular internal
absorption. The treatment strategy was to treat the infected root canal, and after filling the root canal, we
selected resin filling as the adhesive repair.

Conclusion: Since the internal absorption was widespread in the case, it was expected that the roots would
become weakened. Moreover, the risk of root fracture was considered to be high. Therefore, the mechanical
properties were improved by making the adhesive into a monobloc. The use of CBCT was shown to be
extremely effective in the diagnosis and treatment of widespread internal absorption.

Key words: internal root resorption, dental cone beam computed tomography, surgical operation microscope
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B A AR D RNE & AL D BEEME 2 R 3,
& % (REEME A 28 FEE i e AE B

PN NG A A N S A (-
ok & oMM o oA om0 | % E B

U LA o ol R
2R LR SRR AR o
SRR AR AR L SRR A T ZERE SRR £ B SRR A3l e B 22 2 Y
NIRRT E JOL R E R

ez

TS R O B Lo A O RAEDS, IHIRICHE L 5.2 2GS hTw b, S0, T
BROFES B U 2w (@Bt E 28 B IR R E 0@l 5 SRR EREZ T, BAREIR? 5 1E
WHEIC Wz o TEFlOREZ 5 F AREEELT 5.

REG 33 7%, i, BEE (CRIEEER). 2016 429 H, 26 oBifgs X CREOAREEARL, »Hhbol
WRIERZZZ Lz, HiETT Yy 7 2ZBEL2%200C, EEOWEMERINAS 3 LI, BHOEMK
MEEEZEID 50, SREBN SN, BERORHEHIZZ L, TERECBVWTHEFRABLUEL
HICEEFT R 2o 72, REEE I B\ T, probing pocket depth 754 mm M _EDOIALDEIA1F 495%,
bleeding on probing i& 47.9%, plaque control record & 3.1%, BEEAIERER (PISA) & 2392 mm?>TH -
7o, Ty 7 ABMERENTR T, EFFED 26 5% OB RIC RSB WRAUR D% BHEAE U 72, i F R B 1 ok
T2 IMEPRMIRES L CER KR 7 v IR DNABRE & 12, Porphyromonas gingivalis DIEGH 50 { G
bz, PWIZANEREEREL (A7 =YV, ZL—F C), “RIEWAMEMEL Lz, BN LT,
BEOWRGLCHEE LT, TE32EF0 R Q1 FEURN) oWAREOKEZHE T L Lz, £, &
JANERRBEDHE T § 2 £ TONEIREREE & O IITIRIEE 2 ¥2 2 2 DBEEIC >V CEHA L, MEZS72. akGET
M, OEBEERRE (BEHE, Kl, RMPEREEEZFRA LAy =) v 7 b= —=v 7, B
[EE), @ FEHMEEEE, GUBHEREREIAE, @R ZEIRE (SPT) & Lz, BEfHEE LT, M
AR IR T 2 EF 0 IEFICR {, RiEE L ml S oHEAMER L (HWRAEHEE S PISA : 43
mm?), CFEESRE R IR I AR U, 35 I B2 B8 HEE (BEEOTh, 3240 g, HIEEEEL : 38E+
5H) L7.

EEE L O BEO P. gingivalis B E X CHBERIE %445 REEEERORED, TIRFALICEE %
KIETHREEDSRB S N, REFID & 5 IR EORENBD L L BniEaicid, WL & o 2k
RHEZ —ERET L EDNEEN D,

F—7— K REMEEER, KU, Porphyromonas gingivalis

BEEEEEAEST | RE—IA

T 700-8525 RLTAC DX EEFHET 2-5-1 R LR e v A R
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#

[

LT EEREASZWA b ABEICE VT, AMIZEL
BALTEY, BAEBOWEIMIMEOHREL 72> T
5. LaL, IEFEOMEME - BEE(LITHEY, IIEncE S
ATl Mte gAML Tw 3, RiF L, HFiREz %t
B B2 L TR 2 LTWw3Ich b
59, —EHM (W14E) HRLAV D EERSNT
waY | VEE, PIEOFEHZHI 55 Ml 1l L W S hT
B, HAEREOHBIC L > UHREHET 26
BEFLTw2ZdHD, Z0HEGEILICERTS
fEmIcdH %,

TIEDORRAE, BEEM, WS 2 ik z OiTIicH
DA DH B, 1, ERORIEHE TS FR R
ODERVEAELH D, KRIHNCALEREU 5 RIGLFE
T3, FNMEHREZ L TCOHS»RFERP RO 5672 0H
KA E, FIHEOK 3E % 50 3 LG IhTw
29 2D, NEBEE 2T 5 R0, SRR -
KSR V8 BIAA - BFN R ARLZ EOMNAE S Ui
TEY, FIEERAHORNERICN T 257247 T a—F
FHRET L EPEErLMRkDENTVS,

DV R 27724 —ELT, {EKD»5ERK - T
W RBANT A AP LA LR EBPREI LT
29—, OFRBO-—>TH 2 AN TR KL
R JUET ARSI ERE SN E L T0 5,
A¥Eix, Do icEET 2 mEAKEME (Porphyro-
monas gingivalis 78 £) DHBE X7 v MR LT 2
CLICk - THIET 2 OEBSYETH 5. IR
ETHEL LT, P. gingivalis 'R $ 2MERRH O immu-
noglobulin (Ig) G FUAMliASE LI B> Tk, PLidfl
DRI ARG E Tle RO A E T 5 2 &
PHEINTVBY, X5, A—2 FJ U 7 OEYH
TICBWT, HABICEBEL TV Lol REFEL
TH 6 EBICEIRKZT %2 £ oM (714 H)
X, HERAWEARBELCORLLEOEEHE (1A H)
ICHI L CHEBIIEE T 2 2 LGS T3y,
NHEEIIE, ERBEREL VWS LITk- T
YRIKAZIC 72 A B > OIEF DS & 2 Al 2 R L T %,

S, ERICHNERRSIEZ->E D & L P, gingi-
valis B % TR L U7 RNV B R 28 B 1o 4 L
T, FUSHY 2 BRR 2 T8 & L 2Rk AR 2
o tickoT, MM (R REOUEEL L b,
HRITFIRE D & IR HEE I VW 72 o T hEF O F# % 5 % 20K
REEET D,

E

B 33K, ik, 2B, B

I H 2016 4£ 9 H T4,

F5F 1 26 0EFRE L AT,

BURE

- 20 FEARHTAE D 5 97 I BRI O i, TEIR, # L C
PERZ R L Cwieds, REFY V7 BXOHKD
PRI NIRRT 2 DA THIEL Tk,

- 2016 FF 9 H RAJiC 26 oBNFE L HAREHRE L7272
b, P OTHBERE%Z L. FAETtot/
STy 7 AMBREICB VT, SN LEEOHRE
BRI RSN, REEEFROTEHEIEHIN
7o, BINCEMN R W EIGEZ2 2 5720, 2016 4
9 H M, MILREEE AR 2 A Sh gL
7z,

EHPHE

- BE 164 cm, 1K 68 kg, body mass index (BMI)
25.3 kg/m?,

BRI RE AL, BRI,

- ERN TR S RIOFIREZ AL L T, TERKE
% 20154 HRIR L T a, RIEHREICEB VT, K
IR E DI T RERFEMABERIN TV RV,
ZDD, ETHA IR K BITIRIEE) & A
7o DSIFIREST U 2 s o 72 728, 2016 SEEEHD 5 AT
BREERET L Tz,

KIEE (RAK, Fig.1):

- RIEWE, L, &, KO 4ATH 5.

54RO RXBIPRBHEEZFAL TR, (REBMEEHER
DEED D 5.

- RT7 - B oM RER AL TR0, A
ROFBENEE D FEb N T2,

. TIEREIRE

CENFT R (Fig. 2)

HDIEKII7 <, BIERBII 2R TH -7,

2) O’Leary & @ plaque control record (PCR)? 1%
31% CHpE EREBIIRIFCH b, HZ Lo
M7 0k P D FE R & JERIGEE CH o7, Lo
L, EFFEBD 26 OZEMAIBRERIZIEIEL TB D,
PERIFLEE T B A % & O IR ERERR 2 2 L T 7z,
% 72, 26 DR ORI IZRARZ Tl DME D
Aoz,

(3) HHEBIfR & RHRBIfRIZ, 4 & HIT Angle NI T

Holz, A==V vy MI0mm, F—/—N
A MEO0Omm THb, HIEIEOBEEMILEE L,
TR A TH o7z, F7-, THEATHEITIAEMIC 1

—~ o~ .
—
AN
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ON—6@ [
FD 84Y FD FD :
FD : OF emale
54Y say A ressive
FD He pe%%dontms
38Y 337N 31Y 33Y

The patient 9y FD: Full denture

Fig. 1 Family tree

mm A7 LT 7z, D5 EE)R O A BE AR 1 ]
EDITN—=T Ty v arThh, HifFEE
IRr, FIBEHERR L 2o 7z,

(4) HAEXR 7 v FEE (probing pocket depth : PPD)
X, 6 METHIERTo 7. % OfEE, Vg PPD
& 47 mm, PPD 4~6 mm %% 59 &% (30.7%)
PPD 7 mm B k2% 36 3647 (188%), bleeding on
probing (BOP) 13 47.9% T& b, HALIELRERE

PCR
(periodontal inflammation surface area : PISA)® weiy | 0] 0] 0] 1]2[0]ofofofolo]olo]s]o]T
122392 mm® T . g b
(6) 26 & £ U447 i 3 OB B o . : :
2) F U VI Yy I ARBEERTR (Fng) PPD 5100698635 %53 3(s253 590 2lssals 3 als 2 alssslscslssssnrloaalsss
W g L A S e ! il AL Furcation
(1) 2FEANCHEREE D & 5 O K% O HaRE T IER o o321 ololololololololololololo
PELTCW, FHTH S 26 BL 47 ITIFRE PCR
- S b g I R N
6"‘&'&@%4% Wi A3 B o7z, 16, 14, 34, 41 & & Fig. 2 Oral photo, dental radiography and periodontal
46113 E I 75 RIEVE AR S RINGR D D b, tifl chart of first visit
HRIARETH -7z, Red color of PPD means BOP positive site. PPD :

(2) 13, 12, 11, 22, 23 & X 08 36 BEEsmc 1% 5 ahks
D, 21 REAALIRIIIRAFHEE D = v 7 2 FE
R L 72,

probing pocket depth, BOP : bleeding on probing,
PCR : plaque control record, B : buccal, P : palatal, L :
lingual

3) B AR 1o R B I 1eG HifiMl (Table 1)
(1) Aggregatibacter actinomycetemcomitans Y4, A. X9 B IMTE 1gG Priffiiix 1 DL B (%5 0

fi+2SD MU k) OfE%ER L%z, R P. gingivalis
SU63 £ & U C. rectus ATCC33238 129 % Prifi
1%, 946 BX X 1031 L E» o T,

actinomycetemcomitans ATCC29523, A. actino-
mycetemcomitans SUNY67, Capnocytophaga
ochracea S3, Eikencella corrodens FDC1073,

Fusobacterium nucleatum ATCC25586, 4) wEER7 v FAME O DNA % (Table 1)
Prevotella intermedia ATCC 33563, P. interme- (1) AR v PNORENERBEMNE (P. ging-

dia ATCC25611, P. gingivalis FDC381, P. gin-
givalis SU63, Treponema denticola ATCC35405,
Campylobacter rectus ATCC33238, Bacteroides

valis, A. actinomycetemcomitans, P. interme-
dia) %, Maeda 6 O EVICft > CEBME
reverse transcription-polymerase chain reaction

Jorsythus ATCC43037 @ 9 BFE 13 EMRICHN T 5K
MBI M7 1gG $ii44li % enzyme-linked immuno-
sorbent assay (ELISA) i k- CHIELY, £
HEfE L LTRLEY,

WL, P. gingivalis FDC381, P. gingivalis
SU63, A. actinomycetemcomitans SUNY67, F.
nucleatum ATCC25586, C. rectus ATCC33238 1

(RT-PCR) iz ko CTHRHIL 7.

(2) TREGHALIZ, 16 OEHBELEE X7 v M IND» 51T
v, FREEHEIE 1.3X 108 copies/gene, P. gingivalis
13 27X 107 copies/gene, P. intermedialt9.2x10°

copies/gene ZfRH L 7z.
temcomitans \IBHIRFUEL T TH - 7z,

8, A. actinomyce-
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Table 1 Changes in various examination values

First visit After IP After surgery SPT
(September, 2016)  (January, 2017) (September, 2017) (March, 2019)
WBC (x10*/mi) 554 4.95 4.83 Not Done
Neutrophils (x10°/ml) 35 29 2.8 Not Done
Lymphocytes (x10%/m/) 17 17 17 Not Done
CRP mg/d!/ 045 0.07 0.05 Not Done
HbAlc % 58 58 56 Not Done
Present teeth number 32 31 30 30
PCR % 3.1 73 17 25
Average PPD mm 47 33 24 23
PPD=4 mm % 495 382 50 39
BOP % 479 16.1 22 6.1
PISA mm?® 2,392 351 43 80
Bacteria examination total 13x10° 52X10°
L Pg 2.7 %107 38% 10!
(Quantitative RT-PCR) ,
*Sampling site : #16 BM A? Undetectasble 1.0X10
Pi 9.2X10 Undetectable
Pg, FDC381 192 —0.02 —032
) Pg, SU63 9.46 1.96 —0.37
Hﬁgiiifmr Aa, SUNY67 154 154 021
Fn, ATCC25586 1.60 1.68 0.15
Cr, ATCC33238 10.31 7.86 2.37

WBC : white blood cells, CRP : C-reactive protein, HbAlc : hemoglobin Alc, PCR : plaque control record, PPD : probing
pocket depth, BOP : bleeding on probing, PISA : periodontal inflamed surface area, Pg : Porphyromonas gingivalis, Aa :

Aggregatibacter actinomycetemcomitans, Pi . Prevotella intermedia, Fn : Fusobacterium nucleatum, Cr : Campylobacter

rectus, RT-PCR : reverse transcription-polymerase chain reaction, BM : buccal mesial, ELISA : enzyme-linked immuno-

sorbent assay, IgG : immunoglobulin G, IP : initial preparation, SPT : supportive periodontal therapy

5) IR (—#%, A, RIZInig, BERH,
Table 1)

EEEEBDA T ) —= v 7D DIIEREZE1T S 72

O, FILRFHEBER A NFBRANBENFEN L 7z,

(1) C 4 282 (C-reactive protein : CRP) #3%
% FR (045 mg/d]) LTwiz,

(2) fcRFE T RERBFTRIE 2D o 72,

2. % W

BEOFmEwARD (&) REEEELT, =X

PR A HEIME 2 1 5 JANEUR B R R (R 7 — V1V,

J1L—FKC) LWL,

3. AEAE

1) BEORIFHRLZVELS HEICiBL T, T
L RURM (1FHUAN) omEREOKEE B
EN

2) EEOWFARG: E RIED, HIRKALZ L CRES
FUPRIBICKIETERBICOWCHA L, B
WEDHET § 2 £ CHREIREZ & O I IRTEE) %

Pez AAEEIC O W T HEAT B,

3) EIEFHNERZE TS ® 520, BHficn My
BRI ERE LA MIMED a v P u— LR T
5. 5T, WANEHAKIC & o TEAIRO MUK R
£ERITH EEDIT, HOERMEEE L L HREE
D% B8 L -t AT EELE 2T, 20
%, WYL SBEROESEHNE L BIERER
BFEET Y, DERREREIREA L BT T 5. (RE
L OME S DRER & £ TR L S E E R B & O
PefiitE o B QAR S s OWENEREE 2 BB L 72
IR 285 LT, SPTABITT2LE0VH S
FA R YAl

4) LEEBEASHc o VWTIE, BEICHDCHBEET
W, FAEE2E-BICBERZIBL .

4. BEEE

DUT e EIE H % FHE L 72

1) HAEARRE

(1) BE I RS F R ORI 2 RE 2 3 5 &
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Ehic, EEOWMBYE X KD, TR
BXORHE - BRICKIET I R 7 (RES X MK
RERHE) 23HL T, FHEGERRE BT
PRI 5,

(2) HEHZE LORBEFREZHNE LT Iy v v
DR L WAB LAy — Y v 72 %EEL, O
Pef gk A B ¥ 5

(3) EFHFIMTH 5 268 & N47 1%, RAZ CHEF D
WINDSHEST L TR D a v b o — LS A rfRE &
WrL, thiz1Tr5.

(4) HERRE T ORELRRE %2 HI9 L L CHEA O R
BEEHHLIZAT—) 7 =L —=
7 (SRP) %175, BPRZKREL T, RIEEF
B IR S & 7 B i B RR & BRI L ¢, AR
BOPMEITE 21T .

(5) o ediLiE (13, 12, 11, 22, 23, 36) B LUV 21 D
ERPREIREET D

(6) BEER OB AMIMEIEMEHWE Lz F A b
H—FDEEZEITS.

2) FEV

(1) PPDA4mmM ECEEOa Y br— R TER
WHEBEARYT v F 2 HERT S,

(2) THRYHAMAES 5% H i ol A ERA R DRI 2 LR T 5.

3) taFESERARE (bl AR AR T AR

(1) R E & O U T I e 3 5 B R 2 fUS Y
ZhrET 5,

(2) BRI DY CHAMMEERE (BRY
Tt % 72 (3R HE SRS S R T (fibroblast
growth factor-2: FGF-2) #AIo@A] %175,

4) PR

(1) HHNARIEDOHER, @EAXT v FoREd, Z L TH
FERERR DI L OB ST, FERAEIR O e % I

il

ER:R
(2) 1M IgG FUAMERR TR I & o C o s Sl B S e e
D& T 2 7HIET 5.
5) HPEtERERIERR (FEILRBHAER)
REREROWES L CEEFHRO L HiF T,
6) FEE
(1) FEIEREHERR OB R 7 v + OHEREE & A

HHARTEZRE O RRAM 2 17 5
(2) BTk o ELE B EHPH 2 RET 5.
7) DIERERERIEIGER (REEREEIGIR)
TR EMEAMED T Y b o —iL, 26 & 47 RIBE D

PREIIE, 21 WEmOEEE Hiy & L7 wigkiEEnEz
75.
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8) MR EAEE (Supportive Periodontal Ther-

apy : SPT)

Btk 7S —rav ru—L LoD REBEHERL,
B E ARk DR E R B

(1) EWH 7 ERARRES 7 v 2 VT v 7 2R

ALY T, MiEIgG ik MMiRE s & CME
DNA ## % v, % 0B BIE Y % frfb
L, HEROHEFKICH LTRSS %,

(2) BHBEICN LTI 7 w25 LRI Y

I 2DWHIZEFTS .

% B, WEANBHGEZOEIHMIIC B VT, ®AMRD
BB & ORREDUWE SN B A 2 R T SR, it
BEE GO IITIRIEEI O EID 2 FEL T 5.

5. AERZA

1) BEEEAIARE

20 ARG D 6 R R A 5 o e & CHERR, X
SICHOEEEHELTED, HEORPIERAZ F L
R Lo Twiz, 2016 4£9 A LAy, OEEROENZE H
WL, o0 oTwEBER 222 L EIC AR OH)
Hold, FAIMTRATREEZTHILENTETICL
7-. 2016 £ 9 A MAENCYBEE A2 LB, B
BREREEIT - 7244, 10H 2 5 AR ABEZ BB L 72,

(1) 7, REEERROREE +OHEL 72,

(2) 2L T, SHBOBEHEHICOVT, ZoDFit%E

i BEHI 2T - 72,

O—oHIZ, BEEOE™MEGRE SIESERKIY,
B L ORI IET U R Y (RER X OMERAER
HEE ORI 2 e oW CEH L 72, 20 F £ A4
BREMG L IR T A2 b TERLELTYH, B
WoOpeREEDE £ ThH 2 LIBIRICEFEL L2 2
AREMEDS B W R R ARSI Lz, £/, HPHIC K
3 O A RE OB, LRV EV AT V2D
ZALC O EDS 2L T 2 WREED E L, &
FHEOIEBRED & 5 7% 28 (HolEki L)
DB Y A 2OV THHBHL 7.

@Z-oHIE, HRAEET2ICEE L 72 iRl % 3L
RLUTRELE, T4hbb, WAR FICEEDRG
DEELTE D, WEEARIGEO A TIHEGIRZ R
ERET 2 L IZRE R 720, AN RHAEDER
BRLEAARTH D EEZT, 22T, BULWLE
IHE S itk DITEHE S & CEERAINIRSRE L 72 5
B A RHAR E TOBREWZHY 5 1 EMNIC5E
T 2WERBAT V2 —VESEL, BEL. B,
RIGEGTHE 2 IR T 2 8%, SRANEBNEEDIE T T 5
¥ CREIAILEE %2 & O ITIRIGE 2 Pl 4 2 2 £ %
B ICHBA L 72,

QEM P FETRBSEFIC B T 2 TENDITIRICHE 5 i



456 H A & B & & % M &

W E, B, MEEbIcAY Y FARw» (R5E
27 BYGIE B & OHRERIE) 2 L 2ol EiBL,
HE?ME SN WESIXEMNERIEERZ EE L 7%
WZEDHETHBH L., B R 2 ROBES
FHic oW THDICE 2 7R, KIREERHEICFEE L 72,
(3) HfAEIREIE B B R EIFT, PCRIFM 3% %
ML Cwz, MR BRRREE LT, #BF
WAy —5—%E (NUAR, FH=Y) ZHL
THAG LA OREE2IT-72. 2L C, £i{FT
b5 26 DOHRMEETY, Y—2EEF L ZOD
#%, RFTIRTERREE (U FA 4 VIERRE/ 7 v
VIEAEKEE, A —SHEERAA— Y v Y,
AL T) TTOREDSRP 2 6 7 v 71T
DI TAT o7, £z, BHEOSRP#&IC, HAX
7y MBS ERIRN S X =& —olEE H
e Lmiigke Le, EgRs /712710
g (YA 27Yy, 28 —) WALy v
FICEESE U7 (HA WY 2 THER B
B VRO W 2 S I FE ).
(4) LEEETHEE O 5 fliaE % & T 21 & 47 O
BRBEEITo 72, 78, 47 3R RERICE
WT RO EZFHE L Twizas, #EHICEES R
g ol E BIE L, BERERHE2T-> CH
YL S B 728, RENEHREIRICIRIET 2 2 L
ELT.
(5) &L HEAR T OBREEE T RWICEREL, &
Z Lo RIEFT R OUEE WA L 718, KRkt g
D750 13-16, 33-35, 31-42, 45-46 Fic kL,
WO L F XA NK T4 v LY VEE (RA—
NR=FR VB, YU AT 1 AN) %2700, ZLT
MEROREWENMG RN EZHE LicF A b
H—=F (hN=F7FL 247, EA15mm, L3
A BEEL
2) FHEF
B JE LA O FETAT I 3 C, PPD 28 3 mm MU F
DAL D HE A 13 50.5% D 5 61.8% 12, BOP Fa i ik
479% 5 5 16.1%12, PISA 13 2,392 mm?%* 5 351 mm?ic
WEL TSI EEHERL L, M IgG ViR E T
1%, 2L L, P. gingivalis FDC381, P. gingiva-
lis SU63, C. rectus ATCC33238 @ Fiikfli ik L 7=
(Table 1).

3) taESEHERE

4mm Y EOWERT v FHBEFL, HEAR T ORG
Day ba— VSEEEREAICRN LT, BUE L 72 BEERR
BEBLCERZEZR L CEEEOHELZEHNE LcH
JASERAEE & Gl U 7. 8 A RRGER I3 13-23 8, 24-28
TR 1 e AR BERREAR & 1T\, 34-38 i 1d B RBHAM

638 HbHE

therapy, and dental radiography at first visit

(FV) or supportive periodontal therapy (SPT,
at least 9 months of postsurgery)

(34 #B) % HEH U 72 b A #BERRICAR % 47w, 14-17 &6
31-42 ¥, 44-48 ¥z 1d FGF-2 #F (v 7oz, Rl
) 2 HO 7 ERMEAEEETo 2 (Fig 3). R
L CIIEF R AR F A ORISR E21T5 L &bl
WERL—F L —= v I3 2 L5 ICiE L. #
LT, BHEICAE L ARG BUR IR E L7z,

4) FEH

B B A RRAE S O B IC 3\ C, PCR IF 1.7% % #t
FrLTE Y, PPD 23 mm ML T OEALDEIE 13 95% 12k
EL7o, RFENCHEROFRE X OEREZ <, BOP X
2.2%, PISA & 43 mm?* & @IS HEIC Hlk L KIR I s L T
W3 EEERL.

Do FEEHIR AR R 5, BRO B E U 72 BRGgR
BREB X O XERAMEIMED 2 > b — U AR
h, HRRICHREAROSEEI RN LML 72, 7%
B, BEASBZRICHR L Tz DFERTER A
L, AFVRARBEMML-E SN, I 5ICHOEHTE
DNWRET S LT, WATEERET S LAY
A UHER T L OG22 72 (BMI 28 25.3 kg/m?h 5
241 kg/mATET). 2070, KEEFRIZBWT, Y
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HLTWwzEBh, PMEREEED IIRIGE) O HbH %
D7,

5) FeReRIE AR

L ORI T, Y R ARREEZ BINICE
EEERERZ EHE L CW»iedd, BE OEIRIGE 2 E5% L
7wk ORmEEZT, BWIERFHEEOERIEFIEL T,
O RE M IR ATEAT U 7z, 45-46 135X 7 L1 &
L—iC & B KABEEBEET G, 36 13X F VA v L — &
18, 26, 47 RIETBIEATHERR 0 IR B I1C & 2 RIBRERRAE
a7, 21 FEMERY L a = 7 & 2 s
BALE 217 o 7z, FIPERERE R IR FE T o 2018 4 4 A1,
BEDPLIA IV IRICTAREIRL 72 L ORiGE %22
7.

6) SPT

2018 4 8 HIC A 2 171>, SPT ~BAT L2, &8,
TR IS B - 72 b D OB RFERIFLEL TH
b, HEFCT2HHMKRD SPT 21T->72. 20194 1A
i, BIREEWHE (RS, 3240 g HPEEHEE : 38
W4+5H) L, 200943 A» 5 2 4 AfEE® SPT % FHbi
L7z, SPT FBHR; O FEHiliic B T, HEZROE RICHE
S AR EIEEEICD 2 5T, PCRIX25%, PPD
3 mm U T O DOE AL 96.1% FHERFL Tz,
BOP i3 6.1%, PISA 1 80 mm?& JEH IR L~ )L T4
E LTz (Fig 4). %7, filE DNA BEICB VT,
TAE%EZ 52X 10° copies/gene, P. gingivalis 1% 3.8 X 10
copies/gene B & U A. actinomycetemcomitans 1% 1.0 X
10? copies/gene ZHHI L7z, %53, P. intermedia 13
HEN%d o7z (Table 1). X 51, Ik [gG Fufffiix,
P. gingivalis FDC381, P. gingivalis SUG3, A. actinomy-
cetemcomitans SUNY67, F. nucleatum ATCC25586 1
MR & 72 b, C. rectus ATCC33238 D AIEHEAE %
PHZ D HHBREE B L CEA L Twiz (Table 1),

£ £

AIEFNE, 2HFICIEEET, 33/ E VI FimoElic
AT AR OTEIEIT L T b 2 L2 6, R
RHSERMEBR R L W L 7., 2 OfFRBICIE, FI2RE O
AR v P NE DNA BB CHED P. gingivalis 3R
HEh, 512 P gingivalis \IZR$ 2 G 1gG Pkt
fEHO LD 2SD 22 C EA LTI L%
EET 5L, WREKDETIC P. gingivalis BA5- L Tw»
LML, — 0, REMEREROIE L 22bb D
W A, actinomycetemcomitans SUNY67 1233 3 [MiE
IgG HifRfi b flHE FH O FHfE L b 2SD 282 T L7
(154) LTwieas, WARYT v b AfHE DNA B T
W E Nl d oo, REEFOEEMEREFRFIE O R

AL & HE AE & o Bk 457

PCR

Mobility 0/0{0|0|0|0O|0O|0O]|O0O]|O0]|O0|0]O 210

— 1] 1]

PPD B|222(222(223{222(226(223(222(222(222|222{233(222|222 4227222
P[3331422|224(222226(323(322(222(332(222(222|222|222 323333

7 4 -7

|8 o 4 6 | 7

PPD L1333 332(222\222(223(222(322(222(222{222(332{222(232{222(344
Bl222 223222)222(222(223(322(222|222{222(322|222(232|222]223

Furcation

Mobility 0 0jojo0jo0jo0j0jo0j0j0{0j0j0|0]|O0

PCR

Fig. 4 Oral photo, dental radiography and periodontal
chart of supportive periodontal therapy
Red color of PPD means BOP positive site. PPD :
probing pocket depth, BOP : bleeding on probing,
PCR : plaque control record, B : buccal, P : palatal, L :
lingual

1%, 20 AAATEE E Pl D, RSO X 3
HWRXT v ~odfictty, AR v FINOMIE#ED
A. actinomycetemcomitans 7> 5 P. gingivalis FAENEZ
fLL7-vRgtEnEZE 2 505, SPTIROB/ KR 7 v Nl
B DNAMEICBWT, B hocBRART Yy FAR»S
A. actinomycetemcomitans DEHE I N2 L6, KE
FITB W T P. gingivalis Y723 Tld7z <, A. actino-
mycetemcomitans FEHIZ b 55 b 5] i ERINE T
HhHEEZD,

%72, P. gingivalis DIELDILIRAIICE R E % U
THHEENTRINEY)C L5, P gingivalis DG
EExE=S Y V7T 5 EPREEOWBEAGEEED S
IZTCHEBETHD EEALT, ZD2%, ik IgG it
AR 2 T, P. gingivalis O REGLE % 310 L 72 A3
SIRIEZED .. £, BEOBOVIERALZIIGZ % &
Ehiz, HOUBEFRICEEL, SHBEELICS VA
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B AR 5 2 L A BINc AR A T L
7o BN ERRIE 2 WIS nh 6 1EMNICSE T T 55T
WZELEL, FHEBVEBLZ, Z2LC, AP (EHE)
BEORELRKELE LI, PZers 1LETHARICH
RITIR L, EEIEEHEIC W/ LN TE,

ZHEDOI T MBI >N TE - BB IEFT 57
&, 30 mEMZ B LITIREIRLZIET L, 35 metEi
EMLEPIAETT 2 2 LM ST WBY | AEF
DIEFD, WLILROMFEMmHNIBETH D, 32 KK
OARERER L CEREEZHR LTRSS S, Z0Z L
Do, WIRICNT 28 5[ 085 oL 6z, N
ERBICB W TAEDOREE 20 5 2 BTG E I
BRand, ERNAHARTZOZHOT, ¥4 2 v 7kh
LEMLTW, LaL, 4 3 JETRIFRICW
59, AT 23 LT v 3 BEcOpsERoE Ltz
HE L, UEBNZLT BIcnizolz, RO HE
RE&IX, #7 Lo OpeEA k81X PCR 28 31% L IEH I
BIFTH > 7h, WK FICIZ%EORRERSERL T
B, PISA #2392 mm?E 3 F5HA2 5 b EE O LIEH
HFELTWI LBbhr5,

REEPSEOEREFHE X CHEICAZEL TR
&, 20 FRACETE D S ST IC B E L T 2 AR 7 T HE
K (BHEES X OHEE) 282 F LRIk > TWi s,
F 7z, FREO R OEFGICHE S IHREE KT NS v X
DEAGICHE S I EIC D Ao TV B EFEZ TV B A
DEELLZLbDEEZS, AL AE LI (BMI>
25kg/m?) R EBICARHEDY R 7729 —ThHb, #F
PREATIC B ETITT LA TRI A Tw Y, B
HES, 2L 20%#ELLUEEToWE (Eifok
EF) PEZLVLEHRRBLTOW 20D, Z&hikhXin
TELDPo>TEENH B,

SlE, BEFHEZEL, BYRLIC LEAREOR
Fox HIE L CHEAMEMSEEEE2 L LEMYEAR
BRIV, EEEORA %SO R AREIXNFEICSEEL
7= (¥ HE PISA : 2.392 mm’— %7 SPT ¥ PISA : 80
mm?), BREHE L SEOEMEROMEEZHELTSE
D, OFERPYERICHES 2+ L ADBINICHS T3 L L
HIZ, KENTVADYELZEEDNS, ZORGE,
REFEADT 2 & & DHITBMI S 253 kg/m?h 5 243 kg/
mAciA Lz, 2ok da8E L b £ BREOENL
b, BRIEIRE X CER I EE 5 X 1 aRED
FWEEZD.

% 7z, REEGFlOREEE I Z B EREMEO—>TH % P.
gingivalis DIEREPRKELLBEE LT3 EEZ B, T,
P. gingivalis O EGFDIEIRATICHERE % U3 e
DHEINTVEG, T4 v 5y FOBERRICBENT
TR U 72 20 o T M CRIER T O P. gingivalis DR

$63% W5

PERICEL, 5L, MERFE X FIMERD P. gingi-
valis W T PRI D BREITE L, TIEEZ E 5 AHE
HrgEshTw2?, REFlICBLTD, WBKOH
BAE 7y FNMIE DNA BEICB W T, REHuc 5D 5
P. gingivalis DEIEEE L (8 21%), £72, P. gingiva-
s T3 2 I35 1gG Pkl & &Ml (P. gingivalis
FDC381 : 192, P. gingivalis SU63 : 9.46) 2R L TE
b, BED P. gingivalis BT b NIz, KEEZFX, &
B, ¢ CITIREH 2B b 00, TRV S
THRILBREEBA L2, L L, REREICE TR
EDIREPALNT, FRAHANEOBW L o728
BhH 5. —0, BIENRELEREE TR E LA
B, DNAKRE B & CPiiRfiEic 8w T P.
gingivalis RO 2 WER L 7212, BREIRT 5120
Teolz. Thbb, P gingivalis B TR L L7125
YEM AR OFIE S AT EREE ORBEICBAS L T v 72 ArRE
PRI N, BEEOWAEROBENLANED Y R 7 FHH
D—DLiHHBLEZXL. L, P gingivalis &4
EAREE E DBEIZ O E AR RHNSL L, S5, ST
HLRVTDELRDANZALDRGEDPHETH % &
EZ5, o, BEEEHREDOIIED, ZHhDOREY
AR (R VR, RIEE, RENTVRBE) TRIE
THELTYEZOND D, 58, FLREFEED
CPEREZ AT T 2 R OMENEE NS,

i
p=11101
E:[%

AIEFITI1E, FICEBETOEED P. gingivalis ST
FE S RSB IR o R 28 B AF 1o U ¢, MUY 75 R
Brkz FARE UBMRHE EEE 2 170 RATF 72 4 H BB
RS L, ol M (WE) BEOSEICHEVA
PIFIR L, [EHHEIC WS 2 ENTER, REHIO &L
IICAIEREORESE D LL Rugaicix, WAL%E
BOHEREORELZ —ERET 2 L EEN S,

3
AR ZDICHIZD, FREORTICHEA O H2TEE
F U 2 MR R B R s SR S i Bl e R e 2 B
T HICHEL LR L BT E 5,

ARE R, HAWBHMERFYS 2019 FEETHMARS (8
150 [E], 20194E6 H 24 H, &R B W THEL -,

FHSCCHIR T N E MR SR I3 70,
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Pathophysiologic Consideration for a Patient with Aggressive Periodontitis
Suggesting a Relationship between Periodontal Inflammation and Infertility

OmorI Kazuhiro!, Kono Takayuki? KoBayasur Hiroya®,
ARAI Hideo™, YamamoTo Tadashi® and TakasHiBA Shogo®

"Department of Periodontics and Endodontics, Okayama University Hospital
?Department of Comprehensive Dentistry, Okayama University Hospital
SDepartment of Pathophysiology-Periodontal Science, Division of Biopathological Sciences,
Okayama University Graduate School of Medicine, Dentistry and Pharmaceutical Sciences

‘Department of Dentistry, National Sanatorium of Oku Komyo-en

Abstract

Background: Infection by periodontopathic bacteria and inflammation of periodontal tissue may affect con-
ception. In this case report, we describe a specialized periodontal treatment focusing on removing the source
of infection for a patient with aggressive periodontitis during infertility treatment. After the periodontal
treatment, the patient had a natural pregnancy and a normal delivery.

Case: The patient was a 33-year-old married female undergoing infertility treatment. In September 2016,
she became aware of looseness of tooth 26 and spontaneous pain, and visited a dental clinic. An X-ray exam-
ination indicated that severe alveolar bone resorption was progressing, and she requested specialized peri-
odontal treatment at the University Hospital. There was no special medical history, and there were no
abnormal findings in both the patient and her husband on infertility examinations. Periodontal examination
revealed that the proportion of periodontal pockets of 4 mm or more was 49.5%, bleeding on probing was
479%, plaque control record was 3.1%, and periodontal inflamed surface area (PISA) was 2,392 mm?® On
X-ray imaging, there were many images showing bone resorption extending to the apex, including tooth 26.
Infection by Porphyromonas gingivalis was high in both serum immunoglobulin G antibody titers test and
DNA tests for periodontal pathogens in periodontal pockets. The diagnosis was aggressive periodontitis
(Stage 1V, Grade C)and secondary traumatic occlusion. The treatment policy was to improve the periodontal
environment as early as possible (within one year), taking into consideration the patient’s desire for preg-
nancy. In addition, we explained and obtained consent for the necessity of refraining from pregnancy activi-
ties including infertility treatment until periodontal surgery was completed. The treatment plan was:(1) Ini-
tial periodontal treatment (patient education, tooth extraction, scaling and root planing with topical antibacte-
rial therapy, temporary fixation),(2) Periodontal tissue regeneration therapy,(3) Oral function recovery
treatment, and (4) Supportive periodontal therapy. The host response to periodontal treatment was very
good, and improvement of inflammation and regeneration of alveolar bone were confirmed (PISA after peri-
odontal surgery: 43 mm?). She had a spontaneous pregnancy during oral function recovery treatment, and
gave birth to a normal boy (3,240 g, birth week: 38 weeks+5 days) at the age of 35.

Conclusion: It is suggested that severe P. gingivalis infection and periodontal inflammation may affect
pregnancy. If the course of infertility treatment is not good, it is desirable to examine the oral condition
including periodontal tissue.

Key words: aggressive periodontitis, infertility, Porphyromonas gingivalis
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HEOHRKICE W T, THE KAROREIARET
IR IFL ., THE KHAMOMBIZEIEZZKTH
D, BRI OEIED S W RSN TR, FERE
F, EELO 2BAEENCBWTEALTE L, FHlc
faM2SAE T 5 Lo S REIFIREE R L Cwv b,

MRARME 8 28 D 3 72 LR NIIARE N~ ORI YT H 5
20 BRI OE MR TR D 72 0 1M EIR o B
DA+ &7 0 IR L IR EIRE OB RIC ORI 6 kv
b0,

S, BRI EE R %2 T 5 THEAAIE KA
FBRARICX L, CBCT Mgl 136 /- iEmE fic =
A7 v R a—7%He CHREREZTY, RENDK
PR EYICkRE L, BECREERHETLLET, B
TP 7R IBIE DR & NIREGI O IRERGEIC D W TG T 5.
nEB, NEFIOREICOVTIFEEORIEL2ETV S,

E

1. X5, BRE, BIE

BT 42 5B EERIR, ETEBICHVEAL D
h, Bt URLEWS ZETHoT, W1ERH»S
RSB LT 2 ATV, FERALEL V2D
R - IR 2 A U RBR At AR i bR R % 52
27, SHNWERERE, 7ULILX—, ZoftiEisEiz
e Tz, AEBEBIRB O OENEE% Fig 1 ILRT.

TEEAMBIE RARICEEINTHRE ATV, VL —
WWHAARZRD, K- BEITSHE & COBA&H %2 Z
DIz, TUVINLBIUONRN T2y 7 AMEE, CBCT
iR (Fig. 2) & b THEAMISE ~KARRREICE S %
R, WERIEREHIEEE, FHEE L D ICAR IR
EIREHE T, BERNCBEROBE FbONT. £,
HREICK 5 mm O 7 7 4 VEREERZ2 D /2.
X5, MR TH B &, BLUOBRTEREINED
HERINBE L Tw b 2 LRI N,

2. 2, WMEFHE

TFERAMIEE R - B ERAMEEE L (AAE IZ &
2 #ESEZLW 4 Pulpal : Previously treated/Apical : Symp-
tomatic apical periodontitis) & #2Wi L, [EHEOFRER
WETH > L E LT,

3. AERE

WEIZTART, IN=F LB T TvA7rRAa—7
(OPMI pico MORA/S100, Carl Zeiss, Germany) #%%
T Tiro 7=,

Fig. 1 Intraoral photograph during the treatments
(2017.11)

1) WRERELEIE (201749 H)

AINVA VL —=—BEIONTIATAF ) w—k A MR
WERELLLEA, BIMRTHEIRD P57 D
D, BB AT TH Y, T8 —A v MRICER
LT 2 BILHRBERRAE 2 fEFE L 72 (Fig. 3A). 25%XK
WIEERE T LY Y LBEK (4270 —F—, 248 4
TR 1 & % e fie v CKERb A v > o L 8IHF (5
Ry 227 L= 11, AAEBEES) 251, K
A (FrE Ly, V=) ITTREETS
7z.

2) WEWRE 2 H (2017 410 A)

TAXYEYFBIUORF— " —%FHn T+
B 21T\, #BEH 7 74V (AM 7 7 £ )V, Satelec,
France) 8L Uz ¥x2hR—% (NEWO-K~<A 710
¥ 2%, SEEER) 2T, RENOBRFEHE
BIREHER, Ty 98 —F 2 RA VB L OB 7 74 v
DEZEIT-o 7 (Fig. 3B, C). 25%XiMEEBF VU Y
LA, 3BEDTAVAR (AA 727V —v, HARERE
) BXOHEEKR T 74 V2 AV CREERE TV,
R—=8—FKA v+ (VDW, Germany) I CHEZ E /-
%, Kl vy o LB A ISR, K 2 v Mz T
RKE%21T - 72,

3) WEBEE3FEE (2017 412 H)

T2, WARONKERD -, BRWIRE BN Ed
(Root ZX, €V %) ZAWVIEEE%MIAIRARIL—1
mm & LTHREL, TREZN-TIio—2 V=771
(WaveOne Gold, Dentsply Sirona, USA) %R\ 45
B O, BEET 74 VvE AL OREFEICN
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Buccal side Buccal side

)
‘?_ b Bu - P
- e | 1
Middle part Apical part Coron#aft , Middle part Apical part
2017.3 2019. 4

Fig. 2 Preoperative dental radiography (A) and cone- Fig. 4 Dental radiography (A) and cone-beam com-
beam computed tomography (CBCT) images puted tomography (CBCT) images (B :sagit-

B : sagittal plane, C : coronal plane, D : axial plane tal plane, C : coronal plane, D : axial plane) 1-

year after the treatment

Fig. 3 Photograph and dental radiographic images during endodontic

treatment
Removing necrotic pulp-like tissue, gutta percha (A) and the sep-
arated file (B, C). Before (D, E) and after (F, G) root canal obturation.

72 C R L 7: (Fig. 3D). & MWHHE X O, 4) HEREARE (201841 H)
HESE REHZETRIERE T - 72, Iy 7 AMOBEEENEICED, FEEBLOAA v

KA v ro#EEEHR L (Fig 3E). WREWHRG, "k
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Type I Type I Typell

D
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Fig. 5 Classification of C-shaped root canal (A : radiographic type, B : canal

configuration) referred and modified from Fan et al, 2004'" 12)

2w, BLHighifa—vY /) — L%y —5— (Fx F
v—9—N, HAWEBIES), vy ¥ 8—F % XA v B
X U8 Super endo o, Super endo 8 (B & L Biotech,
Korea) T & % continuous wave condensation tech-
nique™ (LUF, CWCT) # M L7 ik CIRE IR
o7 (Fig. 3F). AKHtEe x v Mo TiEE, 74
VI 7 AEERE 2TV, RIEMOIEE, BREE
EHICHEYITH B L EHEREL 72 (Fig 3G).

4. £ B

aVvRYy FLYrEHOEREERCTCa TSR, Y
M#EE 25 L, 70 ARRERZE 2T 72, AP -
EEITZEB L OREGREIRERLTBY, T2
Iy 7 AMEEICTRREGE RGN 77z, HE
FHE 9 H HR I &TREEE CHREBE 21T /2. RER
I8 1 R O RGEBLERIC b BKERE 2L, Ty o
I v 7 AMEEE L CBCT HifR & b MRATEBEER D
Hkz2ED (Fig.4), BHRETH S,

Z B

THE REAMRICE T 2 ERR O ICBIL Tk, H
ANIZHART 7 ANT% L 10~445% L |ESNTED,
HAANTIZENET 367%, ZHET540% LB5R T
%)14,15)'

AR LRI O T v 2 Ly 7 ABEEICBWT, &
ROEARUTHE, WED IR E RS & IE DI DRE
BXUOZOMOARRAEREZE SREIHAIND Loz
BaZd 5N 5 L INT»2Y, Fan 53 @RIEE 7
VINIy I RABEHEICLED 3oy 4 7z (Fig.
5A)W, BEIRAR % ACEWT L 72 & Z Bl B IRETBIC S
WTH 5L TS (Fig 5B)?. AfEfIC 137
VHINTy 7 AREETIE Type 1, KFEWRTORER
BEIIATETICHRES L7 CBCT & b B4R 1/3 £ Tk Cl, 1B
R1/3LEIZCATHD LWL I

FBIRAR T 13 2 DEEED &, BEWVEBRAKIE 1T 1375 (143 1625
LA AL B EREsH v, BE EEIEKRRRICIE CF

DOWE~, F7REHID 5ARRE TIZEHIHE ~Z AL
EELIBROEICEFERPLETH D, RE EHZE
TARRICIE, BEZ CFRICEH»T C L TREDIFEIC
B RS RS RE L e B, 72, WETRDLS
WA AERT 21, ETEREOMERELRE
L, 774AVTIBEE, fALR 74 v 2BERT 7
ANV LB FA7 A VERHOTERT S L
%, AENIMETO CBCT Hiff & b AR CHYE Aha Lol
B LTz, RO EIT 5 BRI XS
T7ANET VA= T2 M5 UIERESTERET o 72,
iAo 7> vy 7 AMEBEIC T 7 7 £ VR
FRAE RO I, ZORFEICEEPFEELLILLH
v, HEBWES IR 7 74 V2 BRETE 3 LFRSH
7z, ffihic <4 7 v 2 a— 7 TS & O
By I =F v RA v M eRELELETS, W7 74
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A Nonsurgical Approach to a C-shaped Mandibular Second Molar
with Chronic Apical Periodontitis: A Case Report

Kawanisa1 Yuzo, MAEZONO Hazuki and HavasHt Mikako

Department of Restorative Dentistry and Endodontology, Division of Oral Infections and Disease Control,
Osaka University Graduate School of Dentistry

Abstract

Purpose: A C-shaped root canal has a complex configuration and sources of infection remaining in it make
nonsurgical root canal treatment difficult. Here we report a case of endodontic retreatment with good prog-
nosis by using cone-beam computed tomography (CBCT) and a dental operating microscope on a C-shaped
mandibular second molar with chronic apical periodontitis.

Case: A 42-year-old male visited our hospital due to a dull and biting pain in his lower left posterior tooth
for approximately one year. The metal inlay on the mandibular left second molar did not fit well and there
were percussion pain and occlusal pain at the same tooth. Dental radiography and CBCT of the mandibular
left second molar revealed a radiolucent area at the apex, poor root canal filling and separated file-like radi-
opacity in the root canal. Also, a C-shaped root canal was curved distobuccally at the apex area. Based on the
diagnosis of chronic apical periodontitis, the mandibular left second molar was retreated. After removing the
infected tissue and shaping the root canal along the C-shape under the microscope, the chief complaint was
improved. Root canal obturation was performed and the final restoration with full cast crown was placed 9
months later. At one year after the root canal obturation, the radiolucent area had disappeared and there
were no clinical symptoms.

Discussion and conclusion: It has been reported that the frequency of a C-shaped root canal in the mandib-
ular second molar is higher in Asians than in Caucasians, and that the ratio in Japanese is about 30 to 60%.
A C-shaped root canal rarely has the same shape from the orifice to the apex, and there are many branches
and confluences, which often cause clinical difficulties. Moreover, compared to the coronal part of the root
canal, an undercut exists in the middle and apical part, which often leads to residual infection. In this case,
proper access cavity preparation, enlargement of the coronal part of the root canal, and preparation of the
middle and apical part were performed under the microscope while referring to the preoperative CBCT
images. This process enabled removal of the sources of infection, including residual necrotic pulp-like tissue,
and led to good healing.

Key words: mandibular second molar, C-shaped root canal, cone-beam computed tomography (CBCT), dental
operating microscope
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Fig. 1
a) Oral photographs, b) Periodontal pocket chart
and c¢) Dental radiographic images at first visit.
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Fig. 2

a) Oral photographs (No denture), b) Oral photo-
graphs (denture) and ¢) Periodontal pocket chart after
initial periodontal therapy.
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Fig. 5
a) Dental radiographic images before surgery
and b) 3 years of postsurgery.

Fig. 3
a) Before surgery, b) Bone defect depth and

REGROTH application under surgery, c¢) After sur-
gery.
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Fig. 4
a) Oral photographs (No denture), b) Oral photographs (denture), c) Periodontal pocket chart at SPT and d)
Dental radiographic images.
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a) Oral photographs (No denture), b) Oral photographs (denture), ¢) Periodontal pocket chart at the latest SPT

and d) Dental radiographic images.
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A Case Report of Comprehensive Periodontal Therapy Using REGROTH
for Generalized Severe Chronic Periodontitis

SuTo Mizuki
Division of Periodontology and Endodontology, Department of Oral Biology, Tohoku University Graduate School of Dentistry

Abstract

Purpose: This report describes comprehensive periodontal therapy, including periodontal regenerative sur-
gery (using REGROTH) for vertical bone defect and the difficulty of reviving the esthetics of the maxillary
anterior tooth part and molar tooth part occlusion for generalized severe chronic periodontitis.

Methods: A 62-year-old woman who visited the Department of Periodontology and Endodontology, Tohoku
University Hospital, with the chief complaints of tooth mobility and gingival swelling. She had been diag-
nosed with breast cancer in 2002, undergone surgery, and received follow-up treatment thereafter, without
recurrence. In 2019, she was diagnosed with high blood pressure and prescribed anti-hypertension drugs.
Intrabony defects of over 6-mm probing pocket depth (PPD) in the upper anterior teeth and lower right side
mandibular canine and first premolar were detected. After the initial periodontal therapy, the PPD was 4-5
mm with bleeding on probing (BOP) in the lower right side mandibular premolars, leading to surgical inter-
vention, incision and debridement of the root surface and bone defects using REGROTH.

Results: After 3 years, PPD had reduced to 2-3 mm, BOP (—). Radiographically, newly-formed bone was
observed in the intrabony defects as well. With supportive periodontal therapies performed every 3 months
including implant maintenance, the periodontal tissue was maintained for 4 years.

Conclusion: Periodontal treatment was successfully performed using REGROTH to treat intrabony defects
with filled bone, and the periodontal tissue was maintained for 4 years. The case has been progressing
smoothly since SPT treatment.

Key words: chronic periodontitis, comprehensive periodontal therapy, REGROTH, supportive periodontal
therapy (SPT)

Corresponding author: Dr. SuTo, Division of Periodontology and Endodontology, Department of Oral Biology, Tohoku
University Graduate School of Dentistry, 4-1, Seiryo-machi, Aoba-ku, Sendai 980-8575, Japan

TEL: +81-22-717-8336, FAX: +81-22-717-8339, E-mail: mizuki-s@dent.tohoku.ac.jp

Received for Publication: June 30, 2020/Accepted for Publication: September 10, 2020



474 638 HbHE

10.

11.
12,

13.

— =
.Crl :‘P

=

HH
PO 00N O W
o
—

—
N}

1

BARMGEFEZHBSREB AR

C DEMMERR I, PR O CHRIC L 2HE2EL T, WRMERFY: (RIFB1EY, wNEERY:, WRARY)
DHBICHFLGETHIEE2HNEL TS, ZDd, WEHMRELOHEDE, K, #E %S CIClBMRAEY % 5%
LU RRHEZ S BT 25 R BT 5.

WSCOEEEIL, FERSC RAIMES H 2RO ST 2 b @), Rl (MERMEFECET 29 EE2RIL T
SBOFMEERBLELILETE20D, HEVIIMREERLONETEZE LD TH 2B EIRELEIS> LT
D), T Ea— (BRMEFZCBET 2RO MYy 7 2 REERXclRict o b 0T, FEOZERILE
&ate), fEF - BRIRE (PRSI 6 I8  ERHER O EHE & FBICEH & 2 2R OER) kD 4fE
KA T 5, B, Rl IolLba—if MEZEXDPLOKBEICLZDDLBEIIL2bDLIZHITS
JERCE & QER] - BERSS 0N, BRctFbicEEfs iy, BERRERS 2 0 BHTFETRLDLO
IR %,

WX ORI, BE R CRET 2 (MEZBSPLOKBEICL 2 D%KR ).

BRI, HAREE 2 3 EECERICHRIh-b 0L T3,

s ofid, FEHIE LTz (GE0) Pk, 5, MEE X OE #RS 2 vIdiiE £%, e
W, TESC (1) PfrolHicil#id 5. FERXUAOmRID, FHlE LTIhic#d 2

RiEoFiTx, HAELT2HAH, 44, 6, 8H, I0ABXVI2HIITS. £/, HEIHNITIEHT 5.
EHREFDVPRBOGA DA, —EHOBEBMZITS. £/, EHEFFIRBTH 203 LEFIIF2ENEE
NBEAITOVTIE, BEEERTbN s BIEEEDO ARG THREaHEE2RkD 2, uE, NE -  BHA
EoFEE, FEBXCHIRIIC» Db 58, J-STAGE B# AT — 2 ERM, FFABET S, 2L, RHE
REASDPLDOKFIC KL 2D DR bDET S,

FCERREE, RFTOboE Ay, ERERICHTRAT S,

ZMHE, BEERISEREFREATE LML T2, £/, ZEHE, ARALFE» SRR EHESI N
Hff &9 5.

WEER X, ZHEIEE T2, %8, BIRGCOBEGEHIIGEYR S 2556 HKITT 5.

ORI Email R E 3R — b=V 5D Web &R L § 5. BREFEROXRMNEIZ, HE2FEBRL
9%,

FEECEDIRIEN, FAELC2KETET S, 2O, FHOFELVERE, BN, HRZ &R RV,
KRIERNEATED H & TICb$iBAT 2. WRIEAEOHEITE, 20 BRMALMICHTT 5.

KB OEMY OEFHIE, RERTFET 20T 5,

COMBIC R WHEEIL, ICREZEESTRET 5.

KRHRREP 6 4 11 H 10 HA o fifrd 2 (55 38 &5 1 5 & bidH]).
AHIRIE K 7 4 10 H 26 HA 5 —HSE L9 5.

AHFRIE R 96 H 5 Ho 6 —HBSUE LTS 5.
RBP4 11 A 17 HA 5 —FBSOE Lifr 9 5.

AHRRIEPH 16 6 H 9 HH 5 —HUIE LT3 5.

AHERIEPH I8 4 11 H 9 H 65— &Ik LEfTd %.

AHIRRIZPK 20 4E 6 H 5 HA o —HIE LiEfT9 5.

AHIRRIE K 21 4E 10 H 28 H2» 5 —HSIE LIEfTd 5.

AHIRRIE K 22 4F 6 H 3 HA o —HdE LitifT9 5.

AHIRRII K 24 4F 6 H 28 Ha» 5 —HSE LT 9 5.

AR 25 4F 6 H 27 Ha» 6 —HSE LA 9 5.

AR 2426 H 25 HA o —#dUE LiEfT9 2.

Wiz Hlz o T THREHE) 01, BT%ED 1 FiciEfishTesd RO FI S, CElT 22 &,



2020 4F 10 H 475

BEECHFLEDHAN
KL, REBEEEY OEEEEICE T 2 2 2B RS CRELTBL £ 7.
FICER I NE Y OBEEEME CHED T, FTEEER S (https//www.jaacc.org/) DHeftL T
VB EBF IS AT LEB U THIEL 2w,
WELNOHHE EEMosIH, &, $RE) L, BEEREEABROLELELLZ IV,

Reprographic Reproduction outside Japan
The Japanese Society of Conservative Dentistry authorized Japan Academic Association For Copyright
Clearance (JAC) to license our reproduction rights of copyrighted works. If you wish to obtain permissions

of these rights in the countries or regions outside Japan, please refer to the homepage of JAC (http://www.

jaacc.org/en/) and confirm appropriate organizations to request permission.




476 H63% W55
wm & ® &

ol

® SARS-COVID19 O Zic k b, HARLZHELZ I -HAROERICBREL2H L LJE§. SARS-
COVID19 /8> 72 v 7 ARSI N TLIR, WERIC & 2 &Yy, aBHERE AR ICBASE, Rt o3,
ENZE R R TS oA &, BR0B w2 —21E»0 T3, —hH<, WREtnIc X 2 5l - fERK»
A5 Tand Lk PEEEICZ->TwE S, ETHHIHEA CHCERMER SN T 5745, WRHERE
TOEMZZIC L 556k, WEAKO T - IGEIPREINTOET,

® X TTI, WREBEASRIEMNIGEEBORIIC AR 2 2 L2, MATROERDH % Lahlyitio Cell 3ic
BiEhE Lk, CoOWRXT, REMBEROFKL 2 2 ME X OENBETH D, ZOEIIEMECKS L
CRENTI A, BNABEILEET 2 L RIEMEEEZI SR T LI MEHAMNHLE eI E L,

® S50 ENEREI I, BBY B X Y OMAE D S H - RIREE K Ot s L CEHShCw g d. T
OFte U TRAEMIGEE & OB, 2% —7— g, 2P@FEEHICE T 2 WRIEE0ESEEE2 7 £ —
L, HEFICH T 2#EA2FEDYID with 20 FORRICB I 2 Hi7c G ERIERZERTERRIEELTOE
EN

® HARHBMRE AR TP IUCE IR 2 AN EECE ik IS5 L, EIRAETE L REFIEENIC 81 2 BEEZ R
LTWEET, THEDIFE, LALIBHVWLILZLET,

(EHEEZ 20
AAEFHR SIS REESS
FEE B OB M E BRI FE - RATE
AIBREE B H % R UNAREBIETI) = | mmawn | %66
bR R % (BRI
OE M ARSI L | BEEILALSH | 2 AXRH
B B B (RBREREBE R 2 LAISH | 4HRH
W N — (EARERIAEE A A ) 3 3HISH | 6 HAH
Vol B A (HAKSERT ) 4 SHISH | 8 AKH
RO B CREHERIAE) 5 7THI5H | 10 AKH
JUE R B CHTERAT ) 6 9AI5H | 12 AKH
WA — i RBRERIASE)
WA A B (RIS
WA W (BRI SRR
WM AR R T (BB

H

(50 % /IH)

JTITH

AM2F10H25H Bl
A2 10H31H % AT
REFENTEEEAN HARBRFAEER

TREERAATH - N i %

i (G — IR A DR
http : //www.kokuhoken.or.jp/

ol AR A R S T 7 = VI G

# o BEFREMNEBEN BAEHGEESR
HA®MBMREZESIRTREZT E =

T 170-0003  HURTABE S X BaA 1-43-9
(—) O B R & 2 N

B OaE 03 (3947) 8891

FAX 03 (3947) 8341




2020 4 10 A 477
BEFEFEEEN BARFMREZSESERE
g2 B &£ B 4 THE RS Pt 1 i BERE
77 Y v o8 vk R & | 540-0004 | KRBT T 1—2—34 (06) 6762—8022
o 3O MR M X & k| 113-8612 | BEESCH K AEDA 1—7—10 (03)5395—7638
A R7 T = ENF Y MRS | 113-0033 | BASCOR XA 1—28—24  4F (03)6801—1303
EME® T E KRS | 141-8517 | Het XK E 5—17—5 (03)3492—7651
ARF v H VT AT L ARREHE | 140-0001 | Btla X dbi)114—7—35 L 5 2 + 4 7 —15F | (03)6866—7480
79V 08Ty VRS | 100-0004 | EEEBTARHXAF 1—1—3 AFkr -t (03)6701—1730
77— VxSRI | 113-0033 | HEESUR X AMS 4—8—13 TSK E L 2F (03)5803—2151
ANk HO3 Bk X & | 567-0057 | KERMFRARTI B 1—30—3 (072)640—0117
I F VY w RS S| 190-0012 | HEUERSZ) I HEERY 2—25—1 2F (042) 595—6945
P A F 4 ALk R A | 524-0044 | BB ESFILT HEHET 571—2 (077)582—9981
X & H v — o —|113-0033 | HAHSUHIXAM 3—2—14 (03)3815—1511
R & # B E | 605-0983 | BT LXFERE_LEAAET 11 (075)561—1112
Al 3 &AL T o#k R & 4| 104-0031 | HERUERR X 5URE 2—17—11 (03) 3567—9573
2 — I LY R A | 141-8684 | SEEERS X L& 6—7—29 (03)6409—3800
& H 5~ E v bR S| 542-0083 | ARBT UL R ERE 2—1—1 (06)6212—3619
Frv T4 vuFhREH | 106-0041 | BEEER AL 1—8—10 (03)5114—1005
e R & Ak P AL 2 B 98 BT | 173-0004 | SR SUERERAG X ARAE 4—25—12 (03)3962—8811
BRE&EHE 27 Y~ F > 20| 110-0016 | H#AEKEH 1—38—9 4 b=t 7iHMfEELE L 7F | (03)3835—2261
R & F H = | 322-8666 | HARREET FHE 700 (0289) 64—3380
B X & = v o v | 601-8469 | HUERTHRES X G ENT 8 (075) 681—5346
H A& g B 8 & 4k X & 4| 750-0015 | ILIE FEIHPEATLET 2 % 5 &5 (0832) 22—2221
Z 04 8 T ¥ R & | 150-0012 | HEEREAKIARE 3—1—3 (03) 3400—3768
H oKk B B # R & #|532-0033 | KB X#E 1—1—15 (06) 6396—4455
oY 2 ke R & #|132-0035 | HEHNLE)IXEH: 6—73—9 (03)3619—1441
- = — ¥ R & #|321-3231 | FEEEE LM 8—3 (028)667—1811
o & A HE 2| 650-0047 | #F X B RRT 4—7—5 (078) 303—8246
R R & ' U ¥ |564-8650 | RBRFFKMATTEAKR 3—33—18 (06)6388—8103
B R & # £ U & 5 |110-0005 | HAERAHEX _EF 3—17—10 (03)3836—1871
YAMAKIN# R & #|543-0015 | KRBT RE I X ECH LA 3—7 (06)6761—4739
e X & £ =3 ¥ | 110-0005 | HEEHARK L 7—6—9 (03) 3845—2931
(

Eie =1)



H A o B Or 7 58 HE 58 G o0& iR 32

(%8 & CECL iy
B i (% oAb
ZlLEa— CHE] - BRRR

I #WXONE (FzvrLTFSw) O Ofn O
2. WA (FrvrLTFaw) O Dt U
3. WA

[0

4. S =v T84 bV (T4 PV THRL, F:XNE %ISR TIEEE,
40 FLIN E L, JE300F 2 CFEDPAIC L CFITHY T %)

5. FH&E4 (£8)

6. FEEHEHOD
Pt IE BSR4
7. EREORER
<RI (RISC - SESCHRAR, FOSC - SESCDER, AL, SR, [MXIBAZ &) ®

- X K (5 6h 7 — A EORES ), 8
8. il EHf £ # (O 7 —H i O 2 aHil)
9. e (Fehd - RIEEEH)

- K4

<R T

- Hah AR Fax

+ E-mail

10, fi5, s

H A B BHR 7 R a2 A i [ A
HAMEMR Y &
£ H H
TRUCESA - WAL 2 FH L, TiloREOBRFERRY THARBMRELHRE) BRI Bk, H
WOREHEIC XD, EFEL2EYRUFET D L2 EHE L LET,
CEY A v

- EHHE (&R) Fl Fl £l
Fl F El
Fl Fl El
F F £l
Fl Fl £l

FEREDOELY - WHIPERMU & ClchiibaWiEAIE, FBERETIHRIZI v,
(BEAEICFzv IV HNET)



63%&5%5

B HAERHA G ZH S ORI > 72b D Th 202 MR L, 1~120HEHIZSWTIZ, &
TEEFzy IMicFzy 2 (VH) LTHF&Ww, X510, ZOHEHBIKDWT, FEEREDREEKE
BOF vy 7220 TroBRLTTIw, (REEKEZEAHIISE3 -6 5ICEHRLTOET)

7B, 13~18 DIHHIC DWW TEELTI2HAICF vy 7 LT HFI W,

Fzv Fv o
EE WEHEEER mERE S
0o 1. fREFF4 HP B oo E2H O T»ETH, 00
00 2. Ff (M, £28T) 3 A49 A4 XTERLTVE T, 00

00 3. EREEAISC (30 =K, IS (E30) #8k, ARSC STHR, 0 (10 #iK, 00
B (A1) Wt EIZ 7 > TV E T,

oo 4. MXHex, X, RELAMLTHE T, 00O
00 5. IS - BXARMOREICHLEZT AR ZHLAL TH D X9, OO

Ood 6. I3 - TXAF—v—F (GRyIHGE) & 3FEE, M - wxXiWioRE OO0
ICEALTHD 92,

OO 7. Bk, Sv=v Y4 FPUBEALTHD T, OO
0 8 HERICIFE L R—VHFE (Rl 6 E T) PRSI TwE T2, 0O
0 9. URRIIFTEDEE ST, FIAMEICZ> TWwE T, 0O
OO 10. KRICIFZNZNHESDVILALTHD £3 7, OO
OO0 11, KEREZ2oFAFEETRELEL T E T2, OO
OO0 12, &b 2 FlaMHK (COD HOHEEZIRI L T E T, OO
OO 13. PL =20, REKZOFHHEL THD T2, OO

oo 14, H o5 —BEFLEOGEAICEHI—FT—2 %, £/ 70ig#lHEloGaIcizE/ OO0
ra7F—2%2RMNLT0E T,

oo 15, BEHRXDEAE, 24 T4 TAE—H —5K12 X 3 5 XKBEFHE 2 RA L < 00
WE T,

OO0 16, EFZ2RRETIHRICOVT, FEKEOES L BZoENIEET2MHH OO
ZEAEOKEER/THE T,

OO0 17 EFZ2RRETIHRICOVT, EALETS & EWARNREFMA»RESNL OO
LTEDRBVEIBEINTVET D,

OO 18, EbZRRETIMEICONT, EonBEREZHEHT 2ICH 0 HENRE OQg
DHEGEEBT VLT,

<«

TESLEIENSES &)

mELZE 22 6 DBV | IREREICREEEEEN B ok wiEaicid, ZoaMEO L, MUITHIC
RBEb o THEBRETBRED FSW,



Thinking ahead. Focused on life. MOR'T/\

Spaceline

AR=ATAY EXD iIFTHAVEDEEZTE

RAYDIFFHFAVEIF 50FU LDOERZHL. SEDSREFINICEEBEICLKO>TRIEIC
BEINDHRNICEMDH DT A VETT, HHRHN56,4000 LTV ~U—HFE>fzh,
BEFFHAVELTISHICHESEINDEE (IF GOLD AWARD ) ZINX—2T4 ¥ EXH
FEUFUR. ABMIZICEDEHBICHESNLET A VE. BESARTTHIEICH
BENTHESNET AV THDHEFMEINELR,

T
wx=2 €U

KRIRAH  KBRATIRE™ EKET3-33-18
T564-8650 T 06. 6380 2525

RRAM RRFEARKX EEF2-11-15
T110-8513 T 03. 3834 6161

BHAT BEFERCYY— EHERRSEEREH
T 0800. 222 8020 (7' J—1—)L)

HEMRTT - RE

w2 EUIFRAEM

At TH RBARSBHREXREREI680
T612-8533 TEL 075-611-2141

LMENLTES  REBFFAILERA L LIBT i FEHT Rk 190
T613-0022 TEL 0774-43-7594

RS AN—=Z54A >
RREY RN
# -

www.dental-plaza.com




108

1004 iIcbiB < KER%E

Bright smiles for another 100 years

/
|
7?
n A
:
< c
> 2
. 4
(G (@&
A A
(E) @
| \ )
(P) B POWER &
MERSSAGE ).
"\ SHOFU INC. E-PICK 2’/\/’ \
.//
4

——————— |

BERRAT—Z—&NIT—FTNAZR,
BEWTO7Ty>aF L7 CRETR2D0EEEZ. D16 (2R,

REER{1E:¥490,000
—REEH ERASENBERARE SEERESR BERTEEEREE RIES  229A1BZX00017A01

BROMIEF2020F 7 BRAEDREER(ME CHERKS) T,

— e Y 1; j—l @ it T 605-0983 3 B LIBCAEAE L BHART 1-TEL(075)561-1126% winw.shofu co,p
I t*_t'lf\'*_t @ 373457 (03)3832-4366 @ =R -ALIE (011)232-1114/41L& (022)713-9301 /5 vk /2 (052)709-7688/ 5= B (075)757-6968/ AR (06)6330-4182/4@ e (092)472-7595



%E _ .

IJ‘J“JZI—T47746
(18HICDF) =
EEEOXAEERICRIEL Y Y OA—FT 40T % (BBF5:

RI—M)Z{TorcBa &l ELTTEICOE 1EICRD
ABREZHETE

SEHNNXEGRNRER YT
—2— G-JUL=Jt
o) 2

5 B D6

o

SL\EET
HE L DOEAIC

WHE - JEELRE-
UNa=TEDERHIC

3%10- methacryloyloxydecyl

/dih?ﬂ gen phosphatie

BERBLOBEI(C

2 A IE]J:XE

Ei&b#a
VAN ZERE VAN &S AN
TV ak—T ¥y

1 EXKTRLEEIN TV 2R RTEZEER [THE DENTAL ADVISORI b S&xmarll ok kh k] ZHER
The Dental Advisor, Volume 33, No 04, May 2016

%2 2018BAN\vr—IYr VTR [EXRS - EEAEIERME] AE
TRFCHBICRERMECEZWMBARY 71 VI MARR)

st MRIVBAL D-D—  / mews KAt D-D—-F G705
FRBYREABITHE 142 EHREEH TR 2 T B 2855 HNARFHEEE BEERNE 226AABZX00098000

DIC (FYoIAYTHA—2aVEII =) 4 — _ {4657 9:00a.m.~5:00p.m. (LEE. BIER. REZR) ;
orra e anaeas araooss BEEEO 8. 0120416480 L50s 0 it ook mennesm-sm s, WWW.gcdental.co jp/
¥ 5 @FRE (03)3813-5751 @XBR (06)4790-7333 B @1tiEE (011)729-2130 @1t (022)207-3370 @ZHE (052)757-5722 @AM (092)441-1286




1A x LHEL— A%
SN AL— Rz,

CRFH - XHFEE - BAVMER -
QAELVYYaA—T AT RES BTG

29771l
LIt Quicklh
KK 5.6mL
50)U84 55|kl

HiRRRaP 2 HET2:28 1% Bﬁ iE m .

KRFELIYVI-FTsVTICEH

B 2F4BOZEBMCE CH L RFELYYA—FT4 VT | D
BFEEENHRTON, THEICOEL46EZ1BICRUETEILETT .
MRREAICBRENSIET, TRROL TEAEEL,

EEERKS ENARTEREM
(RS Sy RRREME) (EHERARET ) SN BARBSINHME) EHAY—UYT - =TV 7H)
MRS SRELE S 1 228ABBZX00065000

Y721 LZN-FWiliJF Quick ER

BE *x—n—#2)ssig 13,400m

@ BHERD X —H—FHL/\FEHiEF 2020 F4BIRED B DT I o X —H—FHL/FEEEICIHEBERSFEZEN TRV LB Ao
Ot ERUNEIF HEWURDICHFERLEEIT DI ENBUETOT. FPHITELLTV. OTEAICHELE LTRFNNEZLTBHRHIET L,

C W& - SEEHCHTEEMLEDE D oswusrFvsnasrry )

TSVI/UITTUIN AV TFRA—=3 V91V R—LR—

/ # Download on \
o 0120-330-922 www.kuraraynoritake.jp iy \ [ ¢ App Store

AEE~=# 10:00~17:00

.

i _ . . T3 o’ Google Pla
J5UUSTFISERSE @ paten EUS %0 bt
¥100-0004 BERBFREXAFE-1-3 (AFEYI—EIL)  T564-8650 ABRFRMMEKEI3-33-18 TEL. (06) 6380-2525 L -
JU—51¥)L:0120-330-922 T110-8513 HREMAREKLH2-11-15  TEL (03) 3834-6161

— = SBEAEHEY—0800-222-8020 [ 9L/ TToII ]
= P 53
o5 /V585 57915k &tt http://www.dental-plaza.com
T959-2653 FBRINHARE2-28 #K—h 0S /S—3>i0S9.0 Mk / Android 5.0 Lk

C[UZ T4V BHREHTSLOBREIETI . T737_4C_210%x280-01 04/2020



