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Non-vital pulp tissue

Furcation canal

Furcation involvement

Periodontal lesion

Fig.1 A schema of primary endodontic
lesion (furcation involvement)
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Table 1 Differential diagnosis of endodontic-periodontal lesions
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Gutta-percha cone
into the sinus tract

X-ray finding

Periodontal condition
of neighboring teeth

The tip reach the
apical region.

a : Clear radiolucent
area along the only
one side root (U
shape)

b : Furcation radiolu-
cent area

Significant periodon-
titis is hardly seen.

The tip does not
face the root apex
but heads toward
the cervicular por-

Clear radiolucent area at
the marginal portion (V
shape)

Furcation radiolucent

Chronic periodontitis
is seen around neigh-
boring teeth.

area neighboring mar-
ginal bone defect

Pulp Periodontal pocket
condition
Type 1 Non-vital A few deep pockets
(Primary end- pulp/pulp- (drainage path through
odontic lesions) less the periodontal liga-
ment from the periapi-
cal lesion)
Type 11 Vital pulp Extensive many deep
(Primary peri- pockets
odontal lesions)
tion.
Type 1lI Non-vital Extensive many deep
(Combined end- pulp/pulp- pockets
odontic-peri- less

odontal lesions)

The tip easily reach
the apical region.

Clear radiolucent area
throughout the root

Chronic periodontitis
is seen around neigh-
boring teeth.

a ! Intraoral view

b : X-ray view
Fig. 2 Findings of tooth 16 at initial visit

a : Swelling of buccal gingiva was observed.

b : Diffuse radiolucent area was found around bifurca-
tion and periapical regions. Leakage of root canal
treatment material was observed in the vicinity of
the distal root apex.

(Fig.2-b). CBCT ME OfER, Bl 2 R4+ &9 50
a2 2fEEBPED 5 (Fig 3-a). HFEE
OWRRIFPINL TBY, —FB LR ELEL Tz, HHl
T OMRTE i IAF 2 BERAR R B D BlZE S iz (Fig. 3-b).
4) W

6] D2 UIRMAR S A 28, BN - Bl I R 1 AR A
2. AERA
BEDFEACK L THBIETH D, HIETOIRROERIC
BREFREEROFLEL, HL TV WS ZE%2E
L, TR T I CRMBEIRE R L 7. EEK
Fv TEROTURIMZREL, BRENOKEILH LV
Y LBIF R A MR E L, 3% RBEFEKRF U Y
LE3%UEDTA #HWT Y Y U DI TR AR Z1T -
7o, WED 5 OHBIR 2 L, ZOBEHMEERTIEL,
KRN A v M TIRE L 72, 1A, BEBR#E2IEH,

b @ Axial image

a ! Sagittal image

Fig. 3 Findings of CBCT of tooth 16 at initial visit
a A prominent radiolucent area was found around
the buccal roots. Overflow of the calcium hydrox-
ide paste was observed near the distal root apex.
b : A wide radiolucent area like a cyst was found
under the level of apical portion buccal mesial
roots (arrow). Destruction of a part of palatal root
apex was observed.

JEARE MR OBl AT 72, WE» 5 RIBRAEB XU
PHESEE SN, £, OHERE ORI IZRAE
MEBIHESEBELTB Y, 774U v 7 OBICRE
SOHIMzERED 2, 3% RXHEEEBEF +V 7 L E 3%
EDTA TV V) v VI TR AWM E LT - 11k, EHEAER
TR UIRE L 72, 238t BEREE3FEIH, CBCT @
FrRICOWT 25 [, b2 b3 {HHL L, 3% X
WHEBF MU YL L 3%EDTA T2 U v VI TR A
2o, EERERTHRE LIV Ry 2 21 (H
AEPIEER) 2R3 LUKE Lz, 3 A%, WERET
B H, EHEGTODRE D 5 0B HRE X CERERIZHER
L, REQOERENESNTZ/D, = hFx L
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Fig. 4 Findings of tooth 16 at root canal filling
X-ray view
The radiolucent area was still persisted around the
buccal mesial root.

Fig. 5 Findings of tooth 16 at apicoectomy (Intraoral

view)
a : Dehiscence of buccal mesial root was observed
during flap surgery.
b : A deep bone defect was observed under the
resected mesial root.

v —7—BG (HAHEBHER) ¢y I 8—F 2 Ff v
T & 2 DT INEAE FAEALE & i L 72 (Fig. 4). —77
BREDITZHE L OCMALRE IR L (o snk, 1
BWIHE 1 A H, 1206 & OB ALR ORI A
Fliwid, @fEmEHRL, WRRTIREZ L
7. 2B, EHTIARE BE T 5 lEEER L
FNA XV ADRD 5N, BEEEO S kREEEHB
L LT, EUBE DR ERARD 5 6 mm OZE TUIRL 72
(Fig.5). WREFEMICIZ XA —/S—EBA+t A~ |
(Bosworth, USA) ZfEif L 7. #-BMLE 6 H HE, &
SHARISE — KREAEOEEIEAICER B X OCH RIS
nd, BRARERIZEVICER L, RS EA o2
WChIPIEMEEZZEDIBRETCH-Z, TriLTy
7 ARRECUE, AR P EEIRIEER D 5 Nl b o 7 (Fig.
6). CBCT M OFSEE, HlthEafIBEsnd, M
KL-BHBoRERIHE s (Fig 7). HEHLE
THRA%, HZick ) BETREIRES SNT, BRARLER
ED LN ote, i, ERAKY v ME2E 2 mm
ThoteZlt kb, RIFREHEREZILS> TS LD
g0, BEIGHEMNL, BEEHEINS C

R [

Beat H2E

y
b @ X-ray view
Fig. 6 Findings of tooth 16 at 6 months after end-
odontic surgery

a ! Intraoral view

a  No recurrence of the gingival swelling was
observed.

b : The radiolucency of periapical region was disap-
peared and bone regeneration was observed under
the buccal mesial root.

b : Axial image

a © Sagittal image
Fig. 7 Findings of CBCT of tooth 16 at 6 months after
endodontic surgery

a : Bone tissue recovery tendency was observed under
the resected mesial root.

b : The radiolucent region of periapical area was disap-
peared and significant new bone formation was
observed (arrow).
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Abstract

Purpose: Inorganic polyphosphates (polyPs) bind to the tooth surface and aid in removing stains and pre-
venting stain deposition. In this study, we investigated whether the degree of polymerization of polyP affects
the stain removal and prevention of stain deposition on the tooth surface. We also investigated whether
polyP bound to the tooth surface suppresses demineralization.

Methods: Hydroxyapatite powders stained with tea and coffee extracts were placed in centrifuge tubes,
and purified water or polyPs solution of various chain lengths was added to it. The solution was mixed and
then centrifuged to separate the hydroxyapatite. Further, unstained hydroxyapatite powder was mixed with
polyPs solution or purified water in the same manner, and dyed with tea and coffee. The color of the
hydroxyapatite powder for each sample was scanned using an image scanner, and the color density was
measured to evaluate the extents of stain removal and prevention of deposition. An ivory plate was then
sanded to prepare a smooth specimen. Each specimen was immersed in 1% polyP9.7-Saliveht solution or
Saliveht for 10 min and then washed with water and dried. The specimen was then treated with 40% phos-
phoric acid for 20 min. After this, the phosphoric acid was washed off with water, and the specimen was
dried. The cross-sectional depth of the demineralized portion after drying was observed with an optical
microscope.

Results: PolyP with a degree of polymerization of 9.7 (polyP9.7) was highly effective in removing stains and
preventing deposition. PolyP9.7 was more effective in removing stains and preventing deposition than trip-
olyphosphate, a polymer of three phosphate residues commonly used in dentifrices, and polyP, which has a
degree of polymerization of 60. In addition, demineralization was suppressed on the ivory surface treated
with polyP9.7 upon phosphoric acid etching.

Conclusion: PolyP9.7 is highly effective in removing stains and preventing deposition on the tooth surface
and can suppress the demineralization by binding to the tooth surface.

Key words: demineralization, polymer size, polyP, stain control
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Introduction

Inorganic polyphosphate (polyP) is a polymer com-
posed of phosphate and has various physiological func-
tions in living organismsl). The precise physiological
function of polyphosphate depends on its molecular
weight. For instance, long-chain polyP has a dramatic
effect on the suppression of bone resorption and the
expression of INOS?, while polyP with 60 to 100 phos-
phate residues is found to promote blood clotting1'3). It
has also been found that long-chain polyP with a degree
of polymerization of 100 or more has intestinal
tract-protective effects”. PolyPs with an average length
of 150 phosphate residues have been shown to be lipo-
polysaccharide (LPS)-induced lethal and able to cure
mice and increase their chances of survival from
LPS-induced shock. They can inhibit macrophage
recruitment to the liver and lungs, thus protecting
against tissue injury”.

In the field of dental science, polyPs assist in remov-
ing stains on the dental surface while exerting an
anti-deposition effect on the stains. However, these
effects are dependent on the molecular weight of
polyPl). Ultraphosphate, a highly condensed polyP with
a three-dimensional structure, has been shown to be
particularly capable of removing stains and preventing
deposition6).

In this study, we used the powder form of hydroxy-
apatite, which is a constituent of enamel, to assess the
degree of polymerization (molecular weight) of polyP
that is effective in removing stains and preventing
deposition. In addition, a coating of polyP on the tooth
surface may protect it not only from the effect of stains
but also from the effect of other chemicals. In particu-
lar, it may be possible to suppress demineralization of
the tooth surface by an acidic substance or the like by
coating. Therefore, we evaluated whether acid-induced
demineralization could be suppressed by pretreating
the surface with a high-coating-force molecular-weight
polyP, using ivory plates obtained after the formation of
dentin impressions.

Materials and Methods

1. Materials

The materials and reagents used in the experiments

o4k HE2E
are listed in Table 1. Sodium polyPs of various molecu-
lar weights were prepared by separating sodium meta-
phosphate (Taihei Chemical Industry, Osaka, Japan)
based on their molecular weights and differences in
solubility in ethyl alcohol”. Consequently, three types of
polyP samples with average degrees of polymerization
of 8.1 (polyP8.1), 9.7 (polyP9.7), and 18 (polyP18) were
obtained. PolyP60, with an average degree of polymer-
ization of 60 (i.e, 60 phosphate residues), was prepared
as described”. Tripolyphosphate, with a degree of
polymerization of 3, was purchased from Taihei Chemi-
cal Industry. Sodium pyrophosphate, which was used as
a molecular weight marker, was purchased from Fujif-
ilm Wako Pure Chemical Corporation, Osaka, Japan.
Hydroxyapatite powder used in stain removal and
anti-deposition studies was prepared by BioRad (BioRad
Japan, Tokyo, Japan). Commercially available tea and
coffee were used to color hydroxyapatite. Artificial
saliva, Saliveht Aerosol (Saliveht), was manufactured by
Teijin Pharma Co., Ltd., Tokyo, Japan. A 40X 30 mm
square-shaped ivory plate (Registration Number 00427,
Zogedo, Kyoto, Japan) was used to evaluate the effi-
ciency of the suppression of demineralization. The ivory
plates were polished in the order of #80, #120 and #240
abrasive paper, and the entire plate was smoothened
before being used in the experiment. Phosphoric acid
(40% (w/w), Fujifilm Wako Pure Chemical Corpora-
tion) was used for etching the dentin discs. To evaluate
the suppression of demineralization, polyP9.7 was dis-
solved in Saliveht to a final concentration of 1% (w/v).

2. Determination of the degree of polymerization

of polyP

The degree of polymerization of polyP8.1, polyP9.7,
and polyP18 were measured by gel filtration chroma-
tography using a high-performance liquid chromato-
graph (Ohpak SB-803 HQ, 8 X300 mm, Shodex gel filtra-
tion column). The mobile phase was 0.1 mol/! NaCl; the
flow rate and column temperature were maintained at
1 m//min and 25°C, respectively. Signals were detected
by a refractive index detector. Molecular weight was
analyzed using polyP with a degree of polymerization
of 60, 14, 3 (tripolyphosphate), and 2 (sodium pyrophos-
phate) as molecular weight markers. The respective
elution times were 11.87, 12.81, 13.85, and 14.16 min.
The elution times in the gelfiltration chromatography
of polyP8.1, polyP9.7, and polyP18 were 13.17, 13.05, and
12.63 min, respectively. The logarithm of these values
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Table 1 Materials and reagents used in experiment

Materials Working concentrations Company
polyP8.1
. polyP9.7
Sod taphosphat
oditm metaphiosphate polyP18 1% (w/v) Taihei Chemical Industry, Osaka, Japan
polyP60
Tripolyphosphate
Fujifilm Wako P Chemical C tion,
Sodium pyrophosphate 1% (w/v) ujifilm Wako Pure Chemical Corporation
Osaka, Japan
Hydroxyapatite powder — BioRad Japan, Tokyo, Japan
Lipton tea bag — Unilever Japan K. K., Tokyo, Japan
Nescafe gold blend coffee — Nestle Japan, Ltd., Hyogo, Japan
Saliveht Aerosol — Teijin Pharma Co., Ltd, Tokyo, Japan
ivory plate — Zogedo, Kyoto, Japan
Phosphoric acid 10% (w/w) Fujifilm Wako Pure Chemical Corporation,

Osaka, Japan

Whatman No. 5B filter paper —

Whatman International Co., Ltd., Maidstone, UK

and the molecular weight markers were plotted to
obtain the line, and the degree of polymerization of
polyP was calculated from the approximate formula.
3. Evaluation of stain removal and prevention of
stain deposition using hydroxyapatite powder
Concentrated tea was prepared as follows: 4 g of tea
leaves (2 tea bags) were immersed in 200 m/ of boiled
purified water for 10 min, and this liquid was filtered
through Whatman No. 5B filter paper (Whatman Inter-
national Co. Ltd., Maidstone, UK). Coffee solution was
prepared by dissolving 1 g of commercial instant coffee
powder into 14 m/ of hot water at 100°C. For testing
the stain removal efficiency, 30 mg of hydroxyapatite
powder that was stained by concentrated tea and cof-
fee solution was put into a 2 m/ centrifuge tube, and 1
m/ of each test solution containing purified water (nega-
tive control) or polyP of various chain lengths was
added into the tubes. Then, the centrifuge tube was
tipped over for 1 min for mixing the components, and
the hydroxyapatite was separated from polyP solution
by centrifugation (1,500% g for 2 min). After the super-
natant was removed, 10 m/ of purified water was added
to the hydroxyapatite pellet, and the pellet was washed.
After repeating the washing step, each suspension was
transferred into a 96-multi-well plate, and the color of
hydroxyapatite powder was scanned from the bottom
of the multi-well plate using an image scanner. Then,

the image was inverted to be negative, and the color
density was calculated using an image analysis pro-
gram.

For testing the prevention of stain deposition, 30 mg
of hydroxyapatite powder was put into a 2 m/ centri-
fuge tube, and 1 m/ of each test solution containing
purified water (negative control) or polyP of various
chain lengths was added into the tubes. The tube was
inverted to mix the components and then centrifuged
at 1,500 X g for 2 min. The supernatant was removed
and the resultant hydroxyapatite pellets were washed
with 2 m/ of purified water. The supernatant was
removed again. This washing step was repeated twice.
Following this, 1 m/ of concentrated tea and coffee
extract was added to each tube, and the tube was
inverted for 1 min. After the supernatant was removed,
the hydroxyapatite pellet was washed with 2 m/ of
purified water. Finally, 2 m/ of purified water was
added to the hydroxyapatite pellet and inverted for 1
min to prepare a hydroxyapatite suspension. Then, the
suspension was transferred into a 96-multi-well plate,
and the color of the hydroxyapatite powder was
scanned from the bottom of the multi-well plate using
an image scanner. The extent of prevention of stain
deposition was calculated from the scan data. Statistics
of each result were verified by Tukey’s test.
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Saliveht

Pretreatment

1%polyP9.7 in Saliveht

(10 min)

0 Measuring points (center)
® Measuring points (edge)

Fig. 1 Demineralization using ivory plates

A rectangular ivory plate was used. Artificial saliva was applied to half of the

plate, and artificial saliva containing 1% polyP9.7 was applied to the other half. Sub-

sequently, a 6-mm diameter hole was formed in the lids of the microtubes so that a

certain area could be treated with phosphate. Phosphate solution (40%) was added

to each hole to perform etching at room temperature for 20 h. The plates were then

washed with water to measure the depth of the hole formed in the etched portion
by light microscopy (VHX-5000). For the hole formed by demineralization, an image
of the cut surface was obtained from three directions in A, B, and C (see Fig.3) ; 3

points near center and at both ends were set as the measuring points on the cut sur-

face, and the depth between them was measured.

4 . Suppression of demineralization by polyP9.7

The process of etching on dentin discs is shown in
Fig.1. The ivory plates were sectioned in half and
immersed either in only 1% (w/v) polyP9.7-Saliveht
solution or Saliveht solution for 10 min. Then, they were
washed with water and dried. After drying, holes of 6
mm diameter were drilled in the lids of 1.5 m/ micro-
tubes, which were fixed on the ivory plates by UV
resin. The indented part of the lids was filled with
approximately 0.2 m/ of 40% (w/w) phosphoric acid and
etched at room temperature for 20 h. Etching was per-
formed on identical ivory plates in triplicate. After etch-
ing, the remaining 40% (w/w) phosphoric acid was
washed out with water, and the lid of the microtube

was removed and dried. Following this, cross-sectional
shapes and demineralized depths of the demineralized
areas were observed using light microscopy (VHX-5000,
KEYENCE, Osaka, Japan) at 200X magnification. The
depth of the three center sites of the measuring point
and six edge sites per spot were measured as indicated
in Fig. 1, and the average of each was considered as the
depth of the demineralized area. Statistics of each
result were verified by the #test.

Results

1. Effect of polyP chain length on stain removal
The efficiency of prevention of stain deposition is
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(a) Stain removal

(b) Prevention of stain deposition

Fig. 2 Evaluation of stain removal and prevention of deposition using hydroxyapatite

(a) Stain removal experiment and (b) Experiment to evaluate the prevention of deposition. The water

in (a) is that in which hydroxyapatite powder dyed by tea and coffee concentrate is washed with water

only, and the water in (b) is that in which uncolored hydroxyapatite is washed with water only and then

treated with tea and coffee concentrate. The stain removal rate is shown as the removal ratio, with water

set at 0% removal rate. Therefore, the higher the value, the lighter will be the color. Water was set at 0%

of the rate for color protection in (b), and the value was calculated so that the value corresponding to less

coloration became higher.

shown in Fig. 2 (a). Short-chain polyP9.7, with 9.7 phos-
phate residues, was the most effective in removing
stains. The stain removal activity was low with tripoly-
phosphate, and almost no stain removal activity was
observed with polyP60; polyP18 also showed consider-
ably weaker stain removal activity (p<<0.05). Thus, the
optimum chain length for effective stain removal was
9.7 phosphate residues.

The efficiency of prevention of stain deposition is
shown in Fig.2 (b). Similar to that observed for the
stain removal activity, polyP9.7 was found to be the
ideal polymer for preventing stain deposition. Both
polyP8.1 and polyP18 generated a polyphosphate chain
of 9.7 residues, which was almost equally effective in
preventing deposition (p<0.05). Therefore, the
anti-deposition properties of polyP with 81 to 18 resi-
dues differed only slightly. Tripolyphosphate was only
fourth in the sequence as an effective material for pre-
venting deposition, with the maximum anti-deposition
properties exhibited by polyP9.7. Poly60 was about
ninety percent effective. Thus, the anti-deposition effi-
cacy of tripolyphosphate, which is commonly used in
common dentifrices, is considerably lower than that of

polyP having a degree of polymerization of 8.1 or more
(p<<0.05).

2. Efficiency of suppression of demineralization

by polyP9.7 using ivory plates

Figure 3 shows cross-sectional images of the demin-
eralized dentin analyzed by light microscopy, and Fig. 4
shows the results of depth measurement. The depth of
the demineralized part was evaluated by connecting
the highest parts at both ends of the hole with a line,
setting a measuring point between the central part and
both ends, and measuring the length of the perpendicu-
lar line dropped from the connected line to the measur-
ing point. Cross-sectional images of the dentin deminer-
alized in 1% (w/v) polyP9.7-Saliveht solution and
Saliveht showed raised features in the central part.
Thus, the center and edge were analyzed separately.
The results showed that the demineralization depth
was significantly shallower in the spots treated with
polyphosphate in both the center (3 points) and edge
(6 points) (p<<0.05).
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| (a) PolyP9.7

)
2
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5
3

(b) Saliveht

1]76.49pm
] H

[2]99.54pm

Fig. 3 Cross-sectional view of a hole formed by
demineralization on an ivory plate
Cross-sections of the hole formed by demineraliza-
tion shown in Fig. 1 were observed by microscopy.(a)
is the part pretreated with polyphosphate and (b) is
the part pretreated with only the artificial saliva of the
control. The depths of the center and two edge points
were measured by optical microscopy (VHX-5000).

Discussion

PolyP, which is commonly used in dentifrices, is
mainly a tripolyphosphate. It is a short molecule with
only three phosphate residues. However, polyP longer
than tripolyphosphate has been shown to be more
effective in removing stains and preventing deposi-
tion". However, very long polyPs were found to be less
effective in removing stains and preventing deposition.
In this study, we prepared polyP with finely divided
molecular weights and determined the molecular
weight (or degree of polymerization) that was most
effective for removing stains and preventing deposition
(Table 2).

The mechanism of stain removal and prevention of
deposition is believed to involve the binding of the neg-
atively charged polyphosphate to the positively charged
portion of apatite by its charge in the enamel sur-
face®®9 Tt is believed that the binding of polyP to the
apatite on the tooth surface is stronger than that of the
colored material from which the stain is derived to the
apatite. Thus, the stain is easily removed by polyP8>. It

140
g
=2 120
"g 100 OSaliveht
[}
2 <) DPOIYP9.7
.S
g 6
S 40
=
§ 20
0

Center Edge
*t-test : p<0.05
Fig. 4 Suppression of demineralization by polyP
The depth of the demineralized area was sig-
nificantly shallower in the dentin pretreated with
polyP9.7 at both the center and edge measuring
points, as shown in Fig. 1 and 3.

is considered that the strength of the bond between
apatite and polyphosphate depends on the molecular
weight of polyP, and polyP of a specified degree of
phosphate polymerization is highly effective in remov-
ing stains. The findings of this study suggest that a
polymer with only 3 residues or 18 or more residues
has weaker binding to apatite than polyP in which the
degree of polymerization is 8 to 10. In polyP with a
degree of polymerization of 60, the binding to apatite
might be rather weak, as was apparent from the low
stain removal activity. In addition, it is considered that
the deposition is prevented because polyP bonded with
apatite continues to bind to the tooth surface and coats
it, and the polyP coating does not allow any new color-
ing material to bind to the tooth surface. The anti-depo-
sition and stain removal activities of tripolyphosphate
are also low because of its relatively weak binding to
apatite. However, polyPs in which the degree of polym-
erization ranged from 8 to 18 were equally effective in
preventing the deposition, which was different from the
case of stain removal. PolyP60 of polymers was also sig-
nificantly lower than that of stain-removed polymers,
but it did not decrease to the level where little effect
was observed as in the case of stain-removed polymers.
These results suggest that the binding affinity between
polyP and apatite depends on the molecular weight of
polyP and is not affected as much as in the case of
elimination, in terms of the anti-deposition efficacy of
polyP with different molecular weights.
Ultraphosphate, which is a highly condensed phos-
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Table 2 Stain removal rate and stain deposition prevention rate by various polyP using hydroxyapatite

Removal Significance Prevention Significance
1 M D M D
Samples o (%) ean S p<005 ratio (%) ean S p<0.05
Water 0.0 0.0
No stain 100.0 100.0
194 319
PolyP3 20.0 19.8 036 77 337 331 098 =777
20.0 336
19.1 827
PolyP8.1 215 20.3 1.25 B 82.1 83.0 1.07 9
202 84.2
30.7 85.0
PolyP9.7 315 30.8 068 - 834 84.6 1.03 - q
30.2 85.4
79 83.1
PolyP18 75 7.1 1.00 - - 85.4 83.8 1.37 -
6.0 83.0
00 76.2
PolyP60 00 0 0 - 772 76.2 097 -
00 75.3

The image shown in Fig. 2 was quantified and statistical processing by Tukey’s test was performed (n=3).

The two samples that were significantly different are shown in significance section by the line.

phate polymer with a higher negative charge density
than linear polyP, also has both strong stain removal
and anti-deposition activities?. This suggests that the
binding affinity between polyP and apatite is dependent
on the level of negative charge of the polyP molecule.
However, longer-chain polyP, which has higher charge
than shorter-chain polyP, does not have higher activity
in stain removal and anti-deposition. Taking this result
into account, the binding affinity could not simply be
explained by the level of negative charge; some differ-
ent mechanism might be involved in the binding
between polyP and apatite.

Our results suggest that the shortest polyP, tripoly-
phosphate, has low stain removal efficiency as well as
low anti-deposition activity and is not optimal for use in
dentifrices. It would be more effective to use polyP
with a degree of polymerization of about 9 to 10 in den-
tifrices.

Previously, Ogawa et al. showed by SEM observation
that a polyP-treated enamel surface was mildly demin-
eralized by K-etchant, whereas severe demineralization
was observed in an enamel surface that was treated by
artificial saliva. That report also found that polyP inhib-

ited the release of Ca®"from the enamel surface'”. In
this study, we confirmed that this previous report and
polyP9.7, which had the highest stain removal and
anti-deposition efficacies, significantly suppressed the
demineralization by phosphate by coating the dentin
(Table 3). By utilizing the fragments of extra ivory
remaining after creating the ivory stamp, ivory plates
larger than human dentin could be used for the experi-
ment, and the demineralization reaction could be repro-
duced in a uniform ivory surface. It is considered that
by pretreating the surface of this ivory plate by polyP,
the surface is coated, and demineralization due to phos-
phate is suppressed. This reveals that the coating with
polyP not only prevents the deposition of stains but also
suppresses the acid-induced demineralization. This also
indicates the possibility of suppressing the demineral-
ization of the tooth surface by using a dentifrice con-
taining polyP with degree of polymerization of 9 to 10,
which binds more strongly to the tooth surface. There-
fore, dentifrices containing polyP with a degree of
polymerization of 9 to 10 may be preferred to prevent

caries.
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Table 3 Suppression of demineralization by 1% polyP9.7

PolyP9.7  Demineralization depth (um)

Saliveht ~ Demineralization depth (um)

M i M i
eaS}lrlng Center Edge eas'urlng Center Edge
point point
6043 71.75 7711 7649 9954 10458
A 73.66 80.06 90.16 A 90.96 102.27 76.62
63.75 825 75.75 80.46 1009 97.37
7848 97.1 110.16 102.76 119.82 116.34
B 69.85 95.85 98.71 B 101.23 11227 11613
79.21 103.05  100.27 90.83 107.22 10691
70.92 81.96 88.28 82.19 102.06 91.33
C 84.14 9285  103.09 C 79.96 99.93 102.33
86.73 10248  101.6 105.52 105.25 123.09
Mean 7413 91.82 Mean 90.04 104.66
SD 8.35 11.00 SD 10.36 10.55

The depth of demineralized dentin at each measuring point shown in Fig. 1 was measured by

light microscopy (VHX-5000).

Conclusion

The results of this study suggest that polyP9.7 is
highly effective in removing stains and preventing stain
deposition on the tooth surface. It also suppresses
demineralization by binding to the tooth surface. In
future, polyP9.7 is expected to be an effective material
for preventing caries.
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Light curing
Resin composite disc

0.7 x 0.7 mm?
n = 4 / tooth

Fig. 1 Specimen preparation and sectioning of specimens for the micro-tensile bond test
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Table 1 Chemical composition and application mode of the materials tested in this study

Material

Composition

Procedure

PANAVIA V5
(PV, Kuraray Noritake Dental)

A paste : BisGMA, TEGDMA, hydrophobic aromatic
dimethacrylate, hydrophilic aliphatic dimethacrylate,
silanated barium glass filler, fluoroalminosilicate
glass filler, colloidal silica, accelerator, initiator

B paste : Bis-GMA, hydrophobic aromatic dimethac-
rylate, hydrophilic aliphatic dimethacrylate, silanated
barium glass filler, silanated aluminium oxide filler,
accelerator, dl-camphorquinone, pigments

Place paste from auto-mix syringe
on the composite surface, gently
press and remove excess cement,
and light cure for 20 s/surf.

Tooth Primer
(TP, Kuraray Noritake Dental)

10-MDP, original multifunctional monomer, polymer-
ization accelerator, HEMA, water, stabilizer

Apply and leave primer for 20 s,
gently air-dry

Clearfil CERAMIC PRIMER
PLUS
(CP, Kuraray Noritake Dental)

Ethanol, y-MPTS, MDP

Apply to resin disc, and then gen-
tly air-dry

ESTECEM
(EC, Tokuyama Dental)

Paste A : Silica zirconia filler, Bis-GMA, TEGDMA,
Bis-MPEPP

Paste B : Silica zirconia filler, Bis-GMA, TEGDMA,
Bis-MPEPP, peroxide, camphorquinone

Place paste from auto-mix syringe
on the composite surface, gently
press and remove excess cement,
and light cure for 20 s/surf.

ESTELINK
(EL, Tokuyama Dental)

Bond A : 3D SR-monomer, HEMA, phosphoric acid-
monomer, acetone, Bis-GMA, TEGDMA, others
Bond B : Isopropyl alcohol, water, acetone, borate
catalyst, peroxide, others

Mix Bond A and B, and then apply
and leave primer for 10 s, gently
air-dry

UNIVERAL PRIMER
(UP, Tokuyama Dental)

PRIMER A : MTU-6, Bis-GMA, TEGDMA, ethanol,
y-MPTS

PRIMER B : UDMA, MAC-10, acetone, dibutyl
hydroxy toluene, methacryloxyalkyl acid phosphate

Mix PRIMER A and B, and then
apply and leave primer for 10 s,
gently air-dry

RelyX Ultimate Adhesive Resin
Cement
(RU, 3M ESPE)

Base Paste : Methacrylate monomers, radiopaque
silanated fillers, initiator components, stabilizers, rhe-
ological additives

Catalyst Paste : Methacrylate monomers, radiopaque
alkaline fillers, initiator components, stabilizers, pig-
ments, rheological additives, fluorescence dye

Place paste from auto-mix syringe
on the composite surface, gently
press and remove excess cement,
and light cure for 20 s/surf.

RelyX Veneer Cement
(RV, 3M ESPE)

Bis-GMA and TEGDMA monomers, particles of zir-
conia/silica and colloidal silica, average particle size
of 0.6 mm

Place on the composite surface,
gently press and remove excess
cement, and light cure for 20 s/
surf.

Scotchbond Universal Adhesive
(SB, 3M ESPE)

10-MDP, Bis-GMA, dimethacrylate resins, HEMA,
Vitrebond copolymer, silane, ethanol, water, filler,
initiators

Composite pre-treatment : Apply
Scotchbond Universal Adhesive,
leave for 20 s, mild air blow

Tooth pre-treatment : Apply (agi-
tate) 20 s, mild air blow

Pearl Este
(Tokuyama Dental)

Bis-MPEPP, TEGDMA, UDMA, silica-zirconia filler,
silica-titanium filler

Light-cure the entire surface for
60 s and 5 min, followed by heat
curing at 100°C for 15 min.
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Table 2 The uTBS (MPa) of resin cements tested in this
study (n=12)

Resin cement

Shade 1% EC RU RV

DA2  786+61* 346+80°%° 423+65° 250+7.3%
ODA2 788+73% 336+62% 401+£119% 177+56%

PV : PANAVIA V5, EC : ESTECEM, RU : RelyX Ultimate
Adhesive Resin Cement, RV : RelyX Veneer Cement
Different superscript upper case letters within each row
are significantly different (p<<0.05).

Different superscript lower case letters within each col-

umn are significantly different (p<<0.05)

Zzbohb, £, HiRL7ZEBY DA2Y = —F L
RTODA2Y z—FDavyR Yy bV FicBIF?
Ry T4 v IMAOHBEBEIIERS 22 EEX 6N
720, NHHEEBEDERFIC L 2 EELZITPRPTWRVIC
BWTIEODA2Y = — FILB U2 EEERIDIZH A
DA2 Y 2 — FELHARTERICBOEERI 2R LI L
EZoND, oI, WHEHEEDO ST WTIE,
Vr— FRRERRZZTED NPT bDD, £H
g@/l_F%H&k¥ﬁuifﬁﬁW@#m@6n
7o E7z, BTAEMELCHEHALZELV7Z Yy FTF
t—3 7RV ERUSBTH2RU & EEITLLH
INBIR D BRI -7 2 Eh b, B E W DA2
Yx—FICBWTH SB IR T 2L+ Tik
BN EERBLTVS,

T FXaT AT LABRAINTWBRUIEZ, M
Y= FIRBOTHUMNIRELVEERIDP RV Kb R
BWEEZR L, v FF 2T RAF LTI, SBidFa
TFaTHLY e AL N THBRU EEMTB L
T, SBADOKBEHBEENIARLTOTH LT F 27
Iz X o ifb g3 EMTEZEINTVDS, 7,
RUICBWVTIEY = — FRICBIT 2BU/NBIR Y BEER
KHBLRZERROONR P oI EDS, Yy FFaT
VAT LICEBSBDRNVT F 2T KIS, DA2 Y = —
FEHARTHBEEEOHITHIKE W ODA2 ¥ = —F
DAVEY Yy FLYVPIZBWTYH, V77 FeE—v
THEOESGRDI LR DE TR OEFAREELE X 50
3. 50, WHRIEEOSH» 5 H Y = — FEICER
EIFBO N olh, DA2 = —F EHEL T
ODA2 ¥ = — F TR AR T 2 HA A A 517z
s, HHEEEMEORTIC X AEERTDICB T LR
V4 v I OWEEE LD T S ST - T B AlHE
HEHEZLND,

72, PVbY v FXaT7 AT LEBRHALLT 27
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Failure mode

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

DA2
ODA2
DA2
ODA2
DA2
ODAZ =
DA2
ODA?2 &

RV RU EC PV

# Interface ™ Cohesive in resin E Cohesive in dentin H Mixed failure

Fig. 2 The fracture mode of resin cements tested in this study
Interface : Interfacial failure between adhesive and dentin, resin cement and resin composite, or
failure in hybrid layer. Cohesive in resin : Cohesive failure in adhesive layer, resin cement layer, or
resin composite disk. Cohesive in dentin : Cohesive failure in dentin. Mixed failure : Adhesive failure
with cohesive failure in either resin and dentin. PV : PANAVIA V5, EC : ESTECEM, RU : RelyX Ulti-
mate Adhesive Resin Cement, RV : RelyX Veneer Cement

Table 3 The fracture mode of resin cements tested in this study

Failure mode (%)

Resin cement shade — - — - - -
Interface Cohesive in resin  Cohesive in dentin Mixed failure

1% *[ DA2 333 0 583 84
ODAZ2 58.3 0 33.3 84
EC *[ DA2 333 84 417 16.7
ODAZ2 16.7 33.3 33.3 16.7
RU *[ DA2 333 0 50.0 16.7
ODA2 417 0 33.3 250
RV *[ DA2 58.3 0 0 417
ODAZ2 58.3 0 0 417

% : indicate no significant difference (p>0.05)

15kUV X188 188km

Interfacial failure (ODA2) Mixed failure (DA2)
Fig. 3 Representative SEM images of PANAVIA V5



122 H & th & f#f # % ¥ i

WExa7BLrLyrverr bThHh, FEEHR>T0S
TP & SB AR 10-MDP #&HE L7z 1 X L& 4 7D
VT Ly FTS54<—THs. PVIiE RU &I
DA2 £ ODA2 ® ¥ = — FMICE R 2 M/N515R b &5
SOEFFED NPT, THNIERU EFEERIC, v
FX LT VAT LORMAICEL BRIV T X 27 KIGDIEHE
W& D HIHEREOMIBOFELAZ Il W itk ?
bDEEZLND, L»LAEDPS, RU EFEBIC DA2
Y rx— F LKL T ODA2 ¥ = — F Cld Ay » s
s 2 EmDSHR SN En s, JEHREREDREIC &
52NV T7ITyFT Fe—Y TEBORFH LA DT RIS
BIoTwaHAmBEDEZLNS. 7PV, RU K
DHMY =z — FIZBWTHREICEWH/NIR D #58 &
ERL7, —MiC, RUZEGTa7 v Fa78LYy
AV D% L, BURETNICBY %5 BPO-7 S VE
BROENT X 27 JOGHEEE, AV7 + VEEERN
T35 ETRHIELTwa, —HT, PV IEFHE SN
T Iv 7Y —0EAHEMESEATED, MIERET
BTV X 27 RIGANDHEDEVIZL D PV 2
RU LR TCHBICEWEERIZRLE—HTH 2T
W2 H 2, /o, EOEHCHELRIET EEZ LN
AR BT 7 ~— HEMA O&HEH &R ED
HET2HDLEZOND,
ECH3PVRRURMICF 27 V¥ a7HLY vk X v
FTH DY, MEDEL ZRFEANDZRERAEIZD 5
N3YUHEARID-SRE/ v —2&L2X LY A TDx
NI7FX2T7BeV77 Fe—v7Thh, FERL— T
R AT Ltk DL 7 X 2 7T DEAEE,
BABPAFICREINTVLED, w17 X 278w
77 Fe— 7o CRBEEEOMITIC & 28137
9, vx—FMIcET 5 EC oEERIICER LT
BD BN T, — ) CHEBIHED ORI X %
&, EClicoWwWTIEDA2Y = — F & Hi# L T ODA2
T x— F TRV Y ICB T B EEEEA BN 2 {E A
Aol s, RRFEEEOREFICLD LY vE X
Y oOEA - B LZEEEZ T CO LAY D B,
AR T, EE 2mm OXESEEO R 5 2FEED
vr—F (Fviq4 vl F—rt) ofEEEY
(Pearl Este) PleB I B LY v Ay FOSPEESE
HEZ 5Tl - T 21T o 72, T OEETITBIT 2 6REH
EFEOEEE, ¥vF¥a7 v R7LICE5ELEMOE
W7 F aT7EESIRICLD, Fa7rbFxFasMLYre
Ay b ORFEICHT DMNGR D BEE S ICHEE
EE ol —HT, £ol HEEZTHLRVEA
WWRRFEEERIPET T L0 MELSNTNLD
ZEnsW BEVOREIOEINP A —H — ik
EIC & b & SIS HIRERE DG L 728581 0w TiRET

{

Beat H2E

DINETH 2, £z, AWIRICEB T 2 IS IRE DY
CBWTH, DIPTIED 2 FMBEEI ML 722 L
25, ORISR DEEEICE VT H AN AT
BRRIFTAREESS D, BEMAECELTS5%%
WEBNEZ LEZ SN,

i

E

ARFZeClE, HEABL Y Ve Ay P ORFEEER
JRMEBEEYOY 2 — FOEVIZL > THERERENE
DENTH, Y9 FFaT P ATLEEHEIT LT 27
Fas7BLY AV P AT LORFEEERICE
WTIEEEBEBEY DL £ — FOEVIC L 2EEREIR
BoOoNhrotz, £, A 7Fa7Mer77F
E—Y T ERIGHALEZLY YA Y MBWLW TS R,
FAEESEBRI B CIHEEBEBEY DY = — FOEw
WKL BEREREIRDLNED» o T,

AW7Ei1E MEXTS BHFE 17K17125, 18K09571, 19K10106
DO ERZF-bDTH S,

KHFFEICBIL T, BRI R E RIS SOIRREIE 720 0o,

X

1) Ernst CP, Cohnen U, Stender E, Willershausen B. In
vitro retentive strength of zirconium oxide ceramic
crowns using different luting agents. J Prosthet Dent
2005; 93: 551-558.

2) Piwowarczyk A, Lauer H-C, Sorensen JA. In vitro shear
bond strength of cementing agents to fixed prosthodon-
tic restorative materials. J Prosthet Dent 2004; 92: 265-
273.

3) Zidan O, Ferguson GC. The retention of complete
crowns prepared with three different tapers and luted
with four different cements. J Prosthet Dent 2003; 89:
565-571.

4) el-Mowafy OM, Rubo MH, el-Badrawy WA. Hardening
of new resin cements cured through a ceramic inlay.
Oper Dent 1999; 24: 38-44.

5) Witzel MF, Braga RR, Singer Jde M, Azevedo CL. Bond
strength between polymer resin-based cement and por-
celain-dentin surfaces: influence of polymerization mode
and early cyclic loading. Int J Prosthodont 2003; 16:
145-149.

6) Rueggeberg FA, Caughman WF. The influence of light
exposure on polymerization of dual-cure resin cements.
Oper Dent 1993; 18: 48-55.

7) Tashiro H, Inai N, Nikaido T, Tagami ]. Effects of light



202144 H

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

intensity through resin inlays on the bond strength of
dual-cured resin cement. ] Adhes Dent 2004; 6: 233-238.
Takahashi R, Nikaido T, Ariyoshi M, Foxton RM, Ta-
gami J. Microtensile bond strengths of a dual-cure resin
cement to dentin resin-coated with an all-in-one adhe-
sive system using two curing modes. Dent Mater J
2010; 29: 268-276.

Shimura R, Nikaido T, Yamauti M, Ikeda M, Tagami ]J.
Influence of curing method and storage condition on
microhardness of dual-cure resin cements. Dent Mater J
2005; 24: 70-75.

Ferracane JL. Correlation between hardness and degree
of conversion during the setting reaction of unfilled den-
tal restorative resins. Dent Mater 1985; 1: 11-14.
Ferracane JL, Berge HX. Fracture toughness of experi-
mental dental composites aged in ethanol. J] Dent Res
1995; 74: 1418-1423.

Ferracane JL, Mitchem JC, Condon JR, Todd R. Wear
and marginal breakdown of composites with various
degrees of cure. ] Dent Res 1997; 76: 1508-1516.
Kawano S, Fu ], Saikaew P, Chowdhury AA, Fukuzawa
N, Kadowaki Y, Kakuda S, Hoshika S, Nakaoki Y, Ikeda
T, Tanaka T, Sano H. Microtensile bond strength of a
newly developed resin cement to dentin. Dent Mater J
2015; 34: 61-69.

Araoka D, Hosaka K, Nakajima M, Foxton R, Thanat-
varakorn O, Prasansuttiporn T, Chiba A, Sato K, Taka-
hashi M, Otsuki M, Tagami J. The strategies used for
curing universal adhesives affect the micro-bond
strength of resin cement used to lute indirect resin
composites to human dentin. Dent Mater ] 2018; 37:
506-514.

Thitthaweerat S, Nakajima M, Foxton RM, Tagami J.
Effect of waiting interval on chemical activation mode
of dual-cure one-step self-etching adhesives on bonding
to root canal dentin. J Dent 2012; 40: 1109-1118.

Braga RR, Ballester RY, Carrilho MR. Pilot study on the
early shear strength of porcelain-dentin bonding using
dual-cure cements. ] Prosthet Dent 1999; 81: 285-289.
Kwon TY, Bagheri R, Kim YK, Kim KH, Burrow MF.
Cure mechanisms in materials for use in esthetic den-
tistry. J Investig Clin Dent 2012; 3: 3-16.

HESEEEY O v = — FPRFEEE R S 1T &

13)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

123

Aung S, Takagaki T, Ko AK, Halabi S, Sato T, Ikeda M,
Inokoshi M, Sadr A, Nikaido T, Tagami J. Adhesion
durability of dual-cure resin cements and acid-base
resistant zone formation on human dentin. Dent Mater
2019; 35: 945-952.

Aravamudhan K, Rakowski D, Fan PL. Variation of
depth of cure and intensity with distance using LED
curing lights. Dent Mater 2006; 22: 988-994.
Rueggeberg FA, Caughman WF, Curtis JW Jr, Davis
HC. Factors affecting cure at depths within light-acti-
vated resin composites. Am ] Dent 1993; 6: 91-95.

Prati C, Chersoni S, Montebugnoli L, Montanari G. Effect
of air, dentin and resin-based composite thickness on
light intensity reduction. Am ] Dent 1999; 12: 231-234.
Yamauti M, Nikaido T, Ikeda M, Otsuki M, Tagami ]J.
Microhardness and Young’s modulus of a bonding resin
cured with different curing units. Dent Mater ] 2004;
23: 457-466.

Davidson-Kaban SS, Davidson CL, Feilzer A]J, de Gee A]J,
Erdilek N. The effect of curing light variations on bulk
curing and wall-to-wall quality of two types and various
shades of resin composites. Dent Mater 1997; 13: 344-
352.

Yearn JA. Factors affecting cure of visible light acti-
vated composites. Int Dent J 1985; 35: 218-225.

Fan PL, Schumacher RM, Azzolin K, Geary R, Eichmiller
FC. Curing-light intensity and depth of cure of res-
in-based composites tested according to international
standards. ] Am Dent Assoc 2002; 133: 429-434.

Seki N, Nakajima M, Kishikawa R, Hosaka K, Foxton
RM, Tagami ]J. The influence of light intensities irradi-
ated directly and indirectly through resin composite to
self-etch adhesives on dentin bonding. Dent Mater J
2011; 30: 315-322.

Giannini M, Makishi P, Ayres AP, Vermelho PM, Fronza
BM, Nikaido T, Tagami J. Self-etch adhesive systems: a
literature review. Braz Dent J 2015; 26: 3-10.

Yoshida Y, Yoshihara K, Nagaoka N, Hanabusa M, Ma-
tsumoto T, Momoi Y. X-ray diffraction analysis of
three-dimensional self-reinforcing monomer and its
chemical interaction with tooth and hydroxyapatite.
Dent Mater J 2012; 31: 697-702.



124 H A& & B & & % M & Beat H2E

The Effect of the Shade of Indirect Restorations on the Microtensile Bond
Strength of Dual-curing Resin Cements Using a Touch-cure System to Dentin
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Graduate School of Medical and Dental Sciences, Tokyo Medical and Dental University (TMDU)

Abstract

Purpose: Recently, dual-curing resin cements and self-etch adhesives have been increasingly used for indi-
rect esthetic restorations to ensure optimal polymerization of resin cements and adhesives. However, attenu-
ated light irradiation intensity may lead to severe clinical problems, because the polymerization of dual-cur-
ing resin cements and self-etch adhesives is greatly affected by the light-curing method. Some resin cement
systems include catalysts both in resin cements and adhesives and the chemical copolymerization is facili-
tated when the adhesive comes in contact with the corresponding resin cement (touch-curing system), in
order to improve the copolymerization of resin cements and adhesives. The purpose of this study was to
evaluate the effects of the shade of indirect restorations on microtensile bond strengths (uTBSs) of resin
cements using a touch-curing system to dentin.

Methods: Twenty-four extracted human molars were randomly assigned to four experimental groups
according to the four resin cements used in this study, which were PANAVIA V5 (PV) and Rely X Ultimate
Adhesive Resin Cement (RU) as dual-curing resin cements using a touch-curing system, ESTECEM (EC)
as a self-curing resin cement, and Rely X Veneer Cement (RV) as a light-curing resin cement. Indirect res-
torations were fabricated from resin composites (Pearl Este, shade DA2 and ODA2). After applying the
corresponding adhesive of each resin cement to flat dentin surfaces and corresponding primer to resin discs,
the resin discs were bonded to the dentin using each resin cement, and cured using a halogen light-curing
unit. After storage in distilled deionized water at 37°C for 24 h, the specimens were sectioned into approxi-
mately 0.7 X0.7 mm? pieces. Following that, each specimen was subjected to the #TBS test and the results
were statistically analyzed using a #test with Bonferroni correction (o =0.05). After testing, the fracture
modes were determined and statistically analyzed using the Chi-square test (a =0.05).

Results: In only the RV, which is a light-curing resin cement, there was a significant difference between
the «TBSs of the DA2 and ODA2 groups. In both shade groups, the «TBS of PV, which uses a touch-curing
system, was significantly higher than that of the other resin cements, and the «TBS of RV was significantly
lower than that of EC and RU. The Chi-square test revealed no significant differences between the fracture
modes of the DA2 and ODAZ groups in all resin cements.

Conclusion: Within the limitations of this study, the shade of indirect restorations does not affect the dentin
bond strength of dual-curing resin cements using the touch-curing system. This suggests that the touch-cur-
ing system may achieve adequate polymerization of dual-curing resin cements by attenuated light irradia-
tion.

Key words: resin cement, shade, touch-curing system, microtensile bond strength
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Fig. 1 Students undertaking the test
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Q1. Was this practical test for root canal treatment
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Q2. Was this practical test helpful for confirming
your hand file technique?
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Fig. 3 Results of the questionnaire survey
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Trial of a Practical Test for Root Canal Treatment
in Basic Endodontic Training at Aichi Gakuin University

InaMoTO Kyoko, SuzUKI Kazuyoshi and IMAIZUMI Ichiro
Department of Endodontics, School of Dentistry, Aichi Gakuin University

Abstract

Purpose: Aichi Gakuin University conducts basic phantom training in endodontics for fourth-year students
in the School of Dentistry to allow them to acquire necessary basic knowledge, skills, and attitudes for the
treatment of pulpal and periradicular diseases. Currently, the assessment of students’ basic training perfor-
mance is mainly based on product evaluation; however, process evaluation and/or formative evaluation of
students’ treatment techniques are also important. Therefore, we introduced a practical root canal treatment
test as part of basic endodontic training to verify students’ techniques in using hand stainless-steel files.

Methods: The subjects were fourth-year students in the School of Dentistry who participated in basic end-
odontic training: 138 in 2018 and 132 in 2019. The task was to enlarge and prepare the root canal of a maxil-
lary anterior tooth using K-files and H-files with a standard technique. The test time was 5 minutes. One
instructor assessed the skills of each student. Immediately after the test, the instructor provided each stu-
dent with feedback. The students were asked to complete a questionnaire about the practical test at the end
of the basic training.

Results: The assessment by the instructors was generally good, averaging 11.3 points in 2018 and 12.2
points in 2019 out of 14 points. In response to the question “Was this practical test useful?”, more than 70%
of the students (71.0% in 2018, 81.1% in 2019) said that it was “useful”. In response to the question “Was
this practical test helpful for confirming your hand file technique?”, 44.5% in 2018 and 56.1% in 2019
answered “extremely helpful”, and 38.7% in 2018 and 33.3% in 2019 answered “helpful”. Regarding the feed-
back from the instructor, 84.8% in 2018 and 74.2% in 2019 considered that it was “very appropriate”.

Conclusion: We were able to verify all fourth-year students’ hand file techniques in a way that could not be
assessed by the Pre-Clinical Clerkship Objective Structured Clinical Examination. We were also able to pro-
vide each student with feedback. A practical test for root canal treatment in basic training may be useful for
students, allowing them to consolidate the necessary basic skills in clinical practice.

Key words: basic training, root canal treatment, practical test
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DIEBBEET IV E L COERLEE, BiEAREEFA
U 72 R N B o bk & BRI T IEMEE (SEM) T
TOBEIC K DREFL 72,

MEE L UAE

1. 7 &aikEkth

B, AL S EROLERN 6 AHD 7 2 TH
BELAHEEATS L OBAL, HHPICkEEZIT- %
(Fig. 1A). 7% THHE— - B FIHh & f h I ol
HIANCEIWN U, 55— F8 0 0E &R OMBIC o TiRE
L, BEAREMMROAKE L 72 (Fig 1B). BEHR
FEEBD -, WHEOBITIRRIBHET L 728, Fw
WIRA M £ OIER R E XA Lz, REEZEEE
WK CREFEHEEK, KIFEEE) fomsfEL
7z,

2. BRREETIVDOEH

1) HhEooueE

R EEL AR L, fEEED 13 mmic
2B E T, BEICEN, K774 (v=—)
W CEHEER 13 mm, #60 £ TREISATEEZE T -
7o, YUY (FIVEYY Y 25 ml SS-03SZ, TIVE)
LS (=2 AN—b 2 U —v=—F)L23G, HAH
BIEEG) %2 Rv, Pedt otz REWIC 10 mm (7F3
£E—-3mm) HAL, 3~6%XMHHEREKT bV U LIEE
(TrFrns v, HRERER) 2ml 25HBETHEAL
THE L7z, 20k, FERERENICHT L7RET?2
SHEER S 72, R, [k 3% EDTA ## (2 2
77U =y, HARERER) 2ml TRENEZRSL, &
WERBENICH 72 L7REET 2 oMER S, BEX
HEEK T MY Y LR CHEERICHEE L, FHSE .
Z ok, v v e e CEREAIEK2 ml TR E
P L 7z,
WENRKERI T LizikEwE 4 — 7 L —7HE
L, BIRREALY Y (=77 A MI, Y= —) TR
RILZBE L 7. PCR F 2 — 7% E W bl chIW
L, Fa—7 THHIcHIRESL Y v 2 Hv kAR %M
37 L7 (Fig. 1C).

2) HWROHE

BHI # X i # (Becton Dickinson, Germany) IZ
Enterococcus faecalis (ATCC19433 ¥k) Z#&fE L, 37°C
T2HMA v ¥ ax—F —NICTFRIEEEZTo 72, 1
W OIEREH ECHETE L 72 E. faecalis % BHI ARE H
(Becton Dickinson)2 m/ IZ §_XCREINL 72, Z DEE %
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Fig. 1 Porcine extracted teeth
(A) Porcine mandible.(B) Porcine extracted teeth.(C) Mounted porcine teeth in

a polymerase chain reaction tube.

BHIEMAE5HC 500 fFIc AR L7 b D2 K & LTHW
7z (10"~10® CFU/ml).

3) REHEE T ORE

RENL U 7z Ik B o RENIC Lo #ER AR L, 7H
Ml 3Rl &2 55 L A3 5, 21 HE 37°C R ic THFAM
WCHEEE U7z, FEYL L kB, BB oz a2 i<
DT, 100 ml DKZER-72F vy IRy 22 (a ) 3
HNFyT-200ul v 7, E—T L) ICEEL, X
HILZEDF vy TRy 7 2%28400mlDKER-S -
Cr— (Trusy 2 A(EY y —fEAER 2 X<y )
ICEHE L 72 IREE TR 2T o 72,

3. BREE T ILOFH

1) WRENMEE D i

40 ROBRBEET VEMAL, #EIELCERE (n
=20) EXERE (n=20) <o U 7. K21 0%, B
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B AEFRAIEK 2 ml 2 FECIREICEAL THREL 7.
R=N—=FA v+ (#60, £V ¥) THRENZFEEL -
%, MELEHAEKTHES PR —r =K1 v
b (#55) Z#MRENIC 1 PRIFE LWL S8R 21TV,
T OB E Lz, Rkiz, EBBHZRRDO X 5 ics v
YYOWHEHE 10 mm AL, KHEEEKRS Y YL
W5 ml T laE» T TRENOWE S 2T 7. REN
DR EBRET 2720, FARICT Y v CHREEEAE
K2ml ZREICTEAL THEHR L 72, 208, BUOHEZ
fTv, EBEHOEEERZOEE U, MBI
HEEmF LU Y LR D ICEEABAEAKE L, #H
BRBE & [AIRRIC 5 ml © 1 [ L 72, e s L O
BIECE TR 2 72 OIS A A K2 ml T L, SV
2T, NEHEOPESEZORE L L., 361, W
LI ORENICHE AR KRR L, 2 0
37°C, IFREMHTCHRE L. 205k, BEEEAEK
2m/ CHERICIRE 24 L, Wi s bHEE2IT-> Tkl
2HBOHERLE L7z,

FIEICH W R—=—=F A v b2 RT v BEEER
(H/KEIZE) hiciRiE L, BRI, BHI BRI
BRELZ, 2HEFSRWICEEL, BHENzan=—
Bxeho vt Uk, ERIZHEY 7 b GraphPad Prism7
(GraphPad Software, USA) % FH\>T Tukey’s multiple
comparison test THEFHLER % T - 7z,

2) SEM IC & 2 HVEBERN D BIEE

0 RKDBPMREE TV EMHHAL . REWHEE, >V
VY% TRE NME SO R 0 5 L FRICT-
7o, ¥EE 21 HER, EWRZERET 27201, MEEERE
K 2ml CIREEVES L, WEETORE L Lz, Xic, %
B RMIEER T U Y LA R, NBEECIIIEEE
HAEEKEHFEAL, 5mi T 1 oE» T TURENOIE 2
fTotz, Z20%, ERHTRRENOERLZGRET S
&, WMEERAEIEK 2 ml CTREZ WL, ERFEORGE
EHORRIE L, NBEHICBWTY, TSRS X0
BEEOYE D 7O ARICHFEERAEK 2 ml THEE
L, NEHOMSEESZOREE Lz, 361, ML d
WA IR R IR &7 L7 REEC, 2HM37°C,
IREHTCRE L, Y2 HEBORE & L.,

HEET O BRRIRE €7V (n=4), WHEEO KRR
BETFIV (B - NEEEE bIn=4), W2 %D
BYARE T TV (ERER - WL b n=4) % WA
M 2 08I L7z, Wi 2 R AR B Rtk T L 7o 2%,
4%787 RV L 5% 7NV — VT IVTE FORARICT
24 REEIEIE U7z, WEAMAE K CkiE2iT- 728, Lk
Ay 7 —nN%% (30%, 50%, 70%, 80%, 90%,
100%) THiAK L7z, t-7Fu7a—icE L, HEEG
H21ERE (EYE4 FDS-1000 2, ptEfb#sR) 2w T
AHMBHERZBEET 72, 208K, ARy ¥ —3EE
(JUC-5000, JEOL) ZM\TH&%KE L, BELHZ
fT- 7. SEM (VE9800, KEYENCE) T TR 3
mm 7 ORERMZ B L, HERET L 7.
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Fig. 2 Numbers of bacteria before and after irrigation

Although the number of bacteria decreased below the detection limit

immediately after irrigation with sodium hypochlorite, it had returned to 10°

CFU/m! (alevel comparable with that of the saline control) at 2 days after

irrigation (n=20).

B Y \
83,000x 83830 W0 - AN

337000 3:33jwryy WO 8.0mm | 7KV, 2020/08/13 15:44:35 S

Fig. 3 Scanning electron microscopy images of the root canal wall surface before and after root canal irrigation

(A)Untreated sample. (B)Immediately after irrigation with saline. (C)Immediately after irrigation with

sodium hypochlorite. (D)2 days after irrigation with saline. (E)2 days after irrigation with sodium hypochlorite.

X

1. REANHERO LS

HHETORE 2> 51, EBREL L CHRBEOVLINS
10° CFU/ml * — %" — D E. faecalis ¥ S Ni=, Wbk
EfTid, REEEET MY Y LERZ RO
MBI RAD T Th o 7228, EBEL 513 10°
CFU/ml A —% —D E. faecalis D’iBdH btz F 1=k
2 AR CE, SEBREE - WIEEE L B2 10° CFU/ml 4 —
7' —®D E. faecalis W& N7z (Fig. 2). Wi, B X
UV 2 Hi2 OB L B ORICE B2 IO 5
Nigpotz,

2. SEM T COIREEEREDEIR

e, NI OWESERE L O 2 HERORE T,
NAF T 4V LRONEYPIRERLMDOL { 2 AL,
Z DI BT E. faecalis BEDPEE Z N (Fig 3A,
B, D). %7/, AEYWICEIBIMICEHAPGFEEL, RF
HE OB HERTE 28 A5 N (Fig 3A, B,
D). —7, EBEICBWV T, HEFEZORARTIILHE
MNICRIFE RO L, REELHEIC E. faecalis RN
4 Z 7 4V LEONEYIIBZE SN - 72 (Fig 3C)
bbb bd, Wi 2 HE OB C I YREET O EEE
LRBBICEUNA 4 7 4 L LD M EY RS £ % B
BLIGyEEs N (Fig 3E). FiFkkic, Mo
ICZEAMEAE L, RIME ORISR TE 28 A
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50’z (Fig3E). L2 L%d 5, ZOMEWIZEE
IZRE O MM A7 { SEHIC A 2 72 (Fig. 3E).

£ =
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THD. b FKREWIZ, in vitro TFRICIZIRAER 72 3R
THY, FHHAKMIC2h T2 TG 3 2 7RI IZ0ETH
5708, AEIRE EELSRETH 2%, —HTH
PIOHERIEREZH LT, MBEoMAEE /NS
T2IEPHFECE L. SEFBVOLAL, RBRRELELD
O OEHIC K W ERENATREIH—-ShTEh, B
fER EofEREbEwEEIZ NS, X6, BRED
kD 5 lEINET 2 - O MENZMED %<, 9%k
R EMERT 2 LB TH B,

Y oL EEETHT 285481, t POEIGEWT &
BEZLW, IRETIE, 7Y - TR EDOEME +D
WORMAE LTHBAINTEL, A2 TH Y OWIdE
FOMRAE L CRICEEMBOREBEE L LT A
BN, YAFIFAVILE2L—IZBWTHE FOHED
RAEE LTEEENSVEShTWw3Y, Lal,
NS REETDO LT ANVEPREEZNRICLZHET
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ZDld, vIEREREREE £ MEEONRD b ITRE
EFOLVELTHEATZLRELWEEZ NS, —JF
770k, BEER - AR - AT B M ICHE
PLTED, BHROKESH L MCFWLEXh 322
SEM FToETIE, EhETIDIFANVEE LN
RFEIEEWICEDL, BREORFME0ERE & O
BEIEY Db E MOEWEOWES H 2%, M lo
LD, WRHICBVLTREYIEDE TINE LD
RHAMELTELTWREEZOND,

S 2 4R 50 L 72 B Ic ik 2l & b (EBL L 72 e
Tuy s EEEL, F3~4EMNET S LT, RFHE
KA L 7284 F 7 4 VAR S, MERT
MBI & TR T 2 2 L 2SS S h e 3183739
ZD%, REPREE FVERICB VLTS, BHIRE
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BEToT, N4 T 74 V00, MEB X S EL
T % EIRIR L TR EHE R ECE R L 7 EA T H

BEPIBIRFEISIC 81T 2 in vitro IR D 72 D DFT L WIRGARE £ 7V O 7 137

5. AWIERIC B 3 HERTER O SEM T To#ZIcE
W, E. faecalis BIRE X U4 X7 4 WV LROMNEY)
DB N, £ 47 4V Lk, K E L TR
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N7 RN, RIFBETICEL LT E. faecalis DYEFEIC
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NAF T ANVLORPEE D R N EZ LN
5. BRREETVE LT 2581, £EBIC
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A Study of a Novel Infected Root Canal System Model
Using Porcine Extracted Teeth

Fujita Masanori, HicucHI Naoya,
InaMoTO Kyoko and HORIBA Naoki

Department of Endodontics, School of Dentistry, Aichi Gakuin University

Abstract

Purpose: In this study, we examined the usefulness of a new model of infected root canals for use as an
vitro experimental system, which was prepared by bacterial infection in the root canals of porcine extracted
teeth.

Methods: Following the extraction of porcine mandibular molars, their roots were divided into mesial and
distal groups. Cleaning and shaping of the root canal were performed with instrumentation up to #60, in
accordance with conventional methods. Root canals were filled with a suspension of Enterococcus faecalis
cells (containing an approximately consistent number of bacteria)and cultured aerobically at 37°C for 21 days.
The following analyses were performed before, immediately after, and 2 days after root canal irrigation with
sodium hypochlorite solution: Mcomparison of the number of E. faecalis in the root canal, using the serial
dilution method; and @SEM observation of the root canal surface.

Results: Analysis using the serial dilution method showed that the number of E. faecalis decreased below
the detection limit immediately after root canal irrigation with sodium hypochlorite solution; however, it had
returned to a level comparable with the saline control at 2 days after irrigation. Furthermore, SEM observa-
tion showed no biofilm-like formation on the root canal wall surface immediately after irrigation with sodium
hypochlorite solution, although it was again evident on the root canal wall surface at 2 days after irrigation.

Conclusion: It was suggested that this infected root canal system model using porcine extracted teeth has

potential for use as an iz vitro experimental system in the endodontic field.

Key words: infected root canal system model, porcine extracted teeth, iz vitro experimental system
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Table 1 Materials examined in this study
Filling material Composition Manufacturer  Shade Lot No.
Glass ionomer cement
CAREDYNE ZIF-C (ZIFC) Powder : fluoroaluminosilicate glass, fluo- GC Cv 1912130
P/L=30 rozincsilicate glass, polyacrylic acid
Liquid : polyacrylic acid, distilled water,
polybasic carboxylic acid, phosphoric acid
Fuji VI CAPSULE (FVIC) Powder : fluoroaluminosilicate glass GC PINK 1906061
P/L=20 Liquid : polyacrylic acid, distilled water,
polybasic carboxylic acid
Conditioner
CAVITY CONDITIONER distilled water, polyacrylic acid, GC 1907301
aluminium chloride
Resin composite
BEAUTIFIL Flow Plus X FO3 (BFP) glass powder, Bis-GMA, Bis-MPEPP, Shofu A3 101901
TEGDMA, initiator, pigment, others
Filtek Supreme Ultra Flowable Restorative methacrylate (Bis-GMA, TEGDMA, oth- 3M Japan A3 NA61198
(FSU) ers), inorganic filler, catalyst, stabilizer,
pigment
Bonding agent
BeautiBond Universal aceton, purified water, Bis-GMA, carbox- Shofu 071805
ylic acid monomer, TEGDMA, phospho-
nate monomer, others
Scotchbond Universal Adhesive phosphate ester monomer (MDP), meth- 3M Japan 91017A

acrylate, initiator, ethanol, others

Polishing with SiC#400 abrasive paper under running water ‘

}

I

bovine tooth into

37°C for 7days

Immersing the embedded

demineralizing solution at

Immersing the embedded
bovine tooth into
demineralizing solution at
37°C for 7days

!

Immersing the embedded
bovine tooth into
demineralizing solution at
37°C for 7da+ys

¥
Applying artificial saliva for 10 s

l l

| Gently air blowing |

! i
\ Applying cavity conditioner for 10 s

| |

!

!

‘ Rinsing for 10 s and gently air blowing

! !

!

| Cement filling |[ Cement filling |

‘ Applying artificial saliva for 10 s ‘

Group 1 Group 2

Control

Demineralization ‘

I

Gently air blow ‘

‘ Cement filling ‘ ‘ Cement filling ‘

Group 5

Group 6

‘Cement filling ‘ ‘Cement filling ‘ Severe saliva Demineralization

Group 3 Group 4

Mild saliva Demineralization

contamination  before mild saliva
contamination

contamination before severe saliva

contamination

Fig. 1 Experimental procedure of six different surface treatments on bovine dentin prior to filling

glass ionomer cements
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‘ Polishing with SiC#400 abrasive paper under running water ‘

I

Immersing the embedded
bovine tooth into
demineralizing solution at

Immersing the embedded
bovine tooth into
demineralizing solution at
37°C for 7days

Immersing the embedded
bovine tooth into
demineralizing solution at
37°C for 7days

37°C for 7days

]
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| |
‘ Gently air blowing ‘
. . . l . l . .
‘ Applying universal bonding according to manufacturers’ instruction ‘
I v v v v v
‘ Air blowing according to manufacturers’ instruction ‘
! | ! ! l !
‘ Light irradiation according to manufacturers’ instruction ‘
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Resin composite || Resin composite ‘ Applying artificial saliva for 10 s ‘
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cured for 30s || cured for 30s [ Gently air blowing | Resin composite || Resin composite
Group 1 Group 2 1 I filling and light || filling and light
Control DemineralizationRegin composite | [Resin composite | cured for 30s | cured for 30's
filling and light || filling and light | Group 5 Group 6
cured for 30s || cured for 30s | Severe saliva kl?efmlneralizatio?.
Group 3 Group 4 contamination before gevere saliva
Mild saliva Deml%eralizatipn contamination
contamination  before mild saliva
contamination

Fig. 2 Experimental procedure of six different surface treatments on bovine dentin prior to filling

resin composite
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Fig. 3 Box plots of shear bond strengths between bovine dentin and filling materials (n=15)

Same Roman upper case letters indicate significant differences in bond strength at same saliva
contamination condition groups (none, mild or severe) (p<0.05). For the no demineralization groups
(G1, G3 and G5), same Greek letters indicate significant differences in bond strength (p<<0.05). For
the demineralization groups (G2, G4 and G6), same Roman lower case letters indicate significant
differences in bond strength (p<<0.05).

Table 2 Summary of analysis of variance in shear bond strength for ZIFC

Source Type Il Sum of squares df Mean Square F-value p-value
Deminerarization (A) 69.0972 1 69.0972 415456 p<<0.001
Saliva contamination (B) 6.2632 2 3.1316 1.8829 0.1585
(A) X (B) 77.8663 2 389331 234091 p<0.001
Error 139.7058 34 1.6632
Total 2929324 39

Table 3 Summary of analysis of variance in shear bond strength for FVIC

Source Type III Sum of squares df Mean Square F-value p-value
Deminerarization (A) 240048 1 24.0048 224861 p<0.001
Saliva contamination (B) 15.7249 2 7.8624 7.3650 0.0011
(A) X (B) 228419 2 11.4209 106983 p<<0.001
Error 89.6736 84 1.0675
Total 152.2451 89

IK DOEMIIEE RS ICHEBR B EL 52 5ol %
TR 7e L 0 effClE, MR ROBREIZEERSICE
BB E LA ol LENIBREICLD, G213

Gl L ERICINIVES®RI 2R (p=0001). G3
LCADEEMICAEREITAD N o (p=
012). G6IEG5 & W BHEIZ/NIWEEMI 2R L (p<
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Table 4 Summary of analysis of variance in shear bond strength for BFP

147

Source Type III Sum of squares df Mean Square F-value p-value
Deminerarization (A) 3584672 1 3584672 67.0200 p<0.001
Saliva contamination (B) 509.1609 2 2545805 475970 p<<0.001
(A) X (B) 35.6358 2 17.8179 3.3313 0.0405
Error 449.2876 84 5.3487
Total 1,352.5515 89

Table 5 Summary of analysis of variance in shear bond strength for FSU

Source Type Il Sum of squares df Mean Square F-value p-value
Deminerarization (A) 490.1942 1 490.1942 324138 p<0.001
Saliva contamination (B) 796.6614 2 398.3307 263394 p<0.001
(A) X (B) 709.5588 2 354.7794 234595 p<0.001
Error 1,270.3343 84 15.1230
Total 3,266.7487 89
2r 92
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Fig. 4 Weibull plots of shear bond strengths between bovine dentin and filling material
0001). %72, Gl, G3B LU Gh DEERIICEREIZ B (Weibull £22%, RERH, 5% 8 & O 95% M HEHESR)
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LEEBRIVARICNIVEEZRL (p<0.001), G4 WIZ & b Weibull fREBUCE REDNTED bz d -7 (p>

G2 dEFRICKREVESERIZRLL (p<0.001),
2) ¥EEHE E D Weibull 947
Weibull 5345 % Fig. 4 12, Table 6 i Weibull 7347 @ #i

0.05).
(1) ZIFC
G3 B X UG5 ItBWT Weibull 532 Fh 53+
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Table 6 Weibull analysis parameters of shear bond strength between bovine dentin and filling materials

Filling Surface Weibull modulus Scale parameter 5% Failure 95% Failure
material  treatment +95% CI +95% CI (MPa)  probability (MPa)  probability (MPa)
Gl 3606 63+1.2 28 86
G2 35+0.3 48+12 21 6.6
G3 5309 51+12 29 6.2
ZIFC G4 43104 55+1.1 2.7 70
G5 54406 8211 47 10.0
G6 32104 38*+13 15 53
Gl 41408 6.0+12 29 78
G2 40+09 44+13 2.1 58
+ +
FVIC G3 64+1.1 55=%11 35 6.6
G4 76+14 59+1.1 40 6.8
G5 47+07 58+12 31 7.3
G6 6.7+1.0 35+11 2.3 42
Gl 61+1.3 126+12 77 15.0
G2 23+0.3 70x1.3 19 11.3
BFP G3 3906 121+12 5.7 16.0
G4 48+06 92+11 49 116
G5 23+04 71+14 2.0 114
G6 17£02 26+14 05 49
Gl 44+04 165+1.1 8.3 21.2
G2 48+12 114+12 6.1 14.2
FSU G3 54+08 159+11 91 194
G4 32403 189+12 76 264
G5 22+0.3 164£1.3 41 272
G6 26+05 31+14 1.0 46

0.9, 54106 &7 b, ZOMOEHLIEMLE X b b
Weibull B EWEZ R Lz, $7, GO IZRERE,
5% B & U 95% BIEMER D ESE 2> O RHEWIEGAE & b
bREWVWEEZTRL T,

(2) FVIC

G4IT BV TCIEA ORMANISEA K b H KE v Weibull
RET6E14 DB 6Nz, KT, G6 T Weibull 1% 6.7
+10 &% b, G3, G5 DJEIZ Weibull fRED/N X W &
ots, RERIZGL 60112 G41359+11, £/
G513 58%12 LIFfAL 7fETH o 7z. SWUIEMERI
BREWEEZRLEZDIZGLTH Y, 95%MEERERD
HbREVDIIGL THo 7

(3) BFP

Gl i2B W T Weibull (3#236.1£13 L 72 b, 1L DE
HAEEFE LD REWEEZR L GOITEB W T,
Weibull {35023 13 2 O RE LA & 0 /NS OEE R
L7z, G1BX U G3oRENEITZNEN 126+1.2,
12112 L7z h, I ORMUESEMFL D S REVWEEZ
MU7. %72, Gl BX G313 BUWIEEMER L 2hZh

150 BL U160 &, ZHLORMNILEAE L b S REWIE
Zn L7z,

(4) FSU

G BLUGHIZEWT Weibull REBZNFh 22+
03, 26=*05 &7 0 iE» ORMMUIESEM L b H/NZWE
ERLT, GADOREMEIZ, 3r0REMUEEAE L D b
KEWEZR LT, G3 D 5%HEERESR 3t o F A LELSE
& D REL, BWBIEMHERIZOWT G4, GEARE WL
%R LTz,

2. EEEIATEROHMEER

Fig. 5 I BEE R S I ER OB ZE DR 2R T
Chi-square test OFEH, ZIFC, BFP & & ¢! FSU 13 i
IR X IEERRICERENED s vz (p=0.007,
p=0.006, p<0.001). FVIC i\ ¥ 1 DREULIEEFT -
THEERERGOWMIEIL & £ v b ORENIE% 74 E
A%, REWESEFOE IS X b ERRICERE
3D otz (p=015). A+ (ZIFC, FVI
C) DEEREBBICHED b N LEENTIL, Tk
vrOWETH o, aEY Y FLY Y BFPIEGLD
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Fig. 5 Failure mode distributions after shear bond strength tests at different surface treatment

groups (n=15)

Table 7 Mechanical properties of filling materials used in this

study
Mechanical properties
Filling Compressive Diametral tensile Flexural
material strength (MPa) strength (MPa) strength (MPa)
ZIFC 174.8+299 95+30° 21.0+10.3°
FVvIC 99.8£179 58+14° 14.0+81°¢
BFP 361.5+20.7% 47074 110.6+15.7
FSU 3365E11.4% 538+£45 1447+133

Same lower case letters indicate no significant differences in each

mechanical property (p>0.05).

ZfFc 32, G2O5MT 1 SN BRI IR v
T4 TOWE arvRYy FLYrdHb0IHRE O
BERA SN, FSUD G2 B LU Gh THEINEE
I T R THEOMESE L TEB D, G4 THESN
TBHERII R v 74 Y OWE, avKYy LYY
DOWHED 2 VIZEE OBHENED 5 iz,

3. HERME (EmEs, BIESERES, MEy)

B o0 HBEME O EfERS, BEIRRSE LT
HTH & OfE R % Table 7 10R 7, SBEMENC & b E
Mamm X (F=361.171, p<0.001), MlEEslEm®mE (F=
290.154, p<0.001) B OHIFmE (F=284.927, p<

0.001) IZEELZEHNED b, EHEM S 13 BFP & FSU
DOEICERENADENZVDL DD (p=008), ZDfth
DIEEMEIETEBRZENRD 5 (p<0001), M
BRER & 1% ZIFC & FVIC OfIcHBZESRBD 5k ab
DD (p=036), ZDMOBEMEITERZENED

e (p<0.001~0.02). HIF#E X1 ZIFC & FVIC @F'Eﬁ
CEBENEDONBEVLH DD (p=064), ZDfoE
EMRIRECEBZESED bt (p<0001). BBEEME
EHRHESIRM I AVNE K, MR S IEREWEE R L2,
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Bond Strength of Encapsulated Zn-containing Glass Ionomer Cement
to Dentin

—Effect of Saliva Contamination and Dentin Demineralization on the Shear Bond Strength

of Glass Ionomer Cements and Resin Composites—

Nacasawa Yuko, EDA Yoshikazu, MATSUMOTO Shigeki,
NaKAJIMA Hiroshi and HIBINO Yasushi

Division of Dental Biomaterials Science, Department of Restorative and Biomaterials Sciences,
Meikai University School of Dentistry

Abstract

Purpose: This study aimed to investigate the effect of saliva contamination (no saliva, mild saliva or severe
saliva contamination) and/or dentin demineralization on the shear bond strength of restorative materials (two
encapsulated glass ionomer cements and two resin composites) to bovine dentin.

Materials and Methods: Four restorative materials, CAREDYNE ZIF-C (GC) and a glass ionomer Fuji VI
CAPSULE (GC), and two resin composites, BEAUTIFIL Flow Plus X F03 (Shofu) and Filtek Supreme Ultra
Flowable Restorative (3M Japan), were examined in this study. Bovine dentin was embedded into epoxy
resin and polished using SiIC#400 abrasive papers under running water. Six different dentin surface condi-
tions were prepared: control, demineralization, mild or severe saliva contamination and those combinations of
saliva contamination and demineralization. The restorative materials were bonded (3 mm in diameter, 3 mm
in height) to each treated dentin surface and shear bond strengths were determined after 24 hours (n=15).
Two-way ANOVA/Bonferroni and Weibull analyses were performed on the results.

Results: Under the mild saliva contamination, demineralization did not affect the bond strengths of materi-
als except for BEAUTIFIL Flow Plus X F03 (p>0.05). As compared to the control, the bond strength after
the severe saliva contamination of CAREDYNE ZIF-C increased but that of BEAUTIFIL Flow Plus X F03
reduced (p<0.05). Resin composite treated by both severe saliva contamination and severe saliva contamina-
tion after demineralization showed lower Weibull moduli than the control.

Conclusion: Surface saliva contamination and demineralization significantly affected the dentin bond
strengths of restorative materials examined. Dentin demineralization significantly decreased the bond
strength of restorative materials under the conditions without saliva and with severe saliva contamination.
The results of Weibull analysis suggested that the bond strengths of glass ionomer cements were less influ-

enced by demineralization and saliva contamination compared to those of resin composites.

Key words: zinc-containing glass, glass ionomer cement, saliva contamination
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A Survey of the Micro-endodontic Clinic of Aichi Gakuin University
Dental Hospital : 19 Months after Establishment

Ima1zumr Ichiro, EBATA Kaori, HicucHI Naoya,
Y AMAGUCHI Masataka and INAMOTO Kyoko

Department of Endodontics, School of Dentistry, Aichi Gakuin University

Abstract

Purpose: Aichi Gakuin University Dental Hospital (AGUDH) established a micro-endodontic clinic in
November 2018. Treatment at this clinic is all self-funded; we perform accurate root canal treatment using a
dental operating microscope. Currently, patients unable to be treated at general dental clinics because of
intractable conditions and/or anatomical problems attend this clinic. The purpose of this study was to inves-
tigate trends in the patients referred to the micro-endodontic clinic and to verify its role.

Methods: This study evaluated data from new patients who attended the micro-endodontic clinic of
AGUDH from 1 November 2018 to 31 May 2020. Information accessed included age, sex, address, referred
teeth, clinical diagnosis, clinical symptoms, treatment procedures, number of treatments, and prognosis.

Results: Forty new patients were referred over 19 months. Approximately 50% of the patients were in
their 40s and 50s. More than 80% of the patients resided in Aichi Prefecture; of these, nearly 60% were from
the city of Nagoya. The most frequently referred teeth were the maxillary anterior teeth, which made up
354% of the total, followed by mandibular molars, which made up 33.3% of the total. The clinical diagnosis
was chronic apical periodontitis in every case and all were retreatment cases. Sixty-five percent of new
patients were treated at the micro-endodontic clinic; of these, approximately 24.1% received only endodontic
microsurgery and approximately 65.5% received infected root canal treatment.

Conclusion: This survey showed that the micro-endodontic clinic of AGUDH plays an important role in the
retreatment of cases that are too difficult to treat at general dental clinics. We will continue to promote coor-
dination with regional medical institutions as a high-level medical facility. Information about the specialization
and benefits of endodontic treatment should be disseminated throughout the local community.

Key words: dental operating microscope, survey, self-pay treatment, university hospital
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Table 1 Characteristics of the subjects

Total number 927
Sex (female/male) 256,671
Age 639xt130
Bleeding of probing [% ] 162+202%
Probing pocket depth [mm] 241£057
Clinical attachment level [mm] 301+1.07
Number of teeth 222+74
Smoking (n,[%]) 410 (44%)
Obesity ™ (n,[%]) 228 (25%)
Diabetes mellitus (n,[%]) 217 (23%)
Hypertension (n,[%]) 537 (58%)
Dyslipidemia (n,[%]) 415 (45%)
Systolic blood pressure [mmHg] 1235+198
Diastolic blood pressure [mmHg] 732+14.1
Hemoglobin Alc [%] 597+0.85
Low-density lipoprotein-cholesterol 110.0+30.7
[mg/dl]

High-density lipoprotein-cholesterol 586+17.0
[mg/d/]

Total cholesterol [mg/d/] 186.4+36.6
Triglyceride [mg/d/] 141.1+965

Age, bleeding on probing and number of teeth were
shown as mean with standard deviation. * : Obesity
was diagnosed as Body Mass Index=>25 kg/m”.

45 _ 50
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35 40
. "
20

I 20
10 10
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BOP [%]

100 . . e . o
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60| - *
40

20
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Fig. 1 Association between bleeding on probing and age

p<0.0001

0 0 0

p=0.69, r=0013

Table 2 Rate of bleeding on probing according to

gender
Female Male p
N 256 671
BOP [%] 119+181 17.8+20.7 <0.0001

Bleeding on probing (BOP)was shown as mean with
standard deviation.

BOP [%]
45
40
35
30
25
20
15
10

p=0.0207

Non-obesity

Diabetes Non-diabetes

Smoking Non-smoking Obesity
BOP [%] BOP [%] —
45, p=00104 40 _b=086
40 35
35 30
30

25
2 20
10 10
5 5
0 0

Hypertension Non-hypertension

Dyslipidemia Non-dyslipidemia

Fig. 2 Average bleeding on probing score according to systemic factors

Bleeding on probing (BOP) was shown as mean with standard deviation.
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Table 3 Association with bleed-
ing on probing using
multivariate analysis

b
Obesity <0.0001
Smoking 0.0104
Gender 0.0140
Hypertension 0.23
Diabetes 048
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Fig. 3 Average bleeding on probing score according
to results of self-reported questionnaire
Bleeding on probing (BOP) was shown as mean with
standard deviation. * : p<<0.05.
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Abstract

Purpose: Periodontal disease is a common infectious disease and bleeding on probing (BOP) is one of the
major clinical markers for periodontitis, indicating local inflammatory burden. Many studies showed an asso-
ciation between periodontal disease and systemic health. Although deep periodontal pockets and increased
clinical attachment level are associated with systemic diseases, only a few reports showed a link between
BOP and systemic health. The aim of the present study was to assess systemic parameters related to BOP.
In addition, the association between BOP and answers to a self-reported questionnaire was analyzed.

Methods: Nine hundred and twenty-seven patients with cardiovascular diseases in Tokyo Medical and
Dental University Hospital from 2012 to 2015 were enrolled in this study. Clinical periodontal examinations
were performed and medical data were obtained from medical records. Subjective periodontal condition was
asked using a self-reported questionnaire.

Results: Parameters associated with BOP were male sex, smoking status, obesity, diabetes mellitus, and
hypertension, while age and dyslipidemia did not show a relationship with BOP. Patients with subjective infe-
riority of their dental and periodontal condition had an increased BOP value. A multivariate analysis
revealed that obesity, smoking, and male sex had a statistical association with BOP.

Conclusion: The present study focusing on patients with cardiovascular diseases revealed an increase of
BOP in obese patients, smokers, diabetes patients and patients with hypertension. Particularly, obese
patients and smokers had a high BOP level after adjusting for gender. Dyslipidemia was not associated with
BOP. Results of a questionnaire showed that those lacking knowledge or with subjective inferiority of their
periodontal condition had an increased BOP value.

Key words: inflammation, obesity, periodontal medicine
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Fig. 1 Preoperative dental radiography and CBCT images taken during the first visit

A : Dental X-ray images showing radiolucency in the periodontal distal portion and root apex of

the maxillary right central incisor.

B, C : CBCT images in the transverse (B) and coronal (C) plane showing the radiographic

translucencies reaching the adjacent teeth and the incisive canals (ie, the area enclosed

by a dotted line in image C).

D : CBCT image in the coronal plane showing endodontically and periodontally-derived radiolu-

cency area were contacting each other.

E : CBCT image in the parasagittal plane showing radiolucency of the apical zone that partially

reached the boney edge of the palate.

Abbreviation : CBCT, cone beam computed tomography.
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Fig. 2 Orthopantomographic images taken during the

second visit after first aid treatment
Tartar deposits were observed on the anterior max-
illary teeth. All wisdom teeth except for the maxillary
left wisdom tooth were visibly impacted. The patient
had undergone numerous dental procedures and had
caries on several teeth.
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Fig. 3 Intraoral photographs taken at third visit
A : A frontal view showing that the patient’s marginal gingival redness and gingival swelling had
disappeared. The patient was instructed to maintain good oral hygiene with thorough self-

care.

B @ An occlusal view showing exposed metal core resulting from bite adjustment procedure.

A
Mobility PD Palpation Percuésion Perc.ussion
Vertical ~ Horizontal
2 0 3mm (BOP—) - -
1] 1 11 mm (BOP+) + +
L 0 3mm (BOP—) +/= +/= -

B

Fig. 4 Result of clinical tests performed before treatment of the infected root canal
A : Test results confirming the presence of symptom of both endodontic and periodontal disease in the maxillary right central

incisor.

B : Dental X-ray image showing radiolucency in the root apical part portion of the maxillary right incisor.
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A B C
Fig. 5 X-ray images taken during root canal treatment of maxillary right central incisor
A : Image showing reduced radiolucency in the apical area but persistent radiolucency in the distal periodontal
region. Point trial confirmed that the root canal’s working length was sufficient for the operation to pro-
ceed.
B : Image taken after root canal filling showing the build up of a resin core with a fiber post.
C : Image taken 4 months after root canal filling showing persist radiolucency in the distal periodontal region.

A
2| 1] L
Buccal 324 733 322
PD
Palatal 334 963 333
Mobility 0 1 0

Fig. 6 Result of clinical tests performed before periodontal tissue regenerative therapy and microscopy images
from video recordings (https://doi.org/10.6084,/m9 figshare.14169926.v1 or QR code) taken during peri-
odontal tissue regenerative therapy

A : Table explaining periodontal examination of maxillary right central incisor. The deep bone defect remained

in the distal to palatal region of the maxillary right central incisor.

B, C : Photograph showing a root malformation in the center of the tooth root’s palatal side.

D : Photograph of the numerous tartar deposits (black arrows) at the border of the malformation and the

original root.

E : Photograph showing the application of an Er : YAG laser reachable base of the infected site.

Abbreviation : Er : YAG laser, erbium-doped yttrium aluminum garnet laser.
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Fig. 7 Dental X-ray images and photographs taken after guided tissue regeneration

A @ X-ray image showing persistent radiographic translucency in the distal region of the periodontal tissue a

week after regenerative treatment.

B : X-ray image taken 1 month after regenerative treatment showing of regeneration of periodontal tissue in

the distal site.

C : X-ray image taken 6 months after regenerative treatment showing further bone regeneration and clarifica-

tion of the lamina dura.

D : Intra oral photographs taken after preparation. Root dilaceration was observed along the margin.

E @ X-ray image taken 14 months after regenerative treatment showing that the translucent zone within apex
region had disappeared and that the periodontal condition remained stable.
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Fig. 8 CBCT images abnormalities of showing root morphology
A : Sagittal CBCT image taken during the first visit in which abnormalities of root (white arrows) are difficult
to detect.
B : Transverse CBCT image during the first visit in which metal artefacts caused by the metal core complicate

the detection of abnormalities (white arrows).

C : Supplemental parasagittal CBCT image taken from other patients showing how the morphological abnor-

malities caused by fused teeth led to the deterioration of the oral purification environment and severe

decay of dental tooth structure.

Abbreviation : CBCT, cone beam computed tomography
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A Case Report: Endodontic-periodontal Disease Due to Root Malformation

OKAMOTO Motoki, KINOMOTO Yoshifumi, KUrIkl Nanako,
SawADA Keigo™, TAKAHASHI Yusuke, MURAKAMI Shinya™ and HayasHr Mikako

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

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

Abstract

Purpose: Endodontic-periodontal lesions are observed relatively frequently. The clinical symptoms can be
similar to those of root fracture, perforation, and cementum detachment, therefore differential diagnosis is
very important. We report a case of endodontic-periodontal disease caused by abnormal root morphology
which was diagnosed as a root fracture at several dental clinics and was cured by endodontic treatment and
periodontal tissue regenerative therapy.

Case: A 41l-year-old female. Chief complaint: Draining of the maxillary right central incisor and occlusal
pain. Systemic history: No special notes. Current medical history: She had received initial endodontic treat-
ment for a trauma-induced fracture of her anterior teeth about 30 years ago. After that, she had undergone
re-treatment by her primary care physician twice due to caries and other reasons. When she visited another
doctor in January 2018 for spontaneous pain, she was diagnosed with a root fracture of the upper right cen-
tral incisor, and tooth extraction was recommended. She had a strong desire to preserve her tooth and con-
sulted four dentists, but all of them diagnosed similar results. Therefore, she visited the Osaka University
Dental Hospital in February 2018 for a detailed examination and treatment of the same site. Clinical findings:
The maxillary right central incisor had a resin faced crown with spontaneous pain (+), percussion pain (+),
gingival swelling (+), mobility (degree 2), root tenderness (+), sinus tract (—), and probing depth (PD,
11 mm) at the center of the palatal side. Cone beam computed tomography (CBCT) showed a large apex
transmission image that expanded to the incisal canal. Diagnosis: Maxillary right central incisor, previously
treated, acute periapical periodontitis, endodontic-periodontal lesion type IIL

Treatment process: On the first visit, after CBCT imaging, occlusal adjustment and removal of supragingi-
val tartar, it was decided to sedate the acute inflammation with antibiotics. After the acute symptoms
improved, the resin faced crown was removed and the infected root canal treatment was started. After
treatment, the radiolucency of the apical region in the right upper incisor was reduced, so we performed root
canal filling. Approximately 4 months after the infected root canal treatment, periodontal tissue regenerative
therapy using REGROTH (Kaken Pharmaceutical) was performed as the PD was not fully improved even
after the completion of the initial preparation. During the surgery, an abnormal root morphology was found
in the center of the palate rather than a root fracture, and tartar-like calcite was deposited in the root sulcus.
One year and four months after the surgery, periodontal tissue regeneration at the site was radiographically
confirmed, and the clinical symptoms disappeared.

Conclusion: The clinical examination showed that the apical translucency had extended to the incisal canal,
and extraction of the tooth was thought to be appropriate at the first visit. However, the clinical symptoms
were dramatically improved by ensuring the removal of the source of infection by CBCT and dental opera-
tive macroscope during endodontic treatment and periodontal tissue regenerative therapy for endodon-
tic-periodontal disease due to abnormal root morphology not root fracture.

Key words: endodontic-periodontal disease, root malformation, guided periodontal regeneration, Er:YAG laser
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Leading the way
to a new standard
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Thinking ahead. Focused on life. MOR'T/\
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