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Microtensile Bond Strength Testing

SaNO Hidehiko, MATSUMOTO Mariko™, HosHIKA Shuhei and YAMAUTI Monica

Department of Restorative Dentistry, Hokkaido University Faculty of Dental Medicine

*Department of Restorative Dentistry, Hokkaido University Hospital

* — 77— K : Microtensile Bond Strength, B'E#%, BEHEAE, RUPH, = FAVE

iU oI

1994 412, Microtensile Bond Strength testing (uTBS
BT 1T B 3O O TR TSI S T DUEY,
uTBS BB R EERB HEORY v ¥ —Fo—o L
7o T3, uTBSaEREE Vv 7258135 % <12 2000
e, chodsstch LB 1ED Eo
BEETEBEINhTVwE Ewi s (K1), ZoxRBAE
D, s b B L5k o7zZ T, 1990 FERH» 5D
WEBEEM MR LA ar 6 THRIL->Twb EEX
55,

1955 ££ D Buonocore IZ & 3 T F X )V Ly F ¥ 7 D&
ABSRIBIEIC Wi 2 £ C, HEEEM OBIRIIZEIE
FiefrbhTwad, TF A NVENDEEIZ, micro-
mechanical interlocking # Z DA = X LDEMRE T 5
72, WENERBIGERTEZ, LrL, RIFICRT
LY VDA RFEOKDLY VNI ERDTH B
WVIIRAED R Y — B DFAED 7= O HrE DOHEL 23K B
Thbh, RIEESEICET 8L o2 HLHE L
748

VIO EEMBIFM X, & MEREEERA W TTbR
TVkh?, FEBOATPHEL H->TELI LD D

b, RIECxY T RETHATEZ Ao CEEAREZTS
koo Twaz? oy kA TENES Wz
BHFEWTZ2IC & D, 1980 S A AP I T S E 4l
BEHEMPEFE SO, chorBRKBAIhTH-
2O 2o, T4 —0EAY, vy bRV
yoWoe N T Iy F T T I v — DR b
Ko, WEESHOMEREIRENIcALELZ, hs
HEROEER S %2, fCRBloEBRAETELNED
HTH B L, 1980 D 5 1990 AU 11 CIEFE I
BERI OEMNE o TE TV, 1990 FERICHk
EBEZ20MPabhiz b CHEHITL E oW, £/,
1990 I FFE S N - 8L, BRI IC 10 MPa BL
T LS MR E CRIERENHEZ 5 SR T &
5o TERS ChicBiL TiE, Van Noort 573
BB o S I & b BEEEE S ElR 3D
TEERLTVLAEI LRSS EEEM oMk L
7o 2 L TEEM ORI TOEAR LEMIIEE DM L2
Ko, ZOME, RFEEWET 25 HIIE A5
otttk EZHND,

¥ 72, fERBloEERBEA R, ALtz HwTT—
TCHE U 7 EAE 4~5 mm OS2 VT w2,
) ERFE L 7V ERKERIE % L ORKRIHEE R
DHEERIENET L LR TE Lo,

DOI : 10.11471/shikahozon.65.1
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160

140

120

1 Microtensile Bond Strength THZ& [ HE 72 FEAE AV ER SCEL
(PubMed 2021.11.15 #» &5 f)5K)

uTBS REENDEA

T ORBRE A R EEEM OFHlik &£ L CGEAL 7224
AN, oA seAE LR (M2 2HVwTWw
(Trimmed Specimen®). Z O ERA{ERIECIX, 1A
DIREED 5 5~6KDOBIRDAAZIO HL, 2 DA
DFRREICIANT T A VY EY FFRA >~ b Clgflz» s F Y
SYTLTWL EWSAETH-72, 2070, BT
% Non-trimmed Specimen® & [hRT, 1 KD EHEH
5N BRERA DI I dp o 7228, ORI
WEIADRG BRI =T v bl Twithkd, 7%
DIELOERIBDT LA ko7,

uTBS B & A L 72 Yo Hig & LTighioan?
ZALL 72 RE (5 BRI EE) ~OEE R
TN QRS E ~ O EHE RSN
in vivo IZ 8 1) 3 RABEEE O R
B2 o BRI A~ o REt

5, HEWBUCLBROKERENEL L
REBETFLEND,

1995 FE & b, #2% { ® Trimmed Specimen IZ & % &
E0»frbh (1), YPWOHMITMA T, =F AVEA
DB REMEN ORIV ORFEDES
DFED | 22X —BOEBE~OFED 75 L i
BRI EMHBALZZ, 2ok D%k, uTBS Bk H MM
DBHIGNBITHE> T, % OWFRED Z OB TiEE
BT 2 & o7, U#H 5 Trimmed Specimen %
B &1L, 77=2h VAL Cnwxix, sEEER
EOoTREBEGTHY, RAGEER P, LaL,
D725 b e LTHRBIEMAZERN LT3 5
A3, Trimmed Specimen #1E% Z & IZWEETH b,
7 =7 T wEEETH B (Eick, 1996, FAE) Lo
BEROALNDE L SIS TET,

-~ W=

2 Trimmed Specimen % F\»7z uTBS #tB&%:

[A]l KEABOWKATE 27V Y <~ — Y% L R EEE
Hz@gEHXE¢ 5, [B] RFERICEELHEOHE, a v R Yy
FPLYUEERE - BEALTNAmmIEEREY B2, S
TEUJEEE 2 LT, W AT 2R 1 mm OE X ORS
BREYIOHT, [Cl 27— - icEBE L1 ey
FARA v P 2T, RFEROWHEID 5 TNIALRE AN,
MR DR 2 (8T 2. [D] BEEEM 2w, 3
rEERBHOY ZICiEo 4, 7oA~y FAE—=F1
mm/THl - IR b EEEHABRELT S .

Non-trimmed Specimen D& A

1999 4£12, Non-trimmed Specimen % FAv>7z uTBS &
Bk (K3) »gEasns e, 20 Trimmed Spec-
imen % v % 357 EICH > TR o T o7z, Non-
trimmed Specimen #{E5RICix, ¥—E v v FE—
ARCEELLETAXYEY FRA v MICTRAZERT 5
MEF WD, AAHEERICENEOE T 577 =y
7E2FAT 2N E T o, ZDIH, pTBS bk
ORI EED N 2 ANETFESIEML CTwot, 72, &
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Microtensile Bond Strength ZREkE 3

%1 uTBS SBREIC & 2 BB S O ME!

XR#E = FHE Hig
23 S BMRFENDOEE Nakajima & J Dent Res 1995 ; 74 : 1679-1688.

24 7 ¥ ERKBRIE~DEHE
25 RFERAN AN DEE
26 (TBS R BIWTHEE BRI N4 2 Ak

27 HTBS FRERR A W O TR DS BG5S 12 JUE T 38
28 cut B & Yuncut TF A VENDOEERE O HilE

29 VT Ty F VT T T4 < — ORNRNEARSE
30 Nanoleakage & uTBS 0T —4 & 0BIfR

31 RAME R & G E DS DG~ HE

32 KA B~ D & C-factor

33 invivo TOXINVT Ty F v Iy AT ORISR AM

34 IF A - RFBE DR - 5E b B X

35 invivo TOIZ Y F 7 FU ¥Ry RTLOREPEESRAME

36 HEMOEA L G EHER S OBR

37 AIX =RV Ty F VI VRAT LOEEICKIETHE Inoue 5

38 2 METRANHER T E A~ OEERS
39 in vivo T® RMGIC D & #iEeETi Al
40 IF ATV RLDETIC & DEEERS DE

Yoshiyama 5 ] Dent Res 1996 ; 75 : 1404-1413.
Yoshiyama 5 ] Dent 1996 ; 24 : 435-442.
Schreiner 5 Dent Mater 1998 ; 14 : 194-201.
Phrukkanon & Dent Mater 1998 ; 14 : 212-221.

Kanemura & J Dent 1999 ; 27 : 523-530.

Ogata 5 Oper Dent 1999 ; 24 : 81-88.
Paul 5 Oper Dent 1999 ; 24 : 181-188.
Pereira & Dent Mater 1999 ; 15 : 46-53.
Yoshikawa & J Dent Res 1999 ; 78 : 898-905.
Sano 5 J Dent Res 1999 ; 78 : 906-911.
Urabe & Am J Dent 2000 ; 13 : 129-135.
Hashimoto 5 J Dent Res 2000 ; 79 : 1385-1391.
Zheng 5 Oper Dent 2001 ; 26 : 97-104.

J Adhes Dent 2001 ; 3 : 129-136.
Dent Mater 2001 ; 17 : 316-321.
J Adhes Dent 2002 ; 4 : 151-159.
Am ] Dent 2002 ; 15 : 109-113.

Bouillaguet 5
Takahashi 5
Tkeda 5

(A] (B]

3 Non-trimmed Specimen % > 72 uTBS 52

[A) KABOEATE ZET NV MY < —CHIKR L RS EES
HEZEESE 2, [B] RAFEHICEEWHEOE, avFYy
ProrvzflEeE - EAL T4 mmIEERY B2, B
HYEEE 2 HwC, s s P T 48 1 mm ORI ORSF
B ET D BT, [C] BEHBGETERE 2 H T, RFEWRIC
FELZFETYOIAAR, 9 1X1mm OEROFHEBZ L) b H
7. (D] BHEEEEM 2w, A2 BEERRAO Y 7l
DANF, 2o 2Ny FRAE—F 1mm/BTil -k b 5k
%179,

BHEELD 72 D Non-trimmed 727 = v 7 DBHIF &b
ODTEGTHB I LITMA, LEIC1IARDEEWMD S 30
AU EORFBEEND Z s, EBICHT 2 HkEHR
DR D KIig 7= BIFAFIRE & 725 72

b5, 1 AKDM» 5% DR PEFLNrOfFHAT 5
WOBMLEHMTE S EwWH 2 EICkD, et st

21T 9 BRICH 72 B DSE D O ks> TE 2D 2
D=, Tk Eb o BN E2ITI oL, v
TNHA X% ZFT 22 EPERIC A>T, Mz
T, Academy of Dental Materials guidance & LT, —
BICIZREEN L S VOARKDOE 2 EEICHE L T

(REPIODVTHRINTH Y,

uTBS Bk iz, &b CHERAEOEVRETETH
278, ABHERICEELRIFTERICIDWIIESE %
BRI TL 20D pncy, WOER KRFEO
WE, WMORAERE, ok (fdeth, fkg, 2
Y—J8, EEELERE) chhb 3 BRI EE
ThH 5.

RFEREE B LT uTBS Bk z w2854, o
I & B BEEADHEBICL OV TR, HERHL LWV
WECDOHHR R VLV IHEYINH L, choo
WL, BEEEOBEEM 2O TR 2T T35,
ZOREETCAFARAESE VAT LOTRTEH N —
LTw3dbDTldhy, SHb, EOEmLS uTBS K5
ZAHFEBCELCOBRIEECTHD LEbONDE, RS
BOREE L UTBSICh2b BRI E {fTbhTwd
D, HL OBEEY AT LB THEBRIE BT 28
HEBRIMET T2 2 EAMESH T s
H= A BICBL TR, BERTIEES OPESY, fF
B OKAEEMEDENS RUBEOERIC X 2 X 7
EOYEDE N e b2 5B h, RAEOEX
ICHEINBZVEE Y AT LOBEIFGEh S,

RFEWETRE L EERS T b RGNS 4 5fTb
N T390 Elo uTBS eI BT 3 MEY ¢
1%, 025 mm?» 5 11 mm2i3 £ DA W& FH O 38 35 HRE ©



4 H A& & B & & % M

TBS
(MPa)

100 4

50

0 3 6 9 12 15
SA (mm?)

4 PEWEE (SA) L#ER
& (TBS) DBk 141

EWIC K ZEERIDEVEEZRE LTV (M4),
Z DHOMETIZ 1 mmAIS T RS TR O & T O FH 23
BENTWES®  FAEE - %< o uTBS bk
T A% TIE, PEEREZEZ lmm?e LCEHMBILTw 5 b
OPIFEAETH D, FoLDMEREDm ELEES R T
2% Non-trimmed Specimen CTEHli 3™ 2 &1, BED
BEE Y AT L L ARRICRIFEYE R & 8BS S oRR
DR 57 FicTay bTEZ0MY, BBk
uTBS EE 21T 5 BRIC, Tha b bICHTE B D O
I 1 mm? i 2T o TV T EREZE LD E S
POV TOEN TSNS,
UTBSSRERE 2 KA 72 E o TfT5 2 L 2T
L7ca, REROERS, FHHARFEmMOH L H»
LIaE b, AR OMFEELR S EIELFERETDH
5, CNHDOFEFSMICHEBELRVE, BohkTF—on
RELNTDWVD, BENDT s BoNID TS
BB, B, web bz uTBS k2175 Bo—
HOFEEERLEBEICT 78X T3 ERTEL &
12/ -7% chEfHT 3 LT, uTBS kS
fT92 A TOWFZ2MBENTE, BELLTF—2%
Br-00—ftinsEtBbh3,

- L B A DRSS

TRz & S, uTBS HEEDIAL b &
T, MROEE S A7 LOMWEIEKECAELE, 20
728, uTBS itBiiE % AW CRFERESE Ol 217 5 B
T, WA EEEMME S NIC L WA H 30T,
Ft, BLOEEY AT LEROTIF A VEES D
iz 475 BRicix, oTBS 45 20 MPa Fit: O FEHEED S 5
N5z, FHEEOEREEZ RS I LIZEEIC 2 -
TETCW2™?, 4%couTBS REpETIE, BB 1ok

7 Bess Hle

up

RUFHME L 2 0EEREE 1oL LTI L Tw
23, 1 o0RBHC 2 > DEERAZHARAR, ZN5D
3B EDL LR EE 2R LT 5 OEEN B 2
152 LT, Hil-iMiAEE2 RuiZE22rd Lk
v, BERIC, 2 00EERNEHAARBEERS 2 ME
L 7272 (Double-sided microtensile bond testing : D
UTBS itBa:) EA 50257 s offfRIzES
NAEME2ESL T3 L2 EHELLTEBY, %
D%, TNHEFBHIET DHRIEA LN TR,
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Wk b Twifiitcidizl, #7595 - =4 Y —
EEHOTRANT 22 Lic L, Coffihz, £F
DS TFETH D, 75 740U B itlic 45
K OMENCKE LB 2k s, —fRic uTBS iBRE
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w3 Mauger 5 3#kESh FEYE % HeT, 21
BOHBIBEAR]Imm T2%, 2mm T0%, 3Smm T1%
THo7D, 41 A< ARRAEL]L mm T20%, 2mm T
30%, 3mmT55% M BES NI LEHELTWwBY,
THINAWRD 2REPBEI N LD, MIsi
BRI 2 —> € —4 CT (CBCT) 2w TcHAA
O THEE—/NAED 192%, FHEBE_NAED 14% 755 1
RoWECho -t MELTWBY, zoft, HAAD
BETEOEE - REHEIC OV TOETIEA A7 AD
FHEPESIIOVWTRERIN TRV, K 2 RE
OEEHE O S /NS KEAW - 5 KEH
OVECEMIAR, % 72 T —KEM - 5 KEH O
R EIXEHEETA AABHEINI b0 L EbN S
(Fig. 3) 12718).

CDEIRCHRLTELLHDTRAEVA A< AIE, %
OEEL/KFEWHEICB T 2ERBIELTCE2D P 1 7T
SHEINTHE LY (Fig.4), Von Ark 13 F¥E5H— KM M
VEOEBIR, THE—RKEETMETOZNE DR
LB BHBEREHEL T2 (Fig5), LarlARw
A%, O XD BECHEN D SRR A
ET 20T CTldkv, EilRz sl 1/3 - RHHE8 1/3 - i
LEL/3D3DDT Ty ZIZHTTA AY ZADFH % T
N7V ERKAWTDROME T, FEICHEE 1/3 %25
CREIIC IS BRI T w» B 28, R4S 1/3 1ICkR
RLzA 22260 63RBd o0, BATEETA
AT AL LTHAREEEICIE 31.32~6391% LiEIZH 5 b
DD, MHTELRVEEGTA AADBRDENE LN
%52 %)8,10,20) (Fig. 6).

WL ZEFA A ADFIICHE L5270 S
TH DD, FRZA AT ADOFKBICKER 52 5IRT L
XD, FEWS LB ICONTRENAI - 52T %
TDFEVHARDIE S 234 A< ADBAR SN T, FHE
—KEHEOIEORIC BT 20 KL T T 75, 828%, 60
LTI 224, 438% &\ S Wit td 2810

T/ XublE, FRIZE» Tl WA TERARICE
2 EOEHROER LEOVMRDOA A< A DHKIITIZE
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Fig. 1 Isthmus in right mandibular first molar
mesial root (Mirror view)

Isthmus is observed as a narrow ribbon-
shaped between mesio-buccal root canal (right
side) communication and mesio-lingual root
canal (left side).

B2 S b, EOEIRS S 258130 0RD A A
< A DFBFRIMED 5 72 EHE LT 2Y (Fig 7).
THRH BT DRI I ERIRE & HRIRE OBz MM
BERASND I EBHD, ZOFHEBIHIZ 026~538%
BELIhTw2?, CoHBERIAMIC L > THEN
Hb, THE-RAEDO MM REFRBICEL CHET
1.79~9.03%%%2~2) | FHE T A U AT 147%%, 75V
T221%%, P aT148%%, BT 7 U AHT20%7 &
W EENH D, HEANCOWTIE, /NS OMETIE
MM REICB L COEHEITA S N, REFED S
HTH % Vertucci D04 (Fig.8) © 5 bREOA3 D
#ZoN b Type VI 3RE) RBEI -7, %
MMARE D, 4 22 EFARICEEZDIZ ) HBA LN
LTI ESHE I N T BB

Aminsobhani 5% 1%, MM H%& ® 44.5% HSHLE 1/3
T OEERE 12, 14.8% 23R ¢ L EHIRE Ic &
MLTOREHRELTED, MMRBEDS L AL 7

a : Sagittal view b : Coronal view ¢ : Horizontal view

Fig. 2 Cone Beam CT (CBCT) images of right mandibular second molar

Two root canals seem to exist in mesial root in coronal view. However, in horizontal view, isthmus

is observed from coronal to apical side. Two root canals meet at root apex.

100% 100%
80% 80%
60% 55.1 60%
40% 40%
255
19 2
20% I 20% 17.3
3 39 38 I
0% 0 - — - 1 8 14
Central Lateral Canine First Second First Second Central Lateral Canine Flrst Second Flrst
Incisor — incisor premolar premolar molar  molar Incisor  incisor premolar premolar molar
a b

Fig. 3 Prevalence of two canals in one tooth root in a Japanese population'>®)

Second
molar

In regard to molars, the prevalence of two canals in mesio-buccal roots of maxillary teeth (a) and mesial roots

of mandibular teeth (b) was shown.
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RECEREE (l :

I -
\ ) \ 60%
. |
\ )\ W, \ / o
Type Typel Typell Typelll TypelV TypeV 0%
Isthmus  No Yes Yes Yes Yes
. ot : 19) 0%

Fig. 4 Classification of isthmus o
. . . Maxillary first molar mesio- bucca root  Mandibular first molar mesial root
Type 1 : Presence of two canals without a noticeable (n=25) (n=49)

communication. s Typel =Typell =Typell =TypelV = TypeV

Type 1l : Presence of two canals without a definite X . 6

L. Fig. 5 Percentage of isthmus by types
communication.

Type III : Similar to type II but with three canals
instead of two canals.

Type IV @ Extension of the main canal into the isthmus.

Type V @ Presence of a complete communication or

corridor between the two canals.

100%
80%
60% 5454
Cervical
- 3195
third 0% o3 - 338731 77 2876
0 B 141
. . 12129333 ‘ 202 075 597535 55650 657y
Mﬁddée 0% 0 - e
thir QQ, & & 2 46 @ o
% % Kz % % % %
(19,’/(( @ W)y P @%‘ ‘9% %fé/
Apical é’*“@» /O)% %W/ Y /%’// 0'@,‘ @
third %0’ ey @0, @y %
“

m Xu et al. 2020 ®mRehman et al. 2020 =Hu et al. 2019
a b
Fig. 6 Location of isthmus
(a) A schema of isthmus from cervical third to middle third
(b) Prevalence of the isthmus by locations®0%")
Xu et al¥and Hu et al'”analyzed mandibular first molar. Rehman et al?’analyzed mandibular first and second

molars. The classification by Hu et al. does not contain the category of cervical third and apical third.

BRILZDODIT TRV ENEZ D, BN 300U IZEDEEFTTHEAT LI ERbr-T
2. A AR AN &R TRIE W30 Coh®, ToXdHBRELRLLHEETRT

J:§B® O AT AREFICEEEEZ D> T 0D Bt 3 Z EIIBERICHEL L, Siqueira 5V IIRE S
, BIRELE 2 20134 2~ 20HIc b g & £ h JRIZ & o TIRE N OB EE —E O KEDU T I T fE
f:Fo D, ZTNDHIEEGE L 5B RIREZD 5 5 FE DRI BRI 728 2 L TRAMESE AL OBE
TEtThHB, BESNBZELTED, Yoneda 5P D5 v M2 MWz
RAEVREE DR & O\ TH B Z & 1d 1965 F D B FEERE 7OV T, IRE N HMEEK 75% 4 S &
Kakehashi 5% OETHE»TH D, WRENOME X 5 2 CRAMEBARIBEARD» o T2 EHE L T0 5,
FIREDFEMRE, {1 A<X, 74y, 7v¥—hv F, ZDEHIL, TRCOBWEMEZBREND» SBRET S
BB PRI 75 & OEMERIBETEREZ T T, RF T EDEEL W NEEE O BT, #ZE (entomb) & W
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« With disto-lingual root «Without disto-lingual root

Fig. 7 Relationship between the presence of disto—
lingual root and prevalence of isthmus in
the mesial root of mandibular first molar®

IR E b o TIREWNICEET 2R EME L L Tv»
5. Tk, WRE OB - LFNIERER TIRRER
AIREC & 2RI 2 RE AR L & b ICHRENICHZEL
THIEHTEZVLEIIEARFEMT 2LV DDTH
D% L C OIERITIRE NI EE L - E ARG
- HWEIN TV EEZONS, L LHEERZIE
ILTwBE A AT AL EPRAMIE TCRATHE5E

SR 22 R ZE DY T & FTICAREIBIR RO HIRIC 72 5> T
%2 L RN, Weller 53913 FEEH— K F MV LIE
HIRD60% 23 2IRETH Y, BREL4mm DES TIE
100% DEETHREE 2 IFEH DR A AR AR A LN,

REBREROFERIZZ D & 5 %A A~ ZADNE DK
AL TWw 3 ERRTW3, %7 Sjogren 5% b i
NOERHAEED £ 5 2 IIRE BB O KGRI 8% KU
THRFTH 2L L, IEIRHIRE IR D R IZTEL
DL WA 22 ZDMER DI TER W LIGEREL
T3 EDBRRTED, PHTL D A 2= 2 IRE TR
WMOFEHEDO—D2 L LTEILNT NS,

DL, 41 AT RAZZDAR—ZIHE A D IA
A TREIRIC 72 7213 T L, Pérez 59 DI & 5
EA RS RAEHFT HREE Ni-Ti 7 7 4 VTHEK - L
U7-fs 5, BEIACHEL UE A 2SHER L L L b
A2 AN LIAZNTE D, FREZIHK - BRT
BZBBRICBVTA A ADBBRF L 2> T 0B T LR
BENTWn3, THIZEBROBERTb~Af 7nra—7
7 ETHRERBDOA AT A /5 LHERTE LI LM
»2 (Fig.9).

THE R DIREE 2D 5 24 A ANTRE L B 3
%, ZOMEPKE X, AWK 5B 729k
KIEEBIEHICH L W E WS 2 TH s, FERAEE
VIR 3800 BE D JE 74 138> 549 C 1.36 mm RS
TERABEOROE L 1mm AT Ev I HEL H

A 2= ANOREG & B 13

03 BRI EATZEIC 1 Stripping perforation 75 £ D
ZiLeLy VRS GEEERS L, FRELELC LS I
FH7 74 V2 Ni-Ti 7 7 4 V72 EORIEETIEI8E 2 H
W 72 BRI KT B IR RS TR T H 5.

FRERIBEOBRS A A2 A2 BEICHIET 52 LIk
L, OhoPickz vy —Fx b —9—%
F o7 A I EARE FE R EE AR E SRR (T
& 8—Fx L —5—) £ MTA (Ortho MTA) 2k %
WREFEIRIC LERTEIERDME L, A MEFRIEE OS54 1%
= —DEEMWEPSTELTED, £ AT ANDT
BRI TEESTERT W E2gE 2 5 (Fig 10).

3. 1 AT ZANDOHIE

A AT ANDORIBIERE L IENRHIICIBE AL 5175
B, F 7 ARG ICIRE D 5175 h e 5h 3 (Fig
11).

1) SRS

HWH OREIRETH 2 INRHNENEE B LT, R
BIFFH 7 7A VR NETI 7 74 Vs ol E %
W 7 KRR A R F & X EERE -~ U v 4 (NaClO)
PIFL YT I VNERE (EDTA) 72 &P % H
W 7L SRR K LA L o LB 7 Vi k B RE
IEIC & > T oADK 6N E, f A2 TN
Mo 2BRETH DD, BRI 2 IS T IR 1 R
TH5. LarL, Type MIRIVICA SN B & 5 7 MM B
% Ni-Ti 7 7 4 Vi £ & TSR % T - 72 5ER A
WS T 20 MMARE O ICEE L T i #30 07
T==% D7 74 )V FE TREW L 72 Z8 TR
BT~ OIEFEDME T L7 & 3 2R E L & 29,
MM HE D% { DARRAT TV LIEIIRE, & 2 Wikt
DEARE AR L TE Y, MM REED O LEE DM
BOEAB ImmBEETHLILE2EZL 5L, MMRE
ZIRT DRI ORE XL b b 7 — 8=iF—[E b /hEI v
bDE L, WEHTH S EOMBHABLE»D Lz,

EA AR AFHEL 1/31ICALNIEEDL VWD
(Fig.6), BHEHKF v 72 HAVELEEIERITHE &
b HDH (Fig 12), RERMAIE TREA A< 2 DIEATEH
BREETH D, (WFEOEHRICES 3220 EEZD
hs.

(1) bRy

R DAL P 3 BB EVAREA] & L T NaClo,
MEEAMAH L LCEDTA L EAHVL SR TYL 3,
NaClO DA X ERY & - RO - ik e o
BEMERE O E L2, SEBOFE G IR ZRENTE
BEE5 LAEETH VY, EHLRENTORER
DFET, TRISE D Peiilk O RN 7o ZZHIT B\ TPl
DIEMAL (Activation) HEEE X3P ZoHiEL
LT, kDY I & B ERORBIE, e Ni-
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I II I _ I\

\Y% VI VI VI

Fig. 8 Vertucci’s classification of root canal morphology

Fig. 9 Isthmus in left mandibular second

molar mesial root (Mirror view)
Isthmus was observed between mesio-buccal
root canal (left side) and mesio-lingual root
canal (right side) and debris was packed into
isthmus (allow).

Ti 7 7 4 )V OERSH RS, BEEEEE (Passive
Ultrasonic Irrigation : PUI), ¥# L %2365 2175 &
EeEiE: (Negative Pressure Irrigation : NPI) L —
P — % H w3 % (Photo-Initiated Photoacoustic
Streaming : PIPS), e 7 7 A W EAEEDH v 73—
Fr XA 2FHTLTHL OEHFROBIEETS
Manual Dynamic Irrigation (MDI) 7z E23% 7 54, A
AR AN T BHENROME S Fic Zh b 0ikEE
WTfTbh T3,

(2) A A~ 2 DYREIENRI 72 7715

A 2= ZITIFEEE L LT ORI ORER I Tk
, IREHED D EEND -0 FRE L L L NaClO 2 H
W W DSIRINT H 5% MRS T 5N S T v
7AW ENEET % PULIRRERD > Y v
% Fl 7o Pk i U~ IR N D W T S B 7, A
22 ZDYWHI D ERTH 0, BRI G Tk (ARR
H1.0~22 mm AHEDA A< ZDWHER L H B Z LD

100%
8011 82.98

80% 7103
6115
60%
4326

40%
20% 17.83

' 9,07

» N/A N/A

° CLC CW

OMTA
® Filled volume ® Gutta-percha volume ® Sealer volume

Fig. 10 Filled and void volumes (%) in the isthmus

in the apical 5 mm of obturated canals®

CLC=Cold lateral compaction technique ; CW=
Continuous wave of condensation technique ; OMTA =
Orthograde obturation using Ortho MTA ; N/A=not
applicable.

WHEINTwEY, Lal, RO v IWEEL T
BLTEERVET2HED AN B9,

HHE & SEWIREIE CERA T 2 SRS D ik
DY v PP E R TIRE A O EN 72 B R 05
ENTWVEH?N a—FL 224 T OEWKERE
(Endo Activator, Dentsply Maillefer, USA) % Hw>7z
WFZECldA4 2~ R2xf LTl PUL & AR, -
s RIE s N oY, —F, TTAF—I—IC
Bife U3 2 HHEE%eRE (EDDY, VDW, Ger-
many) 1 5000~6,000 Hz (A 6,000 Hz) o J&#%c
RET2R807 3 F#loFy 72HALTELY, 12
T AR LUIREE TV E RO TIE 3X20 B oYk
HroH SRR L REEY, BiRd % PIPS L HRE
DRVHERIRSE N LT EWMED H 2, Fi4
AT RAEHT D THEAEOKENEZ2 H wiif% Tl
EDDY 3 MEREIC ¥ A — V% 52252 L7 <, PUL L[
KRICY ) v OWEE L b IR AREEIREZ TR L T
7.955).

AL LS A2 RAEELZREE T LRk ERE H
W TIE, Er-YAG L—#— (35 294 um) % H
WA, YU VPRSI - BEEE w5k
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Preparation with ultrasonic files

Mechanical

Nonsurgical
approach

Approach to isthmus

Surgical

preparation

Chemical
irrigation

Preparation with Ni-Ti or SS files
(MM root canal e.g. Type III, IV)

Conventional needle irrigation

Ni-Ti file for irrigation
(XP-Endo Finisher etc.)

Sonically activated irrigation
(Endo Activator, EDDY etc.)

Ultrasonically activated irrigation
(Passive ultrasonic irrigation)

Negative pressure irrigation

Laser-activated irrigation
(Photo-initiated photoacoustic streaming)

Manual dynamic irrigation

Ultrasonic wave aspiration device

approach

Endodontic surgery

Fig. 11 Dendrogram of treatment strategy of isthmus

Fig. 12 Isthmus preparation with ultrasonic
tip (#25 U-file, Mani, Japan) on left
mandibular first molar mesial root

(Mirror view)

EHARTRIFAERESEIRIE SN TE MY, Er-YAG
L—HF =% HO I G R EEo—D2 kb 5 5
ZEDEZ D,

Yo Ni-Ti 7 7 4 )V (XP-Endo Finisher, FKG,
Switzerland, Fig.13) (&, FREFICBLTREEKRD Y ~
UYL D HRIRET H b TS pUT iz H ARSI
/3 THHEROBEIREI BV ET 2|EDADL

Fig. 13 XP-Endo Finisher
Ni-Ti file for root canal cleaning and disinfection.

hoD, REREAOBESEARI TS, Lal, A
22 AN L CARNEEEDRIZIEBEN D2 -
7 49,51_57>‘

MDI (Fig. 14) 3> > 7L CE AN E O Piddik
EERTwas® 4 2w 2tk LT okEshRIzEs
NIz v k5 729659,

W B8t 2 ARATRVT < ICHLE U CRE 20 & Vi % 4t
BLTEET 2EE%S 25 L (EndoVae, Kerr,
Germany) 7 & ® NPI %, RAILOKILDIRTIC & 5%
R DEE (Vapor Lock) 2SEEER T WU o Ok
HRICH L CRATE 0P BN, NaClO 7 & oY
ERRIDPSBHEIETCLES 72707 v Mz LT
RBTH 2% k5 7% EndoVac 14 2~ 2 DY
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s - " - .
Fig. 14 Manual Dynamic Irrigation (MDI)
Push-pull strokes is performed manually at
an approximate rate of 100 strokes per 30 sec-
onds using size-matched gutta percha.

Fig. 15 Diamond-coated ultrasonic retro
tips for root—-end preparation

RN MDI & b bErot TEIMEND 25, EL
I IEAEEBIC 7 59, EndoVac & b & PUIDIE 5 3208
MTH-o b TEIMEDALNEP,

F 7T, RS OBER T v 7L R OE AL -
B2 MAaGbELEREEONROBHFHSATE
D6 NPI > 25 4k PUl 2flafrbt 7z, BEI T
2 TRV & 8 72 08 & VRIS & BERG - KBTI T 2B
%513 A 5 L (The Ultrasonic Wave Aspiration device :
TUWA device) # 4 2~ 2 DFEHICH VIR TIE, &
U v V¥, EndoVac ¥ AT L, PUL & HRTE %
BRI o 12 EIMEINTEB Y, £ 22 2~0D%
ISR T 2 BRMEDER 5.

4 AR ADWEHICEL TIE, %L OMERES RSN
Twd, LhL, WERERIZEIDARRALETTY
ZEBICBELERT S L 3IEEIC N AR L 5> TH B,

2) HEHYRIE

WA INFEH DRI CIRRDS RiA ® 72 Wi e, SR
WEERET SN 5, ARHENRE T, BRI
&L THBRHNICIRRE o UIBR2 T 5. fERI BRG
IR, 7Y FA—R ECUIMEORE 2 L

Bess Hle

Fig. 16 Micro mirror for endodontic
microsurgery (3X3 mm)

Super EBA £ X ¥ M2 ECHIRERIEZITS L w51l
KT Twizh, ¥4 Tid Endodontic Microsur-
gery £ LT<4 7 v Xa— SRS OES K
LituFvy 7 (Fig15), EE3mmEBEEO~A 70 s
5— (Fig.16) " EDA v AV LRV F%&flisTiTbh
Twa® ffite Lcid~=4rn2a—7%HHL,
AT % R S AR A AR U721, mlEis A oo —
7 ETRREYIRL, WREERHOBEKL raFy
7 e TORRANE b REER£FH L, MTA (Min-
eral Trioxide Aggregate) £ A v I 7s & CRAE R
BREHTHN Y RREIC DA A2 2ABELALHN
B ERBICRRTZEB O TH B0, DI RIEH
N CRUIBHEICA b4 A XADFEE <A 7
035 —TCHEL, BEEF Y 7 OEMINICIEERT
B ENTEDD,

SO L ¢, Kim 5 3RR%5 5 3 mm DA
BETUkRT 25 2 &L TIRASH (Apical Ramification) @
98%, flEZ (Lateral Canal) @ 93%%%ET 5 LT
%, 3mm Kl COVRDOEGEIEHERLDOV R I 2H %
TEEBRTVEY kS hvA A ruRa TR
TP v 7, MTA % A » GERE FEHE 24T 5 Endodon-
tic Microsurgery €K DM LR B WEIIFE (85~
968%) % HHLL T 2%,

4. BIRTHKIN/RE

AfETid, IRERICBT 24 2~ ZADOFHELHE - £
B8, slEitc TRE, BHESRTOMIBIE OV TR TE
7o, A A2 AL, MEOEBE U CERIR L
20 9 BT b b R BN L
Ve IEEICH L L, FAREOATRICEDPLT 0L
WHZETHD, A AT RFHEFHICRF[LTVizD,
R E TE,Y > T/ b EFERICHEMERTEREEZ LT
%, FRCTHE—RHEE R O REREI TN 25
D%, FHRARCHZDEAEEHOEELE LTHILNT
BOY, 4 2220 MMARE % & OEMHLRIRERDZ O
JFRKRD—DEEZEND,
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Causes of Endodontic Failure of Isthmus-containing Root canals,
and Treatment Strategies

IsHizak1 Hidetaka, NAKAZONO Ayako,
YAMADA Shizuka and YOSHIMURA Atsutoshi

Department of Periodontology and Endodontology, Nagasaki University Graduate School of Biomedical Sciences

Abstract

The root canal system has complex morphology. Isthmus is observed in the maxillary premolar, molar
mesio-buccal root and mandibular molar mesial root in cases involving two root canals. It is observed that
76% and 92.5% of cases with maxillary molar mesio-buccal root and 55.5, 57.8, 64.4% and 83% of cases with
mandibular molar mesial root and classified into five classes. Isthmus is observed not only from the cervical
third to the apical third but also in the cervical third or apical third alone, and in 31.32% to 63.91% of cases,
it is seen in the apical third of the mandibular molar. The middle mesial (MM) canal can also be found in the
mandibular molar mesial root, meeting the mesio-buccal root canal or mesio-lingual root canal. An isthmus
can become a site of bacteria colonization and is difficult to clean mechanically. Inadequate treatment of isth-
mus is considered a source of failure of root canal treatment particularly when isthmus is located at the root
canal apex. In addition, an isthmus can become packed with debris and thereby become an infection source
during root canal preparation, making isthmus obturation difficult. Due to difficulties with mechanical man-
agement, such as via syringe irrigation, Ni-Ti file for irrigation, sonically activated irrigation, ultrasonically
activated irrigation, negative pressure irrigation, laser-activated irrigation, manual dynamic irrigation or
ultrasonic wave aspiration device, attempts to clean the isthmus chemically have been reported. However, no
method yet developed has proven wholly sufficient to clean the isthmus.

Isthmus is not rare and is considered one of the reasons for failure of root canal treatment. The develop-
ment of more efficient irrigation techniques and effective and safe methods for mechanically preparing an
isthmus is awaited.

Key words: root canal treatment, isthmus, root canal preparation and irrigation
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Future Strategies for the Control of Biofilm Based on the Concept

of Coexistence with Oral Biofilm

TAKENAKA Shoji

Division of Cariology, Operative Dentistry and Endodontics, Department of Oral Health Science,

Niigata University Graduate School of Medical and Dental Sciences

F—T— R4 FT7 4V L, FIEE BEREVEREEE, R{ILE Y F >, Streptococcus &

iU oI

HARDOWEIFLTHSO TNA F 7 4 VL kv S FHEESHE
AENTH S, BEMEBRL. FrILTS—21F
FUINNAA T 4L E LTCHESh, WEIEMER
BRI EAMEICHIRI I NB L E BT, TAATATTYH
— RSN TV B,

FUINNAF T 4V LIE, SHMPEEROREATH
0, HBRICE > THIRICOEI Z EHL IR D D
253 bz LREOWMEY I 2T 4 (E
k) 2 LTI NNA AT 4V LE LTHEET S
LT, AR BRAT L BEMEYOEE ZHIET
ZNYTELTHREELTWS, 72, FroAngt
7 40V b DIFLEDS TR 72 SAE FOIG & Rl ic i & 35
B, s R o ey 2 a2 & R o R A
b, b oHEEOEFEEOMRICESL T3,

5ic, APEEAEMEZEOZIC X 2ME#ED T v
Z DELN (dysbiosis) 1%, 5 B0 8 AR DHET 2 MR L,
BRI 72 & OREHERE R, BIREE(LMERER, B iR
BODPALEDSEIEREEDY RV Z2EDDLT LW

HO»ICR b 2D0H 5, TNHLDHIRDLL, T I N
A7 4V LOFIEKREE S, BETARE, HRIREL
T BB O &, MR EHERE L 20 S il EE
A &8 2 HEMEAE (symbiosis) NE8T S A LB LT

A MBEENRIEI NI T D2,

ARETIE, FYINNAF T 4V L DOEERIRIG DR
WEWHT 2 & L bic, NPEHEEL2EZH ST A
F7 4V LEEEREET 2 EMWE E L URBBILEY v
F v OEHEIC O WTHENT 5.

SEREGRDZEE E /N F T 1 IU LIRS

S B ONEKER X, FERMED 6 EBENT 5 — 2
i3, dyshiosis i~ & 2L LT & 722, DB 1215
TER (MR - HAMEBER, EENE, AFoREkR
£) LHEER (REEYOEEER) KX AT 2
B, BIICLZELTIREBICH B, LaL, MEoRSEE
M ERIC 2T % & dysbiosis ##&8Z L, EHEDEK
EBBEVIEIHTHD,

Dysbiosis Z#2C E #7204 & 7 4 L LK & i3,
EMERESICT > 2B - BIUa Y tu—LTh B, B

KI=VEa—id, 2021 FEMNVEZEEMGEL /2D TH 3.
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Table 1 Anti-biofilm strategies according to the stages of biofilm formation

Stage of biofilm @ i @
formation Adherence to
tooth surface

Coaggregation and Quorum sensing
{ matrix production |

® @ ®
Maturation ; Spreading and
dispersal

Strategy Inhibition of adhesion Aggregation Signal blocker Mechanical elimination and/or
inhibitor chemical control
Comprehensive Qualitative and quantitative control from a qualitative perspective
approach (Formulation of treatment policies and lifestyle-related guidance to improve the quality of biofilm)
Clinical Restoration materials No clinically effective material Brushing, Flossing, Professional
approach containing antimicrobial at this time mechanical tooth cleaning

agents

Retention of antimicrobial
agents in dentifrices and
mouthwashes

Delivering chemical agents

RE R CRSRIRE 22 7R 1L, BRMIERE & TR B EEE %
BWLINAFTANVLODEDORETH S (Table 1), X
BT, NAF T 4V LXRIC A T, MR WEOIEHE
PHEBLE Vo EEERICONAT 20ENH 5.

T RIVINA F T 1)V LOR K ETE %
RHE 9 % il EELms

T VI NNAF T 4V LOHERICERE YT, &
TEHGERE 2 HET 29D o hTwad, g,
AF 7 4V L OBFAE TOMBRICHEY, WL T 3R
DENT B1DTHD,. TV IINNAF T 1)V LDIEH
iZ, FEHEOMNE - A, LEE LM E S TYE
(Extracellular polymeric substances : EPS) D4z,
HEE DY 7 FIViEE (Quorum sensing : QS) DiEfE %
BT, ZRIUMEEZD >N AF 7 4 VL ANEFRAT
5. Z2LTC, —HBOMBEIZEINA A 7 10V Lo S ik
U CTHDOFEIZANA F 7 4 VLRV T 5. b DY
BEAAFTAVLDITA THA 2V ENITH, SER
FABEOBRBIOSE L GEIT T2 2 AL T R 5,

I 6 OKTHGBRICN T 2 HIEHYE (%) 1, &
~NONEEEA, HEEREA, QSHEFEA, MR
%, BEMHEA, EPS 098 - #IEERID BT 501 %78,
BRI THEEA2 R I MBRHZBHKEACEESNTn 3
(Table 1),

MEMRS E AW
T2 RIVINA F T 1 IV LFIEOEE

AL 2T v 2 VoSA F 7 40 L O, B
FAERIARE LT, HENIC, H20IHEESRE2EL
T, HREEAIRVEEWR, JRFTRYSEMBLAIEEE OB B I

& ALFFIEH)IEH E N TE 72,

LAY, BEICE-S LA HIENC 134 < ORTED
b B, FE—IZ, EPS OFTEIC & b FLE D D23 1 3EIE
U, S F 7 400 LB O 1B DR R R B A3 E
Ligw, 77—ty A7 L (NENREZ b 5 REH
B U7 invitro XA 7 4 VAETIVOERGETH
b, —EDOFETHMZ RS 5 2 & T, MEDORHIC
L2 RBROMELZE, MEONRBMEY 2HEHT 2)
EHER L Y-S E VT, B, a1t
By, WE, TUERDANAF T 4V LEERA~DRE - ik
BEREE ) TV A LT LI 2 A, WEODT
&, B, BUKELR Eotkic X b REERE I L
7230 KRz, A F A UL T T 4V LRI DB
WIEARRITH D, N1 47 4V AEBICAHE LTI
BB L Y,

BERS OBRBEIEIC X D, N4 47 1)V LEEHT
BRERDORESHD 5, RAOAFEHIEBEEDT
(sub-MIC) & 7%, Sub-MIC DBH B 1< RIS
Nak, NAF7 40 LFOMEOREM IS 2
BFOEENTHEL, EPSEEMT 2 e23H 5. 2
L 21X, in vitro TYEELL 7z Streptococcus mutans, Strep-
tococcus oralis, Actinomyces naeslundii Dig& /34 F
TZA4NVLIC1/I0 MICOZ vavErsal~dF sy %
AR WFEIER & &7 & T3, S. mutans D7V H v &I
B5-9 2851 (gtfB, gtfC, gfD) DEED 450l L
WL, NAF 7 40V LEEEEEE T (comD, [uxS)
DEEEH 3FELLEIML 729, Co k5, BEHRD D
AL F T4 VLB EELZE W in
vitro FRPWE SN TV 5,

F7, BRERS DL L, N4 T 4V LOTHPH
HEER D R 0z, BE L TH A F 7 4V LRGSR
ERMICERET 5, BEMBEHEE, —BmicumL,
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® OyM @ 1uM
® 5uM @ 10uM
50 uM @100 uM

CENA F 7 4 VL EDIEFEER LT E LTANA T 7 40V LM OB 23

12

Concentration of Viz-S (uM)

Time (h)

24 100
Concentration of Viz-S (uM)

E S. gordonii g
S. salivarius PY ﬁég‘or ot ) 40
g S
gtk @ ¢ 5
4 o gtfB t s
S. sanguinis ‘ —— g 20
gtP @ | ek z
“ @ oD} 0 10 50

Concentration of Viz-S (uM)

Fig. 1 Characteristics of sulfated vizantin (Viz-S)

(A) Chemical structure of Viz-S. (B) Growth curves of bacteria derived from human saliva in the presence or absence of
Viz-S. (C) Biofilm formation in 1/4 strength BHI supplemented with 0.2% sucrose containing Viz-S. (D) Three-dimensional
reconstruction images of residual biofilms stained with a fluorescent bacterial viability kit following shaking motion for 15 s.
Live bacteria appear fluorescent green (SYTO9) and dead bacteria appear fluorescent red (PI). (E) Schematic illustration
showing upregulated and downregulated genes in the presence of 50 uM Viz-S. The circles binding to the bacterial cell wall
indicate the genes associated with the synthesis of water-insoluble glucan. The circles apart from the cell wall indicate the
genes involved in the biosynthesis of water-soluble glucan. (F)Representative image of localization of Bodipy-labelled vizantin
on the cell surface. Scale bar=>5 pm. Hydrophobic property determined using microbial adhesion to hydrocarbon test following
exposure to 10 or 50 uM of Viz-S for 10 min. * : p<<0.05, compared with the control.

ERMICEET 2 7-0BREPHREEE 22, Db O
RN — 7%, BEBERCEIFEREANE LT
S, WAF T4 NVLEHERORS L3 L2 EFLVHE
BRIk DEMAL Y. S oo E, IREB L O
RO S h 2 BEEEARIZ, PURE LTRBEIiE2E
T B AMREIEDS B 5135, BaA O LI IEIE S R D
FRE %5,

IS DFRICA, BEANITEE A <2 ML o#iH
PHEANEZMEOE I L b, it O B & T
H#s L3NS L 2ERZB L, Thdy
5DNAF 7 4V LFIENIRE D SRS OB - Rk
N EMIKEERT 2 NENH D EEZ LN D,

HEEtEREE Y > F >
EF Y F v (Viz) &, B—ot&YWE L ChrEiEtkit

ERZTRTEIEE L "0 —2-66-Y2aY /) IaL—
F2U—FLEWE L CAIE N EIEETH 5 (Fig.

1A). Viz iZ, TLR4/MD2 E&RICkESH, MAPK 4 2
77— FEB XU NF-kB OIEMEAZENALTHA M h A VilE
A ERL, RERLEEEELT Y. chETle,
* 717 7 — VT IR R RRIRE O HEE OE
BHETEFHAIHEIN TV S,

KB OWEA Viz (Viz-S) &, Bl @iE i b
FDIEDIZ, KT Streptococcus J&% FR E T B84 F
7 4V L ORESEE R T &2 25 Mt kAl
% 02% A 70— A& 1/4 BFE Brain Heart Infusion ¥%
M cEEE S % L, Streptococcus @A 90% & 5 & B i
BANAF T 4N LERELEY, LaL, MIC Ko
Viz-S (0~100 M, Fig.1B) #HRIML THET B L,
50 uM D Viz-S FHE T TR L 7234 4 7 4V L ffE
b, BEo M AKICHEEL 72 (Fig 1C, D).
100pM T, EZE L, BHf i BeL B2 17
L Cwi (Fig.1C). 50uM @ Viz-S F# F T L
7oA %7 49V % 500 rpm T 15 MRRE T % &,
FEEAEDNAF T 400 LGS HIEEL 72 (Fig. 1D).
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LoL, NAF 74 VLAHOMEETRTEHTHD,
FHETERRE T H - 72,

Streptococcus J&g % MR E T B4 4 7 14 )V L DHfEEE
COMETF % RIAS 2 720, M@z iioiY, %
DGR, KEMEZ VH v ERICBIS T 2851 gD (S
mutans), gtfG (S. gordonii), gtfP (S. sanguinis), gtfK
(S. salivarius) DEEL NVHPEEIET L, FEAlks
Wy DEICEET 2 8ET gtfB, gtfC (S. mutans)
DEE L U BERICHEML T/ (Fig 1E). K&k
ERBEWED TNV DFTEIRIE, N7 4 VL%
EWCHBEEGZ 525, 2 Y v 7 ZADOMBROZE
LG EZARLEN ST WB EEZ BN,

£7z, BIFLEERTAATCBNT, "M 47 4L 4
BRIcBEET2QSDy 7 F v gTErya— RT3
luxSEBE T DHEL N VAEBICETLTw 2, S
mutans D luxS RIKRIZ, gtf BCELTDOFIRZHEm L,
TSNP T OMERETZNT 2 L i HENH 5.

512, Viz-S IFMEE S L, REMIR 2z BkE
WELEE 2 ERHSE 2 E -7 (Fig 1F). Bk
DIETME O E WIS E T AREE LD 5.

50uM @ Viz-Six, b MR LEMES L e bR
TR~ OMEHEES 2, BEMEOEADERERE
Bonwd s, BECRAVEFT, WREER
T B84 F 7 4V L OSTEL - HIBERI & L CORIRHH
HoE s, BERCHCETHEEMRETTH 5.

b

bhbEHINm L, TN F 7 400 EHE
LTWwW3, FryusgF7 405051, Bk
FEFS5—rarru—LoMEEZERL LR E
K2 MELET2EZI 06, IEFEMERZMERL >OH
Fl4t4E (symbiosis) K2 BEDOWEANLEZ THED -
TE7. LRI ORI B - 72 18 D B S A B
INns,

E i
FRZATIC CIRE » £ LB — %%, e+
L S o I/ NHEBRER, WA XER, chETto
MEDFHKBICEH L ODMEELEIVE LEEFEFEOEETIC
JELHLEH L BT %9,

X ®m
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DOIMENEH O —LERAKEE (eNOS) DHBiHE
PETLTWRZTTEL, A VAV YT 7 FLic8d
% Akt-eNOSEHAIHESNTWE Z LIRS Ni, 2
LT, ARy vikbittoR R, Yar4r¥+-—+¥
C (PKC), BX UMt A F L 2aEELTHD (K1),
B MR CA L B4 v R U VIRFiIME, SRR I
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RIESOEDOEERT (NF-kB) #AREAEHNS v FBT 5 vy AR % 8
SEM#ET 2 b, WA EREFRE Cuiwv, SN (CD31 i) i
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L) & U VKA VS Y L 2ok (CaHPO, * 2H,0,
F+H 54522, LotNoM4HS8284) #iEAH, 7L 3
LY R 800°C (FiF#EE 15°C/min), 10 RNzl <
B LTz,

AERERY O FEE X BEXEME I EE
(RINT2500V, V#H7Z7) ZHWT{Tol, £/, Z0%
REIZEITE— 27 ORXRE & b FlghET U 7. SR
CuKo TE®EL, HEMmIZZNFN 30kV, 40 mA T,
[E#rfH 20 2 10~70° % TiTo 7z,

2. BRIHEEOEE

AF LTI —KEK (MB K&K, 10 ppm) DA -
7oA AT 250 mg D La-OAP ¥yE%E ANnzb D (FE
i) L LaOAPBHIRZ AnZzvwdo (avbr—)L
W) cowT, Fig LIcnd X5 icHlfllis» s mr v
7 v 7" (PICL-BX, MHSSHERE 5 mm) 12 & b YGRS (10~
60 M) L7z, n~ur v oy FidEHEE, MBKIEKOD
BEEZHEL, MERMEE GESEE L) Lo
BIRZ Rz, 9 AMiE, MBAKBREPEEL v &
SICHEIZ T 7Ry a—T4 v L bDEHERHLKL,
IREZALOBIE X, SRR (UV-1800,
B & v, MB KIBTROBIGE D & R E 2 HE L7z,
¥ 72, WoBEE & MB ORI R C % % 664.5 nm Tl
ELRTY e, SEBREELaY bu—ABEED 3
EE (n=3) 2T\, ZOVFHEELHEEE L.

3. mE%

AL & U Cid Escherichia coli NBRC 3972 &
Streptococcus mutans ATCC 25175 #{HFHA L 7z. E.
coli ITOWTIE, R EIZBERO R WHlE TIddH % D3,
PR MR Z 150 2 BRI —BNICEH I N 2D DTH S
DT, SEMEMIE O —2Ic Lz, FIEEEMEREEH
IEFIEER (v e —3BR) I &K DRI L 72, o —3lBRiE,
1,000°C % 7z 1% 1,400°CTHHL L 7z La-OAP iR % i12E X
74Ny —RAF (EES0mm, E&20mm) 2%
KEEH RICERIEL TiTo 72, $hb b, RANCIEREM
I 600 nm CHEEE 10 ICHHEE L 72l 28 0 AT 72,
RIZ, TFLUAFHA PR DEE (24 HBRE) L
727 4 V& —iARIC La-OAP ® 2 5 U —i#E (250 g/1) %
IOWETLTRBESEZ, TORITY —EIRBL &
74 vy =Rk (250 g/l) &, FERREHICERE L /-, 3%
Bk, 74y -k o ETHiAgmre ar 07
I & % 30 FEIDIEHEE 2475 T, 37°C, 12 RefEliF<EE
Bl 2207y 7THIFE T 4 vy —RFRE L DR
i, ZhZFn30cm & L7z, BE%, A oA
U BMHIEMoEE2 B2 L7z, %8, La-OAP ¥IRIER
IO L 72 KA KERBEIE T4 VI —H %2y



32 H A& & B & & % M &

N,
Fig. 1 Visible light irradiation (the
irradiations of 10-60 minutes)

(o] LazCag (PO4) 602
x Lay,CaOy
ALa)Os

3 DO-1400
S
2
%)
o
(]
E’ o
x T DO-1200
o A O O()Oo N

20/ deg.

Fig. 2 Powder x-ray diffraction pattern of La-OAP
synthesized at different temperatures (1,200
and 1,400°C)

Fe—vk L, ERERAEOEREITH .

4. HrEtHiE

RHLIRIX, —mEES BN (ANOVA) L4 HEib
HE: (Tukey-Kramer) 12 & D fTo7-. £57—% M
(n=3) IcoWVT, 1% %7F5%DERKRTHERERTE
BiTolz., 7B, MEHLEY 7 g, =27 RVHET R
4>V 7 b+ (Stacel 4, A—x L ZAHIR) ZEEHL 2.

& xR

1. AR La-OAP O#XR X #RElF

e T, MBGREE 1,200°C & 1,400°CTAK L 72
B OBR X BEHTE % Fig 21”9, JCPDS# — F %
5E L7245, La-OAP, 9> % v ALy LY
(Lay,CaO,) 2SR L, Fziciihs v 4 > (La0;) b
BR LT, £, BEEROMEGEEIC & > T, La-OAP
& La,CaO, DA EIZE s - 7z,

BRI X 3G EIRE T &Y OFEEE L AR %

Bess Hle

Table 1 Synthesis product at different temperatures

code product by-product
DO-1000  La-OAP (M) La,CaO, (M)
DO-1200  La-OAP (M) LayCaOy (M) LayO; (L)
DO-1400  La-OAP (H) La,CaO, (M)

H : high peak strength, M : middle peak strength, L : low
peak strength

s (H:@Ew, M:df, L:fEw») tRLidboz
Table 1 12779, DO-1000 4, La-OAP EREIZMH
e A 7z £, La,CaO L E D La-OAP O 2 1 & A
ECtd -7z, DO-1200 D4, DO-1000 DA TR T
La-OAP B I1Z% » o7z, %7z, LayCaO LRI
DO-1000 DFZE IR TA 7 L, LayOsh 7z ic A L
7-. DO-1400 @54, La-OAP OAEREII» 72 b % <L,
La,CaO, A & 1% DO-1000 D& bR T %o 7z,

2. BRDEEDIE

Fig. 312, DO-1000 O5& D EESMIC & 52 MB KIS
WRoFE %R, £72, Fig 41 3D La-OAP
DO WERFEIC & 2 MB KBROIREDZ LER L. T
RTOay bue—V L, HETNcBLOREZY
ot FEERELaY Fu—UEEL 2L T, 10 9HH
B4, DO-1000 & DO-1400 DEEICEBWT, 2049
RS & 30 RS D4, DO-1000, DO-1200, DO-
1400 @ 3 FEDEEICEB VT, 40 EIEH & 50 25 EHE S
DH4A, DO-1200 £ DO-1400 DEBEIC B W TREINE
BEFIZD N (p<001). B EX b, DO-1200 @ 10
FHEBHOGEERE, HEHIC X > CTERIFEOREIX
avte—VHORELVES LI EBbhoT, F
7z, WSR2 %13 EEBRIFEOBRE I3 T 218
mERL7%Z,

Keiz, DO-1000 o4, 10 RS CRE X 49103
ppm iZ7: 0, 20 ST 07201 ppm 2, €512 30
SRS CIREHHBR T L&D, KERIZEHIC
7z -7 (Fig. 3).

3. mEk

30 D FEIRE LRy 1 X MBS~ OREIC o
WTHRETT 5720, MEZ2ED AT 72K 7 4 v
& —FEP TR 21T o 72, EREBOMERE T
FRIEFRRD b D3 Ehisr ozl o b, 0%
Bc ot X 2EEE~NOFE IR wb D E L,

1) E. coli \oHd % 38x

DO-1000 54, FERRGM ECHRE L7 4 Vo —
(Fig.5-a) TEPICBIEMA2TEE S h, KEHAETH
ol 7 4 vy —7TiE, MHIEFABER I N o7k
(Fig.5-b). DO-1400 054 Hkc, HRE%2iT- 72
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DO-1000

- 2 p i

contt 10min 20min 30 min

Fig. 3 Photocatalytic activity of DO-1000
Photocatalytic activity was evaluated by
degradation of methylene blue (MB) under
visible light irradiation. The La-OAP syn-
thesized at 1,000°C completely resolved
MB with the visible light irradiation for 30
minutes and the MB solution became
transparent after the irradiation.

7 4 v% — (Fig.5-¢) T, FMEICHIEMAER S R,
NG 2 fTh o727 4 V& —TiF, PILMERE
Nz o7z (Fig.5-d). MLk b, DO-1000 & DO-1400
DA LD, MEH T CEYIEEE TR T I LPEESN
7z,

2) S. mutans W33 B iRER

DO-1000 o5&, JERRGH ECHRE L7 4 Vo —
(Fig.6-a) T, E. coli D¥3&r b R AP PHIEM 2
B Eh, KEEETbRP7 4 Vs =T, FHik
MR E iz -7z (Fig. 6-b). DO-1400 D4, JE
Kighh ECHBESE L7z 7 4 v 9 — (Fig. 6-¢) <&, AR
WHIEME b FhicEm s h, HREZ2Tbhr ok
7 4V —TiF, BIEMHRER & iz d - 7z (Fig. 6-d).
DlEX Y S mutans D%& 3, DO-1000 £ DO-1400
et d, BEHTCRPEEE2 TR T LABRZEI N,

1. La-OAP D&

1) TSI & B5E

AR, KR L BRDFFAED La-OAP SO B i
ebld, BREIEITABERL TTOSMERH D, Z
DEBED La-OAP &b MBE N TITo 7. ZDff
B Wi T T La-OAP D42 ¥R X FRIal i e hERR
T&7:. La-OAP OEES AN Ico>wTIE, M5
BHIOMBCHREZHLRDEA, La-OAP HOfEHE A 4
VEFTOBRENXRD & HICKIEL T, 0 +0,—
O 740, 7, 0 (A= —FFXFLF7=Fr5VP
W) EO ™ O2HBOIEEMEIFRET L LEZ OGNS,
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S ~-DO-1000
= -=D0-1200
B -+DO0-1400
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Fig. 4 Photocatalytic activity of La-OAP synthesized
at three different temperatures under oxygen
atmosphere

Date are expressed as mean+SD (n=3). % * : p<

0.01, as compared with the control group.

DO-1400 TiZ, Fig. 38 & U Table 1 127”87 & 51T La-
OAP ODAEBENSL, ThbbiEMMEBIBED EH W
EBbhrs, D& S5iZ, La-OAP OEMENP6EZ 3
& 1400°C T DANEAS La-OAP DA BIRE & LT b i
LTw3, La-OAP FICHET S0 1305 BLU O,
IR LR, S e s L CRIET A 2 L,
Fefl - BEnic X 2 WY DR REICE > THERETH
5. —7, BEEICE->THETEEEDNS 0, R
OH Dt /11d 2 g E5R L 1374w, LIRS o &M
(MG, B, R ko TREBICHESE
5 EDHHETH . La-OAP DGt iz, —meiy
e VAR L ERE TNV F ¥ Y v T Lo 2L ¥ —
2HT 3OS (OAP TIRAHIE) 1T & » TiE T
DO REFICETSRG, HHETSHET L LD
EfATE S, IhbHi3, BRPOBRELKERR L KIE
LTO, " RPOH 2FEZIE, TNH6DITHNVITE-
TRL - RITH A = 21319,

2) IMENGEARIC & BB

e EFHAH L BREFHES P TER I Nz La-OAP
DEFEIZ, MR X BREHTC— 2 OMANRE I & b Hlg
et U7z A3, Mg e R I KE RED e h o 7.

IR IC & 2 £ O & EREANOEE IOV
<, MEVEE (1,000, 1,200, 1400°C) 2E<L %5138
La-OAP AEREIFBINT 2 2 L h 5, MENRESE VI
& CaPy07E LayOst ORIEDMET LT W I b h
%, MNEGREEDS 1,200°C D4, #7212 Lag0sh3E K L T
B0, 1,000°CTHERE L 72 La,CaO b 5 DY & Bbh
%,

WMARFE Lo OGE, HFEYE O, MEGREE, gk
R DINEGE, MIARN B X RAHEREICKD
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Fig. 5 Antibacterial ability of DO-1000 and DO-1400
against E. coli

a: Under visible light irradiation, inhibition zone was
observed around the test piece of filter containing
DO-1000. b : Without visible light irradiation, inhibition
zone was not observed around the test piece of filter
containing DO-1000. ¢ : Under visible light irradiation,
inhibition zone was observed around the test piece of
filter containing DO-1400. d : Without visible light irra-
diation, inhibition zone was not observed around the
test piece of filter containing DO-1400.

WEEZ T A, R, WRWEELCoEr Y VDL
PO LICBALT, W& b oRFHL 54, La-
OAP &R BIZIEF Aotz D20, KGOS
WEB Y VALY LEARLUTHEAL 2, INEGEE
&, ERU7- &5 ek omEe eI Er 5 2
5. S, 2EEOHREWHEORAEEE T DI
BETIT o 7228, FFICK D DEEEBT 5720 9% R
Eoxs /—viEHeTToiz, BEIHERT 288D
FEFEIC & - TH, MEVRETOERY OEEDEREIC
WHEAELGZDEEZ NG, WRMERMEE LCTHEMT
250, OAP DAEMEPERAENLS VI L LREIENY
e EDORM Vi T EBBELEETH B,

3) La F—712 & 5 OAP Off ks L eaiag
MB 73 #3251 8\ T La-OAP JefE o W54 1%, 1%
LACEBES N5, ThiE, La-OAP oREE A
HAP #i& 7% {, OAP#i& (Caglay, (PO,)¢0,) % & 2%
b EEZOND, T 74 FRIE, FOEFEAEN
HEBRTITH 2 =fliz & b, A MELE 7 Zfli<
PUffiic 72 238546 H 5. La, Nd 8 & N Er TREERE
Tl =MDz, ChoDf A2 F—7T2LHL
T LAV EERLCOAPELE LS. L, I
VI A4 FPRILRRIEFETVRELL 2L EHIETF
P4 RGNS HY (50274 FIGED), La, Nd B

Bess Hle

Fig. 6 Antibacterial ability of DO-1000 and DO-1400
against S. mutans

a: Under visible light irradiation, inhibition zone was
observed around the test piece of filter containing
DO-1000. b : Without visible light irradiation, inhibition
zone was not observed around the test piece of filter
containing DO-1000. ¢ : Under visible light irradiation,
inhibition zone was observed around the test piece of
filter containing DO-1400. d : Without visible light irra-
diation, inhibition zone was not observed around the
test piece of filter containing DO-1400.

SO Er iCHiRCTEFRSDOREVWILELZ F—7 T35 L
HAP f&ETi L, REAFEHSTTOATIE HAP ##%
WrEpIEbEZILND, EBRIC, HAPEE2RT
CagYhy (PO, ¢ (OH) i3 BHlilEM & L CHIZEE hT w3,
HAP iciEMERE 2 X4, aF T kL LTET R
VX — D X KRy fj7e ©CHREHLER S 2 55, 7256
fEE T COMBMBED FESRESI TR Y, bh
bNDERTIZ OAP 2 KAELKFEHLATERT % & 0°
DFEFA BN, EEEEFERE (07, 0,7, 0,27, HO
STUNNRE) OFEZASNL» o, EHBREREN
ERLTH RGNS, ERARELERREZD, KATT
BEHEGFEELZVWEEbN S, EHBELHETE S
Wh W B AMIERE 2 AT 5 A% E LT, OAP & %
b2 vt DAL D EZ 5D, HEME
(BREEN - B EEY) OAEBEANEOBS 5 OAP H
RICHAIERE %2 (N 2 RS RDBVWAETH S LB
b s,

2. BERHIREE

La-OAP #35K% MB KB I A U 7R, ek
TREADH o720, T HIFHERE AL & o TKIER A
FUA VIS, AFL AL A Ly PR ()
Ltz 5022 MKEENE, La-OAP 7213 T%k <
La,CaO, % LasOs8 B L T 238055 b, Zhbo
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R Ak b 7L A VI EBbh s, E
BRIC/KIEE D pH ZHE L 72 558, 20 La-OAP
(1,100°C, 1,400°C) @ pH Iz Zh 2N 127102, 126+
01 (n=3) ZnRL, 7VHVEOKERICRS I LD
o T,

%7z, La-OAP O AL L 2REDE T b T I A
b7, MBBEOREICLIDbDEER D,

IR T oFES R IO W TiE, DO-1000 23JEH
I <, RIZDO-1400 25\ Tk dSbh o 72, —7, La-
OAP £ E1Z, DO-1400 A% H % <, DO-1000 23 b
iz dpo 7z, DO-1000 Tld La-OAP & La,CaO, DK
BOPEBETH -7 L5, MB OERES La-OAP 72
JICEEA LT3 D Tid7% {, LaCaO,d it s LT
KL THwA2 % H 55 EEX D,

3. mEH%

Z OERTIZ, DO-1000 & DO-1400 DA DWW T
D BITEMEE S L 7253, 132D La-OAP b E\v MB 4
fRAE ST b b ARENREEZ TR T I L5, BENPE
WERTEEZOND, 74 V7 —~ONHEEI T
5DHRDEE, BIEFDOHEINLETH > 7z DIt
L, LT 5 FEHCGIRE 2T - 72854, WAl EE
IEHRTEE SN, Lizdato T, REBECIT LN
LHEE 2 T 72, BT AHIEFORESIX, ok
T DN M (TR, i, HER <7 )
LHERT B0, T4y —bEBICBH L La-
OAPELBIRL, La-OAPBE#%2%4< §5 2 L THVLH
HEPEsND EEbNnD, SR, E coli 8L US.
mutans WX U THEEDE T2 2 L2 56, BREZIG
FIIER & UClBA (FUeEit & iEM) ~oiH S Alee
ThHhdERDND,

& &

AWgEClE, 1EEBREZFHET 5 La-OAP D& L
PEIC DWW THRET L 72 A6 2R,

1. OAP &1z La % F—7 L7z La-OAP 1 rJ G
ST CENOBMBTERRE (MB R0 25RT
oo,

2. La-OAP @ MB (4387 fkee i, &BIREIC X b
BT bhrolz,

3. La-OAP o#iE X, E. coli B XU S. mutans \Z
NLTREND T EDBbho T,

#o W
MERADICHID, RIBEIRES X OCHEEZ B £ L
ek 1 BREERICERE L BB ORERLE T,
S5, HARE L ZMIEE MBI 2THE & L IR YA
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YW HOSABRIERTBIRICL L DR L EiFE T LD
i, R T OBEBRAICEHH L BT T,

KA OETE & AT L DRI H 720, FIRTNEF]
A IE 72w,
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Photocatalytic Activity of Synthetic Lantern-oxyapatite

KoMmaDA Yuko, TAMAKI Yukimichi and KaMeEMIZU Hideo™

Department of Dental Materials Science, Division of Oral Functional Science and Rehabilitation,
Asahi University School of Dentistry
*Department of Physics, Asahi University School of Dentistry

Abstract

Purpose: Oxyapatite (Ca;y (PO4)sO: OAP) contains reactive oxygen radicals and acts as an antimicrobial
material because it oxidizes and resolves adsorbed materials such as organic matter and bacillus, and also
functions as a bone substitute material. It is reported that photocatalytic activity of oxyapatite is observed
when a part of the calcium ions in the crystalline lattice are substituted with lantern ions. The purpose of
this study was to examine a method of synthesizing lanthanum-doped OAP (CaslLay (PO,)¢Oy La-OAP) and
to investigate the photocatalytic activity of the prepared lanthanum-doped OAP.

Methods: La-OAP was synthesized by the dry method. La-OAP was prepared by heat treating mixtures of
La,0;3 and Cay,P,0; in a multi-atmosphere furnace at three different temperatures (1,000, 1,200 and 1,400°C)
for 4 hours in an oxygen flow or a nitrogen flow. The synthetic La-OAP was characterized by using XRD.
The photocatalytic activity of La-OAP was evaluated by degradation of methylene blue (MB) under visible
light (irradiation for 10-60 minutes). The antibacterial ability of La-OAP was evaluated by a halo test. The
halo test was performed using filter test pieces (5 mme) containing the synthetic La-OAP powder. After the
filter test piece was placed on the agar medium containing Escherichia coli or Streptococcus mutans, light
irradiation was performed by a halogen lamp from the upper and lower sides of the test piece for 30 min-
utes. The inhibition zone which arose around the test piece was investigated after incubation (37°C, 12
hours).

Results: XRD analyses confirmed that the heat-treated precipitate was La-OAP. The amount of La-OAP
varied according to heating temperature regardless of the type of gas atmosphere. La-OAP samples synthe-
sized by the dry method at 1,000, 1,200 and 1,400°C in oxygen flow completely resolved MB with visible light
irradiation for 30-60 minutes. After the irradiation the MB solution became transparent. Inhibition zones
were observed around the filter test pieces against both E. coli and S. mutans.

Conclusion: Lantern-oxyapatite (CaglLa, (PO4)0,) synthesized by the dry method showed a high photocat-
alytic activity under visible light and might work as an antimicrobial material.

Key words: lantern-oxyapatite, photocatalytic activity, antibacterial ability
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XAEFEH L Y v R OMERTG R R 2 AHH O i A3

LY vk XAy s OEEEICIETHE
5o =12 s E ok KL E i
%= A Bl " o % BEE B R

= oE B2 O OA s

VH AR S R A S R R A I
P HAK A B S0 2 B ST A 1 L2 20T
SJIA g RtEE R

gD

HiY : XAFLUERL Y v (DR, SEEHLV YY) 13, BIREEICHE > T2 ORENCHERTG 4% 2 % AR
BhH, INHWEBEYOTFRICEELIFTARESH 5. 2T, MBRGRINZFEEHL Y Vv RHIC
R4 B REMIM QAL Y vk X v OBEERICIETEEIC OV THRE L 7.

MELE Fik EERALY Y ELT, 27740 DCaryAd—r3vZ7ZA0NE (Z25Vv /087570 4))
2, LYYEXAVEFELTRAFET VS (25L 7087 F o)) 2RV, BREREZRET 22000
HiHELT, B2 F2V—F— (KC, 275V U875 5Fr2)), = LFryFrrt (ME, Y<Xv) B
& ¥ Ultra-Etch (UE, Ultradent Products) = L7z, EERBARAF OBEICERL ¢, EEHALY V28
HELEE, INEEERL L, 06 OBERREICN LT, b MERE 10 T LCKEE, E3E
TYHRm E L7z (SCH#E). ToyE#mIicxy LT, KC, ME 8 & O UE 2 Vv CHEEF RS T2 - 72
(EERE) . 728, RO AN U CEEL 723 % Control B & L7z, 246 OHEICHE 24 mm,
HE20mmORATFT Y LAY Y IEREHEL, AV PR—ZA MEREEL, BERBARA L L. ZhboR
& 37TCRELK G 24 RS £ 72139 —< L3 A 7)1 (TC) % 10,000 [E &M L 7258, BIWEEETR & 20
L7, REHBZ AV -0, EERBARAE ERARCEEL 28 REICN LT, REEB AL
¥ =M TH 3 SO A ZE A CEMAZEET 22 LItk TfTo 72,

FERIBEEHLY VIcRT ALY vy X v D 24 BB OEER S, Control # (237 MPa) KL T
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Table 1 Resin core and resin cement used in this study

Materials
(Lot No.) Main component Manufacturer
{Core foundation resiny Base : TEGDMA, surface-treated glass powder, surface-treated silica Kuraray Noritake Dental
Clearfil DC Core type microfiller, aluminum-type microfiller, chemical polymer-
Automix ONE ization accelerators
(5F0339)

Catalyst : Bis-GMA, CQ, silanized barium glass filler, silanized silica,
chemical photopolymerization catalyst, chemical polymeriza-
tion catalysts, colorant

(Resin cement) Past A : Biss=GMA, TEGDMA, hydrophobic aromatic dimethacrylate, Kuraray Noritake Dental
Panavia V5 hydrophilic aliphatic dimethacrylate, silanated barium glass
(5M0104) filler, fluoroaluminosilicate glass filler, colloidal silica, accelera-

tor, initiator

Past B : Bis=GMA, hydrophobic aromatic dimethacrylate, hydrophilic
aliphatic dimethacrylate, silanated barium glass filler, silanated
aluminum oxide filler, accelerator, dI-CQ, pigments

(Silane coupling agent) 10-MDP, 3-TMSPMA, ethanol Kuraray Noritake Dental
Clearfil Ceramic

Primer Plus
(590044)

TEGDMA : triethyleneglycol dimethacrylate, Bis-GMA : 2,2-bis [4- (2-hydroxy-3-methacryloyloxypropoxy) phenyl]propane,
CQ : camphorquinone, 10-MDP : 10-methacryloyloxydecyl dihydrogen phosphate, 3-TMSPMA : 3-trimethoxysilylpropyl
methacrylate.

Table 2 Pretreatment agents used in this study

Pretreatment agent

(Code) Main component pH Application protocol Manufacturer
(Lot No.)
Katana Cleaner 10-MDP, water, triethanol- 4.51 Applied on the resin core surface Kuraray Noritake Dental
(KC) amine, polyethyleneglycol, with rubbing action for 10 sec,
(AHO001) stabilizer, accelerator, dyes rinse for 15 sec and air-dry.
Multi Etchant M-TEG-P, water, thicluig 06 Applied on the resin core surface Yamakin
(ME) agenrt, dyes with rubbing action for 20 sec,
(02022026) wait 10 sec, rinse for 15 sec and
air-dry.
Ultra-Etch 35%phosphoric acid, water, <1 Applied on the resin core surface Ultradent Products
(UE) silicon dioxide, dyes for 30 sec, rinse for 15 sec and (South Jordan, UT, USA)
(01071704) air-dry.

10-MDP : 10-methacryloyloxydecyl dihydrogen phosphate, M-TEG-P : methacryloyloxy tetraethylene glycol dihydro-
gen phosphate.

Master DM 500, IR mERIY) 2w, €2l Fey ZERAEIZ 10 & L7z,

THETRIHE LW HE L, BEICANET2Y 7 Y LHEAHT AL X — L EMAOBERE, BETEES
7 (FAMAS, fiRmEls:) 2 Hw T 0/2%Tiro 7z, Wo, WikoERRAMZ A VXY —% vy, HEEoFuEED

¥, Bl OREISHEREE NERLE L, S&EMFICBT IANFX—% ysB L OEMAEZ 0 L LIz E, DIMIOR
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Table 3 Influence of surface treatment of saliva contami-
nated core build-up resin on bond strength of
resin cement

Treatment 24h TC
Control 237 (1.8)* 179 (1L1)°
[7/3/0/0] [9/1/0/0]
SC 69 (16)° 19 (08)°
[10/0/0/0] [10/0/0/0]
KC 205 (L7)* 147 (17)¢
[7/3/0/0] [10/0/0/0]
ME 180 (16)° 109 (1.8)¢
[8/2/0/0] [10/0/0/0]
UE 119 (14)¢ 93 (15)¢
[9/1/0/0] [10/0/0/0]

n=15, unit : MPa

fracture mode [adhesive failure/cohesive failure in resin
cement/cohesive failure in resin composite core build-up/
mixed failure]

Same small case letter columns indicates no difference at
5% significance level.

TC : thermal cycles

L7z, TC&AMcHm+ % &, Control # (179 MPa)
THROEBWEZRL, 320N TRERITEVE
L0, BRCSCHE (19 MPa) IZB WL TR BIEWVIE L
7o T, MERTG Y O RIAMIREAN T IR T 5 £, KC
JUEE (147 MPa) 13 ME /LE (109 MPa) # & X UE /L
B (93MPa) L L CHBICEWER R L, £,
BEEARBBROWEFA T, wThof&icBw Ty i
T3 2 D KBV 8 7=,
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THET 5 &, RS (50 BoFThofkicBwT
bEBEEEAD NG o7 (420~428 mN - m™ ),
—7, BT (yP) &, SCEHTIZ0OTH-72bD
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(32mN-m™!) rHi#ELKCAHE (71mN-m™}) B&
UME 0 G5mN-m™!) THRICEWEERLZ.
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Table 4 Influence of surface treatment of saliva contaminated resin composite core build-

up on surface free energy

Treatment Vs Vs vs® s

Control 578 (12) 420 88 (14) 70 (1.3)
SC 474(L©} 422 00(0@} 52 (0.7)
KC 585 (1.8) 428 71 (14) 86 (1.9)
ME 55.6 (L6)] 42,0 55 (1.2) 81 (15)
UE 523 (14) 425 32 (12) 66 (12)

N=10, unit : mN * m~!, values in parenthesis indicate standard deviations. Values con-

nected by vertical lines indicate no significant difference (p>0.05).

ys ¢ surface free energy, ys® : dispersion force, ys : polar force, ys" : hydrogen-bonding

force.
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Fig. 1 SEM observation of saliva contaminated and surface treated core foundation resin
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Influence of Cleaning Agents on the Bond Performance of a Resin Luting
Cement to Saliva-contaminated Core Foundation Resin

IsHI Ryo'?, KasaHARA Yuta!, Iwase Kei',
KaTsukr Shun!, SHOJT Mone!, TakaMizawa Toshiki'?,
Miyazakt Masashi? and KawamoTto Ryo'?

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

SKawamoto Dental Clinic

Abstract

Purpose: This study examined the influence of cleaning agents on the bonding performance of a resin lut-
ing cement to saliva-contaminated core foundation resin by means of shear bond strength (SBS) and surface
free energy (SFE) measurements.

Methods: The agents used for removing saliva contamination were: Katana Cleaner (KC, Kuraray Noritake
Dental), Multi Etchant (ME, Yamakin), and Ultra-Etch (UE, Ultradent Products). Panavia V5 (Kuraray
Noritake Dental) was used as a resin luting cement. Core foundation resin surfaces were ground with SiC
papers, ending at #320 grit. To create saliva-contaminated resin surfaces, 10 ¢/ of human saliva was applied
to the ground surface. Uncontaminated resin surfaces were prepared as a control group. The saliva-contami-
nated specimens were divided into four groups, treated with one of the cleaning agents (KC, ME, or UE) or
without any treatment (SC group). A stainless-steel metal ring was placed over the bonding area, and the
luting agent was condensed into the ring and light irradiated. The assembled specimens were stored in 37°C
water for 24 h. Half of the specimens in each group were subjected to thermal cycling (TC) for 10,000 times.
SBS tests were conducted on each group at the crosshead speed of 1.0 mm/min. For SFE determination,
specimens were prepared as for the SBS tests. The contact angles of three test liquids that have known SFE
parameters were measured using a contact angle meter. Scanning electronic microscopic observation was
also performed.

Results: After 24 h storage, although the SC group showed a significantly lower SBS value than the control
group, the cleaning agent treated groups showed higher SBS values than the SC group. After TC, the clean-
ing agent treated groups showed significantly lower SBS values than the control group, but significantly
higher SBS values than the SC group. Although SC showed significantly lower SFE values than KC and ME,
the SFE value after cleaning agent treatment depended on the material.

Conclusion: After saliva contamination of core foundation resin surfaces, treatment with the cleaning
agents might be helpful for enhancing the bonding performance of resin luting agents. The SFE values of

cleaning agent treated surfaces were different due to their cleaning mechanisms.

Key words: saliva contamination, core foundation resin, resin composite luting agent, bond strength, surface
free energy
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Porphyromonas gingivalis @ FEEGE)3
a5 —47 VERKEHAETF VYT ZADOTHEIC T T RE

fle B e % WM & " & K E W
wok OB OK O M omom Ral @
& £ — J6 R X fRFE R B H —

T H R B 0 L A R e R R L ol A 2 0

e%k

HEY: R L BT Y v <=5 (RA) OBIRZMIHT 2 2 L 3RBAEXOBA» S EETH 5. AR TIIE
JEIRIEMIEE & 5 Porphyromonas gingivalis DIAREEGAS RA OEHEIC S 2 282>\, RAETIL<Y
2 % v ORBR A 72 & IS EREZMHA I RET L 7.

MBIB X O HE g -7 VEEHEEGRET LV~ 2L LT, 11 8l?® DBA/1] 7 A% RA €7 <7
2 & LUTHEL 72, EERERICIX P. gingivalis % 25% carboxy methylcellulose (CMC) i2#&# L 7-d D% 0.1 ml,
1x10° CFU/ml DT 1 HB Fio~ Y A QLI E##E S L. WEEEICIZ 25% CMC 2 01m/, 1HEB
Fiee Ty AQOPENICERERS Lz, Mo~ w 2 I3EBREGRE 45 HHICER L, £ T, Bz zh i
ML, UTEDW TN L7, By 7 ARMRIC X B T RA FERFEIROFEM 2 L 72, BB R 5
FHA% 1, micro computed tomography (=4 71 CT) Ic Xk 382, H30WEY75=-0/7 7 A 7V —v
Qe c & 2 MRS RREIERIC & D 3Tl L 7. BHERAETIE, WEBICHEE T 294 Tl a5 —7 v oyfkee &l
I LHNT, ~hUvy 272X %arn57—+ 13 (matrix metalloproteinase-13 : MMP-13) #ifd% w7z
TR ET o 7.

BAE L HRT oy 7 ARREIC & BRI CUE, SEERTRIION IR & LI O T v ¥ v — 2 X, BORHHKE X
CHRERERER DT, w4 78 CTIC & 2T Tk, EBRIFICB Y CEHEMBER OB 2B RICRD 2. ik
WIERETIX, 44 Tl a5 —7 v OBEELRFBDDEEFRICA SNz, MMP-13 THREI NHEKRICE W
T, WUEHIRE & R HER TR S e MMP-13 FRtEfifasiid, SRR & bl USEBRREC ik 16 L < v
7z.

fitiaw P, ginglvalis 1T & 5 OPEEG T 2 7 — 7 VEEFEEIR € 7V = 7 2 OBFMERIETT IC 8 v ¢ b FMRmE
PIEET 2T L5, P gingivalis BREIC & 2 AR BT U v < F BEOERETICN L, 2FIcEE
BIE TR HEMEDS R E Tz,

F—7— KCBHETY Y F, SRS, MMP-13

BEEE G i T

T 501-0296 I FREEGTATTRERE 1851  wH H RS Ba -l L1k g R oy Gt e g R o7 o0 B9
TEL & FAX : 058-327-1452, E-mail : takumiO803@dent.asahi-u.ac.jp
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PRI, R o R IR B 0 IR K B RAEMEER R
T, RIEPHEAICRF LW AHARLE, HEHBR I
SHERICRAN SN B TR R 2RI
ERIETEDPHSPICHRDDOH b, RN E2HE
B oEE 2 BT 2Bt T ThE,
Offenbacher? =RV A Fv ¥ L x5 1 v (HEEY)
AT R, BERE R DIRIMAE S, R
REHEE, WIREBREE & o e S E S EAHEBICH
BERIFLTWLB ISR TH R, %L D%
BRD 6, EREENPEBRICEELL2 520 TR
<, HERESEE I UEER2 IET RN FET
B EDHEMICEDDDOH BY,

B Y v =5 (RA) I2BWTH Rk, BER & oM
HIBRAHE ST w27 RA B2 T 21
PG N D RIE, WE O, & 6ICHETIC X - TEKR
I & % BEAIIE 2 Hi - ¢ 2 HCBRETH 219,
RA OHETTITFE, BERERY - R 2L h R 2 B A
e LTHRICF - EBZETFo6Nns, LrLAEaEDNS, RA
ICRET % & T RTOBICHENRED, T 2D
WEIBEBMESNTLIDICXL, BiioEakT
H BEHED RA FEIR 2 F -~ 72 WF 7% <0 i s S i B o Jk g
I & b B RA SER % 57l L 72 098D D 70,

RA DFEHEYERVERREINTE ST, ERHEH
KL BB R X 2HAFRPBERL Tw 2 L w51
W% AT YW, RADASA A3 —H—LLTY Y
< b FIAT (RF) < bV v 22420 a5r7—%
3 (matrix metalloproteinase-3 : MMP-3) 7 E23281F 5
nNaM, ZofioNfF<w—H—L LT, BR LY
A% %2 (cyclic citrullinated peptide : CCP) {1kt
T 2HETH 2HER Y F LY AR T F FHUE (anti-
cyclic citrullinated peptide antibody : ACPA) 23% %,
CCP &, AN DI L T 2 HEED <752
LT LV¥ =74 35—+ (peptidylarginine deimi-
nase : PAD) itk bR E N 5,

Porphyromonas gingivalis 13 Red complex D—2> D
ThHh, BHEERLLOEEEAEVEILTY
551 P gingivalis i PAD % £ 3 3 ME— o DL
E LT, HEMST D CCP i ACPA %4, o
ACPA IC & b HOREIGE X FHEHR I NG LA 2 EHRLT
2LEEZLNTVBESD P gingivalis ICEST 2 LA
B 2 M TG Fififiins LR 2 2 & B P,
gingivalis ® DNA 73 RA B3 OIiE LR 2 & SEE I
BHENZ LI HENDHBPD . LhLirszoik
M7 A H =2 LIFHHS T L, HEAME RA OBR%E

7 Bess Hle

up

fABRd %5 A CEHHETH D, Z I AT, 25—
TUFKRBESRETNIRAERAETLIURAELT
e, P gingivalis % OPEE RS ¢ CHERZEL S ¢
72, P. gingivalis DI RAICE. 2 2 E %R L7290,
ETEoM= vy 7 A&, BHED micro computed
tomography (<-4 7 v CT) & & GRS Ak o 4l
o7z,

MEE L UAE

1. EERREM

1138 o DBA/1] v 2 (HAZZRxT)Ly—) 36K
ZARRICH L, K=o 2D 55 120Far bao—)b
BEEL, b 24y I#as—4 2% 001 mol/!
EEfR ) VEBREEIRIC T S mg/mI T L-b L, 7
A4V FARFELRT Y a3 b T Mycobacterium tuberculo-
sis H37Ra % 4 mg/m/ ICTE L7z 7 A v FERT V2
Ny M EERTHbE LIV Ya v RELED, ©
2 Y a roitsix, 8EMRIC1FHEE L CHEAESS
KWz, 118EERC 2 [\ H & U TR NI 0025 m/
Fo, a5 =7 URE L LT02mg 5 LEIHiR & &l
€7z, RAEFVIEa T —7 v FEMEBIAT% (collagen
induced arthritis : CIA) & L7, CIA®7ZD 55 12
VE% EERRE, 12EANIREEE LR i 7.

<7 A3EIRER (23+2°C, 55+5%RH), 4806 K
FAT, 12 BREEARE Y A 2 Vo TIcTEBE L. &
B, SEHMTS v + = 2 MF EE&R (F)
VOVEERETE) EKERE HEICERE 7. RER
1, BHREE LMY EREAZE2ORR KR
5 116-006, 17-013) O T CEMWEBREEMTICE- T
12 & &b, BRI E & O REME DR
IZ88 7z

2. P gingivalis DIEE

P. gingivalis ATCC33277 # (ATCC, Manassas,
USA) 1% 10% 7 < RN 7L & 5 HK FERES L (R
BT ) ©37°C, BEAM (80% N, 10% H, 10%
COy) ZEfF N CHEE L 72, HFE U 7 B N BORTEI 1 %
DB X D ERE L, V UEBREEEAIEKT 3 RIS
%, 25%ANVEF AF L —R (CMC, Sigma-
Aldrich, USA) @@ L 7=, MEEE, SXNEE
(Spectrophotometer UV-3600, Bi) %A\, JHE 650
nm CHIE L, HEEROBEL, FREKZEAROER
B, WL (B onBla o = —$e ik
L RERE A TEE LD,

3. P gingivalis DOEANDETE

P. gingivalis &1 CMC ##5 L OPENEL % X &
7 EB#E (CIA+P. gingivalis, n=12) 7z 5 iz CMC
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Fig. 1 Soft X-ray images of the left lower extremity

DAZEEE L - WIEEE (CIA, n=12) O 2EFEL
7o, MEWEIHBEIR, 5% A V7V I VKT D~ R
DOOVERNICESE T - 72, P. gingivalis % &1 CMC 13,
1x10° CFU/ml DRET 01 mi 5 U7z, #5BHIAE 45
HEIWIZA Y 7V 5 I & 2 REME, 10% s A ov <
U Uik (O3 T ) 2 Hu CEREE 2TV, B
2UBRL, #BE L7z,

4. BRI v U IMRIC L B RATEIRFEIRE O

BlER, KELEZEEZzy 72740 s (BEL7
AL) BHEHAL, 8Ty 7 2FEE (V779 7 R)
ERAOCER® L, BegsR, E%8E 24 kV, EER
S5mA, N 047 L L7, BZ, REHTTE
TROBEZT 7.

5. ¥4 70 CT Il & 2 BEHOMHAKEEREDEHE

<4 21 CT (ScanXrnate-RB 090SS, 2 & A% v~
T2 )RR TEMEOER%21T-o 72, 51T voxel
size 20X20X20 um, HETE 75 kV, BHEMT6 A & L
2. BohlF—%iF, a—vE—LHER/ 7Y
7 (ConeCTexpress, I LAX ¥ 52 /) Ik ik
a7, EEEFY 7 227 (TRIBon, 5 v 2
VAT LIV =T Y YT 5 I Osirix, = a2 — b
Y7974y R) ERVTERIIEIT - 7. MK O
Rt EERT 570, HEEO L - o THg, 88X
gL oL, e TiRO RS DR 5 A
FizetEl L, ‘PHE2EHL 2 AEERE 2t
u— D<A 7 CTHRTIIFEMTRL, MEEETE
TR L, EBRECIERRTRT.

6. HHOHEBRFNERS LU

VR D&~ A b B2 &% No. 16 2 2 %
MeTlBRL, ST ERO DI 4% /87 TV LT
VT e P (FEHZETE) omdic 12 RERERIEREE L,
05mol/l EDTA (FIOEMiZEET3E) i Tk S 724, &
BRI 8T 7 4 v EM L 72, BHEE PO RRIT AN
Sum QEIICHYT L, WEHBOZNEHERT 2729

KH75=v-0/77 A 7V —vgtat, ¥4 7112
T =7 v D IREEE T H D MMP-13 O # % FHH T %
fed, fie b Vv rAAxA4u7ur7—¥138Y 70—
F LA (anti-MMP-13 polyclonal antibody, Abcam,
USA) % L B ta 2 e L 725, JFBEMEE (BX60,
FUUSR) ZHOTEEL 2, ERIK, HEERZ &
e diPH % BRE U 72, MMP-13 B ffe 2 S A 5 (I
Bz, FEEERMEScE BEEc iR L /-,

7. WEtFED

HIEME 13- 5 HEfRZE (SD) TR LU, XTIERE L FEk
B oBEEZOMEICIE, Mann-Whitney U test # {75
Je. av bu—)URE, R, RO IFHOFREE
DOMEICIX, —TCEE ST E & O Tukey-Kramer
method Z W7z, pEAS 005 KRG THEEZESD b L HE
L7z,

& R

1. ETHEO®I v 7 Xig&

RA OIRFETEA 2 HEZET 2720, BEEONENLET
oy 7 28R %2R T (Fig 1). HEERANZ, X
e 6 MICERRBRIC B 2 IR ERIETRR 2R 3. FHBR
BINHBE L H L, 7r¥u—3 R52RO2. ZhiC
&b, R ERIETR 2 R 5 &8 O H IR B L
DD HND, HRERANZ, WL 5 CICEREICE T
% e BEERERS AT 2 /R . SEBRBR IO R & L,
BOMMER, ROBPHINOLEREZRD .

2. BHO~ 170 CT &% B - HEAREIEER

HEICBT 2EMD, RENE~A 70 CTHRERT
(Fig.2). A, BB XU C 3HHoLMhkE&2m L, D, E,
BXUF BEFHOIBAEETRT (X2), EBEFZa v b
v — L CIA BRI I~ THER R B RE O Il 8 R
B MBS A 6N, HEARRIEEREZ2 > Fa—L
BCB VT 1861835 um, MAMETIX 82533 um, &
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Control |

Fig. 2 Micro-CT images of the spines

BFICB W TIE43£307um TH -7, a v ba— it 30 ‘ * %
L CIA BTN 23f50ERAE2BD I (p<001). £ —
CIABF L EBBE LTIk, W19ffoARAEERED I 2%
(p<005) (Fig.3). %

3. BHEDMBBFIFR = 2

EERREI, CIA B L MY 2 LB, WCERIRE X O E ]
T IC B TR EREORS A bN0S, Th §15 —
kb, EBRBEEOY A TN as—5 v OEERBD A ‘;;’
s’ (Fig. 4). 210

4. BFHEICH T3 MMP-13 BMEMBEDBTE s

HEREE, HHEC B 5 MMP-13 Bkl & 5 3 Zs
(Fig.5). FEERBEIZ CIA BE & B L, #0CE #tR 8 B Ic §

MMP-13 BB1EMINE O R 2 o 7. MMP-13 BiEiftig
Bt U7 & 25, FEERE CTA B & B L Bkl
B 16 fEEREICHmL 72 (Fig.6).

O Control CIA CIA+Pg
n=12 * % :p<00l * :p<0.05
Tukey-Kramer method

Fig. 3 Comparison of the distance
between vertebrae
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CIA+Pg

IVvD

EP

Fig. 4 Histological evaluation of the spine
NP : Nucleus pulposus, IVD : Intervertebral disc, FC : Fibro cartilage, HC : Hyaline cartilage, EP :
End plate.

CIA CIA+Pg
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[o2]
(@)
2

p

MMP-13 positive cell number

Do
(e}
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CIA CIA+Pg

* 1 p<0.05
Mann-Whitney U test

Fig. 6 Comparison of the number of MMP-
13 positive cells in the spine

%

b

AR O CHIES®)E, KB FREIC RA 7L
<~ A TH 5 DBA/1] =7 A% H\T P, gingivalis %
L& 5. L7 5G, SEEEL il ¢, EBFEcF - Bic
B R DL 2D T3, KEFFRIZELH S O T
TP DRERERE 2 C, P. gingivalis WEMEIC G2 5%
BlZowTHE Lz, BT v 7 A8 & D Ehicim
Z, CIA BEL SEBafEA T 2 &, EBREEo RAERD
HEHEE T E L,

RA ONNA A <=—5—TdH % MMP-3 1%, Ficighizk
BRI CRELE I N D Y VRV ENREEECH D, KD
TasA Y h v ESEL, IMiEHD MMP-3 O EfEiE
BATHVE I 28 O RAEFRE 2 3 530 ZH S ofRIc s
W, DBA/1] = AT P. gingivalis Zf&0#% 5.1 7=
& 2 A, P. gingivalis MIEYRMG O EfE, MMP-3 ¥
HL L, ACPAMEICEREA 2D, MER FHEREE
DU & B % 0T b DT 5%,

¥ 2[Rk, WEes X e, S BRI NS
MMP-13 1 & b, FICHUEBIES G ER I 2 L
Hoh T,

AT, ®FEE LRSIV v < F 25T L T\ B IREE
128 THHED MMP-13 @ JR7E % S M8 19 1 B4
L7k 23, WEENIZ MMP-13 BiEfiia o £ % 32
b7-. MMP-13 1%, BEMAdOEREE T ICHER I S
ZEDRENTL Y KPR E VLTS MMP-130 /5
EEHT~NOWEMIESEEL TR EHEESN, T
L RO ERIOMBE LI EC O TE RV EE

HesE e

Ao, £, ¥75=20-0/77 AU — 3
L0, BiZEEEKRIRICBIT 294 71 a5—45 2 D
D LWL D BEERE OB PHER SN, ThiE, RA
BT BB R OETICB VT, BHOEKESTH 3
G AR DA HHEARTEBERE O I IC D 7 v o Te EF X
51, RA OELISRE I N7, XHE OWMED cl1kk
REEE © » EEREE & CIA #ET 0 MMP-13 Bl
40 fEDEDHER I T BD, BHECIZ 1615, KR
Hi iz 81 5 MMP-13 BtEMife & g 2 £ v d
DElotz, B MIBIT S RA OEFERIZTF - B L
BEHICRY, RA OBHEREOFAEME IZE L, Fick
WSEMEDSIFFEELTH B 2 EHBMEI N T 2D S
DEBED, =Y RICBEWVTH RA DR E L THEMEIC
REDSHER I N, Thick b, ZHS 0%GHED L
Hip 2B CH FARICEEERIZT E WS C

EWREEND, £, BcBI 394 T las—7
v DR RE 2 B2 T 5 T L THE O 23 EEE I
WA TE, RA DIEROEAMADHERTE /2.

KifFFeic & b, P. gingivalis D OAREEGESa 5 — 7 v
FIHEH LT TV <Y 2O LT MWIERE B &
BT ENTRBREINT,

—77, WRED RA OFIEICHEEZKIET A H =X L
& LT, ACPAMNORFIIHRESN TV S, FETIE
Tsukasaki 5°723, BEEiY v~ F ORIEZE L L 72 5
BRIC BT, RIEMWHA FHA v THBIL-6 DIEMIC
& o TEMFEMEIHIME T Mg (pTreg) PEERT
Foxp3 OFH %L\, Thl7 Mg~ L &L, ZhdEd
f#iV Y < FRTCORIERLEBIELEET 2 C L 2w
LTED, SBIL-6DBGIc W TR LTV EL W,

& &

P. gingivalis ® OGS RA OEHIC 5 2 3820
OWTHRSL7-®, RAETIV=D AT P. gingivalis %
ApeR s EHBHEDO <A 7 v CT & - RS2 S
WORRET L 726658, DT ofiimz &7,

1. Rz vy 7 2, Bifto~A4 7u CTiR LD,
FEEETE IO AR & I LR BERE O R, RA DI
DT,

2. BHERIEI oM B 5, FEBREEIION IR & g
L CHitZE & TGRS 4 TN as—7 volEdic
L DB DOWIERED I, o RIBEREIC X 5 MMP-13
P ARG IS F AR R B 12 % 380D, SEBRT 1o A
& HR LAY 1.6 f50 MMP-13 bptEflfiags 2380 72,

3% 5 DBA/1] = ™ XIZ P. gingivalis % I PEEG X
5 L, BB SER 0 HEA, FBHIC MMP-13 O%
WEBEMI ¥ RAREZIEEIL 2 LPRBINT.
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Effect of Oral Infection with Porphyromonas gingivalis on Spinal Lesions
in Collagen-induced Arthritis Model Mice

SATO Takumi, YASUDA Tadashi, MORINAGA Hirotsugu,
SHIMIZU Yuta, IKAMI Hirotaka, HASEGAWA Toru,
KanavyaMa Keiichi, KitAco Mitsunobu and TATSUMI Junichi

Department of Periodontology, Division of Oral Infections and Health Science, Asahi University School of Dentistry

Abstract

Purpose: It is important to elucidate the relationship between periodontal disease and rheumatoid arthritis
(RA). Thus, we investigated the effect of oral infection with Porphyromonas gingivalis on the exacerbation
of RA by histopathological and imaging analysis using an RA mouse model.

Methods: In this study, 11-week-old DBA/1] mice were used as RA model mice for collagen-induced
arthritis. In the experimental group, 0.1 m! of P. gingivalis (1 x10° CFU/ml) suspended in 25% carboxymeth-
ylcellulose (CMC) was administered directly into the oral cavity of mice every other day. In the control
group, 0.1 m/ of 25% CMC was administered in the same manner. At day 45 after oral administration, mice
in both groups were sacrificed, and the left lower limbs and spine were collected and analyzed. Soft X-ray
images of the left lower limbs were used to evaluate the development of RA symptoms. The periarticular
bone tissue of the spine was evaluated by micro-computed tomography (micro-CT) or histological morpho-
logical observation by safranin O/fast green staining. In spinal joints, immunohistochemical staining using
matrix metalloproteinase-13 (MMP-13) antibody was performed to detect the type II collagen present in the
cartilage.

Results: Soft X-ray showed ankylosis, bone obscuration, and a rough appearance in the experimental group.
Micro-CT analysis showed a significant decrease in the interspinous distance in the experimental group. His-
tological analysis showed a marked decrease in type II collagen in the cartilage endplates. Furthermore, the
number of MMP-13-positive cells detected in the cartilage endplates and fibrous rings was 1.6 times higher in
the experimental group than in the control group.

Conclusion: Oral infection with P. gingivalis promotes tissue destruction in the spinal joints of the mouse
model of collagen-induced arthritis, suggesting that periodontal disease caused by P. gingivalis may have a
systemic effect on the progression of symptoms in patients with rheumatoid arthritis.

Key words: rheumatoid arthritis, periodontal disease, matrix metalloproteinase-13
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Fig. 1 Flow of microscope training
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Table 1 Guidance of demonstration

Positioning
Based on the 12 o’clock position

Look into the lens while facing the front and sitting up straight

Focus adjustment

Focus by moving the microscope and the patient position at low magnification

Increase the magnification sequentially from the low magnification with a wide surgical field

Center the object in the field of view

Finely adjust the focus with the focus dial

Instrumentation

Hold the surface reflection mirror with left hand

Stabilize the surface reflection mirror with a finger rest

Adjust the angle of the reflection mirror

Table 2 Focus adjustment time (Second)

Category Median 25% 75%
18Before 213 128 372
18 After 85 575 99
19Before 367.3 186.8 620.3
19GW 63.3 38.6 88.1
19After 427 354 50.1
20Before 480.5 210.1 1,084.8
20SS 69.3 54.0 108.3
20After 51.6 381 89.7
Instructor 33 285 37

& R

1. 2020 FEDOER

EHIAEH D Moodle 7 2 i, 10 s st, BEA
210 &, REED S &, FHEIE 814, FRME (25%
R—k A0, 5% 8—k & AL) 1E8MH (T4, 9
) Thoto, HAFHEERRE (B) ohifE (25%/%—
LA, 5% S—+1 & AV) 1%, 20Before 7% 480.5
(2101, 1,084.8) 72-7=4%, 20SS 1% 69.3 (54.0, 108.3),
20After 12516 (381, 89.7) 7 b, £H 5 bEML 2.

2. 2018 &, 2019 £E £ DL

2018 EFE, 2019 £EFE B & OF 2020 HEE £ SRR
%83 (Table 2, Fig.2, 3). E BB K O Hl
(18Before, 19Before, 20Before) 1%, 3L b HEEE%
HDhots, FTEVAFL—varOENCHIEL7-
19GW & 20SS I TR ERE%2BO d o7z, EHEKT
BRICHIE L 7z 19After & 20After T ERZEZR D72,
F72, 19After 34 VA I 09 —HHEEREZBD R
ot Ds, 20After 34 VA NI 2L ORICER

(Sec)

3,000

2,500

2,000

1,500

1,000

500 é %
0 = L

18Before 19Before 20Before

Fig. 2 Focus adjustment time at the beginning of
training

No significant difference was found in all results.

(Sec) *
200

180
160
140
120
100
80
60
40 E%ﬂ %;

20

18 19 19 20 20  Instructor
After GW After SS After

* 1 p<<0.05

Fig. 3 Focus adjustment time during and after train-
ing
No significant difference was found in 18After,
19GW and 20SS. 19After is not significantly different
from the instructor, but is significantly different from
20After.
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Evaluation of Microscope Training during the Covid-19 Pandemic

Ko Kazuki, TANAKA Masashi, MiyAMoTO Yuka®,
AKAHORI Hiroki, YOKOKAWA Daisuke, SAKAI Chinami,
HasecAwA Tomoya, WANI Mamoru, ToMITA Masatsugu,
TAKEDA Shinpei, TAKITANI Yoshiaki, NAGAYAMA Motohiko™®
and KAwANO Satoshi

Department of Endodontics, Division of Oral Functional Science and Rehabilitation, Asahi University School of Dentistry
*Department of Oral Pathology, Division of Oral Pathogenesis and Disease Control, Asahi University School of Dentistry

Abstract

Purpose: Since 2018, the Asahi University School of Dentistry has been holding hands-on training using a
microscope (“microscopy training”) for fifth-year students undergoing clinical training at the Department of
Endodontics. The introduction of group learning into microscopy training has enabled students to focus as
smoothly as instructors. However, the Covid-19 pandemic that began in 2020 resulted in a number of
unavoidable lifestyle changes. In the university educational setting, countermeasures had to be introduced to
enable lectures to be held for large audiences and to hold practical sessions, and microscopy training for clin-
ical training was no exception. In 2020, the previous group learning format of microscopy training was
replaced by individual practical learning at a time specified by the instructor. We compared the effect of this
change in method on learning and report the results here.

Method: Microscopy training was provided to 42 students who applied to participate. Handouts summariz-
ing the structure and the method of using the microscope were distributed 1 week before the training, and
advance study was encouraged. At the beginning of the training session, the time taken to focus at maxi-
mum magnification on the orifice of the palatal root canal of a maxillary left first premolar fitted to a model
jawbone was measured. The participants then engaged in individual learning with the microscope while
referring to the handouts. Next, the instructor provided feedback and performed a demonstration, after
which further time was allotted for individual learning. The focus adjustment time was re-measured at the
end of the training session, and statistical analysis was conducted using a Mann-Whitney U test with p<<0.05
regarded as significant.

Results and Discussion: There was no significant difference in the time required to focus at the beginning
of the training session between the 2020 and 2019 students, which involved group learning. However, the
focus adjustment time at the end of the individual learning in 2020 was significantly longer than that of the
group learning implemented in 2019. Although the results of this study did show a significant difference in
focus adjustment time, we do not conclude that individual study is inferior. Instead, the results appear to sug-
gest that the effectiveness of individual study is not maximized when it simply replaces group learning, and
that further creative adjustments to learning methods are required to fit the context.

Key words: Covid-19, microscope, self-study
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Table 1 Characterisitcs of patients according to the new classification for periodontits

Stage Grade Extent
Factor 1 I il I\% A B C Localized Generalized
(N=12) (N=77) (N=18) (N=64) PV  (n=5) (N=177) (N=157) PV (N=161) (N=175) PV
Gender (%) Male 3 (250) 16 (208) 66 (355) 19 (297) 0123 0 (00) 44 (249) 60 (382) <005* 48 (293) 56 (320) 0638
Female 9 (750) 61 (79.2) 120 (645) 45 (70.3) 5 (100.0) 133 (75.1) 97 (61.8) 116 (70.7) 119 (680)
Age, mean®SD 388+9.1 476%105 522%106 59.3+£98 <001 620+65° 51.3+=116 526109 0079 507117 533+108 <001°
Grade (%) A 183 452 000 000 <001° — - — — —
B 10 (833) 73 (94.8) 79 (425) 15 (234) — — — — —
C 1 (83) 0 (00) 107 (575) 49 (76.6) — - - - -
Extent (%) Localized 0 (0.0) 36 (468) 116 (624) 12 (188) <001*° 2 (400) 102 (57.6) 60 (382) <001 — —

Generalized 12 (100.0) 41 (532) 70 (37.6) 52 (81.2)

3 (600) 75 (424) 97 (618) - -

SD : standard deviation

a : Pearson’s chi-square test or Fsher’s exact test
b : One-way analysis of variance

¢ : Student’s t-test
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Table 2 Periodontitis-related tooth loss per patient according to the new classificaion

of periodontitis during maintenance

Number of periodontitis-related

Number of tooth loss per patient during
patients maintenance (%)

Stage Grade Extent 0 1 >1
I 12 12 (1000) 0 (0.0) 0 (0.0)
I 77 77 (1000) 0 (0.0) 0 (0.0)
| 186 147 (790) 23 (124) 16 (86)
v 64 25 (39.1) 15 (234) 24 (375)
A 5 5 (100.0) 0 (0.0) 0 (0.0)

B 177 171 (96.6) 4 (2.3) 2 (11)
C 157 85 (541) 34 (21.7) 38 (24.2)
Localized 164 145 (884) 17 (104) 2 (12)
Generalaized 175 116 (66.3) 21 (120) 38 (21.7)

il B Localized 64 62 (96.9) 2 (31) 0 (0.0)
Generalaized 15 14 (93.3) 0 (0.0) 1 (6.7)

C Localized 52 41 (788) 10 (192) 1 (19)
Generalaized 55 30 (54.5) 11 (200) 14 (255)

v B Localized 4 4 (100) 0 (0.0) 0 (0.0)
Generalaized 11 8 (727) 2 (182) 1 (9.1)
C Localized 8 2 (250) 5 (625) 1 (125)
Generalaized 41 11 (26.8) 8 (195) 22 (53.7)
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Fig. 1 Kaplan-Meier event-free curves for periodontitis patients, according to stage (a),
grade (b), extent (c), sex (d) and age group (e)

(a) p-value from log-rank, <0.01 for overall, stage I vs stage IV, stage Il vs stage
III, stage I vs stage IV, and stage 1I vs stage IV. (b) p-value from log-rank, <0.01 for
overall and grade B vs grade C. (c) p-value from log-rank, <0.01. (d) p-value from log-
rank, 0.11. (e) p-values from log-rank, <0.01 for overall and <50 vs =60
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Fig. 2 Kaplan-Meier event-free curves illustrating the effects of stage according to
grade B (a), grade C (b), localized (c), and generalized (d) patients

(a) p-value from log-rank, <0.01 for overall, stage Il vs stage IV. (b) p-value from

log-rank, <0.01 for overall and stage Il vs stage IV. (c) p-value from log-rank, <0.01

for overall, stage I vs stage IV, and stage Il vs stage IV ; <0.05 for stage II vs

stage 1II. (d) p-value from log-rank, <0.01 for overall, stage I vs stage IV, stage 1I

vs stage Ill, stage Il vs stage IV, and stage Il vs stage IV ; <0.05 for stage [ vs

stage III.
Loc : localized, Gen : generalized
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Fig. 3 Kaplan-Meier event-free curves illustrating the effects of grade according to

stage Il (a), stage IV (b), localized (c), and generalized (d) patients

(a) p-value from log-rank, <0.01. (b) p-value from log-rank, <0.01. (c) p-value from

log-rank, <0.01 for grade B vs grade C. (d) p-value from log-rank, <001 for grade B
vs grade C ; <0.05 for grade A vs grade C.

Loc : localized, Gen ; generalized
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Fig. 4 Kaplan-Meier event-free curves illustrating the effects of extent according to
stage Il (a), stage IV (b), grade B (c), and grade C (d) patients
(a) p-value from log-rank, <0.01. (b) p-value from log-rank, 0.34. (c) p-value from
log-rank, 0.28. (d) p-value from log-rank, <0.01.

Loc : localized, Gen ; generalized.
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Fig. 5 Kaplan-Meier event-free curves for stage (Il and IV), grade
(B and C) and extent

p-value from log-rank, <0.01 for overall, stage Il grade B Loc vs
stage Il grade C Gen, stage IV grade C Loc, and stage IV grade C
Gen, stage Il grade B Gen vs stage IV grade C Gen, and stage I
grade C Loc vs stage IV grade C Loc and stage IV grade C Gen,
<0.05 for stage Il grade C Gen vs stage IV grade C Gen.
Loc : localized, Gen ; generalized

Table 3 Univariate and multivariate Cox regression analysis for stage, grade, and extent during maintenance

Univariate Multivariate
Variable Number of Crude 95% Confidence Adjusted 95% Confidence
. . . value . . p-value
patients hazard ratio interval hazard ratio interval
Gender
Male 104 1.00 (Reference) 1.00 (Reference)
Female 235 0.68 043-1.09 0.11 0.81 0.50-1.31 0.46
Age 339 1.03 1.01-1.06 <0.01 1.02 0.99-1.04 046
Stage
Stage 1-1II 275 1.00 (Reference) 1.00 (Reference)
Stage IV 64 6.67 4.23-1051 <001 271 1.66-4.44 <0.01
Grade
Grade A and B 182 1.00 (Reference) 1.00 (Reference)
Grade C 157 18.96 8.20-43.83 <001 14.6 6.15-34.5 <001
Extent
Localized 164 1.00 (Reference) 1.00 (Reference)
Generalized 175 373 2.17-640 <0.01 214 1.21-377 <001
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Association of the New Periodontitis Classification with Non-incidence Rate
of Periodontitis-related Tooth Loss during Maintenance

SHIMABUKURO Yoshio?, TAKEDACHI Masahide!, SaAwapa Keigo!,
KosHumvizu Mami? NisHIBATA Takako? Iwayama Tomoaki',
Fuptwara Chiharu! and Murakamt Shinya!

"Department of Periodontology, Division of Oral Biology and Disease Control, Osaka University Graduate School of Dentistry
%Shimabukuro Dental Clinic

Abstract

Purpose: Few studies have investigated the 2017 classification of periodontitis and its effects on the prog-
nosis of periodontal disease in Japanese people. The aim of this study was to assess the association of the
new periodontitis classification with changes in the non-incidence rate of periodontitis-related tooth loss
during maintenance.

Methods: A total of 339 patients treated for periodontitis with a minimum follow-up period of 5 years at a
dental clinic in Osaka were retrospectively categorized according to the new 2017 classification of periodonti-
tis at baseline. The association of the new classification of periodontitis with the non-incidence rate of
patients with tooth loss due to periodontitis during maintenance was explored. A Kaplan-Meier survival anal-
ysis and log-rank test were performed to show the event-free curves of periodontitis-related tooth loss over
time. A multivariate Cox regression analysis for the dependent variable was used.

Results: At baseline, patients with a mean age of 52.0%x11.3 years with a mean number of teeth of 26.3%
3.6 were followed for a mean period of 98.8+28.2 months. Overall, 12 patients were classified as stage 1, 77
as stage II, 186 as stage III, and 64 patients as stage IV. Five patients were classified as grade A, 177 as
grade B, and 157 as grade C. Patients were classified as localized in 164 cases and generalized in 175 cases.
Tooth loss due to periodontitis was not found in Stage I or II or grade A patients during maintenance. The
8-year event-free survival rates for tooth loss were 80.8% and 37.8% for stage IlI and stage IV patients,
respectively, 96.8% and 56.9% for grade B and grade C patients, respectively, and 89.6% and 67.5% for local-
ized and generalized patients, respectively. Statistically significant differences were observed among stages
and grades, and between extents. The multilevel Cox regression analysis demonstrated that the new peri-
odontitis classification was associated with the event-free rate for periodontitis-related tooth loss.

Conclusion: The new periodontitis classification has been shown to be a useful predictive tool for patients

without periodontitis-related tooth loss.

Key words: new classification of periodontitis, Kaplan-Meier survival curve, event-free survival rates for tooth
loss
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