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The New Classification of Periodontal and Peri-implant Diseases
and Conditions
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Department of Periodontology, School of Dentistry, Aichi Gakuin University
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HRIEBERIBICB 2 an F A4 LV ZARBRYYENEDIZCE D -
hE, HED S O

I O R =TI S S i I S -

SHEdaml Rt - RS
*HRORERHERIRY: (TMDU) R¥BEEE AR A II7ER B RE MRS Aai e 5 alflfl s o

Wiz

2019 4E 12 HichE QR 5 BIE L 2 FiH a o F 7 4 L AEGHE (COVID-19) ek b, HRPOERHE
fliE 22> T WEERICIET L 72z, COVID-19 O REGHEARAI & b, RFHAKIC B T 2 BNER Y 2 7 OF S A
fEHEhTwied, BEFHFRICO W TOYHNIEPERTH o 7o, AfECIdREIND 2 72 i Bl 3 3
EREEL 226, HERTH O T COVID-19 I8 L /- BRHERi 72 b 23 EE 2 5wk 5 1007z 5 £ ToORMEE
BN 5.

LA DB, REdEALO 1121 B AOHEHEEZ AR T 2 ERETcH 5. 2019 4F 12 A 31 HIZHKEA
BB A2 & L CHeds Sz COVID-19 iZ 2 B2 IR L, #2020 £ 1 H 23 HICRET 158 B
HEO2TNe vy 7897 VIGBWRAE N, THICEDLEMILEABIND, ARTORAED L WEEHEEDLE
B2 L, RETHNCRRER LR ANERGEO A2 EESEREOZ I ANET TSN, RERTH
RIS D T v ¥ v /TR 32 6z, PEAETIRAEE KRR S 2/ TH D, TEEZNET B EELBD
—DTH 5, RERFHAETERHE I H I ERTRT T COaER T ANEHIZ /L, EiEL SNS 2R H
Licd v o4 VB FG Uiz, BB HOFEITIGORE & FBOENIC I > TRESN, FLE- K
WYEHA F o4 LTHRES N, FABticiday 289 odicE 2025 A0 EEREKEEL, 9 ADKEEE R
% v 71T severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) OEED D s sz, Bl a R
FORBUTTIRE DEFELOWAL, Z0¥EMU L2 BANRESTFOAEN O, oL I ALNICHHE
N BEREH O EBHAEE S —D>DIRBHICED 5N 2 £ T, COVID-19 OHEBHEEANDHEL ST 5 72
HOBERBELNT — I BPEES NI, vy 78 VREREE, EED DR 72 BRE % B A CRERT Y
HREEEEE T O — M ERAE S H S Tz,

R AT O SR O B EE R 2 ME T 2 2 itk b, REOWEBIEM bR EH 2EREEL B
COVID-19 DBERIAKZ L RICT D YT 7- 2 EDHL NI TR 72,

F—7—FK:COVID-19, #HManvF I 4 L2 (SARS-CoV-2), i, HRHEE, AT

BEEEF AT  FHES

T 101-8643 HEUART-ARH XA EAIRET 1 Fih =I5 &mbt skt - et apEstet
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2019 R IR EE A\RILAE (R E) #dha T o %
ELHHaw F 940 2EYE (COVID-19) oittH#
(72 BRIERIC & b, bbb ERHER 2> TREER L
DB VHBICEE TSI kot FENDL ]
FENT L HME L 72 2020 4E 11 A3 S COVID-19 it
M7y y 23kl <8 Y, £2 027k c
BRI RZIZ 5 - dFEOa v 7 7Y VIiciEAaE) 2
E b N7z,

BE OB, MERCIEZ Sk 2REOFRE, &
BNV FE—2ARBERA T —5—offificksz7no
VIVFEE T SRS 5, sERARICE 1T 5 COVID-19
DEENEEGY 2 7 O S FERIEAIM & v s <
%719 BIE TR FE O GIREEKE, REaNRek
WEHEE D 72 @ COVID-19 ERFE A4 R4 v %
BRELTWEY, RAOBPERE L &> 2 RETOR
BrrH L TCINs2EETEILIETERY, AR
ERESCHER, PERESCE, THEENOE®R - AW EER
L, EAHEBIES 28O TRER L 72 1000 7 ABE D
Uy 7Y r0Ekd, REOWEIERMZEAED XS
12 COVID-19 OFATICMIEL, £ D & 5 B D HEHA
EETRICIREL 22t o THEBE2ED L E2HN
95,

EERTHEER

A8 0B E, HET P ERE O FULENICAIE L,
HRE O ZEBOBEME LCHE L (Fig 1), WATIX
RILLEILAARLTE Y, ZhickvED, RE, =
B =o gl (M) o ons, TRE) o4k
1926 £EiC LR ZHEN SIS NI BRI, ZREFNDOED
HEEEHAGDETELSNLZD DTH S (Fig.2). MM
13 8569 km?& LR X b A<, 1121 FAD AL
2FLCw3Y, REH I 2000 FR X b hEHE, BT
W D PEEBEAE I B TR A R E &2 B2 LY, 2010
DI b EINFRAEZE (gross domestic product, BEH
GDP) i L T4 10% B D Z2E L 7= R E % %1 727,
2019 4> 1 A4 7- b 4ERS GDP &, 14554576 (1 S EIG
=156 1 : 2020 4 11 A#E) T b, Zniddst, k
i, RFEL o FEIRFEHOREHEET 20D T
H25Y 19924FE07FVa—-vrory (750 R) &
DEFFALE LI, AARZ & EN O 3 B EEE A
FOREEH PR E, HEEEREIIETTOREF OS]
Lok, TERNREEFLE L EREED
KEDE LY, BETIZ150 282 2 HAME R

COVID-19 FA4: R 0 IREEI B \F % BRHERT O /)it 7

WHEHT L, COVID-19 FE2EDIRNIC IZ AL L RIIHIRSE
2EO 700 N EOHAKADNEREL Tl LIS 0
54,7).

HERFEFHE

REZHEOKBTOLERME LTHH 5N, 80 L ED
EEHEEEPER L Tws, Zhb oLz b
b 5 ERFIT 1893 FFICir SNz PETR D H vk
Fo—>ThHb, FEARINEXRELIREL - T
R—JKY - —IFBHER (Double First Class Univer-
sity Plan) ; Ti&, JUEORY: - fEEERF R L LA TR L
W AgicEEshTw2Y, REMXORHTSH 2
HHADIZ L D IChIiE§ 2 R A1, 1960 4 ICHT
HoMdtEMREORER E Lt#ZankY. QS
World University Rankings iz & #uiF, FI2EE5 0 &M 1%
MBS 32 47, ERBE2 M1 E o TE DO,
EOREELEEETDO—D2TH 5.

HEC I ERE A FEZ E 2 (National Health Com-
mission of China) 733K U 72 bt /G HEHE (The
Measures of the Administration of the Hospital Grade)
I & o TRBEDER DT I dn, D56 ZFFERE
Bt (Public Tertiary Hospital, B&HR @ =H[ERE) 7256 L
e sha, HrsE cI1 2 48 DNkl A = EB I
S E N, BEKAHE I EREE (School and Hospital
of Stomatology, Wuhan University) (ZEEHHNME—O
R = HERTH 21V, 2 OE ERKYEE L SN I
& b ZHERICIZTEERNO BE O RS EBEN S S
720, FEOEEHAED A Y v ¥ — F2RET 2HEHET
borarshTwsl,

COVID-19 OHE4E » S mFHABEZIL@EZ T

2019 4 12 H 31 H, REMHEEMEZES (Wuhan
Municipal Health Commission) (&, EEHT A O X
WCAZE T % R g fE 158 1% (Huanan Seafood
Wholesale Market) % F&4JR & 3 2 iR EAHH O F T 5
oL TS TIERE ALY, 2020451 A 8 Hicid
FEESR T E L+ ~ ¥ — (Chinese Center for Disease
Control and Prevention) Z X », severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) 2S#HiHdfii
ROFREG & LTHEkasni?, PERRTEH
£y —i320204F 1 A 15 HIcBAaEEL V&R Lk
DL~V LIZHE B, HivT 2020 4E 1 H 20 Hic i
FEEHERE S5 COVID-19 # severe acute respira-
tory syndrome (SARS) BEA v 7Lz rv¥ EHEFD
BREEYE IC LY. Chic kb RER &L E
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Fig. 1 The location of Wuhan city in the People’s
Republic of China

L 7cHulsk o B H e ENAIE DS, BIEMNICHIBRE iz Lo %
TrEkd, 512202041 H 23 H, IHEDKMEH %
MWz %1 HE REMEEERKEEO 2T Yy 74
YA EEAL, THIZ20204FE4 H 8 HE TS
W o comy sy 20208487 Hic HATH X
N-BAEEES L O R DT, BE - HKEED
RN DEAFAICHEB XN S L L b, TN
NHEEE X TR TEILL, EELFEMEERYED
ok, BWRAEEOWNE R LA % 57 Hl O MIT O A
o 5N 2020 4FE 1 F 24 HUKE, BB MY
i EREE I T N B R EE 2R T AN D HE—D
JEBEE 22 D, 2 ORIIE COVID-19 D ESALRHTEL 5
C20204E3H2HE THWVAY, X 512020451 H 27
H, #WdbBBIF & b, WAEN T oAk 2w lEHE
BB LANEE X N7 (Table 1),

RWE D 3= P O

WEEHiow y 747 R, N Tl EERT
MR D A DS ERHAR kST L 7219 kT3
SHEBREA O ZERNIBE S N, BERERMER %
D ORI T 2 EHID L 5N BETRIEA
JD20204E2 H3H S I3BEESEICMATE Y I4 v
LEBIRL, 1,600 AL Lo EHEA 2L 7Y
R E O T3 7% social networking service (SNS) TH %
WeChat (Tencent Technology Company, Shenzhen) b
A v 54 VBB D 20 O BREK M RS
7AY v FABERESAY, HMEIC X 3 2R ER TR
fftanr. SNSIZk B4 54 VBETRIEEDORZE
EETFAMHENEAIN, BRRAREONEL R Y
Y-y 2 EBR L 72

RER A Embi Tk, vy 24y %8

B ERT D EREE

pim

AORE g
T T8 R DT AR
WL AR

Fig. 2 Central area of Wuhan city

LT320ADRY v 7282025 A& ERIGETT- 7217,
RN AR E OBBUI PR E TR 1/5 I EFE L L
L7239 FRE o IE SARS 235547 L 72 2002 4E 2> 5
2003 EIC T COFECHLRD ST EY, Zofiic
FEENT I AD XL v 7 D SARS-CoV-2 B s &
nizhs, BEN2 929 —3FERT, BN TORERY
RO LN Y B E LT, 9AHT AL
FRIEMOBEMENFEIN TV B, 22 v 7 OB
FRTRCuy 28y v gHIcEF L Twb ), Kb
T AT AA F 54 I3 HIcB LD L
ZzbhnY,

1. BEODRYY—=>9

EERRAT FOWREHBRICH - h, BEORBEENND
FERZ V==V IR E S R
MERBE Cld SR O WEHERS BT S sict v 94 v
WERHY L, BEOBAkIC S WD ATz, A
VOAVBEICE DAY — = S THRBEDOREES b
BT N, A 14 HE, FEE WPIRERER O v BE
DR F A S N7, R A BRI EE L FEAEE I
=T H e X7 PEZN, REROWE & FIEOHFED
frToni, BE L AL oEigLIxERE N, BIChiE
2B D SARS-CoV-2 1T Y % 72 13 BHREE & 7o 7=
BRI, TAPLLICHETE 2AEHINEZ Sz, BED
373 EL L oFEE 72130, BYlh, WHEE L L oAk
IR EHER 2 2 L T BGE1E, 2 0% COVID-19 &
JEDIEERRREAN EEAZINEBY a2 5y BRI,
RN TR FEEGI K 61 BB, COVID-19 B i R
B9 ERzpfgE SN2,
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(EBZTHEY OO El kre FE FTEEGAHG6HE) W ZETEEMTHEY @ P
BYFHHE BEYaA0L A AT LE 10
EEZUHEY Y HO Q@M 9 ZHHE : q
(B2 628 2 2AF SHELEHLIHE) BTH W6 —*£OVHEICETOQYOEYY I @ ©
IR 2 L £ A KO R YO F A EIR AR AN« N
M ° NEPE A gk % TS 3 WL OTRER LA ) G £ O R 2 A2 ¢ SWOIN 3 VT O BELY N T
(2EH8H Q) WEARIIGE A b & 2 P ¥ 20 SNS @2 [l B N30T«
B 255 OGS N 7 O Z ¥ © 2 M BV Ba BRI - [
GBI A2 2B A B O MM A A 0T B £ 4 = ( 4T OMPENT @ T
¥ T T H) BEULIGER LA L oL ool «SHZHEBYTEEE QY ias s cn0WE - H
HfLO 2V IR ) % 61-AIAOD s H P FEER @ O
(Q HLMOFNT) IR O 2L BAF - A
AT RIEA T U EHHETHEY — 6 2 2Tl S YL MoFE - d
¥ LAY GO 61-AIAOD % Z-A0D-SAVS s¢— & 2 2 il 5L M e :
ST RIEN A NHHETHY — & 2 2T H LA LECARE k- O
FHELNCAFIA YOIV ME NEESE] 7 OHM ¢ SHZHPTEEE : 9
FIDNC R WO ME S HZHB T HIEN 0V
HSHV QwHEZ H 1450208 : < & 4 « oty [
(I 2EM-EH VI H ¢ RIHENT 219 @) HE HE 2%H 72 H T4 020G : diMugs [
o IR W
W T W O [ { 1H 9 d q W a o | 4 Vo
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Table 2 The classification of personal protective equipment (PPE) at the School and Hospital of Stomatology, Wuhan

University CGCER® % 8Z5)

PPE
povanezs Nswas 5T pmw anre
— % — K DEFER S v 7 + — — + +
Grade 1 BHENROERR S v 7 + — — + +
Grade 2 T2 /585 & OIRIEIXI — + + + +
Grade 3 MWEZ/stzBEo7a vl — + + + +
FAEALE
PPE
Sk WA N BRI Vi F 4 2K
: 74 ARH Y i L A on—
(2257%E) I *x 7 Hon s
— 1t —MARDEFER & v 7 + — - — —
Grade 1 EPSESNKDOBERR S v 7 + + - + -
Grade 2 R/ %62 g OIBIEIX I + + + + +
Grade 3 fEZ/BLEEOZ TR Y IV + — + + +
F LB
+ ! necessary, — : unnecessary, £ : depends on the work environment

2. ABED OB

RS A T B b C I E R A L ERE S0 H
A RSAvEEESBLT, RN EBREICIEU 72 per-
sonal protective equipment (PPE) D&kt %475
7219 (Table 2). HARHERT - BHEA - HRIBIT 513, BF
IZBR L T Grade 2 % 721% Grade 3 1[4 9 % PPE % %4
L7z, ¥7BEDOKLEIZ COVID-19 DERV &SI D
WTHSICHEREL TE b, R2ITiE NS < 2 7 L HERR
2EALCHABZHNED VWY, TRTOREBE
BHEECciTbhi., WEHRETORFE L =7V L DH
AT & B BRYUEIREL D fEBR i IC oW TR LART & b iR &
nTEHY, COVID-19icowTh 7 a Y LEREDY
2RI N Liehio TiliE L BEOWN T %
RS =70V VELD SR#ET 27012, BED
NEX 2 =LV AT LET =NV T 72y 20RAS
Wiz, FAEOEED S, 53— L Offi i 2B
725 MoBESEES Y, EEAY FE—2 - 2 —
Y24 L)y POEAIRBAIA 5 h B F iR
I AREFEEZ T B Y LVNO A LV ABEES T 7
b, WEMoXE Fryra—F (1%), #EteFrey e
= 4 (005~010%) 7 Iz & 3 EWAHESE X i ®)
BEANEZ OBICIE, WALEDHIE L2 METFIEIC X
DENMMEFEINEY . @i, TINERS %O
2 E, TITEBEINTEREROLE L PRI TIHERD
BTN A PS4 MEROEREL 7t o7z,

3. BEFAA RT1 DR ERE

REfowy Z7¥ Y yHHE %% 2020541 A 23 HIig,
EREERRZESD> S HilaaF 74 VA BYET
Bi484#t+ (Pneumonia prevention and control plan for the
new coronavirus infection) ; DHIMKAFEFE X 11722,
20204 2 A 11 Hic iz P EERWT 3019 A D EFEEHE D
SARS-CoV-2 I L T3 T L DS DI 755 72,
LRE I NE2FEA R EZTIED, HRZREE - 96
T2EEDIC, LOEEBBRLTHEREOWEILSZAIN
7o, REWIZ BT 5 COVID-19 EGehL R ix, fEF
DANUDPHERBRICE 2 LRET2HEDH o772
%, 2020 42 A 6 Hic 3 KIRICHAI L7 TPpifeet
D 4 AT SN, 7Dk b IR UETRE
I entz,

BT 2020 FE 2 A 14 Hig, RERFEEETO
Li & Meng®7s THEHZ BT 28 a v F v A b 2Bk
FEDFPH & & (Prevention and control of novel coro-
navirus infection in department of stomatology) %
HEOPLE MR (Chinese Journal of Stomatology) (2%
FLl, ThEIBIROFA K54 v, @EOH, RiE
KAWL ERPE CORBZ 2L L7 DTH
%, IR TR D BRI I Nz b Tldiz v
ELpnd, ROBWHKAZEMICEBIT 7Y
EROFREIC OV T ERIN, 1 H2HEOEHNDE
IMRIRG L SRR S hTw e k7, C Tl
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BuctRFcEIh 2 EEOR IV —=v 7, WEHA
BRI O THEE 2 SRR ENTw S,

O, HEEHAEED -0 OF o v F 7 A )L R EGE
FHHA F 74 v EOESE - HERED SHR O TH
xIni, PEOBEBESR cHLINR&E EE S i
CfEeEE224 (Chinese Stomatological Association) D2
FPE3CEE, Chinese Journal of Dental Research 25 23 %
2% (2020 4E 6 H 16 HHR) ik, COVID-19 &y
BHIC DL THEIE > & S & 2 2 WEDBE S B,

HREXRFEFBESEF L 5 DWE

1. WEHRTEDE

REH 0w v 7 & v hic BIERSE SEE B R A
ERICIBIEL 72512025 Ao 2B D55, WHNEEEDE
DREEEDPRRLERD, 774 N (67.3%) WHEBESR % 72
RARMEE A Lk s nzT . WREBRSE T, Ak
HRER 7 5 NI AMERAR D EE 1656 A (81%) H33kKkt
L, HRABEOERE 27T A (13%) TH-o7. HEE
RO BERII N7 <, Seic X 2 281364 A
(32%) WKL ¥ F o717,

Yu bdkm y 7 &y CHIRIN D 20204E2 H 22 HA 5
3 A 2 HIic RS ol - ER b i e % 5 i 72 o IR R 2y
BOBREE2BAMEIHEEL., §H191 A0o&EDS> B
96 A (50.3%) DSHINERES B O TFHEHF LTz, 2018
E(180%, 991 A 178 A) & 2019 4 (135%, 1,047
A 141 A) o R o @@ Bk o B NiRic
R, ERBESTOBREHSGIERICHEML v
7219 2096 NDFHIERE 422 TH b, A
D ENT, INLHZEETH -7, TDIHb
511% X B EARTEHRBER L 2 S, SRS
F4 (167%) &igMARAEEN (104%) OBWiH» hic
FE 7219 FEEIE COVID-19 O FFEASEMBET H % 412,
373 EL EOFRREZIIED SNiah o 7, EFIERM
Kk b, COVID-19 OBHERED 1Z 2, SM:NFEIERER
OEE, FEhl (BRERZ £ 65 SARS-CoV-2 i
DEEbN D — R) % & COVID-19 B & o Efill i
B shzY, hickb 96 Ad 4 Az, COVID-19 ©
WEAEIRE & b ASTEER S vz, 1 Aicid COVID-19 o Bk
FEDRH o 7223, ZRRHTITIBRFEL Tz, 1350 3 Al
COVID-19 Wit Bl & 7z 13 5eiehl & oEME%E 45 LT
Wiz 96 A2 AN3wElo A ERNINTIHEERSERTE
T, 2EBEMUEOREESREE LY $72kEEL 2R
#H DEJE L X)L verbal numerical rating scale
(VNRS)*®z & » CEHMI S iz, 45 Lo Bk, 45
WU TOEEX D HEW VNRS 2 27 2R HENICH
b, SEATSEEEER, SWERARERAR, RAMERE

COVID-19 FA4: R 0 IREEI B \F % BRHERT O /)it 1

Ao alEROEEZ, Er0EBEOEEL D AR
B VNRS 237 %2R L7z, BRIV TRRT RS
FlE LT, mEmRESS & RFBEH R BB OZW 72535
s 8 © VNRS 2 2 7 271 L 7= ekl 232818 &
h, THix COVID-19 DT o3& o LHRAE I 2 %
FAE L7278 EHERIS 17219 KHUBE S st bR 0
DIRICEZ B ow Tk bR h T v,
FhEENEE TR L 25 COVID-19 DfifTic & 5 ikt
BHEAOLENBEBICOLTHESh WY, Lk
Do TEIETHAT FTIREEDLIHRE~DEE D HET
H5L, YubWi3FHicws

2. wmRHERS

RS RTIREEZEO R 208 10 HiEic bz 2 &
ERORIBHA T I i 2 B 2 PER A TV Y| R
mony 74 EHD 2020 5 O FHIRIR O Bk R
EEz o T2, WEHRREIDINIG U 7z BE 1 s B IR
Bl bl Bic e &£, 1H23H»54 A7
H % CItiifRl ¢ 56 ADE&EMIGE T - 721417, hEO %
EIARIRIZ B ICHERL L T\ B 7= D BE H R R 2 23,
20204F1Z 1 H24 H2 5 2 H 2 HE THAEDRE & &
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Table 3 The phased plan to resume the outpatient clinic of the Department of Prosthodontics, Wuhan University (GCRit!? %
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Establishment of Preventive Measures in Dental Practice against COVID-19
during its Outbreak: A Report from Wuhan, China

UsHIDA Keisuke, HirAISHI Noriko™ and TacaMm1 Junji*

Department of Dentistry and Maxillofacial Surgery, Mitsui Memorial Hospital
*Department of Cariology and Operative Dentistry, Division of Oral Health Sciences, Medical and Dental Sciences Track,
Graduate School of Medical and Dental Sciences, Tokyo Medical and Dental University (TMDU)

Abstract

The coronavirus disease 2019 (COVID-19) pandemic started in Wuhan, China, put all dentists in a difficult
situation as modern dentistry had never experienced nor expected before. Even though the higher nosoco-
mial infectious risk of COVID-19 in dental practice was pointed out at an early stage of the epidemic, there
was no reliable method of controlling infection at that time. This article reviews the literature related to the
crisis in Wuhan to figure out how Chinese dentists managed the world’s first epidemic of COVID-19.

Wuhan city, the capital of Hubel province of the People’s Republic of China, has a population of about 11.2
million. As the School and Hospital of Stomatology of Wuhan University (WHUSHS) ranks 32nd among the
world’s dental schools, and second in Mainland China, WHUSHS plays a dominant role in the dentistry of this
megalopolis. The outbreak of COVID-19 was made public on December 31, 2019 by the Wuhan Municipal
Health Commission. On January 23, 2020, due to a rapid increase of COVID-19 cases, Wuhan plunged into a
citywide lockdown, the largest quarantine in history. The government banned non-emergency dental treat-
ment in Hubel province, and all emergency dental patients in Wuhan were directed to WHUSHS. WHUSHS
immediately prepared an emergency dental treatment method tailored to the epidemic, including an online
consultation system on social media for proper screening of emergency patients. Infection control methods
were devised to combat the urgent problem. Their experiences and ideas were promptly compiled and used
to publish accurate guidelines for COVID-19 infection control in dental practice. While a total of 2,025 emer-
gency cases were treated at WHUSHS during the lockdown period, only nine hospital staffs were confirmed
with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection. Among them, no cluster of
disease nor cross infection case was identified. During that time, a greater proportion of endo related
patients was found, whilst the total number of emergency patients considerably decreased. Because all emer-
gency dental cases in quarantine were gathered at one dental hospital, their epidemiological data are valu-
able for analyzing the impact of COVID-19 on dentistry. To resume general dental treatment after lifting of
the lockdown, a cautious and systematic procedure was prepared at WHUSHS.

Our review of publications from WHUSHS and related organizations revealed that dentists in Wuhan tacti-
cally and safely dealt with the world’s first COVID-19 epidemic.

Key words : COVID-19, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), Wuhan, dental
practice, infection control
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Analysis of Biofilm Microbiota Associated with Apical Periodontitis
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Development of
bioactive glass-based endodontic materials

Bioactive glass—based
Root canal sealer

Bioactive glass—based
Pulp cupping material
Amputated material
Perforation repaired material
Retrograde filling material

Bioactive glass—based
Regenerative therapy material
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The Application of Optical Coherence Tomography (OCT)

in Conservative Dentistry
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TLHTED,

OCT BT e FEEEE L ~ VO EREE AR L, O
bIEPRENOEGRICERT LI ENTESL, TF A0
B L RFEOBERERICIZDE] %, DE] 55 T F A VEIC
P TIRIF AVERLF AVER, £ WO F 2
VEICEFERPHARICFRE NS (Fig D?. fligid

AR IBEN AR TR VWEDIE, 5 OHG%EHE
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dentin

Scanning direction
of OCT imaging

Fig. 1
OCT imaging was performed to the lower anterior
tooth horizontally (a)?. OCT could image the whole
thickness of enamel and underlining dentin (b). DEJ
was clearly imaged between the enamel and dentin.

5 5V 7 FuaE e, RN - 72
wo igEHBICEE T L TE S (Fig ),
6 DE] 02t E oKD 518 551 % OCT HERD
FRE e 220X, ERRIS CIaE k28T 25 X CTH
WhERIcR s LEbh 3,
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BHOBZEIZOCT 2w 3 L, SitkoBZ%2 &0,
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OEBRPFE LN, =T AVERNCRE L BHEPRFE
CBALLBRZXH T2 EMNTES (Fig4)?.
OCT HHRIC B J 2 i BHOZWREE IS, i
DEJICEEL 72 BH E R FHICEA LIBHOFHNL,
MHR DD Ebd TEH» 7Y,

EREBEYMOESEOIFRIREE

avyRYy LY riEEREREE T E2 S, OCT
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EAEYINE % R CHE T & 2 JEA I 2mm £ X
L5,

NEIDOHEE S BIFCEETDOL Y v L RE S L
R —2lGgIBoh, BEO EFIXIFLALEA
S5\, L LAEDXRS, Xy v IHhEEENS L OCT
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IEHEZR MBS, 72X v v 7OIEIZ OCT DRI L
TTeberranEoh, T encEr? &

JeTHWIER (OCT) DEEREA &R B 1 2 I6H 37

Fig. 2 OCT image and X-ray image of enamel demin-
eralization for interproximal surface®

a : Occlusal view of proximal contacts. b : Histologi-
cal view of the area of interest stained by 5% acid red
solution. Enamel demineralization penetrating deep
into the enamel (white arrow) and enamel demineral-
ization localized at the superficial enamel (blue arrow).
¢ : Intraoral X-ray image. Evidence of enamel deminer-
alization was not found. d : En face intensity image
generated by 3D OCT. e : Extracted 2D image of the
area along the red line in (d). Left ; The brightness at
the proximal enamel was increased penetrating
approximately half thickness of the enamel (white
arrows). Right ; The brightness of superficial enamel
was slightly increased (blue arrows).
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Fig. 3 Clinical case of OCT image for cavitated prox-
imal caries?

a : Occlusal view of upper premolars before treat-
ment. The tooth structure near the proximal contact
showed chalky appearance, suspecting the presence of
caries. b : 3D OCT image of proximal zone of premo-
lars obtained from(a). ¢ : 2D OCT image obtained from
the 3D image (b) along the red line longitudinally.
Distinct white line penetrating deep into the tooth
structure suggests the cavitation (arrow). d: 2D OCT
image obtained from 3D image (b) along the blue line
horizontally. Cavitation was clearly imaged at the first
premolar (right, arrow). e : Clinical results after the
removal of caries (arrow).

dentin

Fig.4 OCT image of tooth crack penetrating into dentin

(arrows)?
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Fig. 5 Images of occlusal tooth wear’
a . Occlusal view. Slight dent of occlusal cusp sug-
gesting the occlusal tooth wear. b : OCT image of (a).
Occlusal enamel was lost and flattened to cause dentin
exposure (arrow). Remaining enamel thickness and
location of dentin exposure were clearly shown in OCT
image. ¢ : Cross-sectional view of (a). Despite the
remaining enamel was extremely thin, presence of
dentin exposure was not clear (arrow). d : Scanning
confocal laser microscope (CLSM)image as a validation
of tooth wear level. CLSM showed the dentin exposure
at the occlusal cusp (arrow).
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Study on Polymerization Contraction Stress of Bulk-fill Resin Composites
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Abstract

Purpose: While incremental filling is recommended for deep cavities when a light-cured composite resin
(CR) is used, because of issues such as polymerization contraction stress and irradiation depth, bulk-fill CRs,
which can be filled in large cavities at once, have been developed and used in clinical application. This study
examined the effects of the polymerization contraction stress of bulk-fill CRs in high C-factor cavities by con-
ducting visual evaluation using polycrystallized glass blocks, shear bond strength tests on bovine dentin, and
measurement of the residual volume after curing.

Materials and methods: Bulk Base Hard (BH) and Beautifil Bulk Flow (BF) were used as bulk-fill CRs,
and Gracefil Flow (GF) as a conventional CR. As bonding systems, Clearfil Mega Bond2 (MB) and Clearfil
Universal Bond Quick ER (ER) were used. Bioram-M was used as the polycrystallized glass block. The
groups filled with each CR after bonding treatment with MB were designated as the MBH Group, MBF
Group, and MGF Group, and the groups filled with each CR after bonding treatment with ER as the EBH
Group, EBF Group, and EGF Group. A cylindrical cavity of 4.5 mm diameter and 4.0 mm depth in Bioram-M
was formed, the cavity was repaired, and the state of gap and crack generation was classified and scored.
Furthermore, a flat dentin surface on a bovine front tooth was prepared, repaired, and then the tensile-shear-
ing strength was measured immediately after bonding.

A rubber ring jig with 4.5 mm diameter and 4.0 mm height was prepared and each CR was filled in a
darkroom to prepare cylindrical samples. The specimen was soaked in acetone immediately after curing, and
the unpolymerized parts of the CR were removed. The residual volume of each specimen was measured
after removing the unpolymerized CR.

Results: As a result of visual evaluation, a significant difference in the state of gap and crack generation
was observed in the MBH and MBF Groups compared to the MGF Group, and in the EBH and EBF Groups
compared to the EGF Group (p<0.05). The MGF and EGF Groups showed gaps at the cavity floor. In addi-
tion, the bond strength of the MBF Group was significantly higher than those of the MBH and MGF Groups
(p<0.05). The bond strengths of the EBF Group and EGF Group were significantly higher than that of the
EBH Group (p<0.05). Although the residual volume of BH and BF were significantly larger than those of GF,
there was no significant difference between BH and BF (p<<0.05).

Conclusion: The results indicated that care is needed during the filling operation of bulk filling with bulk-
fill CRs, as the problems caused by polymerization contraction stress are not completely eliminated in high
C-factor cavities, even though it is effective for the bonding of deep cavities.

Key words: bulk-fill composite resin, polycrystallized glass block, polymerization contraction stress, C-factor
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Introduction

Today, light-cured composite resins (CRs) are used
for repairs in various dental treatments, as the range of
their clinical application has been expanded through
improvements in adhesiveness to dentin and mechani-
cal propertiesl'Z). However, problems such as coloring
on the edges, separation or fracture of repair material,
and contraction gap, which are caused by the polymer-
ization contraction of CRs, have emerged3'4>. The con-
traction stress caused by polymerization contraction
not only causes cracks and gaps to form on the adhe-
sive interface and deteriorates the bond strength, but
also causes some effects on the dentin®®. It has also
been reported that the effects of polymerization con-
traction increase in cavities with a high value of Config-
uration-factor (C-factor), as proposed by Feilzer, et al”,
namely cavities in which the bonding area is larger
than the unbonded area of the repair material, and that
the bond strength deteriorates as the depth of the cav-
ity is larger even if the C-factor is low®. To overcome
the limitation in polymerization depth of light-cured
CRs and minimize the polymerization contraction
stress, incremental filling is recommended for large and
high C-factor cavities with depths exceeding 2.0
mm®'?. Bulk-fill CRs, which can be filled at once in
large cavities with depths exceeding 2.0 mm, have been
developed and used in clinical application in recent
years, since a reduction in chairside treatment period
and mitigation of the burden for the patient can be
expected by simplifying the treatment method" .
However, there have been only a few reported studies
on the effects of the polymerization contraction stress
caused by restoration using bulk-fill CRs to deep and
high C-factor cavities.

In this study, we conducted a visual evaluation using
polycrystallized glass blocks which can bond with CRs,
shear bond strength tests on bovine dentin, and mea-
surement of the residual volume of CR block immedi-
ately after curing through dissolution in acetone to
examine visually the effects of the polymerization con-
traction stress on bulk-fill CRs in deep and high C-fac-
tor cavities.

Beatk Hle

Materials and Methods

1. Materials for experiments

Table 1 shows the light-cured CRs and bonding sys-
tems used in this study. For light-cured CRs, Bulk Base
Hard (BH; Sun Medical Co. Ltd., Moriyama, Japan) and
Beautifil Bulk Flow (BF; Shofu Inc., Kyoto, Japan) were
used as bulk-fill CRs, and Gracefil Flow (GF; GC Corp.,
Tokyo, Japan) as a conventional CR. As bonding sys-
tems, Clearfil Mega Bond2 (MB; Kuraray Noritake Den-
tal Inc., Tokyo, Japan) and Clearfil Universal Bond
Quick ER(ER; Kuraray Noritake Dental Inc) were used.
Bioram-M (Nippon Electric Glass Co., Ltd.,, Otsu, Japan)
was used as the calcium phosphate-based polycrystal-
lized glass blocks, and PenCure (J. Morita Mfg. Corp.,
Kyoto, Japan) was used as the LED light irradiation
device. For classification of the specimens after bonding
treatment in each experiment, the ones that were filled
with each CR after bonding treatment with MB were
designated as the MBH Group, MBF Group and MGF
Group, and the ones that were filled with each CR after
bonding treatment with ER as the EBH Group, EBF
Group and EGF Group.

2. Experiment methods

1) Visual evaluation using Bioram-M

Visual evaluation was conducted using Bioram-M
according to the method of Kawamura'®. Bioram-M
was polished from #60 to #600 with waterproof abra-
sive paper to prepare a flat surface. A cylindrical cavity
of 45 mm diameter and 4.0 mm depth (C-value=5.0)
was formed on the flat surface using diamond point
#211 for FG (Shofu Inc) and diamond point #18a Class
C for low-speed HP (Shofu Inc) under irrigation (Fig.
1). After conducting ultrasonic cleaning for 5 minutes,
bonding was conducted using bonding system MB or
ER according to the manufacturer’s instructions. Each
CR was filled in bulk to irradiate light with PenCure for
20 seconds to cure the CR, then the specimens were
soaked in water at 37°C for 24 hours after the bonding
procedure. The specimen was cut using a low-speed
diamond saw (Model 650, South Bay Technology Inc.,
California, USA) so that it went through the center of
the cavity, and the cut surface was polished from #600
to #2000 with waterproof abrasive paper. Then the
state of gap and crack generation was observed with a
laser scanning confocal microscope VK-X100 Series
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Table 1 Materials used
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Materials Code Composition Manufacturer Lot No.
Methacrylic acid esters (Bis-MPEPP, etc.), Acrylic
Bulk Base Hard . . . .
(Universal) BH acid esters (urethane acrylate), Barium silica glass, Sun Medical VGI11
Composite Strontium silica glass, Aromatic amines, etc.
resin Beal.ltifil Bulk Flow BF Glass powder, BISGMA UDMA, Bis-MPEPP, Shohu 022041
(Universal) TEGDMA, Reaction initiators, Colorants, etc.
Gracefil Flo (A2) GF  Barium glass, Bis-MEPP GC 2002171
Two-step self-etch adhesive
Primer : 10-MDP, HEMA, Hydrophilic aliphatic
. dimethacrylates, DL-CQ, Water, Accelerators, Dyes Kuraray
Clearfil Mega . . . .
Bond? MB  Adhesive : 10-MDP, HEMA, Bis-GMA, Hydrophilic Noritake 000098
on
Bonding aliphatic dimethacrylates, DL-CQ, Colloidal silica, Dental
agent New initiators, Accelerators
One-step self-etch adhesive
. . 10-MDP, Bis-GMA, HEMA, Hydrophilic amide Kuraray
Cleafil Universal . . .
. ER  monomer, Colloidal silica, Ethanol, DL-CQ, Acceler- Noritake BCO234
Bond Quick ER . .
ators, Water, Sodium fluoride Dental

(CLSM; KEYENCE Corp., Osaka, Japan). The state of
gap and crack generation was classified and scored
according to the method of Kawamura'® (Fig. 2). The
number of specimens was set to 10 in each group, and
statistical processing using the Kruskal-Wallis test and
the Steel-Dwass test (p<0.05) was conducted.

2) Shear bond strength tests

As test teeth, bovine front teeth that had been frozen
for storage after extraction were used by defrosting
them immediately before the experiment. After prepar-
ing the flat dentin surface with a modeling trimmer, the
bonding surface was prepared by polishing it up to
#600 with waterproof abrasive paper. A piece of dou-
ble-sided tape with a hole of 3.0 mm inner diameter was
placed on the bonding surface, then a black nylon tube
of 25 mm inner diameter and 4.0 mm height was fixed
to specify the bonding area. The bonding procedure
was conducted according to the manufacturer’s instruc-
tions using bonding system MB or ER. Each CR was
filled in bulk and cured by irradiating light with Pen-
Cure for 20 seconds. Immediately after the bonding
procedure, the shear bond strength was measured
using a universal testing machine AUTOGRAPH AGS-]
5 kN (SHIMADZU Co., Kyoto, Japan) at CHS=1.0 mm/
min. The number of specimens was set to 10 in each
group. Statistical processing was conducted using one-
way analysis of variance and Tukey’s test (p<<0.05).

.

Longitudinal section

Fig. 1 Bioram-M
A cavity of 4.5 mm diameter and 4.0 mm
depth was formed in Bioram-M, which is the
polycrystallized glass block. It can bond with
CR via bonding systems.

This experiment was conducted after receiving
approval from the Animal Care and Use Committee,
Osaka Dental University (Approval No. 20-04009).

3) Measurement of cured volume

A rubber ring jig with 45 mm diameter and 4.0 mm
height was prepared and each CR was filled in bulk in a
darkroom. The cylindrical sample was prepared by
irradiating light with PenCure for 20 seconds with the
specimen pressure-welded with a slide glass. The speci-
men was soaked in acetone immediately after curing,
and subjected to ultrasonic cleaning for 60 seconds to
remove the unpolymerized parts of the CR. The resid-
ual volume of each specimen was measured after



42 H KX | B & #F % M 5 o4k Hle
A o e A g A
£ g g A £
Q Q o o Q Q
N~
crack gap
Class | Class 1l Class III Class IV

Fig. 2 Classification of gap and crack formation

Class 1 : Specimens with no cracks in the proximity of the cavity or gaps at the

cavity floor. Class Il : Specimens with some cracks on the side walls but no gaps or

cracks at the cavity floor. Class III : Specimens with cracks on the side walls and

cavity floor. Class IV : Specimens with cracks on the side walls and gaps at the cav-

ity floor. No other states were observed.

removing the unpolymerized CR with CLSM. The num-
ber of specimens was set to 10 in each group. Statistical
processing was conducted using one-way analysis of
variance and Tukey’s test (p<0.05).

Results

1. Visual evaluation using Bioram-M

As shown in Figure 2, the results of gap and crack
generation state were classified as described below.

Class I: Specimens with no cracks in the proximity of
the cavity or gaps at the cavity floor.

Class II: Specimens with some cracks on the side
walls but no gaps or cracks at the cavity floor.

Class III: Specimens with cracks on the side walls
and cavity floor.

Class 1V: Specimens with cracks on the side walls
and gaps at the cavity floor.

No other states were observed.

Table 2 shows the score results when using MB as
the bonding system, and Figure 3 the typical CLSM
observation image on the longitudinal section of each.
Table 3 shows the results using ER, and Figure 4 the
typical CLSM observation image on the longitudinal
section of each.

As a result of the Kruskal-Wallis test, there were sig-
nificant differences in the results of the gap and crack
generation state in each group using MB or ER as the
bonding system (p<<0.05).

Many Class III specimens were observed in the
MBH and MBF Groups, and many Class IV specimens
in the MGF Group. As a result of the Steel-Dwass test,
the MBH and MBG Groups had significantly more Class
IIT specimens than the MGF Group regarding the state

Table 2 Distribution of crack and gap formation with MB

Class 1 Class ' Class I Class IV
MBH 0 0 10 0
MBF 0 0 9 1 ] J
MGF 0 0 0 10

] : Significant difference (p<<0.05)

of gap and crack generation (p<<0.05). Cracks at the
cavity floor were observed in the MBH and MBF
Groups, and gaps at the cavity floor in the MGF Group.
Furthermore, many Class III specimens were observed
in the EBH and EBF Groups and Class IV specimens in
the EGF Group. As a result of Steel-Dwass test, the
EBH and EBF Groups had significantly more than the
EGF Group regarding the state of gap and crack gener-
ation in a similar fashion to the specimens using MB (p
<0.05).

While CLSM observation images in the MBH and
EBH Groups showed cracks within Bioram-M on the
side wall and at the cavity floor, they showed no gaps
between Bioram-M and BH. Similarly, the images
showed no gap between Bioram-M and BF in the MBF
and EBF Groups, even though they showed cracks
within Bioram-M on the side wall and at the cavity
floor. In the MGF and EGF Groups, the images showed
cracks within Bioram-M on the side wall and gaps
between Bioram-M and GF at the cavity floor.

2. Shear bond strength tests

Figure 5 shows the shear bond strength of the
groups that used MB, and Table 4 the distribution of
failure modes on the fracture surface. Figure 6 shows
the shear bond strength of the groups that used ER,
and Table 5 the distribution of failure modes on the
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MBH side wall (x200)
luli ) luuf
(x50)
cavity floor (x200)
MBF side wall (x200)
(x50)
cavity floor (x200)
1 100um
MGF side wall (x200)

1000um
1

50 LA { \‘. ,-\l'n_-.l
(x50) RN
cavity floor (x200)
Fig. 3 CLMS images of longitudinal cross-sectional surface on the whole, side wall and cavity floor with MB
Overall image (%50), side wall part (x200) and cavity floor part (X200) of CLSM observation image.
MBH and MBF Groups : Cracks (white arrows) within Bioram-M were observed on the side wall part and the cavity floor

part, and no gap between Bioram-M and BH. MGF Group : Cracks (white arrows) within Bioram-M were observed on the side
wall part, and gaps (black arrow) between Bioram-M and GF were observed at the cavity floor part.
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Table 3 Distribution of crack and gap formation with ER

Class I  Class I  Class Il Class IV
EBH 0 0 10 0
EBF 0 1 8 1 ] J
EGF 0 0 3 7

"] : Significant difference (p<<0.05)

fracture surface.

The shear bond strengths of each group that used
MB were 64 (+09) MPa in the MBH Group, 10.0 (+
0.9) MPa in the MBF Group, and 6.9 (£26) MPa in the
MGF Group. While the bond strength of the MBF
Group was significantly higher than those of the MBH
and MGF Groups (p<0.05), there was no significant
difference between the MBH Group and MGF Group (p
>0.05). Although there were many mixed failures in
the MBH and MGF Groups, the numbers of specimens
with mixed failure and dentin cohesion failure were
nearly equivalent in the MBF Group. The shear bond
strengths of each group that used ER were 55 (£09)
MPa in the EBH Group, 75 (£0.9) MPa in the EBF
Group, and 7.0 (£1.5) MPa in the EGF Group. While the
bond strengths of the EBF Group and EGF Group were
significantly higher than that of the EBH Group (p<
0.05), there was no significant difference between the
EBF Group and EGF Group (p>0.05). While there were
many bonding cohesion failures in the EBH and EBF
Groups, there were many mixed failures in the EGF
Group.

3. Cured volume

Figure 7 shows the results of residual volume mea-
surement after dissolving the unpolymerized layer of
CR in acetone solvent. The volume before dissolution
was 63.6 mm®. The volume after dissolution was BH
622 (£0.8) mm? BF 625 (+09) mm?®, and GF 60.4
(£1.7)mm? respectively. Although the residual volume
of BH and BF were significantly larger than those of
GF (p<0.05), there was no significant difference
between BH and BF (p>0.05). In addition, clouding and
cracks that seemed to have been caused by dissolution
in acetone were observed by the naked eye on the cav-
ity floor on the other side of light irradiation in GF.

Discussion

The polycrystallized glass blocks used as the adher-

{
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ends in this experiment were pieces of amorphous glass
in which crystals such as apatite and diopside had been
deposited by thermal processing, and had properties
similar to natural enamel™®. This material has been
reported to show adhesive properties with CR by
mechanical interlocking force when acid treatment and
phosphate ester-based bonding agents are used'™ In
addition, it is considered appropriate as a material to
examine the effects of polymerization contraction, as
there are few individual differences among adherends,
it can bond stably with CR, and it is possible to visually
confirm the strain based on the cracks formed in the
adherend by polymerization contraction due to its high
brittleness. Our preliminary experiment was also con-
ducted with each of the bonding systems used in this
experiment. Each bonding system in the experiment
was used after confirming that it showed sufficient
adhesion to polycrystallized glass blocks of around 15
MPa, and that no cracks were generated by the cutting
procedure.

GF, which is a conventional CR, had many Class IV
specimens in which cracks were generated in side walls
and gaps at the cavity floor regardless of the bonding
system in visual evaluation using Bioram-M. In addition,
the shear bond strength of GF was equivalent to that of
BH when MB was used, and it was significantly lower
than that of MBF. When ER was used, the shear bond
strength was significantly higher than that of BH but
equivalent to that of BF. The cured volume of GF after
soaking in acetone was significantly smaller than those
of bulk-fill CRs. Since it has been widely reported that
the cured depth of conventional CRs is approximately
20 mm?®?Y it is indicated that the light did not reach
and that curing was insufficient in the depths of deep
cavities exceeding 2.0 mm. Furthermore, the formation
of gaps at the cavity floor suggests that it was pulled in
the direction of light irradiation due to the effect of
polymerization contraction occurring from the direction
of light irradiation before it bonded with the bonding
system'®. Therefore, the results indicate that resto-
ration with the conventional CR in deep cavities
exceeding 2.0 mm was affected by the cured depth and
the polymerization contraction.

Meanwhile, bulk-fill CRs enable bulk filling even in
deep cavities exceeding 2.0 mm by alleviating the
restriction on curing depth of light-cured CRs through
changes in filler properties, filler content, and constitu-
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: 5 i 100_~urln
EBH side wall (x200)
Wil RO . SR
cavity floor (x200)
EBF side wall (x200)
1000um
(x50)
EGF side wall (x200)

1000um
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(x50)

100um
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Fig. 4 CLMS images of longitudinal cross-sectional surface on the whole, side wall and cavity floor with ER
Overall image (x50), side wall part (X200) and cavity floor part (X200) of CLSM observation image.
EBH and EBF Groups : Cracks (white arrows) within Bioram-M were observed on the side wall part and the cavity floor
part, and no gap between Bioram-M and BH. EGF Group : Cracks (white arrows) within Bioram-M were observed on the side
wall part, and gaps (black arrow) between Bioram-M and GF were observed at the cavity floor part.
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(MPa)
12 a, b
i I b
10 I
8 1 a }
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0
MBH MBF MGF
Bulk-fill CR Conventional
CR

Fig. 5 Shear bond strengths of each resin
composite with MB to dentin

Same letters indicate significant differences
(p<0.05).

Table 4 Failure mode of MB

Bondi.ng Interface  Mixed Dent.i o
cohesion . cohesion
. fracture failure
failure fracture
MBH 0 0 10 0
MBF 0 0 5 5
MGF 1 1 7 1
(MPa)
12
10 A . b
8 i |
a, b L l
6 - [
|
4 4
2 i
0
EBH EBF EGF
Bulk-fill CR Conventional
CR

Fig. 6 Shear bond strengths of each resin
composite with ER to dentin
Same letters indicate significant differences
(p<0.05).

ent monomer componentszz'%).

Class III, in which cracks were generated on the side
walls and cavity floor, was observed in all BH speci-
mens regardless of the bonding system in visual evalua-
tion using Bioram-M. The shear bond strength of BH
was significantly lower than that of BF. It was equiva-

O T ¥ MR

Table 5 Failure mode of ER

564 %

Ble

Bondi.ng Interface  Mixed Dent.in
cohesion X cohesion
. fracture failure
failure fracture
EBH 10 0 0 0
EBF 10 0 0 0
EGF 3 0 7 0
(mm®)
80 -
a b a, b
d 63.6
60 - i
40
20
0
BH BF GF
Bulk-fill CR Conventional
CR

Fig. 7 Volume of each resin composite after
dissolving the non-polymerization layer
dissolution with acetone

Same letters indicate significant differences

(p<0.05).

The volume before dissolution was 63.6 mm?®.

lent to that of GF when MB was used, and significantly
lower than that of GF when ER was used. The results
suggest that the shear bond strength of BH was low
because this study did not use the accessory primer
containing hydrophilic polymerization initiator, whose
action helps BH to cure from the contact interface?”.
However, the cured volume of BH after soaking in ace-
tone was equivalent to that of BF, and significantly
larger than that of GF. BH has characteristics such as
low shrinkage factor thanks to the low-shrinking mono-
mer contained®?”, long flow period of CR on a free
surface, and slow progress of the polymerization reac-
tion®”. It is indicated that the time difference since the
start of light irradiation until the generation of contrac-
tion stress becomes longer and leads to the reduction in
contraction stress if the flow period is long, as stress is
not generated while there is flow on the free surface of
CR during curingzg).

Similarly to BH, most of the specimens of BF, which
is also a bulk-fill CR, were Class III regardless of the
bonding system. The shear bond strength of BF was
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significantly higher than that of BH. In addition, it was
equivalent to that of GF when ER was used, even
though it was significantly higher than that of GF when
MB was used. The cured volume after soaking in ace-
tone was also significantly larger than that of GF. BF
contains a S-PRG filler and it is indicated that the effect
of light irradiation reaches into deep parts thanks to its
high light permeability and light diffusion property29’3°).
It is also indicated that the progress of the polymeriza-
tion reaction is fast, based on a report that polymeriza-
tion contraction stress increased rapidly after light
irradiation®”. The results suggest that BF and BH,
which are bulk-fill CRs, polymerize sufficiently even in
deep parts and bond with the bonding materials in deep
cavities with depths exceeding 2.0 mm.

Based on the above results, bulk-fill CRs seem to be
more effective than the conventional CRs in improving
the contraction gaps at the cavity floor which occur in
the case of bulk filling of deep cavities. However, these
results also indicated that careful filling operations are
necessary in a similar fashion to the conventional CRs
in order to prevent problems such as white margin, as
the effects of polymerization contraction cannot be
completely eliminated in large and high C-factor cavi-
ties with depths exceeding 2.0 mm.

Conclusion

This study examined the effects of the polymeriza-
tion contraction stress of bulk-fill CRs in high C-factor
and deep cavities by conducting visual evaluation by
using polycrystallized glass blocks, shear bond strength
tests to dentin, and measurement of the residual vol-
ume of CR block immediately after curing through dis-
solution in acetone. The following conclusions were
obtained:

1. Bulk filling using bulk-fill CRs bonded to cavity
floor and generated no contraction gaps in deep cavities
of depth 4.0 mm.

2. While bulk filling using bulk-fill CRs is effective
for repairing deep cavities, careful filling operations are
necessary as the problems caused by polymerization
contraction stress cannot be completely eliminated in
high C-factor cavities.
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Fig. 1 The design drawing of the plastic root canal
model block with apical constriction (left), and
the fabricated plastic root canal model block
(right)
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Table 1 The distance between the tip of the file and the

bottom of the root canal block under each condition
(mm)

Saline 3% NaClO 18% EDTA
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Fig. 2 Comparison of the measured values under each condition (Kruskal-Wallis
test with Bonferroni adjustment, * : p<0.05, ** : p<0.01)
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Study on the Reading Accuracy of an Electronic Apex Locator Connected
to an Endodontic Motor Using Plastic Root Canal Models
with Apical Constriction

SEKIYA Miki, MAEDA Munehiro,
NisHIDA Taro and IGARASHI Masaru

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

Abstract

Purpose: The aim of this study was to evaluate the reading accuracy of an electronic apex locator con-
nected to an endodontic motor with various nickel titanium rotary instruments and root canal irrigating solu-
tions using plastic straight root canal models with apical constriction.

Methods: Plastic blocks with 145 mm root canal length, ¢ 0.2 mm apical foramen, ¢ 0.15 mm apical con-
striction at 1 mm closer to the crown from the apical foramen, and 0.02 tapered straight root canal were
used for preparation. The blocks were placed on the stand, establishing an electric circuit. Root canal prepa-
ration was performed using an X-Smart IQ endodontic motor connected to a Propex IQ apex locator in the
state of filling with one of three types of root canal irrigating solution: (Dsaline, @3% sodium hypochlorite
solution (NaClO), and @18% EDTA solution. All canals were randomly prepared to size 25 by three types of
root canal preparation method: OWaveOne Gold (WOG), @ProTaper Gold (PTG), and @stainless steel K-file
(SSK) (n=6). The rubber stop on the file was fixed at the position where the tip of the master apical file of
each group reached the reference point on the apex locator. The distance from the tip of the file to the rub-
ber stop was established as the length that the file reached. The value obtained by subtracting the reached
file length from the root canal length was taken as the distance between the tip of the file and the bottom of
the root canal block.

Results: Among the measured values in each file group, the WOG group was stable with the least fluctua-
tion. In the PTG and SSK groups, the file tip position was about 0.5 mm closer to the bottom of the root canal
block than the apical constriction when using saline and 18% EDTA. The measured values between the root
canal irrigating solutions showed no difference between the files when using 3% NaClO, and the file tip posi-
tion was close to the apical constriction. Under all conditions, the file tip position was within the allowable
range of measurement error.

Conclusion: The reading accuracy of Propex IQ connected to X-Smart IQ was not significantly affected by
the file type, system or root canal irrigating solution.

Key words: electronic apex locator, endodontic motor, apex reading, accuracy
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Table 1 Main component of the used materials in this study
Materials Lot. No. Manufacturer Main component

Adhesive : Clearfil Mega Bond 4H0087

4B0138
Texant (Irrigating agent) 569601  Sioe Pharmaceutical
Accel (Reducing agent) TV1 Sun Medical
Green Conditioner SF2 Sun Medical

Resin Composite : Beautifil 031892 Shofu

Flow FOO (A2)

Kuraray Noritake Dental Primer : MDP, HEMA, Water, Multifunctional meth-

acrylate, Photoinitiator

Bond : MDP, HEMA, Multifunctional methacrylate,
Microfiller, Photoinitiator

6% sodium hypochlorite

Ethanol, Water, p-toluenesulfonate salt

3%FeCl;, 10% citric acid

Bis-GMA, TEGDMA, Glass filler

Bis-GMA : bisphenol-A diglycidyl methacrylate, HEMA : 2-hydroxyethl methacrylate, MDP : 10-methacryloyloxydecyl
dihydrogen phosphate, TEGDMA : triethylenglycol dimethacrylate

Table 2 Preparation of specimens

Group

Preparation

Contl  No Irradiation—>Mega Bond—Beautifil Flow

Cont2  No Irradiation—Accel>Green Conditioner—Mega Bond—Beautifil Flow

Al Irradiated with C400F—>Mega Bond—Beautifil Flow

A2 Irradiated with C400F —Accel—Green Conditioner—Mega Bond—Beautifil Flow

A3 Irradiated with C400F—Texant— Accel—~Green Conditioner—Mega Bond—Beautifil Flow

Bl Irradiated with C800F following C400F—Mega Bond—Beautifil Flow

B2 Irradiated with C800F following C400F—Accel—Green Conditioner—Mega Bond—Beautifil Flow

B3 Irradiated with C800F following C400F —Texant— Accel—~Green Conditioner—>Mega Bond—Beautifil Flow

LY (Beautifil Flow FOO (A2), #AR) ZFsHEL,

JeHRS#E (Blue Lex, 1,000 mW/cm? 22 %) ik b
THB, A2 5N (20 ) 2fTo CEEEIED
D%xar tu—i1 (Contl) & L7z, EEMEEEC
TRV (AT 4 A) WIRE 5 BRIfTo 12, W
B L, RICEHEWEFI 7Y — > (v AF 4 A0, DUF,

10-3 LW&9) <5 MMM L, KiEFZEEM, Contl & [H
RICHEERELZTo-bD2a>r bu—iL 2 (Cont2) &
U7z, B FEABGAR%2 C400F (83 )L 150 m]) T
L — ¥ —I8Ef L 723808HC Contl & FBRICEEERIER2 T
7ebnE Al 7 Vv—T7L L. C400F (23 2 )L1E 150 m])
TL—F - L REHC 7 7 v VL% 5 BT - 72
%, HZBeL, 10-3 TS5 MMM L, KFERZEER, Contl
EFARICHEERIER2 T oD% A2 7V —T¢ L1,

C400F (/S 3 )LfE 150 m]) TL—¥—M& L 725k 7
¥H v b (VA THEE 6% XMIEREB T FY VL) T
I0EWMEL, 727 L W% 5HRT - 721, k%
L, 10-3 CHMRMIL, Kzt Contl & [FERIC
BEEREETo> 72 b D% A3V —7 L L7z, C400F (/%
FOVAE 150 m]) TL—¥ =4 L 7238t % C800F (¢ %
JUAE 30 m]) TR L, Al Zv— 7" L [ERE D S
LEEREERIT b DEBL 2V —7 L L7z, C400F

(2% 2 1A 150 m]) T L —H — 85 L 72 30kHc C800F (¢
ZOVIE 30 m]) TS L, A2 7L —7 L FBEO BN
HEEEREZT2ZDDEB27 V-7 L1,
C400F (»8% )L 150 m]) <L —H—M& L 230k
C800F (2L fE 30 m]) THEMHL, A3 V—TLH
RO & BB RE2 T b D% B3/ V—7"¢
Uiz, L= — U O RPERENCHEH U 72 f AL
Hl, AT AT L, avRYy b Y id Table 112,
ZNEND TN — T ONMENZ £ L D7-b DIk Table
20 LTz, &7 —To3RNE 10T >/FR L 72,

2) BlIREE® S5k & R LE

FlRESE TR S ORIE 3G, 37°C, W 99% DIREE
T 24 B[RS L TA— F 25 7 AGS-5kNX (EiHifE
) itk b7 x~Ay FAE—F 05 mm/min 2 TH[-
RO, WEWTREOfE 2 BLAZAIRE Y 72 0 IR U CHRESS
WX (MPa) & U7z, JIEMEIEERAKNES%ICC JTl
BB (ANOVA) Z21T- %, SELKHEE
(Fisher’s PSLD) 1z CHEFHLER L 7z,

4. EEEIHBRBOBENLADER

JRkEE R SRR OEERBER ORTEME L Y v
B DREWIHNIC D W T, ERBEME IC CTHEROBIZ %
fTol. BEHAOHEIREDOZRLE 0% U LD b D
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Table 3 Summary of 2-way analysis of variance for tensile bond strength measurement

Source Type III sum of squares df Mean square F p
Corrected model 936.405% 7 133.772 4900  .000
Intercept 15,694.825 1 15,694.825 574905  .000
Laser 373254 2 186.627 6.836  .002
Condition 482.151 2 241.075 8831  .000
Laser X Condition 21.701 3 7.234 265 850
Error 1,528.792 56 27.300
Total 18,253.120 64
Corrected total 2465.197 63

a. R squared=.380 (Adjusted R squared=.302)

2 R, REPEH 2 0WIEL Yy OB 0% Lo
b DR ENTNOBENE BEERNE), Z2hllitod
DERAWIEL UCH%EL, FHliL 2.
5. L—¥— BRI EICZERELEM CRINIE
E1T o - RIFERED SEM £
L — W — B O SOF E R % 5 RS R S B B
J 35470 — 7 & [FRkD S AAEEA C TR U 72 25308
=R VBB ICEER, BEREZEL, AT L
a—7 14 v 7EE (HP-IS, HEF 134 R) CTHEEL
HEITo7z, Z0%k, AEETFHEME (54000, HiZ) %
Hwt, MEERE 10 kV O TRFEEI D SEM #
HriTot. B, BEREE I V—TicogZEznEFN
SfEE L7z,

& R

1. SlEREEEIES

Table 3 1IZ ZIJLRESBOIT OMRERT, L—F—
BH OE Y (F=6836, p=0.002) ¥ & CHEmEALEDE
» (F=8831, p=0.000) X5IREEMIICER LS
BH 2D, L—F—HEEOE L EEAEOE DT
HER (F=0.265 p=0850) X5[RMIICERERFE
ZH 2ol BIREERIZEELZ8 I V—TD
i CEEE L EERE) L SEBBREOHRZ, Table
4IRT . ZNENOSRFEE O W HLIE S DE I
kB EEBRI OVPHEEZEERS O/NIWIHICRT &,
AI<BI<A3<B3<A2<Contl<B2<Cont2 T® - 7=.
MR OFER, Contl IR LT, BRICEERI MK
MPoleDIF Al 7NV —TE Bl 7V —7"T, L—¥—H4
AERSE O ST BT AT U CERIHALIRM I & BT Z U e
Pole NV —TDATH-7 (p<0.05). Contl XL
T2fEO L — ¥ — %, 2EEOALE % T - 72
A2, B2, A3, B30V —7oficix, BEEZED-
72 (p>005). L2 L, Cont2ic® L TiZB2 7 v—7D
ANEREENEL, HREOIRESRITH-7 (p

Table 4 Tensile bond strength on human dentin with vari-
ous surface pretreatments after irradiation of Er:
YAG laser

Group Tesile bond strength (mean+standard deviation)

Contl 176£56 a b, c
Cont2 224+67 a
Al 10535 d
A2 16755 b, c
A3 131+24 ¢, d
B1 112£33 d
B2 192£59 ab
B3 150£46 b, c d

Different letters indicated statistically significant (p<
0.05).

>005). %72, A3, B3Z L —7l3L—H—EE, i
M ZfThro7z Al, Bl V=7 L HEZIZRD 5
Nzhrotz (p>0.05).

2. EEEIHBRBOZEEWRZEHLX

Table 5127”8 F & 912, Contl I IF FRmbE 3% £, B
GUWEEDR S 5Tz, Fie, BERPEERZL Y Y NTOR
EMEEN % h > 7. Cont2 b IREHE & #iE AR ©
Ho7h%, Contl & b BERKEOESHIEML, RF
BN TORERHE LS o7, Al £ Bl 7 Vv— 71357
WEORED &b, RAEBEOEAEN S o7, RFH
& OESEBIEIIC IR EMNIC v —F —BE oo MY
DEA, Bl&h AlDIES> D& WV HEEART TH -7, A2
& B2 TR AN A K, IRANE L gk T H
D, A2 T AT B2 D13 5 DSEERIIEE D E &% H -
7. A3k B3 b R {, IRADIEE L S R
ThHhotz. A3 & B3 DRAHEOKMED &, R EMD
FEBEESIZ Al BLICEED bz L—Y —REIC &L %
MiMEFEd sz o 7z,

Fig. 11z, &7V —7I1c B 1) 25 H S BTG OBk
HO LYl & S o FRBEMEE G O REH %R
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Table 5 Assessment results of failure mode after tensile bond strength mea-

surement

Group Al A2 A3

B2 B3 Contl  Cont2

2/5/3 0/6/4 0/5/5

1/6/3  0/2/8 0/4/6 0/6/4 0/2/8

The type of failure mode : adhesive failure/mixed failure/cohesive failure in

dentin or resin

Dentin side

Resin side
Contl

Resin side  Dentin side
Cont2

Resin side  Dentin side Resin side

Al

Dentin side

Resin side Dentin side
A3

Resin side

Dentin side
B1

Resin side

Dentin side

Resin side Dentin side
B3

Fig. 1 Representative images of fracture surface after tensile bond strength testing of each
chemical pretreatment (prior to adhesive procedures) group

Groups Contl, A3, and B2 showed an example of the cohesive failure in the resin compos-

ite. Groups Cont2 and A2 showed an example of the cohesive failure in the dentin. Groups

Al, Bl, and B3 showed an example of the mixed failure.
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“Contl  Cont2

Fig. 2 SEM photograph of the morphological aspects
of the non-lased (Contl, 2) and lased dentin
surfaces followed by the chemical pretreat-
ment (prior to adhesive procedures)

Groups A2 and B2 produced a more homogeneous
smooth inter-tubular dentin surface, however, micro-
cracks were clearly detectable on the peritubular and
inter-tubular dentin surface. Groups A3 and B3
showed roughening of inter-tubular dentin surface.
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Effect of Chemical Pretreatment of Er: YAG Laser Irradiated Dentin
on Resin-lased Dentin Bond Strength

HoTtTA Masato, MURASE Yuki!, SAKU Seitaro?,
NakaGawa Takeharu®, KusakABE Shusuke!, TAKAGAKI Tomohiro!
and NIKADO Toru!

Asahi University
"Department of Operative Dentistry, Division of Oral Functional Science and Rehabilitation,
Asahi University School of Dentistry
“Saku Dental Clinic
SNakagawa Dental Office

Abstract

Purpose: The purpose of this study was to evaluate the effect of irradiation of low-power Er: YAG laser
and chemical pretreatment after irradiation of high-power Er: YAG laser to promote the tensile bond
strength (TBS) of the resin-lased dentin interface.

Methods: Extracted human molars were prepared with flat dentin surfaces, and ground with wet 800-grit
silicon carbide paper. The specimens were set on an X-Y-Z moving stage and mechanically irradiated at an
energy setting of 150 mJ (C400F) /10 pps and/or 30 mJ (C800F) /10 pps while being sprayed with cooling
water. We chose 6% sodium hypochlorite (NaClO), p-toluenesulfinate (Accel) and 10% citric acid/3% ferric
chloride (FeCly/citric acid) as chemical pretreatment agents. Then, the Clearfil Mega Bond System and resin
composite (Beautifil Flow F00) were placed. The TBS was measured after storage for 24 hours in an envi-
ronment with 99% humidity at 37°C. The irradiated specimens were divided into six groups (Al, A2, A3, Bl,
B2, B3, n=10), and a control group (Contl, 2, n=10) that did not receive any laser irradiation. Each group
was follows: {Contl: No irradiation, Cont2: No irradiation—Accel—=FeCls/citric acid, Al: Irradiation with
C400F, A2: Irradiation with C400F—Accel—FeCls/citric acid, A3: Irradiation with C400F—NaClO—Ac-
cel=FeCls/citric acid, Bl: Irradiation with C400F and C800F, B2: Irradiation with C400F and C800F—Ac-
cel—=FeClg/citric acid, B3: Irradiation with C400F and C800F—NaClO—>Accel—FeCls/citric acid}. After the
TBS testing, the type of failure was inspected by a stereomicroscope. The pretreatment conditioning pat-
terns of the lased dentin were evaluated under SEM.

Results: The order of the TBS (mean value+SD, MPa) for each group was follows: Al (105+35)<Bl
(11.2£3.3) <A3 (13.1%£24)<B3 (15.0%4.6) <A2 (16.7£55) <Contl (17.6£5.6) <B2 (19.2£5.9) <Cont2
(224=+6.7). The TBS of groups Contl, Cont2, A2 and B2 were significantly higher than those of groups Al
and Bl. Moreover, there was no significant difference among groups Al, Bl, A3 and B3 (Fisher’s PLSD test,
p<0.05). The predominant mode of failure of groups B2 and Cont2 exhibited cohesive failure of adhesive or
tooth substrate. There was a clear tendency that more cohesive failures occurred in the groups with higher
TBS. From SEM observation of the chemical pretreated dentin surface, groups A2 and B2 produced a more
homogeneous smooth inter-tubular dentin surface, however, micro-cracks were clearly detectable on the
peritubular and inter-tubular dentin surface. Groups A3 and B3 showed roughening of the inter-tubular den-
tin surface.

Conclusion: Within the limitations of this study, it is concluded that p-toluenesulfinate and FeCls/citric acid
conditioning have the effect of promoting resin bonding to irradiated dentin.

Key words: lased dentin, tensile bond strength, p—toluenesulfinate, FeCls/citric acid conditioning
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Fig. 1 Simulated root canal resin block after
preparation
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Table 1 Materials used in this study

Materials (Maker)

Composition

CANALS
(Showa Yakuhin Kako)

Liquid : clove olil, olive oil, others
Powder : zinc oxide, barium sulfate, bismuth subcarbonate

MetaSEAL Soft
(Sun Medical)

Liquid : 4-META, HEMA, dimethacrylates, water, photo-initiator, others
Powder : bismuth carbonate oxide, soft polymer, silica, hydrophilic chemical initiator

MetaSEAL Soft Paste
(Sun Medical)

Base Paste : 4-META, HEMA, dimethacrylates, water, soft polymer, others
CataPaste : 4-META, HEMA, dimethacrylates, bismuth carbonate oxide, silica, hydrophilic

chemical initiator, others

Paste A : bisphenol-A epoxy resin, bisphenol-F epoxy resin, calcium tungstate, zirconium

AH Plus jet

oxide, silica, iron oxide pigments

(Dentsply Sirona, Germany)

Paste B : dibenzyldiamine, aminoadamantane, tricyclodecane-diamine, calcium tungstate,

zirconium oxide, silica, silicone oil

700 %

/g 600 % Interruption
2z — %

_. 500 ok

[

Z 400

5 300

:c:; 200

H [ |

2] MSS MSSP AP

fﬁs Reference Value
= B Single Point ~ Sealer

CA : CANALS MSS : MetaSEAL soft
MSSP : MetaSEAL Soft Paste AP : AH Plus jet

Fig. 2 Working time for removal of root canal filling
materials
Tukey’s test, * : p<0.05

S 2WIHOBZETIFRA L, 2, 3mm THRELHILL i

V=T —=DEEL T, MSSIFBEAR I mm Ty —I—

BB G LTz, 7z, MSSP (27T )

7b>2b 579, B2 1 mm THHEMO—F A HRE S nNEH
IHL DY —F—=DEREFL o,

WEFEM O ERE D—o1c, FHIEED D DK%
MWhd s, R, LOrRr—5—3RENNEL XH
TW/H MSS BIEEOME D 672 b, RERICEE
o d 2 IREFEAMEIcH B, 2Dy 7 ZAfEME
Z RiF, =2 MU T#HFEEEZ R L @28 MSSP
ThH 5,

SR DEBTIFERMNTH 5 MSS oYtz 2 s &
7oy =9 — %A THREBREROBREMEIC OV TRET

100 *
g§ 80
2w 10
§E o0
550
S o 40
2.5 30
ME 2
=10
0

MSSP

Reference Value
M Single Point Sealer

CA : CANALS MSS : MetaSEAL soft
MSSP : MetaSEAL Soft Paste AP : AH Plus jet

Fig. 3 Volume of filling materials remaining on the apex
Tukey’s test, * : p<0.05
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T3E, 3EDOL—F5—Lb VR A v N RIERX
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7o, Tk, REOHRLICE L 25y ¥ 8—F % KA
YR AL TWRRWIRERIZ, 7 7 A LaMRETEAEA
LTV TH LD EEZLND, MSSE LU
MSSP 2R, CA TRH v & 8—F % KA » hFIERE
EV— 9 —RIEHMEDOENKRE P ST, TEY—F—
AL DB D MSS B & OF MSSP i34 v ¥ 8 —F ¥ I
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Fig. 4 The horizontal section images of the micro-CT
of single point filling resin blocks at each mea-
suring point
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KT MSSP, CADIEE 72 b, BrAERRE DR & FME
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=
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H64E BlE
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Fig. 5 The horizontal section images of the micro-CT
of sealer filling resin blocks at each measuring
point

BRI L BERORERIZ A Y 2 — LR CA LA%
BLLRABELGERL 0, v — 5 —RERTRE
MSSP 7% CA & b RfHDIEEE &K WEERP LA T 545
Binot, ZoOBRIF, MSSP SEEAZHMEL:C
EICE DL Y, BOPLThocdtEILND.
Leitune 571 2 % 7V L— b LY v Ry — T — L&
e L T=FT72BFMLEBER v 27 ABAEENEE
WNEZI DML EBRTWE,. o trbd,
MSSP I3 RIRFEE 2~ A DIRMEZ M /2 Lic &
DMSS &b bEHINEL-EEZOND,
Micro-CT G D#E N &, ¥ — 5 — ORI Db
53R mm & o AREICERT 2 RIEM % NiTi
=5V —7 7 A VDATRHEEIRET 5 T LIZRET
b5 EDPHERES N, FRICREEICE W TIZAHEH
Ty — 5 —I3BESNLBNBEMICEET 2 EHRE2558
doNie. TORERIE, BEREOIEKVROIRIC 7 7
AIDTCOTREICIE S 5 LT 5 /i3 T & TiRAMlc
B CTIEHBRNIC ARBRLE 5 h 3 2 &2 L AT
b2, S, APRL—5—FIETOANITIiB—2 VU —
77 ANEROTREPEERBNICTE B o/
RIS EME LTERR LD, Y U EA v FFlE
HTRIZ2o 3LV IRVEMTEH-2H DO,
77 ANVBEERE L CRELL, —F, ¥ — 5 —FoiERE
TR FRE RIS 3 mm OEIFIC HENEL 2>
7z, ZOFERIZIEDD ITHCALNIMER L3RR D,
AT ERBH Y IR—=F 2 BA LV FDPH BI1F 5 DPRRS
MIZ7 7 AIVDBEALLT o tEZLNDE, OF
b, W{LED APIZT7 7 A VOEAZY T 213 L DX



202142 H

BHBH, Hy oy —F AV FEBERELTVLIE
TRRFEANT 7 A V2 DL LIFARETHZ. &5
2, MO TcL Y viERIcL Y v Ry — T —%fFH
L7 ECHREHRE b RERBEENEC 2 L v» ) B
ENTELY, SELFABICLY Y RY— 5 — DR ER
MIPEARICEEL R L EEZ NG,

NiTiv—% U —7 7 4 VoI tE Y, STETIIRE
FIEDNFEDEA TS, KDY v 7 IVEA b
(H—FA v 8 — 3 v ZEBIECIERR L 728
XL 2% T —8— DAY —KA v + & 1 KOAFEA
T3HETHZ0, RENOY—IF—|BIIELRD,
SR BEALINAR R 2SI L, BB i cE »
wEENBY ZDkw, BEEOHERD I
FEFRIEERL CWCT DL S IcH vy ¥ 8—F v £A4 v b %
JEHE L CTIRETRREICEA S ¥ 2 HiEBIEH S hT» 3,
Lo LHWEEEEDOLY Vv RY — 5 — DR EDER,
NiTie—=%VU =757 A VERLT——%bDT R
g —FA VDI NI DS, LKA U
HBIRRECkED TiER GRETE~ Yy F Ra—rv 5 o=y o
ANEZL, NiITig—% U —2 257 L TOIRKEFREZD
REFRERE L CHEBERICHS NS L5 TE
70 Lz, RETMES T 7 A L ERUBRTH
52 E3A R, MEERETEY—F—BIPEL L3
EWREDLDIERW, Lo, wvFFa—vi77
=y 7 CRBERIRERIELRIT) iy —F =R~k
THREG & ~EEEE LD,

R BRERIRETIEI TN B 2R T 59 2
THEEICE 500, BEFREMBOERETH 2. B
MEDMET E, RERNOREZ BYNICHEZRT 5 2 L2
Hickh W, 22U L—FLYrRY—F— LK
VLY VRY =T DR L LA, A5
JL—=bL P UVRY—9—DEEEMEVLE VI TWED
Hor® Ui LBICEEAZ RN IEY — 5 — otk
BIoHZAMAEL B L E-BEINTELY, KHE
BobPthoZiirsrnwshiz, v —7—okEMcH
HEe & 0 B2 JUE S It & #Y) 72 #ipH < LA
SHHILR YT —OMBEWEL LTHETH D,
MSSP &% OEHEEG LT EWnR 5,

BRRICB W CHREGEEZMNE LT 57 —ATE, &
T 5 DMLE U 7 ARETRE B O FHEE &3R5 $bpic
TMESINHEZNRETEIEDE L, ZO85E, W
B OB RN E D & 5 I HECME 2 G L7221k 8
BEDIREED S HEZLT 2 IE I HER R, I 5, 1EME
BAREOEER 2B T2 NITIin—2 =7 74
LERRBICED > TEDTWL 201, ffifiozy 2
AR EEPBERNIRERAE SR 20 L 2 EHE S BER
WEE 72 %, FRE BRI OB I L AREE TR E

WRARA G 7V L— b+ R — T —DREMEFHIGIZ O WT 71

RIS%hs, BREFEHEM DEREBRIEICE T MSS 8 &
O MSSP 1 CA Litkta7e v @ LHIWiC & 7z,

i

E

BB R AR BRI L MSS, MSSP 8 & O CA # H
WTHERIELTL, NITIe—% U —7 74 VI k55
BEMOBREZEToIFER, UTofmzE7x.

1. MSS & O MSSP i1 CA k [E% & 7z 13BA 72 R
MEDRR I Nz,

2. RIRPBE R~ A %ME L 7z MSSP 13k o X
DIEMU 7oA, BREMICHEZRIEI W I LOREX
nie.

RESICBI LT, B9~ & FIZARSOIRIB I3 70 o,

X |

1) Grossman LI. Endodontic practice. 7th ed. Lea and
Febiger: Philadelphia; 1970. 345.

2) Berman L, Hargreaves K. Cohen’s pathways of the pulp.
Expert consult. 11th ed. Mosby: St. Louis; 2015. 291.

3) Grossman LI. An improved root canal cement. ] Am
Dent Assoc 1958; 56: 381-385.

4) Erausquin J, Muruzabal M. Root canal fillings with zinc
oxide-eugenol cement in the rat molar. Oral Surg Oral
Med Oral Pathol 1967; 24: 547-558.

5) BIkIER, BEFIUCBIT 0%, & ICBRIBE TR
AR B 7 2 2B T B ERRIWITZL. RHE
19755 38 : 615-632,

6) SihREsE, ML SR, HRESR, FORED, M,
WHS B, FREREH Y —2— NU-59 icowT (81
W) —MREEHEE—, HHERERE 198629 1 1710-1716.

7) A, BtfEsE, RARE T, WAET, BHESE.
FIREFHEH o — 9 — NU-59 I 2\ T (55 2 #)) —Hiik
HlEE—, HEfRTRS 1987 5 30 : 1066-1071.

8) BIHRZE, FAHALS, BAE— AR B -/ —
VIEEZERMSEZFH -5 =255 v FHERRNE
AN D 22— — v OlEEEEIRE. HARMEEHRIEYE S
2019 SRS (5151 W) 7'm 09 L8 X UG
JHEIPEREE 2019 5 118 : P68,

9) Shalin D, Nicholas C. Calcium hydroxide-based root canal
sealers: A Review. ] Endod 2019; 35: 475-480.

10) Rezende GC, Massunari L, Queiroz I0A, Filho JEG,
Jacino RC, Lodi CS, Junior ED. Antimicrobial action of
calcium hydroxide-based endodontic sealers after set-
ting, against E. faecalis biofilm. Braz Oral Res 2016; 30:
38.

11) Gomes-Filho JE, Gomes AC, Watanabe S, Oliveira SHP,
Bernabe PFE, Percinoto C. Evaluation of tissue reaction,



72 H X &

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

cell viability and cytokine production induced by Seala-
pex Plus. J Appl Oral Sci 2011; 19: 329-336.

Tagger M, Tagger E, Kfir A. Release of calcium and
hydroxyl ions from set endodontic sealers containing
calcium hydroxide. ] Endod 1988; 14: 588-591.
Faria-Junior NB, Filho MT, Berbert FLCV, Tanomaru
JMG. Antibiofilm activity, pH and solubility of endodon-
tic sealers. Int Endod J 2013; 46: 755-762.

@rstavik D, Nordahl I, Tibballs JE. Dimensional change
following setting of root canal sealer materials. Dent
Mater 2001; 17: 512-519.

AR, T, FARED, BRIE seRHIRE
3 — 9 — RoekoSeal Automix DHRE &M F & ORE{LE;
. HBEREE 2006 ; 49 : 516-522.

ANIEF. REHHRERIRY — 5 — TAH 75 A3 (VR
£ RETRERMRL O 2012 31 1 307-308.
Tay FR, Pashley DH. Monoblock in root canals: a hypo-
thetical or a tangible goal. ] Endod 2007; 33: 391-398.
an B ORE &, SRS, [CHERE, HEZEH
LY v RIREFIEA Y — 5 — oREEBEEIC oW, H
MRS 2010 5 31 1 205-209.

PaEfa T, RURERE, fokstl, BOLBE, = %,
KIS, AHEZ. MERIGARE FIE Obtura MICk
FBHy Zo8—F ¥ EEEEEL Y VRV — 5 —ORRH
SHMEICBAS 2 0F9E. HBEINERRE 2010 5 31 @ 229-234.
Tizuka N, Takenaka S, Shigetani Y, OKkiji T. Removal of
resin-based root canal filling materials with K3 rotary
insturuments: Relative efficacy for different combina-
tions of filling materials. Dent Mater ] 2008; 27: 75-80.
BINES, SHXC, #pEs, =y rvFgs 0774
NERG LY Y RRETIEM OBRE IS 2 HEERH
. HEfAFRE 2008 ; 51 : 169-176.

Wright CR, Glickman GN, Jalali P, Umorin M. Effective-
ness of gutta-percha/sealer removal during retreatment
of extracted human molars using the GentleWave sys-
tem. ] Endod 2019; 45: 808-812.

Donnermeyer D, Bunne C, Schafer E, Dammaschke T.
Retreatability of three calcium silicate-containing seal-
ers and one epoxy resin-based root canal sealer with
four different root canal instruments. Clin Oral Invest
2018; 22: 811-817.

Kim YK, Grandini S, Ames JM, Gu L, Kim SK, Pashley
DH, Gutmann JL, Tay FR. Critical review on methacry-

BOR A

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

¥ OM R Beatk Hle

late resin-based root canal sealers. J] Endod 2010; 36:
383-399.
KMIFIIE, EHHEIE, fH B, BAREE, LoHER
IS, MAER, RERIEM 0GR RECET
ZHF%E. HERAERE 2015 5 58 1 469-502,

Ori T, Otsuki H, Wakamatsu S. Chemical surface analy-
ses of a 4-META-containg methacrylate resin-based
sealer. J Dent Res 2009; 88A (Spec Iss): Abstr2335.
Leitune VCB, Takimi A, Collares FM, Santos PD,
Provenzi C, Bergmann CP, Samuel SM. Niobium pent-
oxide as a new filler for methacrylate-based root canal
sealers. Int Endod J 2013; 46: 205-210.

Maki K, Ebihara A, Kimura S, Nishijo M, Tokita D, OKkiji
T. Effect of different speeds of up-and-down motion on
canal centering ability and vertical force and torque
generation of nickel-titanium rotary instruments. J
Endod 2019; 45: 68-72.

dekrfi, BE—ES. RERIE. H®ENESE 2015536
109-120.

Kim SR, Kwak SW, Lee JK, Goo HJ, Ha JH, Kim HC.
Efficacy and retrievability of root canal filling using cal-
cium silicate-based and epoxy resin-based root canal
sealers with matched obturation techniques. Aust
Endod J 2010; 45: 337-345.

Shpper G, Orstavik D, Teixeria FB, Trope M. An evalu-
ation of microbial leakage in roots filled with a thermo-
plastic synthetic polymer-based root canal filling mate-
rial (Resilon). J Endod 2004; 30: 342-347.

Teixeira FB, Teixeira EC, Thompson JY, Trope M.
Fracture resistance of roots endodontically treated with
a new resin filling material. ] Am Dent Assoc 2004; 135:
646-652.

Gordon MP, Love RM, Chandler NP. An evaluation of .06
taperd gutta-percha cones for filling of .06 taper pre-
pared curved root canals. Int Endod J 2008; 38: 87-96.
Shah MM, Chong BS, Sidhu SK, Ford TRP. Radiopacity
of potential root-end filling materials. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 1996; 81: 476-479.
Bauza GAM, Rached-Junior FJA, Gabriel AES, Neto
MDS, Miranda CES, Sousa YTCS. Physicochemical
properties of methacrylate resin-based root canal seal-
ers. ] Endod 2010; 36: 1531-1536.



202142 H WRIMA Y 7)) L— Ry —F—DRERFEM OV T 73

Evaluation of Removal of Adhesive Resin Root Canal Sealers

KoBavasH! Yoh, OGURA Yoko, MivasHiTA Hazuki,
NAKAYAMA Shuntaro, SEKIYA Miki, NISHIDA Taro,
MAEDA Munehiro and IGARASHI Masaru

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

Abstract

Purpose: Resin-based sealers are difficult to remove at the time of root canal retreatment due to their
adhesion to the root canal dentin. This study investigated the working time taken to remove the filling mate-
rial and the remaining percentage in the root canal for MetaSEAL Soft (MSS), MetaSEAL Soft Paste (MSSP)
with increased bismuth content for improved X-ray contrast, and two other usual standard sealers.

Materials and Methods: For the root canal filling, 48 transparent simulated resin models with a 30-degree
curved root canal were used. The working length was set to 125 mm. The root canals were enlarged up to
30/06 NiTi rotary file with TriAutoZX2. After root canal preparation, four root canal filling sealers,
CANALS (CA), MSS, MSSP and AH Plus jet (AP), were used. The blocks were divided into the single-point
root canal filling group and the sealer filling group (n=24). After the sealer had set, the filling material was
removed until the file reached the working length and the time of sealer removal was measured as the
removal time. In addition, Micro-CT was taken, and the volume of the remaining root canal filling material at
the 3-mm apical area was measured and calculated with 3-dimensional analysis software. The obtained data
were analyzed statistically with PC software.

Results: The removal time of the single-point filling group was shorter in the order of MSS<MSSP<CA <
AP. The removal time of MSS was significantly shorter statistically between MSS and MSSP, and between
MSS and CA (p<<0.05). In the sealer filling group, the removal time was shorter significantly in the order of
MSS<CA<MSSP, and all three groups finished in less time than the single-point filling group. On the other
hand, the file did not reach the working length after more than 10 minutes in the AP. The amount of remain-
ing filling material was lower in MSS than in MSSP, in the order of MSS<MSSP<CA. There were signifi-
cant differences between CA and MSSP, and between MSS and MSSP.

Conclusion: MSS and MSSP were not affected by bismuth carbonate oxide and showed equal or superior
removal to CA.

Key words: resin-based root canal sealer, removability, radiopaque
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Fig. 1 Oral photograph at initial visit (2015.11)
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Fig. 3 Periodontal pocket chart of initial visit (2015.12)
PCR : plaque control record, PPD : probing pocket depth
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Fig. 6 Periodontal pocket chart of latest visit (2020.9)
PCR : plaque control record, PPD : probing pocket depth
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Fig. 7 Changes in PISA and HbAlc values
PISA : periodontal inflamed surface area, HbAlc :

glycated hemoglobin
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The Initial Periodontal Therapy for Chronic Periodontitis
with Gingival Hyperplasia in a Diabetic Patient : A Case Report

KikucHr Takeshi and Mitant Akio
Department of Periodontology, School of Dentistry, Aichi Gakuin University

Abstract

Purpose: Gingival hyperplasia is induced by inflammation, drugs, heredity, tumors, etc., but cases that are
frequently encountered in the clinic have gingival hyperplasia and are taking drugs for hypertension. In addi-
tion, diabetes and periodontal disease have been shown to have an interactive relationship, even considering
the high frequency of onset. In this paper, we report a case of chronic periodontitis with drug-induced gingi-
val hyperplasia in a diabetic patient who received initial periodontal therapy, for whom a good prognosis was
obtained.

Case: A 44-year-old man was referred by a local doctor with the chief complaint of swollen gums. From
the results of periodontal pocket examination, the average probing pocket depth (PPD) was 4.9 mm, and
pockets of 4 mm or more were found in 80.4% of the sites. The patient was diagnosed with generalized mod-
erate chronic periodontitis (new classification: stage Il grade C) and drug-induced gingival hyperplasia. By
thoroughly controlling inflammation with initial periodontal therapy, the periodontal pockets were signifi-
cantly reduced (PPD average, from 4.9 mm to 2.5 mm). In addition, gingival hyperplasia, which was sus-
pected to be affected by the drug, disappeared with the control of inflammation, so no drug change consulta-
tion was given to the medical department. After the swelling of the marginal gingiva disappeared, caries
treatment and prosthetic treatment were performed to remove the plaque retention factor.

Results: The periodontal inflamed surface area (PISA) value decreased from 2,291.0 mm? at the initial visit
to 91.4 mm? at the latest SPT. The HbAlc level decreased from 7.9% at the initial visit to 69% at the latest
SPT. It is considered that the remarkable decrease in the inflammatory surface area of the periodontal pock-
ets may have helped to improve the control status of diabetes.

Conclusion: We were able to obtain a good prognosis for this diabetic patient with chronic periodontitis
accompanied by drug-induced gingival hyperplasia with only initial periodontal therapy without changing the
drug. The control of risk factors such as drugs, diabetes, and smoking that could greatly contribute to the
progression of periodontitis depends largely on the patient’s environment and personality; in actual control,
cooperation with the medical department is important. When collaborating, it is necessary to avoid requests
that affect the underlying disease control in hospitals and clinics as much as possible. At the same time,
intensive periodontitis control in dentistry is good for systemic disease control and it is important to perform
dental treatment while recognizing its strong influence.

Key words: chronic periodontitis, diabetes, gingival hyperplasia
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