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Fig. 1 Comparlson of the mineral loss (AZ) among

the 6 groupsm)

Different lowercase letters indicate the significant
differences (p<<0.05).

Cont : no fluoride treatment, SDF : 38% silver
diamine fluoride (F=44,880 ppm, Ag*=255%), KF
potassium fluoride (F=44,880 ppm), APF : acidulated
phosphate fluoride (F=9,048 ppm), ZnF,/HCI : 4.18%
ZnF + 4H,0 in HCI, ZnF, : 418% ZnF - 4H,0 (partially
dissolved).
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Fig. 2 Comparison of the eroded depth of collagen

layer among the 5 groupsm)

Different lowercase letters indicate the significant
differences (p<0.05).

Cont : no fluoride treatment, SDF : 38% silver
diamine fluoride (F=44,880 ppm, Agt=255%), APF :
acidulated phosphate fluoride (F=9,048 ppm), Zny/
HCl: 418% ZnF -« 4H,0 in HCl, NaF (F=9,048 ppm,
neutral).
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Dark group

24 hours

Fig. 3 Representative images of dentin discoloration after SDF application at

different time intervals'®

Fig. 4 SEM images of the demineralized dentin surface after 24 h application of SDF (a: X
3,000, b : X10,000) and EDS analysis of the dentin surface (c)*

Arrow refers to triangular or hexagonal silver crystal of around 1-3 mm in size.

HVU DL (KI) R7VEF4 2 SDF BB ORFE Light group
DEEHHNR L CENTH S Z L 2#H 52 LTV ££
(Fig.5). 95,00 B )
20.00 LB i
SDF D& EHh 15.00 . o g
1000 g B e
i 516 s 500 Nl | _mB
Takahashi 5%, AT.OFEEERE % F ¢ SDF ORIE o b M | il
BARIC & 284 A 7 4V L AHE OIFIRIRIC D W TR ‘ SDF SDF+GSH SDF+KI
Light

L7z, L7 SDF &#1%, 38%SDF (¥ & J 4 Fitd
B 38%), 3.8%SDF (¥4 54 F -RC R 38%,

E—75v R 2AF1a—Fr%)V) BXU Riva Star
(SDI, A—2 +5VU7) TH 3. FHEHERFEOFEHHE

= Immediate *3h =6h 24h  =48h =72h

w7 days ®10 days =14 days
Fig. 5 Bar chart showing mean E for different tested
groups for dentin substrates within each time

WAV CLIRMS, AN TIPS ENTNA A 7 4 VL% interval under light exposed conditions'
5 X, ZABONA T 7 40V LTS Z T L 72, SDF : silver diamine fluoride, GSH : gluthathione,
Z DR, WTFNDSDFIBEK D N4 T 7 4 )V L DOAEH] KI : potassium iodide.

HIsh % 7 L7275, 38%SDF 284 b BN T H - 7=
(Fig.6). X 51z Takahashi &' 13 HEHEMEE I X 5 8
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Fig. 6 Represents of the amounts of S. mutans biofilm

formed on the specimen surfaces in 20 h inside

the oral biofilm reactor'®

Different lowercase letters indicate statistically signif-
icant differences between the groups (p<0.05). SDF :
silver diamine fluoride, KI : potassium iodide.

A F T 4V L OFEMZHE U FER, 38%SDF #AEEIC
BOTERFEINAE LIHEDOS K BT L Tz &
WMELTWD (Fig.7). ZhbofERs» 5, 38%SDF A3
BOHEEZRT I EBbr oz,

SDF O 5 ei&Hi& & L TDF]AE

38%SDF BAGIC & 2 RAFEDORLL, BIKSFH Tl
FELRDBIEEWHSLTH Y, B EICERL S
A, BET 2035880 ThHs. COHEEICLLE
591%, SDF #A[Ic &k 2 BAZ R L L 724 5 ok
£ (SDF )7 28EL T3,

Sayed 571, RFES>EHT 2 MEED S il
T &Y L, —H1E S g (CC, AV T AF =y
7, HARERERE) 2Bt TEAAL, fi/7id 38%
SDF (¥ F I 4 FigEBHH 38%) %A L T 2 HEKE
Lz, 208, 5 hERar o ST % 62 BEm s 22,
By h—ZFE& (VHN) #HlE B & X SEM/EDS figric
Ko THEHET L7z, Z0fER, CCIc &k 2/ (Fig.
8) & SDF ¥#Afic & 2 BAHS (Fig. 9) FHLIL Tz,
MU SRR O RS R, CCRETIRYE (5 &S
BAEER) O S IR, —75, SDF B0 X1
CCHIDEVWI Eabhotz, Thid, SDF BRI
BOTHSE L CHEILAHELZbDEEL L, —
H, dBRFENEE (5 ERSE) OB I CC
TEESDFHCRBEE L &y, EFFEOM I b Wi

Fig. 7 Fluorescence photomicrograpy of 2-h S.

mutans biofilms stained with a BacLight bacte-
rial viahility kit (Longpass emission)®

Biofilm with live cells fluorescing green. Almost all
S. mutans cells are live (green) and actively forming
biofilm in Control. Almost all S. mutans cells are dead
(red) in 38%-SDF. Dead or dying S. mutans cells are
visible but live are more in 3.8%-SDF. More live S.
mutans cells are visible in SDF/KI, dead cell are also
seen.

—#L 7 (Fig.10). SEM/EDS @t ofiHn 5 b, BE
RO FHLRMWENRD bl Th b OREHRIE,
38%SDF ORI 5 SR IC & 2 BZED, 5 #ERE O R
ELTEMTCE 2 HREIEZ M RR L T 5,

SDF % ;&R L 7z1R@E S L&

Murase 5%, MR 5 812 H 3 5 80 tic K L Tl
EiR, 38%SDF (¥4 54 PRI 38%) % &Ah
L, FRBEL7ZBE IR L TEE2BEE LTS a2k
£L, arR¥y Ly (CR) BE%2IT->7 (Fig
11). 2o, BEH%RERIC CC &AWV THRAEDH MK
EHER LTz & CARPERP—HRED 5N/, Th%
BrELCEBREEZK T LEHREL TS, 207
&, SDF I & 2 BEHREDOARIC & - T lREZTT
THZIELREEETCHZEEZTNS, LrL, 38%SDF
DT IFIEF IR, 72 2 CCIT& o THRPL 7236
fichorzb LTH, EHED D 2ME K- T2 h
IOV TIEARITH 2. Murase 5 0ffgIc 5T,
SDF 2 G L 7481 5 iLEH% O CREHIZ DWW T
HHIRE T ND RIFTH o 72, & 512 SDF BAGHT#
DEIEG DR G H % HIHRET U 72 #5258, SDF 2 &M ¢
5 EIC& o T NDFERNC I\ T BRI AP o
AR DEEBBE I N, T D L, 38%SDF &Afin
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Fig. 9 Optical microscopic cross-sectional images, a :

Control “no treatment” arrows refer to the

. . . . B . . 17) . .
Fig. 8 Optical microscopic cross-sectional images lesion area, b : SDF- treated lesion (2-day stor-

a : Control “no treatment” arrows refer to the lesion age)'?

area, b : CC-treated lesion. SDF ; Saforide (Bee Brand Medico-Dental, Japan).
CC : Caries Check (Nishika, Japan).

85.8 4 toward pulp=
4 -\\\\‘_\
782 Caries-affected [
7027 dentin 5
6241  Caries-infected
= 54.6 dentin
46.8 1 Control |
390 1 :SBE/LC Fig. 10 Line chart showing the hardness values at
31:2 _ ——CC different depth points within the lesion'”
2341 _ The SDF group showed significantly higher VHN
200 400 600 800 1,000 1,200 1,400 1,600 1,800 2,000 values than CC group till 600 um.
Depth in #m CC ; Caries Check (Nishika, Japan).

Fig. 11 Representative case of root caries treatment using SDF®

a : Root caries lesions (#32 and #33). b : Discoloration of the SDF-treated lesion after one week.
¢ : The black-discolored lesions were carefully removed using a spoon excavator. d : The lesion that
was stained red with CC was observed to only have been partly excavated. e : Completion of cavity
preparation. f : Final restorations.
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Hi @ RIERBICH 2EAR T v + EETIENY) 7THEENELR DN S 2 L TYWHEOZE R TIEL, HED
WIS EL 52 b LEZbNTWVS, £z, BYRAICKH L CiFhikasiicli L, &% &% 2iGtkikEs
BEE L2 o B OE—fE2H-> T3, BREAEEREZIEECOEEEZ L5, BELA LA
& o THA LK OMERNES oESES, 774 V7 2 AVD—DTHBANVT 4577 (SFN) 3HifE
{LBsRE % 5] 2 ER G 7 Nrf2 2150 L, BB ORELZ E2MA 5 2 EXHEShTWE, KO HIZ, B
A LR DONY 7HEREICH§ 5 SEN OFE 25 1ICT B I L TH B,

MELE 5 A LRI & L€ Ca9-22 #kE vz, Bafb R b L RBIE H.O/m M E U7z, MifadfrEs
& OHHBaG EM %2 WE L, SFN ORERERTTo 72, Nri2 OEMIIZMHE S H O Nrf2 O DNA & &M%
ttayhk o 42 C L TRl L7e. £72, EENY 7HEREE FITC BT ¥ A b 5 v O M T v 2 A4 CREfi
L7z, SEMEEES T OBEFHIIL, 42074 BLX0Y 744 L RT-PCRIC X D& L 7.

FER 1 Ca9-22 % SFN F/E FCHET % &, Nrf2 fE21EET & LA S N3 PiRLA + L 2 NS EEEE T
DFELEM LR Uz, SFN TR L € H,O. 2N A % &, BERANIC N2 OMBITESEM L 2. Ca9-
21 A b L 2R 5 2 B L lBOE S TTHE L 7248, SFN TR 21T - 72354 T3, BA b L 2 il
BB @2 MR L 72, BETTICL D, SENRILERIC X > T, BEHT (WA oy v 2o ay) oBRY
VRVETHBEsu—F 4 v ], BEN (FREV L) OFEEEW (NIFREYV L) OBKY V28
THDLTAES VLA VY IRZOEESTTH LA T2V v B4, PTK2 ORI LR F 3R I T,

#Ea C SEN 3L A b L 2Ic X A EFE O PHEBEOET 2T 2EHZ2 S 2 ERB I NI,

F—J— K WA EEANY THEE, BILA LR, 2V T x5 7 7 v, filaEEE
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A EEBR T 2ERNERDS b, EHALZE D
N AR 2 A L 2 & DAl 7B 5 2 o
f LR, sEALERRY LR BB S, YRR
U7 E L CHEBB O EES Tw s, HIBRICEY
OEMAEIRICIRZ 27217 TR, ZhbicaEnsid
FELIEE 72 & OB E D & O A F L A%1ZL
b T RN R b N TH D, F, WAL
B SEE D —>Th 2 EET (¥4 rY v v 2
vaviT]) PHEEL, WEELR EDBEYDERAZ
BEEEDSH 5. AZIE, MR OEEERRTH
FUINT T — 7 BRI E LSRRI RIEE ER T
ZZEDOLRIETS, WMEART Yy PHEOKRYT v b EE
FRIEIREBICH 0, FIER Z DEEMBMEANEAL R
T 755 2 L CRIEDIEES N, FEIERIKRE D EITIC
BrE23EEZ6NT0S, ZDEEICELBLELD
—oL LT, WA LEoMEMSEsHEs T, B
BOBSAESTET 2 LMo T WD, £, BEEK
MR 2 RBEC d MIEIC K AT 2 A LR TIRER G
AT H B HhERAEICRIE L, X F &% RiEkEE
REREEL D6 BYEHHOEHE2H->Tws, Ly
L, BREOGHEBRZIETICHEEL 5T 20,
HLECHEBAR T v b B, R LRz TR
FL RIS RTW 3,

BT Nrf2 (NF-E2 related factor 2) 1%, #iigo
WA b LRI 2 2 EAHIshTw Y, FER
F L A TN offE T, Nrf2 i3 Keapl (Kelch-like ECH-
associated protein 1)-Cul3 (Cullin 3) #H&ED 2 E X5
Y E3 VA —EOfERIC & b #IEE oS h TEAII
BT TER 0D, MEEPBEA LRI NS L,
Nrf2 O3 fE»HE S L OEMEL LEENICEITT 5. A
AT L 72 Nrf2 (3 sl R o i iR, R b L 26
BEEFEEFEB L, HiBMRCEE5T 5. £/, Nrf2
BRIEMWEY A S A4 v TH 5 IL-6% IL-18 DL T-F
BAEEL T, ZEEZMET 2 LPMESIh TR 29,
S5, BUEBEEOHYE T VICBT 2BE NV T D
FEE I, Nrf2 O1EEE N U TRIEEA 71 = —4 —
F|HBMFI S 2T ik, BLEEMETO T] O
WS v 7B ORBMEIE L, #ElE0 RIESUGE S 1
5T ERENED,

A7 %7 7 7 (Sulforaphane : SFN) 27 a v a
V=275 REDT 75 FRIFRICEENE 7 7 A
b A o—fET, EE, Nrf2 25T % 2 LR
XnY, ROBEIC X 5 Nrf2 OFEMALATIRECTH 5 2 &
LS, £/, SFNid~v 2~ ru 7> —o

7 BeTE His

up

2B 3 LPS In& o TNF-a, IL-18, iNOS (inducible
NO synthase) DFIFE 2 Nrf2 M IG5 2 &
DERE XN, SIEMER R 0B E HIIC Nrf2 2585 &
LToD SFN ORRMEE I N T 5,

D& Sz, Nrf2 235 2 b L Rt % A e v il A
L, a2k 82y o2 AP FL R fEREE O fHF 1 %
MEFFL T2 2, MEOIETI AR TMEIN
Tw3, LiL, wEMRO A% R cH 5 &
AWERICEIT 2 Nrf2 DfEHIC > W Tid+aIic @i s n
TR,

Z T CARMFETIE, SFN 23t EE o3 Y 7RERRIC &
D& ELEZ 500, MEESECER L ORT
5 tELT.

MBS LOFHE

1. MRREEL S CICHE

b A R MIRERR (Ca9-22) 1% JCRB fllfig v 7 &
b A L7z, a-modified minimum essential medium
(MEM-a, &+ 7 4V LHADEMER) 12 10% fetal bovine
serum (FBS, 7 4 W LADEHMER), 1% ==V -
2L T b2A4210000U0/mL (54772 ay—
XY % RY) BRASEREmE AV THRRIEEL 2.
37°C, 5% CO0&M T 7Tav vy MET S
EFCHEL, BOBOOERICHAW, BIAFLZOD
IR & LT 30%iEf&{tksk/K (Hydrogen peroxide :
H,0,, B 7 4 )V LADEHIER) 2 A REREICARL T
Wiz, 7z, Nrf2 38 A< & % SFN(Cayman Chemical,
USA) ZARFFRICTHREREICHERLzb02E08
D DEERICH W7z,

2. fRAETER CHBEEM

96 well 552 7' L — M iz 15X 10ME D Ca9-22 % 1B L,
48 W[4 I A FEIREE O SFN 2 L 7. SFN sl 24
%412 Viability/Cytotoxicity Multiplex Assay Kit ([F1=
L2 irgenn) 2w, filadfFR L fiaEEROMm ;T
» 5 SFN OfifaaEM: 2 57l U 72, BfEmicik, 8o/
VEREVZT AT veAEO T O b a—vichie, K
EiE % H w72 LDH assay 7 6 filaGER %, o 7F L
¥ 7% vz CCK-8 assay 70 b flifaEER %2 2 h
EFNHEE L.

3. w14 707L4

6 well 55 7L — b iz 1X 108D Ca9-22 % #%fE L
80% v 7Ty Mk ECHELE. 200 UM HO,
F 7213 10 uM SFN % i U 7z 4 #2012 TRIzol reagent
(Thermo Fisher Scientific, USA) % F\»T RNA %
MU, %2Z6ic—80°CTHRE L. 2EETFOHE 1
TrANDL a7 LA BITEH#ET 2 A 2R
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WTiTok, BohkT =926, KD Ca9-22 1
XL 200 uM HyO0 % 7213 10 uM SFN #llEc & » ¢, &
Bt 2 (5L e RBIAEEE T 2 fhHI L 72,

4. Nrf2 O1ZABIT

60 mm 5 5} 10°H D Ca9-22 R L, 80% 2
VINIY NI BETREE L. 0%, 10uM SFN
ZUSINL, 24 R E 2 0~200 M @ HyO, THIELL ,
N Nrf2 2021 % Nrf2 Transcription Factor Assay
Kit (Cayman Chemical) Z W CFHMHiL 7z, Nrf2 137G
MALT 2 ENICBTT 2EERFTHLDT, £T1F
H, 00l # % 30 20 T B UX L 7z Ca9-22 %, Nuclear
Extraction Kit (Cayman Chemical) % Fw CTRZHhHIH
M EEDIC OB L 225, MBS TR oiRE
K7~ Nrf2 ® DNA fE& 5% ko Uz,

5. BRERT vt

Transwell 7L — k (CONING, USA) @ upper cham-
ber 12 5X10°ff @ Ca9-22 % #&fH L, 48 K%< basal
chamber &% 10 uM SFN &6 RHIC A L7z, 24
RpfIB% I B IREE O HoOy 5 B S5 RS L, 37°C,
5% CO,T—Hifdm s 72, 2D, 200uM @ 4 kDa
FITC-dextran (Sigma-Aldrich) % upper chamber 2%
fmu7z. 30, 90, 180 %341 lower chamber N® k&%
FUY L, FITC-dextran O@E@=R &8 L7210,

6. U724 LRT-PCR

6 well 52 7' L — M ic 1X 105D Ca9-22 % B L
0% v 7)VT vy Mk ETHELLE SFEEBED
H,O, CHIE L 7z, %72, SFN O & 2 212 iR
T 5720, fERE 48 W41 10 uM SFN 2RI L, 24
RIFE I S REIRIE D HyO, THIBL L 72, HO. M1 4 B
#4112 RNeasy Mini Kit (Qiagen) # &l 7w ka—
MIZhE-> THW, bP—=2%)VRNA 2Lz, b—=2
RNA o % & & #iE o Hl % 12 NANODROP LITE
(Thermo Fisher Scientific) %MW TfT-72. %D,
Transcriptor First Strand cDNA Synthesis Kit (Roche,
ZA A) ZFAWT 25°CT 1043, 55°CT 30 1 DMIRE K
J% 4TV cDNA % 37, SIS R E OWES 1T
Hhsbr7ua—54v1(CLDNI), TAEIT VLA 3
(DSG3), A4 v 727V v B4 (ITGB4), u74vFn
v —+¥ (PTK2) DOEGTHEE% StepOnePlus
Real-Time PCR System (Thermo Fisher Scientific) #
FwCilE L7z, PCREYOMHICIX, TB Green Pre-
mix Ex Tag I (Tli RNaseH Plus, Thermo Fisher Sci-
entific) &M/, FHEET-FIRIZ, GAPDH (Glycer-
aldehyde-3-phosphate dehydrogenase) Bz Ficxf 4 %
CTHEOMNNEEE LTEHLE Avukro4
~—HfidlE DU ICR Y,

GAPDH : F : 5-GCACCGTCAAGGCTGAGAAC-3

2T 4 T 7 7 iE HoOHFRIC & - CTIuit L 7z Ca9-22 offifgiZ i 2 iET % 195

R :5-TGGTGAAGACGCCAGTGGA-3, CLDNI :F:
5-TGAGTATGGCCCGATGCTTTC-3 R :5-TGCT
GTTGGATTTACCAACACGTAG-3, DSG3:F :5-
CCTGTGCAGCAGCCTGGTAA-3 R :5-CTCATG
CATAAGCAGAGGCACAA-3’, ITGB4:F:5-
GGTCTGCTATGGCCTGGTCAA-3" R:5’-
GGGACTCCCGAAGGTTCTCAA-3, PTK2:F :5-
GCCTGTGGGTAAACCAGGTAA-3 R:5-ACAC
CCTCGTTGTAGCTGTCA-3

7. IRETERMR

T RCOMEHENTIZ, JMP Pro 1500 (SAS Institute
Japan) ZAWTHEMEL 7z, BonERIZITT, F
P EIRERAETR L, SHCBT2HEEZOREI
Tukey-Kramer @ HSD ¥ TiT >, p<0.05 Z#E=20
BEZHD LHELT,

& R

1. SFN OEEEEDRE

Ca9-221c M3 2 Nri2 5584 £ L CTD SFN O R#EEE
PIRET B7-0, 5, 10, 50, 100 M @ SFEN % Ca9-22
Wiz CHifasEE =3 G L2 25, I0OuM SEN D & &
WIS ER SR B EL o7 (Fig.1-a). %7z, 5, 10
uM SFN 2 8\ T id Ca9-22 offifg A R Z WA L %
o 7ehs, 50, 100 uM TRAMFEEFEEIMET L2 (Fig.
1-b). Ca9-22 icxf9 % SFN Ok WL HHfaEER L Ewil
faEFR oM A 5, SEN RILE O FE#EE %2 10 uM
ELTUBEDFERZTH> 2L E LT,

2. B{EX L X B LU SFN (Z3 T 2 RIS DR

KHNELD Ca9-22 1% L T, 200 uM Hy00 % 7213 10 uM
SEN #IC & o CTHENLH L 28IZ T2~ 787
LA TR L 72 & 2 A, 200 uM H,O. 8 &
D 25 BRI LR U BB 371, HBE L
BRI 271872 > 72, —75, 10uM SFN Hill#ic & - <
2 L BRI R U 78 B0 97 i, BIUET L 72EE
TUX 1572 o 72, RMEC B T 200 1M Hy 05813401
Fo T2 ERRP LA L ZEBETFDS 5, BiLA b
L ZBE o differentially expressed genes (DEGs) % #ifi
HL, e—tr=vy 7 oRL%E(Fig2). %7, 10uM SFN
FEIC & > C 25U LR LA DA S NBETD S
5, Nrf2 ODIEEEBET L L TCINE TIBENEN - T
VBT L EET 5 0 & il LAEHIEIC Table
1R L 7,

3. WARLEMAZICH TS SFN DOFE

Nrf2 FFEHITH 5 SFNIT & h Ca9-221 BT H Nrf2
PIHELENE D EI »EERT 2720, HO k> T
FEINDLMILA L LRI SFN O FILHE A X IE$ 52
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Fig. 1 Cell damage in Ca9-22 cells treated with SEN (Nrf2 inducer) for 24h
Cytotoxity (a) and cell viability (b) were examined by LDH assay and CCK-8 assay, respectively. The

results are expressed as the mean+SEM (n=6-8).

AN HOHH T, ZOREIC X ST Nrf2 Of%
WEATEIZEN L 422 o 7228, 10 uM SEN THILEE T %
T & T HO B EEARAFINIC Nrf2 O NBAT R L 72
(Fig. 3).

7z, WA BRI O Y 7 EERRIC JUE T SFN 0%
% FITC-dextran OMIfEEEEE I SFIH L2 L 2 5,
Ca9-22 DHFERTEICE W T Hy O ARV L 72
FITC @ B2 \J 0iEERE (the apparent permeability
coefficient (Papp)) 7%, 10uM SFN OEiLEIC & b H
B L7z (Fig 4).

4. BlEMREESTFORER

it A b L RI2 & - T U 72 B Az RE o ffifeE
M7 SEN OEILEIC X - THIfl S hic 2 Lo, RFE
9 75 M B2 45 9> F O mRNA 5Bi% U 7 V& 4 L RT-
PCRIC & o THERE L 7z. Ca9-22 Iz H,O i & % &1L,
AbLRA%EEZ2%E, CLDNI, DSG3, ITGB4 D¥H,
B3 HyO0l EARAHIC A L7 (Fig. 5-a~c). PTK2
122 TE 200 uM HO 8RR I HIE O # T o3g iz
B, EEEZFEOR»L->7 (Figb-d). —77, 10
UM SFN CTHIALEE 3 % &, HyO R E DML T
CLDNI1, DSG3, ITGB4, PTKZ2 DFHEIHRI N
3 kR & i (Fig.6).

Z =

AAREIC B CEEREE Z2HEH > T 2 ERIZR
YIHERR @ 72 It AR R AT I ERREE L, BER L7
Fik% SN ol e L CERl - RET5. $72%2
DT, NADPH A ¥4 —Flck > TR ——F *
PR (0y) BEAL, ZXRWCHEEINZE R XY
SYHn (OH-), —HEIHEKFE (‘0,), XHHEEmR 4

¥ (OCI7) &\ oI ERE IC & - TR K% Bk
BRLCTw3, EEEBHRTOBCE VS 540 /&8
UV FF O RIEDR S, ERART v FNIEEEL
A bV ADSTUE L IREE T, EENARIC & o TRIU S
VY FFUHEINT 2 2 EARINTVEY, 72, B
fEA b L R %2 - R R T 1X NF-«B 2 EELL,
RIEGEEMEY A L A4 > OFEHH RS 29, KRR
. A ERICBY 3BRLA b L RIC X SIS ER:
DT, D F b EFEANY THEBEOETICNT 5 SFN O
BERRIT T B 72, Ca9-22¥kZ 72, in vitro ITB W
TR P L RARFFET 57012, H0,13% L offifiafE
TEL AV TL 2 KFfEicBwTdh, Fig?2
De—br=y TICRENDE X DI, H,O,0l# < Ca9-22
CBWLTHBLR F LA EEDSHERS Nz,

774 M7 AV EEYMEREEE T, Tho 3
BECHENRE, v 7ERH, FR# L8O
R 2% HFE T 2EI SN T w3, SEFNIZ7 71 b
FIAND—DT, WERT Nri2 Z2iEMHMT 5 &
bhroTwsd, fllicd, KV 72/ —VDhkPTT IR
VA4 FICHEESNBE V2 2 vRHhF ¥ viE, NF-«B
WEHALOIIEL, 79— A LDkkE, —BLEZEEK
DHNHI, Cox2 BEEOMHISDMEEHH 1D, chon
Nrf2 OiEMALE AT 2 2 EHEN TV Y, Nrf2 1%
% OHBALIEERE %2 2 — ¥ ¥ 2&ET oz B
T, BEAEEZ R TY, SFN ORGSR TE
YIRS LR T W L s, RIS D S K
WHoE & CIAEPH IR BB S h, YA R M
B OFRRLR EOBBEED) A2 R ETIEIYWE L
LT ofENRShTw Y, KFf%cdh, SEN O
AMLIRIC & - C, Nrf2 ORENEE T CTH 2P A b L
2 EBEEEE T O EAPHEE I (Table 1), 7 7
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Fig. 2 Heatmap of differentially expression genes related to oxidative stress
A hierarchical cluster analysis of Ca9-22 cells, both with and without H,O, treatment, based on the
expression profiles of genes related to oxidative stress (as defined by GO terms, GO:0006979, response to
oxidative stress), is visualized in the heatmap. Information about the samples, including the replicate num-
ber, is displayed above the heatmaps. NC; negative control (non-stimulated), H200; 200 uM H,O, treated
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Table 1 Nrf2 target genes upregulated with SFN in Ca9-22 cells

Gene ID Gene symbol Gene name Fold change
NM_002133.2 HMOX1 heme oxygenase 1 16.99
NM_001135241.2 AKRIC2 aldo-keto reductase family 1, member C2 7.37
NM_014331.3 SLC7A11 solute carrier family 7 member 11 4.39
NM_001093771.2 TXNRD1 thioredoxin reductase 1 3.89
NM._005345.5 HSPA1A heat shock protein family A (Hsp70) member 1A 3.36
NM_080725.2 SRXN1 sulfiredoxin 1 3.35
NM_001319217.1 CYP1Al cytochrome P450 (CYP) family 1 subfamily A member 1 3.17
NM_005346.4 HSPAI1B heat shock protein family A (Hsp70) member 1B 3.05
NM_0011971151 GCLC glutamate-cysteine ligase catalytic subunit 3.04
NM_002061.3 GCLM glutamate-cysteine ligase modifier subunit 3.00
NM_0012539081 AKRI1C3 aldo-keto reductase family 1, member C3 250
NM_004605.2 SULTZ2BI1 sulfotransferase family 2B member 1 246
NM_021187.3 CYP4F11 cytochrome P450 (CYP) family 4 subfamily F member 11 2.05

The table shows genes that are known to be Nrf2 target genes and whose expression was >2-fold upregu-
lated in Ca9-22 cells treated with 10 uM SFN compared to those of non-stimulated cells.

0.020
0.018
0.016
0.014
0.012
0.010
0.008
0.006
0.004
0.002

0
SFN(10uM) — — - 4+ + + o+

HyOp(uM)  — 50 100 200 — 50 100 200
Fig. 3 Nrf2 activation in Ca9-22 cells under oxidative

Nrf2 activation/mg protein

stress induced by H,O, or pretreated with

SFN (Nrf2 inducer)
Different letters represent the statistical differences
at p<0.05 among the groups by the Tukey’s HSD test.

A M7 AN B N2 TGO A D =X L L L%
S DHFRTRBENT WS DD, SEN % £ OHETHY
B8 Keapl DR % 2S¢ 5 T LT Nrf2 O @A
flsh, REMLE N2 BEHICEITT 2 L0 D
Ths. FH, bhbhOfER (Fig3) TIIAEEEEFR
Dleho72b DD, SFNIC X - T Nrf2 OB ITH M
SNz, ILWCHEEENT EIL, SENZRML AW E
200 M & T D H,0, 08 T Nrf2 ORBITHRD 5k
»o 7258, SEN ORI IC X > TIEET 2 s R S 1
722 Ep b, Ca9-22 1c BT SEN (10 uM) 1WAt A b
L 2T B Nrf2 %24 U 72 JiBLISE 2 G4 2 7f
HEtE R S N7z,

40
35
30
25
20
15
1.0
05
0
SFN(10OuM) - — — — + + + +
H,0,(ueM)  — 50 100 200 — 50 100 200
Fig. 4 Effect of SFN on 4 kD FITC-dextran permea-
bility in Ca9-22 monolayer culture pretreated

with 10 uM SFN
The apparent permeability coefficient (Papp) values

Papp (cm/s)

(in cm/s) are expressed as the meantSEM (n=3).
Different letters represent the statistical differences at
p<0.05 among the groups by the Tukey’s HSD test.

F AR T, BN THEBED M & L TSR
MEEIE L, MlEEEEE &Pk b L 2 E L R
Wi EELZ L, IhE I, BE LR dkEMEkEo
Caco-2 & Hl v 7 LE B IR S % R G S h, FED
2L L2 bhbhofERIcE W TS, SFN THI
JUFR L 7z Ca9-22 Tid, M{LA L RIc&k > TIntEL /2
MR B E 23 BT L, SEN 25 B BSRE o fERiZE
FEICHEGT 2Rt RB S e (Fig 4). Nrf2 FEAl
I & 2 HRERSE @ O BEAIR X, i bmEI N TV
5. 722, AIRCEENDZERY 72/ —LO—ET
H5T7 77 v (Theaflavins : TFs) 13 A —,8—7
T¥ v Ebwbh, TEHRFTZOMREWRGET 50t
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Fig. 5 mRNA expression of cell adhesion genes in Ca9-22 cells under H,O»induced oxidative stress

(a) Claudinl, (b) Desmograin3, (c) Integrinf4, (d) Protein tyrosine kinase2. Different letters represent the

statistical differences at p<0.05 among the groups by the Tukey’s HSD test.

ZHBThN TV 55, 20 uM TF CTHILER L 72 Caco-2 T
&, MREREDE @G EZ IS L b v mED R,
05~5uM @ SEN A3 LPS I & - TH#hI L 7z Caco-2 DB
WEEEHED 5 RS TWw D,

R AR o M R S 1, M- R L L
TEE® (T]), BEF (T RSy Ay v av:
A]), BEH (FAEY —L4:DS), ¥+ v IfEd (GAP)
B3, HMEPE-ERIEES L L CREEN (NI FREY —
L 1 HDS) AEEINT WS, t A LR oMEEE
B 2T 590 T O F8I % SRR S I T BREE L 7
Zick 5L, TJ, A], DS, GAP, HDS ¥ X< DflfiH:
ENTOFRKELAED ENT 02, BLA b L RICHS
Nz LMl o itk s eEdk U, HIREA S
PT]WERONG L CHREEPIRE 2 Do TY
22580 il LR R RS e &, SSRE ORAE <
HEREDSIRE S 5 L BEEDE L 2. BRI X 2B
RO ETILT v b Tk, Bl R OBERGE O
RIEME X 74 = — & —DiEHALE S KR DIEEDHE
el s ns?. ki, WRABICRET 2 L EA LK
OMfEfEE PHE SN T, WHEHOE RS UET 5 Z
EDHISNTHE DY, WREOF - 2 TR L LTl

AL NY 7 29 5w o DA ORI R %2 MEE T
LHFEMREI N T Y,

BENY THERE L TT & OB, IBE LEREIR
e sk o Mgtk (MDCK-11) &\ o 7238 4has s
VIV GBHE LR TH L MEINTE LAY, su—
F4 )y oTo = ARA0kERr S, EERTE
EEONY THEBBICB W TH T] OBSRESNETH B
LAVRENDTT MR 2 HE S ¢ T, WHD
WEEHRT 280 7 & L COBEERA 4 v EB ol
LCw3, TJRZu—74 773U —&h0ick
BENDEEEY V0 E - HE Y VB b
AT, $HIEA R £ 4 > 12 Zonula occludens-1 (ZO-
1), Z0-2, ZO-3% EANHEEHA L Tw Y, wWEK
v b EEOEEANY THERBICBWTY, T] 2K
S ST Eb > T w3 2 LA, KRS 5 B
ERshTws®, F72, b FEARESIREICBLT,
TNF-o (ZfE @ADL 2 u—F 1 » 1 OFE L
NVOET2EESHITH, BiEEOBRERETHL AL
VISV LA YBERNT L, ChohWET S
TEWRENTWBEY S, H0,c &k B2 F L2
12 & o CHIRBGE S DS T U 7228, MfgEEE ic B3
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Fig. 6 mRNA expression of cell adhesion genes in Ca9-22 cells under H,Os-induced oxidative stress after SFN

pre-treated

(a) Claudinl, (b) Desmograin3, (c) IntegrinB4, (d) Protein tyrosine kinase2. Different letters represent the

statistical differences at p<0.05 among the groups by the Tukey’s HSD test.

201 0FREE2YT7TIVY A L RT-PCREEICCHERL 2
£ Z %, CLDNI O%BMMET L (Fig.5-a), £k~ A
7 a7 LA BHTHERTIE, 200 uM HoO000C & B LA +
L ARl v —74 > 16 (CLDN16) DFERPHERIC
JA LT\ 7z (data not shown). A5 fliE < o i
BB TTED—R"E LT, 2u—F 1 o TFOFRENE
PHEboTwB EEZ NS,

DSH, EEONYTHEPAD=DNVA ML R%E
J 7B oEEHER 2 EOMMEICEETH S 2 LA SHh
Tw3% DSIMAME LR TXCHELTW 3%, DSIE,
MlaEzd PN 77 ) — BT AREESY v 32
THLTFRAEAY VRTFTRAES LA v (DSG) 2ZENGEHS
AL, HlENOFRAETS X (DSP) & EEEEAK
LTw3, HDS DS o5 ofEEE LCw»we, HEE
TR DA VT abBh AL CHEBICEST
LHEEER b, EMIIEN R A A v EtR S ot
M7 4 94 v Mgk L, FARHCIEED PTK2 (focal
adhesion kinase : FAK) %/ L CHlfgE cEls s 2
FIUVEEEH>TWS, S0, B2 ML RICLoT
DSG3, ITGB4, PTK2 DFERIZFA T 2 HEmP RS

7z (Fig.5-b~d). KiftFDO <A 7 v 7 L A BHFER T
&, 200 uM H,OpiR I & 282 b L 2HETA v 7
TV v Tazy ba2/ab/B6/B8 ITGA2/ITGA6/
ITGB6/ITGBS) BXUOTAETI % (DSP) OFH
Tk b3 57z (data not shown)., 2% b, EFY
THEEDRT (Fig 4) &, MldEEEE 28T 59T
DHBLVRVOIE T IFEE LT EEZEIND.
LA, HORMIC & 2 (LA b L 2RI ZEMZ %
Bilc SEN T A LCH < &, 50 uM H04RMIC & -
T CLDNI & DSG3 3HEIC LR L (Fig.6-a, b), %
72 CLDNI1, DSG3, ITGB4, PTK2 DFH L X)L,
100~200 uM H,Onf 5T H LA b L 2 D7 W& D
I L~V L ABREICHFEE N (Fig.6-a~d). Zh
1%, Fig. 4 TR N7z 50~200 uM H,O.7x i & % LRz
i BLEEYE D A, SEFN OfFE FeiliflEnz 2 &
DAHZARLD—IEHPRENTbDTH D EELEZIN
%, Nri2iEHALHI e E 5 T O FBIc fIg T2 L
LT, Caco2Ii2BWVWT TFsic &> C TJRE#E Y v 80 T
HHFIN—F 1 v, ra—574 1, Z0-1 OFEHEIE
BEICHMUZC LB shTwa? . £, B
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B, RIEMWTA S A4 v oFKEMHI oSSR, EEfka
DT]-ru—74 vOTFOFREPER LT, HEEORIE
B E N THBEDRIEIC D 72285 2 LG SN TV
57).

et X+ L X1, Ca9-22 ic B CHllEEEE T D%
BUERN & 2o CilgZ ko iE2 B SR $
23, Nrf2 DI E T H % SFN I & o THRLIGE
DOfiEE & Ml E BB A2 BT 5 2 v 87 HOFKBE
ZHMUT, EEAY 7HEREDSHER S D LIERE NS,
L& L, Nrf2 OiGtEIicfE - TEST 2 TiEGE T 3%
B lizh7zoTHBD, ZOAH =X LDOFHMIZTRTHES
DITEEoTwiwy, 72k z2iE, SFNoR#WTH 3
SEN-Cys i€ & % I/ liahti A3 A O 2~ O 58 & G~
72k 2%, 10uM SFN-Cys 1327 0 —F 1 ~ 5 DFIRK
TEru—7T4 v TOHHREAZEESRI LD, 7
T—7 1 v LIZ DWW CEAEREIC & - THIL U3k
Bl 72 2 LA S TWw 3%, SE, 200 uM Hy040
2B A L ARIMIcE>TH 27 —F 1 23
(CLDN23) 135825 & U 7= (data not shown)., —7,
AL HAREICEETZIL-18 T, A v 727U v
B4 ® mRNA FEELO N & g NRE D250 5 1
TwzY WA EEOMEES D T ORBICHET A
FIEZEETH b, EEOMIEK T OBE® in vivo TOM
FE kb, MR EE N e A R 2 TSI
ENRTNE RS0,

& &

LD SFN 1, A EEAIIIC B W TH Nrf2 o
EWHALEEET 5. £/, 0, & - CFE S L 5 fl
A b b AR Ui 01 o is T %
MeRid 5 2 LT, WA LR OLEMICHEBY 5.
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The Effect of Sulforaphane on the Barrier Function of Gingival Epithelium

SuGANO Marika, TANAKA Junichi®,
MisuiMA Kenji* and YAMAMOTO Matsuo

Division of Periodontology, Department of Conservative Dentistry, Showa University School of Dentistry

*Division of Pathology, Department of Oral Diagnostic Sciences, School of Dentistry, Showa University

Abstract

Purpose: Inflammation of the pocket epithelium impairs the epithelial permeability barrier, contributing to
the progression of periodontal disease pathology. Neutrophils migrate to periodontal tissues affected by peri-
odontal disease and play a role in the innate immune response. Reactive oxygen species secreted by neutro-
phils cause damage not only to bacteria but also to the host tissue. Oxidative stress leads to the destruction
of epithelial cell-cell adhesion in the gingival epithelium. Sulforaphane (SFN), a phytochemical, activates the
transcription factor Nrf2, which regulates antioxidant function. For instance, SEN inhibits inflammation in the
intestines. This study aimed to elucidate the effects of SFN on gingival epithelial permeability.

Methods: Ca9-22 cells, a gingival epithelial cell line, were subjected to hydrogen peroxide (H,0,)-induced
oxidative stress. Experimental SFN concentrations were determined based on measurements of cell viability
and cytotoxicity. Nrf2 translocation was evaluated through the colorimetric assay of Nrf2-DNA-binding activ-
ity in nuclear extracts. The epithelial permeability barrier was evaluated using fluorescein isothiocya-
nate-dextran permeability assay. Gene expression profiling was analyzed using microarray and real-time
reverse transcription-polymerase chain reaction.

Results: In Ca9-22 cells, SEN increased the expression of antioxidant stress response-related genes tar-
geted by Nrf2. In Ca9-22 cells pretreated with SEN, the nuclear translocation of Nrf2 increased in a concen-
tration-dependent manner upon H,O, stimulation. Although the epithelial permeability in Ca9-22 cells
increased as a result of oxidative stress, in the case of pretreatment with SEN, epithelial permeability was
maintained at levels equivalent to those before oxidative stress stimulation. SEN increased or maintained the
expression of genes related to cell-cell adhesion, such as claudin 1, desmoglein 3, integrinf4, and protein tyro-
sine kinase 2, in Ca9-22 cells exposed to HyOs.

Conclusion: SFN exerts a suppressive effect on the impairment of gingival epithelial barrier function
caused by oxidative stress.

Key words: gingival epithelial permeability barrier, oxidative stress, sulforaphane, cell adhesion
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Table 1 Materials used in this study
Flowabl I ic*
. owable . Composition .norgam? Lot No. Manufacturer
resin composite filler loading
Clearfil Majest:
i e;“ <f§$vy> Barium glass filler, Silica filler, TEGDMA, Hydrophobic Kuraray
ow
. aromatic dimethacrylate, dl-Camphorquinone, Photo initia- 75 wt% 3P0006 Noritake
Universal (Shade: U) . Dental
or enta
(ES)
. Silica zirconia filler, Composite filler, UDMA, Nonamethy-
Omnichroma Flow . . . Tokuyama
lene glycol dimethacrylate, Mequinol, Dibutyl hydroxyl tol- 71 wt% 0091
(0C) Dental
uene, UV absorber
Gracefil Lo Flow Bis-MEPP, Dimethacrylate, Barium glass filler, Silica filler,
69 wt% 2102221 GC
(Shade: A2) (GF) Pigment, Photo initiator Wt
Filtek Bis-GMA, UDMA, TEGDMA, 0.1-5.0 um ytterbium trifluo-
ilte
ide filler, Non-aggl ted - ted 20/75 il-
Supreme Ut Floy 19° e Nowagslomerated/nonaggregated /5 m s g5 o ypiggry g
ica filler, regated 0.6-10.0 um zirconia/silica cluster
(Shade: A2) (SU) - geres
filler
All-in-one adhesive Composition Lot No. Manufacturer
4-Methacryloxyethyl trimellitate anhydride, 10-Methacry-
G-Premio BOND loxydecanoxy phosphate, Dimethacrylate, '.Tl"li(')phOSp}'lz'lte 2103001 aC
monomer, Distilled water, Acetone, Photo initiator, Silica
fine particle
Immersion solution Composition Manufacturer

Sinvino
JAVA Tea
Straight Red

Black tea

Otsuka Foods

*: Manufacturer’s data

400, a=H V%) RAHVTaArYEYy LY YO
2o 7 (Co). BFERIZ CIEII76L*a*b* KR %
o, i 13hc>E 3o L™, a*, b*25HIlL,
Bonl o2& ols LTEEBE L

RIT, BEtD 5 B EIELITIE U 722650k K8 K
I, RO OFEEMBEIE (L rE—/PX T 14— R
FL—1F Ly F, KRR ICRESE, 3T°CITRE L
2. 28, WIZ1ITHEBCECHLLD D LR E2fT-
729 KRB ERICEE L Ch S 1ERE Qw), 4580
% (4w), 8:EM% (8w) DfEZHEIEL, BOBDOD LT,
a*, b*&2HH L (n=5). Bon&loEr 6,
#EB O @EE (AE*ab=[(AL*)*+ (Aa*)?+ (Ab*)?]V?)
FHEHE L Soh -t IuhE oo r, —Jt
BLE DRI 8 & O Tukey @ ¢ BEZ AW T, HatH#Em
a2 17> 72 (p<0.05),

& R

Figl~ iz, &7u7 71 arfoy FLY vt

TRIREN, 8 MO AKHKRER, 8 HEEOAFREEZD
HBIEE®/RY. 7z, Table 2 ICKHKBREHICB T
% 1% (Iw-Co), 4% (4w-Co), 8% (8w
Co) @ AE*ab /77, IGELEDEBOHT ORGSR, BiE
i - LY v kb 8T oM, 4E7ur 7 vay
Ry b LY VRICERZ ORI AN EEEITRED 5
Nk o7z (p>005). Table 312, FAABRERICBIT S
1w-Co #, 4w-Co #, 8w-Co #fD AE*ab 2789, —J0
BLE SO OfE R, BEREBLILY v OENIC
o THEBEPRD 6N (p<0.05), RAEFABIEIEE
b ot —TERESEIHT ORE, 1w-CofETix, OC
X ES £ GF L ¢, MEIFENICKE 7R AEYab &
7257z (p<005). 4w-Co FETi%, OC ¥ ftho 3fH & It
L CHEAMICKE R AE*ab £ 72 D (p<0.05), SU
X ES, GF &l L€, $EAMIC KE % AE ab & 7% »
7 (p<0.05). 8w-Co Bt TIZ, 4w-Co B L Ak D#iFt2E
Wi ERBRENZED LN (p<005).
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Before immersing After immersing in distilled After immersing in black
water (8 weeks) tea (8 weeks)

Fig. 1 Typical photographs of ES specimens before and after immersing in distilled
water and black tea

f9¢

Before immersing After immersing in distilled After immersing in black
water (8 weeks) tea (8 weeks)

Fig. 2 Typical photographs of OC specimens before and after immersing in distilled
water and black tea

Before immersing After immersing in distilled After immersing in black
water (8 weeks) tea (8 weeks)

Fig. 3 Typical photographs of GF specimens before and after immersing in distilled
water and black tea
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Before immersing

After immersing in distilled
water (8 weeks)

After immersing in black
tea (8 weeks)

Fig. 4 Typical photographs of SU specimens before and after immersing in distilled

water and black tea

Table 2 Mean AE™*ab values of resin
composites after immersion
in distilled water

1w-Co 4w-Co 8w-Co

ES  093% 1.25% 16242
OC  099% 0814 1134
GF  l27h 1.324a 14202
SU  080% 0914 1.20%2

(n=5)
Values of groups having different

letters were significantly different
at p<0.05 (uppercase letters=col-
umn; lowercase letters=rows).

£ K
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LTwatwi®Es 529 22T, Aff%Eciz M
—Yx—=FTF 7 745—Lwd 2008 i%EEHL
a7 7NariEYy FLYvoERRREICL M
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aVERY Y bLYUYOERERIIERI»STONTE
D, mvitro TlEaryRXYy rLyrosay 7 e
LEOEICRET 27579, b MREEICRIEL <F
ORICRET 2 HEY R I T END 5. KE
Bz, SRR ET-> T ERICTVWEREL L, %

Table 3 Mean AE*ab values of resin
composites after immersion
in black tea

lw-Co 4w-Co  8w-Co

ES  165% 365"  5824¢
0OC  412% 769" 908"
GF 160"  313% 566"
SU 308" 620 731

(n=5)
Values of groups having different

letters were significantly different
at p<0.05 (uppercase letters=col-
umn; lowercase letters=rows).
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Colorability of New Single-shade Flowable Resin Composites
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3Kichijoji Kita Dental Clinic

Abstract

Purpose: The purpose of this study was to examine the colorability of new single-shade flowable resin
composites in comparison with conventional flowable resin composites.

Method: Two new single-shade flowable resin composites: Clearfil Majesty ES Flow<Low>Universal
<U> (ES: Kuraray Noritake Dental) and Omnichroma Flow (OC: Tokuyama Dental), and two conventional
flowable resin composites: Gracefil Lo Flow < A2> (GF: GC) and Filtek Supreme Ultra Flow<<A2> (SU: 3M),
were used in this study. The labial surface of 40 maxillary left central incisor melamine teeth (A5A-500, Nis-
sin) was flattened with #600-grit silicon-carbide paper (TRUSCO NAKAYAMA). A standardized cylindrical
cavity (5.0 mm diameter, 20 mm depth) was prepared with a straight cylinder flat-end diamond point (B12,
GC). The cavity was pretreated with G-Premio BOND (GC) and light-cured by G-light Prima-II Plus (GC).
The four types of resin composite were filled into the cavity in two layers and light-cured for 30 s each
through the 100-um clear film. The specimens were stored in distilled water at 37°C for 24 h, polished with
#2000-grit silicon-carbide paper, and their color measured by a Chroma Meter (CR-400, KONICA
MINOLTA) (Co). The specimens were randomly divided into two groups and stored in black tea (Sinvino
JAVA Tea Straight Red, Otsuka Foods) or distilled water at 37°C (n=5). The color of the specimens was
measured after one (1w), four (4w), and eight weeks (8w). The AE*ab data was calculated from these
results. The data were statistically analyzed by two-way, one-way ANOVA and Tukey’s g¢-test.

Results: In the distilled water group, there was no significant difference in AE *ab among the four flowable
resin composites regardless of stored time (p>0.05). In the 1w-Co black tea group, OC showed a higher color
change than ES and GF (p<0.05). In the 4w-Co and 8w-Co black tea groups, OC showed a higher color
change than the other three flowable resin composites (p<<0.05), and SU showed a higher color change than
ES and GF (p<0.05). An interaction effect was present in the stored time and resin composite.

Conclusion: It was suggested that the difference in colorability may be caused by various factors, such as
differences in composition, water absorption of resin matrix, presence or absence of pigments, and effects of
silane coupling on fillers.

Key words: flowable resin composite, single-shade, color stability
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Fig. 1-b Periodontal examination at the initial visit (2010.12)
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Fig. 1-¢ Radiographic images at the initial visit (2010.10)
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PRI 2 280, MBI, 4 mm M Lo
PD BAFSALIC B A AFHER Z fT 9 5. Z D%, A
FAYUT P ERBITLED A CRIBHICA YT R
A, A - TH@OWEET S DUT OIRERHE 2 7% L,
BEOFEEZE OBEERR L. (Fig 2).
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4, FHIHbiREE
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6. TRk E

7. SPT

3. AEZBE

1) sEREEAEE (2010412 H~20114E7 H)

010 12H»6FHE T 7LD A7 IV T,
WETERA BRI ORE, &L U2EOWAR LA
F—U v ERATL, NBIERIREEIX 2011453 HiC PCR
4% FC8HE L. 20k, RFTEERETC 17, 16,
14-11, 21-24, 26, 27, 36, 37, 47-44 ®ET SRP #% I
FTll, 1TRT7 & v F 4 v b uZRHETL, w0
HRXAWICEAT 5 2 &£ DA TH - 727z DR
&% AT L 72,

2) THEIFHRE (2011 4R 7 H)

HE AR ES OBl AR IC 1%, 2FENICHEAO
RIEDHIR U 7. LSHRTHEER 175k b P 232 2l L 7z
25, FOMERAICIEAT 4 v 7V v 7RO 6N 5
X9k o7 (Fig.3-a). @¥EOFH PD : 29 mm, &
KPD:11mm, 3mm B FdPD*:84%, 4~6mm O
PD# :127%, 7mm M E® PD* :33%, BOP * :
10.7% & S5 L7223, 25 9 9 tiC 5 mm DL LW PD
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Fig. 3-a Intraoral photograph finding after the initial peri-

odontal therapy (2011.7)

DEED BN, 16 DERE AT v + OREELTL, FELE» 5
BRRE LCHEER RS sz, 5114, 161C2ED
WD ENFEDERD b7z (Fig. 3-b). AR P13 411
BELTED, OEENT Y 2 ZREGT R TI32%E0IC
BT IEAR 2SR AL L 72238, 16, 26, 37 DIRANE CTHET 2
T [ R R 1 B 13 3R b s b o 7= (Fig. 3-¢).
FHEHMERERIC 14ELTT Y vy 2L, 16134
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Fig. 3-b Periodontal examination after the initial periodontal therapy (2011.7)

Fig. 3-¢ Radiographic images after the initial periodontal therapy (2011.7)
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Fig. 4-a Intraoral photograph of the mandibular right
molar during periodontal surgery. The lin-
gual side view is a mirror image that has
been inverted (47-43) (2011.12)

IRISEEE R AR EBE~DA 75 MRED 1IES] 219

Fig. 4-b Dental radiographic images before peri-
odontal surgery (47-43) (2011.12)

Fig. 5-a Intraoral photograph finding after periodontal surgery (2012.3)

3) s ENAE (2011 4E 11, 12 )

PD 4 mm Bl B D 34-37 12 13 TR o K
PR N ASER D 5 T- 72 o, B P BERR A % FE AT
L, RARFE CHEERINIFRD 5N 37 1 dFMic kg
WUE % AT U 7=, FRRIC, 47-43 128 LT b s PRI
e % fifT L7z (Fig. 4).

4) PR (20124E 3 H)

i A SV RRAEE 2 O TR A C 1E &5ED ¥ PD : 22
mm, HAPD:6mm, 3mm D PDXE:97%, 4-6
mm ® PD* :30%, 7mm M FEd PD*:0%, BOP

#38% T, HEEEA, MoOBREIROONRL ko7
(Fig.5). L2 L, 33&0IC 5 mm, 34 VL0 C 4 mm, 41
VEONT 5mm D PD A5AF L7272, 33, 34, 41 ICHE
SRP % ffif7 L 7z,

T4 SRP # O FHHlifR & O #5558, PD 4 mm DL EOE7L
RO sNRL Y, MAMAKIZE L (Figh). £
TeRENRELIZED, Er: YAGL—%— (F—7+«
Y 7T EREX—), ®VUZ) 2EALT, #7520 pps, 50
m] 2 & BETHEEEAD A 5 = v RFEERTIT L, A~
75 v MEARNCREEOEIED -0, 17-15, 25, 26
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Fig. 5-b Periodontal examination after periodontal surgery (2012.3)

Fig. 5-¢ Dental radiographic images after periodontal surgery (2012.3)

HE L7 (Fig 6).
RIS |

O A S R S b % P AL L
5) ¥4+ 20U 7 (201346 H),
A (201348 H)

FEEHHOY A F AV T P BIOA TS
B2, IAREBARE OPEARIARIE L 72, 2013 4E 6
Al APEARHESE X b4 F 20U 7 + (Fig.7), 2013
£ 8 A EEAMASRIRIC 2 A, FEAMAETIC 24K
DA 7Ty MEAMEFET L 72,

AL

6) 17 Iy RFM (201443 H)

AT 5 v RFHE 014E3HBETL, E—V v
Ty TREE L. Z0BROMIMRE Tl 4 mm
Ll ko PD, BOP (+) O#hLiziRd sNnishr otz 7
7 XV A LI & B ERRE(L kD7, 2014 4 9 A
IZFHA4 b — FEEH, EEL

7) HIMERE (1> 75 v b EEEEEE, SPT

7)) (2015 4E 6 H~)

2015475 Hic, mikmy7s BEEE 22855 L7, 2015 4F
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Fig. 6-a Intraoral photograph finding before implant surgery (Without denture)
(2012.7)

Fig. 6-b Intraoral photograph finding before implant surgery (With denture)
(2012.7)
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6 H Ol A <ix, 2O FH PD 21 mm, &K
PD:4mm, 3mm Bl TF® PD*:992%, 4-6 mm @ PD
# 1 08%, BOPH : 08% T, #E - Bt oonk
ot N7 I XMEEIZBWTY, 2FEAYIC RER
FRASEABRL L Tz, BRSO LEL T3 2 L 2T
L, SPT icBfrL 7z (Fig.8).

3HAC L IclAMMSRE, o —2rary be—ig
HE&t SPT 2L, 4 v 79 v b ENAH, BLO
AN R ASREBIC O W THE, SHEICILU TRERE
AT U7z, 20164E7 AicH 4 M — F2FEEL, 5L

Fig. 6-¢ Intraoral photograph finding before implant 7
surgery (2012.7) .
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Fig. 6-d Periodontal examination before implant surgery (2012.7)

Fig. 7 Intraoral photograph at the time of sinus lift (2013.06)
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Fig. 8-a Intraoral photograph finding at the start of SPT (2015.5)
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Fig. 8-b Periodontal examination at the start of SPT (2015.6) (17,15,25,26 are

implants)
8) SPT 2 4EKf (2017 4E 10 A) N7z -7 (Fig.9).
SPT 2 4ER (20174E10 H) 1T HEADRIEIZED 5 9) SPT 7 4K} (202248 A)
nNT, BELLMREIZED 6N, ERAMERE S SPT 7 £l (2022 £ 8 H) ITIZHWA D RIEIZFED b1

SOV PD 1 20 mm, ®APD :3mm, 3mmTD 3, iR ClE 2SO PD 22 mm, H&APD:
PD 3 :100%, BOP *% :30% T, HEIE - Bifti3i80 5 6 mm, 3mm MDD PD & :947%, 4~5mm @ PD *:
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Fig. 8-¢ Ortho-pantomography findings at the start
of SPT (2015.6)

Fig. 9-a Intraoral photograph 2 years after at the start of SPT (2017.10)

45%, 6mm DL o PD*:08%, BOP X : 121% T,
BElE - iR d oo, 8 < XERKB
WTHEEORIIZEED 5N Y, WA IR
ncwi (Fig 10).

10) &7 v M&MERE (Periodontal Epithelial Surface
Area : PESA), K7 v b RIEME (Periodontal
Inflamed Surface Area : PISA) DOZ&H)

WD PESA (mm?) 1% 2,774, PISA (mm?) 13 1,244
TH o727, SPT BATRiICI1Z PESA 1% 800, PISA X5
EFIHICHA LTz, SPT o PESA X SPT 2 FKf
12769, SPT 7 Wi 857 TEALIZFRD 6 N7z b o 7273,
PISA 1% SPT 2 $ERfIC 17, SPT 7 £EHFIC 156 & 72 b KAE
24 LML 72 (Table 1).

£ %K

SR, EHEOBEBE RS MIMEZE E - 72t 5
Ik o T30MATHEZMET Icwico /28, HEN
TR ERIEAS T, KGR Ze ol R IEREICH b R A, b LA
DLEEREG LTS, A v 75 MBRIC X » TRAEE
RETIHELE, RIFICEEL - BEERRL 7.

AIEFI D BFE DS HIREIEETH b, RIEFHRRE &
A REE R B UGB R IC /T - 72 MR EIC B VT H Red
complex 8 & KA. actinomycetemcomitans \I¥H E N7z
ofeDT, BEWAR, RIBLENEERICNT 2HMHEY
MWUVRZ 770 —3RETH? LBbnih, BEL
WEWAD I R 7 7 24 —HHEAEL . HiEIcBL
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Fig. 9-b Periodontal examination 2 years after at the start of SPT (2017.10)

(17,15,25,26 are implants)

Fig. 9-¢ Ortho-pantomography findings 2 years after
at the start of SPT (2017.10)
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HEL 2D, —MICSPT ofEEIC W TiE, 1~2 4
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Fig. 10-a Intraoral photograph finding 7 years after at the start of SPT (2022.8)
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Fig. 10-b Periodontal examination 7 years after at the start of SPT (2022.8)
(17,15,25,26 are implants)
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Fig. 10-¢ Ortho-pantomography findings 7 years
after at the start of SPT (2022.8)

Table 1 PESA and PISA values during periodontal histology
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FIEs SPT %47  SPT2 %K SPT7 £l
PESA (4 v FAEHHE) (mm?) 2,774 800 769 857
PISA (X% v  £4EHRE) (mm?) 1,244 5 17 156
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Localized Periodontitis Patient with Implant Therapy: A Case Report

NAKAMURA Suguru!, Kacami Hideaki?, Furuya Toshikil,
NocaMi Kotoyo!, Kim Nahyun', Kuo Tzu-Yang"?,
KovaMa Naoto' and YosHINARI Nobuo'?

"Department of Cariology, Endodontology and Periodontology, School of Dentistry, Matsumoto Dental University
’Department of Dentistry and Oral Surgery, Aichi Medical University
30ral Health Science, Department of Oral Health Promotion, Oral Science Course,
Matsumoto Dental University Graduate School of Oral Medicine

Abstract

Purpose: A patient who had lost molars in his 30s due to severe periodontitis with risk factors of smoking
habit and occlusal trauma, was treated by active self-efforts to quit smoking after treatment for periodontal
disease. After initial periodontal therapy, temporary prosthetic treatment using removable dentures, and
periodontal surgery to stabilize periodontal tissue, implants were placed to reconstruct the occlusal relation-
ship. The patient’s periodontal tissue remained in good condition without destruction by occlusal forces, and
he continued to receive regular supportive periodontal therapy (SPT) with encouragement for 7 years.

Case: The patient was a 36-year-old male. He had lost 25 at age 32 years old and 15 at age 36 years old
due to severe periodontitis with risk factors of smoking habit and occlusal trauma. Mild gingival swelling was
observed in both jaws, with the rate of probing depth (PD) of 4 mm-6 mm in 29.5%, 7 mm or more in 18.6%,
and rate of bleeding on probing (BOP) (+) of 359%. Three degrees of tooth movement were detected in
17, 16 and 14, and two degrees of movement in 37. Radiographic findings showed moderate horizontal alveo-
lar bone resorption in both jaws, and deep vertical alveolar bone resorption was observed in 17, 16, and 37.
Based on the above examinations, a diagnosis of localized periodontitis stage Il grade C with occlusal trauma
was made.

Treatment plan; After initial periodontal therapy, denture placement, re-evaluation, and periodontal surgi-
cal treatment were performed to confirm periodontal tissue stability. Then, implant placement was per-
formed, and the patient was transferred to SPT.

Treatment procedure: During the initial periodontal therapy, teeth 17, 16, and 26 were extracted due to
severe alveolar bone loss. Flap operations were performed on 34-37 and 47-43. 37 was extracted due to
severe alveolar bone resorption. Implants with sinus lifts were placed in the maxillary lateral molars, and an
implant superstructure was placed. The prosthetic treatment combined with implant placement reduced the
occlusal load on the remaining teeth, and a good occlusal relationship was obtained. The patient has been
managed continuously with SPT for 7 years and his condition has remained stable.

Conclusion: The key to the success of this case was the patient’s high motivation and the ability to control
forces according to occlusal changes between natural teeth and implants by SPT. However, since it is diffi-
cult to fully clean implants in the molar region and periodontitis can easily recur, it is necessary to continue
the periodontal management with SPT.

Key words: localized periodontitis, implant therapy, trauma due to occlusion
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