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Fig. 1 Micro-CT and histological evaluation of bone cavities

implanted with calcium hydroxide pastesm

Micro-CT images (upper row) and histological sections (H

& E staining, lower row) obtained 3 weeks after implantation

of calcium hydroxide pastes A and B (white arrows) into bone

cavities created at the apical region of rat molars. Differences

in the vehicle of the calcium hydroxide paste resulted in varia-

tions in cellular responses and the extent of material resorp-

tion. In paste B, dark granular residual materials derived from

the vehicle were observed in the surrounding tissues (black

arrow). R: root.
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Fig. 2 Histological evaluation of tissue responses to different endodontic sealers.
Histological images (H & E staining) showing the tissue-sealer interface of various endodontic sealers
implanted in the rat dorsal subcutaneous tissue for 35 days, including bioceramic sealers (A, B), a zinc
oxide-based sealer, and a resin-based sealer. Differences in sealer degradation, indicated by dark depos-
its, and cellular responses were observed among the sealers.
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Fig. 1 Microscopes of the 1990s
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Fig. 3 Current endodontic treatment utilizing the
three sacred treasures and other techniques

Fig. 2 A case of microendodontic treatment in the 1990s (Modified from

reference 1)
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Fig. 4 A current endodontic case using the three sacred tools of endodontics (Modified from

reference 6)
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Fig. 5 The jellyfish can produce both bioluminescence

and fluorescence (Modified from reference 7)
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HEYITH % PpIXIC T 2 ARHN OB 2 FfE L+
% Fluorescence aided caries excavation %3, BEHSRFE
ZERNICREL, FRRERTEE2RET LN TE
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Fig. 6 PpIX metabolic pathway in normal cells: PpIX is rapidly metabolized

(Modified from reference 7)

Cell Membrane

Coproporphyrinogen 1II (CPGIII)

Cytoplasm

Total detectable PpIX

Mitochondria -

Acceleration of

Cell Proliferation

Bilirubin

Fig. 7 PplIX metabolic pathway in rapidly proliferating cells: Large amounts
of PpIX accumulate (Modified from reference 7)
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Fig. 8 The world’s first dental microscope

with a built-in fluorescence obser-
vation module
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Fig. 9 A case of fluorescence-aided root canal treat-
ment
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FEEBREDE DM LicE 5T 2 AlRE2S H 5

~ )y ORT7)—BEEROCRTy ALT

BEOFIIEFR
Afficiz, 74 RV Bl L —5— (Figl) 2H Fig. 1 Ivory-type separator (YDM,
WM E —RNICHFIEs LT, PV I RE Tokyo, Japan)
A T ICBHEmBE 217> . HEHHEORZ L LT This device is used to achieve tempo-
13, REIBIRCHEAT 2 #6 7 7 1 L (Se354490.06 mm) rary tooth separation during proximal
DEHAE D > CEBT 2EEL L, B &2 80~100um composite restoration. Although origi-
DOHEFRZHERT 5. nally designed for anterior teeth, it can

also be used in posterior regions in most

DT IcREF %3+ 5 (Fig. 2).
OEE#RER, BAKIC Hgh 7u—4%4 Fo7ua7
TNLYvEIEEGRL, ToIEESEIT.
@QBEHD7T v —H v FE%E High 7a—44 707

cases.

Fig. 2 Filling procedure
(DAfter adhesion steps, a layer of high-flow flowable composite resin is applied on the floor of the

cavity and light cured completely. @Fill the undercut of the cavity with high-flow flowable compos-
ite resin. @Low-flow flowable composite resin is applied to fabricate the backside. @High-flow flow-
able composite resin is applied on the margin. ®Low-flow flowable composite resin is placed without
curing, and then built up to the crown side. ®Once again the backside is created by low-flow flow-
able composite resin. @High-flow flowable composite resin is applied. ® Low-flow flowable composite
resin is placed on top of it without curing and built up so that it did not contact the adjacent tooth.
©@Low-flow flowable composite resin is applied on the marginal ridges. @@High-flow flowable com-
posite resin is applied around the marginal ridges and sent with an endodontic file to the contact
point, then filled transitionally from the marginal ridges to the contact point. @Polishing strips are
used to shape the form. @After confirming the marginal adaptation, separator is loosened and we
need comfirm the proper contact restored.
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Fig. 3 Preoperative intraoral photograph
and dental radiograph showing cari-
ous lesions between teeth #24-25 and
#25-26
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Fig. 4
(D-®@): After caries removal, an Ivory-type separator

was placed to achieve temporary tooth separation.

@-®: Following adhesive procedures, a high-flow
flowable composite resin was used for lining. After cre-
ating a base with a low-flow flowable composite resin,
a thin layer of high-flow flowable composite resin was
applied to the gingival margin without light curing.
Subsequently, low-flow flowable composite resin was
carefully added, and the proximal wall was gradually
built up while avoiding contact with the adjacent tooth.

(D-©): With the teeth still separated, the proximal
surface was finished using polishing strips. Good mar-
ginal adaptation between the tooth structure and com-
posite resin was observed. After removal of the Ivo-
ry-type separator, appropriate proximal contact with
the adjacent tooth was restored.
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Fig. 5 Immediate postoperative

intraoral photograph and
dental radiograph showing
good marginal adaptation
between the composite
resin and gingival tooth
structure

E Al

B 28 %, Lk o OENEEE 7Ty 21 X
MEED S, #24-25 1, #25-26 Hic > @z 3o (Fig.
3). #24 WA ERO T F X VEZBIEI L TWw L E,
KUPENTOMIRIEAL Tz, #24, #25 BIRAHK
T, RICERO/NS T #25 ZFHE L. 20k, TA
R =M L —g —%E L, DI HIc k2R L
7o, BERERT-7#%, High7e—%A4 Fo7a77
NLY U TTELREFELIA =0 L, WETH»S
BELCERO7 v 4 =%y b2 High 7u—44 70
TJRT7ITNVLYUTRIEL, Low 7R —9 4 7707
TP Vv CIRBORFE2 A A=V LN EITE %
FHEL 72, BITH I, BRENRBEEIYEL T2 5720
MEIEIC 2 X5 Lz, wAMlo < —Y v High
Tu—Z A4 TOT7uT TN YU RECEAL, Ly
T Low 70 =94 70707 7Ly v EfEs, 7
ur7 7NV Yy ORMRAEFA LS, Bt
L2k SEEIZW-L D EE B TCwuor, Bk
WEtoarv s s rthdRA VP EBALLEI AT,
Low 70 —% 470707 7V Yy CilgERzs %
EL, UBERLEELoa 2 7 bRV ETO

Be9E H2E

Fig. 6 Intraoral photograph and
dental radiograph at 3-year
follow-up showing no frac-
tures or debonding and an
uneventful clinical course

B#EICHIgh 77— A4 70707 7V v % #67 7
ANTEDDAL I L TCRITNETBEL -7, T4 R
U—Hle L —y—CHEEZHB L%, THEMAAT
Uy AT EE L7248, §ELta v Yy bL
Vv EDGHEAEERRR L., L= —%fED,
Bt L oa vy 7 b 2MER L 7o, WA & B AT,
EEL, & T L7 (Fig4d). iiBoNBENEEL T v 4
VX EED S, RiFsdgEAEIREATHE L
PIERTE /2 (Fig.5). BESEREL T 528, HIK
FERD %2, RIFICRBEL w5 (Fig.6).

)

~4rzuzxa—7 Mz SE, ey 7L
Y v ORBMIES ZIEH L FHE, Kyu-Shu Technique
1, YR r 2 B L OEBEAEOESICERT
Ho, BEHMNTROMA EICHEST 2 AREESH 2 L E 2
bz,

X ®

1) Nedeljkovic I, Teughels W, De Munck ], Van Meerbeek
B, Van Landuyt KL. Is secondary caries with compos-
ites a material-based problem? Dent Mater 2015; 31:
e247-277.
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Minimally Invasive Periodontal Surgery Using Periodontal Microsurgery

— Application to Periodontal Tissue Regeneration Therapy—

Y AMAGUCHI Fumiyo

Yamaguchi Dental Clinic

X—TJ—-FR:RUFFUvILegr7ud =YV —, KREEERENEHAR, BEEGEELE, MIST, M-MIST,

EPPT

&

il

AR, EESTICE O URMBIGE ORI K E 2H
MERoTw3, KREAEIE, HICHBIIREZ B
T20R% 67T, HEOMKCHEREREZRET %
LTk, X0 REFTTAROEVIRERREES C
EEHELTWw 3, wWRlEE T, BERE, #ifs
B, WML £ S S a0 CREBESEOM &Y
BAINTER, R CHHEABECBVL X, #BAM
TP AR R B R A RN B v CTIRBEE 22 A RN 7 77
0 —F OEANES, REEEOR LICKESFELT
%, HarrelV i3 1999 41 8 154212 %9 % minimally
invasive surgical (MIS) approach ##& L, Z D%
Cortellini & Tonetti®” ¥ microsurgical approach, mini-
mally invasive surgical technique (MIST), modified
minimally invasive surgical technique (M-MIST) & B¢
BEIV I e 3 2, (RRERF A AR O BRI EE %2 F0n
2. TOXIRMNOEPTHEHINTWDEDH, RY

FrRyvIv=Ar7ad—v2)—ThHs (Figl). #F
<A 7u0xa—7<Af 2704 AV VA F2HAL
52 Lickbh, AR TCOREZUB, Mg #e
DARE L 72 b, MRS % R/ R 2 D D RO IRA
LREIRIEDIEDIARF T & 2. Fricte AR Ak
KB WX, FAIEFMEE O RELARE 0 ZE B D
WEDlD, A7 =YY —DEAFZEDLDT
HHTH5Y?,

Afgclx, VA FrvoLv4 709 —2 ) %)k
AL ARREE AN BN ICE R 2 YT, EEEMTE
BEETHUT o EFAZRTT S, Thbb, OHE
ErBEEEERIEZET 2 BOMRE, @+« % v MERH
WHEEE T 2 B RIBANOBAEE, OF = KHAMKERZIC
EURE RAEELNERIBNOBERE, THhs.
nNoOREFIZBELT, RULAT RV el 709 -V
U — % H w7 ARR R R A ERE R O FEIR VG Ao v
THET 5. kB, MEFlOHHICOLUIEEARA X
DAEERTW 5,

KR HABRBHAGE Y 2 2025 FEKFAITRS (B 163 ) RO Y LOMENRE2 X LD bDTH 3.

DOI : 10.11471/shikahozon.69.114
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e N
Fig.1 RVUAFrvIr<wA470% =YV —DH
BT
WRENRARBRME L 2407 22 v FD 3 A
EHITfT> T 5,

E B

1. fEF 1 EELCEEMERIBICNT 2 mEERE
B

BT 47 A, SR TH D, SE PRI
HIH X2\, WX, AN E % Stage T Grade C,
FEFE LM IO HRIERE X VRO TH -
7. FFALICIE BOP (+) 245 14 mm OFEWEEE R
7y bE2EOEENED N, TUIILVITy 7 ARE
EBXOCBCTHR L b, AL TR SELE LR
EMEERESHER S N, — B IR DR EE & T
SNDHAHMEDH 2 FRIBFETH - 7228, JIMENC
JAMBRONES—EEEL TWA LEZONTT-O,
JABEARIB R O A O A5 R, B AR EREIC X 5
EEITS > L Lz (Fig2).

HRHLE 1R, RUA Ry o< 2704—Y ) —0
MRICHESOWTER L, 75y T F¥A iz MIST
ZEA L7z, MIST i Cortellini & Tonetti i< & b 3® &
niicd v, RELLZFRCEEESRBICHL T,
ABREREZIZ SORIBELEL 2RO 5 2 L 2R L
T 259 WEIEE, 2 mm DLEd - 7 72 o HE LI & 4R
79 3 72 ® DY B modified papilla preservation
technique (MPPT) %85 L, 88O MRS & OFL
TR O RFE 2 K- 7. @A CHBERIRE, X
BouFHMS e HEICKREL, BREOT 774 FA v
b &R T T o Tt BAREE T L. R, 4L
BEE ORI EE L % 2 LT O WA (primary
closure) Z2WEICB2ZLZHNE LT, T-08&4%%
Mo TEEREY Y b L AEAICTEEZABEE2T-
7o, g RIFcH D, 5EIHHORBEEICE
WTHRBORELED bz, BWRMICIERRT v
Fix 3mm BRI L, BOP IZiEHR L7, BEL D

RYF P vy =4 74— o) —IC &k 2 E8EEENARHEE 115

SNT, HEAEM - BERINICLE L RER R S hTw
% (Fig. 3).

AREGNE, FERT H SRR EE & FIWT = h 2 W REM:
DOHBHEELRBEEEGREICRHLTS, RUFFro L
<A ruY— 2V —2IEH L KR EEE BRI
£ 0 HOREDTIEE & 72 o 7REHITH 5

2. EF2: x> MEHBICEERT 3 BRBICHT

> mERBBEERE

BT 67 A, JERUEE TH D, SEEHER IR
HIE X2, 2Nk, RSB A2 Stage Il Grade C T
Hotz, BFFLPLCCITHEMMTEL TA A v T v R
BRI TN, A4 VT F v ARICEE%, EEAEANT
Ytz BOP (+) #££5 10 mm OB RT v F 25380
LNt TUYINTy I AMEETIE, LIk X v
NE B DY 5 BB S,

LA v MNEHERI N E T L <, R
P RERYT, WA - EHARE & OERIHREL & 5%
BETdH 210 Lee 50 2021 FDL E 2 —Tlix, CBCT
I & % = RITEHE R A RNV E BB o M, S50
SIEI IS RIS O REMEAEI X hT w0 K
fEGICIX, CBCT 8 & CHIKFTR & b, BERD Lee D9
2 fE Class 1 Stage B LWL 72, & 043 %TIE,
AR L 2IEBETFRIIBENREFCH S L INTY
5. %7, kA Y NVEHEEOIEETAIC & o TR
DR D EPMESINTE D, HEESERD L o
ICHEET B0 & o THRHN T 7° 1 — F D ph B A3
N30 KRBT, & A2 NERHEE HR
SIRAEMHI1/3 BRI RATHwEZ Lo s, HFHT 7
v —FI & % R AR 2B IR L T,

NBHLEZ, RUA R4 70—z —0D
BMRICESVWTEBLE, 757y 77 A viciE M-
MIST Z#I5 L, WEA»E 0 EEELY Yo —F%
TFot. Blloaos v 7V7 5y 7ic X 3 5/NEOH
Bk D BREEAT7E2AL, ¥4 7023 —FFT
K52 72 JLE % 4T - 72 (Fig. 4). M-MIST 1& MIST 2 & 5
CHE S, AELERom E2ENE LTHE SN
fifxcd b, HHEORmEME RKIAICEB T 3 RIFRIGE
PRINTL 29, & x> NEHBETE X O o B
e TEICkREL, REDTF 794 FAY FEHEL
e, FEMBIRIEA L. T-0RGREMAL, EEH
BE~ v L ARAIC X 0 LI O I EASH %
BB EEEMALL, MBEFERIEREFCTHD, fitk6
4 2 A HOBSBEEIC B W CHREMBORENERI N
7o, BEEERIIC I3 A7 v M3 2 mm IZiEd L, BOP i
MU 7z, HPDEMEIZ 2 mm R b, WK 7
Y FA A4y (CAL gain) E5mm#BED SN, B
IR RS R G 5 e (Fig.5).
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Fig. 2 JEHI1: FI2ko CBCT (a) &7 794 KA v FMEOOMEN

EH (b)

IRRANTIC & RS HEE 2 |EME KBRS hions, JEoflic
WSRO R ES —HERAEL T LB NI D, HAMERESE

BRI & B IRFRT 21T o 72,

a * iRl
Fig.3 JEQI 1172 8 b= 7 ARG HOfH
Boti (5435 A%)
WA v M id 3 mm MRS L, BOP i
WL, BRIBOUBAHRCTE 5. BIEL A
)

b : ffiTE

AREGNE, ZWiE & BESHEE Shbe v ME
HERCHLTH, RUFF I refrua—V ) —
ZIGH L KR EEAARRREIC & b, Rif2EHTHE
WBESNIERTH %,

3. fEffl 3 : E=AKHERERICE U ZE_KHEE=E

DERBICHT 2 mEBBBERE

BFIE 3 B, SR TH Y, PRI
HIHIZ 2\, 2, REMEEREZ Stage I Grade C T
Hotz, THHLEMEZREEOHKEEIC NEAMEE K
FEDE ORISR O RIEDRRD b2, HABREFE
YL, BEEMEX DN SKEEL 72

TEHAE = KA MR I 5 Z RE R O 05 KAEH
BHETHZ L, LL{AsNZEKRWMEETH 5. 2018
£ AAP/EFP 7T, FEBALOKMEEZICTERGE T 2
WRAKRT vy FOATIIREAR L IZZHIN W E SN
3, BOP 2445 BRIEDHFRET 2 LI X EE SR & LCEF

fiiL, WHEEBLERIEREZTY LELH 5. FEEE
FZZDOFR - IBRICBENTHE LR ESIN T
%1213 2016 4F 0 systematic review/meta-analysis IZ ¥
WThH, FERBEONANIKER DG KIBOWEICEH
Thd LRSI shTwY, Lhl, THEEZKRA
eIk BETR I A U 5 B K E M L KIB L, FHARE
DUFHHEIG & & 2 5 5 BEEICH % 17z contained defect
TH5IENLGVY, BT LHBEGICHINET 501
Tk, G FERALRRE OIS & % 502
WREL, MEREABD W Lz, RAEmB LK
R O 2T & D HHIEG - WET IR ISR B I e T
{, WHAEASEI HEE & e b LT VW L R EBE T 6N 5,

R OSSR, £ T RAMRE.LENIC BOP
2S5 15 mm OFECHEE R 7 v b2 Sz, BRR
FNCIRWRIAEFT R 2R 72720, % T IR R TRE
25 L EDIC, BiEOarytue— L2 HWE LTHA
HIBEREICHT (open flap debridement) #fEfT L7, Zd
%, RIEOWEZRMR L5 A CHAMBEEREEE2E
il 72, SHRHLECiE, sEFLESoMRziRFET 2 2
L ZHR & L T entire papilla preservation technique
(EPPT) #8RH L7z, BREH~DT 7€ 22 HRNRE
T 570, AL, E v BRKEE LNOYRZ R 727
v 7574 vk L7, EPPT X Aslan 512 & b i &
NrwEEAARY 7o —FTtdh b, LA intrabony
defect 12 U CHLBHOE iM% - 5 7253 5 AIPASHZ 15 %
CEERHAME LT3 BRIEEO W2 EEC
BEL, REDOFT 754 AV b 2+oIciT- 2%, B
EMBREEAL 2, FIEFERTE, FL L TERETD
RIEL L Mgt LEMNME BN E LIUWEEFT72. L
L, HFMEFCB W THERAL LTHERVCERR T v
b, i, HEEAEED SNz, TR AR
HEaFS L, 2HHOFMCIE, #IHEFMLL L
KRB L7277 94 FA v R 21T, BREPKED»-
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Fig. 4 JEf2: & 2 v MEHBHOER S 25 KRBT 5 B A

RSEAEMIRYIEGIC BOP (+) 245 10mm QAR v P 2D 5
iz (a). & A MEREELZH L M-MIST (< C o AT g%

To7 (b).

b iR

a : flifEl
Fig.5 JfE#l2: Fv &Lz v 7 2B EOMHT
Boltir (6425 H%)

WEAY v ME 2mm I L, BOP I34%
L7z, HEPDEMEIZ 2 mm 320 5728, KD
7Yy FAY 75 A (CAL gain) &5 mm i
doh, BRIEFRIREERPSG LN,

72 2L b WINPT % pfF U 7- TR AR R 2 AT L 72
(Fig.6). 51z, 79 v 7OLERL2ED 210, #BE
BV TERMETFT O B S 72T Th, 79y 7%
P~ 5] & FE 2 REEA DAL, itz 8 HHD
FS TERIBORENRD 5N, EKFTRD BFTH -
7o, L LAaDSmLEICRIERT v F2EEL, DT
iR b2, Er i YAG LV —¥—%2Hwi
BAYIRIC L D EERT v FOBRERIT-o 2. 208K
H, 210 7 H R CHA A7 v b i3 3 mm DL
AL, BOP bEE L7, BIfE, itk 6 4 35 HAWHE L
T3, WA ZELTEY, BIEGRFDMEY

EEFTLTw 3 (Fig. 7)

AAIEFNE, 5= KEASRIRBER I A U 72 85 K B0
EROEE BRI LT, BB AEIEa Y fo—L
B L UOmBEESEEREET ik, BirzEMH
FHRPIESNTFEHITH 5.

£ K

STAE, BRRESMRISERIC B VL CIHMREERAE O B
A BHEEIND LI ICmo TS, HEHBEEEED
Uik, BREFICTZE S N0 LEE & RIS
OYIAAEIEE CH b, ABNEEZ R/NRICIIZ %
CEPTFHEOEVIREERIC OBV L EEZ LN T
2 1791416 2020 4: D network meta-analysis T, MIS
IFEMoRmEME RBICN L TERTE 2 AEGEIREC
HoErBRsNTWBY, F7, 20234 D review Tl
FHERBEO KR ICIEIM=GERZ T L, AHELEN,
75y TTYA v, FERE, MEEH oML L AYE
HTHoLBREESNhTwRY ~UFFryessm
Y=V U=, HIMBF2EKT sHEMCERL, F
R UIGE, AN WG (R, FLEORYE, BRI A1
$H, B X IMPHAEZ TREIC T 2 ERREIGC©H 5. Har-
rel iZ/NUIBH - IREM 7 5 v 7ic & 5 MIS 28 LY,
Cortellini & Tonetti I& microsurgical approach, MIST,
M-MIST %@ L <, #HEAH & AlELE ko B 2R
L7229 & 5 2022 £ BHIBUER S <13, M-MIST
BHBEL L2BEE 10 ERICBOLTH HORECHN
AR FOHEHSBEMTHS I ENRIN TR,

ARECTERAR U 3IESNX, wiIndWE O RZ 2 #HiE
HlcdhH -7z, fEHIL Tk, BREL FCREFELREE
MWEREZRD D, EREES & O RS O BEE
WEBL, BERECLA2RELERL. cnik, €
KT HNIXHKME £ 72 TREFREE & M S0 2 TRk
H o TAEFNTH LT hH, @I 2H L ARRE» DR 72
i & W IREDTREENIE D Z L 2R LTS, IE
B2 Tix, ZWIBESEEL wE X NEHBEEICNL T,
Ty 7 AMERE, CBCT TR, FRIKFTRZRE L CORE
FEtERE L, A v NEREES I T 20E Rt
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a: Wghkt

Fig. 6 fEfl 3 : = KAMwE#EHICAE U728 RE L E KRB
T % R AR A R ik
AR AR 2 EICh i D EREL 72

a : fifHd

up
=1

Be9s H2E

b : PR

b flitk

Fig. 7 fEf 3 : CBCT oOffiitk o g (6 4 3 H H%)
WREART v FiZ3mm A L, BOP IZEkL 7z,

B2 232205 b, HWERE L OEPEE
ThHBOW AN, RN L EY) R
& O RHZEPBR N ETEEBESRE O, EFISTIE,
B REMRRERICE L 2 E REREMTE B L »
5, HEERRCHEMEBL LT WREICY L, RiEa
v hu—, BHEEE BAA, B X ORI 2B
ANEE % BEREICAT o 72, BIRIFM O A THRE L b o 7z
Mgy, EEEBREICR L TIREBICIN L - B
WA ADBERTH 2 Z ERRI N, BERAEBKE
BOFRBICWT 2 BAEBEEOERMIIBERE D EAT
2 12,13)'

& 51iZ, VTEED best evidence review TIE, TEEME
RIBIZKTS % biologics DERNENEI S, Frlcz L F
74 > (EMD : enamel matrix derivative) 7 & D4
ZZELF] 2 WYV B 2L ASERRE A Bl S LS
prancws? —HT, HERBETRMRZ T TR
CREBHER & AHBEEDSTERE AT 2720, (KEE4k
75y T4 v EMELIEAE OfifE X 5% b m v
LEZ BN B,

MEXD, RUFFVIILVLA4 70— ) —IF,
iR, AIELEN, MitEE, FLERE, 8L 0w
WEAHOEEN 2B 5 2 Lick b, HEREO TN
Zh LI 2EELHEREK CHL EEZ NS, B

16, MEMMBEEEE B LT, L0 {RERTTMM:
DEVIEHFET 7o —F OB RD5NTED, UL
Fron=4rzud—2 ) —i3ZodigeiE s fiizo
—DEEZ 5NN,

& ]

RVFR I VwA 70d—2 ) — %ML EE
B A ERARE, BAMEERRIC B L TR RIA
BB E S 72 5 THREEA R S, IRRREF T T ol
W AVRHRE LR 2 ER L ik v, fEkT
RSB L Z 2 5N T O EHOMREDERTE 57
HMEL D2, SHBbeA A 7ud—Y 2 ) — %M L&
BEERANRHEEERBI 2 LICED, 0% 0
BDOERRFICO DS Z LIRS D,

X ®
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MRLE TR L ERRL, HBERFEFIMREZESORR 2B TTo 7 (A2512), #BRE IXBH¥ER S 5 2
FES AL, HEBRFWMATREREETIICHET 2RES FL Lo ERIEM 8 £ L L7z, 5X10 mm @
BHREROZEREEA 7L - (v —varFr—1F, =y ) %L, #8FIIEr: YAG
L —¥— (Erwin AdvErL EVO, £V %) 12 C400F O F v 7 %235 L CENER 2T 7L —F (L—%—
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a

b

Fig. 1 Preparation training using an air turbine or an Er : YAG laser
Cavity preparation was performed using either an air turbine handpiece (Twin-
power turbine 4H) equipped with a pear-shaped diamond point (a) or an Er : YAG
laser (Erwin AdvErL EVO with a C400F tip) in the laser group (b).

2. BRAMKICE IR LEEEABL

2 —¥ v # (Fig. 3-a) & L —¥—# (Fig. 3-b) T®,
P EOUIEI & X AH L ofRE RS, WEERMC X
Y —EVETIE, PHRENSATR 44T, Mk bidAaH
Licr —AB8ELHF 0L THoT, FEDY—EVFET
1, MR EN8 L 64, MEDIFAHB LT —A258
SRl vz, —7, HRBHERO L —3 =8 Tl E
W8H4H 64, BLDIFAHLEZDIIATFOLTH-
o, FEOL—Y—HTEIHR EE 8 /R T H, b
BAHZZDIZ8LF 0L TH - Tz,
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Fig. 2
The preparation training plate before the preparation (a). Representative image of the plate after prepara-
tion procedures (b-e). The plate prepared in turbine group (b and c¢) and laser group (d and e). The plate
prepared by dentist (b and d) and student (c and e).
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Fig. 3 The results of cutting overextension between the air turbine group (a) and Er: YAG laser group (b)
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Fig. 4 The remaining stained areas after preparation
with an air turbine and an Er : YAG laser
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Fig. 5 The time required for cavity preparation
with an air turbine and an Er: YAG laser
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A Comparative Study on the Use of Er: YAG Laser and Air Turbine
in Cavity Preparation Training

KaTo Yuka, ICHIMURA Yoh, KADOKURA Hiroshi, WADA Kel,
TsucHiva Takako, Iso Eisuke, ABE Toshihito, ARAI Ken,
TATSUTA Masahide, NisHIDA Iori, IsHrYyAMA Genki and YOKOSE Satoshi

Division of Endodontics and Operative Dentistry, Department of Restorative and Biomaterials Sciences,
Meikai University School of Dentistry

Abstract

Purpose: To clarify the differences between the use of an Er: YAG laser or rotary cutting instruments for
cavity preparation, we evaluated the work efficiency of the preparations made by dental students and expe-
rienced dentists and compared the results obtained using each instrument.

Method: Rectangular preparation plates (5X 10 mm; preparation plates, Nissin, Kyoto, Japan) were used.
Cavity preparation was performed using either an Er: YAG laser (Erwin AdvErL EVO with C400F tip; Mor-
ita, Kyoto, Japan) in the laser group or an air turbine handpiece (Twin-power turbine 4H, Morita) equipped
with a pear-shaped diamond point (Bur No. 462R, Shofu, Kyoto, Japan) in the turbine group. The participants
were eight second-year students from Meikai University, School of Dentistry and eight dentists affiliated
with the Division of Endodontics and Operative Dentistry, Department of Restorative and Biomaterials Sci-
ences at Meikai University, each with more than five years of clinical experience. Cavity preparation time
was measured using a stopwatch. After cavity preparation, the surface structure of each plate was observed
under a dental operating microscope.

Results: The surfaces of plates prepared by the laser group had shallower cavities, exhibited less variabil-
ity in both cavity depth and outline deviation, and had a larger amount of parts left behind than those pre-
pared by the turbine group. Structural observations indicated greater differences in cavity preparations
between students and dentists in the turbine group than in the laser group. Overall, the preparation time
was longer in the laser group than in the turbine group; however, the preparation time for students was sig-
nificantly longer than that for dentists in the turbine group, but not in the laser group. The results suggested
that the characteristics of both the air turbine and Er: YAG laser while performing cavity preparation could
be confirmed.

Conclusion: Cavity preparation using an Er: YAG laser appears to be less influenced by operator experi-
ence and may provide more consistent results than conventional rotary cutting instruments.

Key words: Er: YAG laser, air turbine, cavity preparation
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SA7YyF A MorT7 I4F—, FEFEHAIZSA-100R,
2oV VYT Ty, Bk, SAA), Clearfil Univer-
sal Bond Quick2+ Clearfil Majesty ES Flow Universal
(75v /0% 7574, Lk, ESU), Adhese Uni-
versal+Tetric N-Flow (A3, Ivoclar Vivadent, VY &7
v ay 4, P, TNF) & Ortholy Universal Bond
Flow SE primer+Ortholy Aligner Connect (GC
Ortholy, BI#%, OAC) % H v CiE#{E% 4T - 72 (Table
1). SAA ZRE, 37%V VBB y F > 7% 10 B
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Table 1 Materials used in this study, including material type, manufacturer, main components, and bonding protocol

SA-100R Kuraray Noritake Dental

Silanated silica filler, Hydrophobic aromatic
dimethacrylate, Ytterbium trifluoride, Urethane
acrylate, Hydrophilic aliphatic methacrylate, Sila-
nated colloidal silica, MDP, Hydrophilic amide
monomer, Hydrophobic aliphatic dimethacrylate,
2-dimethylaminoethyl methacrylate, dl-Cam-
phorquinone, Accelerator, Initiators, Pigments

apply and light-cured
10 sec

Clearfil Universal
Bond Quick2

Kuraray Noritake Dental

Clearfil Majesty ES
Flow Universal

MDP, Bis-GMA, HEMA, Hydrophillic amide
monomers, MUMA, Colloidal silica, Sodium fluo-
ride, Ethanol, Water, Camphorquinone

apply, air-blow 5 sec
and light-cured 10 sec

TEGDMA, Hydrophobic aromatic dimethacry-
late, Barium glass filler, Silica filler, dl-Cam-
phorquinone, Photo initiator

Adhese Universal
Ivoclar Vivadent

Tetric N-Flow

Bis-GMA, HEMA, MDP, MCAP, Decandiol
dimethacrylate, Dimethacrylate, Ethanol, Water,
Tnitiator, Stabilizers, Silicon dioxide (2.5)

apply 20 sec, air-blow
and light-cured 10 sec

UDMA, bis-GMA, TEGDMA, Photo initiator

Ortholy Universal

Bond Flow SE primer
GC Ortholy

Aceton, Water, 4-Methacryloxyethyltrimellitic
acid, Phosphate ester monomer, Methacryloy-
loxydecyl dihydrogen. Thiophosphate, Methac-
rylic acid ester

apply 10 sec, air-blow
and light-cured 10 sec

Ortholy Aligner

Barium glass, Bis-MEPP, Photo initiator

Connect

AL (v ¥ 272000, £V ) ¥, BEE0T9
mm, E05mmoMERL Y v 2EESE. Boh
7z 2 nEh 30l oREHE S IC o, 3T°CHER KT
4GSR E LR, Y —<L 3 A 7L 10000 EIFEE L
7o, FRNEFNGEER, 7oA~y FAEY—F 1 mm/min
TN EEE R 2 T o 2 (Fig ). Boh-1EiZ
Wilcoxon & & U Bonferroni SH&MIE % 1T - TH Bk HE
5% I THERTHLEE L 7z

2. WHTEOEE

PoE AR O & R E R TS (SEM) 1T &
DEEZL, WMTEREEDITICoEL 2.

+ Pretest Failure
carvERYy b LY UNTORENRE

- T AOVENT O EEENE
cIFANVEEAVERY Y PULY Y ORAIE

g R

WUNTIRTERBR D5 & Table 210739, 24 Rk PR
B LY —< YA I VBORERIEIZNENSAARET
11.26, 1358 MPa, ESU ##T 21.28, 19.34 MPa, TNF #F
T 1527, 2141 MPa, OAC#¥C 1444, 933 MPa T

b, 24 BEEKHPRER OFER IR & ORI b RN
BEEEhbots, —<H 4 7 VOFERTIE, OAC
FEIXESUMB XU TNSH#H X D RWHERZ TR L 7225,
SAABLBEEEN o1, FZNTHOEICE
WT 24 IR KP RS L — < LY A 7 LV EECHER T
2L, OACHOAY —< LY A4 7 VBICEERINE
BTN L7z, BeWrm@iss ¢l 24 R IR T SAA
B L TNF BHICHABRTOBIE S A 6 Nz h, Tk
Ao otz =LY A 7 VtE T, OACHELIS
ZIRAIEE S 2 A H - 72 (Fig 2). SEM #igE <
13 SAA BEDIAL O R, BEWTHE LA O = F A VE
K ICHEEM OBRERA LN (Fig 3).

Z =

AW, BEEEEa v XYy bLYrTH B
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Remove the root [

Surface treatment

Inject flowable resin )
Light cure for 10s(>1,000mW/cm?)

; v
Cut into half among
mesial-distal direction

Remove the cylinder

Put Tygon tubing cylinder
(Internal diameter 0.79mm)

rf"rﬁ Thin wire
(Diameter : 0.2mm)

Water storage
37°C, 24h

E Speed : lmm/min
>
kj

4
- .’T%—1 J‘ |

Finishd sample

Thermal cycling
5°C, 55°C, 30s for testing period,
10,000 cycles

Fig. 1 Schematic illustration of the shear bond strength test procedure

Table 2 Mean shear bond strength values

SAA ESU TNF OAC
24h TC10,000 24h TC10,000 24h TC10,000 24h TC10,000
Mean (MPa) 11.26 13.58 21.28 19.34 15.27 2141 1444 9.33
SD 8.88 767 2197 9.16 1497 948 458 521
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I : Interface
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CR : Cohesive failure in Resin composite
Mix : Resin composite and Enamel

Fig. 2 Comparison of failure modes among the tested

materials
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Fig. 3 SEM observation on enamel surfaces after shear bond strength testing
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Functional Evaluation of a Novel Self-adhesive Resin Composite
as an Orthodontic Aligner

INOUE Go, CHEN Xuefel, FAN Lin and SHIMADA Yasushi

Department of Cariology and Operative Dentistry, Division of Oral Health Sciences,
Graduate School of Medical and Dental Sciences, Institute of Science Tokyo

Abstract

Purpose: In recent years, orthodontic treatment using clear aligners has become increasingly widespread
due to their superior esthetics and hygiene compared with conventional multibracket appliances. However,
the success rate of aligner therapy remains approximately 50%, and to improve treatment outcomes, attach-
ments are commonly placed on tooth surfaces to enhance biomechanical efficiency. Conventional bonding
systems require a two-step procedure involving adhesive application followed by resin build-up, which may
lead to discoloration, residual material after removal, and enamel damage. Therefore, the present study
aimed to evaluate the performance of a novel self-adhesive composite resin, “SA Attachment for Aligner,”
which can bond directly to enamel without an adhesive, and to compare it with conventional bonding sys-
tems and attachment-specific materials.

Materials and Methods: Thirty extracted human molars with sound enamel were used. Buccal and lingual
enamel surfaces were assigned to four groups: SAA; SA-100R, ESU; Clearfil Universal Bond Quick2+ Clearfil
Majesty ES Flow Universal, TNF; Adhese Universal+ Tetric N-Flow A3, OAC; Ortholy Universal Bond Flow
SE primer+ Ortholy Aligner Connect. For each group, 15 specimens were prepared by bonding a resin cylin-
der (0.8 mm diameter, 0.5 mm height). Specimens were divided into two conditions: storage in distilled water
at 37°C for 24 hours, and 10,000 thermal cycles. Micro-shear bond strength testing was performed at a cross-
head speed of 1 mm/min. Statistical analysis was conducted using the Wilcoxon test with Bonferroni correc-
tion. Fracture surfaces were examined under SEM to evaluate failure modes and residual material on
enamel.

Results: After 24-hour storage, bond strengths were 11.26 MPa for SAA, 21.28 MPa for ESU, 15.27 MPa for
TNF, and 14.44 MPa for OAC, with no significant differences among groups. After thermal cycling, bond
strengths were 13.58 MPa for SAA, 19.34 MPa for ESU, 2141 MPa for TNF, and 9.33 MPa for OAC, with a
significant decrease observed only in the OAC group. SEM analysis revealed predominantly interfacial fail-
ures in all groups; however, ESU and TNF showed substantial adhesive residue on enamel surfaces. In con-
trast, SAA exhibited minimal residue, indicating superior removability.

Conclusion: SAA demonstrated adequate initial bond strength and durability required for orthodontic
attachments, showing performance comparable to or exceeding that of conventional materials. Moreover, its
minimal residual material upon removal suggests a reduced risk of enamel damage, representing a signifi-
cant clinical advantage.

Key words: self-adhesive composite resin, aligner orthodontics, attachment
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b b FLE R AL AR B AE G 5 0 7 R U R & o8V E E b
W92 Porphyromonas gingivalis RV K% HE D52

e B & A/ OB/ OB X H 3
A B RS E I e

YHARBRER AR A BERTIR L dr b AT AR B R IR
SRR AR R AT DRI MR 2R /N BBk BT
S ETNL KRR R AR BER T v o —
RN RER B R AR BRI AT [ - MR Y
© H AR BRI RS9 V83 2 i B 750 B A 27

iz

HAY AR IR RIEMRRE cH b, BREEMEIC X > T & &h, VKL (lipopolysaccharide :
LPS) LBEE L T\Ww3, LPS X Toll EZEME 4 2HIFR L, RIEMEY A 24 v oL & 2HBEELFHET
5. —H, AVAT O VXL X CEEZOMMEBEICE Y 2 ZEAKEAES 7 XY RS 87 H E(apo-
lipoprotein E : apoE) 1%, #fEHMOTFEICES L TWwE T ENTRBEIN T3, apoE FHAMMOBEICD
5T 2LEZ6ND, b FEREHRARHEDME (human periodontal ligament fibroblasts : hPDL) 7z &
Dt iR 81 5 LPS 285.2 % apoE A DOEEBIIRHTH 5. AWFEOHNIE, hPDL A
5 apoE 233 SN2 AW S L, LPS 2R L KAE % 35 S ¥ 72 hPDL 2 5 @ apoE 7IbEE 0 &l %
fEfTT 52 LTH D,

MEE & O b b AL H SR L R AR ERR HEZEMIAE (immortalized human periodontal ligament fibro-
blasts : thPDL) %, Porphyromonas gingivalis (Pg) 3R LPS (0, 0.1, 1, 10 ug/mL) T 24 K8 & O 48 K¢
T L 72, i 2 ik Ei2%E  (lactate dehydrogenase : LDH) &I & b #Hfi L, apoE WAL oL
B L CHIFEA apoE L~V 3B GIEHIE i (enzyme-linked immunosorbent assay : ELISA) ZHAWTER
L 7-. apoE D4 v 828 TH % presenilin 1 (PS1) 1%, Western blotting ¥ TR L 72, $RatERIEL
B2 1Z Tukey BREZ Wiz,

FEEL  LPS HRERIC X % ihPDL 20 & O fiilam1E 3R I N o 72, MlEst apoE L ~vix, 1ug/mL B X O
10 ug/mL IR D Pg-LPSIC &k % 48 ReRUIE CH ZEICIEA L 7223, #fdWN apoE L RV IZZEM L ed o 72, Pg-
LPS B MR EE I ORISR % £ §71C apoE 202 B U 7. apoE 7ribz Il § 5 & I3 PSIFEH L vk
Pg-LPS B DSeE % 2\ iap o Tz,

G3h C RBFZIC & 0, ihPDL 13 apoE 2 5 5 2 £ 2B e o7, S 512, Pg-LPSIREEIC & T,
apoE O3 EIFEIT 2 2 L BHS D IiciE o Tz,

F—7— K RRERHEIAE, U RS, TRURS VRS HE

BEFEH L E B

T 951-8580 Hrith R DOURHMT 1-8  H AN BRI R ST IR AL i bl Sl b S e s e
TEL : 025-211-8195, FAX :025-233-3983, E-mail : mmichi@ngt.ndu.acjp
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[

B 2 O FEIE LTI E LIFTRTFO—D L L
T, MEBERSH 2V, 75 Lt THRE NS A
SR IERIEE 13, MMAEEEIC Y K44 (lipopolysaccharide :
LPS) #H L Tw3?, LPS iz Toll #52%4k 4 (TLR4)
ERNET 5 L CRIEFAET A P A v 2FEL, &
eI 2 2 LMo et —7, HEE
ni-EEOBE I, WA - BIRE - EiEE - 2 2
Y FNEOMESEb s Tw B T EBRIENTED, HWiR
HEABMG 2 2 I 7o 8dr, HREICE Eh T v 2 e
i e 7 & AHHARB G 5 o BEICBE b o T v
54,5)'

7 RY K& 27 E (apolipoprotein E : apoE) i3,
29907 =/ Bhbib 34 kDa D v RIETH B,
apoE 12, #MlMERE2 5 a L 27 u—L) VIEE &l
L T high density lipoprotein (HDL) -apoE $7 7% A §
% . JUH & 117z HDL-apoE #/ 1 1Z apoE &K 2L T
fhofifd~a L 2Fa— L2450, filgoEE o RE
2XABESR TR,

Presenilin 1%, fifdfE% 9EE®T 22032 HTH
b, R#@snzztickd, 18kDad CEKUMGET 77X v~
I (C-terminal fragment; CTF) & 30 kDa ® N K 7
57Xy b ERERT Y, %7 presenilin 1 (PS1) A%
T % & apoE 9 ihh3E < Wl X 4, PS1 2 #EAKRDS apoE
DWEEEFER I T LD 5, PSILIE, apoE Gk A
ARG R BE LTHREShTw Y,

apoE X2 LV AT v — L2 SURERXA2HS L h
5, IWE_HFZ2 b owAMEMoBE IS EELREE
RiegtEzons. #@EOWRETIE, ThETT AL
uH¥4 b, Truruy, wru7r—3, SR
PERRHEZERIIE 72 £ C apoE OO0 WASEEd b L& X
NTw BT HEHETO®E A, 2 TR
Jei, wERRBOBEICED > T 3 BREY ICER
L, b R AR HESSMAE (human periodontal lig-
ament fibroblasts : hPDL) 7* & apoE 2390 & N % %
AL I B EE DI, RIEE2FERLS Y7 hPDL 2549
WEN 3 apoE LRV DELIZ D W THEET L, apoE 2%
hPDL OEEICB 5T 2 ARl 2 N2 T 5 72 d O RLBEN
MEt2iT> LR HMWE Lz, LPSIC & % TLR4 iRkAFH:
RIEINEL, TN A < —IRICBET 27 S a4 FHEi
Bifk% 828 (amyloid precursor protein : APP) &
MR ICHEE ET LM hTw3Y x5
IZ, APP (% apoE LRV EFEERVICHIBEI L Twv» 3 2 L2
RENTWBY, PS1id APP UM IcEESG T 292 L
5, REERNHE PS1 BERM & OMEENEEZ AL T

{

Beok H2E

apoE BIREICE B2 5.2 2 HEEPEZ 6N D, £ T,
PS1 OFIAL LI D0 T b RN L 72,

MBS OHE

1. fHEEEESEG

WEZEic i, & b Lo SR AN A, 8 AR M R HE 2 i el
(immortalized human periodontal ligament fibro-
blasts : hPDL) "% % Fiv> 7z, ihPDL 1%, 10% ¥ > fa 2
IMiE (Fetal bovine serum : FBS, =F L A /XA 4% A4
T ), 100 U/mL penicillin (Invitrogen, USA), 100
ug/mL streptomycin (Invitrogen), 250 ¢g/mL ampho-
tericin B (Invitrogen) &7 Dulbecco’s Modified Eagle’s
Medium (DMEM) Nutrient Mixture F-12 55#/% (Invi-
trogen) ZfAWVWT, a3 v 7Ty i3 £ T 100 mm
74 v a2 (Corning, USA) TEE L. B&HEIZ, TR
T 37°C, 5%COy, BUHERFMHT DA v F 2= —T
fToie.

Rz, FEBHORESMEERE L, HAREEICS
(D HND, WEREFVELTALHVSRTHS
Porphyromonas gingivalis(Pg) B13® LPS? (InvivoGen,
USA) # 1% FBS &% DMEM ic#sinL 7z, Pg-LPS &
B, TS s s » BB EESER S hTw
T WIBEHEIEZ2£1C, 0,01, 1ug/mL 8 X K10 ug/
mLICFA#E L 72, Pg-LPSIREE O pg/mL 2 M REEE L7z,

2. XIADRREDY > TIER

¥ TIOVEELICE, 2 AEio C57BL/6 ] <7 2 (H
AKr2x )y —) 2w/, 1 mL D sevoflurane % AL
- B/ ER N T~ T R ISR L, v T U o R
AFAEIK (PBS 5 137 mM NaCl, 27 mM KCl, 81 mM
Na,HPO,, 1.5 mM KH,PO, : pH 74) TRLIICHEER L
Fts, R BICERIL Y, B L RE ke Y
A4 ¥ — (PHYSCOTRON NS-310E, MICROTEC) TH'HE
ft. L 7-#%, sampling buffer (250 mM Tris-HCl, pH6.8,
40% glycerol, 8% sodium dodecyl sulfate, 10% mercap-
toethanol, 0.01% bromophenol blue) &EAL, v 7
WEREBL 72, 2 D¥ > 7 )Vid Western blot fHT Iz F v
7o (HdEWIRFEYFEERZ B2 21-029).

3. FMmER

1) ffeEEE

Pg-LPS i & 2l &M, FEMfd o TcH 55
ek ZE#3% (lactate dehydrogenase : LDH) DiEM:#
HWET 5 Z & Tl L7z (n=3). LDH iHEHIE I,
Cytotoxicity LDH Assay Kit-WST (Dojindo) #f#ifH L
7. 45%10%ells/100 uL 12 FH%& L 72 ihPDL % 96 ™7 = )V
7L — bk (FL— b A, Sarstedt, Germany) 12 10%FBS-
DMEM % > CRERE L 72, REFE 48 Iefigg, 7L — 1+ %
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1%FBS-DMEM T 2 Bl - 7z. # D%, Pg-LPS isings
H210uL 2 &Y I )VITIRINL, 4 v ¥ 2 X—4F —THEE
U7z, 48 WifEIf:, &7 = uh» 5 100 ul @ RiE#E %20 96
7z 7 L—F (FL—=1FB) &L, 7L—F AKX
10 uL o lysis buffer 21z, WIFND7T L — 1+ b 3057
A vFax—FL7%k Z0f% 7Lv—FAd»sLEE
100uL # 7L —FBOZEDOY = VI L, 100ul @
working solution % 7L — F BO$TXT D _EiF 100 L i<
BML, vz VHOWEAFF200uL Lz, 7L—1F B
% SR T T 30 o HIEHE L 72%%, 50 uL @ stop solu-
tionZ2ZNFNhDT 2 VICMAl, ~4 77 L —F
J — 4" — (SpectraMax iD3, Molecular Device, USA) %
A, 71r—F B % 490 nm ORI THIE L 72,

Lysis buffer T S N 7- B 5457 LDHEM % 4
LDH &M & L, lysis buffer RAFE D £ 54572 LDH
WAy~ 7OV LDH G E Lz, £ LDHIE: & 2 hic
MId 54 v 7 LDH G %2 vtk o R cillags
MEREML 7.

fpasEY: (%)= (9 >~ 7L LDH % /4 LDH if
) X100

2) apoE DEEZEEAIE  (enzyme-linked immuno-

sorbent assay : ELISA) f##7

10X 10%ells/mL 2 #% L 7z ihPDL % 60 mm 7 4 v
T2l 3mL %L, 10%FBS-DMEM TH;& L 7z (n=
6). 1&FE 48 WifR, T4 v ¥ 2% 1%FBS-DMEM T 2
BI%E - 7z, Z D% Pg-LPS A5 3 mL % flfd 2 &
L, B8 L7, SATHRB? s C, Pe-LPS B#
24 W L ASIFIRIC T 4 v & 2 N2 RN L 72,
[FN L 72 554#0%, 4°C, 3,000 rpm T 5 OfEhE o BE L,
EEZEINL 728, —80°CITEL. T4 v alcht
HLMIZ Y R R AR K (PBS) T2 -
7. 7u 77 —x¥HEA] (cOmplete Roche Diagnostics,
USA) # & A 72 RIPA buffer (50 mM Tris-HCl (pH
7.6), 150 mM NaCl, 1% NP-40, 05% sodium deoxycho-
late, 0.1% SDS) 1mL 25 14 v ¥ 2L, ®ILVA 7
L —,¢— (SPL Life Sciences, Korea) CHilg# =L L,
—80°CIzfRfF L 7. MRMitR, ®€YF A ¥ — (PHY-
SCOTRON NS-310E) THHEL 7%, =D, 4°C,
10,000 rpm T 5 [ DB L 7. AR o &
VS HEER, BCAY Y2 HT vE2AF v b
(Pierce, USA) # AW CT—FEIZHii Z 7=,

R 9k E N7z apoE &I @ apoE D fEHTIC
%, ¥~ FA v F ELISA ¥ v I T& % human apoE
ELISA ¥ v t (ProteinTech Group, USA) L 7-.

3) PS1 ® Western blot f##t

PS1 OFIR L V&G $ 5 7212, Western blot-
ting % 4T 72, apoE NTHRFICIR S v o8 7 B IREE % i 2

PR IR HELEHTNE 12 33 1 % apoE k% LPS 33+ % 137

7- MIREYAREY) 12, sampling buffer (250 mM Tris-HC],
pH6.8, 40% glycerol, 8% sodium dodecyl sulfate, 10%
mercaptoethanol, 0.01% bromophenol blue) tiE&L,
10% Tris/glycine sodium dodecyl sulfate-polyacryl-
amide gel TERIKENC T v 87 EE2 0L 7. DB
N o7 EiL, transfer buffer (100 mM Tris, 192
mM glycine, 10% methanol) ZHWT, XV 7 vikhE=
U 7 U fiE (Immobilon-P, Merck-Millipore, IRL) 2 &%
KEICREIL 2. 7, BFTTIX, U ROMY Y T
b FIERIC BT LU 72, B, blocking solution (10 mM
Tris-HCI, pH 8.0, 150 mM NaCl, and 0.1% Tween 20,
5% skim milk) I CTER T C 1 KRG S € 7218, —X
Vilkz Mz, 4°CT—f v F axX—+ L7z, —XFik E
L T, PLPSI-CTF $ifk (Merck-Millipore) %M L
7o, BRI %, —kPifk & L T Anti-mouse IgG HRP-
linked antibody (Cell Signaling Technology, USA) % {i#i
LT, EiRTclRERE L 72, /v Fid ImmunoStar
Zeta (Wako) & Amersham Imager 680 GE (Healthcare
Life Science, USA) ZHAWTHEHA L, K2 AR v
¥ 7L, ¥ B-actin itk (ProteinTech Group) TWHTE
Mar b —l® B-actin FMH L /2. ZRIUEIL,
Anti-rabbit IgG HRP-linked antibody (Cell Signaling
Technology) ZffifHl L 7. ¥ 7 FIViR}E 1, Image]
146r ; Java 1.60-20 [64 bit] (NIH, USA) #H»TER
{EL7: (n=3). AL ¥k, Table 1ic/RL 7.

4. RETFEHD

Shapiro-Wilk #E ##HH L CIEROMHBL Tnwb T L
BHER Lz, L7edto T, —mBESHOIE2iTv, %
HEIHIRIC Tukey H7E %2 1 L CHRET DT 21T - 72, #tat
B EEIX p<005 I3 E L7, #iY 7 bk, SPSS
Statistics 17.0 (IBM, USA) Zf#EM L 7.

& R

. BB E DR

LPS BEFE D 5 48 IRefEItR O B R BRI, B & J:ljﬁx
L CLDH G ICER 22130 503, LPS RE
5 flagEN 3 e o 72, Pe-LPSIEE 0, 01, 1, 10ug/
mL DJET, FHElx 1.0£0091, 0.918+0.023, 0907+
0.047, 0935+0016 TH -7 (Fig.1).

2. apoE DfEtT

1) #MfEst~ D apoE 23D T

Pg-LPS R 24 Kiftl#2 @ apoE 43k L ~ L%, Pg-LPS
B0, 01, 1, 10 ug/mL DNET, FEHEMEL Z L ZF 1 600.6
+1686, 569.6+161.0, 446.7+1154, 2508+770 TH -
7. 10 pug/mL OREE T IO IEAE & il L CE R s
(p<001) D 6N, LOHETEEEEZIZD
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Table 1 Information regarding antibodies

Antibodies Host Class

Dilution Source Catalog number

Primary antibodies
Anti-PS1-CTF antibody

mouse monoclonal

—

21,000 Merck-Millipore
11,000 ProteinTech Group

MAB5232-1-25UL
20536-1-AP

—

Anti-S-actin antibody rabbit  polyclonal
Secondary antibodies

Anti-mouse IgG HRP-linked antibody horse  polyclonal

Anti-rabbit IgG HRP-linked antibody  goat polyclonal

—

15000 Cell Signaling Technology 7076S
23000 Cell Signaling Technology 7074S

—

NS

1.2 4

NS NS ’ NS

1.0+

OF—@
@0

0.8
0.6
04
0.2

Relative change of LDH release

0 0.1 1.0 10
Pg-LPS (ug/mL)

Fig. 1 Lactate dehydrogenase (LDH) activity
released from immortalized human peri-
odontal ligament fibroblasts (ihPDL)

LDH activity released from ihPDL was mea-
sured 48 h after lipopolysaccharide from Porphyro-
monas gingivalis (Pg-LPS) stimulation. Relative
values of the experimental and control groups
were compared using the mean value of the con-
trol group as 1. Circles represent respective values
and error bars represent standard deviations
(mean=®SD, n=3). Statistical analysis: one-way
ANOVA with Tukey’s post hoc test, NS: no signifi-
cant difference.

Lo 7 (p>0.05) (Fig 2A).

Pgo-LPS B2 48 I [E142 D apoE 3 L~ iE, Pg-LPS
BEO0 01,1 10ug/mLoET, FHMEEZNEFN
2621818121, 238327821, 16778+571.8, 4196t
1209 TH o7, EELBAL, WEEEE 1pug/mL (p<
0.05), WNEEE L 10ug/mL (p<0.01), 0.1 ug/mL & 10
ug/mL (p<0.01) 8 X U 1lug/mL & 10ug/mL (p<
0.05) THED 5, NIEFEE 01 ug/mL (p>0.05) B
X0l pug/mL & 1ug/mL (p>0.05) TREED bR
o7z (Fig. 2B).

2) N D apoE D fi#kT

ffiEst~ D apoE 439k L L A5 Pg-LPS BE#E A &5 48 IF
MBI, NI & L € Lug/mL & 10 ug/mL ICHE

hERRD L5, Pg-LPSEED 5 48 i o
ihPDL O @ apoE % @47 L 7z. Pg-LPS#E 0, 0.1,
1, 10 ug/mL O FMEIX, 22 611710746, 6230+
0.725, 6.319£0618, 63270617 TdhH - 7z. ELISA IZ &
BEEMIZ, 8y v 87 ERTIERL L 7o, BFEEREZ,
SHHARE L S L T apoE LRWVICHEE L EZ RO -5
7z (p>005) (Fig. 3).

3. PS1 OfET

Fig. 2B I/~ d & 51T, Mg~ D apoE 3L~ )L 23
Pg-LPSIEEZ 2> 5 48 RFEIH4 I MHHREE & Fhlk U € 1 ug/mL
L 10ug/mL IcEEAER DT Lo b, Pe-LPSHE
T o 48 H%F‘Ejf(ﬁ@ ihPDL ol o it %17 - 72, PS1-
CTF 2RI NV FIE, =7 20T v 7V ERUCH
18kDa ic#® H i (Fig 4A). EEREEE X CWHREED
7 FOVEREELX, B-actin D ¥ 7L TIERML L 72 1%,
PS1-CTF N v FOMMNEZEH L, SEFEOFEEE 1
& LT L7z, Pg-LPSIEFE 48 FRifE# O 9 1E 1,
Pg-LPSEE0, 0.1, 1, I0ug/mL DIET, ZhZFh 1L
0.092, 1.021+0.095, 1.013%+0.085, 1.024%0.092 T&H -

FEEREE L W HEBED [T PSI-CTF L~V B

wbﬁﬂof(mw%)ﬁgﬂw.Wﬁ%:y%m—w
& LTHW7 B-actin /3 v Fidfy 42 kDa Tl & 1, &
Bt & RO TNy FIEICERZ RO B o 7z
(Fig. 4A).

BRI 23 1%, RSB A A O B R S & R A & 3 A REM:
BB TH 2P, WEEMSRE X, LPS 25Mb - T
B0, WEINEREHSOBESEAE TR, REESEN
% & e RAREHE S E D > T3 2 EBHM 5T
2% —F apoE &, flEE»5aL2Fm— LY
VHEE 2 L < HDL-apoE K725 L, fhofiigic
aLAFua—)E2HET 5 2 LT, MigoBELHEEE
XABEINTEY, #FEBoOBEICERATHL Z &
DBHISNTWRTY La L, WRETICHEET 2 M
AR AR X N - BRDB1EIZ apoE 23EAS L T v B
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Fig. 2 Apolipoprotein E (apoE) levels secreted from immortalized human periodontal ligament fibroblasts

(ihPDL)

The levels of apoE secreted from ihPDL (pg/mL) were measured using ELISA.(A) Measurement of apoE
secretion 24 h after lipopolysaccharide from Porphyromonas gingivalis (Pg-LPS) stimulation.(B) Measure-
ment of apoE secretion 48 h after Pg-LPS exposure. Circles represent respective values and error bars rep-
resent standard deviations (mean+SD, n=6). Statistical analysis: one-way ANOVA with Tukey’s post hoc
test. *: p<<0.05. *3*: p<0.0l. NS: no significant difference.

NS

9.0 1 NS '
80 ] r NS ! NS
7.0+
6.0 —
5.0
4.0
3.0
2.0 7
1.0
0 -

apoE (pg/ 1t g cell protein)

0.1 1.0
Pg-LPS (pg/mL)
Fig. 3 Intracellular apolipoprotein E (apoE) levels

0 10

in immortalized human periodontal liga-
ment fibroblasts (ihPDL)

Intracellular apoE levels in ihPDL (pg/ug cell
protein) were measured 48 h after lipopolysaccha-
ride from Porphyromonas gingivalis (Pg-LPS)
stimulation using ELISA. Circles represent respec-
tive values and error bars represent standard devi-
ations (mean=®SD, n=6). Statistical analysis: one-
way ANOVA with Tukey’s post hoc test. NS: no
significant difference.

FA SRR, £ 2TARIRE, WEREDSHBEE 21T
5 BRIZ apoE 23 - T B EE X, FRIRDHEE & s
LR DB A2 EE T 5 2 L7 wihPDL 2 v T,
ihPDL %> 5 apoE 2393 L TW a2 62 Lz, #)
REFEMI RN VR Z T 2 EEZ 605
23, RIS X DAEROEFHIREL B DL T WV, —FF
T, AHALHBER RIS R T AIRECH b, MlEfsHG o
LEELERROBBEOMMAICENS LI RHER
5%, 51T, Pg-LPS #BgF L 7z ihPDL % RIEE 7V
ELTHEL, RIE2ELIELEED apoE L RIVDE
{23 f L 7. %7z, ihPDL i Pg-LPS 2M8# L, apoE
FIBDFIENI AR R TH 2 PS1 DFBFOEITO>VTDH
FREY L 7z,

12 U @iz Pg-LPS#3ihPDL I ® L CHEIFE 2 25 L ¢
WhWZ EEEHRT B0, LDHER OB 217 -
7o, ZDFER, Pg-LPSIEE 0.1, 1, 10 ug/mL THRFE L 7z
ihPDL & X HRBEICIZE B R EZ2 D 2D > /2. Yiem-
wattana 5 1%, hPDL i 1.25, 2.5, 50, 10, 20 ug/mL @
Pg-LPS %85 L -2 ofilgE R L e EEicow»
TMTS 7 v A 2fTo 7G58, TRTOREIZEVT,

BhERFASN AP EBELTEVY, KR
FAREOETH 72, O b, AFETHV
Pg-LPS iREE%, ihPDL ICHIfESEAFEHK L T &&
A H6N5, Pg-LPSIRE 10 ug/mL G EBEARE L LT
EMETH 2 A EEMED D B A3, AL apoE @ hPDL
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Fig. 4 Presenilinl (PS1)-C-terminal fragment (CTF) levels in immortalized human periodontal

ligament fibroblasts (ihPDL)

Western blot analysis of ihPDL 48 h after lipopolysaccharide from Porphyromonas gingivalis
(Pg-LPS) stimulation.(A) The upper panel shows bands corresponding to PSI-CTF; the bar indi-
cates 20 kDa. The lower panel shows S-actin as an endogenous control; the bar indicates 50 kDa.

(B) Relative values of the experimental and control groups were compared using the mean value

of the control group as 1. Circles represent respective values and error bars represent standard

deviations (mean+SD, n=3). Statistical analysis: one-way ANOVA with Tukey’s post hoc test. NS:

no significant difference.

BE~NOBLE 2R T 2 EBENMNTtH b, 22T, B
FEARAERY 7 SN2 & BRI BTt 2 < & 2 HiviC, 2%
FPRFFZRZ20 I HEHL L C Pg-LPS #EE 2 10 5B HEAHR (0.1,
1,10 ug/mL) TEHREL -,

RS2, thPDL 2 Pg-LPS % g5 2 72 R D apoE
L)V DS 2 T o 72, ZDOFEE, thPDL #* 5 apoE 28
FMENTVBILZHOTHGLE L, %/, Pg-
LPS #521c & % ihPDL DO+~ D apoE 73 L ~ L D
Wt cid, Pg-LPS MR 24 KT Pg-LPS #E 10 ng/
mL THIEH L AR RE%2RO, Pg-LPS BEER 48 FiftlT
1%, Pg-LPS ();:\z}# 1ug/mL B L O 10 ug/mL THRERE
BRERE2TD 2% b, Pg-LPSIEME 1 ug/mL 25
10 ug/mL Tl apoE LUV A E R L7z, B
B OILRICHEY, K DV ERBESFFICBVLWTOERR
EERBD, o DFERIE, Pg-LPS HIEIC & % apoE
WSS, BEEB & RO W IHKTT T 2 2 H
52 EERLTCWS, Saura 51X, IBREZ VU 7Hllgz
LPS (0.1, 10, 1,000 ng/mL) 12T 6, 12, 24, B X1 48
RFREIREE U 7o A6 2R, FRIREIREE & i L ¢, 24 IRefEig
FE T3 1,000 ng/mL (p<0.01), 48 Kif#EEZE <1 10 ng/
mL (p<001) & 81,000 ng/mL (p<0.001) iIcBWVT
apoE OB B 22ED %0, apoE DSEEMRENICET T
52 EEBELTWEY . X510z, Pocivavsek 51F, I
7a ) 7z LPS % 12, 24 Fiftl, 8 X O 48 Frfiiggs L
72 & 2 A, apoE OISR AIICRA § 2 EHR %
TL7Z L LTw s, AROHRD Cho K

OfFAIZRL TV 5,

apoE O3z HlHl T 20 7ol A7 Lk, wE
PIBHE N T Wiy, L LR, #FHE 513 apoE o
WMZIZ PSI S TH 2 2 L 2FEH L, PSI oFHIC &
b, M apoE L L% 20 E ¥ Il b~ D apoE
PMLRVICKREGRFEEZ 6T LERVWEL
7 KRR FARkIC, SN O apoE L~V idsE
DRV, HIHEAND apoE T L NVICE R R 2=
%D Iz7-®, hPDL 7% apoE #4335 7z ® 12 PS1 A3
BI5 L CTw3 EtEZX, 2T, Pg-LPSIZ & % apoE 7
Wz PS1 23BE5.§ 2 it 21T 2. Z DR,
Pg-LPSI#EFRIC & % ihPDL A PS1 L ~OVICKRETH
BhEx2BDRPoT. TOI L5, Pg-LPSERIC
& % 1hPDL @ apoE 7 #ME T 1%, PS1 FHIREOE NI &
2HDTIRHRWI EDWRENT, RBFZETIE PS1 OiEE
ST 2 22 B AR 2 F W 7 BERB AT 1355 L T is vz
apoE 47 ME T 2 PS1 OB E 2B 5.9 2 AR 1R I3 &
ETER, S5, PS1IEMEOERENZ & O e h
WMETH 5,

apoE IR EMAH O A 7% & F RIENEHREICHES T
BIEDHSNTE DD, AR L BIREELY 2 7 DR
ﬁ%ﬁénfmam AWF5ETi&, ihPDL %5 apoE 73

TWE N, Pg-LPSBERIC L > ToWrIflens 2 &
R L7z, ORI, EREZZIC X 3 HEDS apoE oWk
BB 52 22 XRT2HREEZ OGN
% . apoE i21%, apoE2, apoE3 B & f apoE4 D F57: 3
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DDTAY T A — LOBEET Y. Vitek 51, <7 A
DI DIEFEYIIC BT, apoE4/4 13 apoE3/3 kb b % v~
NIBLRUDPMEWZ EERL, LPS %G5 L7777 A
DI DIEFREYZ B> T, apoE4/4 13 apoE3/3 & b & RIE
Y4 FAA D TNFa L ~b t Interleukin-6 L <L
BENZEERLTELY, 74V 74— LTI
Bl L2 WMELTC0DE, £7 14V 7% —254 Lk apoE
DO EZHL 2T B Lick b, HAMBKDOE
HERE DRI I D L EZ b NG, ShOMmE B hE
Th 5,

& &

AWFZ21%, thPDL i apoE 29 L, X 512 Pg-LPS
BRTEIC & > C, apoE OOWZEIHI T2 L 2SI
L7.

RESICBI LT, B 9~ EFIZAR SR I3 70 o,

X |

1) de Andrade KQ, Almeida-da-Silva CLC, Coutinho-Silva
R. Immunological pathways triggered by Porphyro-
monas gingivalis and Fusobacterium nucleatum: Thera-
peutic possibilities?. Mediators Inflamm 2019; 2019:
7241312.

2) Chew R]JJ, Tang YL, Lin XYS, Oh FJB, Sim RP, Anwar
EJ, Preshaw PM, Tan KS. Toll-like receptor-4 activation
by subgingival biofilm and periodontal treatment
response. Clin Oral Investig 2023; 27: 2139-2147.

3) Kocgozlu L, Elkaim R, Tenenbaum H, Werner S. Vari-
able cell responses to P. gingivalis lipopolysaccharide. J
Dent Res 2009; 88: 741-745.

4) Seo BM, Miura M, Gronthos S, Bartold PM, Batouli S,
Brahim ], Young M, Robey PG, Wang CY, Shi S. Inves-
tigation of multipotent postnatal stem cells from human
periodontal ligament. Lancet 2004; 364: 149-155.

5) Smith PC, Martinez C, Martinez J, McCulloch CA. Role
of fibroblast populations in periodontal wound healing
and tissue remodeling. Front Physiol 2019; 10: 270.

6) Hatters DM, Peters-Libeu CA, Weisgraber KH. Apolipo-
protein E structure: insights into function. Trends Bio-
chem Sci 2006; 31: 445-454.

7) Michikawa M, Fan QW, Isobe I, Yanagisawa K. Apolipo-
protein E exhibits isoform-specific promotion of lipid
efflux from astrocytes and neurons in culture. ] Neuro-
chem 2000; 74: 1008-1016.

8) Ignatius M]J, Gebicke-Harter PJ, Skene JH, Schilling JW,
Weisgraber KH, Mahley RW, Shooter EM. Expression

9)

10)

11)

12)

13)

14)

15)

16)

17)

13)

PR IR HELEHTNE 12 33 1 % apoE k% LPS 33+ % 141

of apolipoprotein E during nerve degeneration and
regeneration. Proc Natl Acad Sci USA 1986; 83: 1125-
1129.

Snipes GJ, McGuire CB, Norden JJ, Freeman JA. Nerve
injury stimulates the secretion of apolipoprotein E by
nonneuronal cells. Proc Natl Acad Sci USA 1986; 83:
1130-1134.

Seeger M, Nordstedt C, Petanceska S, Kovacs DM,
Gouras GK, Hahne S, Fraser P, Levesque L, Czernik A]J,
George-Hyslop PS, Sisodia SS, Thinakaran G, Tanzi RE,
Greengard P, Gandy S. Evidence for phosphorylation
and oligomeric assembly of presenilin 1. Proc Natl Acad
Sci USA 1997; 94: 5090-5094.

Islam S, Sun Y, Gao Y, Nakamura T, Noorani AA, Li T,
Wong PC, Kimura N, Matsubara E, Kasuga K, Ikeuchi
T, Tomita T, Zou K, Michikawa M. Presenilin is essen-
tial for ApoE secretion, a novel role of presenilin
involved in Alzheimer’s disease pathogenesis. ] Neuro-
sci 2022; 42: 1574-1586.

Andromidas F, Mackinnon BE, Myers AJ, Shaffer MM,
Brahimi A, Atashpanjeh S, Vazquez TL, Le T, Jellison
ER, Staurovsky S, Koob AO. Astrocytes initiate auto-
phagic flux and maintain cell viability after internalizing
non-active native extracellular a-synuclein. Mol Cell
Neurosci 2024; 131: 103975.

Chernick D, Ortiz-Valle S, Jeong A, Swaminathan SK,
Kandimalla KK, Rebeck GW, Li L. High-density lipopro-
tein mimetic peptide 4F mitigates amyloid-B-induced
inhibition of apolipoprotein E secretion and lipidation in
primary astrocytes and microglia. J] Neurochem 2018;
147: 647-662.

Zhu Y, Kodvawala A, Hui DY. Apolipoprotein E inhibits
toll-like receptor (TLR)-3- and TLR-4-mediated macro-
phage activation through distinct mechanisms. Biochem
J 2010; 428: 47-54.

Huang Y, Tang Y, Zhang R, Wu X, Yan L, Chen X, Wu
Q. Chen Y, Lv Y, Su Y. Role of periodontal ligament
fibroblasts in periodontitis: pathological mechanisms and
therapeutic potential. ] Transl Med 2024; 22: 1136.

Zhou Y, Chen Y, Xu C, Zhang H, Lin C. TLR4 targeting
as a promising therapeutic strategy for Alzheimer dis-
ease treatment. Front Neurosci 2020; 14: 602508.

Liu Q, Zerbinatti CV, Zhang ], Hoe HS, Wang B, Cole SL,
Herz J, Muglia L, Bu G. Amyloid precursor protein reg-
ulates brain apolipoprotein E and cholesterol metabo-
lism through lipoprotein receptor LRP1. Neuron 2007;
56: 66-78.

Octave JN, Essalmani R, Tasiaux B, Menager J, Czech C,
Mercken L. The role of presenilin-1 in the gam-
ma-secretase cleavage of the amyloid precursor protein
of Alzheimer’s disease. ] Biol Chem 2000; 275: 1525~
1528.



142

19)

20)

21)

22)

23)

24)

25)

H A

Hasegawa T, Chosa N, Asakawa T, Yoshimura Y, Ishi-
saki A, Tanaka M. Establishment of immortalized
human periodontal ligament cells derived from decidu-
ous teeth. Int J Mol Med 2010; 26: 701-705.

Kifune T, Ito H, Ishiyama M, Iwasa S, Takei H, Hase-
gawa T, Asano M, Shirakawa T. Hypoxia-induced
upregulation of angiogenic factors in immortalized
human periodontal ligament fibroblasts. ] Oral Sci 2018;
60: 519-525.

Yang HW, Huang YF, Chou MY. Occurrence of Porphy-
romonas gingivalis and Tannerella forsythensis in peri-
odontally diseased and healthy subjects. J Periodontol
2004; 75: 1077-1083.

Wu X, Zhang G, Feng X, Li P, Tan Y. Transcriptome
analysis of human periodontal ligament fibroblasts
exposed to Porphyromonas gingivalis LPS. Arch Oral
Biol 2020; 110: 104632.

Yiemwattana I, Chaisomboon N, Jamdee K. Antibacte-
rial and anti-inflammatory potential of Morus alba stem
extract. Open Dent J 2018; 12: 265-274.

LuJ,HuY, Tang Z, Zhang C, Jin L, Gu M, Yang Y. Por-
phyromonas gingivalis lipopolysaccharide enhances the
proliferation of human periodontal ligament cells via
upregulation of cyclin D1, cyclin A and cyclin Bl. Exp
Ther Med 2022; 23: 2.

Kononen E, Gursoy M, Gursoy UK. Periodontitis: A mul-

BOR A

26)

27)

28)

29)

30)

31)

% M Feok W2E

tifaceted disease of tooth-supporting tissues. J Clin Med
2019; 8: 1135.

Saura J, Petegnief V, Wu X, Liang Y, Paul SM. Microglial
apolipoprotein E and astroglial apolipoprotein ] expres-
sion in vitro: opposite effects of lipopolysaccharide. ]
Neurochem 2003; 85: 1455-1467.

Pocivavsek A, Burns MP, Rebeck GW. Low-density lipo-
protein receptors regulate microglial inflammation
through c-Jun N-terminal kinase. Glia 2009; 57: 444-453.
Minihane AM, Jofre-Monseny L, Olano-Martin E, Rim-
bach G. ApoE genotype, cardiovascular risk and respon-
siveness to dietary fat manipulation. Proc Nutr Soc
2007; 66: 183-197

Pereira LC, Nascimento JCR, Régo JMC, Canuto KM,
Crespo-Lopez ME, Alvarez-Leite ]I, Baysan A, Oria RB.
Apolipoprotein E, periodontal disease and the risk for
atherosclerosis: a review. Arch Oral Biol 2019; 98: 204~
212.

Gong JS, Kobayashi M, Hayashi H, Zou K, Sawamura N,
Fujita SC, Yanagisawa K, Michikawa M. Apolipoprotein
E (ApoE) isoform-dependent lipid release from astro-
cytes prepared from human ApoE3 and ApoE4 knock-in
mice. ] Biol Chem 2002; 277: 29919-29926.

Vitek MP, Brown CM, Colton CA. APOE genotype-spe-
cific differences in the innate immune response. Neuro-
biol Aging 2009; 30: 1350-1360.



2026 4 4 A PR IR HELEHENE 12 331 % apoE ikk% LPS 33+ % 143

Porphyromonas gingivalis Lipopolysaccharide Suppresses Apolipoprotein E
Secretion from Immortalized Periodontal Ligament Fibroblasts Derived
from Human Deciduous Teeth

Sato Haruka!, Hasecawa Tomokazu? Jung Cha-Gyun®,
Zou Kun?, SaTo Soh!® and Micuikawa Makoto®

Field of Advanced Conservative Dentistry and Periodontology, Periodontology, Course of Clinical Science,
The Nippon Dental University Graduate School of Life Dentistry at Niigata
*Department of Pediatric Dentistry, Institute of Biomedical Science, Clinical Dentistry, Tokushima University Graduate School
3Center for Nursing International Promotion, Nagoya City University Graduate School of Nursing
“Department of Neuro-oncology, Institute of Brain Science, Nagoya City University Graduate School of Medical Sciences
*Department of Periodontology, The Nippon Dental University School of Life Dentistry at Niigata

Abstract

Purpose: Periodontitis, a chronic inflammatory condition, is driven by periodontopathogenic bacteria and is
associated with lipopolysaccharides (LPS), which stimulate Toll-like receptor 4 and induce tissue damage
through the production of inflammatory cytokines. Apolipoprotein E (apoE), a key player in cholesterol trans-
port and in tissue repair after injury, has been implicated in the regeneration of nervous tissue. It is assumed
that apoE also plays a role in repairing periodontal tissues; however, the impact of LPS on apoE metabolism
in human periodontal cells such as human periodontal ligament fibroblasts (hPDL) remains unclear. This
study was designed to determine whether apoE is secreted from hPDL, and whether LPS from Porphyro-
monas gingivalis (Pg) affects apoE secretion from hPDL.

Methods: Immortalized hPDL ((hPDL), derived from human deciduous teeth, were stimulated to varying
concentrations of LPS derived from Pg (0, 0.1, 1, and 10 ug/mL) for 24 and 48h. Cytotoxicity was evaluated
by lactate dehydrogenase (LDH) assay, while apoE secretion and intracellular apoE levels were quantified
using enzyme-linked immunosorbent assay (ELISA). Presenilin 1(PS1), a regulator protein of apoE secretion,
was analyzed through western blot. Statistical comparisons were performed using Tukey’s test.

Results: Cytotoxicity evaluated by LDH released from thPDL was not observed by stimulation of LPS.
Extracellular apoE levels were significantly reduced by the treatment of Pg-LPS at concentrations of 1 ug/
mL and 10 ug/mL for 48h, but intracellular apoE levels remained unchanged. The Pg-LPS stimulation inhib-
ited apoE secretion without causing cytotoxic effects. PS1 expression levels were also unaffected by Pg-LPS
treatment.

Conclusion: It is suggested that ihPDL secretes apoE and that Pg-LPS exposure suppresses apoE secre-

tion.

Key words: periodontal ligament fibroblasts, lipopolysaccharide, apolipoprotein E
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g U 725132 U <, M OBIEMN 72 22 I I AR 7%
MD% s, X 51T, SDF KRR 5 BSRFE 7 E MK
WMEANBEHI NS —7, BARICEEFOREEEICD
B L 5> 2720, fEAHE & BKHE caFaEbh 2z
2% DKAIL THRETT 2 08hH %

Z TR HINIZ, SDF ¥h#EAss, SDF & KI @
NEXR AT, $ & O Riva Star BAAHO T F A VEH, HE
RFE, WRRFHICB I 202 BEEES XV
Jd PR BB ¢ I § 5 C & & LTz,

MEE L VAE

1. SRER

AURHCE, & MEekREEE X OUIHEE 24 K% A
W, WKER 3 HUNICERASE L 72, 13 R
IR ET01%F € — VBT T 4CIT TR L 72,

SEERBRALAIRHIC 2 2 3K T CRRiEE, ARSI T
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W7, 7, iR 5 3 RRFERE %2 1 #EE
L7z, BREHIPHE A 4X4 mm & 7% 5 & 5 #600 D
it B EEAE ORI L & 2, B 5 mm OFIRGE &
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Table 1 Agents used in this study

Agent Manufacturer Components and detailed information
Saforide Bee Brand Medico Dental, 38% silver diamine fluoride; F=44,880 ppm, Ag=253,870 ppm
Code: SDF Osaka, Japan

Potassium Iodide

Code: KI tries, Osaka, Japan

Wako Pure Chemical Indus- Guaranteed Reagent; assay (KI) =995% (m/m); appearance: white
crystals-crystalline powder

Riva Star (capsules) Southern Dental Industries, Step 1 capsule: 38% silver diamine fluoride (fluoride ions: 0.06 g/mL)

Victoria, Australia

Step 2 capsule: saturated potassium iodide solution

Table 2 Application protocols for each experimental group

Group Procedure
SDF 1) Apply SDF with a microbrush for 4 min (reapplying during this period).
2) Rinse with distilled water for 30 s.
SDF+KI 1) Apply SDF using a microbrush for 1 min.
2) Apply KI to the surface immediately following the application of SDF until

the creamy-white precipitate turns clear, then blot dry.

3) Rinse with distilled water for 30 s at 4 min after the start of application.

Riva Star 1) Apply Step 1 solution with a microbrush for 1 min.

2) Apply Step 2 solution immediately following the application of Step 1 solution

until the creamy-white precipitate turns clear, then blot dry.

3) Rinse with distilled water for 30 s at 4 min after the start of application.

L*a*b* 2 &ML Lotz (AE) 28 H L.
AE* »=/{(L2—L1)%+ (a2—al)*+ (b2—b1)?}
nB, RERSMH B7°C, WE 100%, #HT) i<k
\J B SEALTE D 28 H [ ot FA 2 1 B PR O R PR L
T (AE<10) TH 2 L2 FMERICTHERELTVS
2, BREOR—254 v 25 0EEE D > THHA

DRHFA T L 72,

4. HEEHEEAR

AE 2 HIWEH L L, AL A, BIKOBEEE X O
RF[ % EERIR & § 2 MIBRA T TV 21T 7.
RN 2 KIEHIETH 5720, WAF 1D %
S U LERE L TEFVICHAASR, B OMEEZE
ZRIEL 72, BEERNROWEICIE Type HIREZ v,
% & HE 13 B AU 1 B0 & Bonferroni ¥ THHIE
U7z, MREMENTICIE IBM SPSS Statistics (version 26.0,
IBM, USA) ZH\, HE/KHES% L L7,

AWFZEE, HEBAR AR P MR AR AR O KR
2ECHEML 2 (T BRZEE N BEE (B1E o FEBRETHiM
AERFS D2013-022) .

& R

BIEAET VIC L B Type IIRE DK H % Table 3

I, BHEBREAMITE T B AR OREFZEAL 2 - E + 42
¥R & L CFig LITR T, BURRE T T VI OFER,
SR X ERAL X WK X B oo 4 R AERIFER TlE 7k
oo (p>005). —J7, FEHIXERAL X R & & OVFEHA X
JBeIR X ] o 3 BREAAAEMRIZEE TH - 72 (p<0.05).
2 BRZHEAERICDWTIE, AN XAz, LA X B
FHIX RefH, ERAL X R, BURKX R wIhd EET
bHote (p<005) 23, AL XPIK DL AR IFER T
Taro itz (p>005). F7z, A HHL, BIKOHE,
B UOBEOEHRIIVThOEETH - 72 (p<005).

F 7z, SERZAMER (FEHXTBAL < R, JEH] X B
KX ) BEBETH-7 b b, HHNCESAE D
FRRFIZALIEEROL B L UK O G OHELZ T &
WRENTz, FiglicEoE, RAEEHORELEE 2
TR AE ORI ZA LA TR T % L, SDF BTl
WS &K PO LT RIZBLTD, TRTOH
Az R O FOBICHE W AE 2SN 2% R L7,
Nicxt L, SDF+KI#E & O Riva Star B2 TIZ AE &
LRI E L, AR 5 TICBIKOEREIC X -
THRIFIZEE Y 7 5 72,

TREBEETH - 72 [AF 122w T Bonferroni %I
£ 5L ENIK AT o K55, 3EHITI1X SDF # D AE &
SDF+KI#E8 & O Riva Star # & DEICEEEZDRD 5
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Table 3 Results of Type III tests of fixed effects

Source Numerator df Denominator df F-value p-value
Intercept 1 49.46 72891  <0.001
Agent 2 49.46 13186  <0.001
Site 2 7767 1763  <0.001
Demineralization 1 49.46 4398  <0.001
Time 2 159.74 1039 <0.001
Agent X Site 4 7767 4.86 0.002
Agent X Demineralization 2 49.46 1513  <0.001
Agent X Time 4 159.74 62.1 <0.001
Site X Time 4 70.99 1165  <0.001
Site X Demineralization 2 50479 0.557 0577
Demineralization X Time 4 121.399 9.019 <0.001
Agent X Site X Time 8 70.99 458  <0.001
Agent X Demineralization X Time 4 159.74 584  <0.001
Agent X Site X Demineralization 4 7767 0.14 0.967
Site X Demineralization X Time 4 121.399 2.386 0.055
Agent X Site X Demineralization X Time 8 121.399 0.781 0.620

df: degrees of freedom

N7z (p<0.05) 43, SDF+KI #t & Riva Star BEOMIC I
BEZZRD N o72 (p>0.05). WAz TIX, HHiR
RIEB L OCHWHERFED AE i d T A VER
EDOBICEBENAD b (p<0.05) 25, WHRIE
HLEBRRIEHOMCEIEREZRRD N2 o
(p>005). Wflic>wTix, 0 HEHZ 7 HEEB X 28 H
HLoficEBRENRED N (p<005) 25, 7HREE
28 HEEOMIC R EEE IR 5o (p>0.05).
X510, EHOLELEKIZEB W T SDF+KI & Riva
Star HOMICERZEZIZRD bz o7z (p>005). —
7, Fig. 1 ica$ & 9, WD AE ORI 13—
St (B BURTF ANVE) TREEEEERL,

AWFZETIx, SDF B, SDF & KI OIEREAR,
B X N Riva Star BHH O F A VE, WERTE, W
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B THIEBMET U7, BHlERALIE, BRI 72 s S
£H X ORI S 2 HE L CHRELL, Huk Xt
¥itid, CIEXYZ SEBIBUSEIG L 727 14 V& — & 558k
LTBL, toLFHIBEL2ET 2 L5, HEMEE
DEFEITICB T ZOERAMEIRDLENTVWEHDT
»H5D,

F— Y RNTICH 72> TIE, A, Az, BUK, KO
4 BERPEFAE LI RIETHEE, BBRGTETVEH
WCHRATNCEHI L7z, C D' T VIE, A O

WCHRT 2288 %2 5 v LR ELTEEL DD, #HHK
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Fig. 1 Comparison of color change (AE) among three agents across different tooth substrate and demineralization
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Inhibitory Effect of Potassium Iodide on Tooth Discoloration Induced by
Silver Diamine Fluoride in Sound and Demineralized Tooth Substrates:
A Multifactorial Analysis Using a Linear Mixed Model

Tsubpa Yuka, TAKAHASHI Rena, TAKAHASHI Motoli,
MINATO Yousuke and SHIMADA Yasushi

Department of Cariology and Operative Dentistry, Division of Oral Health Sciences,

Graduate School of Medical and Dental Sciences, Institute of Science Tokyo

Abstract

Purpose: This study aimed to evaluate tooth discoloration (AE)over time after application of silver diamine
fluoride (SDF), sequential SDF plus potassium iodide (SDF+XKI), or a commercially available SDF/KI desen-
sitizer (Riva Star) on sound and demineralized enamel, crown dentin, and root dentin.

Methods: Specimens of enamel, crown dentin, and root dentin were prepared from 24 extracted sound
human premolars and incisors. Specimens were assigned to either a sound or demineralized condition and
then allocated to one of three agents: SDF, SDF+KI, or Riva Star. Color (L*a*b*) was measured before
application (baseline), immediately after application (day 0), and at 7 and 28 days using a two-dimensional
color analyzer (RC500). AE from baseline was calculated. A linear mixed-effects model was used with AE as
the dependent variable; agent, tooth site, demineralization, and time were included as fixed effects, and tooth
ID was included as a random intercept. Type Ill tests were performed, and post hoc comparisons were con-
ducted using estimated marginal means with Bonferroni correction (a =0.05).

Results: Significant three-way interactions were found for Agent X Site X Time and Agent X Demineraliza-
tion X Time (p<<0.05). The SDF group showed a marked increase in AE over time. In contrast, the KI-supple-
mented groups (SDF+KI and Riva Star) exhibited significantly lower AE than SDF (p<<0.05). No significant
overall difference was detected between SDF+KI and Riva Star (p>0.05), although their AE time-course
patterns differed under some conditions. No significant change in AE was observed between 7 and 28 days in
any group (p>0.05).

Conclusion: SDF alone caused increased discoloration over time, whereas SDF+KI and Riva Star signifi-
cantly reduced discoloration in both sound and demineralized tooth substrates. Riva Star was comparable to
SDF +KI, while small differences in AE over time were observed under some conditions.

Key words: silver diamine fluoride, discoloration, potassium iodide, silver diamine fluoride and potassium
lodide formulation
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Fig. 1 Laser transmittance through different materials

The laser transmittance was evaluated using a power meter.

Transmittance through a glass slide was defined as 100%. Significant

reduction in laser transmittance was observed in all samples with

indocyanine green (ICG) application (p<<0.05). Values are presented

as meantstandard deviation (n=10)
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Fig. 2 Surface temperature changes of bovine dentin during diode

laser irradiation

Temperature changes were measured under different laser power
settings with and without ICG. The ICG-applied group showed signifi-
cantly higher temperature increases at all power levels compared
with the non-ICG group (p<<0.05). The black line indicates room tem-
perature, and the red line (70°C) represents a reference temperature

at which thermal alteration of biological tissues may occur. Values are

presented as mean=*standard deviation (n=10).

Without ICG

Before

After

With ICG

Fig. 3 Optical coherence tomography (OCT) images of bovine den-

tin before and after laser irradiation

Representative OCT images show no marked differences in sur-

face structure between the non-ICG group and the ICG-applied group

after laser irradiation. Under the present irradiation conditions, no

pronounced surface alterations were observed. The x-axis was stan-

dardized to 5 mm across all figures.
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Fundamental Investigation of Optical Transmittance,
Temperature Rise, and Tissue Heating Effects
Induced by Diode Laser Irradiation

AKABANE Kodai, HiraISHI Noriko, MINATO Yosuke, KITTAKA Ryo and SHIMADA Yasushi

Department of Cariology and Operative Dentistry, Division of Oral Health Sciences,

Graduate School of Medical and Dental Sciences, Institute of Science Tokyo

Abstract

Purpose: Diode lasers have been widely used in oral soft tissue procedures because of their favorable
hemostatic and coagulative properties. However, the effects of diode laser irradiation on hard tissues have
not been sufficiently investigated. In clinical situations, laser irradiation applied to the gingival sulcus or sub-
gingival areas may unintentionally reach adjacent hard tissues. The purpose of this study was to evaluate
laser transmittance, temperature changes, and surface alterations in hard and soft tissues following diode
laser irradiation, and to clarify the influence of indocyanine green (ICG) as an optical absorber.

Methods: A diode laser with a wavelength of 810 nm (Sheep810, UNITAC, Japan) was used in continuous
wave (CW) mode. Glass slides, bovine dentin specimens (1 mm thick), porcine gingiva (1 mm thick), and
porcine muscle tissues (1-4 mm thick) were prepared. Laser transmittance was measured using a power
meter placed beneath each specimen. Surface temperature changes of bovine dentin were recorded using an
infrared thermometer at laser outputs ranging from 1.0 to 3.0 W with an irradiation time of 12 s. Optical
coherence tomography (OCT) was employed to non-destructively observe surface structural changes before
and after irradiation. All experiments were performed with and without ICG application. Statistical analysis
was conducted using the Kruskal-Wallis test followed by the Mann-Whitney U test, with a significance level
set at p<0.05.

Results: The diode laser showed measurable transmittance through both hard and soft tissues. However,
when ICG was applied, laser transmittance was significantly reduced to approximately 1.1% in all specimens
(p<0.05). In the temperature evaluation, specimens without ICG exhibited limited surface temperature
increases, whereas specimens treated with ICG demonstrated significantly higher temperature elevations in
a laser output-dependent manner. OCT observations revealed no marked structural alterations in either ICG-
treated or non-treated specimens under the present irradiation conditions.

Conclusion: The presence of ICG markedly influenced laser transmittance and thermal effects during diode
laser irradiation. The application of ICG effectively reduced laser penetration and enabled selective concen-
tration of thermal energy at the tissue surface. These findings suggest that ICG may be a useful adjunct for
controlling the safety and selectivity of diode laser irradiation, and may contribute to future applications in
minimally invasive caries treatment.

Key words: diode laser, indocyanine green, laser transmittance
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