U VEBER=HNT T AEAEERIBRFED
RN 722 & N BAIRIGIZ BRIE T8

(FEg il BHE Zdx, B Gl HEERR)



o=

HRERO TRIZ B E LT, #REfbsh/zV =5/ 7 A (functionalized tri-calcium
phosphate, fTCP) ZHEl& L7-HEEAIN RS LT D, LarL, fTCP BlAHeBEAI R il
il 2 TR DRI L TIIARARENE, £ 2 TRRLDOEERL, VI OhkEwRz M
WTEYE L 72 EREEEELE T /S, 7 v bA 4 L fTCP ZllE Lo iR 2, #7e
%5 L7 BRO BRI 72 & N A RAIC RIE T OWC, @EEEinEE
MWD ZETHRETLIZ, SbIC, vMESIEREZ W TX =TS Z2ETDH L LD
I, BFERFICET HIREMNZA LA L — Y —BEMEE (LSM) 38 & OVEATE 1385 (SEM)
IZL > TBIE LT,

fTCP Fc At BEA & L C Clinpro toothpaste 1450 (fTCP (+) , 3M Y %) %, %L L
T fTCP RAELAHEEHR] T D Check-up standard (FTCP (-) , T4 A LA BILOY7R
74 Nkt 38% (SDF, HPERER(bRK) &MV,

U AREWERER A E 27 1y 2RISR L7 &2, 0.1 M LR (pH 4.75)

Sy HIRHE LT I N TR ORE LT, ZO#EA 8 IFfIfEIC 1 H 3 [\, 28 AT

) Z L TIREMRERE T VA RYE LT, 7eds, T OMEERERET /L A RUET 2 W 2 W)
JRHAR (initial demineralization period, IDperiod) & L7z, fREEEELET /L% 0.1 M FLELTEE
RIZ 10 Sy [ERRAE L7 N THER SRS 3 D8 EZ 8 IR 1 H 3 (|1, 28 H kit
U 7oA ARIPREE,  FERBRAAIFI A B B 2 AT U TCAR T ERERE 7 L &, ARALERRE & [RIER
DEMCHRE LIZREE OFTCP (1) BEB L ONOATCP (-) B, HHEAIOBAIA 1| BT

28 ATV, AAFRRE L FIEROSAE TS LT-BE% F-fTCP (+) BEB L OVF-fTCP (—) #f,



KBRBHAARRHZ SDF 2 ¥eAfi L7 ARIAIBRERTE 7 /L % ARERRE &L [FIER DS CRAE LT-RER O-
SDF #f, SDF DO¥Afi% EERBaG 11 2 812 28 H ETITV, AR & [FREOSMH T
{RE UT-RE% F-SDF fiE & L7z, 7035, BRI L 7o R4 F2800IH] (experimental period,
EX period) & L7z,

A RIEICIE, 7L —L 2 —3 (5900PR, /S A RU 7 R) | HEEA NIV AT 2
—% (VI12, /%7 A R 27 R) BLOA T 1 22— (WaveRunnerLT584, L7 121) 7»
DAL SIS VAT A&V, £z, FATCP (+) B, F-fTCP (=) #EIS KX OVF-SDF #ED
X—=T7ESHEZATO & LI, TCP (+) BB LOICP (-) BETLSM B8 x1To7,
S BIT, EBEBIEICHWZR A & AR SEERER B ORE L 723 122U T SEM BISR 21T
27,

ZDFER, 1D period \ZB1T HHELFHIT, WITNORHZBWT b IR EIRIENT &
1 LC, IDperiod28 H CHEIIK F L7z, F72, FLEREEIRIRIERTOR N O SEM #2025
1%, RAERENPAI VT —ETEDLN TV AEPBIZEINI-DIZKR LT, ID period 28 H Tl
LUAHE OB N & & HICERSFEIZBNTa 7 — 7 U EOBH B0 Hivl, ik
h 2 ARFE T DI OREE F RO IL, WEOAPRACORRE SR H Y, BRSO
RIS T T2 Z LAV LT %, 1D period 28 H Cak )y OREREHENME T L7122
LI, FUEBREENE A~ DIREIC L > THRFE O MNBD L2 Z L 2R TH0THY,
SEM fiZ2 TR LN RIFERBICB T AN E —ET 52D TH o7,

HRALPRFEOHEE B, EX period 2359 2 DI > TR F L7z, —J7, O-fTCP (+)

#, OATCP () HdS KLTN O-SDF B 5K, EX period7 HETHEIZ LA-L, £h



VIR CRECONR T 2 M 2R L7=DIZxt L, FATCP (+) B, FATCP (-) BRI LOVF-
SDF BEOMEE B #IE, 14 HETHREICEAL, £k, HHOKTITRRD bivehol,
F 72, EXperiod 7 HLAREOHER H#IE, #EEAFS J O SDF OBAAFEHLIZH) > 5T, SDF
FECIRBRERMELZRL, TCP (+) B, fTCP (-) FB LUORMLHEEDIETH > 7,

fICP (+) BEB L MTCP () #£D, EX period 28 H D LSM 43 L O =kt Bl4) 6
I%, OfTCP (+) FEBLNOLTCP () BT, RFEXREZOTNTIED 5 b DO
BlEsh, MR mAE R Lz, —J5, FATCP (+) BERBLOFATCP (-) BETIX, SHE#
M DRV TEDI, US> CHERPHHRRZ 2 L2, 20X 51T, miREY
VAUIBCA B EEAIOBRIEE RN, WERmIHT I L D8R E2 e L, ZOJEh R
(CxE LHPUE & LTRSS 2 & THURIIMRIRNR Z R8T 2 & & b8, BUKSTEOR
FIRACZARE T2 ATREMEDS IR S AL T,

Z 2T, FATCP (+) Bf, FfTCP (=) #£& L UVF-SDF £ EX period28 H D SEM 4% Lt
B9 5L, WINORHCBW T, ID period (ZBWTEIH LIS HHE D, Hritic k-
THRAED D WITEEH SN TW BB STz, & <IZ, GlE OEEHFREE I F-SDF B
TEHTHY, RNT, F-fTCP (+) FEBLUFATCP (-) BEDIETH 572, fTCP 1L, Ca®*
BELOPOS ZLE LTDRIETHIGT 2 & L big, WEBAICEH SN 7 v LA RIS
T5Z R MHEMIMEHT 22 LT, FORVIAREIREST S LS Tns, fTCP (+)
BECIE, WP OBREBRIOME RSB TH fTCP (-) BE & bl U CAEIC R & i
WaERLT2Z &, S HIZSEMBIZBWT O RFERI CONTHMNRERIBIEZ SN2 &

M5, fTCP DELEIZ X o THAKIEA LV RAIEE L7 b D &E 2 bz,



X =T XL, RUPERET EX period ORGEIZES TIKF L7zdizxt L, F-ATCP (+) f,
F-fTCP (-) B£EB L OVF-SDF #£TlE, EX period DFEIZfLE->TEA-L, &<1Z, F-SDF Bf
DX —7TEE, WTHORERIZIBW TS, MOREE g L THRICKEVEZ R L
7o BEOMUIME X DAL, DI X T NEREE IEOHBENH L Z L1HE STV D,
L7235, SDF OBAIZ I > CTHREMED U VRN G A AR ET 5 2 & Cl#E
I L C 2R A IEIT 5 & & biZ, 7 oAb T AR LYRT & U THRET %
Z TR T oA S, BAIKIEDMEE LT b0 EE X Hivle, — 5, SDF @
WA, R BB AICABIE D 2 0D, BT 5 SDF OfE B L T,
M B E LI E AR ERRATHINT AR D B,

LLED X 51z, fTCP ELAHBEAI O I, fTCP RELA OMWESA] & Ll L CH A H OFRE
RV ZL O E TR T 5 2 & THURMIRIRNR Z R T2 & & bIZ, HE TOMHEE
MCE =T, BARIEDIEICE D TH D Z EDRENTZ, IBIT, FENRBLEIOD bk
HEBETHZENRNEZ AN, TCP EAHREAIOMERIE AL, ERIELR D HIR

HEREE DO TRHIAN T D Z L AVRIE STz,

G SCIE 35 S Wakamatsu K, Kurokawa H, Okuwaki T, Takamizawa T, Tsujimoto A,
Shiratsuchi K, Ishii R, Miyazaki M. Ultrasonic measurement of dentin remineralization effects of
dentifrices and silver diamine fluoride. Acta Odontol Scand 2021; 79: 528-535. % Fsipimc & L, =

FUZLMS OFEBRT —Z ZJ7- Nz 5 Z LIl >TRIEL7=ZH D TH 5,



=

REE 1TV T, OFEREZ 1 ESE D & & BICROMEREZ T2 2 L1, BE Ok
RERIEAMERF T 272 0ICbBESH D 2 & Th D, —J7, MlE SR D BT OB,
B PR A © IR TEBAR OFIEIZ D723 D WREME B 5 1), IRMEEERR DL <1, BPIRRIC
BT 5EA L NEHDWISFEIHF L, TOHETIXEA Y b—2F AURIZH-> T, JA
<, <, FROTHESEZIR O AL L5 IR RE 2T 52 6H D Y, £/, RbfEet<T
1%, BEREEBERARIC L U CRBEDIEIR AR A D Z LR, HRIERDSZ LW &b
BOOLHLEIITND D, LT, RAEEEEICE LTI, ZOET2 0N LT
HIT 2 NWEEE 72D, KA —H—)OIRAEGEO THIZ A E LT, 7 vzl
T AT THIR STV D 5,

—fxANS, T o b R U LR EDT oL, Mok LR MG R R T 5 &
ZAND, ANV ULEEBICREGSNDE, TNOMEAIET D2 ETT kA A
YOIFLEMETLCLED ¥, 22T, 7 v tOWE~DIRY iABZ A ESE5H 2
ExRHEME LT, HREbEN= U ViR =L v 2 (functionalized tri-calcium phosphate,
fTCP) Z WA L7 EEAIN TR S 47, fTCP 1%, 7 vk & & bIThla SNIHEAE TS,
M LRSS 5 2 &R HAFLTDRIEBZ R D &1, 7 oAb D@ OGPHEIZ L - T
2D HEICHFANCE Y IAEND & SITWD, LavL, fTCP L&A R kL% 1
Bh9 25U B L CIEARB S 0,

Z I CARIMCOER N, U OHkERE AV CRYE L R ERAERERTE T U, Ty

kA 4 & fTCP G LT tiER %, ¥/ 25Tl L7=BR OB 73 & N



FAPRACIZ RAF TR ONW T, B EREEEZ VD 2 8 THRET L., S 61T, MBS
MEEEZ AN TX =TS 2 ET D L & bIZ, RFEREIIBIT LRI E LE L—

P—EEMEE (LSM) BLOEREIHHSE (SEM) ([2L - THIE LT,

Bk L OV5IE

1. ke

fTCP FL &4 & LT Clinpro toothpaste 1450 (fTCP (+) , 3M v /30) %, W& L
T fTCP RECAHEERI T D Check-upstandard (FTCP (—) , A A hHEH) 3 L OVEE:
PHIFI O AT A R 38% (SDF, HPEREE LA 2z (Table D) .
2. IRHERELE T L ORYE

IRAEHRERE T LV ORMEITIE, v Q~3 %) FHARTH O MR A AV, il
SR OG A E %, EEE DN (IsoMet 1000, Buehler) ZH\WC7 w27 & LT
I L7k, 7 uy 2 e2lZ, MAMES U a3 —s3 Ro—3—#2,000 E TIEHKAH]
LTa4x4x1mmlfE L, ZORFET vy 7 OEHE (REEH) BXOMmEY >~
ATHTE Lzl &, 0.1 M FLERREERR (pH4.75) 12 10 s L, KRk ke L=
ZFXLTAT (AKRZ VI T) ZHOCTREIZRA K EIRY, NITHERICRE Lz, Z
OEZ 8 FERIMEC 1 B 310], 28 HIEfT S 2 & CIREEBERET LA RUWEL -, 2B, 20
TR IFERERE 7 /L2 RUES 2 WM 2 WK (initial demineralization period, ID period)

& LTz, F72, NITMERE LTIE, 144mMNaCl, 16.1 mM KCl, 0.3 mM MgCl, - 6H>0, 2.0 mM

K>HPO4, 1.0 mM CaCl,*2H0 35 X O sodium carboxymethyl cellulose 0.10 g/100 mL % /12 C



pH 7.0 IZHEE L= b D% V= B,

(G EESEs

RIEEEERT 7 /U1, TR THRMICHRE L, 72k, T ORE I 2 500 H

(experimental period, EX period) & L7z,

1)

2)

3)

4)

5)

RAERRE : AREERELE 7 /L4 0.1 M FLEBRRENRIC 10 0IREE L, AKiE, R L 7%
NTHERHICRE Ui, ZOfES 8 IRFfifEIC 1 B 3 (8], 28 HRike L7z,

O-fTCP (+) #, O-fTCP () #f: ~vA 7/ mE—X— 1 FE—ZX (M2 T v 7 CA-
DC, &Y Z8ET) (CHEHERN 7 7Y (AAY—22T7 70 Y7 N, RE) 2385
L, fTCP (+) HDWNI TCP () ZARMEERELE T /L OBMRIEIC 10 FPHEAR L7121,
KEUTz, 2 OEMER EBRBAMARF DO LTV, ARAPRRE & [FERO S TIRE LTz,
F-{TCP (+) #f, F-TCP (-) #f: <A 7 mE—F— 1 RE—R(TEEE LTl maf s
M7 v &HWT, fTCP (H) HDHWNEFTCP () ZREEHEELE T L OBEMIEIZ 10 7
A L7t KL, ZOEMEL | BAEC 28 ATV, ARBRE & [FEROS(ET
RE LT,

O-SDF #f : v 7 m 77 (Iad) & H\NT, SDF ZARMEHRELE 7 /L ORI ICEAR
LT3 opfdlifidts, AiELiz, Z OBEZEBRBRLEREOZITV, ARIOELRE & FFRDSR
R LTz,

F-SDF #f : v 7177 % H\T, SDF ZARMEMEELE T L OBMIEIZEAA LT3 5
Mk, AKielic, ZOBMEL IR G 112 L1228 HE TITV, RUBEHE L

[FIRRD S TIRE LTz,



2R, WEEAIOBWAL, ~A 7 aE—H — 1 RE— RO B EOPRAET 1,000

mpm & L, firf 0.1 N O TIT-o72,
4. BERERE

HRAIESEE L LT, 2~ —L 3 —s% (5900PR, /T A MU ), fEEM T~
AT a— (V112, /XF A NY 7 R) BILOA T2 A2—7 (WaveRunner LT584, L7 1
1) MO SIS AT AE N,

BERAETE, =L — %) 16 WICREL, REKELEE N TV AT o
— P INEOKEIREY 112365 & S Ko THEIE 2564 S W7, i 123 Ic B =
RANE LT 2BE OB E, Fin2a—F 2l TESINTEET S Z Lick-
TR EMIE Lz, RWT, ZOWEND 1ns BAL TR & Bl S8 OG22
K>, R DIES & ORMRHD BRERT A RO, 72k, WEFHEORER & L3R
HEAhE T LEYWERE T 5 ID period 0 5811028 H, EX period 7, 14, 21 BL 28 H & L,
A OISR HONT 10 E L,

5. X—7fSHIE

F-fTCP (+) Bf, F-fTCP () BB X OVF-SDF #£C, BEAEIC AW =R DX — 7
SOWES, MMESRIEEE (DMH-2, fAR) ZHWT, {fE 025N, fof EAREFRFH 30
BOEETIToTz, 728, B OIIESIFHCONT 10 E Liz, £z, X—7 IO
TEEALE, A OFFREMIT 3 e L, ZOVIEZ A OFHIERICIT 5 X — 75l

& L7,



6. LSM @iz

fTCP (+) BB LOMTCP () BET, #EEHEIZHWZRAIZONT, JRREHT LSM

(VK-9710, F—x 2 R) ZHWTEIZL,
7. SEM #i%2

SEM BUEIZER U C, BEEHE I Wi & AR O EREREE I CIRE L TZi AT 122N,
WEIES T tert-7 % 7 —/VIREE EARFNNARIZS L7 t%, BAERE: (Model ID-3, —
VH=0R) &4T>7c, IRWT, A A =2—%— (Quick Coater Type SC-701, H > =—7%
1) TREEEIToI%, 74—V R=I v a2 SEM (ERA-8800 FE, =V F =7 %)
W TOIESEE 10kV OSMTHER LT,
8. WiEtaLER

[F—PRE SN IS K OSRE SRE COMER EIE 7R H NCX— T SIZTOWN T, o0k
PR LT, 0ioHTH L O Tukey’s honestly significant difference test % FHV N CTH EI/K

HE 5% D FfF THERHARIRE 21T > 72,

AAPERE, O-fTCP (+) Bf, O-fTCP (-) Ffds LN O-SDF FEDMER E R DRI LA
Table2 |Z7~ L7, tRMEAGELE 7 VEYERE, 972000 IDperiod (23517 D &I L, FLEERE
TEHRIRTERT (3,816~3,952mys) & FLi L CIRRIZIRATE 28 H THEIMR T L7z (2,989~3,034
m/s) , —J7, EX period (23317 D ARMBEEEOHE, FEIE, EBRMMORBIZ > TIRT L

72DIZx LT, OATCP (+) , O-fTCP (-) I LU O-SDF DR &3 IE, FEBREELG 7 H



FCEAL, TN TR T4 2MEME/R U, £, FEBRBAA 7 B LAEOMER 5HEIX
O-SDF #f, O-fTCP (+) #¥, O-fTCP (-) #fR L URMIREDNETREVMEZ R LT,

AAPERE, F-TCP (+) #, F- fTCP (-) #£dS L UN F-SDF BEDMER S ORI LA
Table 3 (27~ L7z, ID period TIK T L7 #dilE, F-fTCP (+) , F-fTCP () FBLUF-
SDF DWW FHUZINT S, EXperiod OFGEIZEES T ER Uiz, 7z, BB 7 B LK
DOREREHIT, F-SDF BECTRb R E72fE%7RL, FATCP (+) #f, F-fTCP () HEB LUK
KPRREDNAT I - 72,

ARAPERE, F-fTCP (+) #f, F-fTCP (=) B35 L OVF-SDF FED X — 7l & DRI LA
Table4 |27~k L7z, IDperiod {Z351F 2 X —7 1 &1L, WT IO T & IR IR E
Al (543~554) &g U CRIMRICIRE 28 H CARIZIKTF L7z (29.5~31.0) . —%, EX
period (2331 B ARMPED X — 7 X1, EBRHIM OB > TR T L72DIzkt LG,
F-fTCP (+) , FfTCP (-) 3L UF-SDF #OX— 7 X (34 EIZ LH L, F-SDF # T b
K& 7IpfliZ/RL, FfTCP (+) &, FATCP (-) BB L URMUBEEOIHTH -7,

fTCP (+) FEBLOTCP () #E T, BEMRNER JOX =7 SHEICHE L 23R
WT, EHORERZ LSM 836 L O =kt Bliiig % Fig. 1 IR Lz, W2
T, EXperiod 1 A T, RAERKEIZBA SN REBRIORREMABIESLD L & big,
Ll E S A A £ U2, — 5, EXperiod 28 HTI%, O-fTCP (+) BERB LT O-fTCP (-)
FEC, RUEEREITOT O TIEH 208 RO b, MkERA 2 LT\ e, 2kt
LT, FATCP (+) BB EONFATCP () BETIE, A EREPTHI CEDOIL, HHAE

e & LTBIZ ST,

10



BIHER LOX—7 1 SPIEIHE U7 R & Rl—0 & oRE LTI DN T,
ZNHORFEA 72 SEM B % Fig. 2 (TR LTo, FUEESREIRRIERNTCIL, A ERENBAIY
— B TEPNTWAENEE SN, ZHUTx LT, IDperiod28 HTlE, SFHIE OO
&L BICEMSRFEICRBW T a7 =7 Uit oA BlE iz, OfTCP (+) BB LW
O-fTCP (-) #£D EXperiod28 H® SEM B TlE, WTHOFIZB W T HRAEREITHTH
WD B, BIR LIe G S 0 aE 3 @Bl Snizns, EORET O-fTCP (+)
HECEHTHH-T-, —J7, O-SDF BED EX period 28 H D SEM 14 TlE, BHM L7-R M
PICHTHI OIAE DBIEL S, O-fTCP (1) BB KON OfTCP () #f & 1387 D808
S, FATCP (+) BERB I VFATCP (=) #£D EX period 28 H D SEM 4TI, SHEFE
JEDHTH CREDI T ABBEIELEI, OfTCP (+) #EB LN OTCP () #EE ML
TRIHNE DIRAIZEW CTH 7=, —J7, F-SDF BED EXperiod28 H > SEM #Tld, S5

BERBVHTH CEDOND Z & TREFMENEHIN D & & BT, g ema 2 LT,

B
IREESE TSP EORGE 272 £ D Z L h, ARIERD 2V E S A T & 5 (ST
L, FETMC Ko TUMERLESREEL 25856055, Fio, @EREICBONTL, £
HHYRRIE7: E D ERHERICHIIR A2 1T 5 2 & D7 pn Y, 22T, iRimisehoxt
JS & LT, FFEXBZ AL 2 LHIOFBRIEIZ N T, BaKbRIEZFRBRICAT S
& CHEBRDMEITZ TR 2 Z EMEHE L 725 5, HARIERIE L LTE, 7 ool

FID—ARIATON T Y, REERCBE 287 57 & LT o L s

11



MEhTng BB T, 7 AOWE~OIRY iAZZzn L&E5 2 L2 AL L
T fTCP Fl G OWEAIN TR TS 9, LivL, TCPElAHRERIDINHICL - T, &
B UT- S N & D K 5 25BN A U D N OWTUI R SRS, 22T, ¥
SAREROGAE & AV CTIYE U7ARMEEBALE 7 /LT, fTCP Bl A s A 2 InH L7BRot
PRINA 72 & N A RAEEZD R DUV TR LTz, & BIZ, fTCP RELE WAl L & bIZ,
R 3 T DARMEERELD TR B 5 & STV D SDF* % N CTE DR A b
L7,

ABIFETIE, BRERIFCRT 2R EEREE T L OB OBIZIS, Bk AmREx
Jo A UTe, BEEEEEL, HEREZSRET DHMEHA, B RO R H S OB
T, ZO—EBIHNT 52 L TEEROBENIAEL, UK > THREOREN LGRS
INT CORBEZAL AT 2 Z L2 ATREE LT B, &51T, ZORIEED, AR
Jr & R CBIEZZ T D Z L ARET R & T AND,  [Rl— ORI L AR T 5 79
DEXYT 4 & LTHIRE SNTND 2,

IR FERERE T /VEYERE (ID period) 1Z3651F HHEREHIE, WTHLORRIZIBW T H AR
EHRIRIERT & Hee L C, IDperiod28 H CHEIZIK T L7, £70, HAMSREIZIERIOFA
O SEM BZ&0 5L, RARBENA I Y — B TEOIL T ABMIBIEI NI LT,
ID period 28 H CIIRFME OO & & HITERRFEIZRBNT a7 —7 AHEOFTE A
RO BV, WAL 2T 2 B E OREE B RO ZNE, WEOAIKALORREE & HHE
NV, MRSy OB E > T T 2 Z EVHIBEL T D 220, 3725, D period

28 H TR ORER F MK T L7 Z & 13, FLBSRREIR A~ DRI K > TR E O MRSy

12



WD LT Z L 2RO THY, ZORKRIT SEM Bl TR bR A ERE KT

DICREHIEILE =BT 5 b D Th -T2,

ARABEREOHER EEIE, EX period 2588 T D DI TR T L7z, —J, O-fTCP (+)
#, O-fTCP (-) Ffd LN O-SDF FEDOMEK H#lE, EXperiod7 HETHEIZ EA-L, £
LIBE CRESP AR T3 2 AR L7= DIkt L, FATCP (+) #f, FATCP (=) #I L OF-
SDF FEOMEE FHIE, 14 B E THEIZ EA L, TR, O TIERRO bivkeh o7,
F 72, EXperiod7 HLAREOMER B #IE, AR L O SDF OBAEHUZ) )0 5T, SDF
FECROLREREERL, fTCP (+) B, fTCP (&) BB LUKRUBEREOIETH > T,

fICP () BEBLOICP (-) B, EX period 28 H D LSM 143 X =3kt B4 H> 5
1%, OTCP (+) FEB LN OfTCP () FET, BRFERMICTHOTNTIEH D HODOHTHY
PEER S, MEERimA R L7, —J, FATCP (+) BERB X OVFATCP (-) BETIE, SE
REOEEPNTHY CREDI, AU T EHAREZ R L, 20X )1, Eil
7 - AL 5t B A oD AR I HCHT N R D e & TR L, Z g
ISR 28U & U CHERE TS & & TIRUKINHIIR R 238495 & & b, BIKRRHE
DFFAIRILZAREET D AIREMEDS RIZ S V72,

Z 2T, FATCP (+) &%, FATCP (-) BfI LUVF-SDF BED EX period 28 H @ SEM 4%
a5 L, WTHhOBICEBW T, IDperiod ICBWTB A L7 HHIE DS, M &
S TREDH DVNIEH SN TV DG BIER STz, &<, RFHIE DL T F-SDF
BECEHTHY, KT, F-fTCP () BEBL U FATCP (-) BDIETH 72, fTCP I3,

Ca?" B L OPOL B ZE LTIRRECTHAAT 5 & & IS, HEANCER SNT-7 vt L kA

13



FOGT5 2 &7 ABRANAERT 5 2 & T, FORYIAREEET D & ST 330,
KREBROFERD B H, TCP (+) FETIL, WTNOWEBRIDOMASAHIIBNTE TCP ()
LM L CHEICRE R EHA R L2 &, SHIC SEM BRIZBWTH G E R
TONTHINERIBIER SN2 D, fTCP OEIAIT L - THAKIED X 0 R
H#LIZbDOEEZ LN,

X — TR X, ARMLEREE T EX period OFFEIZ > TR L7z DTkt L, F-TCP (+) #f,
F-fTCP (—) B£¥ L UOVF-SDF BETlE, EXperiod Of&EIZLE->TEA-L, &<IZ, F-SDF #f
DX —=TFESVL, WTHORERIZINTS, ol g L THRICREVWEZ R L
oo BOBUIMES OZAIE, WHOIRTNLVERES EOHBERGH L Z EPIESNTND
Z &5 3D, SDF OBARIZ L » TREMED U VIR S £ HE T D 2 & Ol
IR L CZBBURZ T 5 & & biT, 7 oAb T AR LFRT & L CTERET S
Z TR T oAts S, FBARIEMEE L2 b0 B 2 btk 3, —J7, SDF
DOWH~OEANE, WEREIBEDEALZET D L ZAND, FHEMITH D T LA
HITWD M, & <UL, AIHIZISIT 5 SDF OIZE L T, FARIEEIER Em W O
D, FEMEBE LI EER RISk 5D,

LIED X512, fTCP BLAREEAIOMEIL, fTCP ARELA OHEEA] & il L CTRAE DR
JBIZ L0 2L OFTHE TR T 5 2 & CRPAMHII R A 5T 5 & & big, A TOHE
FEFNC &> THAKILOIEEICE D TH D Z EAVRENTZ, SBIT, FENREBANDL G
WEEEGT D Z LR E 2 A0 5, fTCP BLAHER OMEERI, BROBLE,S S

RAEEER D TRICAN TH D Z LAV ST,

14



T
U R & IV CRUE U7 AR TEEBALE 7 /U, TTCP Bl G s A 23 A L 7= BRI

il & A IRAGIZ BAT T2 /T LT, DU OfEima 157,

1. RAERH I D HER S 3T, EX period DFGEICHES TR T L1z, —JF7, O-fTCP (+)
#, O-fTCP (-) ¥ XN O-SDF HEDOMER #3#IE, EXperiod7 HETEH-L, £hlL
IR L7zb DD, FATCP (+) #f, FATCP () B L UVF-SDF BECIE BRI 51H
Mz L7z,

2. ARUFRHIRBIT D X—71 X%, EXperiod DFGEIZLE> TR T L=zt L, F-fTCP

(+) B, FATCP () BER X UVF-SDF B ClE LRI DM ZR LTz,

3. fTCP (+) BEBLOMTCP () BED LSMBIZE 613, S EREZTHNE S 5
BEINTZN, TOREITFATCP (1) B TEHTH-T-,

4. fTCP (+) #f, fTCP (-) #EFS L UNSDF FED SEM B0 H1%, RAERmAHTHN
BB SNTN, TOREILF-SDF FECEHTHY, W TFATCP (+) Y,

F-fTCP (—) BfDIETH 7=,

15



1)

2)

3)

4

5)

6)

7)

8)

9

3R

Gavriilidou NN, Belibasakis GN, Belibasakis. Root caries: The intersection between periodontal

disease and dental caries in the course of ageing. Br Dent J 2019; 227: 1063-1067.

Chan AKY, Tamrakar M, Jiang CM, Lo ECM, Leung KCM, Chu CH. A systematic review on

caries status of older adults. Int J Environ Res Public Health 2021; 18: 10662.

Bignozzi I, Crea A, Capri D, Littarru C, Lajolo C, Tatakis DN. Root caries: A periodontal

perspective. J Periodontal Res 2014; 49: 143-163.

Nyvad B, Fejerskov O. Assessing the stage of caries lesion activity on the basis of clinical and

microbiological examination. Community Dent Oral Epidemiol 1997; 25: 69-75.

Ekstrand KR, Poulsen JE, Hede B, Twetman S, Qvist V, Ellwood RP. A randomized clinical trial

of the anti-caries efficacy of 5,000 compared to 1,450 ppm fluoridated toothpaste on root caries

lesions in elderly disabled nursing home residents. Caries Res 2013; 47: 391-398.

Yeung CA. Some beneficial effect on root caries from use of higher concentration fluoride

toothpaste (5000 ppm F). Evid Based Dent 2014; 15: 8-9.

Chen H, Hill R, Baysan A. The effect of different concentrations of fluoride in toothpastes with

or without bioactive glass on artificial root caries. J Dent 2023; 133: 104499.

Bezerra SJC, Jodo-Souza SH, Aoki IV, Borges AB, Hara AT, Scaramucci T. Anti-erosive effect

of solutions containing sodium fluoride, stannous chloride, and selected film-forming polymers.

Caries Res 2019; 53: 305-313.

Scaramucci T, Borges AB, Lippert F, Frank NE, Hara AT. Sodium fluoride effect on erosion-

16



abrasion under hyposalivatory simulating conditions. Arch Oral Biol 2013; 58: 1457-1463.

10) Viana [EL, Lopes RM, Silva FRO, Lima NB, Aranha ACC, Feitosa S, Scaramucci T. Novel
fluoride and stannous -functionalized B-tricalcium phosphate nanoparticles for the management
of dental erosion. J Dent 2020; 92: 103263.

11) Ly TK, Kieu TQ, Huynh NCN, Ngo LTQ. Fluoride and functionalized B-tricalcium phosphate
(fTCP) fluoride toothpaste affect the primary dentin caries surface: A comparison by estimation
statistics. Arch Orofac Sci 2021; 16: 47-55.

12) Ten Cate JM. Contemporary perspective on the use of fluoride products in caries prevention. Br
Dent J 2013;214: 161-167.

13) Adair SM, Whitford GM, McKnight-Hanes C. Effect of artificial saliva and calcium on fluoride
output of controlled-release devices. Caries Res 1994; 28: 28-34.

14) Chan AKY, Tamrakar M, Jiang CM, Lo ECM, Leung KCM, Chu CH. Common medical and
dental problems of older adults: A narrative review. Geriatrics 2021; 6: 76.

15) Wierichs RJ, Meyer-Lueckel H. Systematic review on noninvasive treatment of root caries
lesions. J Dent Res 2015; 94: 261-271.

16) Al Qranei MS, Balhaddad AA, Melo MAS. The burden of root caries: Updated perspectives and
advances on management strategies. Gerodontology 2021; 38: 136-153.

17) Qutieshat A, Salem A, Aouididi R, Delatorre Bronzato J, Al-Waeli H, Abufadalah M, Shaikh S,
Yassir Y, Mhanni A, Vasantavada P, Amer H. Perspective and practice of root caries

management: A multicountry study - Part . J Conserv Dent 2021; 24: 141-147.

17



18) Leon S, Gonzalez K, Hugo FN, Gambetta-Tessini K, Giacaman RA. High fluoride dentifrice for
preventing and arresting root caries in community-dwelling older adults: A randomized
controlled clinical trial. J Dent 2019; 86: 110-117.

19) Gonzélez-Cabezas C, Fernandez CE. Recent advances in remineralization therapies for caries
lesions. Adv Dent Res 2018; 29: 55-59.

20) Seifo N, Cassie H, Radford JR, Innes NPT. Silver diamine fluoride for managing carious lesions:
An umbrella review. BMC Oral Health 2019; 19: 145.

21) Mitchell C, Gross AJ, Milgrom P, Mancl L, Prince DB. Silver diamine fluoride treatment of
active root caries lesions in older adults: A case series. J Dent 2021; 105: 103561.

22) Hiraishi N, Sayed M, Takahashi M, Nikaido T, Tagami J. Clinical and primary evidence of silver
diamine fluoride on root caries management. Jpn Dent Sci Rev 2022; 58: 1-8.

23) Rodriguez-Sendra J, Torres I, Jimenez N, Sauro S, Camarena F. Ultrasonic monitoring of dentin
demineralization. IEEE Trans Ultrason Ferroelectr Freq Control 2021; 68: 570-578.

24) Shoji M, Kurokawa H, Takahashi N, Sugimura R, Takamizawa T, Iwase K, Katsuki S, Miyazaki
M. Evaluation of the effect of a glass ionomer cement containing fluoro-zinc-silicate glass on
dentin remineralization using the ultrasonic pulse-echo method. Dent Mater J 2022; 41: 560-566.

25) Peck SD, Rowe JM, Briggs GA. Studies on sound and carious enamel with the quantitative
acoustic microscope. J Dent Res 1989; 68: 107-112.

26) Yamaguchi K, Miyazaki M, Takamizawa T, Inage H, Kurokawa H. Ultrasonic determination of

the effect of casein phosphopeptide-amorphous calcium phosphate paste on the demineralization

18



27)

28)

29)

30)

31)

32)

33)

34)

of bovine dentin. Caries Res 2007; 41: 204-207.

Murayama R, Furuichi T, Yokokawa M, Takahashi F, Kawamoto R, Takamizawa T, Kurokawa

H, Miyazaki M. Ultrasonic investigation of the effect of S-PRG filler-containing coating

material on bovine tooth demineralization. Dent Mater J 2012; 31: 954-959.

Karlinsey RL, Mackey AC, Walker ER, Frederick KE. Surfactant-modified -TCP: Structure,

properties, and in vitro remineralization of subsurface enamel lesions. J Mater Sci Mater Med

2010; 21: 2009-2020.

Karlinsey RL, Pfarrer AM. Fluoride plus functionalized -TCP: A promising combination for

robust remineralization. Adv Dent Res 2012; 24: 48-52.

Hamba H, Nakamura K, Nikaido T, Tagami J, Muramatsu T. Remineralization of enamel

subsurface lesions using toothpaste containing tricalcium phosphate and fluoride: An in vitro

pCT analysis. BMC Oral Health 2020; 20: 292.

Chu CH, Lo EC. Microhardness of dentine in primary teeth after topical fluoride applications. J

Dent 2008; 36: 387-391.

Shah S, Bhaskar V, Venkatraghavan K, Choudhary P, Ganesh M., Trivedi K. Silver diamine

fluoride: A review and current applications. J Adv Oral Res 2014; 5: 25-35.

Zhao IS, Gao SS, Hiraishi N, Burrow MF, Duangthip D, Mei ML, Lo EC, Chu CH. Mechanisms

of silver diamine fluoride on arresting caries: A literature review. Int Dent J 2018; 68: 67-76.

Li R, Lo ECM, Liu BY, Wong MCM, Chu CH. Randomized clinical trial on preventing root

caries among community-dwelling elders. JDR Clin Trans Res 2017; 2: 66-72.

19



#5 L UB




Table 1 Material used and their main components

Dentifrice and

) Code Main component Manufacturer | Lot No.

solution

1,450 ppm sodium fluoride, fTCP, CPC, IPMP, dipotassium
. glycyrrhizinate sorbitol, concentrated glycerine, hydrated

Clinpro toothpaste fTCP (+) silica, tricalcium phosphate, carboxymethyl cellulose 3M Japan 2102BA

1450 . . .
sodium, polyoxyethylene hydrogenated castor oil, sodium
lauryl sulphate, titanium dioxide, sodium saccharin
1.450 ppm sodium fluoride sorbitol, propylene glycol xylitol,

] . sodium saccharin hydrated silica, sodium polyacrylate, Lion Dental

Check-up standard | fTCP () sodium lauryl sulphate, xanthan gum, titanium dioxide, Products 180927A1
paraben

Saforide SDF 38% SDF Toyo Seiyaku | gngr A

Kaseil

CPC: cetylpyridinium chloride; fTCP: functionalized tri-calcium phosphate; IPMP: isopropyl methylphenol
SDF: silver diamine fluoride



Table 2 Influence of one-off application of fTCP (+) , fTCP (—) and SDF on ultrasonic velocity of bovine dentin

ID period EX period
Group 0-day 28-day 7-day 14-day 21-day 28-day

Non-surface 3,938 (124) 3,000 (61) 2,871 (66) 2,742 (49) 2,708 (49) 2,684 (49)

treated aA bA cA dA dA dA
3,952 (53) 3,002 (129) | 3,349 (120) | 3312(137) | 3.265(118) | 3,219 (118)

O-fTCP (1) aA bA cB B cB ¢B
O-fICP (-) 3,816 (170) 2,989 (59) 3,160 (70) 3,137 (55) 3,109 (47) 3,054 (69)

T aA bA cC cC cC beC
0.SDF 3.828(167) | 3.034(110) 3,816 (44) 3,719 (73) 3.678 (61) 3,593 (60)

) aA bA aD acD cD cD

unit: m/s, n = 10, values in parenthesis indicate standard deviations.

ID period: initial demineralization period, EX period: experimental period

Within groups, means with the same lowercase letter, are not significantly different.

Between groups at the same periods, means with the same uppercase letter, are not significantly different (p > 0.05).

Table 3 Influence of frequent application of fTCP (+), fTCP (—) and SDF on ultrasonic velocity of bovine dentin

ID period EX period
Group 0-day 28-day 7-day 14-day 21-day 28-day
Non-surface 3,938 (124) 3,000 (61) 2,871 (66) 2,742 (49) 2,708 (49) 2,684 (49)
treated aA bA cA dA dA dA
3,958 (161) 3,037 (137) 3,416 (60) 3,631(71) 3,704 (66) 3,731 (65)
F-ATCP () aA bA ¢B dB dB dB
FfTCP () 3,815 (150) 3,034 (91) 3,209 (49) 3,370 (91) 3,410 (84) 3,437 (94)
) aA bA cC dC dC dC
E.SDF 3,898 (71) 3,038 (58) 3,881 (111) 4,080 (116) 4,100 (108) 4,121 (102)
) aA bA aD cD cD cD

unit: m/s, n = 10, values in parenthesis indicate standard deviations.

ID period: initial demineralization period, EX period: experimental period

Within groups, means with the same lowercase letter, are not significantly different.

Between groups at the same periods, means with the same uppercase letter, are not significantly different (p > 0.05).



Table 4 Influence of frequent application of fTCP (+), fTCP (—) and SDF on Knoop hardness number of bovine dentin

ID period EX period
Group 0-day 28-day 7-day 14-day 21-day 28-day
Non-surface 553(2.1) 29.5(1.9) 28.9(2.3) 27.1(1.8) 26.6(1.5) 26.6(1.5)
treated aA bA bcA bcA cA cA
) 543(2.3) 29.5 (2.5) 35.6(2.5) 41.8(2.4) 423 (1.0) 43.3(1.0)
F-{ICP (%) aA bA B dB dB dB
F-TCP (5) 55.4(2.0) 30.7(2.3) 36.1(0.7) 38.2(2.2) 40.7 (1.6) 42.9(2.1)
' aA bA cB cC dB dB
F.SDF 54.9(2.8) 31.0(3.3) 46.4(1.2) 47.3(2.8) 474 (3.9) 47.4(2.2)
aA bA cC cD cC cC

n =10, values in parenthesis indicate standard deviations.
ID period: initial demineralization period, EX period: experimental period

Within groups, means with the same lowercase letter, are not significantly different.
Between groups at the same periods, means with the same uppercase letter, are not significantly different (p > 0.05).
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Fig. 1 Representative LSM images of the dentin surface of each group. During the initial demineralization period,
the smear layer was removed, and dentin tubules were clearly observed. At EX period 28-day, the morphological
changes on the dentin surface were more pronounced in the fTCP (+) group than in the fTCP (—) group; the
dentinal tubules were completely occluded in the fTCP (+) group. and the dentin surface presented the smooth
surface.
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Fig. 2 Representative SEM images of the dentin surface of each group (5,000 X magnification). The initial treatment
removed the smear layer on the specimen surface, and dentinal tubule openings were observed. Morphological changes
on the dentin surfaces were noticeably observed at EX period 28-day in the frequent treatment groups compared with

the once-off treatment groups. The dentinal tubules were totally occluded, and some precipitates were observed in the
frequently treated SDF group.



