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TR 28 R RHE BEREHE I L hiE, 80T 204K
P EotzET 2HDHEIA (8020 EEHE OEIE) 1X51.2%
EHERTE N B D, 26 OHIFRmEA O Gt K E
LE 5N TW3BYY bAED 60 mEEA 5 EEhE 287
AT O T OEEIEHEY It kg, 9 39%DEFICE
WT 12 EORAHEAIA A S50, 533% 1BV TH%k
CEd 1 OORMEEELD L  IZIGHE S W - RIS AL 2377
T 5, FARFCHEREEICOBEL TV I EPS N
&b, WEHNZIGE ML S Tw D, RRICHERRICA
BLTWw2 XS REEEICE > Tk, ADL (Activities
of Daily Living : H#ATEEIE) O F2sOWET 7 o5k
KThHsdrn 7772 REc S, REME RNz H
FLTWw3Y,

REMMO> 22 F2EBT 25 2T, FHEHE
THIEECH 5. PIIRAEIEEE S L ik 7 vk
Bl ABESEAl & 005% NaF (230 ppm F) Eo&dk &l o ff
M, &L <13 1100 ppm F B LD 7 v i & B EF O
R RSN T2, 7 v oIERIE, I
kB, 7 oMMERRERAICL 22V T T, Ty
LIRS 72 EDEF 5508, —MICHHE L Tw3
TRCOWICT7 v E RS E200ERLE RoTw
5, —F, BEODa YT I4 7 ADRMIT & - T3,
HATCEREEMAEITIC) A7 OEWHE (HHE) IKREL
TEMATHILEBEHNTARNETHE, Z0kH, HY
2 7% #E D FBi% Ttarget prevention) &5,

7 oAtEE N —= v > 2lF, target prevention & L
THRHSHEE 2 5 I MR D B © 30 4E DL kg b
FoTHFASNTERY, CoMBHIEEED 7 v LY
ZHEEL Y 2 7 OE O R ICE I RREER S 5 C
LickoT, HEBRHENICT v EEBHET2HDOTHD,
Wk TIA L FHh N T % Did Duraphat N —= v & 2T
52, bOETER2EEMSEEZINTE D, 5%D NaF,
Thbt 7 v LT 22600 ppm OEEE 7 v
tWWrsredt—ZAMROF A N—=v > 2B H 5%
(E=T7 5V R AF4a—=FroL) BEOSATFv
FERHES OV 5% (BAIERSET) ©25TH2™. L
2L, Z OIS EATBEBSURA & shTH
D, WCETERLL TS & 5 WSl o T
ARG E RSN TORLOBERTH 27,

F72, L7 vEENN—=v a0, Zofl
JRFRIEH 7 v L8 L U HRIE 7 v b3 % B
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WERHE A VN, aVvEYy LYY, BLXUOY—TF ¥
FD & S RS S 7 v R BRSO TH

& $62% H29

up

5. 7V v 7u XT (M), HghT I RAEGE TSI AT A
FI) 2= AN (=) R EDTITATAL ) 2 —
L X v FRZRMER, PRGAYTa—F (IAHE) &k ED
T4 A 2E 00 E LTS REA & i E
aA—F 4 VIR REPZNICHYET %,

S-PRG (Surface Pre-Reacted Grass-ionomer) 7 4
S—F, 7t RarVI ) U7 — I A%EKD
FETTRIY T 27V VEERERIGES®LD DT, REICS
FIATAF 7 2 —=IHEEELTWS, 7L =Y L
A4 (APY), &9EA 4> (BOST), 7 vt¥a 4

¥ (F7), Uy nt4ty (Na¥), ¥ 1A 4 v
(SiO#7), AbmyFynA4y (Sr*7) nELHEA &

VERBT AEREEE L, 7 vt F v RRIRL 2
#%, FAAYZI0ALY) F¥—VHEE, BRIKT 2
V) —2HEEDHOT L BEETH MY S-PRG 74 5 —
AT LHERIME (v Ky bLYYy, =50 L
M, a—74 v 78) ORISR S L CHEERLD
R &k 2 B3 2 I~ O TR IR S LT v
b 12—18).
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Lz, N—=vvald, jokEROREREZES T
CLICE DB EIERT AL D TIEDH B, HiHICEM
MWICEGET 2D DTN, ZDd, N—=yad
KA, WiBEL 72t2ic, & ORRE MRS E o Bk 6e
BAHALNDZPICDOVTHNT 2 I LIZEETH S,
AWFZEI%, S-PRG 7 4 9 —&H N N—=v ¥ 2 Z HIRR
FEwEA L, %Al - Bl A EE U 2R o AR
RUYBORRPAHIEIZIRIc O W THL I T2 2 L2 HIY
L L7,
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1) # K

AREECHHALIzN—=v 2% Table 1 lZ/"7. S-
PRG 7 4 7 —40% & H N—=v > 2TdhH % PRG/N—
=va (PV, A, ¥ UH745—40%, 7 vitF
FU DL 050%&EHE D NaF N—=v ¥ 2 (05FV,
B), SUBT745—40%, 7vibF U UL 0T5%E
EHD NaF N—=» 2 (075FV, @A), > VA7 15—
40%, 7 vibF LU L 10%EHED NaF N—=v 2
(10FV, tAE) o 4fEE2HHL 7.

2) BREN—=Zv > 2DTFRAF v 7 — DB
EAE6mm ICARFTLEZESHNIOum O~ A% v 7
T=T(FTTI) #TSIAFy - MEML, 4
HON—=v L 2%2BOBOEA L (n=6). %D
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Table 1 Materials used for measurement of released fluoride

Materials Main composition Code  Lot. No. Manufacturer
PRG varnish  S-PRG filler 40% PV 011710
NaF varnish  Silica filler 40%, NaF 050% 05FV 011710 Shofu
o
NaF varnish  Silica filler 40%, NaF 0.75% 0.75FV 011710
NaF varnish  Silica filler 40%, NaF 1.0%  1.0FV 011710
varnish

=
» @F o "

bovine lower incisors

Dentin surface on each specimen was
coated with each varnish, and was
immersed in deionized water at 37°C
for 3 days, after which the varnish was
rubbed off with a cotton swab.

Fig. 1 Preparation of dentin specimens and coating procedure of varnishes

BT AMBOEAR T =T DEA L SIS &5
i, A=A IR (MBIET L) 2HeTRFL,
ZDBTIAF v 7= T EPA A Y AKEmlHFIC
37°CT 3 HHREL 72,

3) 7 vAt1 & EENE

2) TH SN KA 5 ml ik LT TISAB 1 05 m/
EMA, BNHRY —5—CRIRL 2255, SR TICT
A F v A —%— (Orion STAR A214, Thermo Fisher
Scientific) 1C#fE L 72 @AM 7 v A4 4 V& (Orion
9609BNWP Ionplus Sure-Flow Fluoride, Thermo
Fisher Scientific) % T 7 v t¥)A4 4 v B %2 HIE L
f:19>.

2. ZHEETEIRGITERKINGIZIRO L

1) EBRR o fEl

BHERTE L 727 o TSmO mR 9 A% AR L, B
HETE X2 & b 5 mm RARH O ALE CIRE LT HiEE
(Isomet, Buehler, USA) % > CT/KFEI L CHfRE
FEER AU OH L, 20%, FA4XEVFT7A YV —
G E W (Well3242, Walter Ebner, Germany) IZ
THEEIS AT 2 0 E L, s THRE 2 #2,000 i KBTS
(Fuji star DCCS, =tH{L:) CHFEE L CHHZRAFE
HE LD, BiAa A v Kkdic 5 oSk
(US-2R US Cleaner, AS ONE) LTtk L7 (Fig.
1).

2) HRN—=v 2 OEA

L 7NN—=v 2% Table 2Ic "7, S-PRG 7 4
T—40% EHEN—=v a2 THEPRGNN—=v v a
(PV), PRGN—=v v a2 LABRED 7 vt %2 HRIT
DR ELT, Y UHT745—40%, 7viFr U
L10%EEDNN—=v 2 (10FV)ZH iz, N—=v
v a2 B E{Th R \W IV — 7% Control (CONT) &L

Table 2 Materials used for demineralization study

Materials Main composition Code

— — CONT

NaF varnish  Silica filler 40%, NaF1.0% 1.0FV
PRG varnish  S-PRG filler 40% PV

Acid-resistant varnish was applied,
exposing a 1 x 3 mm window

Dem solution

MC gel
T

1.5 mmol/I CaCl,, 0.9 mmol/l KHyPOy,
50 mmol/] acetic acid, pH 5.0, 37°C, 1 week

Fig. 2 Demineralization (gel system)

7o, fERlE 3B 2 6 oo 3T, PVEB LU
LOFV # T P EIIC SN — = v ¥ 2 2 A
L, VI G S — =y v 2 28 L7z, BIRD
T - BB I 3G L e o7 (Fig 1), &8 2
GH4 1) © 50 m/ KV 7 v v L v 8HEE (Falcon,
Corning Science, Mexico) ®ZWNIHIIC 33 SMEE L,
Wit A vKE6mITEALK Bz RIEL 37°CT3H
MIEHER, B LK AN—= v v o 2 cRIBE - R
F L, Mttt y—=v ¥ 2T 1X3 mm OHERmE % Ef
L7z, 78, CONT D FAREIC 1 X3 mm DH#ERIL % 7F
L, 3T ORMOENIICEE L7 (Fig.2).

3) WipcGRER

LRICTHA L BRI E UL, 8% 2 F kL
o — 277 )V (Methocel MC, Sigma, Germany) % 9m/
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WAL, 37°CTHHE L 72, 24 RiffELIC, 71415 —
R—8— (EMIEMR No2, HFEH) 271 RiciE,
21 m! @ Wi K& W (1.5 mmol// CaCl,, 0.9 mmol/!/
KH,PO,4, 50 mmol// EE#E, pH 50) ZiEAL, 37°CT 1
ERIBK L 72 (Fig. 2).

4) Transverse microradiography (TMR) &% 5

T

BBl oWERIE > S, Y YEY R4 Y =W
ZEIWHE (Well 3242) 2 Hw T, EE 300 um ORA %

13 5 3 Mol L |ESF AT O H L2, &
RFZ13BEo7TVIRATy 7Y 2y V0lALENE
VT —=ItiA A vKEEDIIRY ZF LY — b TH

ALP, FAEJIC Cu, BEGT7 402 —Ic Ni 2L
7-BEM T v 7 AfEEE (PW3830, Spectris, UK) ¥ X
O* High resolution X-ray glass plate (2=% 3 /)L %)

% v TMR#EY (BEE B KV, HEM 15mA, &
Mo EIEEEE 570 mm, FRETREE 15 9) 2fT7-o72. @
Wik OB, TE, Kk R, vy b7y 3N
7z microscope-videocamera-microcomputer ¥ A 7 L &
FOPT 2T VESHIY 7 b (TMR2006 8 & Of 2012,
Inspektor Research Systems, Netherlands) % Fiv> %,
W=y v aPEMEINTZE T OBRIKIEED 2 5517
v 774, 37 ViEdaE (Integrated Mineral Loss :
IML ; volume % X pum), # & CiIKEE (Lesion depth :
Ld; pum) P2 2HE L, kB, WERERE» 55U
HL7 3OEA T icfTy, 20V EEZE 1R oM
EL, 16BN OMERSTEDTEME, EERFALZ R
H L 7z,

. WEtAtR

7v%%4ﬁx%&%&ML3;dM@%@uom—
way ANOVA B X OF Games-Howell ®#%E 1Z T SPSS
(SPSS-PC software version 24, IBM) % F\» A5 = /KHE
5% CHE L 7z,

& R

1. EN—ZvahbD7 vitWiEHE

BN—=v T anbD 7 A F v ETE (ppm F)
A4 VMR CHIE L 72 FEfE% Table 31T L 7z,
1% 0.88+0.2, 05FV 1% 041+0.1, 0.75FV & 0.85i0.2,
10FV I3 1.01£03 TH -7z, 05FV iZiEH D 3 FEiC Hhis
LTEHERICEWETH > 72 (p<0.05). —7H, PV,
0.75FV, 10FV [HIcEEBERRD bz ol, T OfkE
RX b, BAMEHE NORIKINHIEE 2 a4 2 Eigo Wi
FEL L CIZ075FV, 10FV B Z 2 6nid’, ZDH b5,
7 AR ED PV 2 ERIZ 2 U H 7 4 T —40%,
T F P T LI0%EEDN—=y 2 TH D

{

He2s H2E

Table 3 Concentration of fluoride released
from each material

Code ppmE
PV 0.88+0.22
05FV 041+0.1°
0.75FV 0.85+0.22
10FV 101032

Values with the same superscript letters
are not significantly different between the
groups (p>0.05).

10FV 2{FHdT 52 &L & L7,

2. RRWTMRELSCICIZZAMTOT 71l

Fig. 3-a It RGRERR O SO RN 7% TMR &%,
Fig 3-bicZzh oI 2o v7ua7 A4 VvERT, £z,
Fig 4 e P 295107774 V%453, 10FV B &
OPVAIZCONT #EE K L CRBD T v 7 2 EH
WAEL, T2 INVEED 27 vol% EEmWETH - 7z,
%7, PVEORIKE O Ty 7 2R EEEIZIED»D 2
Bicltiz L CEdHERf s nTBh, A5 VEEIZLS
vol% &R L 7z,

3. 3278 EE (IML) &SLUBRKEE (Ld)

BREDOEH IML B & O Ld & 2 h ZhOfEEfFEE%,
Table 4 12733, DV IML 13 CONT : 3200+ 184,
1.0FV : 2817£149, PV :2523+121 TH -7z, PV iZ
CONT ¢ i LABEITEWE L 72 - 72 (p<0.05). —H,
10FV & CONT Dft], 10FV & PV OIICHEEZE 1Z#®
ot (p>005). Ld ik 3B THEE L ZIZRD
sz hrote (p>0.05).

=B

WESFEIZas 5 I HROEKRE 2 30% &
AP EEE pH T F AVE X D E D, REEEALT b
Wik & b RN 72 7 v A oA nE L Bbh
5. 7vftraEn—=v 2l REEhs 7 vty
AF U DHWEICHDAENSE 2 Lickd, ZO8E%%
T3 LI ES TV BTN SEOHRT
3, 7oA AR ARy F I LA AL B EOSTE
A AV ERRNT 2 AN—=y v 2l BEHL, ZOMEDHE
R U -5 OMBHE T SR E O B K ANHIRE i 2o i
FeEkfro Tz,

7 A4 A ERIE O RIE X, BKINEI RS o SR
BT BB ERET ST -EBTH D, %
DOFER, S-PRG 7 4 97— 40%&HD PRGA—=v v 2
D7 A4 F o RECEE, NaF 050%&H > U A8 —
ZvvaDZENEHBLAEERELZD > TREWEEZT
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Fig. 3 Representative TMR images (a) and their mineral profiles (b)

1.0FV and PV showed distinct radiopaque surface layer in comparison
with CONT, and the radio opacity of PV were higher than those of other
two groups. Arrow head shows the position of lesion depth. The position of
lesion depth was defined as a depth of 95% level of sound volume %.

60

Table 4 Integrated mineral loss (IML) and

0 I Lesion depth (Ld)
B / Code IML (volume% X pum)
CONT 3,200+184*
2 —PV )
—10FV 10FV 2,817+£149*
0 CONT PV 2523+121°
ol Values with the same superscript letters are
not significantly different between the
! 0 50 100 150 200 250 300 groups (p >005) .
depth («m)

Fig. 4 Averaged mineral profiles
CONT had a marginal surface layer and severe
lesion body. The surface mineral volume% of 1.0FV
and PV were 27%. That of the lesion body of 1.0FV
was almost 14%, and that of PV was 18%.

119



120 H & th & # # % # it

L7, —7, NaF 0.75% B L X 10% &G U A N—=v
YaoRKEEIEEERALNT, ARED 7 vty
A FUEBRML TSI ENES LI -7, 7271,
REBICE T 7 v (WA + v DO EL RT3 5
AT, WO 7 v U4 4 VRIED PRGN —=
vadZNE EESTWAIENRET LW EEZ SN
728, HWE#ELE LT NaF 10%&Ev A NN—=va
AT EE LT,

W=z ahgil, BT 5L E2EE L ARHEER
O THEEERIE) THBHH, BiA A v AKICEE L i
BT iEEZAV, BRICBLOEEFEDO 7
T v ¥ v I K BRI EERE OVAMRIC & B F e
KE22 2 ERFREINDD, SEIFHEEDRNZ —E
LT 270, TOXSRAEERMLL. MO
Thbhvbhix, 7 vt RiRT 2 "TBEa—74 >~
THEL DETZ2BELTW»EH, 200 THIBEHRE,
IR REZ ) % o 72 FERBEMER B ic CEEICH
Kzt 2 FE2 O, RFPEEELZHAL T
LA ETE Lol REBRTHO N N—=y
Y2 BT ORI - RESTHRETH - L5, &
D IEREICHRHE T O RFE KNI A2 Maf Cc & 72 L &
AbN5b,

PRGN —=v 3 21340% S-PRG 7 4 7 —% &AL,
T IAIA F L DACT VS =T LA T, RUEEA 4
v, FRUOLAF Y, TABAFY, AtarFTL
A4 RIS 2, 2hicxtL, HEETH 2 10FV &
TRIRES N DL, 79t A 4y, FrUI LA A
BEOTABAIA vy THBEEZLND, 27 )LHEL
& (IML) (& CONT & PVMICERZEA2BD M, BK
HE (Ld) Z 3B cERERERCE o, TF
AVE ERFETIEBLK - T RAL O EITRRAR 25 B e
b, TFANVETIELA, IML & bIZEET 505, RIF
BTIELdiZd 0o 2Ed, IMLAEEHLLT L EH
HExhTwa®? LdicAEERIED b NALr -7 D
® IML ¢ CONT & PV Blic BEZ=E2 D7 L\ 5 K
ZEREEIZ, PV A3 LOFV BRI ¥BARTE E FRAE DK
Z BRI B U target prevention 1< %59 2 AJREE:
ERLTCWVWS, 444y, BlcxtorFoaity
X, MM PFeXe 794 FERIBLA B Y F T LT
KA P RT3, H20IE7 WA 4 Lol
MEARTSWLMEI N TV D, k- BEEH%H-
TWw3Eb0bhTE LY, PV ORFEEHEIF 1LOFV
DZ &b pH OET2MIH T 2 A[REENE X 5
iz, %72, S-PRG 7 4 7 —1&, %181 4 L ixlETH
2LEHIT, 7OV Y —R - UF v —VREDBHEL
Tw3SN L BT 4 5—ERENSIuMmTH S &
D5, MEHPHEL B RFMENADIAAL T 4

{

He2s H2E

S=PAF DI —R -V F ¥ — VG URHRN
B KHIFIRE 2SS S N 2 A REME b Rk SN D, ThH o
RIZOWTE, SoL2MABBETH D LEZ SN,

i

-

HEA T v DRI HE 7 S-PRG 7 4 5 —&H N —
= ¥ 2 BARHEE N OBPINFIRIFICowW T TMR 2 H
WCRRGES L7 A5 R, DU offimzE7.

1. BTy 7 ZfAFEEM X, CONT B & iz L
TEL, TRTIVEEIZ27Tvol% TH - 7z,

2. WHEMET O v 7 AAREEE R 5 RIT I R TV
HELIE0 2 IR L TEL s hTtsy, 4
5 OVEEIZ 18 vol% % 7 L 7=

3. T3 J L3 EIE, CONT BHC L L THEICE
WETH - 7z,

LEDZ EMSSPRCG7 49 —&H N N—=vald,
MBFDIBE U 722 & BARHIE N R E OBk 2 0l =
LEEZLNT,

SIS BA LT, B N S A SOIRRR I3 75 0,

X |
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Root Dentin Demineralization under Varnish
Containing Multi-ion Releasing Filler
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Abstract

Purpose: To compare the anti-demineralization effects on dentin of a varnish containing surface reaction-
type prereacted glass-ionomer (S-PRG)filler as a multi-ion releasing filler and one containing 1.0% NaF which
releases an equivalent amount of fluoride.

Methods: Before the demineralization study, we measured the amounts of fluoride ions released from NaF
varnish (1.0FV; 1.0% NaF+40% silica filler, Shofu, Japan) and PRG varnish (PV; 40% S-PRG filler, Shofu,
Japan), and confirmed that those concentrations were equivalent. 5-mm-thick root cylinders were prepared
from lower bovine incisors and were cut into halves longitudinally using a diamond-coated wire sectioning
machine (Well type 3242). Specimens (n=18) were divided into three groups of six: 1) Control (CONT; no
coating), 2) NaF varnish (FV), and 3) PRG varnish (PV). An experimental surface on each specimen was
prepared and coated according to group. The specimens were then immersed in 6 m/ of deionized water at
37°C for 3 days, after which the varnish was rubbed off with a cotton swab. Acid-resistant varnish was
applied, exposing a 1X3 mm window, then the specimens were immersed in an 8% methylcellulose gel
demineralization system (1.5 mmol/! CaCl, 0.9 mmol/! KH,PO,, 50 mmol// acetic acid, pH 5.0) at 37°C for 1
week. Then 300 um-thick sections were cut from each specimen perpendicular to the experimental surface,
and mineral profiles, integrated mineral loss (IML: vol% X um) and lesion depth (Ld: um) were obtained by
transverse microradiography and dedicated software (TMR 2006 and 2012). Statistical difference of IML and
Ld were analyzed with one-way ANOVA and Games-Howell test with o =0.05.

Results: The average mineral profile and surface mineral density of 1.0 FV and PV were 27%. That of the
lesion body of PV was 18%. PV showed significantly lower integrated mineral loss (2,523+121) than CONT
(3,200+184, ANOVA, Games-Howell’s, p<0.05), however, there was no significant difference between
CONT and FV (2817+149). For Ld, there was no significant difference between the groups. S-PRG filler
contained in PRG varnish released several ions providing buffering and anti-demineralization activity. Once
those ions had penetrated into the root dentin, the anti-demineralization effect remained.

Conclusion: PRG varnish helps to maintain an anti-demineralization effect under the dentin surface even
after the varnish containing S-PRG has been removed.

Key words: root caries, microradiography, demineralization, fluoride, S-PRG filler

Corresponding author: Dr. KATAOKA, Division of Restorative Dentistry, Department of Oral Interdisciplinary Medicine,
Graduate School of Dentistry, Kanagawa Dental University, 82 Inaoka-cho, Yokosuka, Kanagawa 238-8580, Japan

TEL: +81-46-822-8854, FAX: +81-46-822-8853, E-mail: kataoka@kdu.ac.jp

Received for Publication: January 15, 2019/Accepted for Publication: March 5, 2019



