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HEY : 7V —F o 73— OO — 2 & LTHER L TE TS, A

TIX, 7 EER—L 7V —F o ZHIO T A VG E KOG 8 K
HEEZFRD Z LI LY, WEETIMEE L CoRIMEZ R L.
FrBEE HiE v Ol b = F AVEB L ORFEREI A2 0 L, WfgEN
—=v v alliV 2X3mm ORI AZBE L. ZNEOREZLITO 4 B
2T, B, SREOREMIE 6 £ L7=. 1. CONT (Control: FEALER),
2. HSU (Shofu HiLite Shade Up: 10%i###{t/£3%), 3. OER (Ultradent
Opalescence Regular: 10%i®f2{LJ# 3%, 2.45 ppmF), 4. OPF (Ultradent
Opalescence PF: 10%imf2 (LR 3, 1,220 ppmF, WEEL Y 7 4) KR —L07
U—F 2 JHlZ B A, 37°C, 100%mE T C 2 RefFkE L7o%, Jiik
TTW7 7 &2 HWT 30 MTEE, S OIThiA A4 /KT 30 MHAKMELT.
Z D%, FEEZBUKEEHE (1.5 mmol/l CaCls, 0.9 mmol/l KH2PO4, 50 mmol/l
FEfg, —F ANVEHIZ 0.1 ppmF &4 pH 4.6, R4 E /113 0.2 ppmF &4 pH
5.0) IZ37CT22MIRE LTz, RKY A7 1% 4 HREMV IR L%, =) A
VB DB 150 pm, RFE 51X 300 pm OY) & BRI S TEECY) 0 H
L, NZVAR—H N~ 0TF3TFTT7 4 —THLILTZEEND I XTIV
Fu7y A, FREE Ld) BLOIxI08LE (IML) 28 L.

F£72, EPMAIZX Y =F A VERET D CaBLOF O 4 HIE L.
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FER - =F ANVEO CONT (IEEICHUR Sn-£E THREE 7L, HSUIZE
WT b EE TRUKFREA RS-, OERIZ 4 SOBBEARI XTI LE—2 %
BT HEBETFRKFEREEZR L7z, HSU & OER @ IML %, CONT & iz LA
BIERWMETH - 7= (ANOVA, Tukey’s, p< 0.05). OPF [T 2K S 7=
IRIALTa Ty A NERL, IMLIRIENO 7 —7 2 LA BEICIRME
Thol-. BHFETIE, CONT, HSU, OER & HIZHE LI xTF LT~
TANERLTE. 72, OERIZEBWTIX4 2O IR T E—7 BB
S, TFANVEIZHEBE L TABBECH-7. —F, OPFOT e 7 7 A Vidix
MO 3FELITASMNTRR->TEY, K50%DIRTNARY 2—2&2FT5
E—27 AL, IML $1E700 3 BEZH LA BEIIEVME TH > 72, JHIIRE
LT, = AVEBIORIE Z CONT, OPF HMlicB T 56 &
ZTRO N oTle. = F AVEREIZE TS EPMA T, Ix 70—
712—% LT Canm< i Sh.
fham . 7oA ER AR — LT ) —F U THNT =T ANVE B L OGHE ORIK &
W95 2 Lns, EEERTEITREREO —oL LTHATE 2 REM I RIR Sh

7.

F—U—F:HR—bT7V—=F7, 7vith, HIK, TMR



A

10 %iEBER L IR#E A TSy & T AR —L TV —F o 7L, a2z 4 i
AT 2 L6 ERNATEZ S - afb s, A< RIS TS, ZhiZ
BRHERIZIIT 2 BE O =— ABEREEE O L2 57, FENERLEE T
XTCNDLZERERICHDL EBDND V. £, 8020 iEH 72 St R~
DELREE L0, 7TV —F 7 amBT HBFOFERED L3> TE T
HEMEINTND V. —J, BERIZE W T, < S ORI PR AE
AATLEEDHEMLTEY, ZOXRIRBERT I —F L TOMRLRDZ
BTN R—LRT A b= TANTITK 10 %D bIRFEN G T
BY, WEEFOKYEOEMIZI ML, K 3.6 BERE DBV KRIRE &
2%, Juk, ZoiEfetkFE  @mEIRFEOMFANIART A h= T HE LT
Tix7e <, ABEMAZEAE LTERSHTWD. K2 2.5~3.5 %iRE Oz b
KRFAKIE, DENOEERE LTEHASNATEY, SREOBBILKIZENRT
&0 TR E 2 22 <, BmERPEIEM & b 7o W MO m W EFH & Wb
TW5 23, ZHNETIZ, F—L7 U —=F 2 THIZ AW HE < 23T
WA, T F ANVEICK LTIV b TRHIKT D &V H#eE Y2350, i
Wkt L TN TR 7 vk e S8 Licdh— L7 U —F 2 7RIS - kRGeS
TV, ZF ANVEIIRT LN 7 viba a7 )V —F o 7RIEREHT

—F T HIDOEEBIZONTIIWN L DO0lE I LTS 560738 Transversal
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Microradiography (TMR) CHLERFREE & bl L 7= ZBRIT W £ 7272 <, 7 vt &
7V —F 7Kl EEOMBEENRIET Y —F o VRE % EElD L5 Thil
X7V —F o7 aFL L THERAHATFEDO—>& LTIRA D Z L3 AR
LD Ko T, KBTI, SFA—L7 ) —F o 7HOMERBICBIT ST

T ANVE & QT E O BRI 6E & s L7z,

MBS Ok
1. RBtofER
HAE PR AE L7 7 3 N RA A B i g e s i L 0 A 5 mm ORIk T A VE
ZAH G (Isomet Buehler, USA) (2 THIY L7, Eif%Z#2,000 D

M KBFEERL (Struers, UK) TYHIZ L CHf—F A VE ZBEH S H7-.

'ﬂ%

SHEREHIFERRIC DY S TP U O WRE 2 W HHE T, BLREN LY 5
mm RS OALE TEH TR I CTKEOIW LT ERER 2 ER%, A v

— (Well 3242, Walter Ebner, Germany) (Z CH#h T L=, &
W, BRBRE & 72 DR E I A4S 5 72 OIS AR R A2 #2,000 O /KBFEERK C -
AL B, 2 b0 ANVEB LR FEEICK L, 2X3 mm OB
T oD KO ITEEHE ISR ME R A L N—= v o 284G LT,

2. RN—ALT Y —F U TH L BIREIR



FHLIEFR—LT U —F 7 H% Table 1 1277, &SRO n L6 & L.
IR IR 1L, =F A VEIZiE 1.5 mmol/l CaCls, 0.9 mmol/l KHoPO4, 50 mmol/l
FEfEds KO0 0.1 ppmF 2 &Rk E, 72, G4 EI21% 1.5 mmol/l CaClg, 0.9
mmol/l KH2PO4, 50 mmol/l Ffi£$ £ 0 0.2 ppmF # & Teiaik & L, pH 2%
TN 4.6 BLOBL.0ICHELL. B, 7 v {EWORMITH S COIER LT
100ppmF (NaF)¥&IR Z BRI T4 2 2 L2k iTo7k.

3. JHE G

TFANVEBIORFEOHAREZ 3T 250ml 77 XA F v 7 FiwDED
NENZ AT 4 v F—U v 7 A% HWTREER, HREICER—LT7 ) —F 7
Al 2 8341, 100 %IEE T T 2 RFfAFFER, KEKFTKTTHT 7> (For¥—
VAT, TAFY) BERALRNS 30 BRIAKNE, FO®%MA ALK (DW)
T 30 kL 7z. = hr—LfE (CONT) 137U —F » ZAB & i 3712
100 %IBJ%E FC 2 Wi iE s, RERICUE L7z, Bt 2 woiets, S BKIAR %
30 ml {EA L 37°C T 22 FREf#FE L7,

4. TMR #&®E R L OO

4 HE OB T2, =T A VEREHT 70~100 %D % J — /LRI
TIER A, A3 L2 (Spurr Low-Viscosity Embedding kit, Polysciences,
USA) I Call Lz, MAEE%, ¥4 YEL FUA ¥ —RIEE NI =

S 150 pm OFYIF 2K 7 1w 706 2Tl micm o H L. KA
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FRAPIZ Cu BELR 7 40— NI M L-BEMBT Y 7 AR
(PW3830, Spectris, UK) I & 0" High resolution X-ray glass plate (2=

RONE) BEHWT, 13EMOAT v T2yl LB TMR RE (FF

i}

5+
25 kV, FHEH 15 mA, LA FHHEE 570 mm, MUARERH 20 77) L7z
BIEIC L 0B, EE, Kk, wEE%, B> M7 v 7S 72 microscope-
videocamera-microcomputer >~ A7 A, BLIOI X T L &S Y 7 b

(TMR2000, Inspektor Research System, The Netherlands) ZfiH L T3 x
FNTa Ty ANEERL, WEREE (Ld (pm)) BLXOI X7 ks (IML

(vol% Xpum)) ZHMH L9,
—J7, RFEREHNEL BRI XD WME 2R T 2720, B O E E, [FAERICHER
Bl 2 T 300 pm OB 2 2 KU 0 I L7ct%, REEFICRE W T H RIS
KOG Z B IET 57280, 13 BIEO AT v 7T = v UPHBIAEN T ANV Z—
IZDW & L BITHALTY, =F AVEEFEZRMET TMR kg KOO 21T
o7,

5. Electronic Prove Microanalysis (EPMA)

RABEIZHR L, HRT X2 BRI B DI 23D 2o A VAR )k 5
2, ZV—=F U 7RBENT o ANVEIRE LTI TR o T 57, &

M~A 2 waT7TF74%— (EPMA, EPMA -8705, HSERERN) 2 HWILEE



JE 20 kV, 10 ps/point, 512X 512 points, 20 X 20 pm area OFA{FIZ LY Ca, F
D 2 FTLRIZOWTHHTEIT > 72 10,

6. WHFHALE

MEHRICR TS Ld 3L IML Oftat#giZiL, One-way ANOVA B LT

Tukey D E(SPSS. Ver.10.1, IBM) & W CHEANE 5 % THET L7z,

R
1. TMR#
=S ANVE  (Fig.l-a) :CONT (I= v 7 ZfAZEMEOEWEE & Gt
DV VE BT 2 A 2 R 2 28 TP B BLE SN2y, RIEN 5
RAE L TV BB LB Sz, HSU ICEBWTIE, o022 bER (5
IR—va ) ORKIFEPHER SN, MERT (kW% 5T OER 136
THRZR 7 I3 —va v EATHRKERZ R L GREO Y v thx &
OPF (34D THIK A T - 7z
SE  (Fig.1-b) CONT X F A /VE & [FREIC, K8 L REEETEZAT5
FE FHKHEPBIZ SN2, HSU B LU OER 1B W TIE, ORI 2D
57 IFx—varEATDBIKEEPHER Sz, OPF (XA R)E O T ICHEE
FEDORIKIFREZRBD, I DTy 7 AMAFEEOEWE, I X ORKE & W

INETHIRE R 7 I —T 3 VEATOMIRIFRED B 7.
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2. YEHIRINVT T 7 A )

= F ANVE  (Fig.2-a) :CONT <TiX, KEN K50 %, JHEMEEHEAK 18 %
DOFEE FRIKF R AR Lz, HSU TiX, IR T VEE 25~45 %I Tl
IRV B3~4 DY —7 T LR TIPOREEZ7R L7, OER Ti%, Ix7/V
BEREK) 45 % DALE T I R T IVE B D @O oy & ARER 2y 28 8 B 891252 LI ER
HDoNDLT Ty ANER LT, IR TVEREOEWILOE L 4 DFTFEL
TEY, 7V —Fr7HoBEMARBEE —H L TWe., 2512, CONT &gl
THI 150 pm OEFEERITLIK DOHETT 23RS S 7=, OPF TlE, 2 R 7 /VE N 60 %
UL bR S U B K Tdh o 7z

208 (Fig.2-b) :CONT Tix, KEDHK 15 %, FHHEMATIFK 10 %DEE
THIKIFREAZ R LTz, HSU I, IR TIVEER 10 %2, BB TII2unn
3~4 BlOE—27 2T HKE THIHE AR Lz, OER 1%, IXTIVEERN
15 %DALE T, 31T VD @RSy & ARV 23 E IR IZFRD B AL
H7aT 7 A NER LTED, T A VEREIZ ERARETIE R o7, OPF X
T IVEEER) 30 %DFRIE, £ OUHENITKI 25 %D H— DR BEMAE 1T O b,
EDHICIRTIVEEN 50 %IZETHE _OIRXTAE—7, BLOYHREE
200 pm fFUTIZE ORI HER ST,

3. Ld (um) BXOIML (vol% X pm)



Ld %, =F AV : CONT (175+26), HSU (185+22), OER (211*28),
OPF (169+14) T» Y, OER & OPF MICHEZENED - (p<0.05) .
L8 CONT (268+20), HSU (255+25), OER (244%27), OPF (239
+43) THY, HMICHAREETRD NN T

IML |%, =7 A& : CONT (9,862+900) > HSU (8,063+500) = OER
(7,872+945) > OPF (2,940*=353) TV ,0PF M EH D 3 FEIZHI LA E
121K <, HSU & OER MIICIFAEZEITRO Lo Tz,

%% : CONT (6,406+331), HSU (6,542+337), OER (6,068+359), OPF

(1,826120) T&H Y, OPF I D 3 BEICLE LAEICIK» - 72,

4. EPMA #

EPMA 428 W TIE, 3BT _NTICBWTIRXIAT R 774 LD —7 &
FIE—B LA EIRED Ca Bl hiz. —J, FIZEL T~ To
FIZBWT, IXTAE—27 LT —H L TWid o7, OPF BICHB W TIE

BRI R iR IC i s e (Fig.3).

%

pll

R—L TV —=F U THINEEIZEZ DO TIIINETITH WL 2
EEINTNWDE., = F ANVEICR—LT ) —F o 7R ZHEH L% S8

T2WFZE D ClE, 7V —F 2 THIOT7 AER - FEE/H 50T pH OFEWIZ
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DB, MHEEERE LT 5 Z EBRHRINTND. RA—LT7 U —F o THlI%
DEDONTFT ANVEIZGZ LB Bt LcliE 9TIE, =7 AVEOM S X
BT D500, 7 bEAER—LT ) —F  ZHITIEEORDEMERNZ
EWRENTWD. £, BKBRICEA—LT7 ) —F 7 HZ2#EH LEAKL
IC 52 DB LIzl 0TIk, 7 vbWEaa s — o7 Y —F > 7 ALk
GAR—LT Y —F RN HEE L THAKEMEE SN DHERIZH 58, A
BEIIRO N o tHmE SN TS, 4R, bilbiuir—4a7 Y —F
VIR BEEOM RS L Ao b 2 Rl A L2, BUKERBEICE <
ZETTFIANEBLORAIEICE 2 5B E2RF LIz, Attin & O#E 9T
X, A= 7V —F U 7HOBEMN 8K ERWI &, EBIKIZ 1 %D I =
Vg (pH2.2) ZfEHT L &5 = F A VEREVEICKT 28BN HIE S
TWDDIZx L, ARBFFETIX, HEERRE AR 288 L7 MIREEZ3E L.
F7o, WAEFHMREROEMABREINTWNDLZ L WEEAL, A—AT U —F
YIRINT T ANVEDOH TR BT BIZEZR DHELHETHREI L. 61
1%, AREBRTIIWEOMIKE L OHAKROFMEE LTI =)L RAZ o Z—
R Td 5 TMR 12 7% HVTEEN L 7-.

AREBR T LIBKIR DML =T ANVE EGFETRIC D ThH DM,
pH 372> TV o, SEBIKICE Y, MISEehoREE2 S I 21— F LTS

2, ZEOTDIIEERE FTRIKFEREAERST L2 ENEETHY, = F AVEE
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FORTEZRMGIIERKE THIKIREZFR L7 2 ToME WIZHE LTI
JKi#E D pH & Z i L.

OER % =7 A/VEICH# M L72BS, @A EE L F CEOERO IR T e —2
BB STz, £72, OPF IXI X I NVEENE RSN IRZTIALTr T 7
ANERL, IMLIZIEDO 3 FICHE LA BEIEWETH 72, 2, A
ICEENDMED 7 AL =T A VEREIZILE L7 AL A A ARK D Y
PRT =L, ZOBRINTT LA T BN VA F 2 & 5T KSR
IIRENDZEIZLY, = F A VEF DAL RaXo 7 8% 4~ (HAP) Ot
JRIZHE S 0TI NFAa T REA FoDHWETZ VAV T =Ty RT/NZ A |
(FAP) t\Wole 7 vithA A v aEte ) VR IIN 0 DEOTERAE L TV
LWHEDEEZHND. EPMAGNOL IR TN E—7IZ—H LTz CaDE—
INBEESNTERY, U I T DEOTRRPHE TE 2, F OMER
otz ZiUE, EET T ANVEICBNTYH FORHEENRTHNZ LICEKET
HH0EEbs. —7, Ld OB TIEIMENCE R S D 7 v kWi 28 B
L7ZEWIHER SN2y o 72, ten Cate H 19)%, Ld 3@ O pH I EA
SDED, T oALIRE L IFBENRTENE WS 2 EEIRRTEY, ARERLZ
AT OHLDTHLEEZ L.

—%, GHETIE T ANVEIZECHRZRERO I R TV E— 7 [ 3HGE T

hhol-. ZOHAE LT, @FEII T AVEICHkKR L THEREICE AT
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AR CH D Z L0, BIFMEBFEL TN D Z &I X D B L= 3K 0NR 5 -
PEEL Lo <, BRE SN R VEIRICH 1T D FAP O A Ul otz 2 &M
JRK E B Bz, ZOBRIE, 7 v bk ER 2 AW Ba kb EBRIZ B 0
THHERINTND 10, Fo, RFEREHIBWT OPF DI xI 17 r >
TANNBEDO TEWIRTINVEELEZAT HE—7 2R Leh, ZiHulEsa
RIS FE 1T WORTER SN TND D EEZ BT,

L, = LTV —=F U TEIZDO L ONEEITE 2 D HEBIIRFT L TR,
Chen & 9%, =F A/VEDOHI NP5 2 & 28E L TWDD, IR 23
8 Kl L RWZ &, FMERIC XD AKIMERRBE STV, OER
ZUIalb— L, HEROMRH L L THAKRKRZ [RRFIZFEH L7t
FT7 4 ATV —=F L THOF AT T AOVERE ISR RBIKEREZ LD
THLOOEMTH Y, MEEROFAKEIZ LD THLNTBEE S D LA
ENTVWD 9, SEIAVELDIIR—L T U —F o 7HITHY, 74 A7
—F 7 ANCHE L pH @2 &, BIOHENE L7z X 95 Z2MER OIEH % & &
FTIUEZF ANVEICKT 2 AFEERIIHD TR ChH L EE2x 61D, —,
LAEICKTLHBIAHTHY, SBHBETTOLERH LD LD,

EWVREDO Y vk 543 5 OPF MBI bl LA EICEW IML 278 L
TAERIT, AAERTA h=0 T ORI ST T AVEIZET DR TR

SR < SOVRAKRAR, 70 & QNS 7 R IBAE AL O SR B G R EA THIHI 2 HRY & LT
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BEHTCEAZ AR L TCWA. £7-, OER X CONT |2k LA E 7 IML
DEEMMBFRD SN2 o T2D, ZHUIMEHIE ENDIED 7 v b 3 i K
FFCHEIECB b DL Ex b, =F AVEES & X0 RFEICHA LT

LRREZE STV D EEZ ST,

g W
R—LTV—F U THNZEEND 7 AW 7e EOFRER /T IE 2 FEfE &V D 16
FHEFR N TR B A EL D GA F 40, BRRERI ) U CR R 22 LR ) 2h 5 &

L bTHEDEEZ LN,

E i
Wzt 1ZHiz, WBERD ZHRZH Y £ Lo BoRA BHRITIR
ERDEHOTE TR LET. £, AUIRICH L TIH WIS E L D6l

HIMEMEAE SRR DRE S A TT 10D BIE#HI 2 L X
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Abstract

Purpose: Tooth bleaching is a common esthetic dental treatment. We
evaluated the efficacy of fluoride containing home bleaching agents as caries
prevention products in preventing enamel and dentin demineralization.
Methods: Enamel (n=6) and dentin (n=6) specimens from bovine incisors,
with 2X3 mm experimental surfaces made by acid resistant varnish, were
divided into four treatment groups: 1. CONT (no treatment), 2. HSU (Shofu
HiLite Shade up: 10 % carbamide peroxide), 3. OER (Ultradent Opalescence
Regular: 10 % carbamide peroxide, 2.45 ppmF), 4. OPF (Ultradent
Opalescence PF: 10 % carbamide peroxide 1,220 ppmF, potassium nitrate).
Over four days, a bleaching agent was applied and specimens stored under
100 % humidity (37 °C, 2 h) then rinsed with tap water (30 s) and a
toothbrush followed with deionized water (30 s). Specimens were then
immersed in demineralization solution (1.5 mmol/l Ca, 0.9 mmol/l PO4, 50
mmol/l acetic acid, 0.1 ppmF, pH 4.6 for enamel and 0.2 ppmF, pH 5.0 for
dentin) at 37 °C for 22 h and the cycle was repeated for 4 days. Finally,
150pum-thick enamel sections and 300 um-thick dentin sections were cut
perpendicularly to the experimental surface from each specimen, and

mineral profile, lesion depth (I.d) and integrated mineral loss (IML) were
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determined from radiographic 1mages obtained by transversal
microradiography. Elemental analysis (Ca and F) of the enamel lesions were
performed with EPMA

Results: In enamel, CONT showed severely demineralized subsurface
lesions, and HSU revealed subsurface demineralization. OER showed
subsurface lesions with four distinct mineral peaks. IML of HSU and OER
were significantly less than that of CONT (ANOVA, Tukey’s, p<0.05). OPF
showed slightly demineralized mineral profiles and IML was significantly
less than for other treatments. In dentin, CONT, HSU, and OER showed
similar mineral profiles. Also, four mineral peaks were observed in OER;
however, they were not as distinct in the lesions of enamel specimens. In
contrast, the profile of OPF differed to those of these three groups, with a
mineral peak of about 50 % of mineral volume. IML of OPF was significantly
less than that of other treatment groups. No significant difference was found
in Ld among enamel and dentin lesions between CONT and OPF. EPMA
revealed Ca peaks were similar in all mineral profiles.
Conclusion: Fluoride containing home bleaching agents can prevent enamel

and dentin demineralization and may act as caries prevention products.
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Composition of bleaching agents used

Product Manufacturer Active ingredients Lot No. Code
OpalescencePF ULTRADENT carbamide peroxide (10%96), 1,220ppmF”, potasiumm nitrate, pH 6.37° BIW84  OPF
Opalescence Regular ULTRADENT carbamide peroxide (1096), 2.45ppmF”, pH6.13" B8NFS OER
HiLite Shade Up SHOFU carbamide peroxide (10%6), pH6.5 11143065 HSU

Asterisk means that the values referred to reference number 6.

Table 1 Composition of bleaching agents used

Ld and IML values of each group

Ld (um: mean =SD) IML (vol% x pm: mean =SD)
Group Enamel Dentin Enamel Dentin
CONT 1746 =+ 26.4 = 2676 = 195° 9862.0 = 9002 * 6405.7 &+ 331.4°
HSU 185.3 + 218 ® 2554 + 250° 80630 + 5004° 65421 + 336.8°
OER 2106 = 278* 2442 x 270° 78720 £ 9445°  6068.2 * 359.2 °
OPF 168.7 + 14.3° 239.1 = 429° 29395 + 353.2° 18259 + 1195°

Values with same superscripts means no significantly difference between groups at p > 0.05.

Table 2 Ld and IML values of each group
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Figla Representative TMR images and mineral profiles of enamel specimens in each group
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Fig1b Representative TMR images and mineral profiles of dentin specimens in each group
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Fig 2

(b)

Fig 2 a, b Average mineral profiles of enamel (a) and dentin (b) specimens in each group
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Fig 3 EPMA images of cross-sectional surfaces of enamel lesions
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