A A I AR ERI R AR A (IR SRR AR )
Sy LTI
F5BZE AR IS < ERHERTIC £ 2 RSN O X 0 S I 2 B
SRR A A T X 7 A AT TR RRE T8 475500 B %6

SYRMTIEE AR R RO R R AR
e E

SFBERE R L OBy H OEETIEZ RN L U BReE 1 I/ EE B VN dE L2 T
b —EHEHRE SN TE Y FEBIGCEBHERLIZ 0T 2 BREE ISR L7 BRI T 5
BTV E B STV, A0 H XIS OFHRARTFM O T 3% 4
I (BioHAp) & 7 by i A 2 OF H L 72 B e I BliE TR A BT 22 & CTh D, £
7= BB T BB % O =0 A VEEERME 2 0ER D 7 v (bl i BAT 5 & LR35 =
L ThD, AW T BN A VEORE A SEEE L/ T vy 7 23k
L L7 (F%EEn=b), PRHALEEIT (1) APF (9000ppmF) & HEE, (2) BioHap+APF & HEE, (3)
7 b7 L (Control) @ 3 BEICEREL. %%L%%oom1mmsﬁarmmm
(Ca:3mM, P:1. 8mM, pH7. 3) T 1 HFfEIRIE, 0. IM FLERMH KW (Ca:3mM, P: 1. SmM, pH4. 5) |
ﬁ%@%%1%47»&#57//b%%V//%3%47»%mbtomm%ﬁ@%ﬁ
MR I AR E - BAMEE (SEM) (SU6600, HAZ, ) O " REHBIZR, 3D |IE L —W —H
5 (LEXT 0LS4000, Olympus, B E) IZ LD @EiKET 1 7 7 A Vi L OFEMEEH S (Sa) 12 &
VI L7-, 72, BEEOBUKE & FEMK IS LT Micro-Vickers il & 3REREE (HMV-1, B
P BUVERT, R0 & VT Micro—Vickers il & (MHV) Z5HHI Lt L7z, 7 v RF v Lo
%12 Biolap BflZ, =F ANVEDOKBEDIK T, By —REX DM b, EEBEMEG OHE
Wi 26 DIE W a—T ¢ 7 BOFIE, RONEIRGE S O, 2 31 70 ER L OWLK
%E@M@%%Lk@&Dmﬁv—f—ﬁwﬁmi5ﬂﬁ@&mﬁﬁ®ﬁﬁ%7m774»
I E DOFE R, Control X 6. 185+0. 143 pm DOJJRIC L 2 FEERIBNE LU TRV, APF JLFREE
6iL76kH)m2umkmﬂgﬁﬁﬁﬂéib BioHap #£TI% 0.859+0. 143 um & & B %ﬁﬁtﬂﬁ
Fmﬁ BT, BREMNCITAE %78, BloHap AN APF BE L W HERIC L D= F A LVE
k%%ﬁﬁbt_ DR S 7z (p<0. 05), BioHap ALFRE % D F A JLE %F%&m
Tl CaFy BEDZ m DRI -IRE &KL 1-[A £ 3E R U Ty — 7 g B3 th 1 D 2211

mf%to7//F%VV//&®&ﬁwﬁTi%ﬁﬂ%ftf%@%ﬁ;M¥%%T
LB LTz, BioHap & @RE 7 ALMOIGHIZE Y, = F A NVEERBIZEWa—T
7@ DR & GERKIE X 0 BT BRI 258D 7=, ABFIE CBR%E Lzt Amikix, #i-/
FRBE RO 0 7 2y a T D Z ENEIFETE S,

118



A. HFRER - BR

ToREA MIEREB X OHEE ISR
TANLESA T T boORTa—T 4>
775 EOEEBIIED R D S D IEHERERC
FHINAZNAFEFI VI A ThHDH, F
HEEN ) DB Pt 1 Cay (PO 6 (OH), T F &
NWbHNA Rax 7 3% A4 b (HAp) & F ik
HELTEBY, O FALVED 97%
(weight %), RAED 70%7° HAp THERL S
TV D, ALFHEEL DM & HAp <0
R Y VeV T A (ACP) TR DA
T NF A M, G L= AVE R E
WITH20OMEE LTHESN TV S,
ITHE HAp IX RN P I B TR O A (R B
B LCofAIcE EE 57, R,
D EEARCVE O & o 7= TR R T ok
MDA BRI R OBME D ZH T &
T3, FREUE TEIOHE —RIILT vt
WHARDICHTH D, 7ua77xzyvat
T THWD ERE T vk & Hap % Of
A LRSI Hp 28632 A7
RS B OBEER Y 2 7 23 L 72 219 {4
D RCT RO AT ~<FT 4 v 7 L E2—T
IX. HAp OEFITL Y HEERZ 17% M55
ZEWDTRENTWVD, xR T 5
REalb—ar77Fan—FL LTHME
PRENTWD HAp &, Ve 7=y a)
T DEIREE 7 oAbt R B AE & AL
Hiot D 2 & THTZ R BRAAE T BH 5 D
HTERWNEB XTI, WEROZ vk
TR B 1A [ O SEFIEIZHE Y 500-1500ppm 72
FELARIREETH 203, HFHERN N EFRTT 4
& LTAT D 7 v At ¥ o i B A0 15 TR
9000ppm LA EOEIRENMEH T 5, 7 vk
WX EEARAAYE I e TRV RS e £ D 2
& D32 < O FERERFIERORE IRAFFE D> & B 5 2

119

EINTHRY, & AEEEOHEE TG %
VAR L DARTR EE O B BEAIROUE AL & 15
20 7 bl mBAAEITEEN D 1R
(Z—EEORE T o3 IR tlal PRI R & R g
FlEbH D,

WA NIARFEAENT 273214 ML
CTHEMBIRIME &R TR 2 L L, B
(REBED/NA AT 735 A | (BioHAp) % 8 /E
L7-, BioHAp ®—WHkiF£81% 20-50 nm &
fRsHT/hx <, (Ca:Mg)io (POs)s (OH), D~
TR LS L GUMRE M E T D
(2 BR ¥ 3F JP W02019/208683 Al)
Schroeder 5% Mg 7% HAp DHR{LIZ LR
Whitlockeite ®ARIZEE L CW5 & #iE
L TCW5, BioHAp [ZFEBEFHEN) T b 5 Ik
ZHDRIZER S, ANMER Yy F7 2 MR
M E B (JFRL 18028586001-0101) (2K
% 2 EMEGER & TR W AR TR
ThD, BPURE~DRIEFER X 0 8 Hh
RKOTREZA B E R L TR A FOENT
AEBIFEDRHE S TWD R, 2R
OISR,

AWFFED HHJIE BioHAp & 7 v bWtk
AR % OF U 728 7o 7o B Bduie 7 By 1% 2 BR %8
THZETHD, £l B THIES %D
T A VEMEENE 2 GER D 7 v AL 4k &
ik & M2 2 & Th D,

B. #fFEHE

BRIATEE U 7 2F vl e 0 G2 o1 | 0 IR ARl
el & AT, VT O A R AT v
F—U w7 ANTTHRE LB A 1ER LT,
FRIALEEIT (1) APF (9000ppmF) it FHEE,
(2) BioHap+APF JHIEE, (3) 7 v {bMitH
72 L (Control) @ 3BEICERE L., THHALE
#% 0.02M HEPES f £ JK b & K



(Ca:3mM, P:1.8mM, pH7.3) & 1 W[

E 0. ¥ OB OB K B K
(Ca:3mM, P:1. 8mM, pH4. 5) |Z 24 MR {E%

L A I NEFTDHT Y RFx L P% 3
YA 7 VFER LTz, ERIEOBIRMER T
;ﬁﬁﬂ‘uaﬁ
D R EFGBIEL, 3D HIE L —V —BAMER
(LEXT 0LS4000, Olympus, 3 50) (2 & % & 15
=TT 7 ANE I ORISR S (Sa) i
F VR L7z, F o BREOBUK T & FERLK
2% LT Micro-Vickers A & & R #
(HMV-1, BEERERT, B 2 VT Micro-
Vickers il & (MHV) Z5HHI L Ebi L 72, £ 72,
AE T NRAITRTIFT T T —
(CMR) fifttfr D 7= 8 | MR EIHE% (Rigolac, H
BrEM, A, 100 um JEOBFEEY) 2 1ERL
L. 8K X #p3eE%E & (OMR-3, Softex, HUR) %
ANTIE20um DT VI =T LAART v
vz v ¥ ELEEE 15k, H’_V:EE‘{}IL 3mA,
HREIRERE] 6 23 Ciie L7z, #REZHifg L

G AT > A 7 2 (HC-2500/0L : OLYMPUS, #T
) 2 MW TEBMmTHY 7 by =7
Pro Plus, version6. 2, Media
Silver Spring) 12T
L— A —)L 8 bit, 256 PEFHICAH LR
Ta 7y ANERS L, IR TAERE
(AZ) 3 X OWLRIEEE (Ld) Z & L K HR
FE DR Z AT o T2,

( Image

Cybernetics Inc.

C. MR REBLIUELE

C-1. FREFEBMBIILDT VY FFx
LVUUHRDIDEETO T AN
17y FFv Lo P#%o 3D HlEL

— P —BAMERIC LD BT 1 T 7 A )LD

B LfERD s 7 7 %R, X 1A-C DML
T 7 A TR S IVTHIR S STV 720

SR (SEM) (SU6600, H SZ, HUR)

120

I HEH  (Reference surface: RS) Z7R L.

A BK S T W S E B om
(Experimental surface:ES)ZR L T\ 5,
Control BETIX, ES NFE L WiSK L. 6. 184
+0. 143 pm OREN =T A VEDOREIZFR
D ohivle (X 1A), XIB @ APF #ETILRS &
ES@ﬁé@#@17m+02mum AL
Control #f & b U CH B ALK PN A3
«T%t;@mo@(l1&%iv1m % C
? BioHap BEIXAPFFEL W & & DIZE S D7
/&< 0.859+0. 139 um THY ., 3 FED
PCib T ANVEDFEREREIN/NES WD
FERTH o7 (p<0.05) (K 1CHLVID),

Ty RFX LU VHBROBET 0T 7 AL
C BioHap BED HE KB &N APF BEDHK) 1/2
TholzZ &I, RBIZAERKINTZa—

74 T REBBOBIKIMEER 2T 5 2 &
R L TS,

C2. 7TV FFxL oD/ nE
/w—xﬁﬁkiw MEEHIE

2 \CA R BAEZ IS HRICT vy
F%yvyyéﬁot%y7w®6yﬁﬂ
A SRR OFEFL & 7~k T, Control BED~ A
7 vy H— AR ST 18, 874+6. 302HV T
&Y. APF ff & BioHap #E & L L THEIC
INSUVMETH o 72 (p<0. 05, [X] 2A), APF B¥
D~A 7By l— A XX 91.817 =%
30. 881HV F Tk L. BioHap FHILE HIC
166. 415+ 57. 496HV Dl £ THIHE L 7=, APF
# & BioHap BEMICITH B Z%Z7 8, BioHap
BEILSBECIR D B v I — A E DK XV
-7 (p<0. 05, 20, T RF¥
LY VRGO By B — AR S O E A X
2B 127”9, Control REDZ L& 329.923
+31.482 HV TH Y 3FEMTHRH KX,



APF #£1% 231. 280+90. 559 HV, BioHap Rfi:
138.496+70.150 HV ToH-7= (¥ 2B),
BioHap B£f1E Control #E & ik L THEIC
NSUVEZFRD T (p<0. 05, X 2B),

BioHap BEDMilEEIEAS APF B4 En| 5 = &
7Yy RF ¥ Lo V%D Biolap #fDE
v J—AMEE D APF BEOK) 2 5 T o722
EMBIRINTVD (X 24), By I — Al
SE T AVE O HE B KRR EE O 5E MR
CHWHRTEY,, HTLECRFBEESED
SEATHFZE CHE O MRt DOFREE & ST
%, R HET T ANVEDY v J1— Al
13 200-300 HV TH V|, iIK T ENERD
W IMEENEALT D Z & TN TS
T EDNMEINTWS, Biolap B EDE v &
— A &% 166.415+57.496HV TH Y |
Control BEFR TN APF Bf bbbl U T4l
V2TV M 2 #ERE L QU 7z ([X] 2A) , BioHap &
DAV IE 3 BETHR b EN D Yo
7V OEIRZE F A IE L C b UK PN 2 73
ZEBWBMNE o7z (X 2B),

C3. 7V FFxLrPHOTFANE
K3 K OWiiE SEM #1122

B 31x7 vy RFx Lo PBox=F A
BEREOZRE B THD, M3IAD=a B
o —/VREX, BRI L0 = A MED
HOLES > B LK & /MERLHI O ELILAE U T
B0, ZEREHS L =) A L NFERIER O]
IMDMBLEE T & 5, APF BRI 22 = A JL/)N
FE & = AV FERRIBR 2 38D Z 1 LS AT
TRERIRBL F IR EICAE L, B—lckE%
BoTWDHDONREELTX 5 (I 3B), Biolap
BEXRE RN EEOICHE N —T ¢ 7
JEIZEDILTEY . =) A L/MERFR DM
M2SER L, 2—7 1 7O RITIZERR

121

DRLA- BRI AR S LT = (K 30),
BioHap BECAR S NZERINKIFI1% APF B
EHE U TR PR RE < R ER b 5E
BIREKETIT o7 (¥30),

Ty RF Y L D% o TR & FEIZ
Ul L7 o ZIRE 8 A X 3D-F (T,
ay br—/LRETIERE LY 0-25 um D
P CE 5 R DR T & = F AL/ MERIBR O
PERZF8 ., FRCKIE T 25-50 pm (Z/MERE
EDRREZ Y O RA I KB IK G 2 58
72 (X 3D), APF HEIFFRIE 1-2 um (27
FEtEfE D FE L, RIEDD 15-20 um DOVEEE
(ZHEPH DB T AL/ MEREIE D R LTz
IR G 2580 % (X 3E), LArL, APF
FExay b — VR L i 5 & K OFE
P/ NE o7~ (X 3E), BioHap BEILtEHE
KE 0-10 um |2, ZHEDOEPKLF DS HERE L
XN —Tea—T 1 7 EBHBLL
7= (K3F), a—7 4 7 EOE FIZIX2-3
pm 1FEDOEEIZ K SN Ik & =F
ANVIEMBROIERZFBD D03, KEND
10 u m & V) EER TG B0 E O T IXF2
LT, AT L [FERDOFRE DOIE 5 &2 78D
7= (¥ 3F),

C4. ORFEHTIZL B IRTNBEREB LIV
JBR IR TR BE D ET

4I1IT vy RF X Lo PHBOTF AL
B OfEr 2 OMR fxse L7zmifg &, SHED
S xTNEERE (7, vol%hum) DIEEIC
KB ER LT T7CTHD, v b
—VEETCIIHEZRE 0-15um (2 < [E5R
FEO BB NELE L, 15-80 um OFEIE T
WIEDEEZ LD ZE LW IR T LD
ERREOIK T RO LD (K4A), APF
BETIEEBEMNDS 25-50pum 123 R T LEN
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g
=Y

Amount of substantial defect (pm)
=

’ “Control  APF BioHap

[ 1. 3D FHlll L — 3 — BAMER IC X 2 BEULEE £ o 5t 85 S T 1 1

(a) Boundary images of reference and experimental surfaces after acid challenge in the
Control (not fluoride treated), (b) acidulated phosphate fluoride (APF, 9048 ppmF, pH 3.6),
and (c) BioHap + APF (9048 ppmF, pH 3.6) groups. The left side in a—c shows the reference
surface protected by wax and not demineralized; the right side shows the demineralized
experimental surface. (d) Graphical representation of substantial defects due to

demineralization (n = 8, *p < 0.05).

(a) . (b) % :1p<0.05

250 % 400 * (n=8)
(r———

200
300
150
200
100

100
50

Micro Vickers Hardness (HV)
Delta Vickers Hardness (4HV)

Control ~ APF  BioHap O Control AP BioHap
K2 7y FFrL v~ raryh— X OHEL
(a) Graph of micro HV values after acid challenge (n = 8, *p < 0.05). (b) Graph of AHV
values (difference in HV values between the reference and ex-perimental surfaces; n = 8, *p

< 0.05).
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APF BioHap

M3 7Yy FFyLvIBotd AVERAE X CWiHD SEM B4
Surface SEM images of the (a) control, (b) APF, and (c) BioHap groups. Scale bar is 2.5 u

m. All images were recorded at 10,000 X magnification, carbon deposition sample. Cross-

sectional SEM images of the (d) control, (e) APF, and (f) BioHap groups. Scale bar is 25 u

m. All images were recorded at 1,000 X magnification, carbon deposition sample.

Control APF BioHap

80—
© Control
—— APF

BioHap
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Mineral loss value (AZ, vol%um) &
B
|

=}
A

100 125 150

3
&5

75
Depth (pm)

4. 7oy FFvL v oko CMR BBIES L O 4 7 Vi8R R & RIE O BIfRME

CMR cross-sectional images of the reference and experimental surfaces after acid challenge
in the (a) control, (b) APF, and (c) BioHap groups. Scale bar is 50 u m. (d) Graphical
representation of mineral loss value ( A Z) by tooth depth. Black, red, and blue lines

represent the control, APF, and BioHap groups, respectively.
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5. 7Yy FF ¥ L v B I xr 70808 (AZ) EFKEE (Ld) ok
(a) Graphical representation of mineral loss value (AZ, n = 8, *p < 0.01). All eight samples
were measured and the mean = standard deviation was determined. (b) Graphical
representation of Ld (n = 8, *p < 0.01). The depth of demineralization was determined
from the surface before the demineralization experiment to a site with 95% healthy enamel.

All eight samples were measured and the mean £ standard deviat
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Lussi A (2006 b) Erosive tooth wear —a multifactorial condition of growing concern and increasing
knowledge . In: Whitford GM (ed) Monographs in oral science. Dental erosion : from diagnosis to
therapy. Karger, Basel, pp 1-8& ¥ 518
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NREICRLBEBEL TLW2DIEERTT ., BRIZER (pH1.0~
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J.D.B. Featherstone, Adrian Lussi, Understanding the chemistry of dental erosion, Monogr Oral Sci.
2006 ;20:66-76. doi: 10.1159 /000093351 .& ¥ 518
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