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[ Abstract] Objective

durability of shear bond strength of porcelain veneer to dentin. Methods

To study the effects of ethylene diamine tetraacetic acid (EDTA) pretreatment on
A total of 90 freshly extracted intact
human third molars without caries were collected,and randomly divided into 18 groups (n=5)according to dif-
ferent pretreatment and either without or with aging test. All the adhesive interfaces were pretreated with
37 % phosphoric acid or (and) 17% EDTA. Then Variolink Veneer cement was used to bond IPS e. max press
porcelain veneer on the prepared adhesive interfaces. The mocycling test for 6 000 times was chosen to simu-
late aging. Immediate and aging shear bond strength were tested by electronic universal mechanical machine.
The damage of specimens was observed under scanning electron microscope. Results Dentin pretreatment
with 37% phosphoric acid (15 s)+17% EDTA (30 s) exhibited the highest shear bond strength of porcelain
veneer to dentin [ (15. 41 + 2. 83) MPa ] and bond durability (P =0. 148). Most specimens showed interface
damage. Conclusion EDTA plays an important role on the durability of shear bond strength of porcelain ve-
neer to dentin.

[Key words | ethylene diamine tetraacetic acid;porcelain veneer;dentin;shear bond strength

BEE NATTXF 567 AL BIE 52 R 4 . B U T
(o 07 T H 5 57 30 FE 0 . U T R R B T A
TA I R G R 2 5 T F 9 SR 7 50 26 DA AT AR B
BEAT R W R T W T A AR SRR 2 T Y
il Hz T S R AR (RE G R A v B DL
H AT B A 2R 5T 0 5 A B R B T
FE R TR G A TR R O A ORI
RS &SRR BE i AME ) — P E R RS, AR
Ji S A B 3 R 4 )@ 4 B B (matrix metalloprotein-

» EEWHE . VYHEERCERIES T IEH (201647,

ase, MMPs) BE ¥ fif 2% 8 (14 ¢ I 27 4, S BUR & 2 76 %
PERE B IR . 2 2 P 2 FR (ethylene diamine tet-
raacetic acid, EDTA) X} 2 A it 47 )5 » {6 Jig Jit &1 4 2.
[F1) Py S0 B B 50 R L AR i AR BTN 5 8 A A I T
HEW, BhAh EDTA ) 4 )8 B 1 % & He T L
MMPs A1 5 1 J52 Jit 2F 2 B A0 o AR B 7 403 et A
EDTA #1 EDTA Al R FH ) 8 2 151 A 24 A J5i
Jei S W T A A SO 5 T 22 A S 5 RIS Y B B 9
B R EDTA b8 W 1 55 28 7 JRORS 45 i A1 19 52

EE RN RN 1987 —) o AF g I+ A k- » 32 S5 25 A BOR BT 50



THREF 201941 A% 1845 5% 14

M o LS XTI DA 85 s T ) 1oy P Ak — s i 4 AR
BARELT .
1 #AREFE
L1 %Rk EHC 2017 48 1—2 J 588k BR i
BRI NS5 =8 28 90 B9, R 24 ML R T A 2F Jl 4 4
TRAFT 4 CHY 0. 50 GUIE-T b, YR Hie 2F A i 2 1H
AbBETT SIS [F) S Je B B 7y 18 H (n=5),
A.B1.B2.B3.B4.C1.C2,C3.C4 Jy B ZI 3K 4 - Aa.
Bla.B2a.B3a.B4a.Cla,C2a.C3a.Cda HE LI,
BV 221 I 332 B 47 2 AR Joi 5 v A 3L L 3 T Ak PR O A
7] 732 9 b, 2 Al S 06 4 ) 7 2 T Ak 34 A0 R lf B A b
frefeses, ik 1,

x1 XRSEESFARFRELE(n=5)
459 et b ¥ Jy X

A, Aa 3TYUWERR .15 s

Bl.Bla 17%EDTA,10 s

B2.B2a 17%EDTA,30 s

B3.B3a 17%EDTA.60 s

B4, Bda 17%EDTA,120 s
C1.Cla 37%WEMR .15 s+17%EDTAL10 s
C2.C2a 37 % WlR .15 s+17%EDTA,30 s
C3.C3a 37 % WER .15 s+17%EDTA,60 s
C4.Cla 37 % WEMR .15 s+17%EDTA,120 s

1.2 FEMB 54 Variolink Veneer (Ivoclar
Vivadent, 2 [E) ; IPS e. max Press(Ivoclar Vivadent,
1HE) ;45 3% 47 (EP500, Ivoclar Vivadent, £ [E ) ; Bk 4k
EEP 4L (Leco Instrument GmbH, 2 H);17% EDTA
B e (Pulpdent, £ [E) ;37 % 85 18 (Gluma, 2 [F) ; )6 [
T (Densply, D 5 ¥ FAE PR K5 AL CHT L A2 38, 7Y
%) s A 1 B (Carl Zeiss, f8ED s HL 7 JT6E )
2R HL(WDW-10E iR G £ A A R AL BF R .
1.3 ik

131 BRI Rmlas 25 BR 2 AR RO Rl o % 8 1k
EAARRT IR T 4 mm >4 mm R4 7 T 7R 2
WU TSR E e 2 B BR Rl BT, ] 400,600,1 200
H A0 AR T 4 06 o Ik 3 1 2 2 7K oo R
YE 1 min 5 H B %8R HE T [A] — B A% (10 mm X 10
mm X 12 mm) 2B o R R 5 K- AT WL 1
1.3.2 ZEMEmAE4AE 4 91 4 mmX4 mmX12
mm [ %8 R f0 3 Y Y B BBl AE 800 C AR R
60 min, &R 5 600 ‘CA£3F 30 min, 5 850 CI#¥F 60
min £ 5 B €5 Al 1§ IPS e. max Press &5
il 5 A6 #5 i 7 W 1 (930 °C L 60 min, B2 ¥ 16) . 45 9
A4 mmX4 mmX12 mm [ IPS e. max Press &Ht,
SR ARG B D0 310 8 e, il 45 45 4> 4 mm X4 mm X 2
mm [ IPS e. max Press % 51, & /5 #K % A 400,

49

600.1 200 H AL EE R ARFT BE IO . ] &5 48 1) %
T T AR B AR K P IR AR A R N T XL AT A .

A LB A JTORS P T8 89 3 1T OL A0 1A 05 C LD 8 N 1 5 2 A R
e Je 1R I 1T 00 v L
1 OF 7R B R T ) 8% A N E G 3R

1.3.3 F{RS5 &M m AR 4% B Variolink Ve-
neer R B UL R E . % W TEDRY £z 10T 5 20 &R
60 s, wfYE KT, A7 Monobond-S 60 s J5 KT, FF
Ui Heliobond 10 s J5 & fF i #E. B A7 R H
AR 3, ib B 0 7 fAORS 2 1H ¥R i Syntac Primer 15 s
JGW T, Fi& 4 Syntac Adhesive 10 s [T T, )58
fii Heliobond 10 s J5 45 fF A 45 . 75 % I a0 RS 422 180 0%
i Variolink Veneer %4 7 . 2R J5 78 7 AR #2101 5K 4L
AL 2 s KBRI % Z RBREKTTIT . 28 Ja5 4% D6
20 s, BAp 5 MHEAE T 37 ‘CZMAKT 24 h
Je 0 B 20 5 U5 R

1.3.4 #Z4ks2is ¥ Aa.Bla.B2a,B3a.B4a,Cla,
C2a,C3a,Cda 11 45 Al fF B T 3% 1985 L 50 HL
PR Z AL TR, 5~55 CHEHR 6 000 ¥R, 4415 B2
30 s B EREFE 40 s, 7EV PG IR0 ] B 4 8 T 37
CEMK P BRI 1R, AR EIE 6 A4
R VR R A IR

1.3.5 5y d)am B il Al B UM e it 4%k
1 5 AE F 3 RE ) 286 B BT V) e B, 55 1) 3k DX
0.5 mm/min %3 B 3 F 02K, 1 5% 3 1 W 28 i 19 i
KT S o TR BT VI5R (B 5 8 = fie K3k
DI/ R TR o WCHE 25 20 W 24 ) i a1 o 8 4 e B
WS ) B IR O HEAT A RN T B R
WHE I 4 2 (DT AN BRI WM KA FF
AJRZE N (2) 5t IR W7 2R R TR S F A
JOT s SR 2 500 5 4 g K TTIT I ST (3D B i P SR
WL B2 % A TR K TTIT )2 5 CO IR A IR, I 2
A& T Bk 3 R IR AR R A,

1.4 SEpFAabs RHA] SPSS18. 0 844 17 4 43
Br PR BER DL T s R, HOBCR DX ¢ K 56 Bk B
2245007, L P<<0. 05K %R AG 5 it5& X,



50

2 & ES

2.1 ByIsREEMIGR A 4l H A Y R 5 b5
BE L, Aa 4185 Y58 BE R (P<<0.05), 17% EDTA 4b
PP AR AR B A A B 220 57 D) 5 B L Bl 2 Ab BB ) A 4K
5 D)9 BE A B R AH 25 R G R L (P>0.05) .
MEL L E Y g ER B LRI ¥ E X (P>
0.05), 37%mEaA 17% EDTA J:[6 4 ¥ F A TG )5
C2 2H AR5 % W T 5 28 A Jou Rl 422 B 5 19 B 20 57 1) 5
ELHWE CLA, A EES LS FEE L (P>
0.05), Cl1 5 Cla4l.C2 5 C2a 410y U)o B b4, 2%
STGE 2 E L (P>0.05), Miki%E 17% EDTA 43§
i) FE G 2 60 s Fl 120 s J5 BT 58 B R R, W% 2.

®2 FAEREREARTSEAMTYIRE
ik 45 R (T+5,MPa)

B 2030 3 EAL LT

205 By 1) 3 S 41531 59 D)5 B Z g

A 14.4342.05 Aa  10.50%2.22 6.38 0.003
Bl 5.74+2.13 Bla 2.64+1.90 5.49 0.005
B2 5.87+2.24 B2a 2.68+1.92 7.12 0.002
B3 6.87+2.31 B3a 3.56+2.10 4.35 0.012
B4 7.36+2.59 Bda 3.88+1.91 6.41 0.003
C1 14.674+2.15 Cla 13.51+2.37 2.37 0.077
C2 15.4142.83 C2a 13.97+2.82 1.79 0.148
C3 12.09+2. 90 C3a 9.21+2.52 3.16 0.034
C4 8.45+2.86 Cda 4.94+2.40 3.93 0.017

2.2 WO MGETE R 5 2F AS BORS i T
2 Ry 5 B R O TR A R L DL 2,

6
-
AN |
4 b 3
MEENE RN | B
3 AR
i IR ED N i
iR ENREREERERN [ s
NN ENNERNNNERER
A Aa B1 Bla B2 B2a B3 B3a B4 B4a C1 Cla C2 C2a C3 C3a C4 Cda

B2 AEZHAHERER

3 i %

8 WG THT 5 O AR T R)OR 2 T A O I R M A,
AR SR, $2 5 1T A 3R AR 2 5 e U TR 22 T A PR ) L
IR TR A T2 R R ROR, 1 5 R kR i 2 Ak T
PR R 1Y I i 2 A Bl 2 A BT P R P B R R A S BT
A5 Gy e X Bl 5 X R AL K R B2 T
RELS, MMPs {E 8 A% i b 1) 3 2 28 1 K i I 78
FAR TG R A (e R R P T AR FEA
F 3 72 i MIMPs 100 550 9 I\ O I — i mT 42 & 2
AR B A ME B 4R . EDTA A] L4 MMPs 4
S I AT A e

AWFFCUESE EDTA Bl A 38 28 A 5T % B R Rl
T 700 0 B 200K 2 e R R A ME G R S R AR

FRES2019% 1 A% 1855 1

W58 &8 17% EDTA ZbHLF A it 10,30.60 F1 120 s
PP HAT AR A B 220 5 V) 5 B, Bl o A LA (] A8 G L B
VI A Fr s (A 22 F R Gih 2% 8 L (P>0.05),
117 & A0 SE 55 5 B U)o B AR AL 3R 5L B0 A L 3, 22 A 4
T L (P<C0. 05) , AN B AT R it APE. EDTA i
WAERZEE . 17% EDTA X 4 A B (103 5 /2 60 s
JERG 0.4 pm TEEE AL Z20 RS B2 J5 T W1 B i 28
S AL & LA 55 . EDTA B 5 i 1w ] G 12
ARAT LA 10 B 20 5 D)5 B L R 2 SR AT AL 22 1 A U
Pk ) 5 SO K R I w] 38 3 A 28 T 3 2 R ik S
. AR LM 37 %R (15 ) +17% EDTA(30 )
Aib B A S50 AR AT e R R 20 B9 V)5 R L H B EDTA &b
JHURF B E K 2 60 s 1 120 s, BP 20 57 47 98 3 Pk . X
FIBE 5 28 A ook BE B0 A e I 4 B TR A )2 R
A, MARTINI 207 %8 17% EDTA B4
P b B A AR G 30 s AT LA fe5 38 RS #2700 (9 RG 42 iR
FH UG T D0, o AT o] 2 AR Joit 35 1 Ak 2 AR A g T 2 SOl
PRI P 0 3 1 A7 At 4 v A% O LA

¥ PG B 23 i AR i WK S Y K i AR A )2 IR
TIOR8 1 SR R A O AT 0OE MIMIPs B R AARDS . AR
WFIT 8 A B HAE IR 6 A H & B R A I R 5 A
A A AL B 7 37 VoW (15 o) b BRI 243 &4k
SEO i BT Ve AR Ak 25 oA Gt R B L (P<C0. 05),
AN EAT K2 A i 37 Yo iR (15 ) +17% EDTA
(10,30 s) Zb I 28 38 & A0 52 55 ) 5T U i 3 1Y) A48 b 22
S IG B L (P>0.05), AT Bt A ¥, ED-
TA fE R AL B AT DL R G 2 0 BT &, JF Hoal &
BRI 42 W K A R4 I 2T 4 L 452 5 R B R I P IE R
e 1. ULAN EDTA Al A5 &40 il 4 A< i MMP-2,
MMP-9 [ 75 HE A TR A 2 W A . e A AR —
EALFLELRE F N EDTA w] DU v % 0 18 /Y 28 A 5t
RhHzm At . SINGH 25 % 3 2 36— H jre 73 36 1k
W (EDC) A EDTA P[] 4b B AT DL = R kR
T A A A RG22 T A P o i 2 e A a6~
12 4~ F B I R AFF 55 & B 390350 A5 R dole 6t 2 1mi A A 1L
FATZ EDTA WiAb# 5 . 68 005 A5 #7258 B, BA RS
PR A . 2 JEDTA X% W 1 A9 2F A J50ORS 22 fif
KA B X .

W SR A XU 58 7 B 20 R AL S 0 a1 T R
A R A R R IR . 8 AR RS Bz 1 55 2y R
PNz N R N R TR D 3-9 N VR i}
HE— 20 B 5% 5K il TR 8 W 1T 55 2 AR J0OR 42 i K M Y
R (1) 1 0K 422 700 58 40 8 A AT 68 D 2F 4 1) 5 1%
(2) BAG TR0 A8 7 0 2 A J50RG 4 700 A2 45 4 B 1) o
G5 (3) A Jot PR 2 1 K e 1 3 7

ZE LTI, ARWFIE KB 3700 BE R (15 s) + 172
EDTA(30 ) 4 # AT LA ARAT fe (e 1 88 W 180 5 24 A It



THRES 20104 1 A% AS 55 1 4

R4 R 20 5 U 5ik B2 I BA R B2 A EDTA 7 8
W T 5 2 AR SR e i AR D T R A E A T AR T 5
He 9 J5 S AR B T AR F 58 SR SR BE X EDTA 7 2F
A JRORS 42 757 T8 £ ek P I FH 8 (A6 A4 3

&%k

[1] GRESNIGT M,MAGNE M,MAGNE P. Porcelain veneer
post-bonding crack repair by resin infiltration[ ]J]. Int ]
Esthet dent,2017,12(2) :156-170.

OZTURK E, BOLAY S, HICKEL R, et al. Shear bond

strength of porcelain laminate veneers to enamel, dentine

(2]

and enamel-dentine complex bonded with different adhe-
sive luting systems[]J]. ] Dent,2013,41(2):97-105.
[3] OZTURK E,BOLAY S. Survival of porcelain laminate
veneers with different degrees of dentin exposure:2-year
clinical results[J]. ] Adhes Dent,2014,16(5) :481-489.
a3, R N T A8 A B B AR B DR LT .
B 1 I 2 24 7R . 2017,44(1) 1 1-10.
AL-ANSARI A,AL-HARBI F,BABA N Z. In vitro eval-
uation of the bond strength of composite resin foundation
materials to dentin[ J]. ] Prosthet Dent, 2015, 114 (4):
529-535.
FRASSETTO A,BRESCHI L, TURCO G,et al. Mecha-

[4]

(5]

[6]
nisms of degradation of the hybrid layer in adhesive den-
tistry and therapeutic agents to improve bond durability--
a literature review[ J |. Dent Mater,2016,32(2) :e41-53.
TJADERHANE L. Dentin bonding: can we make it last?
[J]. Oper Dent,2015,40(1) :4-18.

TR Ry TR R B4 R TR I 0 A R v F o R LU .
MG I i R 2 24 3, 2017, 35(2) : 208-214.

LONGHI M,CERRONI L,CONDO S G,et al. The effects of

host derived metalloproteinases on dentin bond and the role of

[7]

(8]

(9]

MMPs inhibitors on dentin matrix degradation[ J]. Oral Im-

plantol (Rome),2014,7(3):71-79.
[10] THOMPSON ] M, AGEE K,SIDOW S J,et al. Inhibition

[11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

51

of endogenous dentin matrix metalloproteinases by ethyl-
enediaminetetraacetic acid[J]. J Endod, 2012,38 (1) 62-
65.

PASHLEY D H,TAY F R, YIU C,et al. Collagen degra-
dation by host-derived enzymes during aging[J]. J Dent
Res,2004,83(3):216-221.

TOLEDANO M, YAMAUTI M, OSORIO E.et al. Zinc-
inhibited MMP-mediated collagen degradation after dif-
ferent dentine demineralization procedures [ ] ]. Caries
Res,2012,46(3):201-207.

FE A T, IS L 25 22 7. EDTA 3 T Ak 2 % 7 4% 50 kG 45
SR BER R [T, 921 A BE 2 4k L 2013, 29 (4) £ 550-
552.

FR20 22 RS L R S AN [R) 2 A 03 3 R0 2 AR T S
RS B AR 7K TTTT R i B B S g L) . #2741 Js 12 2% 2%
,2015,33(3):306-310.

SINGH S,NAGPAL R, TYAGI S P,et al. Effect of ED-
TA conditioning and carbodiimide pretreatment on the
bonding performance of all-in-one self-etch adhesives[ J].
Int J Dent,2015:141890.

KUSUNOKI M, ITOH K,OIKAWA M, et al. Measure-
ment of shear bond strength to intact dentin[ ] ]. Dent Ma-
ter J,2010,29(2):199-205.

MARTINI E C,PARREIRAS S O,GUTIERREZ M F,et
al. Effect of different protocols in preconditioning with
EDTA in sclerotic dentin and enamel before universal ad-
hesives applied in self-etch mode[ J]. Oper Dent,2017,42
(3):284-296.

JEIAG R AR SRR T A B P A 4 R AR e R T E
e H R 2 AR M R R A A RO 58 LT . A BE 2% . 2012,
32(1):25-28.

Ayt SMVEH L BEAY 3. %5, EDTA 40 B 35 X 44 I %6 4%
SRR L) ], 1 10 B 2, 2015, 24(5) :594-597.

CWicfs B #1:2018-06-06 &[] H 1 :2018-08-19)

CEAER 47 50
A K, et al. Methionine synthase reductase deficiency re-
sults in adverse reproductive outcomes and congenital
heart defects in mice[ ] ]. Mol Genet Metab,2008,94(3)
336-342.

[16] SU J,LI Z. Analysis of MTR and MTRR gene polymor-
phisms in Chinese patients with ventricular septal defect
[J]. Appl Immunohistochem Mol Morphol,2018,26(10) ;
769-774.

[17] GUO Q N,WANG H D, TIE L Z,et al. Parental genetic
variants, MTHFR 677C>T and MTRR 66A>>G, associ-

[18]

ated differently with fetal congenital heart defect[J]. Bi-
omed Res Int,2017,2017.3043476.
GARCIA-MINGUILLAN C J,FERNANDEZ-BALLART
J D, CERUELO S, et al. Riboflavin status modifies the
effects of methylenetetrahydrofolate reductase ( MTH-
FR) and methionine synthase reductase (MTRR) poly-
morphisms on homocysteine[ J |. Genes Nutr,2014,9(6):
435.

IS # H 1:2018-05-22 &[] H 1 : 2018-08-05)



