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ABSTRACT Objective: To investigate the effect of modified hot-etching treatment on the flexural
strength and surface crystalline phase proportions of zirconia and zirconia/resin bond strength. Methods
Zirconia specimens were divided into three groups according to different surface treatments, including
blank group, sandblasting treatment group and modified hot-etching treatment group. A scanning electron
microscope (SEM) was used to observe the surface morphology of the treated zirconia, an X-ray diffrac-
tometer (XRD) was employed to detect the surface crystalline phase proportions, and a universal me-
chanical testing machine was utilized to measure the three-point flexural strength of the zirconia specimens
of different treatment groups. A bonding surface was prepared with bovine enamel, and the zirconia
specimens were bonded using resin cement. Half of the bonded specimens underwent 5 000 cycles of thermal
cycling fatigue test, and the immediate and fatigued shear bond strengths (SBS) were detected by using
a universal mechanical testing machine. Results; SEM observations revealed that the surface of the con-
trol group was smooth, the surface of sandblasting treatment group exhibited irregular scratches, and the
surface of modified hot-etching treatment group showed a honeycomb-like etched morphology. XRD re-
sults indicated that the monoclinic phase proportions were 8. 18% for the control group, 28.34% for the
sandblasting treatment group, and 9. 69% for the modified hot-etching treatment group. The flexural
strength of the sandblasting treatment group [ (316.40 +58.37) MPa] was significantly (P <0.01)
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lower than that of the blank group [ (415.30 +47.64) MPa] and the modified hot-etching treatment
group [ (398.77 £47.94) MPa]. The immediate SBS of the modified hot-etching treatment group
[ (53.77 £8.36) MPa] was higher (P < 0.01) than that of blank group[ (35.50 £4.72) MPa] and
sandblasting treatment group [ (42.97 £6.95) MPa]. After thermal cycling fatigue test, the fatigued
SBS of the blank group [ (21.65 £4.01) MPa] was lower (P < 0.01) than that of the modified hot-
etching treatment group [ (30.69 £7.36) MPa] and the sandblasting treatment group [ (29.37 £5.73)
MPa]. Conclusion: The modified hot-etching treatment could enhance the immediate zirconia/resin
SBS, exhibited similar resistance to thermal fatigue test with sandblasting treatment group, could not sig-
nificantly reduce the flexural strength, and did not obviously alter the surface crystalline phase proportions.

KEY WORDS
Shear bond strength

SEALER DR T R e R AR,
FECA B R APLMAERE , e 2od B 2 P RIE B R
L W B R R 0.7 mm, 7T FFRb RS 42 1Y
RESFERFIRBT TR A S 8 T 5 M
b H L FE A SRR AR S5 R b 7R AR afl e 20 L5
T, 5 ET AR R4 i PR o AR M 5 2 e A A SN
T G B0 A B 0 R B AR X 22, FE I R
ek e AN A Bl TR R 5 R i 191 o, SR AR B 1B
ST 725 W B BURS B G2 s TERG AT s 0l T 46
S BRATRERG HE F7 A 18 S AA h dAR D PR AR AL
ek, Bt B T R B I PR R Y R e
RRRERA th i B RS BE AL RO IR0 o A
K, A7 WEFE I PR 3 T A TR ok 77 o 58
R AT (EL I R A 1 BRAEL B R ok b PR , G5
FE (g B2 BRI PR R A — s 2205 A gE
Ao B R )RR ol R P T Ak B AR B S T, IR
71X R RS I R 42 56 JBE | S T ot A 2 R %
SiR JEE AR

1 #REHZE

L1 MRS

RHU SRR E AL [ A B (R IR 73 %0
97% , =FAM_FL(EEIR IO 3% 11X, i ik g g
BABRA AT 58 8, A BRAEAR ( BARS mm, mEE3
mm) KA T7 A (K EE 50 mm, FEJE 4 mm, &1
mm, POk 45°61# B AEE 0.1 mm) s B4 E7KT]
7T (RelyX U200, 3M ESPE A5, £[E) ; R AR I
5 ( Gluma Etch 35 Gel, Kulzer Gmbh 2\ 5], fE[H) .

AL FE T 68 1 2 B ML (WDW-10, 44X
AT, hE) R REAEAUPL(TCS01F, SIKR
FALAR A\, o ED AT R OB (scanning
electron microscope, SEM, S-4800, Hitachi /v #H], H
) F X G 2 AT B ( X-ray diffractometer, XRD),
Xpert-3, Malvern Panalytical /A &), faf %),
1.2 Rl ny il 5

WSO s T R 5 22 s HL TG W Sk 2 s vy B A R

Modified hot-etching treatment; Zirconia; Flexural strength; Thermal cycling fatigue;

AR, R BRI 45 40 SR 2 W 2 S ks
i, EA S o/LAWHER T 4 CIRAFE. I Al
Rl T AR LR 28 e A 37 SEAR T v, i T il o
8 T B T , ik K T (s FHAR 40 (180,360 H ) B4
I8 e % - B Rl 5 e 1, R R AN/ TF 7 mm x
7 mm, ZZRKHE A EVE S min J5RFH

1.3 AR &

1 Ak 5 3 1 7E K R 180,240,360
800 .1 2002 000 HEPARZHFT I, 2618 /K A8 75 15 vk
5 min J5 T

R A [ 2 1o Ak B 7 o S Ak et i A LA 7
P (1) A HA (no=20): 2508 K875 5%
30 min, T4 (2) BEEPZH (n =20) : A EAE 50 pm
1) =44k 4R kL, 0.35 MPa Feoi 2 1 T Ab 3
[ 10 mm AbBEAPALFE 10 s, FE 58K #7575 126 30 min,
W5 (3) e IR (n =20) : f#iH] 80 mL N,N-
B H Bk B (N, N-dimethylformamide, DMF) |
20 mL 37% (a4 40) $hiR 1 g Jo/K =&k ak, il
FARAB TR M, 7F 100 C/KE R ARihALEE 60 min, 78
TR /KR 75 I Pk 30 min, T,

1.4 EHEEHIE

VEHZS 4L W0 20 R oA R A (ol 201 T A A 4
PR — A, (8 25 8 S0 4 kb 2R 80 s,
SEM M%< 10 000 15 £ 20 000 % T AR EHIEH
1.5 Fehsm i

VEHZS (4 Mt D 21 K ol R B ok 21 K 1A
FALES I (B4 n =10) , T BE J1 i 5 L
= P o B I 3K e L A s 1
M 12 mm  EHAR S mm (B, R — AT
FE G A TP R] ) AR 5 mm B0 28 [ A 4 5, 7 e
F15AR B AL Sk 3 2 R 1 mm/min, i 5% W 24 A5
M RE S (F) o BErhag i (R) MR T ih A =03t
S L R B b K TE B b S R
JE R

3F x L

R hxh®



W 8,5 R AR BE X S A U RE SR R R 12 JEE A R

- 857 -

1.6 XRD 43#7

VRN ZS 2 Wb 2 R ok R PR Tk 20 (5 A A 4
B AEAS 1A, (4 XRD gE47 210 S A0 87, £
St 26 ARG R 15° ~60° 10 S 4A A4S P 5 A
C(111) B A m(111) Al m (111) %7 £ 26 #9 5t
KIUGETEFLCT) AR TR AGHE R ARAE B (X))

[.(111) + 1, (111)
" T () + 1111 + 1(111) °

1.7 KBl il

A 5 Rl O B R R 1ok 30 s, /K YR bk 15
s, MM B BE AT T2 A4l i b
20 Je i R IR o 2 B A A AR Ak 5 i (n = 20) K42
TA PR ZR I, 3005 T EE LI E48 in#% 10 N &
T YERE 20 s, FH/NERI B 28 KT T, 6
1k 30 s,
1.8 A HIEIANE 57U

Fh2s 2 WD 2 e i R AR T 21 SR A/ A
AR (n =20) BEHL 3 A BV ZI 2 (n = 10) FE
PEOFH (n=10) . RPZIATRG BT =R T 281000K
PRATF 24 b RS 57 A TR HAEIR 5 000 Ik, T
JEI A 5 C/55 CREHE R 30 s, [HIFE 5 s,

1.9  SYYILdEsR

i T R T2 # X e AL AT BT VIR $ 58 B2 ( shear
bond strengths, SBS) iz, JE3k#HE XK E H 1 mm/
min, ISR A A TR0 2 K el B AR 1ok 2 R iR A
T 2R 14 e R R Ay K DRI RS 2, i R 2Rl A AR LK 5 T
U TH58 SBS, (R 1 fUBE T WL H a4 1)
BUEE, ISR Rl T/ A6 T DB 2L SR AL RSB
JIE S TR R G L
1.10  Zeif25rtr

fdiFH SPSS 25. 0 A% £ ith i 2 | B %) SBS Al
9% 555 SBS HdlE #1758t 53 M. Shapiro-Wilk 46 45
H1 Levene £ 55 43 51l Xt B4 #F 47 1E 20 7 22 55 1%
Rk, FRNERTT 2202 G Tukey S22 1E2E 5
2 L i Il B s B L RV 20 SBS K 55 5 SBS 1y
25 (a=0.05),

2 #R

2.1 SEM #5H

2 AP -, ol DL RCAE S TSI 5 Wi i
LA T AN TR) R 2 Sl I 5 AR fet 2 6 T TR o
T2 B IR (BT 1) o

A, blank group at x10 000; B, sandblasting group at x 10 000; C, modified hot-etching group at x 10 000; D, blank group at x20 000; E, sand-

blasting group at x20 000; F, modified hot-etching group at x20 000.

B s T A R A

Figure 1 Scanning electron microscope images of the zirconia surface morphology for each group
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A, blank group; B, sandblasting group; C, modified hot-etching group. m, monoclinic; t, tetragonal; XRD, X-ray diffractometer.
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Figure 2 XRD patterns of zirconia specimens of each group
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Figure 3 Failure modes of zirconia bonded specimens by groups
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