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[ Abstract] Objective To investigate the changes of dentin surface and the effects of different surface treatments on
the rebonding effect following non-destructive restoration removal by an Er:YAG laser and to provide reference for oral
clinical operation. Methods This study was approved by the ethics review committee of the unit. Using computer-aid-
ed design and computer-aided manufacturing (CAD/CAM) technology, 102 zirconia specimens (4 mm X 4 mm X 1.5 mm)
were fabricated. In total, 110 impacted third molar teeth were extracted, and 102 dentine blocks (4 mm X 4 mm X 2 mm)
were prepared. The zirconia specimen and dentin blocks were bonded with resin cement before removal with an Er:
YAG laser. Three disassembled dentin blocks were randomly selected, and the components of dentin surface elements
were analyzed by energy dispersive X-ray spectroscopy (EDX). The removed dentin blocks were randomly divided into
three groups (n = 33) based on the different surface treatments: control group (no treatment), sandblasting group (50 pm,
AlO, sandblasting), and laser irradiation group (Er: YAG laser irradiation, parameters were set to 10 Hz, 60 mJ, 0.6 W).
Three dentin blocks were randomly selected in each group for scanning electron microscopy (SEM) observation, and the
residual resin on dentin surface of remaining 30 dentin blocks in each group were observed under an optical microscope
at 20 times magnification. Scores were obtained using the adhesive remnant index (ARI) method. Three groups of dentin
blocks (n = 30) that underwent different surface treatments were rebonded with resin cement according to standard pro-
cedures and then divided into two subgroups for aging (n = 15). One subgroup was subjected to a 37 “C water bath for
24 h, and the other subgroup was subjected to 5 000 thermal cycles after a 37 “C water bath for 24 h, and the micro-
shear bonding strength of each group was measured. The microshear bonding strength of each group was measured, and
fracture modes were analyzed. The differences of dentine surface ARI between the three groups, as well as the inter-
group differences in fracture mode, and bonding strength, and the intra-group differences before and after aging were
compared between the three groups. Results When zirconia was removed by Er: YAG laser, there was no obvious dam-
age on the dentin surface, but C and Si elements in dentin increased significantly. After different surface treatments, the
ARI scores of the sandblasting and laser irradiation groups were lower than those of the control group (P < 0.05), while
ARI was not significantly different between the sandblasting and laser irradiation groups (P > 0.05). The dentin surface
morphology was also different. There was a large amount of residual resin on the dentin surface of the control group. In
the sandblasting group, the residual resin was lower, the dentin surface was rough, and the dentin tubules were visible.
A large amount of residual resin was observed on the dentin surface of the laser irradiation group. After 24 h of water
bath at 37 °C, the bonding strengths of the control group, sandblasting group, and laser irradiation group were (6.13 +
2.40) MPa, (9.39 + 2.00) MPa, and (5.85 + 1.44) MPa, respectively, and the bonding strength of the sandblasting group
was significantly higher than that of the other two groups (P < 0.05). After being subjected to 24 h of water bath at 37 C
and 5 000 thermal cycles, the bonding strengths of the control group, sandblasting group, and laser irradiation group were
(5.39 + 0.83) MPa, (8.45 + 1.20) MPa and (4.84 + 1.43) MPa, respectively. The bonding strength of the sandblasting
group was significantly higher than that of the other two groups (P < 0.05). There was no significant difference between
the control group, sandblasting group, and laser irradiation group before and after 5 000 thermal cycles following 24 h of
water bath at 37 ‘C (P > 0.05). In the control group, sandblasting group, and laser irradiation group, cohesive fracture
was not observed. The fracture mode was mainly adhesive fracture. Before and after 5 000 thermal cycles, the frequency
of mixed fracture in the sandblasting group was significantly higher than that in the other two groups (P < 0.05). Conclu-
sion Er: YAG laser removal of zirconia does not damage dentin, but a large amount of resin remains on the dentin sur-
face after removal. The sandblasting process can effectively remove these residual resins, thereby improving the dentine
rebonding effect.

[ Key words] sandblasting; zirconia; dentin; FEr: YAG laser; bonding strength; dentin bonding; thermal
cycle; adhesive remnant index
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The contents of main elements on dentin surface were C (52.02 wt%),

0 (38.35 wi%), and Si (5.02 wi%). EDX: energy dispersive X-ray

spectroscopy

Figure I EDX of the dentin surface after zirconia debond-
ing by Er: YAG laser

B 1 Er YAGHOGIRERAEALHE 5 F A5 K i EDX 73
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Table 1 The adhesive remnant index of dentin surfaces with

different surface treatments n =30
Groups ARI=0 ARI=1 ARI=2 ARI=3 Total *
Control 0 0 25 5 30 a
Sandblasting 6 24 0 0 30 b
Laser irradiation 0 30 0 0 30 b
P < 0.001
v 78.893

Kruskal-Wallis and Mann-Whitney U tests; *: identical letters indicate
no statistically significant differences among surface treatments (P >
0.05), different letters denote statistically significantly differences (P <
0.05). Control group: no treatment was performed; sandblasting group:
50 wm Al,O; sandblasting; laser irradiation group: Er: YAG laser irradi-
ation, parameters were set to 10 Hz, 60 mJ, 0.6 W. ARI: adhesive rem-
nant index. ARI=0: no adhesive; ARI=1: less than 50% of adhesive re-
maining; ARI=2: more than 50% of adhesive remaining; ARI=3: 100%

of adhesive remaining
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20 pm

Yellow arrow: the adhesive remnant; red
arrow: dentin tubule. a: a large amount
of residual resin was found on the den-
tin surface of control group. b: the resid-
" ual resin was almost removed, the den-
tin surface of sandblasting group was
rough, and dentin tubules were visible.

c: massive residual resin was found on

the dentin surface of the laser irradiation group. SEM: scanning electron microscopy. Control group: no treatment was performed; sandblasting

group: 50 pwm Al O, sandblasting; laser irradiation group: Er: YAG laser irradiation, parameters were set to 10 Hz, 60 mJ, 0.6 W

Figure 2 SEM observations of the dentin surface with different surface treatments
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Table 2 Comparison of microshear bonding strength of rebond-
ing specimens with different surface treatments

x+s, MPa,n=15

Aging time*

Groups F P
24 h 24 h+5 000 TC

Control 6.13 + 2.40% 539 +0.83" 9846 0.268

Sandblasting 9.39 + 2.00" 8.45 + 1.20%  4.003 0.130

Laser irradiation 5.85 + 1.44% 4.84 + 1.43M 0.300 0.064

A 42.992 - -

P <0.05 - -

*: identical uppercase superscript letters within the same column indi-
cate no statistically significant differences among surface treatments
(P >0.05), different uppercase superscript letters within the same col-
umn indicate statistically significantly differences (P < 0.05); identical
lowercase superscript letters within the same row indicate no statistically
significant differences among aging treatments (P > 0.05), different low-
ercase superscript letters within the same row indicate statistically sig-
nificantly differences (P < 0.05); there was no interaction between sur-
face treatment and thermal cycling on microshear bonding strength (F=
0.056, P> 0.05); 24 h: 24 hours of storage in water at 37 “C; TC: ther-
mal cycling, the specimens were thermocycled in 5 ‘C - 55 C water
baths with a holding time of 30 s. Control group: no treatment was per-
formed; sandblasting group: 50 wm Al O, sandblasting; laser irradiation
group: Er: YAG laser irradiation, parameters were set to 10 Hz, 60 m],
0.6 W

3 AR R Ak BTy R R e R

Table 3 Failure modes of rebonding specimens with different surface treatments n=15
Adhesive failure Cohesive failure Mixed failure *
Groups 24h  24h+5000TC  24h  24h+5000TC 24k 24 h+5 000 TC 24h 24145000 TC
Control 13 12 a a
Sandblasting 8 9 b b
Laser irradiation 14 15 0 1 0 a a
P - 0.020 0.026
X - 7.794 7.333

24 h: 24 hours of storage in water at 37 “C; TC: thermal cycling, the specimens were thermocycled in 5 °C - 55 °C water baths with a holding time of 30 s.

*: identical letters show no statistically significant differences among treatments (P > 0.05); different letters show statistically significantly differences

(P < 0.05). Control group: no treatment was performed; sandblasting group: 50 wm Al,0; sandblasting; laser irradiation group: Er: YAG laser irradiation,

parameters were set to 10 Hz, 60 mJ, 0.6 W



AREE&MmPIiE 2025438 $33% H3H
Journal of Prevention and Treatment for Stomatological Diseases, Mar. 2025, Vol.33 No.3  http://www.kqjbfz.com - 200 -

33 i

Er: YAG O VUCH b R iy R BR e 7, 76 B AL 8
1652 PR RS I rb JE PRt 25 e 34 o JHE T 1 i B A
T OGRE S 75 i S A B MR RS TEAE ] TORG 4250
JZ 38 5 5 R ORI RN, AR SRS 2 B S
B ARB WA o X — 3 T 55 0% S8 e SR P B
D7 ANl 2R BUE RS S BT B, R L T
WIXT LG . ZEROGAE T, 33X 22 5% B A A 28 17 40
Al SRR, RIE BRI AT e
A — 18 5 B, BH ARG 42500 1 A 350s A S IR 19 58
R HEM R e FR AR . DR R 2 4R
T A o 3 T A B O JHORG 2 5 B A S e
AT 58 B A2 T Er: YAG BOCIRER G 4 A 5
R 2 0] R, N 2 A 4 B IR AFR T T AN [ 3% v A 28
WAL Y TRZ R T € iR I I 'd €
B, A A R 2 AR AL 4E C.Ca P AT O JT
R, RIS R B, WOCYRR I 48 i &
[l CICER M Si o R B EW M, X —2nT 5N T4
HARBR G5 BRI AR KT TTT (FZE W5 CILER K Si
JGCER ) SR, X A OGB4 T AR KT
T 516 R Z 8] i AU, 5804 A it 2% 11 5% B K
R TTITR . FERGHE S0 v, A 58 18 95
BY IR 22 52 55 05 1%, DA de KRR BE 3kt B XRG4 9 ot
N R IR S 8O LB 2 R 222 R, &%
ST, AR5 3% 8 50 pm ALO;, 3 bar [E 1 T
PE S I 2 mm WS AD A R AR R . A WFST R
B, 5 000 ¥4 G 4 K BOH 24 TR0 6 4~ H 1l
FH B |20 6] B, Comino-Garayoa 4524 %) iff 57 48
5000 UK LA L Y8 FAE I8 X & 2 1AORY $2 i 55 1Y) 52
M) 55 000 S G AAHLL, T FEHEZER .
I, AR $E 5 000 UK AE v 200G 28 I 12 Y Tk
B, ARSI IR b e 2 IR AE 11 s I B2 AR A0 T Y il
FHAE DL o

SEHAE R BN TRV G PR ET S WA 2H AH AL
T A 2H 34 e B AR B O A S B ORGSR .l T
SEM WL%% , Wb Ab B 5, 2 A 5T 3% 1H1 5% 412 14 1 fiE 108
A RO B, T SERURIR B A /N I I ET
LRI FIFBORAS o A ARTRA B AL B |, W2
B PR A W 2R I, X 5 Faleon 5515 1 B
FELE AT . de Oliveira %529 1L %7 27 wm ALO, 7F
3.45 bar FEES 7 1H 2 mm WP K Er: YAG(4 Hz,200 m]
0.8 W) OGXS AN [F] K 425 22 40 25 18 N A A o Rl 422 1
fE 19 52 ), 45 5 3% W mt b b B A A J5 A A5 ORG B2 0
FEJE Er: YAG BOGAA A 1.5 504 o LATERIF

FEAE HORG H2 W AR X 2 R A T ) IO (DR 5
B, iR G W 2R X 22 & A T ) o RDOR 422 5 2
BRI A TR 5 45 AL Wb 28 A R Ok
RS 20 AR AT B AR AR, X ] BE 5 WD b BEAS
IURE 8% A 25005 B A A o R 1A i, T L™ A RR
ANFLITE 5500 28 A ot 2 1, 5 2 40 AR /NS
I, B4 F i 58 55 28 AR 0T 42 fk 1 BRUA OG0
PRI, A B 52 I R XSO IR BR S5 1 2 A 5T 3% 1T 3
A7 WS40 A B2 A AU i 2 A IO PR 4 R 1 — b
Jiiks

YT T O R B A R
FeHE AR B R T — R i F B, FH T35 bR A ik
(TR Y A A 1R RS e W N I &
S ELA PRALNE T8 eV AR 2 R AR T 3 TG
15 )2 A /NS TE B A B0 3% i, wl
A M T A AT, A%EERG, Er YAGH
ot BB 2 B A A 3% 1E IR I RCR L TR O B
AR RO BRR 25 Bk 2 U 3 1 A B A AR T g
HWOLSHGR AT A S g v, A R A
(10 Hz) A [ 58 1 45 74 F (60,90, 120 m]) Er:
YAG JOG 25 Br AR T R R RE , 45 R R0 3 41 ]
A oK 4R E 22 S C ST 4 3 X o Nahas
A0 Ly A5 R ) A9 (10 Hz) AS A BE 3 45148 F (40,
60.80.100.120 mJ) Er: YAG X F A< 51 2 (1) #4
SR, B 60 m] 254 T X A A A HIL IR o ) ARG
At /N o PG, AR TRUAIE 5 e 28 2k R AE i (10 Haz,
60 mJ,0.6 W) i) Er: YAG #OCS 517928 . Sk
MM, SEM 45 % W75 , 76 Er: YAG BOG B 57 45 )5 10
AR MANARIERE , IF R I Er YAG O
REA AL BR A A sk A B4, X vl el T
Er: YAG OGRS b N T4 6 A 8, 5380
Er: YAG B6A B8 407 v BEGT PR R 42 X8, Ak,
AHIE 5T o BY D) i B 4 SR B B YAG BOG IR
SR B R A BT PR H R RE L X 5 Zortuk 251 1Y
S 25 FAHA

WF 58 45 S B, ¥ FAAE R F S 45 AU 1k 1 1
i E oGt 27 22 5, iX 5 Madrigal 55 [ i 5%
SEOLAHAL . BLAN, AR T TR B2 5 R A T RE A7
FI) HAth 22 Pl A= 27 TG DR PR 25 0% 3 (W] 52 o) 47 4n
T YT e A R RG] K TTTT 28 4,
A BEXT A SE 45 B AR B R, i G B P PR
SR S A SO PR 2 R A B R, AR
THRE J5 2t 58 v iE AT R AT RS IE

ZE LTI AR S R AR WOt AR IR MR



+ 201

A& mbia

Journal of Prevention and Treatment for Stomatological Diseases,

202538 ¥33% FE3H

Mar. 2025, Vol.33 No.3 http://www.kqjbfz.com

BB S AR B AR 3 8 AS S A 5 , EL 2F 7S T K T

BRI . 50 wm ALO, Mg

bHRE S R WO YR bR

18 2K J5 2 A BT ARG HEROR
(Brist] ARAF R P 4238 500 TAF w8 B A KA
3R P MR L 0T VB R, VEH I S

[ Author contributions ]

Li XT designed the study, performed the ex-

periments and analyzed the data. Cai CY participated in experiment im-

plementation and data collection. Jiang L, Lu ZC revised the article.

Yu H provided research ideas, participate in project planning, data anal-

ysis and paper polishing. All authors read and approved the final manu-

script as submitted.

[10]

&% 3k
Zarone F, Di Mauro MI, Ausiello P, et al. Current status on lithium
disilicate and zirconia: a narrative review[J]. BMC Oral Health,
2019, 19(1): 134. doi: 10.1186/512903-019-0838-x.
Polat OD, Eyiiboglu TF, Ozcan M. Survival and complication rates
of polymer-infiltrated ceramic-network single - tooth restorations
with an observation period of up to three years[J]. Eur J Prostho-
dont Restor Dent, 2024, 32(4): 392 -397. doi: 10.1922/EJPRD_
2525Polat06.
Deeb JG, Grzech-Lesniak K, Brody ER, et al. Erbium laser-as-
sisted ceramic debonding: a scoping review[J]. J Prosthodont,
2022, 31(9): €100-e124. doi: 10.1111/jopr.13613.
Cai P, Zhuo Y, Lin J, et al. Er: YAG laser removal of zirconia
crowns on titanium abutment of dental implants: an in vitro study
[J]. BMC Oral Health, 2022, 22(1): 396. doi: 10.1186/s12903-022-
02427-4.
?K'%b‘i,?ﬁﬂ,;ﬁﬂ T AR R IB TR R A AN IR 2
BE-EA G REM]. DEBORPTIR, 2021, 29(7): 456-461.
doi: 10.l2016/j.issn.2096—1456.2021.07.004.
Zhang Y, Hu DD, Huang HN, et al. Effect of different treatments
of highly translucent zirconia on the bonding strength between zir-
conia and veneering porcelain[J]. J Prev Treat Stomatol Dis, 2021,
29(7): 456-461. doi: 10.12016/j.issn.2096-1456.2021.07.004.
Deeb JG, Skrjanc L, Kanduti D, et al. Evaluation of Er: YAG and
Er, Cr: YSGG laser irradiation for the debonding of prefabricated
zirconia crowns|J]. Adv Clin Exp Med, 2021, 30(1): 7-15. doi:
10.17219/acem/127686.
Laky M, Toth P, Laky B, et al. Optimized erbium-doped yttrium
aluminum garnet (Er: YAG) laser parameters for the removal of
dental ceramic restorations[J]. Materials(Basel), 2023, 16(17):
5835. doi: 10.3390/mal6175835.
Deeb JG, Grzech-Lesniak K, Bencharit S. Evaluation of the effec-
tiveness and practicality of erbium lasers for ceramic restoration
removal: a retrospective clinical analysis[J]. PLoS One, 2023, 18
(12): €0295957. doi: 10.1371/journal.pone.0295957.
Jiang L, Li XY, Lu ZC, et al. Er: YAG laser settings for debonding
zirconia restorations: an in vitro study[J]. ] Mech Behav Biomed
Mater, 2024, 151: 106331. doi: 10.1016/j.jmbbm.2023.106331.
Abdel Sadek HM, Abdel Khalek AM, Wahsh MM. The effect of

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Er, Cr: YSGG laser debonding on the bond strength of two ceramic
materials to dentin[J]. BMC Oral Health, 2023, 23(1): 17. doi:
10.1186/512903-023-02721-9.

Zortuk M, Gumus HO, Kilinc HI, et al. Effect of different provi-
sional cement remnant cleaning procedures including Er: YAG la-
ser on shear bond strength of ceramics[J]. J Adv Prosthodont,
2012, 4(4): 192-196. doi: 10.4047/jap.2012.4.4.192.

Bavbek AB, Goktas B, Sahinbas A, et al. Effect of different me-
chanical cleansing protocols of dentin for recementation proce-
dures on micro-shear bond strength of conventional and self-adhe-
sive resin cements|J]. Int J Adhes Adhes, 2013, 41: 107-112. doi:
10.1016/j.ijadhadh.2012.10.012.

Yang H, Chen R, Attin T, et al. Repolishing in situ eroded CAD/
CAM restorative materials and human enamel[J]. ] Mech Behav
Biomed Mater, 2021, 113: 104125. doi: 10.1016/j.jmbbm.2020.104125.
Liu X, Jiang X, Xu T, et al. Investigating the shear bond strength
of five resin-based luting agents to zirconia ceramics[J]. J Oral Sci,
2020, 62(1): 84-88. doi: 10.2334/josnusd.18-0480.

Freeman R, Varanasi S, Meyers IA, et al. Effect of air abrasion
and thermocycling on resin adaptation and shear bond strength to
dentin for an etch-and-rinse and self-etch resin adhesive[J]. Dent
Mater J, 2012, 31(2): 180-188. doi: 10.4012/dmj.2011-146.

Nahas P, Zeinoun T, Namour M, et al. Effect of Er: YAG laser en-
ergy densities on thermally affected dentin layer: morphological
study[J]. Laser Ther, 2018, 27(2): 91-97. doi: 10.5978/islsm. 18-
OR-07.

Sfondrini MF, Pascadopoli M, Gallo S, et al. Effect of enamel pre-
treatment with pastes presenting different relative dentin abrasiv-
ity (RDA) values on orthodontic bracket bonding efficacy of micro-
filled composite resin: in vitro investigation and randomized clini-
cal triallJ]. Materials(Basel), 2022, 15(2): 531. doi: 10.3390/
mal5020531.

Maleki T, Meinen J, Coldea A, et al. Mechanical and physical
properties of splint materials for oral appliances produced by addi-
tive, subtractive and conventional manufacturing[J]. Dent Mater,
2024, 40(8): 1171-1183. doi: 10.1016/j.dental.2024.05.030.
Younis M, Unkovskiy A, Drexler T, et al. The impact of non-ther-
mal plasma on the adhesion of polyetherketoneketone (PEKK) to a
veneering composite system[J]. J Mech Behav Biomed Mater,
2020, 112: 104065. doi: 10.1016/j.jmbbm.2020.104065.
Joukhadar C, Osman E, Rayyan M, et al. Comparison between dif-
ferent surface treatment methods on shear bond strength of zirco-
nia (in vitro study)[J]. J Clin Exp Dent, 2020, 12(3): ¢264-¢270.
doi: 10.4317/jced.56242.

Grzech-Lesniak K, Bencharit S, Skrjanc L, et al. Utilization of Er:
YAG laser in retrieving and reusing of lithium disilicate and zirco-
nia monolithic crowns in natural teeth: an in vitro study[J]. Appl
Sei, 2020, 10(12): 4357. doi: 10.3390/app10124357.

Levartovsky S, Ferdman B, Safadi N, et al. Effect of silica-modi-
fied aluminum oxide abrasion on adhesion to dentin, using total -
etch and self-etch systems[J]. Polymers(Basel), 2023, 15(2): 446.
doi: 10.3390/polym15020446.



A& mbia

2025 3H ¥33% FE3H

Journal of Prevention and Treatment for Stomatological Diseases, Mar. 2025, Vol.33 No.3  hitp://www.kqjbfz.com

+ 202 -

[24]

[26]

[27]

[28]

[29]

[30]

Iglesias A, Flores T, Moyano J, et al. In vitro study of shear bond
strength in direct and indirect bonding with three types of adhe-
sive systems[J]. Materials(Basel), 2020, 13(11): 2644. doi:
10.3390/mal3112644.

Comino-Garayoa R, Pelaez J, Tobar C, et al. Adhesion to zirconia:
a systematic review of surface pretreatments and resin cements|J].
Materials(Basel), 2021, 14(11): 2751. doi: 10.3390/ma14112751.
Falcon Aguilar M, Ferretti MA, Lins RBE, et al. Effect of phytic
acid etching and airborne-particle abrasion treatment on the resin
bond strength[J]. Clin Cosmet Investig Dent, 2024, 16: 191-199.
doi: 10.2147/CCIDE.S456826.

de Oliveira MT, de Freitas PM, de Paula Eduardo C, et al. Influ-
ence of diamond sono-abrasion, air-abrasion and Er: YAG laser ir-
radiation on bonding of different adhesive systems to dentin[J].
Eur J Dent, 2007, 1(3): 158-166.

Koodaryan R, Hafezeqoran A, Khakpour Maleki A. The effect of
resin cement type and cleaning method on the shear bond strength
of resin cements for recementing restorations[J]. J Adv Prostho-
dont, 2017, 9(2): 110-117. doi: 10.4047/jap.2017.9.2.110.

Santi MR, Lins RBE, Sahadi BO, et al. Evaluation of pretreat-
ments on intra - radicular dentin bond strength of self - adhesive
resin cements|J]. J Esthet Restor Dent, 2022, 34(7): 1051 -1059.
doi: 10.1111/jerd.12922.

Kiryk J, Matys J, Grzech-Lesniak K, et al. SEM evaluation of tooth
surface after a composite filling removal using Er: YAG laser,
drills with and without curettes, and optional EDTA or NaOCI con-
ditioning[J]. Materials(Basel), 2021, 14(16): 4469. doi: 10.3390/
mal4164469.

Curylofo-Zotti FA, Scheffel DLS, Macedo AP, et al. Effect of Er:
YAG laser irradiation and chitosan biomodification on the stability
of resin/demineralized bovine dentin bond[J]. ] Mech Behav

Biomed Mater, 2019, 91: 220 - 228. doi: 10.1016/j.

[31]

(321

(33]

[34]

[35]

jmbbm.2018.12.022.

Walinski CJ, Ou KL. Resin cement removal from titanium dental
implant surface using a novel side - firing laser fiber and Er, Cr:
YSGG irradiation [J]. Am J Dent, 2020, 33(4): 178-182.

Madrigal EL, Tichy A, Hosaka K, et al. The effect of curing mode
of dual-cure resin cements on bonding performance of universal
adhesives to enamel, dentin and various restorative materials[J].
Dent Mater J, 2021, 40(2): 446-454. doi: 10.4012/dmj.2020-077.
Perdigdo J. Current perspectives on dental adhesion: (1) dentin ad-
hesion-not there yet[J]. Jpn Dent Sci Rev, 2020, 56(1): 190-207.
doi: 10.1016/j.jdsr.2020.08.004.

Abdou A, Hussein N, Kusumasari C, et al. Alumina and glass -
bead blasting effect on bond strength of zirconia using 10-methac-
ryloyloxydecyl dihydrogen phosphate (MDP) containing self-adhe-
sive resin cement and primers[J]. Sei Rep, 2023, 13(1): 19127.
doi: 10.1038/s41598-023-46548-4.

Tohidkhah S, Kermanshah H, Ahmadi E, et al. Marginal microle-
akage and modified microtensile bond strength of activa bioactive,
in comparison with conventional restorative materials[J]. Clin Exp

Dent Res, 2022, 8(1): 329-335. doi: 10.1002/cre2.534.
(4m5E  HKHF)

(Ome

This article is licensed under a Creative Commons

Open Access

Attribution 4.0 International License.
Copyright © 2025 by Editorial Department of Journal of

Prevention and Treatment for Stomatological Diseases


https://creativecommons.org/licenses/by/4.0/



