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[Abstract] Objective To study the effect of nonthermal argon atmospheric pressure plasma (NTAPP) treatment on
the bonding strength between dentine and self-etch adhesive and the wettability of dentine surfaces under different treat-
ment times. Methods The plasma jet was operated at an input power of 9 W. Argon was used as the operating gas at a
flow rate of 5 L/min. The dentin surface was exposed to the plasma jet (n=6) for various times (0, 5, 10, 15, 20 s). After
a one-step self-etch adhesive (S3 Bond) was applied to the treated dentine surface, microtensile bonding specimens were
made, and the microtensile bonding strength was tested. Then, the dentine surface contact angles were measured after
NTAPP treatment for 5, 10, 15, and 20 s with the same gas flow rate and input power described above. Results Along
with the NTAPP treatment time, the dentin immediate bonding strength was significantly increased. The 15 s group
showed significantly elevated bonding strength (31.82+2.80 MPa) in contrast to the other groups. The contact angles of

(Wefs BHA) 2022-07-14; [1&[E HHEA) 2022-08-23

(E£WB ) BRARBEIL LT FH (81701014) 5 FE R R K2 AL AIH AL N ZR 350 5 (202011840006 ) 5 B PG 44 244 41T
BN ZE 314135 H (5202011840006 ) 5 P4 %2 P2 2% B K 2% A= BFT B DI i) 358 H (121520006 )

[@IE1EE] T/, 405, 1, Email : kqwangdy@xiyi.edu.cn , Tel : 86-13572478558



b

AiRE&EMKEAE 2023F 18 $£31% F1H

<24 - Journal of Prevention and Treatment for Stomatological Diseases, Jan. 2023, Vol.31 No.l http://www.kqjbfz.com

each experimental group significantly decreased compared with the contact angles of the negative control group (75.57°+
1.45°). The contact angles decreased the most to 33.56°+2.14° with NTAPP treatment for 15 s, and its wettability was
the highest. Conclusion NTAPP treatment can significantly increase the wettability of the dentin surface and improve
the adhesive strength of the adhesive interface with self-etching adhesive, which is also related to the treatment time.

[ Key words] nonthermal atmospheric pressure plasma; argon; self-etch adhesive systems; dentin; bonding in-
terface; bonding strength; contact angle;  wettability
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Figure 1 Schematic diagram of the argon nonthermal
atmospheric pressure plasma experimental setup
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Figure 2 Photographs of the contact angle of dentin surface in different NTAPP treatment time
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3 3t i

TE 18,50 W g 28 ) T (TR 6 2 0B 6
RS A TR 2 O AL . 35 TS )2 02 D) AR
IR B 5 A HLR AL i i 52 5 2, 28 [
R FE 8 A Il R IR 35 S8 P AR /NS TRl
Kid% R G LA R L PR35S )2 |, R oF A i R 2
JBRAT, A 2 A I e B 1 3 I A S R IR B 3 1)
IR PEAEIRA B R NG B AR R 2 F
THFATT . ARRMRE R g, iR
AR AT o A ) B & A o R Ak B R R
%o (HiZ RS J7 78 2 R T AR TS Tl RN 38 i
WiV IR B0K AR, i AR Z K AN, b5
W — ZIREMIR AR . AR —Fh g wp 2
R, PRI B RS 42 550 1) Tk S R RRAIG, R A TS
Bl bR AR BN TR R R FE RS, BRIk
K ZH A TR RS 322390 0 R 22 58 B O A o o

R RE R 218 2, A L BRI T 22 3RS
BE R A TR B B 0 G B 3l O R T A BEE R
RBRBAB M5 2 TANE R 2 AT, A F
TR hORS 2 BAR B BRI |, DT — 20 4
AR R R . HETE 2R T rdl g,
B IR K B T A T T TE R N R Bk T
JZ . NTAPP 2 —Fi I | =5 2% B LR 9 2 1 75 3
FOR  ATAEI R IR B T A IR E TR ™ A
W s A AL, HAT, 2L T NTAPP (9 2 BH;
FALTE AR R kot A 15 25 1 2 R YT &
WS E = N

ARSI 25 R R, NTAPP 40 3 A] D) 5 3 48
FAJE S [ R UK R S0 00 B Z0RG R0 B, L
PG E b A5 R — 3 ARSI ) T kA
W 24 PR SR BE 0N 0, IR A GETT A5 R A
IARAS RS Lo B (E AR . NTAPP AR5 s /5, 1k
P AHORG H2 08 R € 0 3 = T B X B B A A B

B[] SE <, SR foRl B2 B Ak 221 &, 2 15 s 3
) fe i {H, AL FE 20 s J5 RS A BRI, (9473 3% = T
PEXTHRZH . B 56, NTAPP &b P 5o o 36 o 4 Jit %
THI A SR 7K PR R 1, 5 R 2 s s B
UK, NTAPP 4b H 0] D[] 25 4% Joft 4 1 51 AR 3k ok
FLEF AR I S T R S AR S
Kidem 2z m A @M EER. 515 s 4041,
NTAPP &b 3 20 s J5 £ fil /) 5l 25 T =5, TR ARG £2
558 5 I RRAIG, 1T BB 5 28 AR I 3 i 3 8 Ah B 08
SEARIE BB IRA T AR AT R A R T
UESE, NTAPP Ab# ELAT MU A, 7638 B A S 505
PR, AT RO I F AR T A R RS B R 4
(R RS T2 560 B R B 1 A ME R B DR A AL B R . (H
NTAPP &b 3 25 74 53 b (i) 3 K, 25 PRk i B R BR 4K
VRPN =i IR AR OS2 & TR R O VR R
I .

ARSI LE R B, B NTAPP b B[] 48 4
A T 2 T A S T R R A T A AR
BT IR . NTAPP ALFR 5 s J5 , 42 il £ 5 35
REAIG, A3 15 s 5, 2 ik 1 B8 4R B A5 AIG , AL 1
5 8 A o Fe AL 2 o AR A DG . — D7 T,
NTAPP 38 i+ i YR58 B b4 kb i C-C BN C-H 8, 1
2 b o b B B SR e B FRAIG, T O B
T, O/C HE AR 2 R34 T, 356 55 2 B 3% T8 19 7 4
e pEIE A 7 55 —TJ5 1, NTAPP & 22 W1 a] | J7 1
(4n o N)#EA R, FBOE Bubk M3, st
e JH R S AT 3 26 R AT DL X R =X R ) 2 T
At , DI RE 08 B 4 4tb 55 LA AR5 &, 44 Vi W
Ve, HEHRE, 55 T NTAPP 5, I A R M HY C-0
FEA i 0 22 | T i 3 ek R e

TEAS ST 72 4 NTAPP (1 2514 F , die A4k B}
[ 415 s, 8 T LUFEDF 5 RIE (30 s) . X AT HES
ARBFTE A TIR A 9 WA, i T Hofth 2735 1 i
FUPR(2 ~3 W), FHA SR A 4a% . h T
RAIC NTAPP &b B (1) B0 T 52 W), A 15480 4 K 152 4 o
W 5 2F 1fi ) 9 BE B 585 A 30 mm, B AR 5 S
BE (10 mm) ", ARSI h i S84 T
NTAPP {2 S [a] , 55 1l RERAE , I sk 20t
TN R A JT A 52 )

25 I, NTAPP &b B R A5 850036 28 A J5 4% 1 (1)
TEREE 45 R R AR TR B B e ), 5 B
FRThRG 3 RG0S5 F AR R 08 B . NTAPP feik
B AL ERRS [R] 4 15 s, (ERS 420 AR TS i — 2B IR A
/S



b

AiRE®KEE 2023FE 18 $£31% F1H

Journal of Prevention and Treatment for Stomatological Diseases, Jan. 2023, Vol.31 No.l  http://www.kqjbfz.com <27 -

[ Author contributions] Wang DY performed the experiments and
wrote the article. Liu ZR, Li X, Ding P and Wang LM analyzed the da-

ta. Xie N revised the article. All authors read and approved the final

manuscript as submitted.

[1]

(2

131

[4]

[5]

[6]

[7]

[8]

191

[10]

£% 0k
Wang DY, Wang P, Xie N, et al. In vitro study on non—thermal ar-
gon plasma in improving the bonding efficacy between dentin and
self—etch adhesive systems[J]. Dent Mater J, 2022, 41(4): 595-
600. doi: 10.4012/dmj.2021-215.
Chen MS, Zhang Y, Yao XM, et al. Effect of a nonthermal atmo-
spheric - pressure plasma brush on conversion of model self-etch
adhesive formulations compared to conventional photo-polymeriza-
tion[J]. Dent Mater, 2012, 28(12): 1232-1239. doi: 10.1016/j.den-
tal.2012.09.005.
FFHE, NG, B, 45 . SRR 3 TR A5 B TR A B o A
JR AR R RESE WA AR SMIEFE L], R P BE 27 2%, 2021, 56
(2): 182-189. doi: 10.3760/cma.j.cn112144-20200410-00203.
Wang DY, Wang P, Xie N, et al. In vitro study of nonthermal atmo-
spheric plasma (NTAPP) influencing the surface properties of den-
tin[J]. Chin J Stomatol, 2021, 56(2): 182-189. doi: 10.3760/cma.}].
¢n112144-20200410-00203.
Saikaew P, Sattabanasuk V, Harnirattisai C, et al. Role of the
smear layer in adhesive dentistry and the clinical applications to
improve bonding performance[]]. Jpn Dent Sci Rev, 2022, 58: 59-
66. doi: 10.1016/j.jdsr.2021.12.001.
Sebold M, André CB , Sahadi BO, et al. Chronological history and
current advancements of dental adhesive systems development: a
narrative review|[]J]. ] Adhes Sci Technol, 2020, 1-27. doi: 10.1080/
01694243.2020.1865611.
Perdigao 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.
De Munck J, Braem M, Wevers M, et al. Micro-rotary fatigue of
tooth-biomaterial interfaces[J]. Biomaterials, 2005, 26(10): 1145-
1153. doi: 10.1016/j.biomaterials.2004.04.013.
Nam SH, Choi BBR, Kim GC. The whitening effect and histologi-
cal safety of nonthermal atmospheric plasma inducing tooth
bleaching|J]. Int J Environ Res Public Health, 2021, 18(9): 4714.
doi: 10.3390/ijerph18094714.
Chandana L, Sangeetha CJ, Shashidhar T, et al. Nonthermal atmo-
spheric pressure plasma jet for the bacterial inactivation in an
aqueous medium[J]. Sci Total Environ, 2018, 640-641: 493-500.
doi: 10.1016/j.scitotenv.2018.05.342.
Lee JH, Jeong WS, Seo SJ, et al. Nonthermal atmospheric pressure
plasma functionalized dental implant for enhancement of bacterial
resistance and osseointegration[J]. Dent Mater, 2017, 33(3): 257-
270. doi: 10.1016/j.dental.2016.11.011.

[11]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

(19]

[20]

FH, R, Bl SRR R AU A5 g 1 R 4 B
Xof 5 R A AR S5 et 4 vk BE RS2 AT, Ll BE AR AR A2 3. 2020,
51(6): 572-576. doi: 10.13753/j.issn.1007-6611.2020.06.018.
Wang DY, Xie N, Lu L, et al. The influence of nonthermal helium
atmospheric plasma on dentin bonding of extracted teeth[J]. J
Shanxi Med Univ, 2020, 51(6): 572-576. doi: 10.13753/j.issn.1007
-6611.2020.06.018.

Chen MS, Zhang Y, Driver MS, et al. Surface modification of sever-
al dental substrates by nonthermal, atmospheric plasma brush[J].
Dent Mater, 2013, 29(8): 871 - 880. doi: 10.1016/j.dental.2013.
05.002.

Ritts AC, Li H, Yu Q, et al. Dentin surface treatment using a non-
thermal argon plasma brush for interfacial bonding improvement
in composite restoration[J]. Eur J Oral Sci, 2010, 118(5): 510-516.
doi: 10.1111/j.1600-0722.2010.00761 .x.

Stasic JN, Pficer JK, Milicic B, et al. Effects of nonthermal atmo-
spheric plasma on dentin wetting and adhesive bonding efficiency:
systematic review and meta - analysis[J|. J Dent, 2021, 112:
103765. doi: 10.1016/j.jdent.2021.103765.

Park C, Park SW, Yun KD, et al. Effect of plasma treatment and
its post process duration on shear bonding strength and antibacte-
rial effect of dental zirconia[J]. Materials (Basel), 2018, 11(11):
2233. doi: 10.3390/mal1112233.

Fricke K, Steffen H, von Woedtke T, et al. High rate etching of
polymers by means of an atmospheric pressure plasma jet|J]. Plasma
Process Polym, 2011, 8(1): 51-58. doi: 10.1002/ppap.201000093.
Zheng Y, Luo Y, Ruan Q, et al. Plasma-induced hierarchical amor-
phous carbon nitride nanostructure with two N2 C-site vacancies
for photocatalytic H,O, production|J]. Appl Catal B-En, 2022. doi:
10.1016/j.apcath.2022.121372.

Zhu XM, Guo H, Zhou JF, et al. Influences of the cold atmospher-
ic plasma jet treatment on the properties of the demineralized den-
tin surfaces|J]. Plasma Sci Technol, 2018, 20: 1-8. doi: 10.1088/
2058-6272/aaabbe.

Dong X, Ritts AC, Staller C, et al. Evaluation of plasma treatment
effects on improving adhesive -dentin bonding by using the same
tooth controls and varying cross-sectional surface areas|J]. Eur ]
Oral Sci, 2013, 121(4): 355-362. doi: 10.1111/e0s.12052.

Ayres AP, Bonvent JJ, Mogilevych B, et al. Effect of nonthermal at-
mospheric plasma on the dentin-surface topography and constitu-
ent and on the bond strength of a universal adhesive|[J]. Eur J Oral

Sci, 2018, 126(1): 53-65. doi: 10.1111/e0s.12388.
(H1E BAEL,BER)





