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[Abstract] Objective The antibacterial properties and bonding strength of 3M orthodontic adhesive resin modified
by chlorhexidine acetate (CHA) composite mesoporous silica were investigated. Methods CHA with different mass
fractions was encapsulated in mesoporous silica nanoparticles (MSNs) (denoted CHA@MSNs). Fourier transform infrared
spectroscopy (FTIR) and scanning electron microscopy (SEM) were used to characterize the samples. The 3M Z350XT
flow resin was divided into 4 groups: group A: 3M+CHA@MSNs (0%); group B: 3M+CHA@MSNs (3%); group C: 3M+
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CHA@MSNs (5%); and group D: 3M+CHA@MSNs (6.4%), with mass scores of 0%, 3%, 5%, and 6.4%, respectively.
The shear strength of the modified adhesive was tested by a universal electronic material testing machine, the adhesive
residue was observed by a 10 X magnifying glass, and the adhesive Remnant index (ARI) was calculated. The four
groups of modified adhesives were cultured with Streptococcus mutans. The ODsy value of the bacterial solution was mea-
sured by a spectrophotometer, and the amount of plaque attachment was observed by scanning electron microscopy to
evaluate the antibacterial performance of the adhesives. Results Infrared spectroscopic analysis of CHA@MSNs
showed that CHA was successfully loaded onto MSNs. Under scanning electron microscopy, it could be seen that, after
Cha was combined with MSNs, the structure of MSNs changed, as the boundary was fuzzy and aggregated into a layered
structure. A comparison of shear strength revealed a statistically significant difference between the groups containing
CHA@MSNs and the groups without CHA@MSNs (P < 0.05). The value of the shear strength in group D decreased the
most, while there was no statistically significant difference between group B and group C (P > 0.05). There was no statis-
tical significance across all groups (P > 0.05), suggesting that the addition of CHA@MSNs had little effect on the brack-
et shedding. The ODsy value of bacterial fluid indicated that the difference among groups A, B and C was statistically

significant (P < 0.05), and the antibacterial effect of group C was the best; there was no statistically significant differ-

ence between group C and group D (P > 0.05). Conclusions

Therefore, adding 5% CHA@MSN antibacterial agent sig-

nificantly improved the antibacterial effect and did not affect the bond strength.
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SHEEBR B A, A 4 CUKHE % 7R 30 min, 75 BHI
BB AR CHLF R 10001 ), 7ETH IR 52
R FRAE R R 3% IR M 37 °C B5 34K 180 r/min,
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LR, L P <0.05 , £RE R EE ST

2 &F R
2.1 5B etirsh ik oA 4

MSNs by BT () S AL ik 4544, 76 1 082 em™
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Figure 1

AR FPAR G AL, AT Z 18] S ER BN 70 W . 4 CHA
5 MSNs 2545 Jr , FLEi ) e Ao AR Ak, B R S A
HRENJZARGEH , nT REJE i T CHA W Fff T MSNs
MALEiz b WA 2,

—— MSNs MSN is a typical silica structure, and the characteristic peak of the Si-O-Si group
appears at 1 082 cm™'. After CHA and MSNs were mixed, the characteristic ab-
sorption peak of -C = N-appeared at 3 326.5 cm . The characteristic absorption
peak of -CH2- appeared at 2 927.7cm™ and 2 854.7 cm™', and the characteristic
peak of MSNs also appeared in the CHA@MSNs infrared spectrum, indicating
that CHA was successfully loaded onto MSNs. MSNs: mesoporous silica nanopar-
ticles; CHA: chlorhexidine acetate

Infrared spectroscopic analysis of CHA@MSNs

CHA@MSNs Y ZT 411635 5347 18]

a: MSNs, SEM X 5 000; b: CHA@MSNs,
SEM X 5 000; ¢: MSNs, SEM x 30 000; d:
CHA@MSNs, SEM x 30 000. The structural
characteristics of MSNs under scanning elec-
tron microscopy were as follows: MSNs clus-
ter into long rod-like structures, with distinct
boundaries between long rods. When CHA
was combined with MSNs, its structure
“““““““ changed to a fuzzy boundary and layered
structure. CHA@MSNs: CHA was encapsu-
lated into MSNs. MSNs: mesoporous silica
nanoparticles; CHA: chlorhexidine acetate;
SEM: scanning electron microscopy

Figure 2 SEM images of MSNs and
CHA@MSNs

2 MSNs 5 CHA@MSNs 9 #ifi

““““ 00U %’% Fé—]

2.4 &8 ARI#H4 b3k

TE TR NN [R) 5% 2 43 #2 CHA@MSNs J5 , 2 Fill
Jo % 1A R HE R AR B 22 R AT L HA
HH KGRI AR B B R 20 A T 3 4 2 ] FE A
ASTA] 5 2 43 # i) CHA@MSNs Ji , HORG 12 590 5% 8 1
B FRE. WLk2,
25 TR E AR L

A 7R SRR R B B0, HIE S A
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Table 1 ~ Comparison of the shear strength of the orthodontic

adhesive brackets x+s

Group(n=12) Shear strength/MPa

Group A 12.339 + 1.570
Group B 7.542 + 1.397"
Group C 7.626 = 1.243"
Group D 5.847 + 1.950"
F 38.254

P <0.001

CHA@MSNs: CHA was encapsulated in MSNs; MSNs: mesoporous sili-
ca nanoparticles; CHA: chlorhexidine acetate; Group A: 3M +
CHA@MSNs (0%); group B: 3M + CHA@MSNs (3%); group C: 3M +
CHA@MSNs (5%); group D: 3M+CHA@MSNs (6.4%); a: compared with
group A, P <0.05; b: compared with group B, P <0.05; ¢: compared
with group C, P <0.05

U], 240 e R4 Ay B ¥, E Jin A CHA@MSNs Ji , A i
B.C.D 41 5 i, JE AR, B 2 40 i
PN T 20 LRSS, A R TR A T, B . T
K3,
2.6 B4R & ODspll b

7S ) CHA@MSNS (1) 5T £ 0 BI0ER R, A48 5 4%
ERTA Y ODsio fH /N, B .C.D =4 ODs.o fH 5 A
WA, Z R BRI E X (B4 :P=0.037;C
H:P<0.001;D4H:P<0.001), 5B, 7E
C.D AN ODso {235 T, 27 HA 50
HEN(CH:P=0018;D4H:P= 0.010), i B.C
MWAHE, ZR LSt EX(P=0934), W
%3,

W2 A LLIERDRE LR 0K 50 5% B 4 LR

Table 2 Comparison of ARI of orthodontic adhesives in each group n(%)
G (n=12) ARI value 7 p
roup\n 0 1 2 3
Group A 1(8.3) 1(8.3) 4(33.3) 6(50)
Group B 2(16.7) 3(25) 4(33.3) 3(25)
0.492 0.891

Group C 3(25) 1(8.3) 4(33.3) 4(33.3)

Group D 2(16.7) 1(8.3) 5(41.7) 4(33.3)

Group A: 3M+CHA@MSNs (0%); group B: 3M+CHA@MSNs (3%); group C: 3M+CHA@MSNs (5%); group D: 3M+CHA@MSNs (6.4%); ARI: adhesive

remnant index; CHA@MSNs: CHA was encapsulated in MSNs; MSNs: mesoporous silica nanoparticles; CHA: chlorhexidine acetate

3 3 i
I 2 B IR W S BCR W AR U R B H O

J T A R X R, DT 7 0 P o] A B 58 4 A
AT BIF 5T 3R W AR IR 7 2 -5 2 R A 5 1Y 1 Js Bk

a: 3M+CHA@MSNs (0%); b: 3M+CHA@MSNs (3%);
¢: 3M + CHA@MSNs (5% ); d: 3M + CHA@MSNs
(6.4%). The colonies of Streptococcus mutans in the
3M + CHA@MSN (0% ) group were relatively dense,
with regular morphology and smooth membranes. Af-
ter the addition of CHA@MSNs, the colonies were
sparse and irregular in morphology, with the loss of
cell contents. The cell membrane was relatively shriv-
eled and wrinkled. CHA@MSNs: CHA was encapsulat-
ed into MSNs. MSNs: mesoporous silica nanoparticles;
CHA: chlorhexidine acetate

Figure 3 Electron microscopy images of each
group of Streptococcus mutans biofilms (X 2 000)
3 A% 4R S R BR T LR W I A v B 1A
(x2000)
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T3 AL EEERTE B ODsw {EL 1Y LLER

Table 3 Comparison of ODsi value of Streptococcus mutans in

each group X*s

Group (n = 12) ODsy value
Group A 1.106 + 0.299
Group B 0.905 + 0.157*
Group C 0.676 + 0.197"
Group D 0.653 + 0.235"
I 10.483

P <0.001

Group A: 3M+CHA@MSNs(0%); group B: 3M+CHA@MSNs(3%); group
C: 3M+CHA@MSNs(5%); group D: 3M+CHA@MSNs(6.4% ); a: com-
pared with group A, P <0.05; b: compared with group B, P <0.05;
CHA@MSNs: CHA was encapsulated in MSNs; MSNs: mesoporous sili-

ca nanoparticles; CHA: chlorhexidine acetate

AR R AR TR, X I R R 4 7 el
P IO A DR IE HCORG $22 5 B8 (W AU HR T, 4 200 B A TR
Je| FEDAY B a5k /0 R ol s R E AR A

A E N R mEER, e — M b
A= 3R, FEAE FHAIL I Sk A R F82E W A M . 5
COER 5k BRSSO RRY &
J5 AT AEMEVE SR EE S b, TS BN S 12 hy
TEARVRJE T, & O & 32 Ca I Mg™ 11 46 LA
T 40 e BE v KR A 2, DTG 7 AR P R AR
SO B OB BT N T O R A

R ER R IR h M A A O e &
S B i ORG E 0R R R L6 K B W B 2 RN
CHA BTG I L2 FLR T, H A O 5 Ik & X
REHL S BRI R IR, A FL SR AR FLAR
KAL) (AF 2 ~ 50 nm) L S FLER R ALY
DA K e B AR s AR A, T SR R e L SRR
BT, DA b i ke H B R S oL 245 1 Ak
A

ARSI BEREKG CHA T2k F MSNs i, TR e85
Ao e AR Ac e, JmHE=FhEcE
oy Tt/ i 5 52 F MSNs (A 50 O a2
VS T, FH) B 7 544 oA B/ MSNs T i 10T
FCA, T A AR S O A2 4 T B K, MSNs L
HARZ R 1 mm, AR F K72, CHA 22 % T
P, K PR O A, 7E MSNs 112k CHA Z 5 %5
Sy M Hh 1 T SO TR AW I A R R L R b
RIEHCRAE

A SZEG B A BB T CHA@MSNs e 4]

A3, AT 8T UIsR BN B . 7 CHA@MSNs B
[T 5 53 BN 6.4% ), FLBT YT 58 B 2 (5.847 £ 1.950)
MPa, 1fii 7 ~ 9 MPa 2y IF B 518 RS $22 B 75 24 1 5
DIsmEEt LT AN I AORS B2 285K, 1 i i 43 4K
“H 5% 1) CHA@MSNS (1) 59 D)5 4 (7.626 + 1.243)
MPa, A] LA 2 I R 75 22

ARIPE43 RE A 5 A0 Rl o % 1 1 3% B R 422541
TSNS ) o H 43 B0 CHA@MSNss 52 56 21 55 %6 HE 2
) ARTH2r EEAERLE2 0 532 0], A &
ML) CHA@MSNs AN 23 5% i FEAE 18 75 J5 2 1 1)
AR 43, 7 DAAE L BRATAE B, AN 23 38 46149 4 b
Jo B4 IR

FEF 5 L BE T R AR S R R R 2 000 £, AT
PIEE B E A CHA J5 |, 48 53 8 BR B 25 & 42 K
A% U] CHA I INAH — € BB AEH o F 1w B
Ay B ) 8 ) A A R R R ) S ) A B R AL
A EAE IR . R AR Ak 1 518
FHF, 6 EHEF FEAIER AR T AR
(Y PR DA e HoAt A e A Joe ™ o 7% S R 0 W 1Y)
W JRE I A% il A1l 5 11 €0 8 K TR A B R T 45 5 T
B R R BE

A SRR R A R A5 T RE T AP
U TR B A W REE 4 TR I i F IR R, CHA ()
TIUACRT LA R JC G B A P 6 3 e 30 AN ] o
5385 CHA@MSNSs 20 T8 W ODsio B 7T DA [] 422 1l 52
WA RS 2 7 BT B o ODsio [HL RN FEAS B BT
M, I Z M R R . ODsi fB T R
] bl % CHA@MSNSs 1A, H BT 5 1 6E B 2 4
o YA CHA@MSNs T 50 50N 6.5% | 5%Ht ()
PR PERERAT , Wi 25 S RG24 3L

25 b BT iR, 3% CHA@MSNs 5 5% CHA@MSNs
Y HE 6 I PR RS £ 38 B, {H 5% CHA@MSNs i 1
B T 3% CHA@MSNSs ., 111} 5% . 6.4% Ji 1 73 %1
) CHA@MSNs #1171 24 g 4L 4F , {H 6.4% CHA@MSNs
ANBE T K PRAS H250 BE 225K . 5%CHA@MSNs 7E 7
SRS HESR B IR LT LB TR R AP, H R BRIE
FE S, 2 Fely 045040 100 AU AS 2 35 0 o AR SE R
CHA@MSNs MRS #2550 T FEAE 09 G 2 441 1T g
P (HHAE R AR IE A FF 9T
[Author contributions] Deng WZ collected, processed and ana-
lyzed the data and wrote the article. Tian Xu TY collected the referenc-
es. Li XW and Dong W collected, processed and analyzed the data. Li-
ang Y(Q designed the study and reviewed the article. All authors read

and approved the final manuscript as submitted.



b

ARREmE 2022438 $£30%5 $3H
+ 184 +  Journal of Prevention and Treatment for Stomatological Diseases, Mar. 2022, Vol.30 No.3 http://www.kqjbfz.com
&% 30k [12] Fahim A, Himratul- Aznita WH, Abdul-Rahman PS. Allium-sati-

[11  Khoroushi M, Kachuie M. Prevention and treatment of white spot vum and bakuchiol combination: a natural alternative to chlorhexi-
lesions in orthodontic patients[J]. Contemp Clin Dent, 2017, 8(1): dine for oral infections?[J]. Pak J Med Sci, 2020, 36(2): 271-275.
11-19. doi: 10.4103/ccd.ced_216_17. doi: 10.12669/pjms.36.2.1457.

[2]  Cosma LL, Suhani RD, Mesaros A, et al. Current treatment modali- [13] Brookes Z, Bescos R, Belfield LA, et al. Current uses of chlorhexi-
ties of orthodontically induced white spot lesions and their out- dine for management of oral disease: a narrative review[J]. J Dent,
come-a literature review[J]. Med Pharm Rep, 2019, 92(1): 25-30. 2020, 103: 103497. doi: 10.1016/j.jdent.2020.103497.
doi: 10.15386/cjmed-1090. [14]  James P, Parnell C, Whelton H. The caries - preventive effect of

[3]  Richards D. Chlorhexidine mouthwash plaque levels and gingival chlorhexidine varnish in children and adolescents: a systematic re-
health[J]. Evid Based Dent, 2017, 18(2): 37-38. doi: 10.1038/sj. view|J]. Caries Res, 2010, 44(4): 333-340. doi: 10.1159/000315346.
ehd.6401232. [15] Deligeorgi V, Mjor 1A, Wilson NH. An overview of reasons for the

[4]  Vallet-Regi M, Ramila A, Real R, et al. A new property of MCM- placement and replacement of restorations[J]. Prim Dent Care,
41: drug delivery system[J]. Chemistry of Materials, 2000, 13(2): 2001, 8(1): 5-11. doi: 10.1308/135576101771799335.

308-311. doi: 10.1021/cm0011559. [16] Narayan R, Nayak UY, Raichur AM, et al. Mesoporous silica

[5]  Zhang JF, Wu R, Fan Y, et al. Antibacterial dental composites nanoparticles: a comprehensive review on synthesis and recent ad-
with chlorhexidine and mesoporous silica[J]. ] Dent Res, 2014, 93 vances|J]. Pharmaceutics, 2018, 10(3): 118. doi: 10.3390/pharma-
(12): 1283-1289. doi: 10.1177/0022034514555143. ceutics10030118.

[6]  Cheng HY, Chen CH, Li CL, et al. Bond strength of orthodontic [17] Hoang TT, Cao VD, Nguyen T, et al. Functionalized mesoporous
light-cured resin-modified glass ionomer cement[J]. Eur J Orthod, silica nanoparticles and biomedical applications|J]. Mater Sci
2011, 33(2): 180-184. doi: 10.1093/ejo/cjq056. Eng C Mater Biol Appl, 2019, 99: 631-656. doi: 10.1016/j.msec.

[7]  Melo MA, Wu J, Weir MD, et al. Novel antibacterial orthodontic 2019.01.129.
cement containing quaternary ammonium monomer dimethylami- [18] Sharma S, Tandon P, Nagar A, et al. A comparison of shear bond
nododecyl methacrylate[J]. J Dent, 2014, 42(9): 1193-1201. doi: strength of orthodontic brackets bonded with four different orth-
10.1016/j.jdent.2014.07.006. odontic adhesives|J]. ] Orthod Sci, 2014, 3(2): 29-33. doi: 10.4103/

[8]  Montasser M, Drummond JL. Reliability of the adhesive remnant 2278-0203.132892.
index score system with different magnifications[J]. Angle Orthod, [19] Diaz PIL. Microbial diversity and interactions in subgingival bio-
2009, 79(4): 773-776. doi: 10.2319/080108-398.1. film communities|J]. Front Oral Biol, 2012, 15: 17 - 40. doi:

[9]  Wang SP, Ge Y, Zhou XD, et al. Effect of anti-biofilm glass-iono- 10.1159/000329669.
mer cement on Streptococcus mutans biofilms[J]. Int J Oral Sei, [20] Koo H, Andes DR, Krysan DJ. Candida-streptococcal interactions
2016, 8(2): 76-83. doi: 10.1038/ijos.2015.55. in biofilm-associated oral diseases|J]. PLoS Pathog, 2018, 14(12):

[10] Reichardt E, Geraci J, Sachse S, et al. Qualitative and quantitative €1007342. doi: 10.1371/journal.ppat.1007342.
changes in the oral bacterial flora occur shortly after implementa- (4R4E RAE%,GEEX)
tion of fixed orthodontic appliances[J]. Am J Orthod Dentofacial

[E=sE
Orthop, 2019, 156(6): 735-744. doi: 10.1016/j.ajodo.2018.12.018. e
[11] Cieplik F, Jakubovics NS, Buchalla W, et al. Resistance toward ﬁ%

chlorhexidine in oral bacteria-is there cause for concern?[J]. Front

Microbiol, 2019, 10: 587. doi: 10.3389/fmich.2019.00587.



