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Research progress of antibacterial agents used in dental resin composites
MAO Yuchuan'?, ZHANG Lusi'*, CHEN Hongyan'*, WANG Ruili'*, ZHU Meifang' "

(1. College of Material Science and Engineering, Donghua University, Shanghai 201620, China; 2. State Key Laboratory for
Modification of Chemical Fibers and Polymer Materials ( Donghua University) , Shanghai 201620, China)

Abstract: Dental caries is a prevalent chronic oral disease, which is mainly repaired by filling repair
materials. Dental resin composites have been widely used as dental restorative materials due to their excellent
esthetics and physical-mechanical properties. However, secondary caries is still a major reason of repair failure
in clinical applications. Therefore, it is necessary to develop functional dental composites with long-term
antibacterial effect by introducing antibacterial inorganic particles and/or antibacterial monomers. Currently, it
is mainly through adding antibacterial inorganic particles or antibacterial organic monomer in resin composite to
give material antibacterial properties. Based on the antibacterial mechanisms, the research progress of the
antibacterial properties and physicochemical properties of the above antibacterial agents on dental resin
composites is summarized, which demonstrates that most antibacterial agents can hardly balance the
mechanical properties, aesthetics, and antibacterial activity. Finally, the prospects for future development of
antibacterial dental resin composites are also discussed, which can make contributions to promote the
application of antibacterial agents in dental resin composite.
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Fig.2 SEM microspheres of inorganic fillers for dental resin
composites: (a) Si0, microspheres ™! ( Copyright
2012, Elsevier B. V. ); (b) urchin-like serried
hydroxyapatite!"® ( Copyright 2019, WILEY-VCH
Verlag GmbH & Co. KGaA, Weinheim)
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Table 1  Type and composition of antibacterial agents and the antibacterial activity of dental resin composites
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UDMA/TEGDMA
S. mutans
/EBPAMA T
Zhu 34 2019  Ag* @ ALK S. aureus CFU 4t HLHE > 90%
Bis—-GMA/UDMA
Ag”® E. coli
Bis—-GMA
A~Glass-CyCl F2fiih 30 min J5 CFU {H R AIC
Srivastava %0 2017 ST Bis-GMA/TEGDMA S mutans  CFU H4% A "
SD-Ag 3~ 4 DX ECERA
G S. aureus f 1(1)+me Ag NCs S5 fE
15— . N LR K. S aureus = 64.6% ;
ju (36) 2013 Ag NCs Lactobacill cru g '
Liu g Ls TEGDMA actobactius Gk Lactobacillus = 66.5% ;
E. coli E. coli = 69.1%
He [¥7) 2015 BRARIAK Si0, BR R4S E. coli CFU I #iE%E > 80%
R e
. . Bis—-GMA/ o -
ok Pej (38 2018 #HARAAL Si0, S. mutans CFUIHEL  HiR%E = 9%
TEGDMA/HEMA
Barot [3] 2020 HNT/Ag Bis—GMA/TEGDMA  S. mutans BV a0E MEEEA > 10 mm
: G , if/ SEA L 8 . % \
Ai 4] 2017  HA-PDA-Ag Bis—-GMA/TEGDMA . mutans ' HA-PDA-Ag-1. 0 MG HE R,
gt oHr
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Cheng (41] 2010 . S. mutans . .
JE A i TEGDMA Wi
- Ag(MCO)/ Bis-GMA/ 0.5 wt % S0
. wt. Y% 554
) N. Riddles [} 2014 Ag(PipCO) TEDGMA/ P. aeruginosa A} IEIGIEE *
i A R P. aeruginosa
SR UDMA
le (81 2017 Cak/Ag Bis=GMA/ s CFU L CFU {EI/b 3 4 B0a
Natale '+ . mutans P WD 3 ASXE AL
e SR A SR TEDGMA aid
S. mutans S. mutans: MIC = 125 pg/mL;
L Filtek™ Z350XT ) _ )
Dias (4! 2017  NHHHEER ZnO (3 Brazil) C. albicans MIC* C. albicans =500 lg/mL;
3 ra:
. . aureus. S. aureus =62. 5 lg/mL
UDMA/ L i o
Collares 143 2020 £k ZnO NPs E. faecalis CFU 34 CFU fHd/> 1 ASXHEans
GDMA/Bis—-GMA
Chen (4] 2018  Zn0@m-Si0, Bis—GMA/TEDGMA S. mutans CFU L $iE=R > 99.9%
AL Wang [47] 2019 CNC/ZnO  Bis—-GMA/TEDGMA  S. mutans CFU % CFU{i/ T 78%
Liu 48 2019 Zn0 4+ Bis=GMA/TEDGMA S. mutans CFU L P& > 99.9%
‘ 20 wt. % PR EE S P R =
) UDMA/ Bis—GMA B
Shen [#/ 2016 SK-ZnO {445 S. mutans CFU it  98.1% ,37 °C 718 KA5-4720 d
/TEDGMA ) L
FEFANT 2 =93.7%
) Filtek™ 7350XT }i3%7 dJ5 S. mutans A= 4 fiE
Dias (%) 2019 ZnO/AgNPs Somutans  CFUPR T
(3M Brazil) T 0 A A
; Filtek™ 7350XT 2wt. % W g FE & CFU {8 B
Dias (5! 2019 TiO, NPs e S. mutans CFU 1%k R
(3M Brazil) B FBE (p<0.05)
fak ST CFU i =1.6 x
4 k4 . L .
Chambers [2] 2017 Ag-TiO, WA S. mutans CFU I 107 403/ mL; AT WG4 T
%4 h 5 AN SE R IE
Zane (53] 2016 N-TiO, - E. coli CFU 4  CFU /AT 1 AxP5eafs
Kulshrestha 1*1 2016 CalF2-NPs - S. mutans MIC * MIC > 64 mg/mL
Bis—GMA/ s B e—PL (9FE S BL A TG R4
. mutans .
Hesaraki [*° 2020 SrF, NPs /e-PL/YSZ  TEDGMA/ CFU %t #1425 ,S. mutans ffik
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A UDMA CFU/em® =1.6
Streptococcus spp. RK - FBR20 ¥£ 96 h I %f
Tammaro '3 2020 RK-FBix Bis—GMA/TEGDMA  B. fragilis MTT 3% *  Streptococcus spp. A= 4 JEHI
S. epidermidis H1%k 70%
Luo B7) 2018  Fe;0,—-CHX i  UDMA/HEMA  P. gingivalis MIC * MIC =0. 0005 wt. % /vol. %
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idreira (%8 2019 MMT/CHX S. mutans Bl ik P -
Cidreira TEGDMA mutans S B 6 mm; P, gingivalis JIETEAE =
P. gingivalis 5 mm
Bis—EMA/ T™ FE 41 Jifl He 5] = 42. 42%
=&t De Paula [% 2019 ™ S. mutans CFU %%
TEGDMA SR ZH = 19. 08%
S. mutans MIC (pg/mL) :S. mutans =
S. sobrinus 15.6, S.sobrinus = 7.8,
Bis—GMA/ S. oralis S. oralis = 16.7, S. mitis =
Imazato (6] 1994 MDPB S. mitis MIC *
TEGDMA/DMAEMA ¢ ) 25.0, S.sanguis = 16.7,
ﬂT-Q%l(., . sanguls B
N S. gordonii S. gordonii = 16.7,
ety S. salivarius S. salivarius = 15. 6
Weng [0 2011 BPDQABDMA  Bis—GMA/TEGDMA S. mutans MEENE  MEIETE TS 54.3%
: . 10wt. % L) | () QANMA %
Li (&2 2020 QANMA Bis-GMA/TEGDMA  S. mutans CFU %

B CFU B T ke




552 1] BAON, 5 U A H TR SRR AR 7S BE -5
i1
SR ES (= AEfy PR R YRR SR A PURSS
. Melo 163 2018 QADM Bis—GMA/TEGDMA  S. mutans CFU I CFU F%43%
i MIC =7. 81 L,
&y Wang (4] 2019 TMQA Bis—-GMA/TEGDMA  S. mutans ~ MIC* MBC * he/m

MBC =31.3 pg/mL
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dimethylthiahiazo (-z—y1 -3 ,5—di—phenytetrazoliumromide assay) ;S. aureus ( Staphylococcus aureus ) ; 4x #{ {0 2 BRI ; E. coli ([Escherichia coli) ;
FSJHHT T ; P. aeruginosa ( Pseudomonas aeruginosa ) : £l £% I B Jifd 14 , C. albicans ( Candida albicans) : [ {4 & Bk i , E. faecalis ( Enterococcus
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S. sanguis ( Streptococcus sanguis ) : M REEER T 5 S. gordonii ( Streptococcus gordonii) ; 4% [CHEFEK ; S. salivarius ( Streptococcus alivarius ) ; M & 4%
R 5 A viscosus (Actinomyces viscosus ) : K il £ B ; B. subtilis ( Bacillus subtilis ) ; 44 5 2E i 41 # ; CE: 3,4 - Epoxycyclohexylmethyl -3 ,4 -

epoxycyclohexanecarboxylate ; RD ; Cycloaliphatic epoxy resin
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Fig.3 Reaction scheme for the modified glass powder™
( Copyright 2017, Elsevier B. V. )



"6 MR R

a2,
=

5 T 529 %

Z

2.1.2 HERRL T

FHEET Ag " HURA A, B BTAR S B AR i
AR HT B A )2, TR A8 B B BT e o T IR T AR
+ (HAR BB AT LU A7 O 28 2 S Ak S B R IO =
MERLES 7o PR, HIER B B B SE 1Y 2R S W ARl
PURBH AT E M . AR5 (1) AT, 4 5 s
55K R i A K e i A A ik i 2 RS i D
B Agt

054 +4H,0" +4Ag(s)—>4Ag(+aq) +6H,0 (1)

HR A2 52z 7 i 2T 0, B AR 28 A A S
T Ag™ PRI, Ag ™ BEHICAY R B2 FE AR AT DL ph 4R
BT He R IR, BB AR e . AR TS
BOERA , KA T- (silver nanoparticles, Ag NPs)
JE—FPRIAE A 1 ~ 100 nm B4R L BTRL -, HERTH
e, B Ry — 3 H s AP ), H AT REAY
PUEMLEA LT 3 (181 4) . 1) Sanfife fiE
F DNA G L2455 , S EOE 5 I RE IR (i 1%
22) 5 2) BEURE T sl (DNA (£ 6A8E
28) 5 3) TGRSR (ROS) L nl AEFZ M DNA (4
Ml RS (CREELL) T REEENR
Ag NPs 5| AFBLHE G W IR T 75 8 94 KL T 19 43
FCPE )L, k5 Ag NPs PR AT 3R 1 32 2 B s M g

N
. Silver Nanomaterial < Silver lon @#8® Protein

B4 ROKHEHAEEEREENH 7
Fig.4 Potential mechanisms of silver nanomaterials’ anti-

bacterial activity'’*!

PR, Liu i1 Shi 2 AP0 %F Ag NPs 2 ffif i
11 7 A HLIIREA BSOPE , K5 001 2 AR e 5 e 2H i 114 B4
JRFREE RGBT Ag NPs K01, #4321 5) T2 HL
HEANA T, BNE N Ag 412Kk & ( Nanocrys-
tals, NCs) , il & 2 an &l 5 (a) fras , JEMHFFE T
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N7 RIS Y SRR AR R 45 O A G e
SR AR AT AS 2 O [ Ak, X 02 i T Ag NPs
A B G ISR SR 6, T8
(LS, T RSN g DG AL R | 380 T A [
ek i, RIRER T2 SR B A= A
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HO OH Functionalization H.N-Si-O—  — O‘S‘_‘NHZ AgNO;
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L Functionalized HNT
@
(2K J . .
T ) Ag-H,N-Si-O—  — 0-Si-NH,-Ag
® 0 _ Ag-H,N-Si-O—  — 0-Si-NH,-Ag
(X Ag-H,N-Si-O—  — 0-Si-NH,-Ag
® 0 Reduction reaction Ag-HN-Si-0—  — 0-Si-NH,-Ag
® using ice-cold
NaBH; solution HNT-AgNO; complex

€ )\NOJ‘NJ(
(0] H

0. Polymer matrix

Ag' (2-tert butyl)amino ethyl methacrylate
o
Silver 2-ethylhexanoate
Visible light
()() 0 illumination
jf‘o’Y‘o @ Q o’Y‘o § g
0 IS 19 Silver nanoparticles
ﬁﬁLONO\/\O/\/Oka

(0]
BisGMA-TEGDMA(50:50) -

D 0 HN—'
Neg X XCHoor®: N, Q| x=CHuprePipCO, 1

&~ NocH, I NN o p
R.T.3-10 hrs:~C,H:OH X |=0, preMCO.4

+CH;ONO R.T.~20 min

v
o I) +K,CO; R.T.
Nog p 11) +AgNO, R.T. N &, | =CHHPipCO, 2
- = i TN =0, HMCO,S

x=CH,,Ag(PipC0), 3
x=0, Ag(MCO),6

5 [a EAWEEFFg[)\ Ag NPs 19757%: (a) Ag NPs BJEHLINEEML : KB R PR BHLAIA Ag NCs Hfim il B2 H 112
E"™ ;(b) HNTs 71 Ag NPs REHTEE" ; (¢) E-RERBRER S hRAHEROKF; (d)
%Eh&ﬁﬁﬁé%%ﬁm%%m
Fig.5 Methods of introducing Ag NPs into resin composites: (a) organic functionalization of Ag NPs: scheme of the proposed
mechanism describing formation of organic-soluble Ag NCs capped oleic acid in aqueous solution'™ ( Copyright 2011,
Chinese Materials Research Society and Elsevier B. V. ) ;(b) schematic illustration of the Halloysite nanotubes and Ag NPs

1. (¢) in situ preparation of silver nanoparticles in dimethacrylate polymers*'! ( Copyright 2011, John Wiley

[42]

reaction

and Sons) ; (d) synthetic route to cyanoximes and their Ag—complexes
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REM AR G . eI g R R, 54l Pl AL
TRARLG, U FE CaP/ Ag UKL (149 52 4 14 i b 1 375 11
BRI T 3 SRR, f AT UL, SR
LRI R 1) Ag NPs IR INAS 52 00 52 45 4 i
ROGIERE A ;2) Ag NPs ZER RS04 h 2 B R 4
L S AR B 3 I SN T RE 23 T AR — 40 Y
IR, EE B 20k o FHE BRSO, R
fd FHIZ07 2 45 S AR T TR ZF R AR IR RT3 > 5 m
BRI O E 1 R R & &
2.2 &ESUYERERIER
2.2.1 fAALFE

SEALEE(ZnO ) W o 22 PR BRI A 22 TG PR 20
BRI PTG, H'5 Ag NPs AL, Zn0 NPs
BRI NN AR, PRI, S5 S AR S 5
BHR T 2 B G RARPURPERE , SR 1T ZnO NPs 1)
PUABLHI ¥ T2 e, HET, Zn0O NPs {147 4 L3
FZA 4 DT (B 6) 77 1) A ROS 1
FRRANE ;2) BERCH Zn* " 25 P 5 e A0 I, 5]
EC AN RE LIRS 1 33) ZnO 5 40T 19 AH B4R H]

SR 20 0 9 T ey 09 P A7, R IEA T 54 ) 4K
PP AR AL VT 5 A R AE T SR, Jiang &
ANV RH, BARTE ZnO NPs BV s s — &
WeRERY Zn®* 1 H,0, ,{H Zn®* A1 H,0, BMREA &
DI E . 534h, 528 B B S 4 7 Y
IAINHE T ZnO X} E. coli YR HIVEFH, 8 ROS
MY A L6 ZnO NPs BUHT B T REAC & S EAE I,
BEAATTAE I ZnO NPs 45T o PR BE 1T K A 3
HE%E (HO - ), Ik, ZnO NPs /F R 40 @l 1Y
WU P A AL B AT AR R L, A Rp i — b
ek

Electrostatic
! p Cell membrane o .
interaction o

\ é‘.o =2 P
7ZnO NPs  Internalization Nucews)
0g® 7n0 NPs in Bacteria Seiatssy, mow

.g.’u‘ydisru ting cell wall™ “Seggge

Cytoplasm apsule

20y cmI s
0; 1 @on 1,0,
O Gy ©; 0;
ROS
1 wall .
//fnrmatmn

oo
eal%os

Solubility of Zn* into the medium
contains the baeteria

B 6 ZnO NPs EE MR RHEH "
Fig. 6 Different possible mechanisms of ZnO NPs antibacterial
activity™! ( Copyright 2015, Springer Nature)

SCHRFEIA™ ZnO BT S50t A2 AW AL
MR A —E IR . Dias S8 A4 TS ke
R ZnO TR, R H DL B (B 4y $0) 0.2% |
0.5% 1 1.0% 43 55 A 2 B i AL Fileek™
Z350XT(3M Brazil) v, & B =& 1Y 16 ¥ 12 L5
{3i ( colony forming unit, CFU) A% T AR USHN ZnO
AR i 22 2 B B S B AIR (p < 0. 05) - Collares
s N\ LR T AR ZnO NPs, 385 78 20wt. % %38
BHYE SRR B TR ERE, H CFU(E
BATAHLEERRRIR T 9.8%

B2, B A ZnO NPs 45 4 IS A fE
JE T IRA% BT (9 S 2 PR BT L o T S B B
FHERA S P  MERE L) 2 PERE , ZnO &2 & 10K
ESRAY N B BT BB RG22 B2 AT 5E . Chen
NG T BAT R - S A FLAE R Y Zn0@
m=Si0, , I H AR B2 G B i 19 2 58 0K
(K 7(a)) . ZECRE RIS £L Si0, (m=Si0, )
JEA R T BURLS B s B A 18] T R AL B L B 55
B, 3 = S AR AR . IRl , ZnO BEfEE
i1 m=Si0, LA R Zn* ", 1T CFU $14L
PUAIIRAT 2, IR0 Z,Se; (Zn0@ m=Si0, : fif:hi
R Si0, = 7: 63, wt./wt., BB E T &
T0wt. % ) 9525 B R TR A A 99. 9% 4TI
BT AT Zn0@ m-Si0, R X I 21
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T ALEE I O, 56 L T RS B ROS™ 5
3) ZnO/Ag NPs 78 1 55 Bl 1 28355 T (pH =
7.4) FBUH T 0 IE PR 5 0 B A0 ROE R
B 5 |, 30 1o 5 0 6 A L fh 1 e 4 e S )
B, FEIH X 2% [ T AR 2 P
1 3 R BB O B A S 1 S Zn0y/

Ag NPs & G SR IE 35t v] 52 e 52 5 B g 1R it
FTERE . Dias %8 A0 5l o 54 i gk pA ik AL T
VERE T Zn0/Ag NPs 4K BR A1 ZnO/Ag NPs
Ak RO I LK AR R R S A R
BRE . B 7 d 55F%)5 S. mutans AR CFU {
AIH1,Zn0/ Ag NPs 20K BRI 70 52 5 B Aig i 400 TRT AL
RALT Zn0/Ag NPs 9Kk i B2 2 SRR, X
JEH R ZnO/ AgNPs 9KER ) 1A (42. 26 m*/g)
JLF-J2& ZnO/Ag NPs 44K A (16.80 m’/g) [ 3
¥, 1M ROS {4 R 7R K BURL R 10T, PRI, BR
T ZnO/Ag NPs BJIE R Z Hh, 44 K Foki i) 2% 11 X
WA PTG S5 —,

( TAB
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A

@ 7/n0 NPs S
==CTAB | [ * <©
® Si0, R

9 0

NN

Antibacterial rate/%

ZSn 756

Resin composites

24h
B7 A:&H Zn0@m-Si0, fi FH==E .B: E5%
BB RIEFAEERE S. mutans B % Y153

Rh.(a) ZAXER,0 h; (b) THLHEM,24 h;
(¢) Z,S,),24 h;(d) Z,S¢;,24 h; C:Z,S,, (0wt. %
ZnO @ m - SiO, + 70wt. % SiO, NPs) 1 Z,S;
(Owt. % ZnO @ m-SiO, + 63wt. % SiO, NPs) 3
S. mutans B HE =
Fig.7 A: Schematic illustration of the synthesis of ZnO @
m-Si0, particles. B: Digital photographs of the num-
ber of Streptococcus mutans on the surface of two
dental composites after being incubated for different
time: (a) blank sterile plate, 0 h; (b) blank sterile
plate, 24 h; (c¢) Z,S,,, 24 h; (d) Z,Ss;, 24 h. C;
Antibacterial rate of Z,S,, and Z,S; to Streptococcus
mutans'*’ ( Copyright 2018, The Academy of Dental

Materials and Elsevier Inc. )

XF ZnO NPs $Lp A B AW RS, BT
ZnO NPs FrtH5 % (2. 008 ~2. 029) i T4 HLALIAK
Bis—GMA (1.540) [ TEGDMA (1.461) L) } % H]
it [t A Bis—-GMA/TEGDMA = 50/50 (wt. /wt. )
(1.500) ByFrotAE K, B Lh 2 5 5 45 1) i Y 151
PCIREEAN T 22 R RE . PRI, T 3 iz 26 52 5
R A 1 R T 1 1 BB R R OR FE 2 A 5T 7
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TiO, F M FUA R, AR A fb 1 B8 T B (RN
SROERETS A i SR ) B RS RIE A
FPL I XT S mutans 5E 4% B 4 filh A% B AR
Zane %5 N8, & )R B4 TiO, JEAEfb AT Rl n]
B2 IR F O W AR S /R 2P TiO,
3 E|E B TiO, (N-Ti0, ) ,N-TiO, 7 # 't f it
1 hJ5Xf E. coli HAT B A R ERCR (K 8) |, HXF
NIRRT Bz A e /N izp B A B 2
A GO P R 0 B P R IR Y L TiO, 1
R AR A IR BT A9 KR BRAE T HO G
e RE SOE AR SR A AR G . ARG IR
;B WA 52 AR i 15 R 2 R 8 Tl WO T,
I S REAGZ R SR TiO, B HEb R .
(B2 &3 TiO, ANYREE o 7= A4 ) ROS #2585
KRR AL SRt m] SO IR S5 A
SEVERELL R HOWTE OB B AE 0T e, A
TiO, ML AR 2 & W IRJT R & — & i iF 5
VINIERS

. m0 @100

10 =50 ©200
_ 10°F R
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=
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Ambient light Blue light

N-TiO,/(ng* mL™)

8 HET L 25N-TiO, Mt (1. 25 A N FTRIEIH

i) #0 1 h FREERHIEHJF E. coli B CFU F™
Fig.8 Colony counts of Escherichia coli after exposure to
1. 25N-TiO, particles (1. 25 is the relative amount of

nitrogen added) and 1 hour of either ambient room
light or blue light"**' ( Copyright 2016, Dove Medical
Press Limited )
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1 Potential sites involved
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Fig.9 Mechanisms for the antimicrobial effects of fluoride and potential sites involved in the mechanisms of fluoride resist-

ance'”"! (Copyright 2017, Taylor & Francis Group)
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FRTIA R AW PEATR R T P AR
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5 Bis-GMA/TEGDMA JAKIR A 58I AR EZ &
PR o SRR TR 5% i 2 T ) 4 A B
E , AFFAERI IR BEESR AR08, R e, LDH-F 8y
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Fig. 10  Structural formula of chlorhexidine
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({5 34 CHX & 519 0. 0002% ~0.001% ), F1d
SE MR
3.2 =84

SHEE BTN 2,4 4 2R T
AR (E11) R —Fhxt 2Rk 9 s w
LB M. BT e = U I 2 2 RN
SRR A B R = Rl
U1 1) T s T e 2 A 8 1 3 A A Sy 240 i
JEAb Y T UG R A T = LR R AIOR L %k
LR SN SR AR, ERINA R AW 5
Ji AT e O L B B B8 390 0352 i A A R A, A
EAMIEPERE FRE

Cl OH

jeme!
Cl Cl
E11 =s4rgEik
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