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Caries is the most common and extensive oral chronic disease. Due to the lack of anti-caries properties, traditional
caries filling materials can easily cause secondary caries and lead to treatment failure. Nanomaterials can interfere
with the bacteria metabolism, inhibit the formation of biofilm, reduce demineralization, and promote

remineralization, which is expected to be an effective strategy for caries management.

anti-caries nanotechnology nanomaterials antibacterial remineralization

| 1. Introduction

Caries is one of the most important diseases, which has seriously threatened human oral health, and even the
whole body, for a long time . According to statistics associated with 328 major diseases from “The Lancet-Global
Burden of Disease Study 2016, GBD”, the prevalence of permanent teeth caries was the highest 2. Based on
modern theory in caries etiology, the imbalance of oral flora could result in acid accumulation and lead to tooth
demineralization, inducing the caries formation. At present, caries treatment is still based on filling restoration.
However, clinical studies showed that dental filling and bonding materials’ lack of anti-caries properties could result
in a high incidence of secondary caries. The five-year failure rate in filling restoration is up to 50%. The
replacement of restorations caused by filling failure leads to many public health resources waste. Therefore, the

development of new anti-caries materials is a hot spot in the field of caries prevention and treatment.

Given the current problems and challenges in caries prevention and treatment, anti-caries nanomaterials have
become a breakthrough in caries research. Nanotechnology was first proposed by Richard Feynman, which is a
technology that studied the properties and applications of materials in the range of 1-100 nm. Nanomaterials are
superior to traditional materials due to their physical/chemical advantages, such as volume effect, surface effect,
quantum size, quantum tunnel, and dielectric confinement [Bl. At present, the nanoparticles used include nanorings,
nanopores, nanotubes, carbon, nanocapsules, nanospheres, and dendrimers 4. Nanoparticles can be combined
with polymers or coated on different biomaterials. The smaller the diameter of nanoparticles, the larger the specific
surface area, and the stronger mechanical properties and antibacterial effect 2. They can be used as the carrier of
antibacterial drugs since nanoparticles have the characteristics of targeting antibacterial with the least side effects
on the host. At present, a variety of antibacterial mechanisms of nanoparticles have been proposed, including
metal ion release €, oxidative stress [, and non-oxidative mechanisms &. It is widely believed that the positively
charged nanopatrticles are attracted to the negatively charged cell membrane of bacteria by static electricity, which

changes the permeability of the cell wall, leading to cell membrane rupture and organelle leakage.
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| 2. Metal Nanoparticles Used in Caries Infections
2.1. Silver Nanoparticle (NAQ)

Silver has a broad spectrum of antibacterial properties, which can inactivate enzymes and prevent DNA replication
in bacteria. NAg further increases surface area ratio, making silver particles smaller and antibacterial effects better.
When NAg was added to the adhesives, its antibacterial property increased significantly, but whether it had any
effect on the bonding strength is still controversial. Some scholars have found that the antibacterial effect of NAg
increased in a dose-dependent manner from 0.05%~0.1% with no effect on bonding strength or color &, However,
ElkassasDW et al. 19 indicated that self-etching adhesive containing 0.05%~0.1% NAg can affect the bonding
strength at pH 2.7. Cheng et.al 11 demonstrated that 0%~0.175% of NAg composite resin can significantly reduce
biofilm growth and metabolic activity, in which antibacterial activity increased in a dose-dependent manner.
Moreover, when the mass fraction of NAg is 0%~0.088%, the flexure strength and elastic modulus of modified
composite resin are not significantly different from the control group. However, the flexural strength of modified
composite resin decreased significantly when the nano-silver mass fraction was higher than 0.175% 2. Mohadese
Azarsina examined the antibacterial activity of NAg added in Z250 composite. The results showed that NAg could
significantly inhibit the growth of Streptococcus mutans and Lactobacillus on the composite surface 2. NAg can

be released slowly from the materials and has good biocompatibility in a certain concentration range 24!,

In recent years, NAg has been added to the resin in cooperation with other antibacterial agents, which has a good
antibacterial effect against caries-related bacteria . In other research, Shenggui Chen et al. studied the antibacterial
effect of polymethyl methacrylate (PMMA)-cellulose nanocrystals (CNCs)-NAg modified resin against
Staphylococcus aureus and Escherichia coli. The authors concluded that PMMA-CNCs-NAg modified resin
exhibited excellent mechanical properties, desirable biocompatibility, and excellent antibacterial activities 14, Fang
Li et al. found that the novel antibacterial adhesives containing quaternary ammonium dimethacrylate (QADM) and
NAg are promising anti-caries nanomaterials. QADM and NAg can be used as antibacterial agents on the resin
surface with good bacteriostatic effect 22!, In vitro artificial enamel caries model, reduced graphene oxide-silver
nanoparticles (rGO/NAg) composite showed shallower lesion depth and less mineral loss compared with the
control groups 18, In the artificial dentine caries model, Irene et al. found that polyethylene glycol-coated silver
nanoparticles (PEG-NAg) can remineralize dentine caries and inhibit collagen degradation without causing
significant tooth staining 2. In the rat caries model, NAg coated orthodontic brackets inhibited Streptococcus

mutans for 30 days and reduced caries on the smooth surfaces 18],

2.2 Nano-Zinc (NZn) and Nano-Zincoxide (NZnO)

NZn has a wide antibacterial spectrum, which antibacterial ability mainly comes from the quantum size effect of
dissolving and releasing zinc nanoparticles. Matrix metalloproteinases (MMPs) can be activated in both total-etch
and self-etch adhesives, which induce degradation of resin and dentin matrix, shortening the service life of
adhesives. NZn can reduce the expression of MMPs and prolong the lifespan of adhesive. It has been reported

that the addition of Zn2* to total-etch adhesive can inhibit MMPs activity, reduce the decomposition of dentin
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collagen bundle, and protect mineral crystal formation at the eosin—tooth interface, improving the nano-mechanical
properties 19201 Compared with micron ZnO, NZnO has higher surface potential energy and can release more
zinc ions to Kill bacteria. Besides, some scholars believed that NZnO could also activate the photocatalytic
antibacterial mechanism and produce a large number of free radicals to interact with bacteria 2. Tavasoli et al. 22
studied 0-5% NZnO composite resin and found that 1% NZnO had no obvious effect on the mechanical properties
of the composite resin. With the increase of mass fraction (0-5%), the number of Streptococcus mutans was
decreased significantly in 24 h 23, NZnO has been added to resin or binder alone or in cooperation with other
antibacterial agents. As recent researches asserted the antimicrobial effects of NZnO and chitosan (CS)
nanoparticles, which results demonstrated that the two components of nanoparticles in the composite resin can be
synergistically beneficial in reducing the number of microorganisms 24, Yazi Wang et al. explored the mechanical
and antibacterial properties of cellulose nanocrystal/zinc oxide (CNC/ZnO) nanohybrids of the dental resin
composites 23, They concluded that CNC/ZnO nanohybrids positively affected the mechanical and antibacterial
properties on dental composite resin which are promising to resist secondary caries. In the dentine caries model,
Mario et al. found that NZnO and copper nanoparticles (NCuO) addition in universal adhesive systems provided

antimicrobial, anti-MMP activities and improved interface stability on caries-affected dentin (28],

2.3. Other Metal Nanoparticles

TiO, nanoparticles (NTiO,) were incorporated into glass-ionomer at 3% and 5% (w/w), exhibiting an antibacterial
activity in direct contact test against Streptococcus mutans [7[28 Moreover, NTiO,-containing dental adhesives
(80% v/v) had strong antibacterial efficacy against Streptococcus mutans biofilms 22 with good biocompatibility B9,
In vitro experiment, an acrylic resin containing NTiO, (0.5%) and nano-SiO, (NSiO,, 1%) in acrylic liquid reduced
the cariogenic bacterial count (Lactobacillus acidophilus and Streptococcus mutans) by 3.2—-99% in a time-
dependent manner B, Toodehzaeim MH et al. indicated that incorporating NCuO into adhesive (0.01, 0.5, and 1
wt.%) added antimicrobial effects to the adhesive with no adverse effects on shear bond strength (22, Besides, the
incorporation of Cu nanoparticles into adhesive renders the adhesive antibacterial to Streptococcus mutans for at
least 1 year [38I34 The MgO nanoparticles (NMgO) modified glass-ionomer cement showed effective antibacterial

and antibiofilm activity against two cariogenic microorganisms (Streptococcus mutans and Streptococcus sobrinus)
[35],

3. Quaternary Ammonium Salt Polyethylenimine (QAS-PEI)
Nanoparticles

QAS is a highly active cationic agent with a wide antibacterial spectrum [B839 QAS-PEI nanoparticles were
prepared based on polyethyleneimine cross-linked structure which makes the modified composite with high
chemical stability and antibacterial properties under different oxidants and storage conditions, without effect on the
oral micro ecological balance. The antibacterial mechanism of QAS-PEI is related to the electrostatic interaction
between positively charged QAS-PEI and negatively charged bacterial cell walls 9. QAS-PEI nanoparticles
incorporated in resin-based composite at 2% wt/wt have demonstrated prolonged inhibition of bacterial growth 11,

Yudovin Farber et al. 42 added 1% QAS-PEI nanoparticles into the composite resin. Through 3 months of long-
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term experiments in vitro, it was confirmed that the composite resin had strong sustained antibacterial activity
against Streptococcus mutans, and the alkyl chain length of polyethyleneimine had a significant influence on the
antibacterial effect. In addition, some scholars have added QAS-PEI nanoparticles into glass ionomer polymer and
found it has an obvious antibacterial effect on Streptococcus mutans and Lactobacillus 23!, Moreover, Nurit Beyth
et al. investigated the biocompatibility of QAS-PEI nanoparticles incorporated in a resin composite 44l revealing

that TNFa secretion and macrophage viability were not altered by QAS-PEI nanoparticles.

| 4. Biomimetic Nanocatalyst

The application of nanocatalyst is a new approach to combat cariogenic plaque-biofilm in nanotechnology. In a
previous study, catalytic iron oxide nanoparticles (CAT-NP) have been shown exceptional topical anti-biofilm effects
in vitro 42, Moreover, CAT-NP/H202 was observed to suppress the onset and severity of dental caries in vivo in a
rodent model (43, With an in-depth study, Pratap C. Naha et al. reported that dextran-coated iron oxide
nanoparticles termed nanozymes (Dex-NZM) displayed strong catalytic activity at acidic pH values and targeted

biofilms with high specificity, preventing the development of dental caries in a pH-dependent manner in vivo 48],

References

1. Li, X.; Kolltveit, K.M.; Tronstad, L.; Olsen, I. Systemic diseases caused by oral infection. Clin.
Microbiol. Rev. 2000, 13, 547-558. [Google Scholar] [CrossRef] [PubMed]

2. Vos, T.; Allen, C.; Arora, M.; Barber, R.M.; Bhutta, Z.A.; Brown, A.; Carter, A.; Casey, D.C.;
Charlson, F.J.; Chen, A.Z. Global, regional, and national incidence, prevalence, and years lived
with disability for 310 diseases and injuries, 1990-2015. Lancet 2016, 388, 1545-1602. [Google
Scholar] [CrossRef]

3. Choudhury, H.; Gorain, B.; Karmakar, S.; Biswas, E.; Dey, G.; Barik, R.; Mandal, M.; Pal, T.K.
Improvement of cellular uptake, in vitro antitumor activity and sustained release profile with
increased bioavailability from a nanoemulsion platform. Int. J. Pharm. 2014, 460, 131-143.
[Google Scholar] [CrossRef] [PubMed]

4. Pérez-Guardiola, A.; Ortiz-Cano, R.; Sandoval-Salinas, M.E.; FernAndez-Rossier, J.; Casanova,
D.; Pérez-Jiménez, A.J.; Sancho-Garcia, J.C. From cyclic nanorings to single-walled carbon
nanotubes: Disclosing the evolution of their electronic structure with the help of theoretical
methods. J. Phys. Chem. Chem. Phys. 2019, 21, 2547-2557. [Google Scholar] [CrossRef]
[PubMed]

5. Song, W.; Ge, S. Application of Antimicrobial Nanoparticles in Dentistry. Molecules 2019, 24,
1033. [Google Scholar] [CrossRef] [PubMed]

https://encyclopedia.pub/entry/6415 4/8



Anti-Caries Nanomaterials | Encyclopedia.pub

10.

11.

12.

13.

14.

15.

16.

. Zakharova, O.V.; Godymchuk, A.Y.; Gusey, A.A.; Gulchenko, S.1.; Vasyukova, |.A.; Kuznetsov,

D.V. Considerable Variation of Antibacterial Activity of Cu Nanoparticles Suspensions Depending
on the Storage Time, Dispersive Medium, and Particle Sizes. Biomed. Res. Int. 2015, 8, 11.
[Google Scholar] [CrossRef] [PubMed]

. Gurunathan, S.; Han, J.W.; Dayem, A.A.; Eppakayala, V.; Kim, J.H. Oxidative stress-mediated

antibacterial activity of graphene oxide and reduced graphene oxide in Pseudomonas aeruginosa.
Int. J. Nanomed. 2012, 7, 5901-5914. [Google Scholar] [CrossRef]

. Leung, Y.H.; Ng, A.M.; Xu, X.; Shen, Z.; Gethings, L.A.; Wong, M.T.; Chan, C.M.; Guo, M.Y.; Ng,

Y.H.; Djurisic, A.B.; et al. Mechanisms of antibacterial activity of MgO: Non-ROS mediated toxicity
of MgO nanoparticles towards Escherichia coli. Small 2014, 10, 1171-1183. [Google Scholar]
[CrossRef]

. Oliveira, C.A.; Campos, R.M.; Macedo, J.P.; Silva, A.R.; Maximo, L.N.; Silva, T.M.; Franca, F.M.;

Turssi, C.P.; Basting, R.T.; Goncalves, S.E.P.; et al. Incorporation of ZnClI2 into an etch-and-rinse
adhesive system on flexural strength, degree of conversion and bond durability to caries-affected
dentin. Am. J. Dent. 2019, 32, 299-305. [Google Scholar]

Elkassas, D.; Arafa, A. The innovative applications of therapeutic nanostructures in dentistry.
Nanomedicine 2017, 13, 1543-1562. [Google Scholar] [CrossRef]

Cheng, Y.J.; Zeiger, D.N.; Howarter, J.A.; Zhang, X.; Lin, N.J.; Antonucci, J.M.; Lin-Gibson, S. In
situ formation of silver nanoparticles in photocrosslinking polymers. J. Biomed. Mater. Res. B
Appl. Biomater. 2011, 97, 124-131. [Google Scholar] [CrossRef] [PubMed]

Cheng, L.; Weir, M.D.; Xu, H.H.; Antonucci, J.M.; Lin, N.J.; Lin-Gibson, S.; Xu, S.M.; Zhou, X.
Effect of amorphous calcium phosphate and silver nanocomposites on dental plaque microcosm
biofilms. J. Biomed. Mater. Res. B Appl. Biomater. 2012, 100, 1378-1386. [Google Scholar]
[CrossRef]

Azarsina, M.; Kasraei, S.; Yousef-Mashouf, R.; Dehghani, N.; Shirinzad, M. The antibacterial
properties of composite resin containing nanosilver against Streptococcus mutans and
Lactobacillus. J. Contemp. Dent. Pr. 2013, 14, 1014-1018. [Google Scholar] [CrossRef] [PubMed]

Chen, S.; Yang, J.; Jia, Y.G.; Lu, B.; Ren, L. A Study of 3D-Printable Reinforced Composite Resin:
PMMA Modified with Silver Nanopatrticles Loaded Cellulose Nanocrystal. Materials 2018, 11,
2444. [Google Scholar] [CrossRef] [PubMed]

Cheng, L.; Zhang, K.; Zhou, C.C.; Weir, M.D.; Zhou, X.D.; Xu, H.H. One-year water-ageing of
calcium phosphate composite containing nano-silver and quaternary ammonium to inhibit
biofilms. Int. J. Oral Sci. 2016, 29, 172-181. [Google Scholar] [CrossRef] [PubMed]

Wu, R.; Zhao, Q.; Lu, S.; Fu, Y.; Yu, D.; Zhao, W. Inhibitory effect of reduced graphene oxide-
silver nanocomposite on progression of artificial enamel caries. J. Appl. Oral Sci. 2018, 27,

https://encyclopedia.pub/entry/6415 5/8



Anti-Caries Nanomaterials | Encyclopedia.pub

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

€20180042. [Google Scholar] [CrossRef]

Zhao, I.S.; Yin, I.X.; Mei, M.L.; Lo, E.C.M.; Tang, J.; Li, Q.; So, L.Y.; Chu, C.H. Remineralising
Dentine Caries Using Sodium Fluoride with Silver Nanoparticles: An In Vitro Study. Int. J.
Nanomed. 2020, 15, 2829-2839. [Google Scholar] [CrossRef]

Metin-Gursoy, G.; Taner, L.; Akca, G. Nanosilver coated orthodontic brackets: In vivo antibacterial
properties and ion release. Eur. J. Orthod. 2017, 39, 9-16. [Google Scholar] [CrossRef]

Toledano, M.; Sauro, S.; Cabello, I.; Watson, T.; Osorio, R. A Zn-doped etch-and-rinse adhesive
may improve the mechanical properties and the integrity at the bonded-dentin interface. Dent.
Mater. 2013, 29, e142—e152. [Google Scholar] [CrossRef]

Toledano, M.; Aguilera, F.S.; Osorio, E.; Cabello, I.; Toledano-Osorio, M.; Osorio, R. Self-etching
zinc-doped adhesives improve the potential of caries-affected dentin to be functionally
remineralized. Biointerphases 2015, 10, 031002. [Google Scholar] [CrossRef]

Cheng, L.; Weir, M.D.; Xu, H.H.; Antonucci, J.M.; Kraigsley, A.M.; Lin, N.J.; Lin-Gibson, S.; Zhou,
X. Antibacterial amorphous calcium phosphate hanocomposites with a quaternary ammonium
dimethacrylate and silver nanoparticles. Dent. Mater. 2012, 28, 561-572. [Google Scholar]
[CrossRef]

Tavassoli Hojati, S.; Alaghemand, H.; Hamze, F.; Ahmadian Babaki, F.; Rajab-Nia, R.; Rezvani,
M.B.; Kaviani, M.; Atai, M. Antibacterial, physical and mechanical properties of flowable resin
composites containing zinc oxide nanoparticles. Dent. Mater. 2013, 29, 495-505. [Google
Scholar] [CrossRef] [PubMed]

Al-Mosawi, R.M.; Al-Badr, R.M. The Study Effects of Dental Composite Resin as Antibacterial
Agent Which Contain Nanoparticles of Zinc Oxide on the Bacteria Associated with Oral Infection.
J. Dent. Med. Sci. 2017, 16, 49-55. [Google Scholar] [CrossRef]

Yusof, N.A.A.; Zain, N.M.; Pauzi, N. Synthesis of ZnO nanopatrticles with chitosan as stabilizing
agent and their antibacterial properties against Gram-positive and Gram-negative bacteria. Int. J.
Biol. Macromol. 2019, 124, 1132-1136. [Google Scholar] [CrossRef] [PubMed]

Wang, Y.; Hua, H.; Li, W.; Wang, R.; Jiang, X.; Zhu, M. Strong antibacterial dental resin
composites containing cellulose nanocrystal/zinc oxide nanohybrids. J. Dent. 2019, 80, 23-29.
[Google Scholar] [CrossRef]

Gutierrez, M.F.; Bermudez, J.; Davila-Sanchez, A.; Alegria-Acevedo, L.F.; Mendez-Bauer, L.;
Hernandez, M.; Astorga, J.; Reis, A.; Loguercio, A.D.; Farago, P.V.; et al. Zinc oxide and copper
nanoparticles addition in universal adhesive systems improve interface stability on caries-affected
dentin. J. Mech. Behav. Biomed. Mater. 2019, 100, 103366. [Google Scholar] [CrossRef]
[PubMed]

https://encyclopedia.pub/entry/6415 6/8



Anti-Caries Nanomaterials | Encyclopedia.pub

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Garcia-Contreras, R.; Scougall-Vilchis, R.J.; Contreras-Bulnes, R.; Sakagami, H.; Morales-Luckie,
R.A.; Nakajima, H. Mechanical, antibacterial and bond strength properties of nano-titanium-
enriched glass ionomer cement. J. Appl. Oral Sci. Rev. FOB 2015, 23, 321-328. [Google Scholar]
[CrossRef]

Elsaka, S.E.; Hamouda, I.M.; Swain, M.V. Titanium dioxide nanoparticles addition to a
conventional glass-ionomer restorative: Influence on physical and antibacterial properties. J.
Dent. 2011, 39, 589-598. [Google Scholar] [CrossRef]

Esteban Florez, F.L.; Hiers, R.D.; Larson, P.; Johnson, M.; O'Rear, E.; Rondinone, A.J.; Khajotia,
S.S. Antibacterial dental adhesive resins containing nitrogen-doped titanium dioxide
nanoparticles. Mater. Sci. Eng. C Mater. Biol. Appl. 2018, 93, 931-943. [Google Scholar]
[CrossRef]

Esteban Florez, F.L.; Kraemer, H.; Hiers, R.D.; Sacramento, C.M.; Rondinone, A.J.; Silverio, K.G.;
Khajotia, S.S. Sorption, solubility and cytotoxicity of novel antibacterial nanofilled dental adhesive
resins. Sci. Rep. 2020, 10, 13503. [Google Scholar] [CrossRef]

Sodagar, A.; Khalil, S.; Kassaee, M.Z.; Shahroudi, A.S.; Pourakbari, B.; Bahador, A. Antimicrobial
properties of poly (methyl methacrylate) acrylic resins incorporated with silicon dioxide and
titanium dioxide nanoparticles on cariogenic bacteria. J. Orthod. Sci. 2016, 5, 7-13. [Google
Scholar] [CrossRef]

Toodehzaeim, M.H.; Zandi, H.; Meshkani, H.; Hosseinzadeh Firouzabadi, A. The Effect of CuO
Nanoparticles on Antimicrobial Effects and Shear Bond Strength of Orthodontic Adhesives. J.
Dent. 2018, 19, 1-5. [Google Scholar]

Sabatini, C.; Mennito, A.S.; Wolf, B.J.; Pashley, D.H.; Renne, W.G. Incorporation of bactericidal
poly-acrylic acid modified copper iodide particles into adhesive resins. J. Dent. 2015, 43, 546—
555. [Google Scholar] [CrossRef] [PubMed]

Gutierrez, M.F.; Malaquias, P.; Matos, T.P.; Szesz, A.; Souza, S.; Bermudez, J.; Reis, A,;
Loguercio, A.D.; Farago, P.V. Mechanical and microbiological properties and drug release
modeling of an etch-and-rinse adhesive containing copper nanoparticles. Dent. Mater. 2017, 33,
309-320. [Google Scholar] [CrossRef] [PubMed]

Noori, A.J.; Kareem, F.A. The effect of magnesium oxide nanoparticles on the antibacterial and
antibiofilm properties of glass-ionomer cement. Heliyon 2019, 5, e02568. [Google Scholar]
[CrossRef] [PubMed]

Liao, S.; Zhang, Y.; Pan, X.; Zhu, F.; Jiang, C. Antibacterial activity and mechanism of silver
nanoparticles against multidrug-resistant Pseudomonas aeruginosa. Int. J. Nanomed. 2019, 14,
1469-1487. [Google Scholar] [CrossRef]

https://encyclopedia.pub/entry/6415 7/8



Anti-Caries Nanomaterials | Encyclopedia.pub

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Hosono, H.; Abe, Y. Silver ion selective porous lithium titanium phosphate glass-ceramics cation
exchanger and its application to bacteriostatic materials. Mater. Res. Bull. 1994, 29, 1157-1162.
[Google Scholar] [CrossRef]

Chen, H.; Zhou, Y.; Zhou, X.; Liao, B.; Xu, H.H.K.; Chu, C.-H.; Cheng, L.; Ren, B.
Dimethylaminododecyl methacrylate inhibits Candida albicans and oropharyngeal candidiasis in a
pH-dependent manner. Appl. Microbiol. Biotechnol. 2020, 104, 3585-3595. [Google Scholar]
[CrossRef]

Chen, H.; Han, Q.; Zhou, X.; Zhang, K.; Wang, S.; Xu, H.H.K.; Weir, M.D.; Feng, M.; Li, M.; Peng,
X.; et al. Heat-Polymerized Resin Containing Dimethylaminododecyl Methacrylate Inhibits
Candida albicans Biofilm. Materials 2017, 10, 431. [Google Scholar] [CrossRef]

Zou, Y.; Li, D.; Shen, M.; Shi, X. Polyethylenimine-Based Nanogels for Biomedical Applications.
Macromol. Biosci. 2019, 19, e1900272. [Google Scholar] [CrossRef]

Zaltsman, N.; Kesler-Shvero, D.; Weiss, E.l.; Beyth, N. Synthesis Variants of Quaternary
Ammonium Polyethyleneimine Nanoparticles and Their Antibacterial Efficacy in Dental Materials.
J. Appl. Biomater. Funct. Mater. 2018, 14, e205—e211. [Google Scholar] [CrossRef]

Yudovin-Farber, I.; Beyth, N.; Weiss, E.l.; Domb, A.J. Antibacterial effect of composite resins
containing quaternary ammonium polyethyleneimine nanopatrticles. J. Nanoparticle Res. 2009,
12, 591-603. [Google Scholar] [CrossRef]

Melo, M.A.; Guedes, S.F.; Xu, H.H.; Rodrigues, L.K. Nanotechnology-based restorative materials
for dental caries management. Trends Biotechnol. 2013, 31, 459-467. [Google Scholar]
[CrossRef] [PubMed]

Beyth, N.; Houri-Haddad, Y.; Baraness-Hadar, L.; Yudovin-Farber, I.; Domb, A.J.; Weiss, E.|.J.B.
Surface antimicrobial activity and biocompatibility of incorporated polyethylenimine nanoparticles.
Biomaterials 2008, 29, 4157-4163. [Google Scholar] [CrossRef] [PubMed]

Gao, L.; Liu, Y;; Kim, D.; Li, Y.; Hwang, G.; Naha, P.C.; Cormode, D.P.; Koo, H. Nanocatalysts
promote Streptococcus mutans biofilm matrix degradation and enhance bacterial killing to
suppress dental caries in vivo. Biomaterials 2016, 101, 272—-284. [Google Scholar] [CrossRef]
[PubMed]

Naha, P.C.; Liu, Y.; Hwang, G.; Huang, Y.; Gubara, S.; Jonnakuti, V.; Simon-Soro, A.; Kim, D.;
Gao, L.; Koo, H.; et al. Dextran-Coated Iron Oxide Nanoparticles as Biomimetic Catalysts for
Localized and pH-Activated Biofilm Disruption. ACS Nano 2019, 13, 4960-4971. [Google Scholar]
[CrossRef] [PubMed]

Retrieved from https://encyclopedia.pub/entry/history/show/15258

https://encyclopedia.pub/entry/6415 8/8



