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Introduction 
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Introduction 

 

      The  use  of  silver  in  dentistry  has  been  documented  since  1840,  mainly  

in  the  prevention    and  treatment  of  dental  caries  ( Peng et al. , 2012 ) .  

Initially,  it  was  used  as  silver  nitrate  (AgNO3),  and  then  in  association  

with  fluorine  (AgF).  In  the  2000s,  silver  started  to  be  also  used  in  

restorative  materials  such  as  silver  amalgam.  In  the  20th  century,  the  study  

of  nanomaterials  started  a  new  field  in  health  sciences,  then  named  

nanotechnology.  The  nanometric dimension  of  the  particles  used  in  this  new  

field  altered  the  usual  properties  of  biomaterials,  showing  new  

characteristics,  process ability,  and  capabilities   ( Duran et al. , 2010 ).  Among  

metallic  nanoparticles,  silver  nanoparticles  (AgNP)  have  stood  out  in  

scientific  research  for  presenting  antimicrobial  properties  and  biological  

activity  against  bacteria,  fungi,  and  enveloped  viruses  ( Gupta et al. , 2016 

) ( Lara et al. , 2011 ) .  The  mechanism  of  action  of  AgNPs  is  mainly  

associated with  the  release  of  cationic  silver  and  its  oxidative  potential  ( 

Porenczukl et al. , 2019 ).  Particle  size  and  shape  can  also  influence  the  

mechanism  of  action  of  AgNPs,  as  well  as  their  synthesis.  Therefore,  silver  

nanoparticles  emerged  as  a  promising  compound  to  be  used  in  dentistry,  

since  the  incorporation  of  antimicrobial  substances  in  dental  biomaterials  

has  been  a  strategy  adopted  by  some  researchers  ( Brennan et al. , 2017 ) ( 

Zhang et al. , 2015 ) .  Silver  nanoparticles  have  already  proved  to  be  effective  

against  several  multi-drug-resistant  microorganisms  ( Lara et al. , 2010 ) ( 

Panáček et al. , 2018 ) .  Thus,  in  dentistry,  the  direct  application  of  AgNP  

would  be  aimed  at  disinfection  and  the  prevention  against  pathogenic  

microorganisms  in  the  oral  cavity.   
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Aims of the review  

        Highlight the application of silver NPs mainly in operative dentistry which 

includes :  

1- Synthesis of silver nanoparticles  

 ● Physical methods 

● Chemical methods 

● Biosynthesis  

2- Mechanism of action of AgNPs 

3-The characterization Of Silver NPs 

4-Forms of incorporation  

5- The use of silver NPs in dentistry : which include their use in : 

● Caries inhibition  

● Composite resins  

● Endodontic  

● Porcelain  

● Dental cement 

6- Identification of the adverse effects of silver NPs 

7-  Cytotoxicity    

8 - Allergy 
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  1.1 Nanotechnology 
        Since the last century, nanotechnology had become a well-known area of 

research. Feynman (1959) brought a revolution in nanotechnology 

development. At the nanoscale, nanotechnology has introduced a range of 

materials. Nanoparticles (NPs) are a broad category of materials that contain 

unique substances and have at least one dimension of fewer than 100 

nanometers (Laurent et al., 2010), since these materials' shapes may be 0D, 1D, 

2D, or 3D (Tiwari et al., 2012). The size of the materials will influence the 

physicochemical properties as well as the optical properties, the significance of 

these materials is revealed (Dreaden et al., 2012). Since NPs are complex 

molecules, they have three layers: (a) the surface layer, which can be 

functionalized with a variety of small molecules, surfactants, polymers, and 

metal ions; (b) The shell layer, which differs from the core chemically in every 

way. (c) The core, which refers to the NPs themselves and is the central part of 

the NPs (Shin et al., 2016). 

1.2 Classification of nanoparticles 

Different types of NPs can be classified based on their morphology, size, and 

chemical properties. The popular groups of NPs, as described by Khan et al. in 

2017, are based on physical and chemical characteristics: 

Carbon-based NPs. 

● Metal NPs. 

● Ceramics NPs. 

● Semiconductor. 

● Polymeric NP. 

● Lipid-based NPs. 
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1.3 Synthesis of nanoparticles 

       Different methods are used to synthesize NPs, and these methods can be 

divided into two categories: (1) Bottom-up strategy (2) Top-down strategy 

(Wang and Xia, 2004), as shown in Figure (1). 

                         Figure (1): Methods of NPs synthesis (Iravani, 2011) 
 

 

1.4 Nanomaterials 

      They are nanoparticle-based materials of at least one nanometer-scale 

dimension. Nanomaterials are divided into three types: one-dimensional, two- 

dimensional, and three-dimensional nanostructures, which can be used in the 

medical and dental fields to diagnose the disease at an early stage. Sheets are 

one-dimensional nanostructures; nanotubes and nanowires are two-dimensional 

nanostructures; and quantum dots are three-dimensional nanostructures (Arora 

and Kapoor, 2014; Okada and Matsumoto, 2015; Rasheed, et al. 2016) , ( 

Figure 2 ) . 

Nanomaterials' properties vary from those of other materials for two reasons: the 

increase in surface area due to nanoparticles' small size per unit mass, as well 

as quantum effects (Bhardwaj et al., 2014). 
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Figure 2 : Highly magnified nanostructures A. nano-sheets, B. nano-tubes, C. 

nanowires, D. quantum dots (Jurczyk, 2013; Zhu et al., 2014; Li, 2015; Roy et 

al., 2015). 

 

1.5 Silver nanoparticles in dentistry 

      Silver nanoparticles (AgNPs) are particles that have the potential to bind to 

and penetrate both Gram-positive and Gram-negative bacterial cell walls, 

disrupt cell function by releasing silver ions. As a result, they are used to treat 

and prevent drug-resistant bacteria, as well as to prevent biofilm formation (Rai 

et al., 2012).In dental practice AgNPs are used in a variety of ways. When 

concentrating on AgNPs' antimicrobial properties, they were incorporated into 

restorative materials and bonding agents to prevent biofilm formation and caries 

reduction (Durner et al., 2011; Garcia-Contreras et al., 2011; Cheng et al., 

2012), in the orthodontic adhesives (Ahn et al., 2009; Degrazia et al., 2016) and  

into the implant materials (Sheikh et al., 2010; Allaker and Memarzadeh, 

2014). 
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1.6 Synthesis of silver NPs   

       Silver  nanoparticles  are  synthesized  using  a  precursor  (often  silver  nitrate),  

a  reducing    agent  that  reduces  silver  ions  from  Ag+  to  Ag0,  and  a  stabilizing  

agent  that  ensures    the  stabilization  of  suspended  nanoparticles  and  prevents  

nucleation  and  aggregation,    since  metallic  nanoparticles  have  a  high  surface  

energy.  Therefore,  the  synthesis  of  silver  nanoparticles  can  be  chemical,  

physical,  or  biological .  In  dentistry,  the  most  common  synthesis  is  the  

chemical  route (Fernandes et al. , 2018 ) . 

 

1.6.1 Physical methods  

      Evaporation-condensation and laser ablation are the most important physical  

approaches. The absence of solvent  contamination in the prepared thin films and  

the uniformity of NPs distribution are the  advantages of physical synthesis methods 

in  comparison with chemical processes. Physical  synthesis of silver NPs using a 

tube furnace at  atmospheric pressure has some disadvantages,  for example, tube 

furnace occupies a large  space, consumes a great amount of energy  while raising 

the environmental temperature  around the source material, and requires a lot  of 

time to achieve thermal stability. Moreover,  a typical tube furnace requires power  

consumption of more than several kilowatts  and a preheating time of several tens 

of  minutes to reach a stable operating  temperature ( Kruis F et al. , 2000) 

(Magnusson M et al. , 1999). It was demonstrated that  silver NPs could be 

synthesized via a small  ceramic heater with a local heating area (Jung J et al. , 

2006).  The small ceramic heater was used to  evaporate source materials. The 

evaporated  vapor can cool at a suitable rapid rate, because  the temperature gradient 

in the vicinity of the  heater surface is very steep in comparison with  that of a tube 

furnace. This makes possible the formation of small  NPs in high concentration. One 

important advantage of laser ablation technique compared to other methods for  

production of metal colloids is the absence of  chemical reagents in solutions. 

Therefore, pure  and uncontaminated metal colloids for further  applications can be 

prepared by this technique (Tsuji T et al. , 2002) . characteristics of produced nano-
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silver  particles depend upon many parameters,  including the wavelength of the 

laser  impinging the metallic target, the duration of  the laser pulses (in the femto-, 

pico- and  nanosecond regime), the laser fluence, the  ablation time duration and the 

effective liquid  medium, with or without the presence of surfactants (Kim S et al. , 

2005) (Kawasaki M et al. , 2006 ).  

 

1.6.2 Chemical methods   

       The  synthesis  of  AgNP  is  based  on  the  chemical  reduction  of  Ag+1  to  

Ag0.  The  differentiation  between  chemical  processes  is  represented  by  the  

reduction  agents  and  stabilizers  used,  such  as  sodium  citrate,  ascorbate,  sodium  

borohydride  (NaBH4),  elemental  hydro-  gen,  polyol  process,  Tollens  reagent,  

N,N-dimethylformamide  (DMF),  and  poly  (ethylene  glycol)-block  copolymers.  

Several  protective  agents  (stabilizers)  have  been  used,  such  as  thiols,  amines,  

acids,  alcohols  (Krishnaveni et al. , 2017) ,  and  polymeric  compounds  such  as  

chitosan  (Cataldi et al. , 2016) (Freire et al. , 2017) (Santos et al. , 2014) and  

polymethylmethacrylate (Chen et al. , 2018) (Zhang et al. , 2016) (De Matteis et 

al. , 2019) (Bacali et al. , 2019) (Chen et al. , 2017). These  agents  stabilize  

dispersive  NPs  during  their  synthesis  and  protect  NPs  that  can  be  absorbed  

on,  or  bind  onto,  nanoparticle  surfaces,  avoiding  their  agglomeration  and  

sedimentation  (Oliveira et al. , 2005) . 
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1.6.2.1 Photoinduced reduction   

       Silver NPs can be synthesized by using a  variety of photoinduced or 

photocatalytic  reduction methods. Photochemical synthesis is  a clean process 

which has high spatial  resolution, convenience of use, and great  versatility. 

Moreover, photochemical synthesis  enables one to fabricate the NPs in various  

mediums including cells, emulsion, polymer  films, surfactant micelles, glasses, etc. 

Nano- sized silver particles with an average size of 8 nm were prepared by 

photoinduced reduction  using poly (styrene sulfonate)/poly (allylamine 

hydrochloride) polyelectrolyte capsules as microreactors (Shchukin DG et al. , 

2003). 

 

1.6.2.2 Polymers and polysaccharides   

        Silver NPs were prepared using water as an  environmentally friendly solvent 

and  polysaccharides as capping/reducing agents.  For instance, synthesis of starch-

silver NPs  was carried out with starch (capping agent)  and β-D-glucose (reducing 

agent) in a gently  heated system (Raveendran P et al. , 2003). 

 

1.6.3 Biosynthesis of AgNPs by green synthesis method 

        Silver nanoparticles are synthesized using a variety of methods (Tolaymat 

et al., 2010). Reduction in solutions (Guzma n et al., 2009), thermal 

decomposition of silver compounds (Navaladian et al., 2007), microwave- 

assisted synthesis (Sreeram et al., 2008), biological reduction process (Sastry 

et al., 2003) are all methods for making silver nanoparticles. The most common 

method for the synthesis of nanoparticles is the latest, as it provides a one-step, 

eco-friendly method (Das et al., 2013). 

Green synthesis is defined as the production of nanoparticles using 

environmentally friendly materials such as bacteria, fungi, and plants 

(Elavazhagan and Arunachalam, 2011). These appealing green strategies are 

free of the drawbacks that come with traditional synthetic strategies, they 
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are environmentally friendly (Das et al., 2013). 

Plants have been found to have a much faster rate of metal ion reduction than 

microorganisms, and stable metal nanoparticle formation has been recorded. By 

adjusting the pH, manipulation and modulation of the shape and size of the 

nanoparticles can be made from plants (Gardea-Torresedey et al., 2003). 

 

1.7 Moringa oleifera plant  

       Moringa oleifera Lam. is a tree that grows widely in many tropical and 

subtropical countries. It is known as the drumstick tree based on the appearance  of 

its immature seed pods, the horseradish tree based on the taste of ground root  

preparations, and the ben oil tree from seed-derived oils. In some areas,  immature 

seed pods are eaten, while the leaves are widely used as a basic food because of their 

high nutrition content. Seed, leaves, oil, sap, bark, roots, and  flowers are widely 

used in traditional medicine. Moringa leaves have been  characterized to contain a 

desirable nutritional balance, containing vitamins,  minerals, amino acids, and fatty 

acids. Additionally, the leaves are reported to  contain various types of antioxidant 

compounds such as ascorbic acid,  flavonoids, phenolics, and carotenoids (Stohs 

and Hartman, 2015).  Isoquercetin, astragalin, and crypto-chlorogenic acid were 

reported to  be major active components in oleifera leaves. Isoquercetin is a powerful  

natural antioxidant which possesses several potential therapeutic effects  including 

antiasthma and antihypertension. Astragalin is also reported as a  natural antioxidant 

agent exhibiting some biological properties such as  attenuation of inflammation, 

inhibition of dermatitis, and cellular protective effect. Chlorogenic acid and its 

isomers are esters of quinic and caffeic acids that have abilities to inhibit oxidation 

and also promote various pharmacological activities such as antiobesity, reduction 

of plasma and liver lipids, and inhibition of acute lung injury (Das et al., 2013). 
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            Figure 3 : Moringa oleifera plant (Das et al. , 2013) 

 

1.8 Mechanisms of Action of AgNPs   

       Silver  nanoparticles  are  frequently  associated  with  their  antimicrobial  and  

antioxidant  activities  (Gupta et al. , 2016) .  The  action  of  silver  nanoparticles  

is  mainly  related  to  their  nanoscale,  which  alters  the  level  of  silver  ion  release  

and  interferes  with  the  surface  energy  (Porenczukl et al. , 2019) .  Nanoparticles  

show  good  antimicrobial  effects  due  to  their  large  surface  area,  providing  high  

contact  with  microorganisms  when  compared  to  other  antimicrobial  agents (Rai 

et al. , 2009) . Even  multi-resistant  bacteria  are  susceptible  to  AgNP,  which  

indicates  that  the  mechanisms  that  confer  the  resistance  of  these  strains  to  

commercial  antibiotics  have  no  protective  activity  when  exposed  to  

nanoparticles (Lara et al. , 2010) .  One  of  the  most  important  mechanisms  of  

action  of  AgNP  is  represented  by  the  induction  of  reactive  oxygen  species  

(ROS)  production,  and  hydroxyl  radicals  are  the  main  species  responsible  for  

the  oxidative  damage (Quinteros et al. , 2018) .  However,  it  also  damages  the  

membrane  and  cell  walls,  interferes  in  the  respiratory  chain,  exhausts  the  

levels  of  intracellular  ATP,  and  shatters  nucleic  acids  (Gupta et al. , 2016) 

(Porenczukl et al. , 2019) .  This  mechanism  of  action  varies  with  nanoparticle 

size  and  shape,  and  with  the  different  target  species. In  Gram-negative  bacteria,  

with  Escherichia  coli  as  a  representative  species,  studies  have  shown  action  

primarily  on  the  outer  membrane,  resulting  in  the  leakage  of  cell  components.  
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After  entering  the  cell,  it  has  also  been  shown  that  AgNPs  inactivate  the  

respiratory  chain  dehydrogenases,  inhibiting  cell  growth  and  respiration.  In  

addition,  these  nanoparticles  can  act  on  phospholipids  and  membrane  proteins,  

causing  a  breakdown  in  the  plasma  membrane  and  changes  in  its  permeability 

(Li et al. , 2010) .  The  main  responsible  for  the  oxidation  of  lipids  in  E.  coli 

is reactive  oxygen  (Quinteros et al. , 2018) .  Electron  microscopy  analyses  

indicated  the  fragmentation  of  E.  coli  after  treatment  with  silver  nanoparticles 

(Li et al. , 2010) .  Gram-negative  bacteria  exhibited  no  resistance  to  the  

antimicrobial  action  of  silver (Duran et al. , 201) .The  difference  between  the  

action  of  silver  nanoparticles  on  Gram-positive  and  Gram-  negative  bacteria  

is  related  to  the  structure  of  the  peptidoglycan  cell  wall.  When  comparing  

inhibition  between  Escherichia  coli  and  Staphylococcus  aureus,  the  latter  being  

considered  as  a  model  microorganism  for  Gram-positive  bacteria  studies,  it  

was  observed  that  Gram-  negative  bacteria  are  more  easily  inhibited  than  

Gram-positive  ones (Gomaa , 2017) . Gram-positive  bacteria  also  show  changes  

in  membrane  permeability  and  protein  composition  in  the  respiratory  chain,  

and  the  formation  of  ROS (Gomaa , 2017) .  Oxidative  stress  in  Gram-positive  

bacteria  is  more  abrupt  than  in  Gram-negative  ones.  As  in  Gram-negative  

bacteria,  high  ROS  concentrations  lead  to  protein  degradation  by  activation  of  

the  proteolytic  pathway  and  lipid  oxidation.  However,  in  S.  aureus,  the  

hydroxyl  radical  is  responsible  for  lipid  oxidation.  As  in  Gram-negative  

microorganisms,  there  are  also  changes  in  membrane  potential,  as  well  as  

DNA  degradation  in  Gram-positive  bacteria (Quinteros et al. , 2018) .  When  

the  mechanism  of  action  of  silver  nanoparticles  in  bacteria  and  fungi  is  

compared,  the  aggregation  of  nanoparticles  only  occurs  in  eukaryotic  cells,  

resulting  in  larger  particles (Iravani et al. , 2014) .  In  Candida  species,  it  has  

been  shown  that  the  toxic  action  of  AgNP  is  related  both  to  the  ROS-

mediated  pathway,  inducing  dysfunctional  mitochondrial  apoptosis,  and  to  the  

ROS-independent  pathway, culminating in the same cell death outcome 

(Radhakrishnan et al. , 2018) .  Similar  to  the  antibacterial  action,  in  Candida  

species,  AgNP  acts  by  interfering  with  the  membrane  potential,  in  its  integrity  

and  fluidity,  in  its  growth,  and  in  the  cell  cycle (Radhakrishnan et al. , 2018) 

(Kim et al. , 2009).  In  addition,  the  synthesis  method  influences  the  action  of  

silver  nanoparticles,  with  biosynthesis  showing  better  results (Ballottin et al. , 

2017) . 
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Figure 4 : Mechanism of action of AgNPs against Candida albicans, 

Escherichia coli, and Staphylococcus aureus (Int. J. Mol. Sci. , 2021 ( 
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1.9 Characterization of silver nanoparticles  

        Characterization of the NPs is important to understand and control the NPs 

synthesis and applications. Characterization is achieved by using a different 

techniques such as UV–Vis spectroscopy, atomic force microscopy (AFM), 

transmission and scanning electron microscopy (TEM, SEM), dynamic light 

scattering (DLS), powder X-ray diffractometry (XRD), X-ray photoelectron 

spectroscopy (XPS) and Fourier transform infrared spectroscopy (FTIR) (Sun et al., 

2000; Khomutov and Gubin, 2002; Yeo et al., 2003; Chimentao et al., 2004; 

Hutter and Fendler, 2004; Zhang et al., 2004; Zhang et al., 2006; Yoosaf et al., 

2007; Vilchis-Nestor et al., 2008). These techniques are used for detection a several 

parameters such as particle shape, size, crystallinity, pore size, fractal dimensions, 

and surface area. 

 

1.10 Forms  of  Incorporation   

       AgNPs  used  in  dental  materials  are  incorporated  through  distinct  ways,  

depending  on  the  type  of  material.  For  composite  resin  and  adhesive  systems,  

the  most  common technique is adding a monomer,  usually  2-(tert-butylamino)ethyl  

methacrylate,  in  order  to  improve  Ag  salt  solubility  in  the  resin  solution (Y. 

J. Cheng et al. , 2011) (F. Li et al. , 2013) (M. A. S. Melo et al. , 2013) .  For  dental  

implants,  the  process  is  totally  different:  Titanium  samples  are  soaked  in  

AgNO3  solutions,  rinsed  with deionized  water,  dried,  and  irradiated  with  UV  

light  from  a  high-pressure  Hg  lamp.  This  process  allows  producing  samples  

with  different  Ag  concentrations,  depending  on  the  AgNO3  solution  

concentration (L. Zhao et al. , 2009).  Another  difference  is  related  to  the  form  

of  AgNP  obtainment.  In  some  studies  the  particles  are  commercially  avail-  

able,  so  they  are  obtained  directly  from  the producer (K. Zhang et al. , 2012)        

)M. A. S. Melo et al. , 2013) (L. Cheng et al. , 2013).  In  others,  AgNPs  are  

prepared  by  reduction  of  AgNO3,  with  NaBO4 (K. Y. Flores et al. , 2010)  ,  

polyvinylpyrrolidone (K. Y. Nam , 2011),  sodium  citrate (D. R. Monteiro et al. , 
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2012),  and  gallic  acid  (L. F. Espinosa_cristóbal et al. , 2009),  among  others. 

 

1.11 Application of silver nanoparticles in dentistry 

Figure 5 : Applications of silver nanoparticles used for biomaterials (Bapat et 

al. , 2018) . 

       The use of silver in dentistry dates from the 19th century and has different 

applications, figure 5 , mainly due to the antimicrobial potential of silver ions (Peng 

et al. , 2012) . However, in the 21st century, the advent of nanotechnology brought 

a new perspective on the use of silver in dentistry through silver nanoparticles, 

which have antimicrobial action, Figure 6 .mainly due to the gradual release of silver 

ions (Venugopal et al. , 2017) (Fernandes et al. , 2018 ) (De Matteis et al. , 2019) 
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(paiva et al. , 2018). The use of nanoparticles in dentistry over the years is evidenced 

by the number of articles published in the last ten years .In dentistry, studies have 

indicated the use of silver nanoparticles in different specialties: oral microbiology, 

preventive dentistry, prosthodontics, orthodontics, endodontics, and periodontics. In 

addition, some studies have investigated the potential of using silver nanoparticles 

by testing their antimicrobial effects against the most common oral pathogens. 

Considering the use of AgNP in the different dentistry specialties and subsequent 

fields, the predominant areas are dental prosthesis (25.6%) and oral microbiology 

(19.5%) Most  of  the  studies  have  indicated  that  silver  interacts  with sulfhydryl  

groups  of  proteins  and  with  DNA,  altering hydrogen  bonding,  respiratory  

processes,  DNA  unwinding,  cell-wall  synthesis  and  cell  division (Kiriyamma 

et al. , 2013) ( De_Deus et al. , 2017).  At  the  macro  level,  these  interactions  

effectively  produce  bacterial  death (Patil et al. , 2016) .  It  is  recognized  that  

Ag  NPs  have  antimicrobial  activity  against  Gram-negative  bacteria  performing  

‘pits’  in  the  cell  wall  of  the  bacteria.  Clearly,  a  membrane  with  such  

morphology  exhibits  a  significant  increase  in  permeability,  resulting  in  death  

of  the  cell.  Overall,  silver  mainly  induces  denaturation  and  oxidization  for  

cell  wall  which  lead  to  rupture  of  the  internal  cell  organelles,  resulting  in  

bacterial  death (Nozari et al. , 2016) ( Besinis et al. , 2014) .  Although  bacterial  

cell  lysis  could  be  one  of  the reasons for the  observed  antibacterial  property,  

NPs  also  modulate  the  phosphotyrosine profile of  putative  bacterial  peptides,  

which  could  affect  bacterial  signal transduction  and  inhibit  the  growth  of  the  

organisms (Chladek et al. , 2011) . 
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Figure 6 : Steps of antimicrobial action of silver nanoparticles  ( Bapat et al. , 

2018) . 

(A) AgNPs diffusion and uptake into the bacterial cell: Accumulation and 

dissolution of AgNPs at plasma membrane cause cell leakage.  

(B) Destabilization of Ribosomes: denatures ribosomes inhibiting protein 

synthesis and plasma membrane degradation.  

(C) Enzyme interaction: AgNPs bind with the thiol group (-SH) in the 

respiratory enzymes and deactivate them.  

(D) Interruption of electron transfer chain: AgNPs interfere with electron 

transport affecting signaling pathway.  

(E) Reactive oxygen Species(ROS): Mitochondrial damage induces ROS which 

oxidizes proteins.  

(F) DNA Damage. AgNPs binds with DNA preventing its replication and 

multiplication causing apoptosis.  

(G) Cell Death: Formation of pits and perforations in cell membrane leads to 

release of cell organelles and cell death. 
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Likewise, Ag NPs with average size 14 ± 6 nm and Ag+ ions such as AgNO3, inhibit 

the growth of Escherichia coli 55 ± 8% and 100%, respectively . Furthermore, silver 

particles are also used as an alternative radiopacifier to get the necessary radiopacity 

to calcium silicate cements (CSC) and assess the purity of the radiopacifying agents 

(Munikamaiah et al. , 2018). These nanomaterials, which can be prepared in a 

simple and cost-effective manner, may be suitable for the formulation of new types 

of bactericidal materials (Patil et al. , 2016) . 

 

1.11.1 CARIES  INHIBITORY  PROPERTIES   

       The  most  common  worldwide  oral  diseases  are  dental    caries  and  

periodontal  diseases,  60–90%,  according  to  the  World  Health  Organization  

(WHO) (World health organization , 2011) .  In  Mexico,  some  authors  estimate  

that  such  diseases  affect  90%  and  70%  of  the  population,  respectively (de la 

Fuente_Hernàndez J et al. , 2008).  In  this  regard,  the  use  of  silver  solution,  

specifically,  silver  diamine  fluoride  (Ag  [NH3]  2F)  has  been  used  as  a  caries  

inhibitor.  In  context,  fluoride  and  silver  interact  synergistically  to  form  

fluorapatite.  The  first  step  is  the  formation  of  calcium  fluoride  (CaF2)  and  

silver  phosphate  (Ag3PO4)  in  a  basic  environment,  the  second  reaction  is  the  

subsequent  dissociation  of  calcium  and  fluoride (Rosenblatt A et al. , 2009) .  

Experimental  composite  adhesives  (ECAs)  showed  slower  bacterial  growth  

than  those  containing  conventional  adhesives,  suggesting  that  ECAs  can  help  

prevent  enamel  demineralization  around  their  surfaces  without  compromising  

physical  properties (Ahn SJ et al. , 2009) . 
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1.11.2 Composite  resins   

         AgNPs  are  combined  with  different  materials  due  to  their  antimicrobial  

effect  which  decreases  biofilm  formation  and  maintenance  of    better  oral  

health (M. Rai et al. , 2009) (Y. Zhang et al. , 2015) .  Due to  its  smaller  particle  

size,  AgNPs  penetrates  through  cell  membranes  more  readily,  resulting  in  

damage  and    inactivity ((H. _J Park et al. , 2013) .    In comparison  to  other  

restorative  materials,  composites  exhibit  more    biofilm  formation  on  its  surface  

in-vivo (S. Imazato et al. , 1994) .  These biofilms  are  major  reasons  for  

secondary  caries  formation  at  the  margins  of  the  restoration  which  leads  to  

failure (R. L. Sakaguchi , 2005).  To combat these, formulation of adhesive systems 

have been  developed  with  antibacterial  agents  to  prevent  the  issue  of  secondary  

caries (S. Imazato et al. , 2007) .  Evidences  suggest  that  microleakage  on  

restoration  margins  provides  gaps  for  the  colonization  by  oral  bacteria,  resulting  

in  secondary  caries.  This  leads  to  restorative  failure  and  need  for  restoration  

replacement.  Problem  can  be  averted  by  incorporation  of  antimicrobial  agents  

like  AgNPs  to  composite  resins  and  adhesive  systems  (Fig.  1.7).   

Researchers have incorporated AgNP into a resin matrix based on bisphenol A-

glycidyl methacrylate/triethylene glycol dimethacry-late (BISGMA/TEGDMA), 

which is used in restorations of deciduous and permanent dentitions through 

chitosan polymers. They found antimicrobial activity against S. mitis, pointing out 

that the coating of restorative materials by this polymer decreases antimicrobial 

activity (Cataldi et al. , 2016). However, incomplete nanocomposite polymerization 

(resin + AgNP), along with an increase in the release of unbound monomers, has 

been demonstrated (Durner et al. , 2011). The literature does not clearly state 

whether AgNPs can be used with polymer resins in restorative dentistry (Pal et al. , 

2007) (Prabhu and S.; Poulose , 2012) . The union of AgNP with composite resins 

did not decrease the marginal infiltration of the material (Kielbassa et al. , 2020) . 

These nanocomposites have their final mechanical properties influenced by the type 

of polymerization (Barszczewska_Rybarek and I.; chladek , 2018) . 
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The use of photopolymerization for the formation of resins associated with silver 

nanoparticles did not improve the mechanical properties when compared to 

commercial resins (Hanif and A.; Ghani , 2020) . Dentin adhesives associated with 

AgNPs increased surface wetting and cohesive failures (Torres_Mendez et al. , 

2017).  

When self-etching adhesives and AgNP were tested against S. mutans, antimicrobial 

activity was observed, without compromising the conversion of adhesive into the 

resin (Mohammed and H.F.; Riad , 2019), and AgNP incorporation made the 

antibacterial activity more durable. It can be applied for immediate antibacterial 

needs (Keskar et al. , 2019). 

Two-step adhesive systems associated with AgNP showed higher shear strength 

results than self-etchers/AgNP (Fatemeh et al. , 2017). AgNP powder showed better 

results than the alcoholic AgNP solution both in antimicrobial activity and in the 

degree of conversion of the self-etching adhesive (Mohammed and H.F.; Riad , 

2019). AgNP incorporation in disinfectants generated commercial products 

(Nanocare Gold) with biocompatibility and no cytotoxicity to stem cells from dental 

pulp (Porenczuki et al. , 2019) 
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Figure 7   : Incorporation of silver NPs in composite resins and adhesive system 

( Bapat et al. , 2018). 

 

1.11.3 Incorporation  in  porcelain 
  Dental porcelain is the most popular material used for fixed prosthesis due to good 

biocompatibility, mechanical durability and aesthetics similar to natural teeth (J. B. 

Quinn et al. , 1997) . However, on application of excessive masticatory force, it 

may chip or fracture due to lack of malleability or ductility. Reinforcing porcelain 

with metal particles have been recommended to enhance fracture toughness and 

prevention of crack propagation. This could be due to exchange of ions between 

reinforced metal particles with porcelain (K. J. Anusavice et al. , 1992) .This review 

attempts to highlight effect of incorporation of AgNPs on mechanical properties of 

dental porcelain. Thus, studies have demonstrated that incorporation of AgNPs 

inside porcelain improves its mechanical properties. It improves its fracture 

resistance and decreases length of the crack . this simply implies that AgNPs have a 

potential to tackle problems associated with porcelain. 
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1.11.4 In Endodontics : 

       The crucial cause of apical periodontitis is inflamed or necrotic pulp, which is 

a consequence of colonization by microorganisms and can even lead to bone 

infection (Kim et al. , 2009) . Several  studies  have  demonstrated  that  bacteria  

are  the  main  etiologic  agent  of  pulpal  infection  and  periradicular  lesion  

formation (A. Byström and G. Sundqvist , 1981) (L. Fabricius et al. , 1982) (G. 

Sundqvist et al. , 1998) .  The  microbiota  of  infected  root  canals  is  polymicrobial  

and  is  dominated  by  Gram-negative  anaerobes (J. C. Baumgartner and W. A. 

Falkler , 1991) (J. C. Baumgartner et al. , 2003) .  It  has  been  demonstrated  that  

the  presence  of  residual  bacteria  in  root  canal  is  connected  with  significantly  

higher  rates  of  treatment  failure (U. Sjögren et al. , 1997) . In infected root canals, 

despite its polymicrobial etiology, Enterococcus faecalis, a facultative anaerobic 

Gram-positive bacterium, is often present, causing persistent and difficult-to- treat 

infections. In  an  effort  to  improve  upon  intracanal  medicaments  in  inhibiting  

the  growth  of  Enterococcus  faecalis,  the  short  term  and  long  term  effects  of  

calcium  hydroxide  intracanal  medicament  with  silver  nanoparticles  suspension  

was  investigated  (Afkhami  et  al.,  2015).  Its  effectiveness  against  Enterococcus  

faecalis  was  superior  when  compared  to  calcium  hydroxide  alone,  and  calcium  

hydroxide  mixed  with  chlorhexidine.  Nano-silver  particles  were  significantly  

effective  after  one  week,  and  showing  no  significant  antibacterial  effect  after  

one  month  in  comparison  to  the  other  materials  used.  Researchers,  therefore,  

concluded  that  nanosilver  particles  proved  to  be  an  effective  antibacterial  agent  

specifically  against  Enterococcus  faecalis  in  short  term. The association of AgNP 

with composites disrupts E. faecalis biofilm through the release of silver ions (Fan 

et al. , 2015) . AgNPs also demonstrated their antimicrobial effect when used as 

final endodontic irrigators, with the effect similar to the treatment with 2.5% sodium 

hypochlorite (Gonzàlez_Luna et al. , 2016) . Calcium-based cement and mineral 

trioxide aggregate (MTA) associated with AgNP presented antimicrobial activity 

against Escherichia coli, Actinomyces spp., Streptococcus mutans, E. faecalis, and 
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C. albicans isolates. Silver particles can decrease the attachment of microorganisms 

to the tooth surface and increase the antibacterial properties of endodontic sealers 

(Jonaidi_Jafari et al. , 2016). These particles also increased the MTA radiopacity 

(Mendes et al. , 2017) . 

 

1.11.5 Nanosilver Application in Dental Cements 

       The initial adhesion of specific oral bacteria to tooth surfaces or artificial dental 

substrata is both the primary and the essential prerequisite for the development of 

Cariopathogenic biofilms (C. J Whittaker et al. , 1996) (C. Estrela et al. , 2009) 

(D. R. Monteiro et al. , 2009) (R. P. Allaker , 2010) . Within the complex formation 

of such biofilms, Streptococcus mutans is primarily responsible for the initiation of 

tooth decay as well as for the progression of an established lesion (R. Bürger et al. 

, 2009). Although the prevalence of primary caries has been on decline worldwide 

since early 1980s, secondary caries remains an unresolved problem in restorative 

dentistry (S. Saku et al. , 2010) . Ideally, the restorative materials should exhibit 

antibacterial properties to limit the adhesion and proliferation of pathogens at a very 

early stage and, therefore, prevent secondary caries (R. Bürger et al. , 2009) . In 

Dentistry there is a wide range of cements with different applications where the 

antimicrobial activity is relevant. Antibacterial activity of dental luting cements is a 

very important property when applying dental crowns, bridges, inlays, onlays, or 

veneers, because bacteria may be still present on the walls of the preparation or gain 

access to the cavity if there is microleakage present after cementation (P. Daugela 

et al. , 2008) .   

Metallic  nanoparticles  may  improve  the  physicochemical,  mechanical  and  

antibacterial  properties  of  dental  materials.  Silver  particles  are  used  as  

alternative  radiopacifier  agents  in  calcium  silicate  cements  (Camilleri  J  and  

Gandolfi  MG  ,  2010).  Silver  (Ag+)  added  to  calcium  phosphate  bone  cements  

improved    physicochemical  properties,  such  as  setting  time,  presented    anti-

adhesion  and  antibiofilm  activity  and  showed  non-  cytotoxic  effect  with  human  
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bone  cells  (Jacquart  S  et  al.  ,  2013).  A  silver  alloy  powder  was  formerly  

added  to  a  restorative  glass  ionomer  cement  to  make  a  metal  reinforced  GIC,  

which  is  more  complex  and  more  substantial.  A  silver  powder  was  sintered  

to  glass  at  high  temperatures  to  obtain  cermet  cement.  It  has  been  claimed  

that  such  silver-sintered  powder  could  improve  abrasion  resistance  and  

durability  (Simmons,  1983;  McLean  et  al.,  1994).  Silver  nanoparticle  

incorporation  into  GIC  powder  could  reduce  biofilm  formations  that  would  

not  significantly  affect  the  mechanical  and  physical  properties.Incorporating  

silver  nanoparticles  into  glass  ionomer  cements  significantly  enhanced  the  

material’s  wear  resistance.  The  main  improvement  after  adding  silver  

nanoparticles  was  abrasion  resistance  and  radio-opacity  to  the  glass  ionomer  

cement  (McKinney  et  al.,  1988;  Xie  et  al.,  2000). 

 

 1.11.6 Nanosilver fluoride in remineralization of dental caries 

         Nano-silver fluoride (NSF), a new colloid based on AgNPs, chitosan, and 

fluoride was developed as a caries arresting agent that comprises both antibacterial 

and remineralizing properties. (Sayed  et al. , 2020) Hence, NSF is a promising 

agent as it overcomes the clinical limitations of Silver diamine fluoride (SDF) as it's 

less cytotoxic (Targino et al., 2014) and causes no carious lesion staining. 

(Espíndola_Castro LF et al. , 2020) (Sayed  et al. , 2020) (Yin IX et al. , 2020) 

(Tirupathi S et al. , 2019) This is due to the size of silver particles and also because 

the nanoparticles do not undergo oxidation. (Espíndola_Castro LF et al. , 2020) 

This new formulation is safe for use in humans, and controlled clinical trials have 

shown its anti- caries property. (Tirupathi S et al. , 2019) (Burns J and Hollands 

K , 2015) (Santos VE dos Jr et al. , 2014) The antibacterial properties of 

nanomaterials  have been investigated, and the antibacterial effect  showed to come 

from AgNPs.  Chitosan was added to the AgNPs as it acts as a carrier and stabilizes 

the compound.  Further, to make this a more comprehensive  agent, fluoride was 

added to the AgNPs-chitosan  compound to fortify the antibacterial properties  and 



Chapter one                                                                             Review of Literature 

24 

prevent demineralization. This new  formulation, called NSF, has been reported 

for  caries prevention and arrest.(Yin IX et al. , 2020)  AgNPs incorporation aims 

to avoid or at least to decrease the microbial colonization over dental materials 

increasing oral health levels (S. Eckhardt et al. , 2013) . The combination of these 

strategies may confer a better treatment of the white spot lesion . 

 

1.12 ADVERSE EFFECTS   

        Metal ions are released  from  casting  alloys  and  cause  damage  to  cell  

structures  and  local  inflammation.  Ag(NH3)2F  in  contact  with  Human  Gingival  

Fibroblast  (HGF)  for  only  one  hour  induced  irreversible  cell  death,  whereas  

longer  duration  of  contact  with  AgCl  was  necessary  to  induce  this  same  

effect.  These  data  suggest  the  importance  of  cautious  application  of  Ag  

(NH3)2F  into  the  oral  cavity (Contreras RG et al. , 2010) .  Ag(NH3)2F  shows  

much  more  sensibility  as  a  dose-dependent  ion  against  three  normal  cells  and  

three  cancer  line  cells  than  AgCl .Nanotoxicity  is  the  toxicity  imposed  by  

nanomaterials (Fadeel B and Garcia_Bennett , 2010) .  The  toxic  effects  of  Ag  

NPs  are  proportional  to  the  activity  of  free  Ag+  ions  released  by  the  NPs 

(Park EJ et al. , 2010). Although  NPs  have  tremendous  potential  for  a  host  of  

applications,  their  adverse  effects  on  living  cells  have  raised  serious  concerns  

for  their  use  in  the  healthcare  and  consumer  sectors.  For  example,  NPs  may  

be  taken  up  directly  into  the  brain  by  trans-synaptic  transport  and  Ag  NPs  

can  enter  via  the  blood-brain  barrier  and  accumulate  in  different  regions  of  

the  brain  and  this  may  be  beneficial  for  drug  delivery,  increasing  a  risk  to  

the  patient.  It  has  also  been  reported  that  nanoparticle  exposure  can  induce  

impairments  to  normal  neuron-  microglia  microenviroment  and  even  aggravate  

the  process  of  brain  pathology (Yang Z et al. , 2010) .  In  support  of  the  damage  

notion,  in  vitro  cell  line  studies  have  shown  decreased  mitochondrial  function  

after  exposure  to  Ag  NPs  in  murine  neuroblastoma  cells (Schrand AM et al. , 

2008) ,  hepatic  cells (Hussain SM et al. , 2005),  germline  stem  cells 
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(Braydich_Stolle L et al. , 2005) ,  human  skin  carcinoma (Arora S et al. , 2008) 

and  human  epidermal  keratinocytes  and  fibroblasts (Burd A et al. , 2007) ,  while  

in  vivo  studies  showed  that  exposure  to  NPs  could  result  in  an  inflammation,  

oxidative  stress,  myocardial  infarction  and  thrombosis  .As  mentioned  above,  

NPs  could  alter  the  permeability  of  blood  brain  barrier (Zhao Y et al. , 2006).  

Exposure  to  Ag  NPs  has  been  associated  with  tissue  damage  especially  in  

liver.  In  rats,  a  No  Observable  Adverse  Effect  Level  (NOAEL)  of  30  mg  ⁄  

kg  and  the  Lowest  Observable  Adverse  Effect  Level  (LOAEL)  of  125  mg  ⁄  

kg  has  been  determined  for  Ag  NPs (Kim YS et al. , 2010) .  NPs  could  also  

damage  DNA  causing  deletions,  mutations,  single  and  double  strand  breakages,  

adduct  formation,  and  cross  linking  with  proteins.  Some  studies  have  confirmed  

DNA  adducts  and  oxidation  and  induced  DNA  fragmentation  following  

exposure  to  metal  oxide  NPs.  In  response  to  DNA  insult,  cells  attempt  to  

repair  damaged  DNA  but  repair  failure  may  lead  to  cell  death  (apoptosis)  or  

cell  transformation.  In  the  case  of  severe  damage  to  DNA,  cells  may  die  by  

either  necrosis  or  apoptosis.  In  this  regard,  it  has  been  published  previously  

that  exposure  to  certain  metal  oxide  NPs  induces  apoptosis (Huang YW et al. 

, 2010) .  Corrosion  and  discolorations  of  dental  materials  in  contact  with  Ag  

NPs  may  be  a  concern.  On  the  other  hand,  antibacterial  property  carries  with  

it  a  potential  environmental  risk  once  these  NPs  are  discharged  into  the  

environment.  Of  particular  concern,  Ag+  ions  from  AgNO3  inhibit  the  algae’s  

photosynthesis  around  18  times  more  than  Ag  NPs.  However,  over  a  long  

period,  the  NPs  are  even  more  toxic  than  the  ions  alone (Navarro E et al. , 

2008) .  These  environmental  concerns  have  led  to  a  debate  among  advocacy  

groups  and  governments  on  whether  special  regulation  of  nanotechnology  is  

warranted  . 

In  a  pregnant  woman  : 

       One  of  the  major  concerns  regarding  the  utilization  of  silver  nanoparticles  

is  their  use  in  pregnant  women  and  animals.  It  was  already  demonstrated  that  

when  pregnant  mice  were  exposed  to  18–20  nm  AgNP,  silver-containing  
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nanoparticles  could  be  detected  in  the  placenta  and  in  the  head  of  the  fetus.  

In  the  fetus,  silver  was  detected  in  the  ionic  form  or  as  nanoparticles  with  a  

size  less  than  13  nm  (Campagnolo et al. , 2017) ,  and  this  situation  points  to  

precautions  with  respect  to  acute  exposure  to  nanoparticles  during  pregnancy.  

This  accumulation  of silver in the central nervous system has already been shown 

to induce long-term memory impairments in a mice model (Antsiferova et al. , 

2012) . In a similar way, phytoreduced silver nanoparticles with polyphenols from 

Viburnum opulus fruit extract presented testicular toxic effects in offspring during 

the embryological development of the murine gonad (Bidia et al. , 2021) . 

Therefore, more studies are necessary to evaluate if nanoparticles can be safely 

administered to pregnant women. 

1.13 Cytotoxicity of AgNPs 

        Low-concentration NPs were found to be non-toxic, while high- concentration 

NPs demonstrated more pronounced cytotoxicity, according to the researchers 

(Hang and Gao, 2014), also some researchers discovered that the toxicity of NPs 

was dose-dependent (Niska and Knap, 2016; Cao and Zhang, 2018). In a previous 

study, the toxicity of antimicrobial NPs was found to be strongly related to the time 

rather than the concentration of the antimicrobial NPs (Dutra-Correa and Leite, 

2018). According to some studies NP toxicity is influenced by a variety of factors, 

including dosage, shape, particle size, distribution, time of action, interaction with 

other materials, and so on. Furthermore, because of their small particle size, NPs can 

easily enter the body and accumulate in organs, resulting in poisoning symptoms. 

No human cytotoxicity of NPs studies has been performed to date (Shrestha and 

Hamblin, 2014; Chen, and Han, 2017). 
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1.14 Allergy to AgNPs  

         Increasing evidence on possible interaction between nanoparticles  and the 

immune system has been released lately, however, research data  is still limited. 

Amongst the possible immune-related effects, sensitization  as a result of 

nanoparticle exposure represents a current experimental goal  for many research 

groups. It has been said that NPs may be responsible  for inducing allergic 

sensitization (contact dermatitis). However, it has  been said that NPs are unlikely 

to act as a hapten inducing a specific IgE  production (Di Gioacchino et al., 201 
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Discussion 

In dentistry, only three commercial products with AgNPs in their composition 

were patented until now: NanoCare Gold DNT™ (Dental Nanotechnology Ltd., 

Katowice, Poland) (Porenczukiet al. , 2019) (Mackiewicz et al. , 2014) ; 

Novaron AG300 (Toagosei Co Ltd., Tokyo, Japan) (kiriyama et al. , 2013) ; and 

GuttaFlow™ (Coltène-Whaledent, Altstätten, Switzerland) (De_Deus et al. , 

2017) (Patil et al. , 2017) . However, there is a worldwide growth in publications 

and technological development on AgNP in the health area, indicat- ing the 

increase in research on this technology, which has already proven the 

antimicrobial  activity of AgNPs alone, in nanocomposites, or associated to 

biomaterials. Thus,Ag- NPs emerge as an antimicrobial agent for use in the 

control of pathogenic bacteria, caries activity, tissue inflammation, and bone loss, 

when at concentrations presenting low cyto- toxicity to the patient’s cells. 
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Conclusion and Suggestions 
 

          In this review, the antimicrobial effect of AgNPs incorporation into dental 

materials was investigated, such as composite Resin, endodontic materials, 

porcelain, and dental cement . Several studies have shown that silver, in its 

nanoparticulated Form, possesses an inhibitory effect against many bacteria and 

fungi, including S. mutans, C. albicans, P. aeruginosa, E. Faecalis, and S. aureus, 

among others, which could decrease The occurrence of secondary caries, fungal 

infection, fails on Endodontic treatment . Incorporation of AgNPs prevents 

biofilm build up over composite Avoiding microleakage and secondary caries. 

AgNPs Decreases the microleakage in root canal system and can be used as Canal 

irrigant similar to sodium hypochlorite. In vitro research depicted that these 

nanoparticles prevent crack Propagation and improves the fracture toughness 

with dental ceramics Which will negate the cracking of porcelain restorations 

with crowns And bridges and veneers. The  Risk and toxicity of these 

nanostructured materials need  Extensive research, as well as cost effectiveness 

and patient  Acceptance.  Despite the effectiveness that Ag NPs have showed in 

Dental practice, Ag NPs remain a controversial area of  Research with respect to 

their toxicity in biological and Ecological systems. Therefore any applications of 

Ag NPs in dentistry requires more clinical study. 
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