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ORTHODONTICS

Nanoparticles! Armour against White Spot Lesions
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ABSTRACT
Objective: To explore the antibacterial effects and influence of various nanoparticles on shear bond strength in orthodontic 

therapy.
Material and Methods: Various English electronic data bases and electronic libraries, PUBMED, EMBASE, SCOPUS were 

searched using the keywords nanomaterials, antibacterial properties, shear bond strength and orthodontics. 
Results: Nanomaterials are known to be strategically advantageous as active antibacterial groups since their surface area is 

exceedingly large relative to their size. Nanosized particles may provide high activity although only a small dose of the particles 
is used. Consequently, nanomaterials could serve as an alternative to antibiotics to control bacterial infections. 

Conclusion: Incorporation of various nanoparticles into adhesive materials in minimal amounts may provide antibacterial 
effects and can affect the shear bond strength which may lead to the failure of bracket or adhesive.
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INTRODUCTION

Enamel demineralization is the most common and hazardous iatro-
genic side effect that occurs during the course of fixed orthodontic treat-
ment. This phenomenon has become a clinical problem since direct 
bonding evolved into the profession. Patient compliance in maintaining 
alluring oral hygiene is consistently confronting during orthodontic 
therapy, therefore, many practitioners prefer modalities that do not 
depend on patient co-operation. It is noted that both orthodontic appli-
ances and bonding materials may retain plaque. 

As enamel translucency is directly related to the degree of mineral-
ization, initial enamel demineralization usually manifests itself clinical-
ly as an opaque lesion called as "White Spot Lesion" (WSL)1). The 
White Spot Lesion has been defined as "subsurface enamel porosity 
from carious demineralization" that presents itself as "a milky white 
opacity located on smooth surfaces2).

The degree of white spot lesion development is not completely 
apparent until the fixed orthodontic appliances are removed. Upon 
removal of appliances, white, opaque demarcations on the labial surface 
of the teeth where the brackets and bands once were, may be evident. 
These white, unesthetic demarcations of decalcification detract from the 
smile and final esthetic result of straight teeth and good occlusion. 
Because these white spot lesions most often occur on maxillary anterior 
teeth, they pose a significant esthetic problem (Gorelick et al., 1982)3). 

ETIOLOGY  OF  WHITE  SPOT  LESION

Fixed orthodontic appliances create areas for plaque accumulation 
and make tooth cleaning difficult. The irregular surfaces of brackets, 
bands, and wires limit the naturally occurring self-cleansing mecha-
nisms of the oral musculature and saliva (Guzman- Armstrong, 2010)4) 
leading to increased plaque retention and subsequent white spot lesion 
formation. Due to the difficulty of effective daily cleaning around fixed 
appliances, in patients without fluoride supplementation it is a rapid 
process which develops with in 4 weeks (Ogaard et al., 1988)5), those 
with poor oral hygiene (Zachrisson et al,. 1971)6), and those patients 
with a high Streptococcus mutans count (Ogaard, 1989)7) are at higher 
risk for enamel demineralization and white spot lesion formation.

PREVALENCE  OF  WHITE  SPOT  LESION

It is now agreed upon that demineralization and the development of 
white spot lesions is a problem during orthodontic treatment; however, 
published literature shows great variation in the prevalence. Zachrisson 
et al. (1971)6) reported that 89% of patients developed white spot 
lesions, while Gorelick et al. (1982)3) observed that 49.6% of patients 
had white spot formation on at least one tooth at debanding. 
However,Sudjalim et al. (2006)8) reported overall prevalence of white 
spot lesions ranging widely between 2 and 96%. The differences in 
reported prevalence may be attributed to variation in incidence geo-
graphically or to the difference in the definition of a white spot lesion. 
However prevalent, it is established that white spot lesions may persist 
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for years resulting in a permanent, unaesthetic result with the potential 
of worsening to the point of requiring permanent restoration (Øgaard, 
1989; Sudjalim et al., 2006)7,8)

PREVENTIVE  MEASURES

Depending on the patient's risk factors, a number of suitable agents 
and therapies can be used to help prevent white spot lesions in ortho-
dontic patients: fluoride toothpastes, gels, varnishes, and mouth rinses; 
antimicrobials; xylitol gum; diet counseling; and casein derivatives 
(Guzman-Armstrong, 2010)9). The critical component in preventing 
demineralization is patient compliance along with good oral hygiene. 
Reinforcing oral hygiene habits throughout orthodontic treatment has 
been shown to be effective in reducing demineralization (Artunet al. 
1986)10). Proper tooth brushing, daily flossing, and routine prophylactic 
cleanings will minimize the amount of dental plaque, thereby decreasing 
the probability of developing areas of decalcification (Øgaard, 1989)7). 
Other approaches include using bonding agents with antibacterial prop-
erties, mouth rinses incorporated with antimicrobial agents and coatings 
on brackets/wires or remineralizing agents adjacent to orthodontic appli-
ances but their response was observed to be limited11,12). Nanotechnology 
has been applied in dentistry to cater materials with augmented mechan-
ical properties and antibacterial effects13).

NANOTECHNOLOGY

"The terminology originates from the Greek word meaning "dwarf." 
The term nanotechnology was coined by Norio Taniguchi at the 
University of Tokyo.

Nanotechnology: it is define as "The science of manipulating mat-
ter, measured in the billionths of a nanometer, roughly the size of two or 
three atoms"

Nanodentistry: It is the science and technology of maintaining 
near-perfect oral health through the use of nanomaterials including tis-
sue engineering and nanorobotics14).

Different applications of nanotechnology in orthodontics are14,15):

1. Nanorobotics in the acceleration of orthodontic tooth movement
2. Nanocomposites for superior orthodontic bonding
3. Nanotechnology in the prevention of white spot lesions (WSLs)
4. Nanotechnology for coating of stainless steel brackets and stain-

less steel wires to increase the bioeffeciency of the bracket, and 
to reduce the friction in the arch wires used during routine ortho-
dontic treatment.

5. Nano-coatings in arch wires and brackets to reduce friction
6. Fluoroapatite, fluorohydroxyapatite or hydroxyapatite.

The current article dwells on nanoparticle and its application as 
antibacterial agent.

NANOTECHNOLOGY  FOR  PREVENTION  OF  WHITE  
SPOT  LESION

With the evolution of nanotechnology and the contrasting demean-
our disclose by nanoparticles, asserts have been contrived to take lever-
age of this approach in orthodontic bonding. Embodiment of nanoparti-
cles into other orthodontic material has revealed promising accoutre-
ments in terms of antimicrobial and mechanical properties12,13). 
Incorporating nanoparticles within the bonding agent and not into the 
adhesive body itself was weighed a more convincing accession and in 
some way profitable from a clinical outlook. Considering that the bond-
ing agent which comes into candid touch with the enamel surface, the 
destination area for precautionary pursuits. Studies in the literature 
established that nanofillers can minimise enamel demineralization with 
no arbitration of physical properties of the composites12,16).

Researchers confirmed that experimental composites composed of 
silver nanoparticles catered admirable antibacterial properties without 
negotiating the shear bond strength17). However, inclusion of silver 
nanoparticles may sequel to discoloration of the composite matrix and 
there is a bit consideration in regard to their biocompatibility18). Copper 

based and zinc based nanoparticles are reported to induce relentless 
noxious effects in animal studies in vitro19). In recent past there has been 
considerable scrutiny over regarding the photocatalytic action of titani-
um-dioxide (TiO2) nanoparticles in medical and dental literature20).

Studies in literature have reported that resins embodying TiO2 
nanoparticles display compelling antimicrobial properties, which may 
be applied for preventing recurrent caries and demineralization of the 
enamel21). Incorporation of TiO2 nanoparticles to dental composites also 
augmented mechanical properties, such as modulus of elasticity, micro-
hardness, flexural strength and also provided bond strength values that 
were similar or even higher levels than that of the controls not contain-
ing the nanoparticles22,23). It has been mentioned in literature that, various 
bonding manners need to confirm the prerequisites of the normal SBS 
ranging from 5.9 to 7.8 mpa24-27).

Antimicrobial materials used in the clinical setting today are beset 
by significant shortfalls, including weak antimicrobial activities, risk of 
microbial resistance, difficulty in monitoring and extending the antimi-
crobial functions, and difficulty in functioning in a dynamic environ-
ment. Thus, effective and long-term antibacterial and biofilm-preventing 
materials constitute an immediate need in medicine and dentistry. Today 
most biofilm-associated infections are treated with antibiotics for lack 
of a better alternative. 

However, it is well established that attacking mature biofilms with 
conventional antibiotics does not work, that is much higher than usual 
drug doses are required, as all such agents have difficulty in penetrating 
the extracellular polysaccharide sheath covering the biofilm. Biofilm-
associated bacteria are 100 to 1,000 times less susceptible to antibiotics 
than planktonic bacteria and agents active against planktonic bacteria, 
but not against biofilms, fail to cure patients28).

Moreover, high doses are often not tolerated by the host organism, 
whereas the conventionally used lower doses are inefficient. In addition, 
the use of conventional antibiotics carries a major risk for resistance of 
viable bacteria. This issue becomes more complicated in situations 
where mixed bacterial biofilms are produced and where multiple antibi-
otics are used to target the complex microflora. Consequently, different 
measures of antimicrobial protection are required. Nanotechnology 
today provides a sound platform for adjusting the physicochemical 
properties of numerous materials to generate effective antimicrobials11).

ADVANTAGES  OF  NANOPARTICLES  AS  
ANTIBACTERIAL  AGENT

1. Nanomaterials (NM) may be strategically advantageous as active 
antibacterial groups since their surface area is exceedingly large 
relative to their size. 

2. Nanosized particles may provide high activity although only a 
small dose of the particles is used.

3. NM could serve as an alternative to antibiotics to control bacteri-
al infections. Nanomaterials as antibacterial complementary to 
antibiotics are highly promising and are gaining large interest as 
these might fill the gaps where antibiotics frequently fail. This 
includes combating multidrug-resistant mutants and biofilm12,13,16).

MECHANISM  OF  ACTION  OF  NANOPARTICLES  
AS  ANTIBACTERIAL  AGENT

The precise mechanism(s) for bacterial toxicity of nanometals is 
still being elucidated, but the possibilities include free metal ion toxicity 
arising from the dissolution of metals from the surface of the NPs (e.g., 
Ag+ from Ag NPs) or oxidative stress via the generation of reactive 
oxygen species (ROS) on crystal surfaces of some NPs. The latter may 
be particularly important for anatase forms of TiO2, where the TiO2 sur-
face reacts by photocatalysis with water to release the hydroxyl radical 
with subsequent formation of ROS12).

The ROS can then synergistically act by attacking polyunsaturated 
phospholipids in bacteria and cause site specific DNA damage. Silica 
NPs have been found to inhibit bacteria adherence to oral biofilms. 
Although not strictly having a toxic mechanism, the silica induces an 
unfavourable change in the biofilm to reduce the adhesion, and there-
fore proliferation of bacteria. However, it remains unclear whether 
nanometals have superior antibacterial properties compared to the tradi-
tional metal salts used in dentistry, or to other routine antibacterial prod-



White Spot Lesions120

ucts for the oral cavity such as the chlorhexidine used in surgical mouth-
washes12).

Antimicrobial NM now in use (i.e., metal, metal oxide and organic 
nanoparticles) show a diversity of intrinsic and modified chemical com-
position properties. Thus, it is not surprising that they have numerous 
modes of action. Furthermore, the target bacteria vary greatly in their 
genetics and consequently in their cell wall structure, essential metabol-
ic pathways, and many components that when disrupted could be lethal 
to the microorganisms. Also the physiological state of the bacteria that 
is, planktonic, biofilm, growth rate, stationary, or starved, may greatly 
contribute to the sensitivity of the bacteria to NM12,17,18).

In some cases the ratio between the bacteria and the NM is critical 
to the latter's toxicity11). In addition, many environmental factors play a 
role and affect the lethality of NM to bacteria including aeration, pH 
and temperature. The physicochemical properties of the particles includ-
ing size, shape, chemical modification, coating, mixture in various 
ratios with other nanoparticles and solvent used all affect greatly their 
antibacterial activity20). Thus, with this complexity, no wonder that large 
parts of the NM antibacterial mode of action and level of hazard they 
pose are still obscure and one can find in the literature contradictory 
reports about them12,21,22).

Nevertheless, in general, NM act along two major lethal pathways, 
which are related to each other and in many cases occur simultaneously29): 
Disruption of membrane potential and integrity2) and production of reac-
tive oxygen species (ROS), also known as oxygen-free radicals, the NM 
acting as nanocatalysts12,23,16). Membrane damage occurs when NM bind 
electrostatically to the bacterial cell wall and membranes, leading to alter-
ation of membrane potential, membrane depolarization, and loss of integ-
rity which in turn result in an imbalance of transport, impaired respira-
tion, interruption of energy transduction and/or cell lysis and eventually 
cell death13).

ROS, considered the most effective determinant for both the in vitro 
and in vivo cytotoxicity of NM, are induced indirectly due to respiratory 
chain disruption or directly by the NM themselves29). A burst of ROS 
causes, via severe oxidative stress, damage to all the cell's macromole-
cules, leading to lipid peroxidation, alteration of proteins, inhibition of 
enzymes, and RNA and DNA damage. At high concentrations the ROS 
lead to cell death and at low doses cause severe DNA damage and muta-
tions12,29,30).

In some cases, where the production of ROS is induced by visible 
or UV light the toxicity of NM is photocatalytic. For instance, TiO2 NM 
were shown to induce, under near-UV light, lipid peroxidation which 
leads to respiratory dysfunction and death of E.coli cells. Several other 
effects of NM include direct inhibition of specific essential enzymes, 
induction of nitrogen reactive species (NRS)12,13,19,14,15) and induction of 
programmed cell death12).

Much of the microbial research with ENMs has also been conducted 
with well-known model organisms, such as Escherichia coli (e.g., as a 
model for Gram-negative bacteria), but less work has been done on the 
important microbes of the oral cavity. The oral cavity is a dynamic envi-
ronment where over 500 different bacterial species have been identified, 
with Streptococcus mutans to be among the most frequently isolated 
species (Bratthall 1972). Oral streptococci, including S. mutans, are the 
primary plaque-formers and as such they are involved in plaque forma-
tion and initiation of dental caries. 

Compared to other streptococci, S. mutans is a highly cariogenic 
pathogen mainly due to the fact it is highly acidogenic and can ferment 
carbohydrates to lactic acid, formate, ethanol and acetate. This microbe 
is therefore of considerable clinical importance in dentistry, but com-
pared to other species of microbes, there are relatively few reports on 
the effects of metal-containing NPs on this organism12).

CONCLUSION

With advancement in science and technology, nanoscience could 
play a significant role also in the practice of orthodontics in the near 
future. Beneficial effects of nanotechnology with relation to nanoparti-
cles as antibacterial agent would help the clinicians in improving the 
quality of patient care, and its applications should further be explored.
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