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ABSTRACT 

 

AIM:   

 The aim of the present study was to evaluate the effects of 

antimicrobial primer containing selenium on development of white spot lesion 

and also to evaluate shear bond strength after artificial caries induction. 

MATERIALS AND METHODS: 

 Ninety human maxillary premolars atraumatically extracted for 

orthodontic purpose were used in this study. The samples were  divided into 

two groups of 40 each, Group 1-Transbond XT primer (Etch + Transbond XT 

primer application +Transbond XT adhesive) Group 2- Denteshield 
TM

 primer 

(Etch + Denteshield primer  +Transbond XT adhesive)  remaining 10 samples 

in each group underwent only cross sectional  micro-hardness test (at 10, 

30,50,80,100 µm). After bonding all samples in both the groups were stored in 

artificial saliva solution for 24 hours. Of the 40 samples in each group 30 

samples were subjected to microbial caries induction for 10 days. Microbial 

caries induction was performed by inoculating dental plaque containing 

streptococcus mutans in a medium of brain heart infusion broth which served 

as a nutritional medium for bacterial growth and acid production. The 

remaining 10 samples in each group were tested for only shear bond strength. 

After microbial caries induction for 10days, 10 samples from each group were 

tested for shear bond strength and cross sectional micro-hardness and 
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remaining  samples in each group were transferred to artificial saliva for a 

period of 30days and 60 days respectively (n=10) each. At the end of 30 days 

and 60 days the respective samples were evaluated for shear bond strength and 

cross sectional micro-hardness. Both the groups along with a control 

(ciprofloxacin), were evaluated for their antimicrobial property by agar 

diffusion test and minimum inhibitory concentration (MIC) was assessed.  

RESULTS: 

 The results of cross sectional micro-hardness revealed that Group 2 

showed reduced amount of mineral loss at all the time intervals when 

compared to Group 1. A statistically significant difference in the amount of 

mineral loss was noted between the groups after microbial caries induction for 

10 days, 30days and 60 days. When assessing the shear bond strength between 

two groups, there was no statistical significant difference. The anti-microbial 

primer containing selenium Group 2 (Denteshield 
TM

) provided effective 

antimicrobial property when studied by agar diffusion method. At a 

concentration of 60µg/ml the anti-microbial primer containing selenium 

Group 2 (Denteshield 
TM

) provided effective antimicrobial property, assessed 

by minimum inhibitory concentration (MIC) using spectrophotometry. 

CONCLUSION: 

 Within the limitations of this study it was concluded that the 

Denteshield
TM 

(selenium containing primer) inhibited biofilm and helped to 

reduce the white spot lesion without compromising the shear bond strength, 
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and hence may be promising to reduce demineralization of enamel around the 

orthodontic brackets. 

KEY WORDS: Mineral loss, Denteshield
TM

, Transbond XT, Microbial 

caries induction, Cross sectional microhardness, Shear bond strength, 

Agar diffusion test, Minimum inhibitory concentration (MIC). 
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INTRODUCTION 

 

There have been revolutionary changes in techniques and materials 

since Edward H. Angle first introduced fixed orthodontic appliance in early 

1900’s. Orthodontics has come a long way because of the technological 

advances. In recent years there has been a significant increase in the number of 

adults seeking orthodontic treatment. Practitioners aim to deliver the best 

possible treatment outcome and aesthetic results. Despite these advances in 

orthodontic materials and techniques the success of orthodontic treatment is 

often compromised by the development of white spot lesion
35

. White spot 

lesion around orthodontic brackets is one of the drawbacks of fixed appliance 

treatment, especially those with poor oral hygiene maintenance. These lesions 

are due to demineralization of the enamel by organic acid produced by 

biofilms around the orthodontic brackets
96

. During orthodontic treatment, 

increased levels of cariogenic bacteria in the form of plaque around the 

appliance increase the risk for demineralization. This increased biofilm 

accumulation is due to the morphology of the fixed orthodontic appliances that 

create areas of stagnation for plaque and hinder in plaque removal during tooth 

brushing and the natural self-cleaning mechanisms
76

. 

 Clinically, the demineralized areas were detected as opaque and porous 

white spot lesions (WSLs) that may provide an unaesthetic appearance and 

compromise the final resu..lt of the treatment
11

. White spot lesions from 
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enamel demineralization can develop around brackets as early as 4 weeks after 

the initiation of orthodontic treatment
15

, and prevalence rates as high as 73.5% 

among patients undergoing orthodontic treatment have been reported
90

. 

Therefore, inhibiting the development of carious lesions around orthodontic 

appliances is important to achieve a successful outcome, as well as to ensure 

the maintenance of the patient's oral health.  

Many methods were found to be effective in decreasing white spot 

lesions; by improving oral hygiene, modifying diet (low carbohydrate), and 

treating with topical fluoride. There are many topical remineralizing agents 

that have been used to prevent demineralization and remineralize enamel.  

Fluoride has been identified as a potent anti-cariogenic agent with 

significant benefits, and it has been found to be effective in enamel 

remineralisation for many decades. Fluoride is known to control caries 

predominantly through its topical effect of inhibiting demineralization by 

forming fluorapatite on the enamel surface. Fluorapatite is less soluble, 

therefore increasing the resistance of enamel to dissolution relative to 

hydroxyapatite during acid attack. Daily brushing with fluoride toothpaste is 

the most common topical fluoride application method. It has been well 

established that adequate amount of salivary calcium, phosphate, and fluoride 

ions can promote remineralisation and reduce the rate of demineralization, by 

acting as a natural protection to tooth decay
72

.  However the use of these 

methods requires frequent reapplication. 
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However, when low pH conditions are established by mature biofilm, 

even with fluoride preventive therapies, those natural mineral-balancing 

strategies might prove ineffective to prevent white spot lesions. The 

availability of fluoride over the past few decades has now led to the evolution 

of fluoride resistant S. mutans and other oral bacterial species; hence, its 

action on acid producing microbes have been reduced. Convincing evidence of 

the effectiveness of agents in prevention and reversal of enamel WSLs is 

limited. The antimicrobial effects of fluoride, chlorexidine and cetylpiridinium 

chloride, when incorporated into orthodontic adhesives, have been studied and 

proven to be advantageous
7
.  

The use of bonding systems that release antimicrobial agents can help 

reduce enamel demineralization, contributing to the success of orthodontic 

treatment and the maintenance of the soundness of the dental enamel. There is 

a need to further investigate other intervention and preventive strategies to 

reduce this common problem in patients undergoing orthodontic treatment. In 

our study we evaluated the effectiveness of antimicrobial primer containing 

selenium on artificially induced carious lesion. 

 It has been claimed that selenium-based formulation of organic 

compounds to inhibit bacterial growth. Selenium is a naturally occurring, non-

toxic, non-leaching trace mineral that is essential to overall health. Recently, a 

product has been introduced for the prevention of white spot lesions which has 

the addition of Selenium (Se). Selenium is a powerful antioxidant and has 

been found in enzymes which assist in formation of superoxide radicals. 
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Superoxide radicals create a toxic environment for the micro-organism, but it 

is safe for human use in amounts as high as 400μg per day
83, 100

. Based on 

these properties, Selenium (Se) products have been introduced into the 

orthodontic market in form of organo-diselenide containing primers, sealants 

and adhesives. It is hypothesized that the selenium containing product inhibits 

white spot formation around brackets by prevention of plaque accumulation 

through its antimicrobial action.  

 In-vitro models of caries induction have been used to evaluate the 

efficacy of antimicrobial substances containing selenium. Denteshield
TM 

(selenebio) is a new antimicrobial primer available in market which claims 

that it creates a blanket of protection. When bacteria attempt to colonize on the 

surface, bacterial growth and plaque are significantly reduced by destroying 

the bacterial cell wall. Surfaces treated with this primer remain cleaner due to 

less bacterial growth and less plaque accumulation on the tooth. 
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AIMS AND OBJECTIVES 

 

 Therefore the aim of the present study was to evaluate the effects of 

antimicrobial primer containing selenium on development of white spot lesion 

and its shear bond strength after artificial caries induction. 

Primary objective 

 To evaluate the antimicrobial effects of primer containing selenium 

Group 2 (Denteshield
TM

), after microbial caries induction using 

knoop micro-hardness test. 

Secondary objective 

 To evaluate the shear bond strength of a selenium-containing 

primer (Denteshield
TM

. 

 To assess the antibacterial property of the primer (DS primer) 

against Streptococcus mutans using agar diffusion test and 

minimum inhibitory concentration. 

The null hypotheses tested in this study were the following: 

 There is no difference in the extent of demineraliz0ation (mineral loss), 

when conventional primer (Transbond XT) and antimicrobial primer 

containing selenium (DS) were used.  

 There is no difference in shear bond strength between antimicrobial 

primer containing selenium (DS) and conventional primer                       

(Transbond XT). 
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REVIEW OF LITERATURE 

 

Incidence and prevalence of white spot lesion: 

Gorleick et al (1982)
44

 reported the Incidence of white spot after 

bonding and banding. They evaluated in 121 children less than 18 years of 

age. The incidence was 10.8% and for males it was 44% and 54% for females. 

The highest was found in maxillary anteriors and mandibular posteriors and 

less frequent in mandibular anteriors and maxillary posteriors. 

Scheie et al (1984)
91

 evaluated the effect of orthodontic treatment on 

the prevalence of S.mutans. The results showed that while insertion of the 

appliance decrease in level of S.mutans was found, after 3 months the level of 

S.mutans surpassed the pre-treatment levels. The increased level of bacteria is 

due to new retentive area for bacteria as a result of banding the molars. This 

increase in level of S.mutans leads to increase in enamel demineralisation in 

patients undergoing orthodontic treatment.  

Ogaard et al (1989)
71

 compared the prevalence of White Spot Lesion 

in untreated and orthodontically treated patients 5 years after treatment. They 

found that the mandibular canines, premolars and maxillary lateral incisors 

were affected in the treated group and in both orthodontically treated and 

untreated patients first molars exhibited more WSL. 



Review of Literature 

 
 
 
 

7 
 

Benson et al (2008)
12

 stated the methods of evaluation of white spot 

lesions on teeth with orthodontic brackets. He divided into macroscopic and 

microscopic methods and evaluated validity, reproducibility and ease of use. 

The macroscopic methods are photographic examination, optical 

nonfluorescent methods, optical fluorescent methods, ultraviolet, laser, 

quantitative light induced fluorescence. Microscopic methods like caries 

models and in-situ caries models are used.  

Enaia et al (2011)
34

 in their study investigated the incidence and 

further course of WSL during and after multi bracket appliance treatment by 

using intraoral photographs before and after treatment and retention. All 

patients in their study received standardized general prophylactic instructions 

and a modification of the WSL index was used to evaluate the intraoral 

photos. They concluded that with standardized general prophylactic measures, 

new WSL developing on the maxillary front teeth during multi bracket 

treatment remain a frequent undesired side effect, affecting 60.9% of patients 

and counteracting our efforts for clinical excellence. 

Maxfield et al (2012)
62

 conducted a study to assess the perceptions 

and level of awareness of patients, parents, orthodontists, and general dentists 

towards the development of white spot lesions during orthodontic treatment 

and concluded that, all groups indicated that white spot lesions were not 

attractive from the overall appearance of a finished orthodontic patient. Most 
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patients and parents were aware that white spot lesions were caused by 

inadequate or improper brushing and flossing during orthodontic treatment. 

Wiechmann et al (2015)
103

 in his study assessed the incidence of 

WSL in patients treated with lingual multibracket appliances and concluded 

that tooth-related and subject-related WSL treated with lingual appliance was 

distinctly reduced when compared with conventional labial multibracket 

treatment. 

Knösel et al (2016)
52

 in their study on occurrence and severity of 

enamel decalcification adjacent to bracket bases and sub-bracket lesions 

during orthodontic treatment with two different lingual appliances concluded 

that the use of lingual appliances instead of conventional labial appliances was 

advocated, in order to achieve a reduction in frequency of enamel 

decalcifications. 

Abufarwa et al (2018)
1
 in their study  evaluated the clinical 

significance of acid etching prior to orthodontic bonding, the effect of 15 

seconds of acid etching on enamel demineralisation. Twenty seven human 

molars were sectioned and assigned into two groups, group 1 with 37% 

phosphoric acid for 15 seconds and group 2 rinsed only with water. Both 

groups were subjected to 9 days of pH cycling. They concluded that initial 

demineralisation caused by 15 seconds of acid etching does not increase the 

risk of developing white spot lesion during orthodontic treatment.  
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Buschang et al (2018)
18

 in their study incidence of white spot lesion 

among patients treated with aligners and those treated with traditional braces 

were analysed. A group of 244 aligners and 206 normal patients appox 1.2% 

aligner patients developed white spot lesion, 26% of traditional braces 

developed white spot lesion. They concluded that patients treated with aligners 

have a less incidence of white spot lesion development than those treated with 

traditional braces. 

Demineralization and Remineralisation 

Featherstone et al (1983)
37

 in their invitro study used acetate buffer 

solution containing acetic acid for demineralisation and study the 

remineralisation potential of fluoride added to acetate buffer solution. They 

concluded in their study that fluoride has an effective remineralisation 

potential towards artificially induced WSLS. 

O’Reilly and Featherstone (1987)
74

 evaluated the mineral loss after 

bonding with use of fluoride supplements compared with control. Patients 

included in the study were divided into equal groups and hardness profile was 

measured for control and fluoride supplement group. They concluded that 

orthodontic bonding (control group) produced a mineral loss of 15% to a depth 

of 50µm. whereas mineral loss was limited in fluoride group and produced a 

hard outer layer and was effective in enamel remineralisation.  



Review of Literature 

 
 
 
 

10 
 

Lynch et al (2006)
57

 analysed the effect of lesion characteristics at 

baseline on subsequent demineralization and remineralization behaviour 

measured by microradiography and found that under remineralizing 

conditions, the lesions gained mineral proportions similar to the baseline. This 

decrease in demineralization of the lesions was due to the modified chemical 

composition. 

Bishara et al (2008)
15

 stated white spot lesion as “subsurface enamel 

porosity from carious demineralization” that presents itself as “a milky white 

opacity when located on smooth surfaces, and also mentioned about the 

formation stating that studies have shown that fixed orthodontic appliances 

induce a rapid increase in the volume of dental plaque and that such plaque 

has a lower pH than that in non-orthodontic patients. As the pH drops below 

the threshold for remineralization, carious decalcification occurs. The first 

clinical evidence of this demineralization is visualized as a WSL. These 

lesions have been clinically induced within a span of 4 weeks. 

Ogaard et al (2008)
72

 in this study stated that with plaque 

accumulation the pH could fall to as low as 4. The low pH is most likely due 

to the slow salivary clearance at this location allowing a prolonged retention of 

acids in the plaque. At this low pH, any reservoir of fluoride is rapidly lost 

causing demineralisation. When the pH goes above 4.5 the fluoride ions are 

activated leading to diffusion of ions in the enamel forming crystals resistant 

to acid attack (remineralisation). 
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Marquezan (2009)
60

 in their study they compared the different 

methods of inducing artificial caries. They used methods such as artificial 

caries induction by acidified gel, pH cycling, and microbiological carries 

induction and compared with normal caries tooth using hardness test. They 

concluded that use of microbiological caries induction is the near similar to 

that of normal caries occurrence than other artificial caries inducing methods. 

Restrepo et al (2016)
84

 in their study, have used microbial caries 

induction technique by culturing streptococcus mutans into a agar solution  to 

artificially induce initial caries lesion in extracted premolar and compared the 

inhibition of demineralisation between 5% NAF varnish, 2% chlorexidine gel 

and control group. They used QLF to identify the initial caries lesion. They 

concluded that application of 5% NAF varnish and 2% chlorexidine gel were 

effective in inhibition of WSLS. 

Fluoride  

Cranfield et al (1982)
28

 investigated the factors related to the rate of 

fluoride ion release from glass-ionomer cement by using four different 

proprietary glass-ionomer cements and concluded that the nature of the 

fluoride release was still not established and further studies were needed for 

the confirmation in clinical use. 

Geiger et al (1992)
41

 conducted a clinical study to determine if rinsing 

frequency with a neutral 0.05% sodium fluoride rinse influenced white spot 
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lesion formation associated with orthodontic brackets. Oral hygiene status 

assessment was conducted, and at the time of debonding, white spot lesions 

were recorded. It was concluded that a significant reduction in enamel white 

spot lesions can be achieved during orthodontic therapy through the use of a 

10 ml neutral sodium fluoride rinse. The more closely patients complied with 

the prescribed use, the more likely they could expect a decrease in the 

occurrence of lesions. 

Basdra et al (1996)
9
 examined two fluoride-releasing orthodontic 

agents (Rely-a-Bond and Fluorobond/Concise) in relation to fluoride release, 

enamel demineralization inhibition, as well as alterations observed on the 

enamel surface after their use. They found that highest concentration of 

fluoride within first 24 hours of application as revealed by Scanning Electron 

Microscopy (SEM) and concluded that fluoride releasing orthodontic bonding 

agents may provide an additional degree of safety against caries susceptibility 

in patients with fixed appliances for a limited period. 

Warren et al (2000)
102

 documented in their study the disadvantages of 

using fluoride varnish on comparison with fluoride gels. They stated that the 

temporary discoloration of fluoride varnish by mechanical brushing increased 

the appointment time for the patient and also the re-application at regular 

intervals were the major disadvantages. Its use may be necessary in those 

high-risk patients with poor oral hygiene. In addition some orthodontists were 
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reluctant to use fluoride varnish due to the increased chair time required for 

varnish application. 

Wilson and Donly (2001)
105

 conducted a study to find the 

demineralization around orthodontic brackets bonded with resin-modified 

glass ionomer cement (RMGIC) and fluoride-releasing resin composite by 

placing the samples in artificial caries solution. Polarized light microscopy 

was used to evaluate enamel demineralization adjacent to the orthodontic 

brackets and concluded that Fuji Ortho LC® and Light Bond® exhibited 

significant inhibition of demineralization compared to the non-fluoride-

releasing control. 

Schmit et al (2002)
93

 in their study on the effect of fluoride varnish on 

demineralization adjacent to brackets bonded with RMGIC stated that to 

counteract lack of patient compliance, clinicians can apply topical fluoride 

varnishes at regular intervals. They concluded that teeth bonded with RMGIC 

had 50% reduction in lesion depth compared to those bonded with composite 

resin without fluoride varnish treatment and fluoride varnish was mechanically 

removed by tooth brushing. 

Corry et al (2003)
26 

studied and compared the effect of extrinsic 

fluoride application on the cariostatic potential of a resin modified glass 

ionomer cement (Fuji Ortho LC) to that of a resin control (Transbond XT) for 

bracket bonding and found that the white spot inhibition could be achieved by 
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the use of a resin-modified glass ionomer cement supplemented with fluoride 

exposure. 

A systematic review by Derks et al (2004)
31

 on preventive measures 

applied during orthodontic treatment considered the use of fluoride toothpaste, 

chlorexidine mouth rinse, sealants and bonding materials. It was found that 

toothpastes and gel with high fluoride concentrations of 1500-5000 ppm, as 

well as chlorexidine rinses resulted in the reduction of demineralisation. 

Rodrigues et al (2004)
87

 in an in vitro study on fluoride varnish used 

polarized light microscopy image measurements obtained from 

photomicrographs of enamel sections of bovine teeth, and concluded that 

fluoride varnish (Duraflor) promoted a reduction of about 38% in the mean 

depth of enamel demineralization adjacent to orthodontic brackets bonded 

with composite resin. This reduction in turn was due to the initial protective 

coating of the varnish, and reduced enamel solubility due to the uptake of 

fluoride from the varnish. 

Øgaard et al (2005)
70

 examined the effect of combined use of a 

toothpaste/mouth rinse containing amine fluoride/stannous fluoride (AmF/SnF 

2 ; meridol®) on the development of white spot lesions, plaque, and gingivitis 

on maxillary anterior teeth in orthodontic patients. Group A (50) brushed 

twice daily with an AmF/SnF 2 toothpaste (1400 ppm F) and rinsed every 

evening with an AmF/SnF 2 solution (250 ppm F). Group B (47) brushed 
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twice daily with a sodium fluoride (NaF) toothpaste (1400 ppm F) and rinsed 

every evening with a NaF solution (250 ppm F). Visible plaque index (VPI), 

gingival bleeding index (GBI) and white spot lesion index (WSL) were 

recorded on the six maxillary anterior teeth at bonding and after debonding, 

were evaluated. It was concluded that the combined use of an AmF/SnF 2 

toothpaste/mouth rinse had a slightly more inhibitory effect on white spot 

lesion development, plaque and gingivitis on maxillary anterior teeth during 

fixed orthodontic treatment compared with NaF. 

A review by Chadwick et al (2005)
20

 The studies used various 

fluoride preparations (stannous fluoride, sodium fluoride, amine fluoride, 

acidulated phosphor fluoride) and types of preparations concluded that the 

topical fluoride application in addition to fluoridated tooth paste and mouth 

rinse helped in the reduction of white spot lesions in patients with poor oral 

hygiene in both the regions of fluoridated and non-fluoridated water supply. 

However, the potency of fluoride preparation should be taken into account. 

Sudjalim et al (2007)
97

 in his in-vitro study investigated the effects of 

sodium fluoride and 10% CPP-ACP (Casein Phosphopeptides - Amorphous 

Calcium Phosphate) on enamel demineralization adjacent to orthodontic 

brackets using quantitative light fluorescence and concluded that both the 

agents were recommended for orthodontic patients to provide prevention 

against enamel demineralization. 
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Staley et al (2008)
96

 evaluated the effect of fluoride varnish around 

orthodontic brackets. In this study they have stated that plaque deposited on 

the surface of a carious tooth contains food debris and microorganisms. In the 

presence of fermentable carbohydrates, plaque microorganisms produce 

organic acids that lower the pH in the plaque, which in turn causes a diffusion 

of calcium and phosphate ions from the enamel through the pellicle and into 

the plaque fluid. This continues until equilibrium is reached between the 

enamel and the plaque liquid. Demineralization of the enamel continues when 

further episodes of low pH levels occur in the plaque. The enamel surface of a 

white spot carious lesion remains intact while the area below the surface is 

demineralized. Fluoride ions act by departing from the edges of the varnish to 

join calcium and phosphate ions from the saliva, pellicle, and plaque and 

under favourable conditions the ions become incorporated into the enamel as 

fluoridated hydroxyapatite, a less soluble form of apatite. They concluded that 

patients with a moderate cariogenic threat may benefit from repeated 

applications of a fluoride varnish. 

Bishara and Ostby (2008)
15

 reviewed the disadvantages of a varnish 

including temporary discoloration, limitations in frequency of application and 

increased costs/chair time. During both periods of demineralization and 

remineralization, enamel lesions preferentially absorbed fluoride ions onto 

their partially demineralized hydroxyapatite crystals or redeposit fluoride as 

fluoridated hydroxyapatite. Fluoride's ability to prevent and arrest the caries 

process was dependent upon three mechanisms of action: 1) inhibiting 
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demineralization when fluoride was present on the crystal surfaces during an 

acidic challenge 2) inhibiting bacterial metabolism after diffusing into the 

bacteria as hydrogen fluoride when plaque was acidified and 3) enhancing 

remineralization and forming a low-solubility fluoridated hydroxyapatite. 

When fluoride was incorporated into the enamel, the fluorapatite crystals 

formed had an increased resistance to acid attack compared with normal 

hydroxyapatite crystals. 

Featherstone (2009)
38

 stated that fluoride delivered through drinking 

water, dentifrices, mouth rinses, and varnish had a major impact in reducing 

dental caries incidence over the last 30 years. To find the need for new 

approaches he gave the natural caries balance and concluded that fluorides in 

the present delivery forms was insufficient to overcome high caries challenge 

in many individuals and hence improved, more effective methods of 

delivering fluoride at specified amounts for prolonged period of time was  

necessary. He also stated that remineralization can also be enhanced by 

altering the calcium and phosphate ions in individuals with decreased salivary 

flow rate. 

Chin et al (2009)
22  

 evaluated the fluoride-release profiles and caries 

lesion development in an enamel model with brackets cemented with 4 

orthodontic adhesives (KetacCem, Fuji Ortho LC, Light-Bond and Transbond 

XT) with and without daily fluoride exposure by subjecting to alternate cycles 

of demineralizing (pH 4.5) and remineralizing (pH 6.8) solutions compared 

with control and concluded that Fuji Ortho LC released the greatest quantity of 
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fluoride and resulted in the least bracket enamel demineralization with and 

without daily fluoride application as assessed by transversal microradiographs. 

Leizer et al (2010)
56

 reported that high levels of fluoride was used to 

remineralize only the surface of the lesion preventing calcium and phosphate 

from penetrating into deep layers limiting the improvement of the lesion. 

Therefore, low levels of fluoride concentration were recommended to 

remineralize the entire depth of the lesion. 

An in vitro study by Marchisio et al (2010)
58

 reported that the added 

benefit of fluoride in CPP-ACP showed more amount of remineralization by 

the formation of nano-complexes of CPP-ACP. It acted as a reservoir in a 

soluble form for calcium and phosphate ions adjacent to the tooth surface to 

reduce demineralization and promote remineralization. CPP-ACP can also be 

added to various products including drinks, GIC, chewing gum, mints and 

topical gels for its beneficial effects. The authors had also reported salivary 

pH, plaque pH and oral hygiene at baseline, 3 weeks and 6 weeks later and 

found no conclusive results showing improvement with use of CPP-ACP. 

Rogers et al (2010)
87

 conducted a systematic review to evaluate the 

effect of fluoride containing adhesives in controlling decalcification in fixed 

orthodontic patients and concluded that glass ionomer cement was more 

effective than composite resin in preventing white spot formation, with little 

evidence. 

Behnan et al (2010)
11

 in their study compared the potential of CPP-

ACP containing resin cement, fluoride varnish, resin sealer and MI paste to 
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prevent incipient caries lesions next to orthodontic brackets and concluded that 

both light-cured filled resin and fluoride varnish were capable of preventing 

enamel demineralization next to orthodontic brackets. 

In vitro pH cycling models are broadly used because they mimic the dynamics 

of mineral loss and gain involved in caries formation. Buzalaf et al (2010)
19

 in 

their systematic review reviewed the in-vitro studies that evaluated the 

efficacy of fluoridated dentifrices for caries control. They concluded that 

currently available pH cycling models are appropriate to detect dose-response 

and pH response of fluoride dentifrices and concluded that fluoride dentifrices 

were effective in prevention of caries lesion. 

Zhou et al (2012)
107

 conducted an in vitro study to find the effects of 

fluoride releasing dental materials namely Clinpro XT varnish, F-Varnish, 

Tooth Mousse, Fuji III LC (light cured glass ionomer pit and fissure sealant) 

and base cement on remineralization of enamel using four different methods 

such as quantitative light induced fluorescence (QLF), microhardness, surface 

3D topography and scanning electron microscope (SEM). They concluded that 

GIC based materials can promote remineralization than the sodium fluoride 

and also the resin modified GIC had a controlled and sustained effect on 

remineralization. 

A randomized clinical trial by Cheng et al (2012)
32

 concluded that 

fluoride varnish (5% sodium fluoride, Duraphat®, Colgate) to be safe 

compared with daily tooth pastes and mouth rinse. It released fluoride ions 

continuously by remaining for several hours and helped in reverting white spot 



Review of Literature 

 
 
 
 

20 
 

lesions (WSLs) after fixed orthodontic treatment as detected by 

DIAGNODENT pen during the first 6 months after debonding. However, 

DIAGNODENT can only detect the depth of lesions, but the amount of lesion 

areas was impossible to detect using this method. 

Knosel et al (2012)
53

 compared the efficacy of fluoride containing 

enamel varnish over non fluoride varnish, fluoride gel application and control 

group in protecting enamel demineralization that occurred during orthodontic 

treatment using quantitative light fluorescence (QLF) and concluded that 

fluoride releasing agents provided protection against enamel demineralization 

for less than 30 days and thus the reapplication was necessary. 

A systematic review and Cochrane review by Benson et al (2013)
14 

had recommended daily rinsing with 0.05% sodium fluoride mouthwash 

during treatment. They also stated that fluoride releasing materials have the 

advantage of not being dependent on compliance but their disadvantage is that 

many of them release large amounts of fluoride initially but the levels drop 

down to sub-therapeutic levels during the course of orthodontic treatment. 

Glass ionomer cement (GIC) and resin modified glass ionomer cement 

(RMGIC) can prevent demineralisation around orthodontic brackets when 

compared to resin adhesives during treatment. 

Mehta et al (2015)
63

 in their study evaluated the effect of a single 

application of Clinpro XT (3M ESPE), a light-curable fluoride varnish, on 

enamel demineralization adjacent to orthodontic brackets and concluded that 
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ClinproXT light-curable fluoride varnish may be an alternative in the 

reduction of enamel demineralization around orthodontic brackets, especially 

in noncompliant and high-risk patients.  

de Araujo et al (2015)
29

 examined a probable relationship between the 

viscosity factor and the degree of conversion of five orthodontic resins with 

different viscosities namely, two medium viscosity resins [Transbond XT 

(TR); Opal Bond MV (OB)]; two low viscosity resins [Vertise Flow (VF); 

Opal bond Flow (OF)]; and a fluoride-releasing sealant [Opal Seal (OS) using 

Fourier Transformed Infrared spectroscopy (FTIR). The study concluded that 

there was a relationship between the viscosity of a material and its degree of 

conversion, as the two low-viscosity orthodontic resins had a higher DC with 

low toxicity resulting in a lower health risk and seems to be a better choice of 

material to be used in clinical practice. 

Kucuk et al (2016)
54

 did a micro CT evaluation of WSL on 

remineralization and concluded that GC Tooth Mousse and Clinpro 5000 were 

more effective in remineralization of white spot lesions than sodium fluoride 

solution and artificial saliva which was preferred for clinical use. They also 

stated that micro computed tomography was a novel and effective method that 

showed promise in accurately evaluating white spot lesions and 

remineralization. 

Bock et al (2016)
17

 evaluated the effect of changes in white spot 

lesions following post orthodontic treatment by application of 1.25 per cent 

fluoride gel after multi bracket appliance treatment using a placebo controlled 
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clinical trial by photographic evaluation. The clinical trial accounted for the 

parameters such as modified WSL index, caries activity index, plaque index, 

gingival bleeding index, DMFT index, saliva buffer capacity and stimulated 

salivary flow rate and they found that there was no significant positive effect 

of high-dose fluoride (1.25 %) treatment on clinical post-orthodontic WSL 

development when compared with the placebo. 

Perrini et al (2016)
77

 in their study on caries prevention during 

orthodontic treatment using fluoride varnish concluded that periodic 

application of fluoride varnish tends to protect against white spot onset. 

Fluoride varnishes, together with other preventive aids may be a useful aid in 

noncompliant patients and disability. 

Sardana et al (2018)
90

 in their systematic review they analysed the 

effectiveness of professionally applied topical fluorides in whit spot lesion 

development during multi-bracket treatment. They concluded that professional 

application of topical fluoride caused a 25-30% reduction in white spot lesion 

after bracket removal.  

Kau et al (2019)
49

 in their study they analysed the effectiveness of 

fluoride dentrifices on white spot lesion was analysed. Clinpro 5000, clinpro 

tooth crème and MI paste plus was used in this study. 40 patients were tested 

in each group for 4 months. They concluded that use of fluoride dentrifices 

reduced the occurrence of white spot lesion that control group of which 

clinpro 5000 showed a better protection than others. 
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Yi et al (2019)
106

 in their study they have used resin modified glass 

ionomer cement incorporated with nanoparticles of calcium fluoride. They 

have stated that the decrease in pH from 7 to 4 increased release of calcium 

and fluoride ion there by increasing the enamel hardness by 56% and lesion 

depth decreased by 43%. There by reducing white spot lesion. 

GIC, Sealants and others  

Rueggeberg and Margeson (1990)
88

 examined the effects of oxygen 

inhibition on an unfilled resin on etched enamel in the presence of air, argon 

or combination of both. The effects of different testing atmospheres were 

measured by shear bond strength of the resin/composite disc to the etched 

enamel. Scanning electron microscopy (SEM) evaluation showed that the 

inhibited layer present in room temperature was both physically displaced and 

absorbed into the overlying filled composite. Specimens cured in argon 

showed an intact, uniformly thick layer of bonding resin next to the etched 

enamel, with no displacement or absorption into the composite. 

Frazier et al (1996)
39

 evaluated the efficacy of a light-cured unfilled 

resin, a conventional pit and fissure sealant on 40 extracted human teeth with a 

commercially available orthodontic adhesive and compared with control using 

polarized light microscopy and found 80% of the sealed teeth exhibited no 

demineralization indicating that light-cured sealant significantly reduced 

enamel demineralization. 
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Marcusson et al (1997)
59

 in their study tested the efficacy of GIC over 

conventional diacrylates for the prevention of WSL and concluded that the 

GIC used for orthodontic bonding significantly reduced the number of WSL 

when compared to control. 

Bishara et al (2005)
16

 in their study used different cross head speeds 

of 0.5mm/min, 0.75mm/min, 1.0mm/min, and 5 mm/min to test the 

significance of cross head speed on bond strength. They stated that there was a 

significant difference in bond strength and a cross head speed of 5 mm/min 

than at lower cross head speed values, where bond strength decreased. 

Hu et al (2005)
47

 evaluated the efficacy of applying a light-cured filled 

sealant onto the buccal tooth surfaces to prevent demineralization. Fifty 

extracted human third molars were allocated to 1 of 5 groups: (1) enamel 

surface untreated (control); (2) surface etched; (3) fluoride Varnish applied; 

(4) enamel etched and coated with a light-cured, unfilled sealant (light bond 

sealant); and (5) enamel etched and coated with a light-cured, filled sealant 

(Pro Seal). The enamel surface of each specimen was brushed for 15,000 

strokes with nonfluoride toothpaste. All samples were then cycled for 14 days 

through a daily procedure of demineralization for 6 hours and remineralisation 

for 17 hours. Then the teeth were sectioned and evaluated quantitatively by 

cross-sectional microhardness testing. They concluded that filled sealants was 

effective in prevention of enamel demineralisation than un-filled sealants 
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Gauthier et al (2005)
40

 tested the hypothesis that the viscosity, filler 

content, and polymerization temperature will modify oxygen diffusion in the 

resin and will affect the degree of conversion near the surface by using 

Confocal Raman micro-spectroscopy. They reported that the increased 

viscosity of the resin limits oxygen diffusion and increased conversion near 

the surface, without modifying the depth of inhibition. They also found that 

the polymerization occurring at a temperature above 110°C was shown to 

eliminate oxygen inhibition. 

Paschos et al (2009)
76

 conducted a randomized clinical trial to 

compare the failure rates of orthodontic brackets by using 2 self-etching 

primers (SEPs) (Transbond Plus and Clearfil Protect Bond) with a split-mouth 

design using of 480 brackets in 24 patients bonded with the SEPs for an 

observational period of 12 months and found that the failure rate with Clearfil 

Protect Bond was significantly higher and for patients with adequate oral 

hygiene, there was no benefit with regard to plaque accumulation and 

prevention of demineralization with Clearfil Protect Bond.  

Bebber et al (2011)
10

 conducted a study to determine how the filler 

content and an acidic environment affected the retention of sealants placed on 

smooth enamel surfaces with different amount of filler content such as 18%, 

30%, 50% and concluded that exposure to an acidic environment had no 

significant effect on sealant retention and also highly filled resin sealants once 

saturated have the ability to endure the oral environment and remain on a 

smooth enamel surface, regardless of the amount of filler content.  
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Oliveira et al (2012)
73

 conducted a study to find the impact of filler 

size and distribution on roughness and wear of composite resin after simulated 

tooth brushing and found that different levels of wear occurred according to 

filler size and distribution. They also concluded that the nano-filled systems 

and Ormocer-based resin showed a better performance than the micro hybrid 

and conventional organic matrix composites. 

Shooter et al (2012)
94

 in their study used different cross head speeds 

of 0.5 mm/min, 0.75 mm/min, 1 mm/min, 5 mm/min to test the significance of 

cross head speed on bond strength. They concluded that there was no 

significant difference over different cross head speed on bond strength. 

O’Reilly et al (2013)
69

 in a prospective clinical trial tested the efficacy 

of a tooth sealant polish (Biscover LV; Bisco, Schaumberg, Ill) to prevent 

enamel demineralization (white spot lesions) by split-mouth design with 

maxillary anterior teeth using a 4-point scale and found that the sealant 

demonstrated significantly small results and did not prevent all white spot 

lesions for the full duration of treatment.  

Shungin et al (2013)
95

 did a long term follow up study and found that 

patients bonded with GIC experience less WSL. They also stated that WSL are 

still a cariologic and cosmetic problem for many orthodontic patients. 

Premaraj et al (2014)
80

 in an in vitro evaluation assessed the 

microhardness, wear resistance and colour stability of two commercially 

available orthodontic sealants: Opal Seal (OS) and Pro Seal (PS) and 

concluded that both the orthodontic sealants were beneficial for protecting 
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enamel lesions. However, Pro Seal was superior in resisting mechanical 

stresses with better wear properties and OS was more colour stable.  

Gizani et al (2014)
43

 in their systematic review showed a significant 

reduction of WSL development in the sealed vs. control teeth. The reduction 

in WSL may also be due to variations in dietary habits, oral hygiene, saliva, 

types of brackets as well as type of sealant and application technique. 

However, the overall results seemed to be beneficial. 

Pithon et al (2015)
78

 evaluated the in vitro efficiency of varnish 

containing casein phosphopeptide (CPP) and amorphous calcium phosphate 

(ACP) around orthodontic brackets and concluded that the varnish with CPP–

ACP was capable of reducing tooth enamel demineralization in orthodontic 

patients. They also reported that varnish containing CPP–ACP was more 

effective than the conventional varnish used to prevent white spot lesions 

around orthodontic brackets irrespective of their brushing habits. The major 

limitation of this study was that demineralization was obtained with the use of 

chemical products, and did not occur due to the presence of Streptococcus 

mutans and its acid by-products.  

Chau et al (2015)
21

 extracted 80 human teeth and randomly assigned 

to one of two etching protocols: 37% phosphoric acid etch (ETCH) or self-

etching primer (SEP) and concluded that self-etching primer resulted in lower 

retention rates than using 37% phosphoric acid etch and the majority of sealant 

loss occurred at the edges due to an enlargement of an initial defect. 
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Knösel et al (2015)
51

 assessed the durability of a sealant (OpalSeal, 

Ultradent) for protection against white-spot lesion formation in orthodontic 

patients over a period of 26 weeks and concluded that one single application 

of OpalSeal was unlikely to last throughout the entire fixed appliance 

treatment stage and re-application of the sealant can be expected to be 

necessary after 3.5 months (week 14) during the treatment course. 

Toodehzaeim et al, (2015)
98

 in their in-vitro study investigated the 

effects of saliva pH on shear bond strength of orthodontic brackets with 60 

extracted premolars. In this study, the bonded brackets were stored in artificial 

saliva at a varying pH of 3.8, 4.8, 5.8 and 6.8 and were assessed for bond 

failure. They concluded that the shear bond strength was relatively low in a 

very acidic pH of 3.8 when compared with other groups, and no difference in 

shear bond strength between other groups was noted. 

Gizani et al (2016)
42

 conducted a study on the effect of probiotic 

bacterium Lactobacillus reuteri on white spot lesion development in 

orthodontic patients and their data suggested that daily intake of probiotic 

lozenges containing L. Reuteri had no effect on the incidence of WSLs 

developed during treatment with fixed orthodontic appliances. 

Since all the composite resin-based filling materials undergo 

polymerization shrinkage, Robertson et al (2016)
86

 in their study investigated 

the effect of the oxygen-inhibited layer on the degree of conversion (DC) of 

three dental adhesives (OptiBond All in One, Adper Easy Bond and Excitef) 

by comparing with two different protocols using a mylar plastic strip and 
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without plastic strips using Fourier Transform Infrared Spectroscopy (FTIR) 

and suggested that there was a difference among the oxygen-inhibited layer 

present for all the three dental  adhesives tested. 

Antibacterial agents 

Othman et al (2002)
75

 in their study they have used experimental 

antibacterial composite resin containing bezalkonium chloride and its 

antimicrobial properties was assessed. Bezalkonium chloride used in this 

study, the concentration ranged from 0.25-2.50 wt. %. Agar diffusion assay 

was done to measure the zones of bacterial inhibition. The minimum 

inhibitory concentration was determined against test bacteria in sterile 96-well 

microtiter plates. All plates were incubated aerobically at 37
0
C in a stationary 

environment, and growth was estimate. Then shear bond strength was 

assessed. They have concluded that incorporation of bezalkonium chloride in 

composite added antimicrobial property without altering its mechanical 

properties.   

Eminkahyagil et al (2005)
33

 in their study they have used 

experimental antibacterial primer containing methacryloyloxy 

decyldihydroges phosphate methacryloyloxydecyl pyridinium bromide for 

orthodontic bonding. They have studied the shear bond strength of the 

experimental primer containing MDP and MDBP and concluded that these 

material has sufficient bond strength for bonding and stated that further in vivo 

test are required for analysing the potential to inhibit demineralisation.  
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Schuleter et al (2007)
92

 in their invitro study evaluated the effect of 

TiF4 solution on mineral loss on enamel and dentine. In this study the samples 

were fluoridated 1*5 min per day with 1.64% w/v TiF4 or 2.2% NaF and then 

subjected to cyclic demineralisation and remineralisation for 5 days. They 

concluded that use of TiF4 or NaF effectively reduced mineral loss on enamel 

and dentine.  

Saito et al (2009)
89

 in their study they evaluated the effect of 

experimental adhesive containing bezalkonium chloride for its antibacterial 

property and cytotoxic effect. The antibacterial effect of adhesive was 

accessed using disc agar diffusion test and cytotoxicity was accessed. They 

have concluded that the experimental antibacterial adhesive had a significant 

antibacterial effect and no significant cytotoxic effect. 

Poosti et al (2012)
79

 in their study they have used nanoparticles of 

titanium oxide into orthodontic adhesive and to analyse its antibacterial 

effects. The antibacterial effect of adhesive was accessed using disc agar 

diffusion test and shear bond test was analysed. They concluded that addition 

of nanoparticles of titanium oxide into orthodontic adhesive had a significant 

antibacterial effect and there was no statistical difference between the shear 

bond strength of conventional and experimental adhesive. 

Ricci et al (2014)
85

 in their invitro study evaluated the effect of 

chlorexidine in sound and caries affected dentine wettability. They concluded 

that caries affected dentine has a higher wettability than sound dentine and 

possessed an effective antibacterial action against carious lesion. 
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Melo et al (2014)
64

 in their study they have incorporated quaternary 

ammonium monomer into commercial orthodontic cement for its antibacterial 

property for prevention of white spot lesion. In their study they have used 

microscom biofilm technique to induce artificial caries lesion. They have 

concluded that use of quaternary ammonium monomer in conventional 

orthodontic cement had a considerable antibacterial effect on occurrence of 

white spot lesion by inhibition of demineralisation. 

Wang et al (2015)
101

 in their study developed a novel method for 

prevention of white spot lesions with silver nano particles and concluded that 

RMGIC containing silver nano particles had much stronger antibacterial 

effects than did the commercial RMGIC control, and the incorporation of 

silver nano particles into RMGIC could combat white spot lesions both 

beneath and away from the orthodontic brackets without compromising the 

shear bond strength and does not require patient compliance. Hence, the silver 

nano particles containing RMGIC might be more effective in preventing white 

spot lesions. 

Aslihan et al (2017)
7
 investigated the effects of antibacterial and 

fluoride releasing adhesives (Clearfil Protect Bond, Opal Seal) over a control 

(Transbond XT) on enamel demineralization around the orthodontic brackets 

using micro CT evaluation and found that there was no significance difference 

between the preventive effects of adhesives over a period of 8 weeks. 
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Chung et al (2017)
24

 investigated the antibacterial effects of 

chlorexidine and ursolic acid in commercial primer. The minimum inhibitory 

concentration was assessed by adding the experimental primers in micro plates 

in different concentrations. After incubating for 24 hours under appropriate 

conditions, the lowest primer concentration that inhibited visible growth was 

considered the MIC value. They concluded that chlorexidine containing 

primer had a better antibacterial property in bacterial inhibition. 

Selenium: 

Reid et al (2004)
 83 

in clinical situations valuated the toxicity level of 

selenium. In this study thy have stated that the toxicity profiles discussed in 

this study suggest that doses greater than 400 mg/day  can be given in 

controlled situations, for extended periods of time, without serious toxicity.  

Tran et al (2009)
100

 studied the effective way to inhibit bacterial 

biofilm formation in burn wounds. They found that the antimicrobial agent 

selenium can be covalently attached to the surfaces of a dressing, and effective 

in inhibiting bacteria such as Pseudomonas aeruginosa and Staphylococcus 

aureus biofilm formation. Colony biofilm assays was done, revealed that 

cellulose discs coated with organoselenium completely inhibited P. 

aeruginosa and S. aureus biofilm formation. Scanning electron microscopy of 

the cellulose discs confirmed these results. Additionally, the coating on the 

cellulose discs was stable and effective after a week of incubation in 

phosphatebuffered saline. These results demonstrate that 0.2% selenium in a 

coating on cellulose discs effectively inhibits bacterial attachment and biofilm 
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formation and that, unlike other antimicrobial agents, longer periods of 

exposure to an aqueous environment do not compromise the effectiveness of 

the coating. 

Clark et al (2010)
25

 in their study compared the in-vitro effects of the 

unfilled resin sealants, Biscover LV™ and SeLECT Defense™; and the filled 

resin sealants, OrthoCoat™ and Pro Seal™, on the inhibition of enamel 

demineralization after subjection to extensive mechanical toothbrush abrasion. 

After treatment with the specified product, teeth received 15,000 brush strokes 

in order to simulate 2 years of clinical toothbrush abrasion. Samples were then 

subjected to a single 96 hour course of acidic challenge. The teeth were 

sectioned and the depth of enamel lesions was determined using polarized 

light microscopy. They concluded that pro-seal and SeLECT Defense™ was 

effective in prevention of demineralisation.  

Amaechi et al (2010)
4
 in their in-vitro study investigated the 

antimicrobial effect of the SeLECT Defence TM Primer and enamel surface 

sealant and compared them with pro-seal and chlorexidine for biofilm or 

plaque accumulation. They have evaluated the antibacterial effect by scanning 

electron microscopy. The bacterial colonies formed where assessed for each 

group. They concluded that the selenium containing primer was effective in 

producing antibacterial effect. 

Tran et al (2013)
99

 in their study investigated the ability of organo-

selenium polymerized into dental sealants to block S. mutans and S. salivarius 

biofilms in vitro. By colony-forming unit (CFU) assay and confocal 
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microscopy, SeLECT-DefenseTM sealant was found to completely inhibit the 

development of S. mutans and S. salivarius biofilms. Therefore, the use of 

organo-selenium dental sealants has the potential to prevent dental caries and 

plaque formation by oral pathogens. 

Kelly et al (2014)
50

 in their study characterized  and quantified  the 

antimicrobial properties of an orthodontic bonding system containing selenium 

(SeLECT Defence) compared to traditional orthodontic materials. SeLECT 

Defence sealant, adhesive, and band cement were compared. An Agar 

Diffusion Assay was used to demonstrate the inhibition of growth of S. mutans 

and L. acidophilus. A Direct Contact Inhibition Assay was used to quantify the 

bactericidal nature of the materials. Selenium containing products 

demonstrated antimicrobial properties in the Agar Diffusion Assay. They 

concluded that Selenium containing products possess antimicrobial properties. 

Chudobova et al (2014)
23

 in their study evaluated the antimicrobial 

effect of selenium on bacterial biofilm. They stated that dose as low as 

23.7µg/ml of selenium is effective in producing antibacterial effect. There by 

inhibiting the bacterial biofilms formation. 

Hammad et al (2016)
45

 in their in-vivo study we aimed to assess 

SeLECT-DefenseTM efficacy in preventing WSLs during fixed orthodontic 

treatment in comparison to a non-sealed control group. Oral hygiene was 

assessed using the Approximal Plaque Index (API) at specified time intervals. 

Dental photographs were taken for blinded WSLs assessment. There was no 

significant effect on caries incidence was observed for the sealant. They 
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concluded that In combination with adequate oral hygiene SeLECT 

DefenseTM helps to reduced the frequency of WSLs. However, the sealat 

showed no significant effect as sole preventive strategy. 

Hammad et al (2016)
46

 in their in-vivo study evaluated three topical 

protecting agents SeLECT-DefenseTM, Clinpro fissure Sealant, and White 

Varnish on enamel demineralization around orthodontic brackets at two time 

intervals after one month and two months. Demineralization of enamel around 

the brackets was evaluated by a cross- sectional In this study they have stated 

that the ability of bacteria to survive under sealant is considerably impaired 

because ingested carbohydrates cannot reach them. Several investigators have 

found that the number of bacteria in sealed carious lesions decreases 

dramatically with time. They concluded that usage of any of the three 

protecting agents to decrease demineralization around orthodontic brackets 

and there was no significant difference between the microhardness of either 

group. 

Nguyen et al (2017)
55

 in their study evaluated the antimicrobial effect 

of selenium on bacterial biofilm. They stated that dose as low as 10µg/ml of 

selenium is effective in producing antibacterial effect. There by inhibiting the 

bacterial biofilms formation. 

Amaechi et al. (2018)
3
 in their in-vitro study investigated the effect of 

shear bond strength of the orthodontic brackets when selenium-containing 

adhesive (Denteshield TM) compared with Transbond XT adhesive with 150 

extracted premolars. They have concluded that the selenium-containing 
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adhesive had a comparably less bond strength with Transbond XT, but did not 

adversely influence the bond strength of orthodontic brackets and provided 

bond strength higher than the average clinically acceptable shear bond strength 

values This was regardless of the primer used; Denteshield TM primer with 

Transbond adhesive (18.6+/-1.8 MPa) provided higher bond strength than; 

Denteshield TM primer with; Denteshield TM adhesive (14.5+/-1.6 MPa). 

Pudyani et al (2019)
81

 in there in vitro study compared the bond 

strength between selenium containing primer and a conventional primer. In 

their study they used extracted premolars, stored in S.mutans containing brain 

hearth infusion medium. The bond strength was checked in instron testing 

machine. The bond strength of selenium containing primer was 8.21+/- 

0.84MPa and for conventional primer 9.05+/- 1.10MPa. There was no 

significant difference in the bond strength noted between two groups. They 

concluded that selenium containing primer produced bond strength higher than 

the clinical acceptable level. 

Amaechi et al. (2019)
2
 in their clinical study compared the 

performance of an Organo-selenium-containing pit and fissure sealant with 

that of a Selenium-free sealant for clinical retention and prevention of plaque 

and caries development around the sealants. 120 adolescents (7–20 years old) 

at varying caries risk status had Denteshield (DS) sealant applied to a single 

tooth on the left or the right side of the dentition and UltraSeal™ XT Plus 

(UXT) on a corresponding tooth on the opposite side. They concluded that 7% 

and 12% plaque growth was observed around the UXT sealant at 9th and 12th 
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months, respectively, DS exhibited 100% prevention of plaque growth. Both 

sealants exhibited 100% caries prevention. DS showed better retention to tooth 

surface (96%) than UXT (81%). 

Microhardness test for identifying caries: 

Craig et al (1958)
27

 evaluated the microhardness for sound enamel for 

150 patients from the outer to inner enamel surface using knoop hardness 

tester and they have concluded that the mean hardness for sound enamel is 343 

KHN +/-26 KHN. 

Freatherstone et al (1983)
37

 in their in-vitro study did a direct 

comparison of quantitative microradiography and microhardness profile in 

artificial caries in human enamel. They concluded that cross-sectional micro-

hardness was used to evaluate demineralization in carious lesion because of 

the strong correlation (r = 0.91) between enamel microhardness scores and the 

percentage of mineral loss in caries lesions 

De Marsillac et al (2008)
61

 cross-sectional microhardness test was 

carried out in human dental enamel exposed to a demineralizing solution in 

order to evaluate two different times of indentation 5 or 10 s in sound tissue 

and artificially induced caries. They concluded that there was no significant 

difference when comparing indentations made with a 25 g load during 5 or 10 

s in different depths, this method can be used with either one of the time 

intervals tested without compromising a CSMH test on artificially 

demineralized human enamel. 
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Miresmaeili et al (2014)
65

 determine the effect of carbon dioxide laser 

irradiation on enamel Surface microhardness. In this single-blind 

interventional clinical trial, 16 patients needing at least 2 premolars extracted 

for orthodontic purposes participated. In each subject, 1 premolar was treated 

with the carbon dioxide laser; the other was exposed to a visible guiding light 

as the control. A t-loop was ligated to the bonded brackets to increase caries 

risk. After at least 2 months, the teeth were extracted, and the surface 

microhardness was measured. Carbon dioxide laser treatment results in higher 

enamel surface microhardness around orthodontic brackets. Patients at high 

risk of caries might benefit from this intervention. CO2 laser irradiation 

protects enamel against dental erosion after acid exposure. Exact control of the 

laser irradiation parameters is recommended.  

Arslan et al (2015)
6
 evaluated and compared the effects of resin 

infiltration and sealant type on enamel surface properties and Streptococcus 

mutans adhesion to artificial enamel lesions. Artificial enamel lesions were 

produced on the surfaces of 120 enamel specimens and divided them into two 

groups in one group hardness and surface roughness were evaluated, an in 

other bacterial adhesion was evaluated. Each group was further divided into 

four subgroups (n=15 per subgroup) according to sealant type: Group I–

Demineralized enamel (control); Group II–Enamel Pro Varnish; Group III–

ExciTE F; and Group IV–Icon. They concluded that Icon application resulted 

in significantly lower surface roughness and higher hardness than the other 

subgroups in Group A. In Group B, Enamel Pro Varnish resulted in lowest 
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bacterial adhesion, followed by Icon. This study showed that resin infiltration 

of enamel lesions could arrest lesion progress. 

Nascimento et al (2016)
67

 in their study evaluated micro-hardness 

after artificial caries induction achieved with the addition of antibacterial 

monomer trimethylammonium chloride to an adhesive used to bond 

orthodontic bracket. They have used one hundred samples to check for 

incipient caries lesion. They have concluded that the hardness for 

experimental tooth ranged from 312-322 KHN whereas for control group was 

180-220 KHN. Hence use of antibacterial monomer trimethylammonium 

chloride to an adhesive is effective in prevention of white spot lesion. 

A study by Tabatabaei SF, et al. (2017)
68

 aimed to assess the effect of 

two commonly used remineralizing agents and resin infiltration on surface 

micro hardness of incipient enamel lesions at different time points. In this in 

vitro study 45 intact human maxillary central incisors were selected. After 

disinfection, enamel samples measuring 5x5x2.5 mm were cut out of the labial 

surface of the teeth. Tooth Mousse Plus, Remin Pro, ICON were used in this 

study and Vickers micro hardness test was performed. They concluded MI-

Paste Plus and Remin Pro can efficiently increase the hardness of incipient 

enamel lesions.  

Bakry et al (2018)
8
 in their study compared the remineralisation 

efficacy of using the MI paste plus according to manufacturer's instructions to 

MI varnish and to using a modified method of MI-paste plus application. 

Specimens were challenged by a buffered demineralization solution for 4 
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days, and were divided in 4 groups with 25 specimens in each group. 25 

demineralized specimens had MI paste plus applied for 4 min and then wiped 

out, 25 specimens had MI paste applied followed by application of SE-

bonding agent, 25 specimens had MI Varnish applied according to 

manufacturer instructions the rest of specimens served as controls. All 

specimens were stored for 7 days in artificial saliva. All specimens had their 

surface hardness measured by micro-hardness tester before/after the acidic 

challenge and after the treatment procedures. After the shear bond test all 

specimens were cross sectioned to obtain 100–150 micron thickness 

specimens to observe the lesion depth before/after treatment by the TMR 

(Transverse Micro Radiography) technique. They concluded that MI varnish 

and the modified application of MI paste are methods that can increase the 

efficacy of CPP-ACP in remineralizing the enamel surface lesions. 

Farzanegan et al (2019)
36

 in their study aimed to compare the 

effectiveness of fluoride and amorphous calcium phosphate (ACP) on 

microhardness improvement of affected enamel. Microhardness of specimens 

was assessed by Vickers microhardness test in three stages: 1: Baseline 

microhardness assessment that was done before induction of white spot lesion, 

2: Secondary microhardness assessment that was done after induction, 3: Final 

microhardness assessment that was done after chemical treatment. 

Microhardness of specimens in the fluoride and ACP groups had significantly 

improved after the treatment. In the control group, no significant 

improvements were observed. They concluded that both 0.05% ACP and 

0.05% fluoride solutions enhanced enamel micro-hardness in treatment of 

white spot lesion. 
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 MIC (minimum inhibitory concentration) was assessed 



 

 

 

 

 

 

 

 

 

 

 

Materials & Methods 

  



Materials and Methods 

 

41 
 

 

MATERIALS AND METHODS 

 

PREPARATION OF ENAMEL SAMPLES  

Ninety human maxillary premolars extracted atraumatically for 

orthodontic purpose were used in this study. The extracted teeth were cleaned 

and stored in 0.1 % thymol for one week (disinfection) and then stored in 

saline.  

INCLUSION CRITERIA  

Un-restored teeth  

Non carious teeth  

No obvious decalcifications or WSLs 

METHODOLOGY  

Sample allocation 

Group 1: Transbond XT Primer +Transbond XT Adhesive 

Group 2: Denteshield
TM

 Primer (DS) +Transbond XT Adhesive   

Bonding procedure: 

Group 1:  

 The teeth were cleaned with pumice paste and the enamel was etched 

for 30 seconds with 37% orthophosphoric acid (ivoclar vivadent) total etch 

technique and rinsed for 10 seconds. Each tooth was air dried until a chalky 
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white appearance was observed. A thin uniform coating of the primer 

(Transbond XT, 3M Unitek- Figure 2a) was applied on the etched enamel with 

a disposable brush and gently air dried prior to light curing as per the 

manufacturer’s instruction.  

Transbond XT light-cured adhesive paste (3M Unitek- Figure 2c) was 

applied to the bracket base (3M UNITEK
TM 

twin metal brackets) and placed 

against the enamel surface. Excess adhesive around the bracket base was 

removed with a clinical probe and light cured for 20 seconds with 3M Elipar 

light cure unit (wavelength of 420-480nm) Figure 1b. 

Group 2:     

The teeth were cleaned with pumice paste and the enamel was etched 

for 30 seconds with 37% orthophosphoric acid (ivoclar vivadent) total etch 

technique and rinsed for 10 seconds. Each tooth was air dried until a chalky 

white appearance was observed. A thin uniform coating of the primer 

(Denteshield
TM

, Selenbio- Figure 2b) was applied on the etched enamel with a 

disposable brush and gently air dried prior to light curing as per the 

manufacturer’s instruction. Transbond XT light-cured adhesive paste (3M 

Unitek- Figure 2c) was applied to the bracket base (3M UNITEK
TM 

twin metal 

brackets) and placed against the enamel surface.  
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Excess adhesive around the bracket base was removed with a clinical 

probe and light cured for 20 seconds with 3M Elipar light cure unit 

(wavelength of 420-480nm) Figure 1b. 

Preparation of the tooth for microbial caries induction:  

The crown and roots of the bonded tooth were coated with acid 

resistant nail varnish, exposing only a window of enamel gingivally adjacent 

to bracket bonded for artificial demineralization process (Figure 3a & 3b). The 

method of microbial caries induction in our study was performed similar to the 

method followed by Restrepo et al
84

. 

Microbiological Caries Induction Solution: 

For microbial caries induction the cariogenic solution was prepared 

with Brain heart infusion broth (Accumix- Figure 5a) containing beef heart 

infusion and calf brain infusion, protease peptone, sodium chloride, dextrose 

and disodium phosphate supplemented with 0.5 g of yeast extract, 1.0 g of 

glucose per 100 ml distilled water is used. 37.0g of the broth powder is 

suspended in 1000 ml of distilled water and mixed thoroughly then boiled with 

frequent agitation for the powder to dissolve completely in distilled water. The 

solution was autoclaved for 20 min at 121°C and inoculated with young 

primary culture of Streptococcus mutans which was prepared from cultures 

grown on Mitis salivarius agar plates using sterile molecular grade water 

(Figure 4a). The inoculum was adjusted to 0.5 Mc Farland standards for our 
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study. The solution containing S. mutans was incubated at 37ºc for 48 hours 

for the bacteria to grow. To confirm the viability of the S. mutans in the 

solution a microscopic examination was done. A drop of the solution was 

placed on the slide and uniformly spread; basic eosin-haematoxylin staining 

was done and examined under microscope (Figure 4b). Also the solution 

which was clear before bacterial growth became pale yellow in colour and 

turbid after incubation at 37ºc for 48 hours denoting the bacterial growth. The 

pH of the solution when assessed was about 4-4.5 (critical pH for 

demineralization)
 72 

Figure 5c. 

The bonded tooth from Groups 1 and 2 were taken and each tooth was 

immersed in individual falcon tubes containing cariogenic solution and 

incubated at 37
º
c for 10 days to induce carious lesion (Figure 5b). Every 48 

hours, the teeth were transferred to another falcon tube containing a new 

artificial caries solution without inoculation of other new microorganisms
84

.  

At the end of 10 days of artificial caries induction, 10 samples from 

each group were taken and copiously washed in deionized water and were 

subjected for shear bond strength test and micro-hardness test. The balance 20 

teeth from each group were transferred to artificial saliva solution (1.45mM 

CaCl2 ⋅2H2O, 5.4m MKH2PO4, 0.1M Tris buffer, 2.2 g/l porcine gastric 

mucin, pH7.0) without disturbing the biofilm formed adjacent to the bracket 

and were incubated at 37°c for a period of 30 days and 60 days respectively 

(10 samples each). The pH of the artificial saliva when checked at the end of 

30 days and 60 days was about 5.5-6.  
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Shear Bond Strength test:  

Shear bond strength test was done to assess and compare the bond 

strength of the two primers used. Shear bond strength was assessed at baseline, 

after artificial caries induction at 10 days, 30 days and 60 days after 

transferring it to artificial saliva for both Groups 1 & 2; after samples were 

retrieved from falcon tube they were embedded in acrylic resin. The acrylic 

block was positioned with the help of a fixture on to the shear device with a 

knife-edged chisel placed at the enamel-bracket interface [universal testing 

machine (UTM WDW 100) Figure 7a]. A compressive load was applied at 

0.5-mm per minute crosshead speed until of the bond failure occurred (Figure 

7b)
 94

. 

The load at which the bond failure occurred was recorded in KN                

(Kilo Newton), from this value the shear bond strength was calculated in 

megapascals considering the bracket base area (9.6 mm
3
). 

Knoop Micro-hardness test: 

After the shear bond test, the tooth samples were longitudinally 

sectioned (Figure 8a) through their center with a water-cooled diamond saw. 

Both halves of the sample was gently polished with silicon sandpaper. Knoop 

micro-hardness measurements were carried out using a micro-hardness tester 

(MATSUZAWA MMT-X7, japan- Figure 8b) under a load of 25g and a dwell 

time of 5 seconds
68

. 
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A row of 5 indentations were made on each side of the specimen from 

outer enamel to inner enamel surface. The indentations were made at depths of 

10, 30, 50, 80, 100µm from the surface of the specimen. The micro-hardness 

for normal teeth (extracted teeth without doing any procedure) and teeth after 

artificial caries induction were evaluated. The demineralized area was 

calculated by subtracting the normal micro-hardness of the enamel from the 

demineralized enamel
67

. 

Agar diffusion test and Minimum inhibitory concentration (MIC) 

 Streptococcus mutans isolated from dental plaque were used in our 

study. The disk agar diffusion test is designed to test the primer containing an 

antimicrobial agent (selenium) that could readily diffuse through agar to 

produce an inhibition zone (Figure 9).  

The test was performed on mitis salivarius agar plates (100mm plates). 

Each plate was spread with 200 microliters of laboratory-maintained 

Streptococcus mutans isolated from dental plaque. Three 5mm diameter disc 

cuts were punched in the surface of the agar plate, in first disc cut made Group 

1(conventional Transbond XT Primer, 100 µl) and in the second disc cut 

Group 2 (Denteshield
TM

 primer, 100 µl) was introduced. Ciprofloxacin was 

introduced in the third disc cut as a control. All materials were placed in the 

same agar plate, a minimum distance of 24mm is required to prevent cross 

contamination between the materials tested
48

. Hence, in our study the distance 

between the well cuts was maintained at approximately 30 mm
 
to prevent 
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cross-contamination. The plates were incubated at 37ºC for 48 hours and then 

visually inspected for the presence of inhibition zones in the bacterial lawn
48

. 

To determine at which concentration the antimicrobial effect is 

achieved, minimum inhibitory concentration (MIC) test was performed at 

various concentrations in 96 well microtiter plates (Figure 10a). S. mutans 

inoculum was prepared from cultures grown on Mitis salivarius agar plates 

using sterile molecular grade water. The inoculum was adjusted to 0.5 Mc 

Farland standards for our study.  

The test materials (Orthodontic primers) were used at the volume range 

between 10μL – 100 μL in Muller hinton broth (MHB) in triplicate. To 

prepare a concentration of 10 μg/ml, 10 μl of the primer was pipetted in a test 

tube using micropipette and then diluted with 990 μl of distilled water (to 

make a total volume of 1ml); likewise to prepare a concentration of 20 μg/ml, 

20 μl of the primer was pipetted in a test tube using micropipette and then 

diluted with 980 μl of distilled water. Similarly it was done for 30, 40, 50, 60, 

70, 80, 90, 100 μg/ml concentrations. 100 μl of S. mutans suspension in 

Muller hinton broth (MHB) was transferred into selected wells of the 96-well 

microtiter plate (well 1 to 11). 100 μg/mL of Transbond XT primer was added 

to the 1st well and subsequently reduced to a concentration of 10μg/ml in 

tenth well. Transbond XT primer was not added in 11th well, which was kept 

as control. 

Similar procedure was performed for Group 2 (Denteshield
TM

 primer) 

and microtiter plates were incubated at 37°C for 48 hours. MIC was 
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determined by spectrophotometrically analysis and visual analysis method. In 

spectrophotometrically analysis, the broth solution prepared to assess the MIC 

was placed in a spectrophotometer (Figure 10b). By passing light at 600nm 

gives the optical density (OD) value based on the turbidity of the solution
75

. 

The broth solution without any antimicrobial agent had good bacterial growth 

and the turbidity of the broth solution also increased. The broth with 

antimicrobial agent restricted the bacterial growth and the turbidity decreased. 

The OD value obtained based on the turbidity of the solution gives the MIC 

value.  

In visual method after incubation, 5 μL from each concentration of the 

solutions from both the groups were taken and inoculated in blood Muller 

hinton agar (MHA) containing agar plates and incubated at 37°C for 48 hours. 

The inoculated area where the bacterial growth is more shows a chalky white 

colour and in the well where the bacterial inhibition occurs become less chalky 

white to colour less. MIC for an antimicrobial agent is determined at 50% 

inhibition when compared with control (Figure 10c). 

 

Statistical analysis: 

Data analyses were performed using IBM SPSS Statistics 21 for 

statistical analysis. Intra-group and intergroup comparison of the variables 

were done using one way analysis of variance and two way analysis of 

variance (ANOVA) respectively. The alpha error (Type I error) was assumed 

to be 0.05. 95% confidence limit was set for the above analysis. 
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Figure 2a- Group 1 

(Transbond XT) primer 

Figure 2b- Group 2 

(Denteshield
TM

) primer 

Figure 1a: Armamentarium 

Figure 1b : 3M ESPE Elipar 
TM 



Figures 
 

             

 

     

                                                    

             

Figure 2c -Transbond XT adhesive 

Figure 3a - Acid resistant nail 

varnish applied group 1 

(Transbond XT) 

Figure 3b - Acid resistant nail 

varnish applied group 2 

(Denteshield
TM

) 
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Figure 4a- Streptococcus mutans cultivated in mitts agar 

plate 

Figure 4b- Streptococcus mutans growth examined under 

microscope (senstivity test) 

Streptococcus 

mutans 
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Figure 5a- Brain heart 

infusion broth 

Figure 5b-Tooth sample immersed in 

falcon tube containing microbial caries 

induction solution 

Figure 5c-pH of the microbial 

caries induction solution after 48 

hours 
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Figure 6b-Comparison of Group 2 before and after 

carries induction at 10 days 

Figure 6a -Comparison of Group 1 before and after 

carries induction at 10 days 

Before  After   

Before  After   
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Figure 7a- Universal testing machine (UTM WDW 100) 

Figure 7b - Load applied at crosshead speed of 0.5-mm per minute 
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Figure 8b - Knoop micro-hardness tester (MATSUZAWA MMT-X7, JAPAN) 

 

Figure 8a – Longitudinal section of the tooth for testing micro-hardness 

Area tested at 

10, 30, 50, 80& 

100 µm depths 
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Figure 9– Mitts agar plate with 5mm disc cuts, showing zone of 

inhibition around Group 2 (Denteshield 
TM

) 

Figure 10a – A 96 well microtiter plates for different concentrations of the test 

material (10, 20, 30, 40, 50, 60, 70, 80, 90 & 100 µg/ml)
 

Inhibition 

zone 
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Figure 10c- Minimum inhibitory concentration test (Visual 

method) at different concentrations (10, 20, 30, 40, 50, 60, 70, 80, 

90 & 100 µg/ml)
 

Group 1- Transbond XT 
 

Group 2- Denteshield
TM 

Figure 10b- Spectrophotometer 

Blood agar 

medium  
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RESULTS 

Micro-hardness test: 

Two way analysis of variance for inter group comparison between control 

and experimental groups after artificial caries induction at 10 days      

(Table 1) 

The difference between the mean and standard deviation at various 

depths from the outer enamel surface for control group and test groups after 

artificially inducing caries at 10 days are shown in Table 1. The results 

showed that there was a statistical significant difference between the control 

and groups 1 and 2 for the micro-hardness depth of 10, 30, 50 µm whereas 

there was no statistical difference between 80,100 µm. The decrease in micro-

hardness is directly proportional to the amount of mineral loss that had 

occurred due to demineralization.  At 10, 30, 50 µm the decrease in micro-

hardness between the control group and the test groups was significant with a 

p value 0.000
. 
At 80µm there was no statistical difference between the control 

and test group with a p value of 0.029. At 100µm there was no statistical 

difference between the control and test group with a p value of 0.119. 
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One way analysis of variance for intra group comparison between control 

and experimental groups after artificial caries induction for 10 days 

(Table 2) 

When comparing control group and Group 1 (Transbond XT) micro- 

hardness value decreased at 10, 30 and 50 µm which was statistically 

significance with a p value of 0.000. Whereas, when comparing control group 

and Group 2 (Denteshield 
TM

  Primer) the hardness values decreased at 10 and 

30 µm which was statistically significant with a p value of 0.000. At 50 µm, 

Group 2 showed no statistical difference in micro-hardness when compared 

with control group. Whereas, both the Groups 1 and 2 when compared with 

control group at 80 and 100 µm showed no statistical difference of decrease in 

micro-hardness. (Table 2) 

One way analysis of variance for intra group comparison between 

experimental groups after artificial caries induction at 10 days (Table 3) 

When comparing micro-hardness between Groups 1 and 2 at depth 10, 

30, 50 µm the micro-hardness value showed statistical significance with the p 

value of 0.000. At depth of 80 µm there was a statistical significant difference 

in hardness between both the groups with a p value of 0.020. At 100 µm there 

was statistical difference in micro-hardness value between the two groups with 

a p value of 0.043. (Table 3) 
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One way analysis of variance for intra group comparison between Group 

1 and control after 30 days and 60 days in artificial saliva (Table 4) 

When comparing control group with Group 1(Transbond XT) at 30 

days interval the micro-hardness value decreased at 10, 30, 50, 80 and 100 µm 

depths and was statistically significant with a p value of 0.000. At 60 days 

interval the micro-hardness value decreased at 10, 30, 50 µm depths and was 

statistically significant with a p value of 0.000; at 80 and 100 µm depths 

micro-hardness value decreased with a statistical difference of with a p value 

of 0.001. (Table 4) 

One way analysis of variance for intra group comparison between Group 

2 and control after 30 days and 60 days in artificial saliva (Table 5) 

When comparing between control group and  Group 2 (Denteshield
TM

 

primer) at 30 days interval the micro-hardness value decreased at 10, 30 µm 

depths and 50 µm depths with a statistical significance with a p value of 0.000 

and 0.001 respectively; at 80 and 100 µm depths micro-hardness value 

decreased to a minimal extent and it was not statistically significant. At 60 

days interval the hardness value decreased at 10, 30, and 50 µm depths and 

was statistically significant with a p value of 0.000; at 80 µm depths hardness 

value decreased with a minimal statistical significance with a p value of 0.032. 

At 100 µm depth there was a decrease in the micro-hardness value with no 

statistical significance. 
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Two way analysis of variance for inter group comparison between 

experimental groups at 10 days, 30 days & 60 days (Table 6)   

 When comparing between Groups 1 and 2 immediately after artificial 

caries induction at 10 days, 30 days and 60 days, the micro-hardness value 

decreased in group 1 (Transbond XT) at all depths than in group 2 

(Denteshield
 TM

) and it was statistically significant. 

Shear Bond Strength 

Two way analysis of variance  for inter group comparison between two 

groups 1and 2 with respect to mean scores at baseline, 10 days, 30 days 

and 60 days (Table 7&8) 

When comparing the shear bond strength between both the Group 1 

and 2 there was no statistical difference between the groups (Table 7). When 

comparing both the at baseline, immediately after artificial caries induction at 

10 days, after 30 days and 60 days interval there was difference in the 

estimated marginal mean but not statistically significant (Table 8). 

Agar diffusion test and minimum inhibitory concentration (MIC)-Table 9 

 In Disc agar diffusion test, after 48 hours incubation at 37ºC with 

Group1 primer (Transbond XT) there was no inhibition zones observed around 

the disc cuts, whereas in Group 2 (Denteshield
TM

)  after 48 hour incubation at 

37ºC inhibition zones were observed around the disc cuts. This occurrence of 
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inhibition zones around the disc cuts denotes the presence of antimicrobial 

activity and the efficiency to effectively inhibit S. mutans (Figure 8). 

The Minimum concentration (MIC) of the primer to efficiently 

produce antimicrobial activity was assessed using MIC. In 

spectrophotometrical analysis the MIC recorded for Group 2 (Denteshield
TM

 

primer) was at a volume of 60μg/ml and the percentage of inhibition was 50%. 

None of our study isolates showed activity against the Group 1 primer 

(Transbond XT) Table 9.In visual method, the absence of bacterial growth in 

the blood MHA (Muller Hilton Agar) at 60μg/ml concentration indicates the 

inhibitory concentration of the compounds (Figure 9c). 
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Table 1- Two way analysis of variance for inter-group comparison 

between control and groups after artificial caries induction at 10 days 

 

 

*p value < 0.05 is considered statistically significant 

 

Table 2- One way analysis of variance for intra-group comparison of 

groups with control group 

 

 

 

 

 

 

 

*p value < 0.05 is considered statistically significant 

 

 

 

Lesion 

depth 

Knoop Micro-hardness  

Control group 

(n=10) 

Group 1(n=10) Group2(n=10) ANOVA 

 

F 

p value 

10µm 323.5±14.68 161.35±17.05 263.15±22.82 195.942 0.000
*** 

30µm 329.5±11.48 209.65±21.315 295.8±10.065 165.867 0.000
*** 

50µm 331.25±11.69 288.05±17.97 320.8±11.045 26.195 0.000
*** 

80µm 333.05±11.75 322.35±12.54 333.55±7.75 3.396 0.029
* 

100µm 335.15±12.89 327.95±7.045 335.6±7.14 2.079 0.119 

Lesion 

depth 

Mean difference of    Knoop Micro-hardness 

Control 

group vs 

Group 1 

p value Control 

Group vs 

Group 2 

p value 

10µm 162.150 0.000
***

 60.350 0.000
***

 

30µm 119.500 0.000
***

 33.350 0.000
***

 

50µm 43.200 0.000
***

 10.450 0.097
 

80µm 10.700 0.021
*
 -0.500 0.853 

100µm 7.200 0.088 -0.450 0.868 
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Table 3- One way analysis of variance for intra-group comparison 

between groups 

 

 

 

 

 

 

*p value < 0.05 is considered statistically significant 

 

Graph1- Comparison of micro-hardness at 10 days (after artificial caries 

induction) 
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Lesion Depth 

control group

Group 1(Transbond XT)

Group 2 (Dentesheild)

Lesion depth Mean difference of  Knoop 

Micro-hardness 

Group2 vs 

Group 1 

p value 

10µm 101.800 0.000
***

 

30µm 86.150 0.000
***

 

50µm 32.750 0.000
*** 

80µm 11.200 0.020
* 

100µm 7.650 0.043
*
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Table 4- One way analysis of variance for intra-group comparison 

between control and Group 1(Transbond XT) after 30 days and 60 days 

in artificial saliva. 

*p value < 0.05 is considered statistically significant 

Table 5- One way analysis of variance for intra-group comparison 

between control and Group 2 (Denteshield 
TM

) after 30 days & 60 days in 

artificial saliva. 

*p value < 0.05 is considered statistically significant 

 

 

Knoop Micro-

hardness  

(group1) 

Control vs 30 Days Control vs 60 Days 

Mean 

difference 
p Value 

Mean 

difference 
p Value 

10µm 217.900 0.000
*** 

156.600 0.000
*** 

30µm 201.350 0.000
***

 127.05 0.000
***

 

50µm 165.700 0.000
***

 91.100 0.000
***

 

80µm 138.600 0.000
***

 79.45 0.000
***

 

100µm 98.450 0.000
***

 74.000 0.001
** 

Knoop  Micro-

hardness  

(group2) 

Control vs 30 days Control vs 60 days 

Mean 

difference 
p Value 

Mean 

difference 
p Value 

10µm 93.700 0.000
*** 

98.500 0.000
*** 

30µm 53.100 0.000
***

 58.550 0.000
***

 

50µm 20.050 0.001
**

 24.050 0.000
***

 

80µm 5.850 0.085 8.350 0.032
*
 

100µm 3.650 0.374 4.350 0.360 
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Graph 2-Comparison of micro-hardness at 30 days 

 

 

 

 

Graph 3-Comparison of micro-hardness at 60 days 
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Graph 4-Comparing micro-hardness of Group 1 (Transbond XT)  at 10 

days, 30 days and 60 days 

 

 

Graph 5-Comparing micro-hardness of Group 2 (Denteshield 
TM

) at 10 

days, 30 days, and 60 days 
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Table 6: Two way analysis of variance for inter-group comparison 

between groups at 10 days, 30 days & 60 days 

 

*p value < 0.05 is considered statistically significant 

Table 7: Two way analysis of variance for inter-group comparison of 

shear bond strength between groups 

 

MPa 

N GROUP 1 GROUP  2 F 

VALUE 

p 

Value 
Mean SD Mean SD 

Baseline 10 13.564 1.91 12.993 2.87 

0.698 0.674 

10 days 10 13.232 1.97 12.315 2.62 

30 Days 10 13.528 1.93 13.710 1.96 

60 Days 10 13.056 2.47 12.782 2.80 

 

*p value < 0.05 is considered statistically significant 

Lesion 

depth 

Micro-hardness   

After caries 

induction 

After 30 days After 60 days ANOVA 

F value 

p 

value 

Group 1 

(n=10) 

Group 2 

(n=10) 

Group 1 

(n=10) 

Group 2 

(n=10) 

Group 1 

(n=10) 

Group 2 

(n=10) 

- - 

10µm 161.35± 

17.07 

263.15± 

22.82 

108.70± 

7.46 

229.80± 

14.58 

105.60± 

6.41 

225.00± 

16.98 

4.641 0.001
*
 

30µm 210.65± 

21.11 

295.08± 

10.06 

134.05± 

11.00 

276.05± 

17.23 

127.80± 

12.63 

270.60± 

16.48 

0.864 0.004
*
 

50µm 288.05± 

17.97 

320.80± 

11.04 

172.70± 

15.70 

311.20± 

12.50 

165.55± 

18.39 

307.20± 

12.09 

0.924 0.004
*
 

80µm 322.35± 

12.54 

333.55± 

7.75 

201.85± 

15.93 

327.2± 

5.96 

194.45± 

22.37 

324.70± 

44.28 

3.879 0.004
*
 

100µm 327.95± 

7.01 

335.60± 

7.14 

259.70± 

43.79 

331.50± 

7.69 

236.70± 

53.47 

330.80± 

7.86 

5.194 0.001
*
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Table 8: Two way analysis of variance for Inter-group comparison of 

shear bond strength between groups after artificial caries induction at 

baseline, 10 days, 30 days & 60 days in artificial saliva 

 

 

 

 

 

 

 

*p value < 0.05 is considered statistically significant 

 

 

Graph 6-Comparison of shear bond strength between Group 1 

(Transbond XT) and Group 2 (Denteshield 
TM

) 
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Time Intervals  

Group 1(Transbond XT)

Group 2 (Denteshield)

MPa G1 vs G2 

Mean difference 

p Value 

Baseline 0.571 0.589 

10 days 0.917 0.386 

After 1 month -0.182 0.863 

After 2 month 0.274 0.795 
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Table 9- Minimum inhibition concentration for Group 1(Transbond XT) 

and Group 2 (Denteshield
TM

) 

 
Concentration  of Dental primer 

(μg/ml) 

 
% inhibition 

 

 
% inhibition 

 

Group 1 

(Transbond XT) 
 

Group 2 

(Denteshield
TM

)
 

10 0 0 

20 0 0 

30 0 0 

40 0 20 

50 0 30 

60 0 50 

70 0 70 

80 0 80 

90 0 80 

100 0 100 
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DISCUSSION 

The speciality of orthodontics has undergone a sea change with the 

advent of new techniques and materials that are beneficial for both patients 

and clinicians. The placement of fixed appliance facilitates the retention of 

plaque and increases the risk of enamel demineralization. Demineralization is 

one of the most common iatrogenic effects and it is a complex process 

involving loss of tooth structure resulting in an altered surface appearance. 

WHITE SPOT LESION (WSL) is a subsurface lesion since the initial mineral 

loss (demineralization) takes place beneath an intact enamel surface of about 

0.03 mm. When air dried it presents itself as a milky white opacity on smooth 

enamel surface
44

.  

The prevalence of WSL in patients undergoing fixed appliance 

treatment may be as high as 73.5% at the time of de-bonding
90

 and this is due 

to the presences of brackets and bands which act as a nidus for plaque 

accumulation and pose a serious cariogenic threat when no preventive 

measures are used especially in non-compliant patients
44

. Orthodontic patients 

develop significantly more enamel demineralization than nonorthodontic 

patients, which might compromise the final result of the treatment. In addition, 

the progression of caries is faster in patients with full orthodontic appliances. 

WSLs can become noticeable around the bracket within 30 days after bracket 

placement, although the formation of regular caries usually takes at least                 

6 months
77

. 
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The demineralized lesions are the initial stage of caries formation but 

are reversible as long as there is intact surface enamel overlying it. The 

problem with these carious lesions is that they are clearly seen on labial 

surface of teeth, affecting the aesthetics. The incidence of WSL was reported 

to be high in maxillary lateral incisors followed by canines, premolars, and 

molars. This is due to the varying degree of plaque accumulation around the 

fixed appliance, patient’s compliance and salivary pH 
41, 44, 71

.The occurrence 

of enamel demineralization is associated with decreased pH levels of saliva, 

increased plaque accumulation and elevated colonization of Streptococcus 

mutans
91

. 

Management of WSL is often a challenge to the orthodontists as it may 

affect the aesthetics and final outcome of the treatment. Most of the 

demineralization process occurs in the first few months of orthodontic 

treatment. To prevent the occurrence of WSL, emphasis should be on patient 

education by reinforcing oral hygiene measures. To address non-compliant 

patients undergoing fixed appliance therapy preventive measures like in-office 

application of various fluoride containing orthodontic adhesives, sealants, 

primers, varnish, antibacterial cements, probiotics etc. have been used 

47,70,92,101
. There are claims that self-ligating brackets and lingual appliances 

decrease the incidence of WSL, however there is lack of scientific evidence
103

. 

Therefore, preventive measures are recommended for patients undergoing 

orthodontic treatment to achieve best results at the end of treatment without 

affecting the aesthetics. 
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Initially fluoride releasing sealants were used in children to seal the pit 

and fissures as they are more susceptible to caries. Unfilled sealants are 

susceptible to wear with time as the sealant loss occurs around the edges. It is 

also stated that increased viscosity of the material limits the oxygen diffusion 

near the surface of the filler particles which acts as an obstacle to oxygen 

diffusion, thereby reducing the polymerization shrinkage
40,56,7,88

. Highly filled 

sealants provide mechanical retention in addition to continuous release of 

fluoride, thereby decreasing the number and severity of WSL on facial 

surfaces. With the added advantage of fluoride, enamel sealants have the 

ability to penetrate into the underlying dentin layer to halt the progression of 

the lesion during fixed appliance therapy without affecting the bond strength
16, 

96, 97
. 

There are many fluoride containing sealants currently available, 

however the results on their efficiency is still inconclusive. Even though 

preventive measures are recommended and are undertaken by the patients 

during the course of orthodontic treatment, there is an increased difficulty in 

removing biofilm around the brackets. Thus bracket bonded with materials 

having antimicrobial potential which may inhibit bacterial growth around the 

brackets, have also been considered in the past with the aim of prevention of 

WSLs. It has been claimed that selenium-based formulation of organic 

compounds inhibits bacterial growth (Streptococcus mutans). Selenium is a 
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naturally occurring, non-toxic, non-leaching trace mineral that is essential to 

overall health. 

 Tran et al
99 

reported that, the gradual release of fluoride compromises 

the antimicrobial effect of the fluoride-containing sealants. As a result, over 

time, the efficiency of these dental sealants would be compromised, which 

necessitates the recharge of more fluoride salt to these sealants to enhance 

their antimicrobial activity. In contrast, Organo-selenium dental sealants retain 

their antimicrobial effect and significantly inhibit S. mutans attachment and 

biofilm formation even after two months. The covalent attachment of selenium 

to the polymer of the sealant allows only very small amount of unpolymerized 

selenium to be released from the sealant. Oxygen catalytically reacts with 

Organo-selenium, which causes oxidative stress by generating superoxide 

radicals that damages the bacterial cell walls and DNA. Superoxide radicals 

formed accounts for most of the selenium toxicity towards bacteria. The 

toxicity profiles discussed by Reid et al
83

, suggest that doses greater than 400 

mg/day can be given in controlled situations for extended periods of time 

without serious toxicity. With this in mind, the present study was carried out 

to investigate the primer containing selenium (Denteshield
TM

) and its potential 

to inhibit bacterial attachment on the tooth surface and biofilm formation 

which leads to the occurrence of white spot lesion. Group 2 (Denteshield
TM

 

primer- Figure 2b) is composed of triethylene Glycol Dimethacrylate and 

Diselenium (2-acetoAcetoxyethyl methacrylate; 4.43%) as a prime ingredient. 
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Laboratory models have been widely applied in cariology which aids 

in the analysis of different treatment regimens for WSLs
19,60,66,84

. Caries 

models and in-situ caries models are used to stimulate caries in the study of 

White Spot Lesion
11

. The microbial caries induction method is one of the 

protocols mostly used to induce caries lesion in dentin. Restrepo et al
84 

was 

the first to adopt this model to produce enamel demineralization in permanent 

teeth. A similar method was used in our study to induce artificial caries using 

Streptococcus mutans. The main advantage of the microbial method is the 

simulation of the oral environment, considering the presence of biofilm and 

cariogenic challenges. In our study caries inducing solution containing Brain 

heart infusion broth was inoculated with young primary culture of 

Streptococcus mutans and transferred to falcon tubes and incubated at 37
º
c for 

48 hours. This broth provides essential nutrient for the bacteria to grow and 

produce acids which are harmful for the enamel surface. 

Hence, we used this method to induce artificial caries in our study to 

evaluate the effects of antimicrobial primer containing selenium in Group 2 

(Denteshield
TM

) on development of white spot lesion, after artificial caries was 

induced with Streptococcus mutans. This was compared with conventionally 

used primer in Group 1 (Transbond XT) over a period of 10days (after 

artificial caries induction with streptococcus mutans), and after 30 days and 60 

days. 
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There are many methods to assess white spot lesion formation such as  

Optical Caries Monitor (OCM), Optical Fluorescent Methods, Fluorescent 

Dye Uptake, Ultraviolet, Laser, Quantitative Light-Induced Fluorescence or 

QLF, Confocal Laser Microscopy, Scanning Electron Microscopy, Transverse 

microradiography, Atomic force microscopy, EDAX, Micro-hardness(Knoop 

and Vickers micro-hardness)
 12

. 

 In our study the mineral loss was assessed by in vitro cross-sectional 

micro-hardness (Knoop micro-hardness) a recognized analytical method. 

Featherstone et al
38

 stated that Cross-sectional micro-hardness was used to 

evaluate demineralization in carious lesion because of the strong correlation              

(r = 0.91) between enamel micro-hardness scores and the percentage of 

mineral loss in caries lesions. 

 The advantage of this method is that the mineral loss can be 

quantified. This is because the mineral content of enamel is directly 

proportional to the micro-hardness of the enamel
67

. White spot lesion causes 

loss of mineral content and this leads to decrease in the micro-hardness of the 

enamel. Thus measuring the micro-hardness at different depths from the outer 

enamel surface (10, 30, 50, 80, 100 µm) shows the extent of mineral loss and 

WSLs formed can be quantified based on the percentage of mineral loss. 

Knoop micro-hardness test was used instead of Vickers micro-hardness 

test because of the long narrow diamond intender of knoop that penetrates the 

specimen half the depth than that of Vickers intender which is square and 

bulky when compared to it. Due to the shallow indentations, it is useful for 
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testing in small and thin layer without causing damage to specimen. Hence, we 

used this knoop method for testing in our study. According to Craig et al 
26

, 

the average micro-hardness of enamel ranges from 343 KHN+/-26 KHN 

(Knoop Hardness Number). In our study, the micro-hardness of extracted 

premolar at baseline (without caries induction) at various depths (10, 30, 50, 

80, 100 µm) were assessed. This was in accordance with the normal enamel 

micro-hardness as mentioned earlier. Hence we used this micro-hardness value 

which was obtained from the extracted premolars at various depths as a 

control to compare with the experimental groups after inducing caries 

artificially as shown in table 1. 

 In our study, micro-hardness between the control teeth and teeth with 

artificial enamel lesion were evaluated using knoop micro-hardness test 

(Figure 8a, 8b). The knoop micro-hardness value for Groups 1 and 2 after 

artificial caries induction with Streptococcus mutans decreased when 

compared with the normal teeth group (control). At 10, 30, 50 µm depths 

micro-hardness decreased for Group 1, whereas in Group 2 micro-hardness 

decreased only in 10, 30 µm depths. There was a minimal or no change in 

micro-hardness at 80, 100 µm depths in Group 1 and at 50, 80, 100 µm depths 

in Group 2 (Table1 & Graph1). Staley 
96

 stated that acid etching procedure 

done with 37% phosphoric acid dissolves the enamel surface about 5 to 10 µm 

and creates a zone of etched enamel rods up to a depth of 15 to 25 µm. In 

Group1 the micro-hardness decreased at 10, 30, 50 µm depths with a mineral 

loss of 50%, 36%, 13% respectively and the mineral loss of 18% and 11%  for 
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10, 30 µm depths respectively  in Group 2.  O’Reilly and Featherstone
74

 

found a 15% of mineral loss at 25 µm depth when an orthodontic fixed 

appliance was used.  In both the groups mineral loss up to 30 µm depth may 

be attributed to acid etch. Abufarwa et al
1
 in their study stated that acid 

etching of sound enamel removes surface impurities such as magnesium and 

carbonate from the enamel surface. Thereby increases the surface area and 

exposes more reactive HA (hydroxyapatite) crystals for demineralisation.  

Groups 1 and 2 were compared after artificial caries induction for 10 

days, the micro-hardness value decreased more in Group1 than in Group 2 at 

10, 30, 50 µm depths with minimal or no change in micro-hardness at 80, 100 

µm depths. This may be because of the antimicrobial potential of primer 

containing selenium in Group 2 against formation of WSL (Table 3).  

 All the teeth in both the groups were transferred to artificial saliva 

solution without disturbing the bacterial biofilm formed after 10 days. When 

the groups were compared after an interval of 30 days and 60 days in artificial 

saliva solution, the micro-hardness in group 1 decreased at all the depths at 

both time intervals. Whereas in group 2, the micro-hardness decreased at 10, 

30 µm depths and there was a minimal or no change in micro-hardness at 50, 

80, 100 µm depths (Table 4&5; Graph 2&3).  

 Groups 1 and 2 were compared for micro-hardness after caries 

induction at different time intervals 10 days, 30 days and 60 days. The micro-

hardness decreased for group 1 at all-time intervals in all depths. In group 2 

there was a decrease in the micro-hardness only at 10 and 30µm depths at all 
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time intervals and the micro-hardness value was maintained at depths of 50, 

80, and 100 µm at all-time intervals. This may be due to the antimicrobial 

effect produced by the selenium containing primer (Denteshield
TM

). 

Hammad et al
45

evaluated clinically the effects of three topical 

protecting agents namely select defence sealant (selenium containing sealant), 

clinpro fissure sealant, and white varnish against the development of WSL 

compared with control. Micro-hardness test was performed in their study to 

test the occurrence of white spot lesion. They concluded that the use of topical 

agents produced a preventive effect over occurrence of WSL, and selenium 

containing sealant had a better preventive effect. This was in accordance with 

our study. 

Amaechi et al
4
in their in-vitro study tested for the antimicrobial effect 

of selenium containing primer (Select Defence), sealant (Select Defence), 

against S. mutans and L.acidophilus. The inhibition of these micro-organisms 

was assessed using scanning electron microscopy; a different method from our 

study. They concluded that selenium containing primer and sealant are 

effective in inhibition of S. mutans and L.acidophilus and in prevention of 

enamel demineralization. 

Shear bond strength (SBS) between Groups 1 and 2 was also evaluated 

in our study, at different time intervals after artificial caries induction. (Table 7 

& 8; Graph 6) 

Amaechi et al
3
 in their in-vitro study investigated the effect of SBS of 

selenium-containing adhesive (Denteshield
TM

 adhesive) with Transbond XT 
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adhesive. They concluded that the selenium-containing adhesive had a less 

shear bond strength compared with Transbond XT adhesive, but it did not 

adversely influence the shear bond strength. In their study the SBS of 

Denteshield 
TM

 primer with Transbond XT adhesive provided mean bond 

strength of 18.6+/-1.8 MPa than Denteshield 
TM

 primer with Denteshield 
TM

 

adhesive which provided mean shear bond strength of 14.5+/-1.6 MPa. This 

was not in concordance with our study, where Group 2 selenium containing 

primer (Denteshield
TM

) bonded with Transbond XT adhesive had mean shear 

bond strength of 12.9+/-2.56 MPa. This variation may be due to the different 

methodology followed. 

Pudyani et al
81

 in there invitro study compared the shear bond 

strength between selenium containing primer and a conventional primer. The 

shear bond strength of selenium containing primer was 8.21+/- 0.84MPa and 

for conventional primer 9.05+/- 1.10MPa. There was no significant difference 

in the shear bond strength between the two groups. In our study there was no 

significant difference in shear bond strength between Group1 13.471 +/- 2.07 

MPa (Transbond XT) and Group 2 12.9+/- 2.56 MPa (Denteshield
TM

) (Table 7 

& 8) which was in accordance with their study. They stated that due to the low 

viscosity of the selenium containing primer (0.9hPa), it was able to wet the 

enamel surface readily and fill into the micro pores created by acid etch.  

 The variations in shear bond strength between the previous studies and 

our study can be because of the methodology which varied between the 

studies. This study being an in-vitro study has some limitations; the tested 
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materials were not entirely subjected to simulate oral environment, which 

would inevitably affect the bond strength under in vivo conditions. Thus, the 

result of the present study may not mirror what would be obtained in vivo with 

regards to the bond strength.    

Toodehzaeim et al
98

, in their in-vitro study investigated the effects of 

saliva pH on shear bond strength of orthodontic brackets. In their study, the 

bonded brackets were stored in artificial saliva at a varying pH of 3.8, 4.8, 5.8 

and 6.8 and was assessed for bond failure. They concluded that the shear bond 

strength was relatively low in a very acidic pH of 3.8 when compared with 

other groups and no differences in shear bond strength between other groups 

were noted. Whereas in our study shear bond strength was tested at 3 time 

points for both the groups; before caries induction at baseline, after caries 

induction at 10 days, after 30 days and 60 days in artificial saliva. There was 

no statistical difference between both the groups as shown in Table 7. 

In our study the shear bond strength was assessed with a universal 

testing machine at a cross head speed of 0.5mm/min (Figure 7b). Shooter et 

al
94

, in their study assessed different cross head speeds of 0.5mm/min, 

0.75mm/min, 1.0mm/min, 5.0mm/min to test the significance of cross head 

speed on shear bond strength. They concluded that there was no significant 

difference over different cross head speed on shear bond strength. Bishara et 

al
16

, in their study stated that there was a significant difference in shear bond 

strength only at the cross head speed of 5.0mm/min and not at lower cross 

head speed values. 
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In our study the antimicrobial property of the Group 2 (Denteshield
TM

 

primer) was also assessed using disc agar diffusion test and minimum 

inhibitory concentration. The advantage of using disc agar diffusion method is 

because of its test simplicity that does not require any special equipment and 

it’s cost effective. The disc test has been standardised for testing Streptococci, 

Hemophilus, influenzae, N.meningitidis. Hence this method was used in our 

study to assess the antimicrobial effect of Group 2 (Denteshield
TM

) against 

Streptococcus mutans compared with Group 1 (Transbond XT) and control 

(ciproflaxicin).  The inhibition zones formed around the disc cuts in the agar 

plate showed the presence of antimicrobial activity against S.mutans for 

Group 2 (Figure 9).   

Tran et al
99 

in there in vitro study used a similar method of agar 

diffusion to evaluate antimicrobial effect of Organo-selenium containing 

dental sealant against S.mutans. The results of their study were concordance 

with our study. In our study ciprofloxacin was used as a control to eliminate 

false positive results. All the materials from Groups 1, 2 and control 

(ciprofloxacin) were placed in a same agar plate with 5mm disc cuts. A 

minimum distance of 24mm is required to prevent cross contamination 

between the materials tested
48

. Hence, in our study the distance between the 

well cuts was maintained at approximately 30mm
 

to prevent cross-

contamination. 

Minimum inhibitory concentration (MIC) was done to evaluate the 

volume at which antimicrobial property of Group 2 (Denteshield
TM

) was 
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expressed. There are two methods to assess MIC, one through 

spectrophotometrical analysis and other through visual analysis. 

Spectrophotometrical analysis was done to assess MIC because it is more 

accurate than Visual method and it is based on the optical density. In our study 

both Spectrophotometrical analysis and visual analysis were done. According 

to this method, a substance is considered to be antimicrobial when 50% of the 

bacteria was inhibited in culture and assessed via optical density or visual 

analysis. When MIC was assessed, Group 2 showed 50% inhibition of bacteria 

at a concentration of 60μg/ml through spectrophotometrical analysis (table 9). 

Othman et al
75

 assessed the antimicrobial effect of bezalkonium 

chloride added to chemically cured adhesive using MIC and was assessed 

spectrophotometrically; based on the bacterial growth the turbidity of the 

solution increased which was used to assess the concentration  of inhibition. 

The MIC for each test bacteria was defined as the minimum concentration of 

test compound limiting turbidity absorbance at 600nm. They concluded that 

bezalkonium chloride effectively inhibited S.mutans growth and prevented 

demineralization. The same protocol was followed in our study. 

Nguyen et al
55

 stated that 10µg/ml or higher concentration of selenium 

is effective in producing antimicrobial effect against staphylococcus aureus. 

Chudobova et al
23 

in their study evaluated the antimicrobial effect against 

s.aureus, used selenium nano-particles and they concluded that selenium in 

concentrations of 23.7μg/ml and more was effective in inhibition of bacterial 

growth.  In our study we assessed the MIC for Group 2 (DenteshieldTM primer) 
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containing selenium. Whereas, effective antimicrobial action against 

streptococcus mutans assessed in our study was seen at concentrations of 

60μg/ml (minimum 50% of inhibition) and above.  

Thus the null hypothesis was rejected, as there was a difference in the 

extent of demineralization (mineral loss), when conventional primer 

(Transbond XT) and antimicrobial primer containing selenium 

(Denteshield
TM

) was used. The results of our study show that selenium 

containing primer used in Group 2 (Denteshield
TM

) may be effective in 

preventing demineralization when compared with conventionally used primer 

(Transbond XT), at different time intervals. At 30 days and 60 days Group 2 

(Denteshield
TM

) primer was effective in prevention of demineralization as 

results of our study showed a minimal or no difference of mineral loss at 

various depths (10, 30, 50, 80, 100 µm).  

The SBS obtained by using antimicrobial primer containing selenium 

(Denteshield
TM

) was 12.9+/-2.56 MPa and conventionally used primer 

(Transbond XT) was 13.471 +/- 2.07 MPa and there were no statistical 

significant difference observed. Thus proving the null hypothesis that there is 

no difference between both groups 

The antimicrobial property of the primer (Denteshield
TM

) used in 

Group 2 assessed using disc agar diffusion test and MIC results showed that 

there was an inhibitory effect produced by selenium containing primer against 

streptococcus mutans. At a concentration of 60μg/ml and above Group 2 

(Denteshield
TM

) produced an effective inhibition of the bacteria in the culture. 
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Limitations  

 Blinding of the operator was not possible; also the results are based on 

small sample size and short duration in this in-vitro study. 

 The long term effect of the anti-microbial primer could not be 

evaluated in this study. 

 Therefore the further research using larger sample size and in-vivo 

studies can be recommended. 

 

Future Directions  

Future studies should focus on randomized clinical trial with different 

antimicrobial primers and adhesives. Factors like decalcification rates, bracket 

failure rate and any possible enamel damage should be assessed. 
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SUMMARY AND CONCLUSION  

 

 In this study we evaluated the effects of two primers, conventional 

primer in Group 1 (Transbond XT) with a primer containing selenium in 

Group 2 (Denteshield
TM

) on the development of white spot lesion, after 

microbial caries induction (Streptococcus mutans) using knoop micro-

hardness test ( at 10, 30, 50, 80, 100 µm depths). The shear bond strength and 

the antimicrobial effect against Streptococcus mutans was also evaluated. 

 The average knoop hardness for dental enamel is 322 KHN-369 KHN 

(Knoop micro-hardness number). The decrease in the normal micro-hardness 

value after artificial caries induction denotes that demineralization had 

occurred. In our study the knoop micro-hardness was assessed after caries 

induction at 10 days, 30 days and 60 days in artificial saliva between Group 1 

(Transbond XT) and Group 2 (Denteshield
TM

). The results showed that, 

immediately after caries induction at 10 days the micro-hardness decreased at 

10, 30, and 50 µm depths for Group 1 (Transbond XT). Whereas in Group 2 

(Denteshield
TM

) the micro-hardness decreased only at 10, 30 µm. 

  After 30 days in artificial saliva the micro-hardness value for Group 

1(Transbond XT) decreased further at depths of 80, 100 µm. Whereas, in 

Group 2 (Denteshield
TM

) the micro-hardness value decreased only at                        

10,  30 µm depths and did not show any further decrease in micro-hardness at 

increased depths. After 60 days in artificial saliva the micro-hardness value of 
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Group 1(Transbond XT) decreased further to a minimal extent at all depths. 

Whereas in Group 2 (Denteshield) the micro-hardness value decrease was not 

significant. 

 The shear bond strength was assessed between Group 1(Transbond 

XT) primer and Group 2 (Denteshield
TM

) immediately after bonding, after 

caries induction for 10 days, 30 days and 60 days in artificial saliva. The 

results showed that there was no statistical difference in bond strength 

between the groups.   

 Selenium containing primer did not affect the shear bond strength 

(SBS). 

 Dental plaque biofilm viability was inhibited when in contact with 

Denteshield
TM 

(Group 2) placed in disc agar plates. At 60 µg/ml 

concentration, Denteshield
TM

 reduced 50% of S.mutans in the 

minimum inhibition concentration (MIC). 

 Increase in Denteshield
TM

 concentration increased its antimicrobial 

property.   

 The results showed that the antimicrobial primer used in Group 2 

(Denteshield
TM

) inhibited biofilm and helped to reduce the formation of   

white spot lesion without compromising the shear bond strength and hence 

may be promising to reduce or eliminate demineralization of enamel around 

orthodontic brackets. 
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