
 
International Journal of Dental Science and Innovative Research (IJDSIR) 

IJDSIR : Dental Publication Service 

Available Online at: www.ijdsir.com 

Volume – 6, Issue – 3, June  - 2023, Page  No. : 194 – 207 

  

Corresponding Author: Dr. Rajeshwar Singh, ijdsir,Volume – 6  Issue - 3,  Page No.  194 – 207 

P
a
g
e1

9
4
 

ISSN:  2581-5989 

PubMed - National Library of Medicine - ID: 101738774 

 

 

 

 
Comparative evaluation of effect of commercially available remineralizing agents on shear bond strength of 

orthodontic brackets bonded to enamel surfaces using different adhesive systems: An in vitro study 

1Dr, Ruchi Kansana, PG Student, Department of Orthodontics & Dentofacial Orthopedics, College of Dental Science & 

Hospital Rau, Indore. 

2Dr. Shweta Raghav, Private Practitioner, MDS Orthodontics, Indore. 

3Dr.Rakesh Thukral, Professor & HOD, Department of Orthodontics & Dentofacial Orthopedics, College of Dental 

Science & Hospital Rau, Indore, India. 

4Dr.Rajeshwar Singh, Reader, Department of Orthodontics & Dentofacial Orthopedics, ITS College, Greater Noida, India 

5Dr.Jaya Singh, Reader, Department of Orthodontics & Dentofacial Orthopedics, College of Dental Science & Hospital 

Rau, Indore, India. 

6Dr.Shubhanjali Bansod, Reader, Department of Orthodontics & Dentofacial Orthopedics, College of Dental Science & 

Hospital Rau, Indore, India. 

Corresponding Author: Dr. Rajeshwar Singh, Reader, Department of Orthodontics & Dentofacial Orthopedics, ITS 

College, Greater Noida, India 

Citation of this Article: Dr, Ruchi Kansana, Dr. Shweta Raghav, Dr. Rakesh Thukral, Dr. Rajeshwar Singh, Dr. Jaya 

Singh, Dr. Shubhanjali Bansod, “Comparative evaluation of effect of commercially available remineralizing agents on 

shear bond strength of orthodontic brackets bonded to enamel surfaces using different adhesive systems: An in vitro 

study”, IJDSIR- June - 2023, Volume – 6, Issue - 3, P. No. 194 – 207. 

Copyright: © 2023, Dr. Rajeshwar Singh, et al. This is an open access journal and article distributed under the terms of 

the creative common’s attribution non-commercial License. Which allows others to remix, tweak, and build upon the 

work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical 

terms. 

Type of Publication: Original Research Article  

Conflicts of Interest: Nil 

Abstract 

Background: Despite the advances in Orthodontic 

materials and techniques, formation of WSLs has 

remained a common occurrence during fixed orthodontic 

treatment. In advent of same, this study was designed to 

compare the effects of different remineralization agents 

i.e., CPP-ACP Varnish, Fluoride Varnish, Resin 

Infiltration, CPP-ACP with fluoride gel, Nano‑HA and 

Tricalcium Phosphate on shear bond strength and 

Adhesive Remnant Index scores of Transbond-XT, Self-

etching primer (SEP), RMGIC used to bond orthodontic 

brackets to previously treated demineralized enamel 

surfaces.  

Material and methods: A total of 315 extracted human 

premolar teeth were randomly divided into seven equal 

groups. Group I was the control group. All 6 

experimental groups underwent demineralization 

followed by remineralization procedure before bonding 
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by using CPP-ACP Varnish (MI Varnish, GC), Fluoride 

Varnish (Ivoclar Fluor Protector), Resin Infiltration 

(ICON; DMG, Hamburg, Germany), and after bonding 

CPP-ACP with fluoride gel (CPP-ACP-F/ GC Tooth 

Mousse plus), Nano‑HA (Reminpro), and Tricalcium 

Phosphate (Clinpro Crème, 3M Oral Care). Brackets 

were bonded using Transbond-XT, Self-etching primer 

(SEP) and RMGIC. The specimens were tested for SBS. 

Statistical analysis was done with post hoc Tukey, and 

ANOVA test. 

Results: Statistically Significant differences were found 

in the SBS values among the seven groups with P<0.05. 

Conclusion: Pretreatment with control group followed 

by resin infiltration is recommended to be performed 

before bonding; however, there may be a need to reapply 

same after debonding and polishing to conceal enamel 

morphology damage formed after polishing.  In addition, 

RMGIC bonding agent with resin infiltration increase 

SBS of orthodontic bracket. Posttreatment with clinpro 

followed by Remin pro and CPP-ACP with fluoride is 

recommended to be performed after bonding. In 

addition, SEP bonding agent with Clinpro increase SBS 

of orthodontic bracket.  

Keywords: WSL, Remineralization, Demineralization. 

Introduction 

Orthodontics has been inundated with a lot of new 

technology, new treatment modalities and newer 

paradigms of treatment. It often becomes challenging to 

keep abreast of newer and best practices. However, in 

today’s day and age it is crucial for a successful clinician 

to adopt and adapt to the latest. The “future” thus 

depends on the ability to incorporate new, better 

diagnostic and treatment modalities into clinical practice.  

Despite the advances in Orthodontic materials and 

techniques in recent years, formation of white spot 

lesions (WSLs) has remained a common occurrence 

during fixed orthodontic treatment, particularly in 

patients with poor oral hygiene. The term “White Spot 

Lesion” (WSL) can be defined as the earliest evidence of 

demineralization on smooth enamel surfaces that can be 

detected with the naked eye.  

Given that the objective of Orthodontic treatment is to 

improve facial and dental aesthetics, the presence of 

WSLs at the time of debonding hampers the quality of 

treatment outcome and serves as a cosmetic challenge 

and a source of disappointment for the Orthodontist as 

well as the patient. Such lesions are commonly observed 

during fixed Orthodontic treatment despite vast 

improvements in preventive dental care and 

procedures.1-4 

Moreover, irregular surfaces of brackets, bands, wires, 

and other attachments limit natural self-cleansing 

mechanisms and potentiate bacterial biofilm 

accumulation on tooth surfaces. Subsequently, acidic by-

products produced by the bacteria in plaque are 

accountable for the decline in pH; these tip the 

demineralization–remineralization balance towards 

mineral loss, which, in turn, promotes WSL 

development and eventually leads to cavitation6,7,8.  

Although there are many methods for the effective 

control of this initial stage of caries disease, prevention 

of white spot lesions is a great challenge to 

Orthodontists9. The use of fluoride-releasing materials 

(adhesives, elastics) or even topical application of this 

ion (varnishes, sealants, gels, dentifrices and mouth 

washes) are important adjuvants in clinical practice, 

suggested as a method for the prevention of 

demineralization, particularly when the patient’s level of 

cooperation is not ideal10,11.  

Overall, different remineralizing procedures have been 

recommended (Pre-Conditioning & During Treatment) 

for the management of WSLs. WSLs can be managed 



 Dr. Rajeshwar Singh, et al. International Journal of Dental Science and Innovative Research (IJDSIR) 

 

 
©2023 IJDSIR, All Rights Reserved 

 
 

P
ag

e1
9

6
 

P
ag

e1
9

6
 

P
ag

e1
9

6
 

P
ag

e1
9

6
 

P
ag

e1
9

6
 

P
ag

e1
9

6
 

P
ag

e1
9

6
 

P
ag

e1
9

6
 

P
ag

e1
9

6
 

P
ag

e1
9

6
 

P
ag

e1
9

6
 

P
ag

e1
9

6
 

P
ag

e1
9

6
 

P
ag

e1
9

6
 

P
ag

e1
9

6
 

P
ag

e1
9

6
 

P
ag

e1
9

6
 

P
ag

e1
9

6
 

P
ag

e1
9

6
 

  

with fluoride and application of casein phosphopeptide–

amorphous calcium phosphate (CPP-ACP), tricalcium 

phosphate (TCP), Bioactive Glass (Novamin), ozone 

treatment, enamel microabrasion, and bleaching12. 

Fluoride provides remineralization of early enamel 

lesions and slows the progress of the carious process by 

forming flour-apatite.13 If adequate amounts of salivary 

or plaque calcium and phosphate ions are available, the 

remineralization of previously demineralized enamel can 

be promoted by fluoride ions.14  

CPP-ACP, which is derived from milk casein, can also 

be used for remineralization. It has been shown that 

CPP-ACP increases the levels of calcium and phosphate 

ions significantly in supragingival plaque and promotes 

the remineralization of enamel sub-surface lesions in-

situ15,16. Remin Pro is a recently introduced 

remineralizing agent for prevention and treatment of 

enamel demineralization17. It is a water-base cream, 

which contains hydroxyapatite and fluoride 18,19. It has 

been claimed that due to the absence of bovine proteins, 

which exist in CPP-ACP, Remin Pro is preferred in 

patients with the bovine protein allergy17.  

Recently, a new approach called resin infiltration has 

been used for non-cavitated lesions. In this method, the 

pore system of a non-cavitated white spot is filled or 

reinforced with a light curable resin. Another home use 

remineralizing agent currently available is ClinPro Tooth 

crème (3M Oral Care) containing functionalized 

tricalcium phosphate (fTCP). It has a protective fumaric 

barrier resulting from ball milling beta-tricalcium 

phosphate with sodium lauryl sulphate. This prevents an 

unwanted reaction between individual ions and 

facilitates the co-existence of calcium and fluoride ions.  

When the agents come in contact with saliva, the 

protective barrier breaks, releasing ions for 

remineralization. This is very detrimental to 

Orthodontists and patients as frequent loss of brackets 

results in prolongation of treatment duration as well as 

loss of motivation and extra costs for the clinician and 

the patient. In addition to the patient-related factors, 

clinical bonding protocols and adhesives also play a 

role.20,  

Previous studies were conducted with conventional 

bonding methods and reported that remineralization 

procedures improved the bonding to demineralized 

enamel.20,22Kecik et al23 reported that CPP-ACP and 

APF (acidulated phosphate fluoride) gel did not affect 

SBS, and there was no difference in bond strength 

between the two remineralizing agents. Another study 

reported increased SBS using CPP-ACP. Sudjalim et al23 

found that remineralizing agents with different fluoride 

concentrations do not significantly affect the adhesion of 

Orthodontic brackets. However, these conflicting results 

concerned remineralizing agent application on the 

enamel surface before bonding. Hence, these results do 

not apply to remineralizing agents applied after bonding 

or during the treatment phase. 

In addition to topical agent applications for 

remineralization, adhesives used for orthodontic bonding 

may also offer protection against demineralization 

through advances in bonding techniques. Valk and 

Davidson23 reported that fluoride-releasing materials 

provide a protected area around the bracket against 

demineralization, while non-fluoridated adhesives 

cannot prevent demineralization under the fixed 

Orthodontic attachments.  

Resin-modified glass-ionomer cements (RMGIC), with 

their anticariogenic properties, are superior to 

conventional GIC, and are preferred due to property of 

releasing fluoride which has become especially 

important in Orthodontics. Self-etching primers (SEPs) 

were introduced to improve the bonding procedures. 
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 SEPs have some advantages, such as reduced loss of 

enamel, prevention of saliva contamination, and less 

chair time when compared to conventional methods. In 

addition, SEPs showed promising adhesive bonding 

result. Tooth pre-treatments and even post bonding 

treatments with remineralizing agents act on the enamel 

and can therefore interfere with the bonding mechanism 

and the bond strength of brackets.  

Although the literature contains information on the use 

of remineralizing agents and the effects of 

remineralizing agents on shear bond strength, there is no 

comprehensive study offering a remineralisation 

protocol involving the most effective adhesive and 

remineralizing agents which are easy to use clinically, 

providing lasting benefits, and do not adversely affect 

the SBS of orthodontic brackets24. In advent of same, 

this study was designed to compare the effects of 

different remineralization agents i.e., CPP-ACP Varnish, 

Fluoride Varnish, Resin Infiltration, CPP-ACP with 

fluoride gel, Nano‑HA and Tricalcium Phosphate on 

shear bond strength and Adhesive Remnant Index scores 

of Transbond-XT, Self-etching primer (SEP), RMGIC 

used to bond orthodontic brackets to previously treated 

demineralized enamel surfaces.  

Materials and methods 

After approval from the institutional ethical committee 

the present study was undertaken in Department of 

Orthodontics & Dentofacial Orthopedics at CDSH, Rau, 

Indore. A total of 315 non-carious human maxillary 

premolars with no visible enamel defects extracted for 

orthodontic purposes were used for the study. 

Selection criteria was based on the patients requiring 

orthodontic treatment, including extraction of four 

premolars and fixed appliances. An informed consent 

was signed by the patient/ parent before the 

investigation. The premolars were extracted after taking 

the consent from the patients. Decayed, restored and 

attrited teeth were excluded.  

The teeth were randomly allocated to one of three test 

groups classified according to the adhesive system used 

(which was Colour Coded), which was further 

subdivided into 6 Experimental and One Control group 

of 15 samples each depending upon the remineralizing 

agent used. The extracted teeth was cleaned using scalars 

and stored in deionized water till they were used for the 

study. 

Group A (N=105) BLUE: Bonding were performed 

with Conventional Adhesive System (Transbond XT 

bonding agent and Transbond XT Adhesive, 3M 

Unitek, Monrovia, CA); specimens were stored in 

artificial saliva buffers. 

• Group A1 (N=15): No additional remineralizing 

agent were applied (Control group). 

• Group A2 (N=15): CPP-ACP Varnish (MI Varnish, 

GC), were used as the remineralizing agent. 

• Group A3 (N=15): Fluoride Varnish (Ivoclar 

Vivadent, Schaan, Liechtenstein), containing 0.1% 

fluoride, were used as the remineralizing agent. 

• Group A4 (N=15): Resin Infiltration (ICON; DMG, 

Hamburg, Germany were used as the remineralizing 

agent. 

• Group A5 (N=15): CPP-ACPF with fluoride gel 

(GC Tooth Mousse, RECALDENT, Asia Pty. Ltd, 

Tokyo, Japan), were used as the remineralizing 

agent. 

• Group A6 (N=15): Remin Pro were used as the 

remineralizing agent. 

• Group A7 (N=15): Tricalcium Phosphate (Clinpro 

Crème, 3M Oral Care) were used as the 

remineralizing agent. 

Group B (N=105) RED: Bonding were performed with 

Self etching Primer Adhesive System (Transbond XT 
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Plus Self etching Primer/bonding agent and 

Transbond XT Adhesive, Transbond Plus, 3M 

Unitek, Monrovia, CA, USA); specimens were stored 

in artificial saliva buffers. 

• Group B1 (N=15): No additional remineralizing 

agent were applied (Control group). 

• Group B2 (N=15): CPP-ACP Varnish (MI Varnish, 

GC), were used as the remineralizing agent. 

• Group B3 (N=15): Fluoride Varnish 

(IvoclarVivadent, Schaan, Liechtenstein), containing 

0.1% fluoride, were used as the remineralizing 

agent. 

• Group B4 (N=15): Resin Infiltration (ICON; DMG, 

Hamburg, Germany) were used as the remineralizing 

agent. 

• Group B5 (N=15): CPP-ACPF with fluoride gel 

(GC Tooth Mousse, RECALDENT, Asia Pty. Ltd, 

Tokyo, Japan), were used as the remineralizing 

agent. 

• Group B6 (N=15): Remin Pro were used as the 

remineralizing agent. 

• Group B7 (N=15): Tricalcium Phosphate (Clinpro 

Crème, 3M Oral Care) were used as the 

remineralizing agent. 

Group C (N=105) GREEN: Bonding were performed 

with RMGIC i.e Fuji Ortho LC resin- modified glass-

ionomer cement (GC; Tokyo, Japan); specimens were 

stored in artificial saliva buffers. 

• Group C1 (N=15): No additional remineralizing 

agent were applied (Control group). 

• Group C2 (N=15): CPP-ACP Varnish (MI Varnish, 

GC), were used as the remineralizing agent. 

• Group C3 (N=15): Fluoride Varnish 

(IvoclarVivadent, Schaan, Liechtenstein), containing 

0.1% fluoride, were used as the remineralizing 

agent. 

• Group C4 (N=15): Resin Infiltration (ICON; DMG, 

Hamburg, Germany) were used as the remineralizing 

agent. 

• Group C5 (N=15):CPP-ACPF with fluoride gel 

(GC Tooth Mousse, RECALDENT, Asia Pty. Ltd, 

Tokyo, Japan), were used as the remineralizing 

agent. 

• Group C6 (N=15): Remin Pro were used as the 

remineralizing agent. 

• Group C7 (N=15): Tricalcium Phosphate (Clinpro 

Crème, 3M Oral Care) were used as the 

remineralizing agent.  

All teeth were mounted vertically in self-cure 

Orthodontic acrylic blocks until two-thirds of the root 

gets embedded. The buccal surfaces of the teeth were 

cleaned and polished with oil and fluoride-free fine 

pumice and water using a brush and a slow-speed 

handpiece, then rinsed with water and dried. Then 

remineralizing agent were applied in the Experimental 

groups depending upon the manufacturer’s protocol.  

Bonding Procedure: The specimens was then bonded 

using light cure composite resin as per the allocated 

group described as follows. 

• Group A: Conventional Transbond XT (3M Oral 

Care)  

• Group B: TRANSBOND PLUS (3M Unitek) 

(SEP)  

• Group C: RMGIC. 
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Figure 1: Classification of 3 study groups according 

to the adhesive system used 

Application of remineralizing agents 

Teeth in Subgroup A1, B1, C1 received no further 

treatment and served as the Control. Group A2, B2, C2 

(MI VARNISH GROUP), Group A3, B3, C3 (Fluor-

Protector group), Group A4, B4, C4 (ICON Resin 

Infiltration group) received a single application of 

Preconditioning agent as per manufacturer’s instructions. 

Group A5, B5, C5 (CPP-ACPF with fluoride gel group), 

Group A6, B6, C6 (Remin Pro group) and Group A4, 

B4, C4 (ClinPro tooth Crème group) also received a 

single application of remineralizing agent as per 

manufacturer’s instructions.  

Teeth were removed from the solution every 4 hours, 

cleaned with deionized water, and given brushing 

strokes using a toothbrush to simulate normal tooth 

brushing.  

Then, after every 4 hrs, remineralizing agent was 

reapplied over Group A5,B5,C5 (CPP-ACPF with 

fluoride gel group), Group A6,B6,C6  (Remin Pro 

group) and Group A7,B7,C7 (ClinPro tooth Crème 

group); whereas the teeth in Group A2,B2,C2  (MI 

Varnish group), Group A3,B3,C3  (Fluor-Protector 

group) and Group A4,B4,C4 (ICON Resin Infiltration 

group) received only a single application of 

Preconditioning remineralizing agent during the total 

study period of 96 hrs. The 4-hourly application of 

topical medicaments, therefore, corresponded to 

approximately 2 weekly applications. After 96 hrs, all 

the teeth were removed from the solution, thoroughly 

rinsed with distilled water.  

All specimens were stored artificial saliva for 24 hours 

in a 37 C incubator prior to undergoing shear force 

testing in a universal testing machine with a crosshead 

speed of 0.5 mm/minute; each trial lasted until bracket 

failure occurred 

Once the debonding was complete, we examined the 

enamel surface of the tooth under a stereomicroscope at 

50 × magnification. We used the modified adhesive 

remnant index (ARI) to evaluate the amount of residual 

adhesive on each tooth surface. 

  

Figure 2: Shear Bond testing using Universal testing 

Machine 

Statistical analysis 

Descriptive statistical analysis has been carried out in the 

present study. Results on continuous measurements are 

presented on mean SD (min-max) and results on 

categorical measurements are presented in number (%). 

Significance is assessed at 5% level of significance. 

Analysis of variance (ANOVA) has been used to find 

the significance of study parameters between three or 

more groups of patients. Post hoc Tukey test has been 

used to find the pairwise significance. 
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Results 

A statistically significant difference was found between 

the mean value of SBS of three adhesive groups 

(P<0.05) The mean value of pre group A i.e., 10.481 was 

highest whereas the lowest value i.e., 8.795 was for pre 

group C.  

 

Table 1: Comparison of mean SBS value amongst pre 

groups 

All the pairs Group A with Group B, Group A with 

Group C and Group B with Group C was found to be 

significant. (P<0.05) The mean value of pre group A 

21.960              and Group B 21.812 were higher 

whereas the lowest value 17.243 was for post group C. , 

the pair Group A with Group B was non-significant 

(P>0.05), whereas pair Group A with Group C and pair 

Group B with Group C was found to be significant. 

(P<0.05) The mean value of pre group B 24.305 was 

highest whereas the lowest value 20.091 was for post 

group C. All the pairs Group A with Group B, Group A 

with Group C and Group B with Group C was found to 

be significant. (P<0.05)  

                                                                       

Table 2: Comparison of mean SBS value amongst 

post groups 

The mean value of pre group A1 10.481 was highest 

whereas the lowest value 6.071 was for pre group A4. 

All the pairs of groups A1 with A2, A3, A4, group A2 

with A3, A4 and group A3 with A4 was found to be 

statically significant. (P<0.05)  

The mean value of pre group B1 10.215 was highest 

whereas the lowest value 6.305 was for pre group B4. 

All the pairs of groups B1 with B2, B3, B4, groups B2 

with B3, B4 and group B3 with B4 was found to be 

statically significant. (P<0.05)  

The mean value of pre group C4 9.527 was highest 

whereas the lowest value 1.027 was for pre group C2. 

All pairs of groups C1 - C2, C3, C4 group C2 - C3, C4 

and group C3 – C4 was found to be statically significant. 

(P<0.05). 

 

Table 3. Comparison of mean SBS value amongst 

intra pre groups. 
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The mean value of post group A7 22.068 was highest 

whereas the lowest value14.421 was for post group A5. 

Group A5- A6, A7 are found to be significant (P<0.05), 

whereas group A6- A7 was found to be non-significant 

(P>0.05)  

The mean value of post group B7 24.305 was highest 

whereas the lowest value 17.424 was for post group B5 

all the pairs of groups B5- B6, B7 and Group B6- B7 

was found to be statically significant. (P<0.05).  

The mean value of post group C7 20.091 was highest 

whereas the lowest value 12.044 was for post group C5.  

In the above pairwise post hoc comparisons, all the pairs 

of groups C5- C6, C7 and group C6- C7 was found to be 

statically significant. (P<0.05) 

 

Table 4: Comparison of mean SBS value amongst 

intra post groups. 

The mean value of pre group C 1.20 was highest 

whereas the lowest value 0.60 was for pre group B. The 

pairs Group A with Group C, Group B with Group C 

was found to be significant. (P<0.05), whereas pair 

Group A with Group B was found to be non-significant. 

(P>0.05) The mean value of pre group C 1.20 was 

highest whereas the lowest value 0.73 was for pre group 

B. the pairs Group A with Group C, Group B with 

Group C was found to be significant. (P<0.05), whereas 

pair Group A with Group B was found to be non-

significant. (P>0.05) 

The mean value of pre group C 1.20 was highest 

whereas the lowest value 0.53 was for pre group B. the 

pairs Group A with Group B and with Group C both was 

found to be non-significant. (P>0.05), whereas pair 

Group B with Group C was found to be significant. 

(P<0.05) 

The mean value of pre group B 1.87 was highest 

whereas the lowest value 1.73 was for pre group C. All 

the pairs Group A with Group B and Group C, Group B 

with Group C was found to be non-significant. (P>0.05)  

 

Table 5: Comparison of mean ARI value amongst pre 

groups. 

The mean value of post group C and group A 0.867 was 

highest whereas the lowest value 0.200 was for post 

group B. the pairs Group A with Group B, Group B with 

Group C was found to be significant. (P<0.05), whereas 

pair Group A with Group C was found to be non-

significant. (P>0.05)  

The mean value of post group C 0.733 was highest 

whereas the lowest value 0.200 was for post group B. the 

pairs Group A with Group B, Group B with Group C 

was found to be significant. (P<0.05), whereas pair 

Group A with Group C was found to be non-significant. 

(P>0.05) The mean value of post group B 0.800 was 

highest whereas the lowest value 0.533 was for post 

group A. all the pairs Group A with Group B and Group 
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C, Group B with Group C was found to be non-

significant. (P>0.05) 

The mean value of pre group A4 1.80 was highest 

whereas the lowest value 0.800 was for all other pre 

groups. the pairs Group A1 with A4, Group A2 with A4 

and Group A3 with A4 was found to be significant. 

(P<0.05), whereas pair Group A1 with A2, A3 and 

Group A2 with A3 was found to be non-significant. 

(P>0.05)  

 

Table 6: Comparison of mean ARI value amongst 

post groups. 

The mean value of pre group B4 (1.87) was highest 

whereas the lowest value 0.530 was for pre group B3. 

the pairs Group B1 with B4, Group B2 with B4 and 

Group B3 with B4 was found to be significant. (P<0.05), 

whereas pair Group B1 with B2, B3 and Group B2 with 

B3 was found to be non-significant. (P>0.05) 

The mean value of pre group C4 (1.73) was highest 

whereas the lowest value 1.200 was for all other pre 

groups. The pairs Group C1 with C4, Group C2 with C4 

and Group C3 with C4 was found to be significant. 

(P<0.05), whereas pair Group C1 with C2, C3 and 

Group C2 with C3 was found to be non-significant. 

(P>0.05) 

 

Table 7: Comparison of mean ARI value amongst 

intra pre groups. 

The mean value of post group A5 (0.867) was highest 

whereas the lowest value 0.533 was for post group A7. 

the all the pairs Group A5 with A6 & A7 and Group A6 

with A7 was found to be non-significant. (P>0.05) 

The mean value of post group B7 (0.80) was highest 

whereas the lowest value 0.20 was for post group B5 & 

B6 both. the pairs Group B5 with B7, Group B6 with B7 

was found to be significant. (P<0.05), whereas pair 

Group B5 with B6 was found to be non-significant. 

(P>0.05) 

The mean value of post group C5 (0.867) was highest 

whereas the lowest value 0.600 was for post group C6, 

the all the pairs Group C5 with C6 & C7 and Group C6 

with C7 was found to be non-significant. (P>0.05)  

 

Table 8: Comparison of mean ARI value amongst 

intra post groups. 
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Discussion 

White spot lesions and enamel demineralization can 

occur during and after the orthodontic treatment. Enamel 

demineralization become a clinical problem ever since 

directly bonded orthodontic brackets were introduced. 

The prevalence of white spot lesion varies from 4.9% to 

84%25. Pre-existing white spot lesions may be present in 

orthodontic patients, not all white spot lesions are 

carious demineralization-related lesions. 

W Derricket al stated that the prevalence of 

demineralized white spot lesions are disturbingly high 

after orthodontic treatment. The demineralization 

process can be stopped by creating an environment that 

permit remineralization by various remineralizing 

agents25. The post-orthodontic demineralized white spot 

lesions when subjected to intervention with a proper oral 

hygiene /toothpaste regimen or formulated low fluoride 

mouth rinse (50 ppm) test combination were able to 

remineralize early enamel lesion27.  

Remineralization of white-spot lesions is possible with a 

variety of currently available agents containing fluoride, 

bioavailable calcium and phosphate, casein 

phosphopeptide amorphous calcium phosphate, Casein 

phosphopeptide amorphous calcium phosphate along 

with the fluoride, self-assembling peptide, Calcium 

sodium phosphor-silicate, tricalcium phosphate, 

Amorphous Calcium phosphate, Dicalcium phosphate 

dehydrate, Reminpro (Hydroxyapatite + Fluoride + 

Xylitol) and tricalcium phosphate26. 

In this study, artificially demineralized lesions were 

created and then different remineralization procedures 

for Pre-treatment and Post-treatment were performed to 

determine which procedure was most appropriate for the 

SBS of orthodontic brackets and the surface roughness 

of teeth. Results of this study showed that all the 

remineralization procedures used in this study improved 

the SBS of orthodontic brackets bonded to 

demineralized enamel surfaces and reduced the surface 

roughness of demineralized teeth. The highest mean SBS 

value was obtained in the control group. This was 

followed by resin infiltration and CPP-ACP Varnish (MI 

Varnish, GC) and Fluoride Varnish (Ivoclar Fluor 

Protector) in the pre-treatment and there were significant 

differences between control, resin infiltration, CPP-ACP 

Varnish (MI Varnish, GC) and Fluoride Varnish (Ivoclar 

Fluor Protector) groups. The mean SBS value of the 

control group was significantly higher than that of the 

resin infiltration and CPP-ACP Varnish (MI Varnish, 

GC) and Fluoride Varnish (Ivoclar Fluor Protector) 

groups. However, no significant differences in mean 

SBS value were found between the CPP-ACP Varnish 

(MI Varnish, GC) and Fluoride Varnish (Ivoclar Fluor 

Protector) groups. In previous studies, the effect of 

fluoride application before acid etching on SBS has been 

reported with different and controversial results. 

Generally, fluoride pre-treatment may induce lower 

SBS28,29,30. In our results the SBS of orthodontic bracket 

was significantly decreased or values is almost similar to 

the control groups when Transbond XT, self –etching 

primer and RMGIC as adhesive is used by the 

application of the fluoride varnish. In our results the SBS 

of orthodontic bracket was significantly decreased when 

transbond XT, self –etching primer and RMGIC as 

adhesive is used by the application of the CPP-ACP 

group. Treatment with resin infiltration produced greater 

shear strength, although not significant. Penetration of 

resin tag into enamel pores followed by chemical 

bonding of RMGIC bonding agent with resin infiltration 

made brackets adhere stronger to enamel. On the 

contrary, the shear strength of varnish group was found 

to be significantly lower than that of control group. It 

may be caused by the direct bracket placement to varnish 
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layer without being polished with pumice, so that it did 

not bond with remineralized enamel surface. This result 

was consistent with the experiments by Bayrak et al31 

and Endo et al.32 in which fluoride varnish was applied 

before bracket attachment to human tooth samples using 

RMGIC bonding agent.  

Nonetheless, this result was inconsistent with a study by 

Nhan et al.33in which fluoride varnish application did not 

contribute to the difference of shear strength of brackets 

bonded with composite resin bonding agent and 

phosphoric acid etch. However, a study by Viana et al.33 

concluded that low fluoride level of enamel did not 

significantly decrease the bond strength, e.g., the use of 

fluoride-containing pumice. On the contrary, the use of 

fluoride-containing self-etch decreased the bond 

strength. It could be caused by the decrease of resin tag 

penetration depth. In our results the SBS of orthodontic 

bracket was significantly increased when RMGIC 

followed by self-etch followed by transbond-XT as 

adhesive is used by the application of the resin 

infiltration but in post-treatment the SBS of orthodontic 

bracket was significantly increased self –etch primer 

followed by transbond-XT followed by RMGIC as 

adhesive is used by the application of the CPP-ACPF.                              

 ReminPro contains HA (Hydroxyapatite), F (Fluoride 

1450 ppm), and xylitol (Antibacterial Agent). It has been 

recommended for managing hypersensitivity, prevents 

demineralization, and promotes remineralization of 

subsurface lesions. In this study, ReminPro yielded the 

lowest scores. These results are in accordance with the 

findings of Kamath et al34 ClinPro Crème is a new 

hybrid material created with a milling technique that 

fuses beta-tricalcium phosphate and sodium lauryl 

sulfate or fumaric acid. Beta-TCP is similar in structure 

to apatite and possesses unique calcium environs capable 

of reacting with fluoride and enamel. While phosphate 

floats free, these exposed calcium environs are protected, 

preventing the calcium from prematurely interacting 

with fluoride35. In our results the SBS of orthodontic 

bracket was significantly increased when self-etch 

primer followed by transbond-XT followed by RMGIC 

as adhesive is used by the application of the Clinpro 

followed by reminpro. Fluoride combination with b-TCP 

not only provides greater remineralization in terms of 

MH and Fluoride uptake but also decreases the dose of 

Flouride required for the same degree of 

remineralization. The superior performance of ClinPro 

Crème in this study are explained as follows; 

 I A) Shear bond strength of Transbond XT- The 

effect of different remineralizing agents bonded with 

Transbond XT in the present study showed significant 

increase in the SBS of the control group followed by 

CPP-ACP Varnish, Fluoride Varnish (Ivoclar Fluor 

Protector) and Resin Infiltration (ICON; DMG, 

Hamburg, Germany).SBS of orthodontic brackets but the 

effect of post-treatment  with CPP-ACP with fluoride gel 

(CPP-ACP-F/ GC Tooth Mousse plus), Nano‑HA 

(Reminpro), and Tricalcium Phosphate (Clinpro Crème, 

3M Oral Care) bonded with Transbond XT in the 

present study showed significant decrease in the SBS. 

I B) ARI of Transbond XT- 

In addition, evaluation of ARI scores was carried after 

debonding that showed insignificant differences in the 

scores under three bonding conditions. 

II A) Shear bond strength of Self-etched Primer - 

The effect of different remineralizing agents bonded 

with Self-etched Primer in the present study showed 

significant decrease  in the SBS of the pre-treatment 

with control group followed by CPP-ACP Varnish, 

Fluoride Varnish (Ivoclar Fluor Protector) and Resin 

Infiltration (ICON; DMG, Hamburg, Germany) the 

effect of post-treatment  with CPP-ACP with fluoride gel 
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(CPP-ACP-F/ GC Tooth Mousse plus), Nano‑HA 

(Reminpro), and Tricalcium Phosphate (Clinpro Crème, 

3M Oral Care) bonded with  Self-etched Primer  in the 

present study showed significant increase  in the SBS. 

II B) ARI of Self-etched Primer- 

Findings in ARI scores for SEP showed no significant 

difference under bonding conditions. This shows that the 

bond failure was within the adhesive or at the adhesive 

bracket interface.  

III A) Shear bond strength of RMGIC- 

The effect of different remineralizing agents bonded 

with RMGIC in the present study showed significant 

increase  in the SBS of the pre-treatment with Resin 

Infiltration followed by control group , CPP-ACP 

Varnish, Fluoride Varnish (Ivoclar Fluor Protector)  but 

the effect of post-treatment  with CPP-ACP with fluoride 

gel (CPP-ACP-F/ GC Tooth Mousse plus), Nano‑HA 

(Reminpro), and Tricalcium Phosphate (Clinpro Crème, 

3M Oral Care) bonded with RMGIC in the present study 

showed significant decrease  in the SBS. 

III B) ARI of RMGIC— 

In addition, evaluation of ARI scores was carried after 

debonding that showed insignificant differences in the 

scores under three bonding conditions. According to the 

ARI scores, there was no significant difference among 

the seven groups tested. In general, enamel detachment 

was seen in all groups. Considering the location of 

separation, all groups showed a higher prevalence of 

ARI scores of 0 and 1, meaning that the bond between 

the bracket and resin was stronger than that between the 

resin and enamel.               

Conclusion 

Pretreatment with control group followed by resin 

infiltration is recommended to be performed before 

bonding; however, it may need to be reapplied after 

debonding and polishing to conceal enamel morphology 

damage formed after polishing.  In addition, RMGIC 

bonding agent with resin infiltration increase SBS of 

orthodontic bracket. Postreatment with clinpro followed 

by reminpro and CPP-ACP with fluoride is 

recommended to be performed after bonding. In 

addition, SEP bonding agent with clinpro increase SBS 

of orthodontic bracket. Insignificant  difference was seen 

in the ARI scores between all the groups. 

References 

1. Srivastava K, Tikku T, Khanna R, Sachan K. Risk 

factors and management of white spot   lesions in   

orthodontics. J Orthod Sci 2013;2:43-9.  

2. Sundararaj D, Venkatachalapathy S, Tandon A, 

Pereira A. Critical evaluation of incidence and 

prevalence of white spot lesions during fixed 

orthodontic appliance treatment: A meta-analysis. J 

Int Soc Prev Community Dent 2015;5:433-9.  

3. Featherstone JD. Dental caries:A dynamic disease 

process. Aust Dent J 2008;53:286- 91. 

4. Khoroushi M, Kachuie M. Prevention and treatment 

of white spot lesions in orthodontic patients. 

Contemp Clin Dent 2017;8:11-9. 

5. Sagarika N, Suchindran S, Loganathan S, 

Gopikrishna V. Prevalence of white spot lesion in a 

section of Indian population undergoing fixed 

orthodontic treatment: An in vivo assessment using 

the Visual International Caries Detection and 

Assessment System II Criteria. J Conserv Dent 

2012;15:104- 

6. Karad A, Dhole P, Juvvadi SR, Joshi S, Gupta A. 

White spot lesions in orthodontic patients: An expert 

opinion. J Int Oral Health 2019;11:172-80.  

7. Karlinsey, R.L., Mackey, A.C., Blanken, D.D. and 

Schwandt, C.S. (2012) Remineralization oferoded 

enamel lesions by simulated saliva in vitro. Open 

Dentistry Journal 2012; 6, 170–176.  



 Dr. Rajeshwar Singh, et al. International Journal of Dental Science and Innovative Research (IJDSIR) 

 

 
©2023 IJDSIR, All Rights Reserved 

 
 

P
ag

e2
0

6
 

P
ag

e2
0

6
 

P
ag

e2
0

6
 

P
ag

e2
0

6
 

P
ag

e2
0

6
 

P
ag

e2
0

6
 

P
ag

e2
0

6
 

P
ag

e2
0

6
 

P
ag

e2
0

6
 

P
ag

e2
0

6
 

P
ag

e2
0

6
 

P
ag

e2
0

6
 

P
ag

e2
0

6
 

P
ag

e2
0

6
 

P
ag

e2
0

6
 

P
ag

e2
0

6
 

P
ag

e2
0

6
 

P
ag

e2
0

6
 

P
ag

e2
0

6
 

  

8. Tanaka, T., Kobayashi, T., Takii, H., Kamasaka, H., 

Ohta, N., Matsuo, T., Yagi, N. and Kuriki, 

T.Optimization of calcium concentration of saliva 

with phosphoryl oligosaccharides ofcalcium (POs-

Ca) for enamel remineralization in vitro. Archives of 

Oral Biology 2012; 12, 246-254. 

9. Benson, P.E., Shah, A.A., Millett, D.T., Dyer, F., 

Parkin, N. and Vine, R.S. Fluorides,orthodontics and 

demineralization: a systematic review. Journal of 

Orthodontics 2005;32, 102–114.  

10. Tufekci, E., Dixon, J.S., Gunsolley, J.C. and 

Lindauer, S.J. Prevalence of white spotlesions 

during orthodontic treatment with fixed appliances. 

Angle Orthodontist 2011; 81, 206–210.  

11. Benham, A.W., Campbell, P.M. and Buschang, 

P.H.Effectiveness of pit and fissuresealants in 

reducing white spot lesions during orthodontic 

treatment. A pilot study. AngleOrthodontist 2009; 

79, 338–345. 

12. Ten Cate JM. Current concepts on the theories of the 

mechanism of   action of fluoride. Acta Odontol 

Scand. 1999; 57:325–329.  

13. Reynolds EC, Cai F, Cochrane NJ, et al. Fluoride 

and casein phosphopeptide-amorphous calcium 

phosphate. J Dent Res. 2008;87:344–348.  

14. Reynolds EC, Cai F, Shen P, Walker GD. Retention 

in plaque and remineralization of enamel lesions by 

various forms of calcium in a mouthrinse or sugar-

free chewing gum. J Dent Res. 2003;82:206–211.  

15. Chen H, Liu X, Dai J, Jiang Z, Guo T, Ding Y. 

Effect of remineralizing agents on white spotlesions 

after orthodontic treatment: a systematic review. Am 

J Orthod Dentofacial Orthop. 2013Mar;143(3):376-

382.  

16. MorrierJJ.White spot lesions and orthodontic 

treatment. Prevention and treatment. Orthod Fr.2014 

Sep;85(3):235-44. Protection. Care. Conservation: 

Remin Pro (not available in CAN!).Available at: 

www.voco.com/us/product/Remin_Pro/index. 

html/Accessed June 1, 2015.  

17. Heshmat H, Ganjkar MH, Jaberi S, Fard MJ. The 

effect of remin pro and MI pasteplusonbleached 

enamel surface roughness. J Dent (Tehran). 2014 

Mar;11(2):131-6.  

18. Noronha VT, Amauri JP, Durán G, Galembeck A, 

Cogo-Müller K, Franz-Montan M, et 

al.Silvernanoparticles in dentistry. Dent Mater 2017; 

33(10):1110-26.  

19. Gangrade A, Gade V, Patil S, Gade J, Chandhok D, 

Thakur D. In vitro evaluation of remineralization 

efficacy of different calcium- and fluoride-based 

delivery systems on artificially demineralized 

enamel surface. J Conserv Dent. 2016 Jul-

Aug;19(4):328-31.  

20. Baysal A, Uysal T. Do enamel microabrasion and 

casein phosphopeptide-amorphous calcium 

phosphate affect shear bond strength of orthodontic 

brackets bonded to a demineralized enamel surface? 

Angle Orthod. 2012;82: 36–41.  

21. Baka ZM, Akin M, Ileri Z, Basciftci FA. Effects of 

remineralization procedures on shear bond strengths 

of brackets bonded to demineralized enamel surfaces 

with self-etch systems. Angle Orthod2016;86:661-7.  

22. Uysal T, Baysal A, Uysal B, Aydınbelge M, Al-

Qunaian T. Do fluoride and casein phosphopeptide-

amorphous calcium phosphate affect shear bond 

strength of orthodontic brackets bonded to a 

demineralized enamel surface? Angle Orthod. 

2011;81:490–495.  

23. Topsakal KG, Amuk NG. Effects of Different 

Remineralisation Agents and Adhesives Around 

Orthodontic Brackets: Is There a Relationship 



 Dr. Rajeshwar Singh, et al. International Journal of Dental Science and Innovative Research (IJDSIR) 

 

 
©2023 IJDSIR, All Rights Reserved 

 
 

P
ag

e2
0

7
 

P
ag

e2
0

7
 

P
ag

e2
0

7
 

P
ag

e2
0

7
 

P
ag

e2
0

7
 

P
ag

e2
0

7
 

P
ag

e2
0

7
 

P
ag

e2
0

7
 

P
ag

e2
0

7
 

P
ag

e2
0

7
 

P
ag

e2
0

7
 

P
ag

e2
0

7
 

P
ag

e2
0

7
 

P
ag

e2
0

7
 

P
ag

e2
0

7
 

P
ag

e2
0

7
 

P
ag

e2
0

7
 

P
ag

e2
0

7
 

P
ag

e2
0

7
 

  

Between Remineralisation and Shear Bond 

Strength? Oral Health Prev Dent. 2019;17(6):567-

577.  

24. Bishara SE, VonWald L, Laffoon JF, Warren JJ. 

Effect of a self-etch primer/adhesive on the shear 

bond strength of orthodontic brackets. Am J Orthod 

Dentofacial Orthop. 2001;119:621–624.  

25. Yap, J., Walsh, L., Naser‐ud Din, S., Ngo, H. and 

Manton, D. Evaluation of a novel approach in the 

prevention of white spot lesions around orthodontic 

brackets. Aust Dent J.2014;59: 70-80.  

26. Shilpa S Magar et al, A Comparitive evaluation of 

the remineralizing potential of Varnish, ACP-CPP- F 

& TCP-F on artificially demineralized enamel 

lesions: An invitro study,University Journal of 

Dental science.2015;No.1,Vol.3 

27. Lara-Carrilloa E, Doroteo-Chimalb C, Lopez-

Gonzaleza S, Morales-Luckiec RA, Olea-Mejiac OF, 

Kubodera-Itoa T, Medina-Solisd CE. 

Remineralization effect of low-level laser and 

amorphous sodium–calcium–phosphosilicate paste 

in teeth with fixed orthodontic appliances. Tanta 

Dental Journal. 2016 Jan 1;13(1):55. 

28. Chokshi K, Chokshi A, Konde S, Shetty SR, 

Chandra KN, Jana S, Mhambrey S, Thakur S. An in 

vitro comparative evaluation of three remineralizing 

agents using confocal microscopy. Journal of 

clinical and diagnostic research: JCDR. 2016 

Jun;10(6):ZC39. 

29. Kucuk EB, Malkoc S, Demir A. Microcomputed 

tomography evaluation of white spot lesion 

remineralization with various procedures. American 

Journal of Orthodontics and Dentofacial 

Orthopedics. 2016 Sep 1;150(3):483-90. 

30. Hammad S, Abdellatif A. Effects of Three Different 

Topical Agents on Enamel Demineralization around 

Orthodontic Brackets: A Clinical Study.Journal of 

dental and oral health 2016;4:2 

31. Guclu ZA, Alacam A, Coleman NJ. A 12-Week 

assessment of the treatment of white spot lesions 

with CPP-ACP paste and/or fluoride varnish.  

BioMed Research International. 2016 Jan 1 

32. Lopatiene K, Borisovaite M, Lapenaite E. 

Prevention and treatment of white spot lesions 

during and after treatment with fixed orthodontic 

appliances: a systematic literature review. Journal of 

oral & maxillofacial research. 2016 Apr;7(2) 

33. Korkut, Bora; Korkut, Duygu; Yanikoglu, Funda; 

Tagtekin, Dilek (2017). Clinical assessment of 

demineralization and remineralization surrounding 

orthodontic brackets with FluoreCam. Asian Pacific 

Journal of Tropical Biomedicine, 7(4), 373–

377. doi:10.1016/j.apjtb.2017.01.007  

34. Jagga U, Paul U, Padmanabhan V, Kashyap A, 

Guram G, Keswani K. Comparative Evaluation of 

Remineralizing Effect of Novamin and Tricalcium 

Phosphate on Artificial Caries: An in vitro Study. 

The journal of contemporary dental practice. 2018 

Jan;19(1):109-12  

35. Willmot D. White spot lesions after orthodontic 

treatment. InSeminars in Orthodontics 2008 Sep 1 

(Vol.       14, No. 3, pp. 209-219). WB Saunders.  

 

 

 

 


