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Abstract: 

Aim: White spot lesions are one of the main drawbacks of fixed orthodontic mechanotherapy. Probiotic bacteria have 

been included in mouthwashes and lozenges to check the activity of S.mutans on surface enamel. Aim of the present 

study was to evaluate and compare shear bond strength and adhesive remnant index scores of orthodontic brackets 

bonded with probiotic impregnated (Lactobacillus rhamnous) orthodontic adhesive and conventional light cure 

orthodontic adhesive. 

 Materials and methods: In this in-vitro study, two groups were tested in one group brackets were bonded to extracted 

maxillary premolars using probiotic impregnated composite and in the other with conventional light cure composite 

resin. Shear bond strength was assessed using universal testing machine. Adhesive remnant index scores were assessed 

on the same samples. 

Results: Shear bond strength of the new composite resin was significantly decreased when compared to conventional 

light cure composite(p=0.001). There was no significant difference in ARI scores (p=0.51) between the groups.  

Conclusions: The shear bond strength of the novel probiotic impregnated composite was significantly reduced. 

Though there was no significant variation in ARI scores when compared to control, avenues to improve the shear bond 

strength should be assessed. 

Key words- Probiotic impregnated composite resin, white spot lesions, lactobacillus rhamnous GG, Streptococcus 

mutans. 

Address for Correspondence: 

Dr.Azmina Idaayath 

‘Nazeer manzil’ no 46, 3rd Cross Street Minor Trustpuram,  

Choolaimedu, Chennai 94 

Phone number- 9940277336 

Email- azminaidaayath16@gmail.com. 
 

© 2023 Published by MM Publishers 

https://www.mmpubl.com/


Azmina Idaayath et al / Int J Orthod Rehabil 2023;14 (1) 18-25 

19 
 

INTRODUCTION 

White spot lesions are due to subsurface enamel demineralization and is one of the consequences of fixed orthodontic 

treatment if oral hygiene maintenance is poor.[1] These lesions occur around the brackets with or without cavity 

formation. Prevalence of White spot lesion in orthodontic patients ranges from 2% to 96%. [2] The labio-gingival areas 

of maxillary laterals are most susceptible to white spot lesions and the maxillary posteriors are least susceptible.[2] 

In the orthodontic patients, Streptococcus mutans present in the plaque ferments carbohydrate and releases acid by 

products which leads to enamel demineralization and white spot lesion.[3] Mechanical plaque control methods like 

brushing and flossing can help improve patient’s oral hygiene. Fluoride enhances enamel resistance by calcium 

fluoride formation, when acidity of plaque biofilm increases due to the activity of oral microflora there is release of 

fluoride.[4] There are various modes in which fluorides can be administered, they are fluoride mouth rinses, varnish, 

toothpaste, luting cements, bonding agents, pits and fissure sealants, fluoride releasing elastomers, fluoride containing 

antibacterial adhesives. In recent times, the use of casein phosphopeptides amorphous calcium phosphate(CPP-ACP) 

has shown promise in the reduction of white spot lesion formation.[4]  

Antiseptic mouthwashes were shown to effectively reduce streptococcus mutans count. Lasers have been found to 

enhance the microhardness of enamel making it resistant to acid dissolution caused by cariogenic bacteria.[5] 

Management of white spot lesions during retention period is done by a standard protocol of prescribing the use of 

CPP-ACP and fluoride. A solution of 10% carbamide peroxide has been found to camouflage white spot lesion without 

any change in the mechanical and chemical properties of enamel.[6] Micro abrasion, by means of abrasive slurry of 

6% hydrochloric acid is effective if the deepest point of the lesion is 0.2 mm or less.[7] Erosion-infiltration is a recent 

method which uses low viscosity resin.7 Natarajan et al studied the effect of adding 

methacryloyloxydodecylpyridinium bromide (MDPB) in conventional glass ionomer cement (GIC) and found that 

there was reduction in the adherence of S.mutans thus increasing the resistance of conventional GIC to S.mutans. [8]    

Though numerous regimens are prescribed to promote remineralization after orthodontic treatment, they are all heavily 

reliant on patient’s compliance. Probiotics have been shown to reduce white spot lesions by significantly reducing the 

Streptococcus mutans count in the plaque.[9-11]  In an earlier study, fluoride and calcium were incorporated in resin 

composite and leaching of these ions reduced enamel demineralization.[12] In the present study, probiotic bacteria– 

Lactobacillus rhamnous GG, have been impregnated in light cure composite resin used to bond orthodontic brackets 

to enamel and effect of the same on the mechanical properties of the resin composite have been studied. Aim of the 

study was to evaluate and compare shear bond strength and adhesive remnant index score (ARI) among brackets 

bonded with probiotic impregnated orthodontic adhesive and conventional light cured orthodontic adhesive. 

Null hypothesis as stated is “there is no difference in the bond strength and adhesive remnant index score between 

brackets bonded using probiotic impregnated light-cure composite resin and conventional available light cure 

composite.”  
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MATERIALS AND METHODS: 

SAMPLE SIZE DETERMINATION: 

Sample size for the study was calculated using G power software (version 3.1.9.2), for a power of 85% and alpha error 

of 5%, sample size determined was 31 per group. Sixty-two extracted maxillary premolar teeth were taken for 

Experimental (Group I) and control group – conventional light cure orthodontic adhesive (Orthofix, Anabond Stedman 

Pharma Research pvt LTD)(Group II).  

A novel composite resin (group 1) was manufactured by adding Lactobacillus rhamnous GG at 2.05% to 20-40% of 

resin matrix, 60-80% of fillers, erythritol 1.50% and whey protein 3.5% (Anabond Stedman Pharma Research PVT 

LTD, Chennai, India). 

Patency of Lactobacillus rhamnosus GG in the polymerized composite 

Patency of the bacteria Lactobacillus rhamnosus GG in the polymerized resin (Group 1) was checked by bonding 

brackets with the probiotic impregnated composite on extracted premolar teeth. The teeth were placed in sterile saline 

for two days, later transferred to BHA broth and stored in it for 7 days the broth was then cultured in De Man, Rogosa 

and Sharpe (MRS) agar. Growth of Lactobacilli rhamnosus GG was seen in the culture medium. Hence it was 

concluded that the lactobacilli impregnated in the composite was patent. 

Determination of bond strength and Adhesive Remnant Index Scores: 

After preserving in a disinfectant solution of 0.5% chloramine-T at 6ºC, the teeth were embedded in gypsum type III 

dental stone. 37% phosphoric acid was applied to etch the enamel surface and rinsed after 30 seconds. After application 

of primer, brackets were positioned on the tooth surface after marking the long axis. Orthodontic adhesive was cured 

using LED curing light for 40 seconds (Bluphase, Ivoclar). Bonding was done by the same operator. In control group, 

brackets were bonded using conventional orthodontic adhesive and experimental group brackets were bonded with 

probiotic impregnated orthodontic adhesive.  

Specimens were stored in water (37ºC) in a thermostatically controlled tub. A shear force from the incisal-to-cervical 

direction was applied at the bracket–tooth interface by a chisel-shaped rod fixed to the crosshead of a universal testing 

machine at speed of 1 mm/min. The load at failure was recorded in Newtons and converted to megapascals (MPa) to 

obtain shear bond strength (SBS) by dividing the shear force (Newton) by the area of the bracket base (square 

millimeters).[13] 

Adhesive Remnant Index Score 

The adhesive remnant index was studied for the 31 samples under probiotic impregnated orthodontic adhesive 

(Group1) and was compared with the 31 samples control group bonded with conventional light cured orthodontic 

adhesive (Group 2). The ARI scores were evaluated in both the groups after testing shear bond strength with Instron 

testing machine using the following criteria.[14] 
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1. No remnant on the tooth 

2. 1-25% adhesive left on the tooth 

3. 26-50% adhesive left on the tooth 

4. 51-75% adhesive left on the tooth 

5. 76-99% adhesive left on the tooth 

6. All adhesive left on the tooth with impression of the bracket mesh 

RESULTS: 

Shapiro-Wilk test was done to evaluate the normality of the data. The test shows that the data was normally distributed. 

Unpaired t test was used to compare the shear bond strength between the conventional and probiotic impregnated 

composite. Chi square test with Yates correction was used to assess ARI score.  

Unpaired t test (Table-1) was performed to compare the shear bond strength between Group-I (probiotic impregnated 

orthodontic adhesive) and group-II (conventional light-cured orthodontic adhesive). It was found that there was 

statistically significant reduction (P<0.001) in shear bond strength in probiotic impregnated orthodontic adhesive when 

compared to the conventional group. This indicates that the new resin with Lactobacillus has decreased SBS when 

compared to the commercially available light cured composite resin.  

Table  1: Unpaired t  tes t  for  comparison of  shear bond s trength between experimental  and  

control  group in MPa.  

 Groups  Mean  S .D 

Std .  

e r ror  

mean  

T  

P  va lue  

Mean  

Diff :  

95% 

Conf idence  

In te rva l  

One-

Sided  p  

Two-

Sided  p  
Lower  Upper  

SBS 

Contro l  8 .58  3 .0  .54  

11.8  .001 .001 6 .6  5 .5  7 .7  

Probio t ic  1 .97  .9  .16  

 

ARI index of the samples was observed after testing SBS in both the groups. Chi square test (Table-2) was used to 

compare the ARI index between the group-I probiotic impregnated orthodontic adhesive and group-II conventional 

orthodontic adhesive. It was found that there was no statistically significant difference (P=0.51) in Adhesive remnant 
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index in brackets bonded with probiotic impregnated composite when compared with the conventional group. This 

indicates that the new resin with Lactobacillus has similar ARI index to the available conventional resin. 

Table  – 2. Chi-Square  tes t  with yates’  correction for comparison of  ARI  score  between 

experimental  and control  group.  

 

Adhes ive  Remnant  Index Score  
Chi-

square   
P value  

1 2 3 4 5 

Group  

Control  1  1  9  7  13 

3.295 0.51 

Probiotic  1 3 12 8 7 

 

DISCUSSION: 

White spot lesions (WSL) are subsurface enamel demineralization that are milky white patchy and discernible 

clinically. Other names for white spot lesions are Incipient lesions and Surface-softened defect.[15,16]  

Probiotics are defined as living non-pathogenic microorganisms which when prescribed in adequate amount are 

beneficial to the host.[9] According to Elie Metchnikoff, longevity of Bulgarian population was because of 

consumption of lactic acid containing fermented products.[17] 

Bafna et al observed that there was statistically significant reduction in the Streptococcus mutans count after 

consumption of yogurt containing Lactobacillus acidophilus and Bifidobacterium.[18] 

Yousuf et al found out that use of probiotic mouthwashes reduced plaque accumulation in children.[19] Alanzi et al 

showed that the consumption of probiotic lozenges everyday showed reduction in the microbial count.[20] 

The survival of Lactobacillus rhamnosus GG in acidic environment is significantly improved when compared to other 

species in the same environment.[21] Hence in this study. Lactobacillus rhamnosus GG was impregnated in the 

conventional composite. 

Jose et al proved that the use of Probiotic toothpaste had efficiently reduced the Streptococcus mutans growth in the 

plaque.[9] Similar research by Cildir, Villavicencio et al involving inclusion of probiotics in the diet in form of milk or 

yogurt was found to reduce S.mutans count in the experimental group when compared to the control.[11,22] Research 

on this topic till date has relied on patient’s compliance to either consume probiotic rich food for stipulated period of 

time or use probiotic toothpaste.  

Remineralization of enamel and dentin requires certain ions like calcium and fluoride, incorporation of these ions into 

composite showed promising effects on the remineralization of enamel and dentin. These ions present in the composite 

showed leaching effects.[12,23] In the present study, probiotic was impregnated in the composite resin which obviates 

the need for dependence on patient’s compliance. 
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Test for Shear bond strength (SBS) was performed in both probiotic impregnated composite (Group I) and 

conventional composite (Group II) one week after bonding brackets on extracted human premolars. It was observed 

that the shear bond strength of conventional composite (Group II) was significantly higher when compared to the 

probiotic impregnated composite (Table 1). The disadvantage of this novel probiotic impregnated composite is 

reduced shear bond strength.  

 

In this study it was found that impregnation of probiotics in the composite reduced the shear bond strength. It was 

observed during shear testing that the new composite resin peeled off in layers. This may be due to the plasticizing 

effect of the probiotics incorporated. Hence, the methods of increasing the shear bond strength of the novel probiotic 

impregnated composite requires additional research. ARI score was assessed in the debonded brackets after testing 

for shear bond strength. It was observed that there was no significant difference in the ARI score between the two 

groups (Table-2). Thus, the ARI score of the novel probiotic impregnated composite is similar to the conventional 

composite. The majority of ARI score of both the groups were 3 and 5, which indicates that the primary fracture occurs 

at the adhesive- bracket interface. Thus, cohesive strength of the composite and the adhesive bond to the enamel is 

more than the adhesive bond to the bracket base. Pseiner et al evaluated the ARI score of the fluoride releasing 

composite and found it to be higher than that of conventional composite.[23] The SBS of novel probiotic impregnated 

resin was reduced when compared to the conventional composite but the ARI score of the probiotic impregnated 

composite is similar to the conventional composite. 

 

CONCLUSION: 

The shear bond of the novel probiotic impregnated composite is significantly reduced. Though, there was no 

significant increase in bracket failure or variation in ARI scores when compared to control, avenues to improve the 

shear bond strength should be assessed.  

 

SOURCE OF FUNDING: 

Nil 

 

CONFLICT OF INTEREST: 

The authors have no conflicts of interest to declare. 

 

REFERENCES: 

1. Schneiderman A, Elbaum M, Shultz T, Keem S, Greenebaum M, Driller J. Assessment of dental caries with 

Digital Imaging Fiber-Optic Transillumination (DIFOTI): In vitro study. Caries Res 1997;31:103-10. 

2. Gorelick L, Geiger AM, John Gwinnett A. Incidence of white spot formation after bonding and banding. Am 

J Orthod 1982;81(2):93–98. 



Azmina Idaayath et al - Evaluation and comparison of shear bond strength and adhesive remnant index score in 

brackets bonded with probiotics impregnated composite and commercially available composite- An in vitro study. 

24 
 

3. Reynolds EC. Casein phosphopeptide‑amorphous calcium phosphate: The scientific evidence. Adv Dent Res 

2009;21:25‑9. 

4. Azevedo DT, Faraoni-Romano JJ, Derceli JD, Palma-Dibb RG. Effect of Nd: YAG laser combined with 

fluoride on the prevention of primary tooth enamel demineralization. Brazilian Dent J. 2012 Apr;23(2):104-

9. 

5. Noel L, Rebellato J, Sheats RD. The effect of argon laser irradiation on demineralization resistance of human 

enamel adjacent to orthodontic brackets: an in vitro study. Angle Orthod. 2003 Jun;73(3):249-58.  

6. Knösel M, Attin R, Becker K, Attin T. External bleaching effect on the color and luminosity of inactive 

white-spot lesions after fixed orthodontic appliances. Angle Orthod. 2007 Jul;77(4):646-52. 

7. Yetkiner E, Wegehaupt F, Wiegand A, Attin R, Attin T. Color improvement and stability of white spot lesions 

following infiltration, micro-abrasion, or fluoride treatments in vitro. Eur J Orthod. 2014 Oct 1;36(5):595-

602. 

8. Kirthika N, Vidhya S, Sujatha V, Mahalaxmi S, Senthil Kumar R. Comparative evaluation of compressive 

and flexural strength, fluoride release and bacterial adhesion of GIC modified with CPP-ACP, bioactive glass, 

chitosan and MDPB. J Dent Res Dent Clin Dent Prospects. 2021 Winter;15(1):16-21. 

9. Jose JE, Padmanabhan S, Chitharanjan AB. Systemic consumption of probiotic curd and use of probiotic 

toothpaste to reduce Streptococcus mutans in plaque around orthodontic brackets. Am J Orthod Dentofac 

Orthop. 2013 Jul 1;144(1):67-72. 

10. Çaglar E, Kuscu OO, Cildir SK, Kuvvetli SS, Sandalli N. A probiotic lozenge administered medical device 

and its effect on salivary mutans streptococci and lactobacilli. Int J Paed Dent. 2008 Jan;18(1):35-9. 

11. Cildir SK, Germec D, Sandalli N, Ozdemir FI, Arun T, Twetman S, Caglar E. Reduction of salivary mutans 

streptococci in orthodontic patients during daily consumption of yoghurt containing probiotic bacteria. Eur J 

Orthod. 2009 Aug 1;31(4):407-11. 

12. Davis HB, Gwinner F, Mitchell JC, Ferracane JL. Ion release from, and fluoride recharge of a composite 

with a fluoride-containing bioactive glass. Dent Mater. 2014 Oct 1;30(10):1187-94. 

13. Arici S, Minors C. The force levels required to mechanically debond ceramic brackets: an in vitro 

comparative study. Eur J Orthod. 2000 Jun 1;22(3):327-34. 

14. Lai C, Bush PJ, Warunek S, Covell DA, Jr., Al-Jewair T. An in vitro comparison of ultraviolet versus white 

light in the detection of adhesive remnants during orthodontic debonding. Angle Orthod 2019, 89 (3): 438–

445. 

15. Schweizer-Hirt CM, Schait A, Schmid R, Imfeld T, Lutz F, Mühlemann HR. Erosion and abrasion of the 

dental enamel. Experimental Study. SSO Schweiz Monatsschr Zahnheilkd 1978;88:497-529. 



Azmina Idaayath et al / Int J Orthod Rehabil 2023;14 (1) 18-25 

25 
 

16. Featherstone JD. The continuum of dental caries — evidence for a dynamic disease process. J Dent Res 

2004;83 Spec No C:C39-42. 

17. Metchnikoff E. The prolongation of life. Putnam; 1908. 

18. Bafna HP, Ajithkrishnan CG, Kalantharakath T, Singh RP, Kalyan P, Vathar JB, Patel HR. Effect of short-

term consumption of Amul probiotic yogurt containing Lactobacillus acidophilus La5 and Bifidobacterium 

lactis Bb12 on salivary Streptococcus mutans count in high caries risk individuals. Int J Applied and Basic 

Med Res. 2018 Apr;8(2):111. 

19. Yousuf A, Sidiq M, Ganta S, Nagaraj A, Vishnani P, Jan I. Effect of freeze dried powdered probiotics on 

gingival status and plaque inhibition: A randomized, double-blind, parallel study. Contemp Clin Dent. 2017 

Jan; 8(1):116. 

20. Alanzi A, Honkala S, Honkala E, Varghese A, Tolvanen M, Söderling E. Effect of Lactobacillus rhamnosus 

and Bifidobacterium lactis on gingival health, dental plaque, and periodontopathogens in adolescents: a 

randomised placebo-controlled clinical trial. Beneficial microbes. 2018 Jun 15;9(4):593-602. 

21. Corcoran BM, Stanton C, Fitzgerald GF, Ross R. Survival of probiotic lactobacilli in acidic environments is 

enhanced in the presence of metabolizable sugars. Applied and Environmental Microbiology. 2005 

Jun;71(6):3060-7. 

22. Villavicencio J, Villegas LM, Arango MC, Arias S, Triana F. Effects of a food enriched with probiotics on 

Streptococcus mutans and Lactobacillus spp. salivary counts in preschool children: a cluster randomized trial. 

J App Oral Sci. 2018 May 14;26. 

23. Pseiner BC, Freudenthaler J, Jonke E, Bantleon HP. Shear bond strength of fluoride-releasing orthodontic 

bonding and composite materials. Eur J Orthod. 2010 Jun 1;32(3):268-73. 

 

 

 

 

 

 

 

 

Published by MM Publishers 

https://www.mmpubl.com/ijorthrehab 

 

This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-Non Commercial 4.0 

International 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. 

To view a copy of this license, visit http://creativecommons.org/licenses/by-nc/4.0/ or send a letter to Creative 

Commons, PO Box 1866, Mountain View, CA 94042, USA. 
 

Copyright © 2023, Azmina Idaayath M, Poornima.R.Jnaneshwar, R.Krishnaraj, K.Ravi 

 

https://www.mmpubl.com/ijorthrehab
http://creativecommons.org/licenses/by-nc/4.0/

	Evaluation and comparison of shear bond strength and adhesive remnant index score in brackets bonded with probiotics impregnated orthodontic adhesive and commercially available orthodontic adhesive- An in vitro study

