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Abstract
Introduction: Brushing simulator machines are capable of running programmable three-dimensional
brushing patterns. In microhardness testing, an indentation is made on the specimen by a diamond
indenter through the application of a load. The aim of the study is to evaluate the effect of brushing
simulation using remineralizing toothpaste on microhardness of anterior teeth.
Materials and methods: For this study, 8 maxillary central incisors teeth samples were obtained. They
were divided into 3 groups, as pre test, demineralising solution group (de - min) and post test group.
Once, the pre test hardness was measured. The samples were immersed in demineralising solution for
48 hours after immersion period again, vickers microhardness was measured. Then the samples were
mounted in die stone. The anterior teeth samples were placed on the machine and were subjected to
brushing simulation. The brushing simulator samples were subjected to brushing with two different
remineralizing toothpastes (Enafix and GC Tooth Mousse Plus). Microhardness was checked using an
instrument named SHIMADZU HMV-G31D Microhardness Tester. The microhardness was checked
on three different sessions, pretest (pre-brushing), post demineralization, and post brushing (24 hours).
Results : Paired T test was done. The Pre test group mean value is 385.88, the pre test group standard
deviation is 46.008, the de-min group mean value is 346.13, de-min group standard deviation is 53.153,
the post test mean group value is 263.13 and the post test group standard deviation is 104.450. The pre
and post group significance value is 0.009. The de-min and post group significance value is 0.035.
Hence statistically significant. Conclusion: Within the limitations of the study, it can be concluded
that microhardness of anterior teeth was decreased after brushing simulation using remineralizing
toothpastes for 5000 cycles.
Keywords : Microhardness, Brushing, Teeth, Innovative measurement, Demineralizing solution,
Remineralizing toothpaste
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Introduction

In a technical sense, the term "hardness™ is used to represent five concepts: a material’s resistance
to scratching, indentation, elastic impact, cutting, and permanent deformation. As a basic principle,
the many types of hardness-testing devices use one of these attributes or a combination of these
qualities; thus, the enormous number and variety of these instruments (1)). A comparison of
different commercial hard-ness tests as applied to tooth tissues has just been verified with various
materials. Despite the fact that these devices were based on various concepts and had variable
degrees of delicacy, they demonstrated qualitative agreement in terms of enamel and dentin
relative hardness (2). Because of the small size of the teeth and the abrupt gradients in hardness, it
was determined that a more delicate tool is needed for hardness examinations of these tissues (3).

Since the discovery of therapeutic agents to prevent dental caries, fluoride has been widely used
in different sources (gels, varnishes, toothpastes and mouthwashes) in dentistry (4). Fluoride,
which is incorporated in various brands of toothpaste, can increase resistance to demineralization
and reduce microbial activity, thus also reducing the occurrence of secondary caries, which is well
known in current dentistry (5). The activity of bacteria in the biofilm formed by carbohydrate
metabolism causes demineralization and remineralization in the tooth enamel, resulting in the
creation of incipient carious lesions (6). In addition, the presence of fluoride in saliva and other
remineralizing substances allows previously demineralized enamel to be remineralized.

Brushing simulator machines are capable of running programmable three-dimensional brushing
patterns. In microhardness testing, an indentation is made on the specimen by a diamond indenter
through the application of a load. The size of the resultant indentation is measured with the help
of a calibrated optical microscope, and the hardness is evaluated as the mean stress applied
underneath the indenter. The Vickers hardness test method consists of indenting the test material
with a diamond indenter, in the form of a pyramid with a square base (7). The aim of the study is
to evaluate the effect of brushing simulation using remineralizing toothpaste on microhardness of
anterior teeth.

Materials and Methods

This in vitro study was done in white lab, Saveetha Dental College and Hospital, Chennai, India.
For this study, 8 maxillary central incisors teeth samples were obtained. Non carious teeth were
selected. 2*2 mm middle third part of the teeth were selected. They were divided into 3 groups, as
pre test, demineralising solution group (de - min) and post test group. Pre test indicates before and
post test indicates after the samples exposed to brushing simulation. They were mounted in acrylic
resin and blocks were obtained. Then Vickers microhardness was measured. Once, the pre test
hardness was measured. The samples were immersed in demineralising solution for 48 hours after
immersion period again, vickers microhardness was measured. Then the samples were mounted in
die stone. Brushing simulator (ZM3.8 SD Mechatronik) was used in this study. The anterior teeth
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samples were placed on the machine and were subjected to brushing simulation for 5000 cycles.
The brushing simulator samples were subjected to brushing with two different remineralizing
toothpastes (Enafix and GC Tooth Mousse Plus). Microhardness was checked using an instrument
named SHIMADZU HMV-G31D Microhardness Tester. The microhardness was checked on three
different sessions, pretest (pre-brushing), post demineralization, and post brushing (24 hours).

Figure 3: Brushing simulation done for 8 samples
Results
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In this study we have calculated the effects of brushing simulation on micro hardness of anterior
teeth with two different toothpaste (Colgate and GC Tooth Mousse Plus). Paired T test was done.
The Pre test group mean value is 385.88, the pre test group standard deviation is 46.008, the de-
min group mean value is 346.13, de-min group standard deviation is 53.153, the post test mean
group value is 263.13 and the post test group standard deviation is 104.450. (Tabe 1) The pre and
post group significance value is 0.009. The de-min and post group significance value is 0.035.
(Table 2, Figure 4) Hence statistically significant.

Table 1: Mean and standard deviation values of groups

GROUPS MEAN VALUE STD. DEVIATION
PRE TEST 385.88 46.008

DE-MIN 346.13 53.153

POST TEST 263.13 104.450

Table 2: Significance testing among the groups

GROUPS SIGNIFICANCE VALUE
PRE - POST 0.009
DE MIN - POST 0.035
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Figure 4: The graph represents the mean micro hardness values of pre test, de min and post test
groups. x axis represents the pre test, de-min and post test groups and y axis represents the mean
value. Blue represents the pre test group, orange represents the de-min value group and grey
represents the post test group. There was a decreasing trend in the microhardness values.
Discussion

Our team has extensive knowledge and research experience that has translated into high quality
publications (8-17),(18-21),(22-26),(27). The control group had the highest microhardness. The
brushing-treated group, on the other hand, had a mean value that was lower than the control group
and de min group. This might be because the brushing force, which is a tiny frictional force, alters
the wear behaviour of infiltrating teeth's surfaces. The speed, pressure, abrasive size, and coolant
all affect this energy.

The influence of an extended use of desensitizing toothpastes (DTs) on dentin bonding,
microhardness and roughness was evaluated in a study. 120 incisor teeth were randomly divided
into four groups: distilled water, Colgate Total, Colgate Sensitive Pro-Relief, Sensodyne Repair.
2 years of simulated tooth brushing (20,000 cycles) was performed on their surfaces. Knoop
microhardness and surface roughness were performed before and after the simulated tooth
brushing. The extended use of both dentifrices (conventional and for sensitive teeth) did not affect
the bond strength and produced a significant increase in microhardness and roughness of the
dentin. The simulated tooth brushing technique with water produced an increase in roughness,
without significantly reducing the dentin microhardness (28). In another study, Vickers
microhardness value was obtained at baseline, post demineralisation and post treatment with
NovaMin, Bio Min and Remin Pro toothpastes. The microhardness of artificial carious like lesions
increased significantly with NovaMin, Bio Min and Remin Pro containing toothpastes(29). The
current study had limitations of less sample size and future studies which compare and analyse the
surface roughness, studies which deal with multiple parameters in different types of restorative
materials are also required.

Conclusion: Within the limitations of the study, it can be concluded that microhardness of anterior
teeth was decreased after brushing simulation using remineralizing toothpastes for 5000 cycles.

Acknowledgment: This research was done under the supervision of the Department of Research
of Saveetha Dental College and Hospitals. We sincerely show gratitude to the corresponding
guides who provided insight and expertise that greatly assisted the research.

Conflict of interest: The author declares that there were no conflicts of interest.

Source of Funding
The present study was supported by the following
e Saveetha Dental College and hospital, Saveetha Institute of Medical and Technical

Cuest.fisioter.2025.54(4):6763-6770 6767


https://paperpile.com/c/UznXLR/BjgMt+irLhm+1SF8s+jWSGh+PZH5m+WEPlc+LXMra+Tq84x+Asyjg+dbhTP
https://paperpile.com/c/UznXLR/HGQZk+7tjAZ+5Gmuh+S2zSg
https://paperpile.com/c/UznXLR/JpJ9f+mfXq9+t4nBA+hCfbr+g9n0j
https://paperpile.com/c/UznXLR/VuTrf
https://paperpile.com/c/UznXLR/Pmkg
https://paperpile.com/c/UznXLR/Pmkg

Pawan Kumar Earasil, Dr. Effect of brushing simulation using remineralizing toothpaste q
Dinesh Kumar*?2 on microhardness of anterior teeth - An in vitro study k

Sciences, Saveetha University, Chennai
e Curis Medical, Toronto, Canada

References:

1. Glazov VM, Vigdorovich VN. Techniques of Determining Microhardness [Internet].
Microhardness of Metals and Semiconductors. 1971. p. 20-38. Available from:
http://dx.doi.org/10.1007/978-1-4684-8246-1_2

2.  Hameed HAE, El Hameed HA. An-invitro comparison of Thermocycling Effect on Micro-
hardness and Micro-tensil bond strength of Nano composite denture teeth [Internet]. VVol. 65,
Egyptian Dental Journal. 2019. p. 1495-501. Available from:
http://dx.doi.org/10.21608/ed}.2019.72574

3.  Manfio ASC. Evaluation of micro esthetics characteristics of maxillary anterior teeth after
orthodontic treatment in UCLP: a digital dental model study [Internet]. Available from:
http://dx.doi.org/10.11606/d.61.2017.tde-06102020-180628

4. Davidson D. Teeth, bones and brushing [Internet]. Vol. 156, Veterinary Record. 2005. p.
492-3. Available from: http://dx.doi.org/10.1136/vr.156.15.492

5. Hatirli H, Yasa B, Yasa E. Microleakage and penetration depth of different fissure sealant
materials after cyclic thermo-mechanic and brushing simulation. Dent Mater J. 2018 Jan
30;37(1):15-23.

6. Kim M-J, Lee M-J, Kim K-M, Yang S-Y, Seo J-Y, Choi S-H, et al. Enamel Demineralization
Resistance and Remineralization by Various Fluoride-Releasing Dental Restorative
Materials.  Materials  [Internet]. 2021 Aug  13;14(16). Available  from:
http://dx.doi.org/10.3390/mal4164554

7. Aoyagi R, Umezu K. Comparison of Ultrasonic-Hardness-Tester Hardness and Micro-
Vickers Hardness [Internet]. Vol. 46, Japanese Journal of Applied Physics. 2007. p. 4558—
60. Available from: http://dx.doi.org/10.1143/jjap.46.4558

8.  Muthukrishnan L. Imminent antimicrobial bioink deploying cellulose, alginate, EPS and
synthetic polymers for 3D bioprinting of tissue constructs. Carbohydr Polym. 2021 May
15;260:117774.

9. PradeepKumar AR, Shemesh H, Nivedhitha MS, Hashir MMJ, Arockiam S, Uma Maheswari
TN, et al. Diagnosis of Vertical Root Fractures by Cone-beam Computed Tomography in
Root-filled Teeth with Confirmation by Direct Visualization: A Systematic Review and Meta-
Analysis. J Endod. 2021 Aug;47(8):1198-214.

10. Chakraborty T, Jamal RF, Battineni G, Teja KV, Marto CM, Spagnuolo G. A Review of
Prolonged Post-COVID-19 Symptoms and Their Implications on Dental Management. Int J
Environ Res Public Health [Internet]. 2021 May 12;18(10). Available from:
http://dx.doi.org/10.3390/ijerph18105131

11. Muthukrishnan L. Nanotechnology for cleaner leather production: a review. Environ Chem
Lett. 2021 Jun 1;19(3):2527-49.

12. Teja KV, Ramesh S. Is a filled lateral canal - A sign of superiority? J Dent Sci. 2020
Dec;15(4):562-3.

Cuest.fisioter.2025.54(4):6763-6770 6768


http://paperpile.com/b/UznXLR/KMWZ
http://paperpile.com/b/UznXLR/KMWZ
http://dx.doi.org/10.1007/978-1-4684-8246-1_2
http://paperpile.com/b/UznXLR/ej0i
http://paperpile.com/b/UznXLR/ej0i
http://paperpile.com/b/UznXLR/ej0i
http://paperpile.com/b/UznXLR/ej0i
http://dx.doi.org/10.21608/edj.2019.72574
http://paperpile.com/b/UznXLR/f7F6
http://paperpile.com/b/UznXLR/f7F6
http://dx.doi.org/10.11606/d.61.2017.tde-06102020-180628
http://paperpile.com/b/UznXLR/OyUJ
http://paperpile.com/b/UznXLR/OyUJ
http://dx.doi.org/10.1136/vr.156.15.492
http://paperpile.com/b/UznXLR/QGlJ
http://paperpile.com/b/UznXLR/QGlJ
http://paperpile.com/b/UznXLR/QGlJ
http://paperpile.com/b/UznXLR/5w7g
http://paperpile.com/b/UznXLR/5w7g
http://paperpile.com/b/UznXLR/5w7g
http://paperpile.com/b/UznXLR/5w7g
http://dx.doi.org/10.3390/ma14164554
http://paperpile.com/b/UznXLR/Iw7G
http://paperpile.com/b/UznXLR/Iw7G
http://paperpile.com/b/UznXLR/Iw7G
http://dx.doi.org/10.1143/jjap.46.4558
http://paperpile.com/b/UznXLR/BjgMt
http://paperpile.com/b/UznXLR/BjgMt
http://paperpile.com/b/UznXLR/BjgMt
http://paperpile.com/b/UznXLR/irLhm
http://paperpile.com/b/UznXLR/irLhm
http://paperpile.com/b/UznXLR/irLhm
http://paperpile.com/b/UznXLR/irLhm
http://paperpile.com/b/UznXLR/1SF8s
http://paperpile.com/b/UznXLR/1SF8s
http://paperpile.com/b/UznXLR/1SF8s
http://paperpile.com/b/UznXLR/1SF8s
http://dx.doi.org/10.3390/ijerph18105131
http://paperpile.com/b/UznXLR/jWSGh
http://paperpile.com/b/UznXLR/jWSGh
http://paperpile.com/b/UznXLR/PZH5m
http://paperpile.com/b/UznXLR/PZH5m

Pawan Kumar Earasil, Dr. Effect of brushing simulation using remineralizing toothpaste q
Dinesh Kumar*?2 on microhardness of anterior teeth - An in vitro study k

13. Narendran K, Jayalakshmi, Ms N, Sarvanan A, Ganesan S A, Sukumar E. Synthesis,
characterization, free radical scavenging and cytotoxic activities of phenylvilangin, a
substituted dimer of embelin. ijps [Internet]. 2020;82(5). Available from:
https://www.ijpsonline.com/articles/synthesis-characterization-free-radical-scavenging-and-
cytotoxic-activities-of-phenylvilangin-a-substituted-dimer-of-embelin-4041.htmi

14. Reddy P, Krithikadatta J, Srinivasan V, Raghu S, Velumurugan N. Dental Caries Profile and
Associated Risk Factors Among Adolescent School Children in an Urban South-Indian City.
Oral Health Prev Dent. 2020 Apr 1;18(1):379-86.

15. Sawant K, Pawar AM, Banga KS, Machado R, Karobari MI, Marya A, et al. Dentinal
Microcracks after Root Canal Instrumentation Using Instruments Manufactured with
Different NiTi Alloys and the SAF System: A Systematic Review. NATO Adv Sci Inst Ser
E Appl Sci. 2021 May 28;11(11):4984.

16. Bhavikatti SK, Karobari MI, Zainuddin SLA, Marya A, Nadaf SJ, Sawant VJ, et al.
Investigating the Antioxidant and Cytocompatibility of Mimusops elengi Linn Extract over
Human Gingival Fibroblast Cells. Int J Environ Res Public Health [Internet]. 2021 Jul
4;18(13). Available from: http://dx.doi.org/10.3390/ijerph18137162

17. Karobari MI, Basheer SN, Sayed FR, Shaikh S, Agwan MAS, Marya A, et al. An In Vitro
Stereomicroscopic Evaluation of Bioactivity between Neo MTA Plus, Pro Root MTA,
BIODENTINE & Glass lonomer Cement Using Dye Penetration Method. Materials
[Internet]. 2021 Jun 8;14(12). Available from: http://dx.doi.org/10.3390/mal14123159

18. Rohit Singh T, Ezhilarasan D. Ethanolic Extract of Lagerstroemia Speciosa (L.) Pers.,
Induces Apoptosis and Cell Cycle Arrest in HepG2 Cells. Nutr Cancer. 2020;72(1):146-56.

19. Ezhilarasan D. MicroRNA interplay between hepatic stellate cell quiescence and activation.
Eur J Pharmacol. 2020 Oct 15;885:173507.

20. Romera A, Peredpaya S, Shparyk Y, Bondarenko I, Mendonca Bariani G, Abdalla KC, et al.
Bevacizumab biosimilar BEVZ92 versus reference bevacizumab in combination with
FOLFOX or FOLFIRI as first-line treatment for metastatic colorectal cancer: a multicentre,
open-label, randomised controlled trial. Lancet Gastroenterol Hepatol. 2018 Dec;3(12):845—
55.

21. Raj R K, D E, S R. B-Sitosterol-assisted silver nanoparticles activates Nrf2 and triggers
mitochondrial apoptosis via oxidative stress in human hepatocellular cancer cell line. J
Biomed Mater Res A. 2020 Sep;108(9):1899-908.

22. Vijayashree Priyadharsini J. In silico validation of the non-antibiotic drugs acetaminophen
and ibuprofen as antibacterial agents against red complex pathogens. J Periodontol. 2019
Dec;90(12):1441-8.

23. Priyadharsini JV, Vijayashree Priyadharsini J, Smiline Girija AS, Paramasivam A. In silico
analysis of virulence genes in an emerging dental pathogen A. baumannii and related species
[Internet]. Vol. 94, Archives of Oral Biology. 2018. p. 93-8. Available from:
http://dx.doi.org/10.1016/j.archoralbio.2018.07.001

24. Uma Maheswari TN, Nivedhitha MS, Ramani P. Expression profile of salivary micro RNA-

Cuest.fisioter.2025.54(4):6763-6770 6769


http://paperpile.com/b/UznXLR/WEPlc
http://paperpile.com/b/UznXLR/WEPlc
http://paperpile.com/b/UznXLR/WEPlc
http://paperpile.com/b/UznXLR/WEPlc
https://www.ijpsonline.com/articles/synthesis-characterization-free-radical-scavenging-and-cytotoxic-activities-of-phenylvilangin-a-substituted-dimer-of-embelin-4041.html
https://www.ijpsonline.com/articles/synthesis-characterization-free-radical-scavenging-and-cytotoxic-activities-of-phenylvilangin-a-substituted-dimer-of-embelin-4041.html
http://paperpile.com/b/UznXLR/LXMra
http://paperpile.com/b/UznXLR/LXMra
http://paperpile.com/b/UznXLR/LXMra
http://paperpile.com/b/UznXLR/Tq84x
http://paperpile.com/b/UznXLR/Tq84x
http://paperpile.com/b/UznXLR/Tq84x
http://paperpile.com/b/UznXLR/Tq84x
http://paperpile.com/b/UznXLR/Asyjg
http://paperpile.com/b/UznXLR/Asyjg
http://paperpile.com/b/UznXLR/Asyjg
http://paperpile.com/b/UznXLR/Asyjg
http://dx.doi.org/10.3390/ijerph18137162
http://paperpile.com/b/UznXLR/dbhTP
http://paperpile.com/b/UznXLR/dbhTP
http://paperpile.com/b/UznXLR/dbhTP
http://paperpile.com/b/UznXLR/dbhTP
http://dx.doi.org/10.3390/ma14123159
http://paperpile.com/b/UznXLR/HGQZk
http://paperpile.com/b/UznXLR/HGQZk
http://paperpile.com/b/UznXLR/7tjAZ
http://paperpile.com/b/UznXLR/7tjAZ
http://paperpile.com/b/UznXLR/5Gmuh
http://paperpile.com/b/UznXLR/5Gmuh
http://paperpile.com/b/UznXLR/5Gmuh
http://paperpile.com/b/UznXLR/5Gmuh
http://paperpile.com/b/UznXLR/5Gmuh
http://paperpile.com/b/UznXLR/S2zSg
http://paperpile.com/b/UznXLR/S2zSg
http://paperpile.com/b/UznXLR/S2zSg
http://paperpile.com/b/UznXLR/JpJ9f
http://paperpile.com/b/UznXLR/JpJ9f
http://paperpile.com/b/UznXLR/JpJ9f
http://paperpile.com/b/UznXLR/mfXq9
http://paperpile.com/b/UznXLR/mfXq9
http://paperpile.com/b/UznXLR/mfXq9
http://paperpile.com/b/UznXLR/mfXq9
http://dx.doi.org/10.1016/j.archoralbio.2018.07.001
http://paperpile.com/b/UznXLR/t4nBA

Pawan Kumar Earasil, Dr. Effect of brushing simulation using remineralizing toothpaste q
Dinesh Kumar*?2 on microhardness of anterior teeth - An in vitro study \v

21 and 31 in oral potentially malignant disorders. Braz Oral Res. 2020 Feb 10;34:e002.

25. Gudipaneni RK, Alam MK, Patil SR, Karobari MI. Measurement of the Maximum Occlusal
Bite Force and its Relation to the Caries Spectrum of First Permanent Molars in Early
Permanent Dentition. J Clin Pediatr Dent. 2020 Dec 1;44(6):423-8.

26. Chaturvedula BB, Muthukrishnan A, Bhuvaraghan A, Sandler J, Thiruvenkatachari B. Dens
invaginatus: a review and orthodontic implications. Br Dent J. 2021 Mar;230(6):345-50.

27. Kanniah P, Radhamani J, Chelliah P, Muthusamy N, Joshua Jebasingh Sathiya Balasingh E,
Reeta Thangapandi J, et al. Green synthesis of multifaceted silver nanoparticles using the
flower extract of Aerva lanata and evaluation of its biological and environmental applications.
ChemistrySelect. 2020 Feb 21;5(7):2322-31.

28. Sahiti JS, Krishna NV, Prasad SD, Kumar CS, Kumar SS, Babu KSC. Comparative
evaluation of enamel microhardness after using two different remineralizing agents on
artificially demineralized human enamel: An in vitro study. Transl Res [Internet]. 2020 Sep
5 [cited 2021 Sep 6];6(3). Available from: https://pubmed.ncbi.nIm.nih.gov/33426358/

29. Mohapatra, Subhashree; Kumar, R. Pradeep; Arumugham, I. Meignana; Sakthi, D. Sri;
Jayashri, P.Assessment of Microhardness of Enamel Carious Like Lesions After Treatment
with Nova Min, Bio Min and Remin Pro Containing Toothpastes: An in Vitro Study. Indian
Journal of Public Health Research & Development . Oct2019, Vol. 10 Issue 10, p375-380.

op.

Cuest.fisioter.2025.54(4):6763-6770 6770


http://paperpile.com/b/UznXLR/t4nBA
http://paperpile.com/b/UznXLR/hCfbr
http://paperpile.com/b/UznXLR/hCfbr
http://paperpile.com/b/UznXLR/hCfbr
http://paperpile.com/b/UznXLR/g9n0j
http://paperpile.com/b/UznXLR/g9n0j
http://paperpile.com/b/UznXLR/VuTrf
http://paperpile.com/b/UznXLR/VuTrf
http://paperpile.com/b/UznXLR/VuTrf
http://paperpile.com/b/UznXLR/VuTrf
http://paperpile.com/b/UznXLR/Pmkg
http://paperpile.com/b/UznXLR/Pmkg
http://paperpile.com/b/UznXLR/Pmkg
http://paperpile.com/b/UznXLR/Pmkg
https://pubmed.ncbi.nlm.nih.gov/33426358/

