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Introduction

Glass ionomer is the most commonly used cement in restorative 
dentistry. They are made from the product of  polymeric acids 
which are weak and it reacts with powdered simple glasses [1]. Set-
ting happens in condensed water solutions, and the final outcome 
includes a considerable volume of  glass which is not involved in 
the reaction and that serves as a filler to stabilize the set cement. 
Basic (ion-leachable) glass, polymeric water-soluble acid, and wa-
ter are all essential components of  a glass-ionomer cement [2]. 
Since these formulas are proprietary, the precise volume of  each 
ingredient is not generally understood, the impact of  these varia-

tions is unclear. However, it seems that viewing these specimens 
with the components which get dispersed differently between 
the aqueous phases and powder phases has no discernible effect 
on the final properties [3]. An acid-base reaction is shown to set 
glass-ionomers in 2–3 minutes, resulting in hard, relatively solid 
materials of  suitable appearance.

Surface roughness is a micromorphology created by various phys-
ical processes that change the surface. The surface roughness was 
the most widely used parameter to be measured with a profilom-
eter is average roughness (Ra). Profilometers provide two-dimen-
sional results, but a scanning electron microscope (SEM) is need-
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ed for a full sized image for a detailed sample. After polishing, an 
arithmetic average roughness for each material can be estimated 
to aid clinicians in making treatment decisions [4]. Thermocycling 
is a technique which is most often done in the laboratory to ex-
pose the dental materials and teeth to temperature levels close to 
the temperature which prevails in the oral cavity to see how vary-
ing coefficients of  thermal expansion between the filling material 
and the tooth structure cause harmful effects. Thermal stresses 
are one of  the important factors that influence the bond strength 
between the repairing or filling materials during these cycles [5].

In the previous studies, the effect of  thermocycling on several 
parameters such as microleakage, shear bond strength and color 
stability was explored. Since other previous studies did not check 
the surface roughness for glass ionomer cements, where we 
checked the pre and post thermocycling surface roughness since 
our oral cavity is prone to temperature fluctuations. Temperature 
variations have seldom been backed up by in-vivo tests, and they 
differ significantly between studies. It is required to justify and 
standardise the regimen. The aim of  the study is to evaluate the 
effect of  thermocycling on surface roughness of  two different 
commercially available glass ionomer cements. 

Materials and Methods

Shofu and D Tech are commercially available glass ionomer re-
storative cements chosen for this present study. 5 samples were 
made from each glass ionomer cement (Figure 1). Silicone moulds  
were prepared in the diameter of  10 mm and height of  2.5 mm. 
The surface roughness prior to thermocycling of  the prepared 
glass ionomer circular discs were determined using a Stylus pro-

filometer - Mitutoyo SJ 310, 2μm tip/60°angle (Figure 2). The 
samples were then subjected to Thermocycling with a Thermo-
cycler TC - 4, at temperature 4°C (cold) and 60°C (hot) for 1000 
cycles (Figure 3). The dwell time and drain time were set to be 30 
seconds and 10 seconds respectively for each cycle. The surface 
roughness of  samples post thermocycling was checked again us-
ing the stylus profilometer under the same procedure. The surface 
roughness value prior and after thermocycling of  the glass iono-
mer materials were obtained and tabulated. The results were then 
analysed using SPSS software version 22.0 and were graphically 
represented. 

Results

From the results analysed, the Ra, Rq and Rz value of  Shofu and 
Dtech for Pre and Post surface roughness was obtained (Table 
1). From the raw data we can conclude that Shofu had less sur-
face roughness prior and after thermocycling. The difference of  
Ra, Rq and Rz value of  surface roughness prior to thermocycling 
and after thermocycling was analysed and both the glass ionomer 
cements that is shofu and Dtech did not show much deviation 
after thermocycling. The independent paired t test was done for 
Shofu and Dtech surface roughness value for both prior and after 
thermocycling using SPSS statistics version 22.0. This difference 
of  Ra is 0.000, Rq is 0.095 and Rz is 0.077. The Ra value alone is 
significant and Rz and Rq is not significant (Table 2). Bar graph 
depicts the association between surface roughness parameter Ra 
of  Shofu before and after subjecting it to thermocycling (Figure 
1). For shofu GIC, surface roughness values Ra, Rq and Rz prior 
to thermocycling was more when compared to surface roughness 
value after thermocycling. This difference was statistically not 

Figure 1. Represents the 10 discs prepared from commercially available Glass ionomer cements.

Figure 2. Represents the Stylus profilometer - Mitutoyo SJ 310, 2μm tip/60°angle, device was moved physically on the sur-
face of  the GIC disc material to obtain the values of  surface roughness.

Figure 3. Represents the Thermocycler TC - 4, at temperature 4°C (cold) and 60°C (hot) for 1000 cycles.
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Table 1. This table represents the Ra, Rq, Rz values of  GIC before and after thermocycling.

Samples Surface roughness value prior to 
thermocycling

Surface roughness value after ther-
mocycling

 Ra Rq Rz Ra Rq Rz
Shofu 1 0.005 0.007 0.06 0.004 0.005 0.046
Shofu 2 0.005 0.007 0.061 0.004 0.005 0.041
Shofu 3 0.005 0.007 0.072 0.004 0.005 0.046
Shofu 4 0.005 0.006 0.059 0.004 0.005 0.045
Shofu 5 0.005 0.007 0.059 0.004 0.005 0.042
Dtech 1 0.007 0.005 0.06 0.004 0.005 0.044
Dtech 2 0.007 0.006 0.061 0.004 0.005 0.044
Dtech 3 0.005 0.007 0.064 0.004 0.005 0.048
Dtech 4 0.005 0.007 0.062 0.004 0.005 0.044
Dtech 5 0.005 0.007 0.06 0.004 0.005 0.047

Table 2. Significance testing on surface roughness between groups before and after thermocycling.

Groups N Mean Std. Devia-
tion

Sig

Mean diff  
Ra

SHOFU 5 .00100 0.000000 0.000*
D-TECH 5 .00180 .001095

Mean diff  
Rq

SHOFU 5 -.00180 .000447 0.095
D-TECH 5 -.00140 .000894

Mean diff  
Rz

SHOFU 5 -.01820 .005020 0.077
D-TECH 5 -.01600 .001871

*Independent sample t test was used and p value of  less than or equal to 0.05 is considered to be statistically significant.
Figure 1. Bar graph depicts the association between surface roughness parameter Ra of  Shofu before and after subjecting 
it to thermocycling. X axis represents the Shofu brand GIC and the Y axis represents the mean value of   surface roughness 
parameter Ra prior and after thermocycling of  Shofu. Dark green represents the surface roughness of  Shofu GIC prior to 
themocycling and Dark blue represents the surface roughness of  Shofu GIC after themocycling. The surface roughness 

parameter Ra has reduced after thermocycling for shofu GIC.

Figure 2. Bar graph depicts the association between surface roughness parameter Rq of  Shofu before and after subjecting 
it to thermocycling. X axis represents the Shofu brand GIC and the Y axis represents the mean value of  surface roughness 
parameter Rq prior and after thermocycling of  Shofu. Dark green represents the surface roughness of  Shofu GIC prior to 
themocycling and Dark blue represents the surface roughness of  Shofu GIC after themocycling. The surface roughness 

parameter Rq has reduced after thermocycling for shofu GIC.
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significant (Figure 4). Bar graph depicts the association between 
surface roughness parameter Rq of  Shofu before and after sub-
jecting it to thermocycling (Figure 2). Bar graph depicts the asso-
ciation between surface roughness parameter Rz of  Shofu before 
and after subjecting it to thermocycling (Figure 3). Bar graph de-
picts the association between surface roughness parameter Ra of  
D-Tech before and after subjecting it to thermocycling (Figure 4). 
Bar graph depicts the association between surface roughness pa-
rameter Rq of  D-Tech  before and after subjecting it to thermocy-
cling (Figure 5).Bar graph depicts the association between surface 

roughness parameter Rz of  D-Tech before and after subjecting it 
to thermocycling (Figure 6). 

Discussion

Our team has extensive knowledge and research experience that 
has translated into high quality publications [6-25]. For more than 
two decades, glass ionomer cements have been utilized in restora-
tive dentistry. They are favoured in clinical dentistry over other 

Figure 3. Bar graph depicts the association between surface roughness parameter Rz of  Shofu before and after subjecting it to thermocy-
cling. X axis represents the Shofu brand GIC and the Y axis represents the mean value of  surface roughness parameter Rz prior and after 
thermocycling of  Shofu. Dark green represents the surface roughness of  Shofu GIC prior to themocycling and Dark blue represents the 

surface roughness of  Shofu GIC after themocycling. The surface roughness parameter Rz has reduced after thermocycling for shofu GIC.

Figure 4. Bar graph depicts the association between surface roughness parameter Ra of  D-Tech before and after subjecting it to thermo-
cycling. X axis represents the D-Tech brand GIC and the Y axis represents the mean value of  surface roughness parameter Ra prior and 
after thermocycling of  D-Tech. Dark green represents the surface roughness of  Shofu GIC prior to themocycling and Dark blue repre-

sents the surface roughness of  D-Tech GIC after themocycling. The surface roughness parameter Ra has reduced after thermocycling for 
D-Tech GIC.

Figure 5. Bar graph depicts the association between surface roughness parameter Rq of  D-Tech  before and after subjecting it to ther-
mocycling. X axis represents the D-Tech brand GIC and the Y axis represents the mean value of   surface roughness parameter Rq prior 
and after thermocycling of  D-Tech. Dark green represents the surface roughness of  D-Tech GIC prior to thermocycling and Dark blue 
represents the surface roughness of  D-Tech GIC after themocycling. The surface roughness parameter Rq has reduced after thermocy-

cling for D-Tech GIC.

Figure 6. Bar graph depicts the association between surface roughness parameter Rz of  D-Tech before and after subjecting it to thermo-
cycling. X axis represents the D-Tech brand GIC  and the Y axis represents the mean value of   surface roughness parameter Rz prior and 
after thermocycling of  D-Tech. Dark green represents the surface roughness of  D-Tech GIC prior to thermocycling and Dark blue repre-
sents the surface roughness of  D-Tech GIC after themocycling. The surface roughness parameter Rz has reduced after thermocycling for 

D-Tech GIC.
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products because the glass component of  the GIC releases fluo-
ride, chemical adherence to dentin and enamel, biocompatibility, 
its flexibility and coefficient of  thermal expansion equivalent to 
that of  tooth structure [26]. GIC materials surface roughness has 
a number of  clinical effects, and improvements in surface rough-
ness are often used as an indicator of  material wear. The physical 
properties such as compressive strength, fracture, resilience, mi-
crohardness, abrasion resistance, and surface and surface rough-
ness are influenced by the particle size and composition of  GICs 
[27].  

The surface roughness of  GICs is dependent partly on their par-
ticle size range [28]. In the previous studies done by Glady S et 
al, on gel phase formation at resin-modified glass-ionomer/tooth 
interfaces, observed a surface roughness of  less than 0.2 for res-
in-modified glass-ionomers [29]. In another study performed by 
Rios et al, the results obtained in his study were GICs received 
high surface roughness values when compared to other restora-
tive materials, but microbiological studies showed no difference 
from GIC and other restorative materials [30]. 

Few limitations of  the study were less sample size, and the study 
might have included more than two glass ionomer cements to 
have a better option of  a good commercially available GIC mate-
rial. Only the surface roughness was detected, there could have 
been more parameters to the study. The thermocycling process 
included only 1000 cycles which could be increased to check a 
more efficient and significant difference between the two GIC 
materials. According to this study, the two different commercially 
available brands of  glass ionomer cement materials used were 
Dtech and Shofu, it was found that the thermocycling did have its 
effect on the surface roughness. Shofu was identified to be more 
effective and compatible because its surface roughness seemed 
to be less when compared to Dtech before thermocycling. But 
after thermocycling both Dtech and Shofu did not show much 
deviation and shofu showed less surface roughness even after 
thermocycling. 

Conclusion

Thermocycling affected the surface roughness property of  glass 
ionomer cements. Thermocycling for 1000 cycles has decreased 
the surface roughness of  both the shofu and D tech brand glass 
ionomer cements.

Acknowledgement

The first author is grateful to the white lab for helping to finish 
the field work.

Funding 

The present study was supposed by the following 
•	 Saveetha Dental College and Hospitals, Saveetha Institute of  

Medical and Technical Sciences, Saveetha University, Chen-
nai

•	 Seiko Book Center, Thiruvallur

References

[1].	 Mount GJ. Color atlas of glass-ionomer cements. 3Martin Dunitz, London. 
2002.

[2].	 McLean JW, Nicholson JW, Wilson AD. Proposed nomenclature for glass-
ionomer dental cements and related materials. Quintessence Int. 1994 
Sep;25(9):587-9.Pubmed PMID: 7568709. 

[3].	 Sidhu SK, Nicholson JW. A review of glass-ionomer cements for clinical 
dentistry. J Funct Biomater. 2016 Sep;7(3):16. 

[4].	 Roeder LB, Tate WH, Powers JM. Effect of finishing and polishing proce-
dures on the surface roughness of packable composites. Oper Dent. 2000 
Nov 1;25(6):534-43. 

[5].	 Kakaboura A, Fragouli M, Rahiotis C, Silikas N. Evaluation of surface 
characteristics of dental composites using profilometry, scanning electron, 
atomic force microscopy and gloss-meter. J Mater Sci Mater Med. 2007 
Jan;18(1):155-63.Pubmed PMID: 17200827. 

[6].	 Muthukrishnan L. Imminent antimicrobial bioink deploying cellulose, al-
ginate, EPS and synthetic polymers for 3D bioprinting of tissue constructs. 
Carbohydr Polym. 2021 May 15;260:117774.Pubmed PMID: 33712131. 

[7].	 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):1198-1214.Pubmed PMID: 33984375.

[8].	 Chakraborty T, Jamal RF, Battineni G, Teja KV, Marto CM, Spagnuolo 
G. A Review of Prolonged Post-COVID-19 Symptoms and Their Implica-
tions on Dental Management. Int J Environ Res Public Health. 2021 May 
12;18(10):5131.Pubmed PMID: 34066174. 

[9].	 Muthukrishnan L. Nanotechnology for cleaner leather production: a review. 
Environ Chem Lett. 2021 Jan 13;19(3):2527–49.

[10].	Teja KV, Ramesh S. Is a filled lateral canal - A sign of superiority? J Dent Sci. 
2020 Dec;15(4):562-563.Pubmed PMID: 33505634. 

[11].	Narendran K, MS N, SARVANAN A, SUKUMAR E. Synthesis, Characteri-
zation, Free Radical Scavenging and Cytotoxic Activities of Phenylvilangin, 
a Substituted Dimer of Embelin. Indian J. Pharm. Sci. 2020 Sep 1;82(5).

[12].	Reddy P, Krithikadatta J, Srinivasan V, Raghu S, Velumurugan N. Dental 
Caries Profile and Associated Risk Factors Among Adolescent School Chil-
dren in an Urban South-Indian City. Oral Health Prev Dent. 2020 Apr 
1;18(1):379-386.Pubmed PMID: 32618460. 

[13].	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. Appl. Sci. 2021 Jan;11(11):4984. 

[14].	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. 2021 Jul 4;18(13):7162.Pubmed PMID: 34281099. 

[15].	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 Ionomer Cement Using Dye 
Penetration Method. Materials (Basel). 2021 Jun 8;14(12):3159.Pubmed 
PMID: 34201321.

[16].	Rohit Singh T, Ezhilarasan D. Ethanolic extract of Lagerstroemia Speciosa 
(L.) Pers., induces apoptosis and cell cycle arrest in HepG2 cells. Nutr Can-
cer. 2020 Jan 2;72(1):146-56. 

[17].	Ezhilarasan D. MicroRNA interplay between hepatic stellate cell quiescence 
and activation. Eur J Pharmacol. 2020 Oct 15;885:173507.Pubmed PMID: 
32858048.

[18].	Romera A, Peredpaya S, Shparyk Y, Bondarenko I, Bariani GM, Abdalla 
KC, et al. Bevacizumab biosimilar BEVZ92 versus reference bevacizumab 
in combination with FOLFOX or FOLFIRI as first-line treatment for meta-
static colorectal cancer: a multicentre, open-label, randomised controlled 
trial. Lancet Gastroenterol Hepatol. 2018 Dec 1;3(12):845-55. 

[19].	Raj R K, D E, S R. β-Sitosterol-assisted silver nanoparticles activates Nrf2 
and triggers mitochondrial apoptosis via oxidative stress in human hepa-
tocellular cancer cell line. J Biomed Mater Res A. 2020 Sep;108(9):1899-
1908.Pubmed PMID: 32319188. 

[20].	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):1441-1448.Pubmed PMID: 
31257588. 

[21].	Vijayashree Priyadharsini J, Smiline Girija AS, Paramasivam A. In silico 
analysis of virulence genes in an emerging dental pathogen A. baumannii 
and related species. Arch Oral Biol. 2018 Oct;94:93-98.Pubmed PMID: 
30015217. 

[22].	Uma Maheswari TN, Nivedhitha MS, Ramani P. Expression profile of sali-
vary micro RNA-21 and 31 in oral potentially malignant disorders. Braz 
Oral Res. 2020 Feb 10;34:e002.Pubmed PMID: 32049107.

[23].	Gudipaneni RK, Alam MK, Patil SR, Karobari MI. Measurement of the 

https://pubmed.ncbi.nlm.nih.gov/7568709/
https://pubmed.ncbi.nlm.nih.gov/7568709/
https://pubmed.ncbi.nlm.nih.gov/7568709/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+Review+of+Glass-Ionomer+Cements+for+Clinical+Dentistry&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+Review+of+Glass-Ionomer+Cements+for+Clinical+Dentistry&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effect+of+finishing+and+polishing+procedures+on+the+surface+roughness+of+packable+composites&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effect+of+finishing+and+polishing+procedures+on+the+surface+roughness+of+packable+composites&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effect+of+finishing+and+polishing+procedures+on+the+surface+roughness+of+packable+composites&btnG=
https://pubmed.ncbi.nlm.nih.gov/17200827/
https://pubmed.ncbi.nlm.nih.gov/17200827/
https://pubmed.ncbi.nlm.nih.gov/17200827/
https://pubmed.ncbi.nlm.nih.gov/17200827/
https://pubmed.ncbi.nlm.nih.gov/33712131/
https://pubmed.ncbi.nlm.nih.gov/33712131/
https://pubmed.ncbi.nlm.nih.gov/33712131/
https://pubmed.ncbi.nlm.nih.gov/33984375/
https://pubmed.ncbi.nlm.nih.gov/33984375/
https://pubmed.ncbi.nlm.nih.gov/33984375/
https://pubmed.ncbi.nlm.nih.gov/33984375/
https://pubmed.ncbi.nlm.nih.gov/33984375/
https://pubmed.ncbi.nlm.nih.gov/34066174/
https://pubmed.ncbi.nlm.nih.gov/34066174/
https://pubmed.ncbi.nlm.nih.gov/34066174/
https://pubmed.ncbi.nlm.nih.gov/34066174/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nanotechnology+for+cleaner+leather+production%3A+a+review&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nanotechnology+for+cleaner+leather+production%3A+a+review&btnG=
https://pubmed.ncbi.nlm.nih.gov/33505634/
https://pubmed.ncbi.nlm.nih.gov/33505634/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis%2C+characterization%2C+free+radical+scavenging+and+cytotoxic+activities+of+phenylvilangin%2C+a+substituted+dimer+of+embelin&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis%2C+characterization%2C+free+radical+scavenging+and+cytotoxic+activities+of+phenylvilangin%2C+a+substituted+dimer+of+embelin&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis%2C+characterization%2C+free+radical+scavenging+and+cytotoxic+activities+of+phenylvilangin%2C+a+substituted+dimer+of+embelin&btnG=
https://pubmed.ncbi.nlm.nih.gov/32618460/
https://pubmed.ncbi.nlm.nih.gov/32618460/
https://pubmed.ncbi.nlm.nih.gov/32618460/
https://pubmed.ncbi.nlm.nih.gov/32618460/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Dentinal+Microcracks+after+Root+Canal+Instrumentation+Using+Instruments+Manufactured+with+Different+NiTi+Alloys+and+the+SAF+System%3A+A+Systematic+Review&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Dentinal+Microcracks+after+Root+Canal+Instrumentation+Using+Instruments+Manufactured+with+Different+NiTi+Alloys+and+the+SAF+System%3A+A+Systematic+Review&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Dentinal+Microcracks+after+Root+Canal+Instrumentation+Using+Instruments+Manufactured+with+Different+NiTi+Alloys+and+the+SAF+System%3A+A+Systematic+Review&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Dentinal+Microcracks+after+Root+Canal+Instrumentation+Using+Instruments+Manufactured+with+Different+NiTi+Alloys+and+the+SAF+System%3A+A+Systematic+Review&btnG=
https://pubmed.ncbi.nlm.nih.gov/34281099/
https://pubmed.ncbi.nlm.nih.gov/34281099/
https://pubmed.ncbi.nlm.nih.gov/34281099/
https://pubmed.ncbi.nlm.nih.gov/34281099/
https://pubmed.ncbi.nlm.nih.gov/34201321/
https://pubmed.ncbi.nlm.nih.gov/34201321/
https://pubmed.ncbi.nlm.nih.gov/34201321/
https://pubmed.ncbi.nlm.nih.gov/34201321/
https://pubmed.ncbi.nlm.nih.gov/34201321/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ethanolic+Extract+of+Lagerstroemia+Speciosa+%28L.%29+Pers&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ethanolic+Extract+of+Lagerstroemia+Speciosa+%28L.%29+Pers&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ethanolic+Extract+of+Lagerstroemia+Speciosa+%28L.%29+Pers&btnG=
https://pubmed.ncbi.nlm.nih.gov/32858048/
https://pubmed.ncbi.nlm.nih.gov/32858048/
https://pubmed.ncbi.nlm.nih.gov/32858048/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Bevacizumab+biosimilar+BEVZ92+versus+reference+bevacizumab+in+combination+with+FOLFOX+or+FOLFIRI+as+first-line+treatment+for+metastatic+colorectal+cancer%3A+a+multicentre%2C+open-label%2C+randomised+controlled+trial&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Bevacizumab+biosimilar+BEVZ92+versus+reference+bevacizumab+in+combination+with+FOLFOX+or+FOLFIRI+as+first-line+treatment+for+metastatic+colorectal+cancer%3A+a+multicentre%2C+open-label%2C+randomised+controlled+trial&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Bevacizumab+biosimilar+BEVZ92+versus+reference+bevacizumab+in+combination+with+FOLFOX+or+FOLFIRI+as+first-line+treatment+for+metastatic+colorectal+cancer%3A+a+multicentre%2C+open-label%2C+randomised+controlled+trial&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Bevacizumab+biosimilar+BEVZ92+versus+reference+bevacizumab+in+combination+with+FOLFOX+or+FOLFIRI+as+first-line+treatment+for+metastatic+colorectal+cancer%3A+a+multicentre%2C+open-label%2C+randomised+controlled+trial&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Bevacizumab+biosimilar+BEVZ92+versus+reference+bevacizumab+in+combination+with+FOLFOX+or+FOLFIRI+as+first-line+treatment+for+metastatic+colorectal+cancer%3A+a+multicentre%2C+open-label%2C+randomised+controlled+trial&btnG=
https://pubmed.ncbi.nlm.nih.gov/32319188/
https://pubmed.ncbi.nlm.nih.gov/32319188/
https://pubmed.ncbi.nlm.nih.gov/32319188/
https://pubmed.ncbi.nlm.nih.gov/32319188/
https://pubmed.ncbi.nlm.nih.gov/31257588/
https://pubmed.ncbi.nlm.nih.gov/31257588/
https://pubmed.ncbi.nlm.nih.gov/31257588/
https://pubmed.ncbi.nlm.nih.gov/31257588/
https://pubmed.ncbi.nlm.nih.gov/30015217/
https://pubmed.ncbi.nlm.nih.gov/30015217/
https://pubmed.ncbi.nlm.nih.gov/30015217/
https://pubmed.ncbi.nlm.nih.gov/30015217/
https://pubmed.ncbi.nlm.nih.gov/32049107/
https://pubmed.ncbi.nlm.nih.gov/32049107/
https://pubmed.ncbi.nlm.nih.gov/32049107/
https://pubmed.ncbi.nlm.nih.gov/33378468/


Pratheebha C, Balaji Ganesh S, Jayalakshmi S, Sasidharan S. Effect Of  Thermocycling On Surface Roughness Of  Two Different Commercially Available Glass Ionomer Cements - An In Vitro 
Study. Int J Dentistry Oral Sci. 2021;8(9):4670-4675.

4675

 OPEN ACCESS                                                                                                                                                                               https://scidoc.org/IJDOS.php

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):423-428.Pubmed PMID: 33378468. 

[24].	Chaturvedula BB, Muthukrishnan A, Bhuvaraghan A, Sandler J, Thiruven-
katachari B. Dens invaginatus: a review and orthodontic implications. Br 
Dent J. 2021 Mar;230(6):345-350.Pubmed PMID: 33772187. 

[25].	Kanniah P, Radhamani J, Chelliah P, Muthusamy N, Joshua Jebasingh Sathi-
ya Balasingh Thangapandi 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. ChemistrySe-
lect. 2020 Feb 21;5(7):2322-31. 

[26].	Berg JH, Croll TP. Glass ionomer restorative cement systems: an update. 
Pediatr Dent. 2015 Mar;37(2):116–24. 

[27].	Yli-Urpo H, Lassila LV, Närhi T, Vallittu PK. Compressive strength and 

surface characterization of glass ionomer cements modified by particles of 
bioactive glass. Dent Mater. 2005 Mar 1;21(3):201-9. 

[28].	Yap AU, Tan WS, Yeo JC, Yap WY, Ong SB. Surface texture of resin-mod-
ified glass ionomer cements: effects of finishing/polishing systems. Oper 
Dent. 2002 Jul 1;27(4):381-6. 

[29].	Gladys S, Van Meerbeek B, Braem M, Lambrechts P, Vanherle G. Compara-
tive physico-mechanical characterization of new hybrid restorative materials 
with conventional glass-ionomer and resin composite restorative materials. J 
Dent Res. 1997 Apr;76(4):883-94.Pubmed PMID: 9126185. 

[30].	Rios D, Honôrio HM, de Araújo PA, Machado MA. Wear and superfi-
cial roughness of glass ionomer cements used as sealants, after simulated 
toothbrushing. Pesqui Odontol Bras. 2002 Oct-Dec;16(4):343-8.Pubmed 
PMID: 12612774. 

https://pubmed.ncbi.nlm.nih.gov/33378468/
https://pubmed.ncbi.nlm.nih.gov/33378468/
https://pubmed.ncbi.nlm.nih.gov/33378468/
https://pubmed.ncbi.nlm.nih.gov/33772187/
https://pubmed.ncbi.nlm.nih.gov/33772187/
https://pubmed.ncbi.nlm.nih.gov/33772187/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Green+synthesis+of+multifaceted+silver+nanoparticles+using+the+flower+extract+of+Aerva+lanata+and+evaluation+of+its+biological+and+environmental+applications&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Green+synthesis+of+multifaceted+silver+nanoparticles+using+the+flower+extract+of+Aerva+lanata+and+evaluation+of+its+biological+and+environmental+applications&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Green+synthesis+of+multifaceted+silver+nanoparticles+using+the+flower+extract+of+Aerva+lanata+and+evaluation+of+its+biological+and+environmental+applications&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Green+synthesis+of+multifaceted+silver+nanoparticles+using+the+flower+extract+of+Aerva+lanata+and+evaluation+of+its+biological+and+environmental+applications&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Green+synthesis+of+multifaceted+silver+nanoparticles+using+the+flower+extract+of+Aerva+lanata+and+evaluation+of+its+biological+and+environmental+applications&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Glass+ionomer+restorative+cement+systems%3A+an+update&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Glass+ionomer+restorative+cement+systems%3A+an+update&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Compressive+strength+and+surface+characterization+of+glass+ionomer+cements+modified+by+particles+of+bioactive+glass&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Compressive+strength+and+surface+characterization+of+glass+ionomer+cements+modified+by+particles+of+bioactive+glass&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Compressive+strength+and+surface+characterization+of+glass+ionomer+cements+modified+by+particles+of+bioactive+glass&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Surface+texture+of+resin-modified+glass+ionomer+cements%3A+effects+of+finishing%2Fpolishing+systems&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Surface+texture+of+resin-modified+glass+ionomer+cements%3A+effects+of+finishing%2Fpolishing+systems&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Surface+texture+of+resin-modified+glass+ionomer+cements%3A+effects+of+finishing%2Fpolishing+systems&btnG=
https://pubmed.ncbi.nlm.nih.gov/9126185/
https://pubmed.ncbi.nlm.nih.gov/9126185/
https://pubmed.ncbi.nlm.nih.gov/9126185/
https://pubmed.ncbi.nlm.nih.gov/9126185/
https://pubmed.ncbi.nlm.nih.gov/12612774/
https://pubmed.ncbi.nlm.nih.gov/12612774/
https://pubmed.ncbi.nlm.nih.gov/12612774/
https://pubmed.ncbi.nlm.nih.gov/12612774/

	Abstract
	Keywords
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusion
	Acknowledgement
	Funding
	References

