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Effect of thermocycling on the flexural strength of two 
different composite filling materials: An in vitro study

Abstract

Flexural strength is the bend strength or stress which causes failure in bending of 
the material. Composite is the widely used restorative material in the era of esthetic 
dentistry as it provides better esthetic and mechanical support for both posterior and 
anterior teeth. The term “thermocycling” refers to the process of changing temperatures 
in the mouth. Thus, the aim of the study was to determine the effect of thermocycling 
on flexural strength in two different composite filling materials. Twelve samples of 
packable type composite filling material, among which four samples prepared were 
from Restofill l (Group 1) and four were prepared from Ivoclar Vivadent (Group 2) for 
the study. Bar‑shaped composite resin specimens were prepared with dimensions of 
2 mm × 2 mm × 25 mm. Then, the eight samples were subjected to a thermocycling 
process and four left as control. This was followed by the determination of maximum 
force by a universal testing machine, and then, the collected data were used to 
determine flexural strength using the formula. The determining flexural strength was 
analyzed using SPSS version 23.0 by Independent sample t‑test. The mean flexural 
strength of thermocycled Restofill composite filling material is 6.73, whereas the 
nonthermocycled Restofill sample showed 5.58 and the mean flexural strength of 
thermocycled Ivoclar Vivadent composite filling material was 5.08. The difference 
was not statistically significant with P = 0.978 >0.05. The current study concludes that 
the flexural strength of the Restofill composite (Group 1) was higher than the Ivoclar 
composite (Group 2). Hence, thermocycling affects the flexural strength of composite 
resin.
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INTRODUCTION

Flexural strength is the bend strength or stress which 
causes failure in bending of the material. The stress will 
be highest at the edge (concave surface), and lowest at the 
convex surface, i.e., when bending a material, the extreme 
fibers will be under more stress than the other fibers.[1] 
Composite is the widely used restorative material in the 
era of esthetic dentistry as it provides better esthetic and 
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mechanical support for both posterior and anterior teeth.[2] 
Although it is used widely, it has to be prepared in such 
a way that it even shows low fracture strength, which 
can promote the material utility even in patients with 
parafunctional habits such as bruxism.[3] Because composite 
resins, particularly cavities under stress, are exposed to 
tension and compression forces, flexural strength is critical 
for composite resin makers.[4]

Dental materials and teeth are exposed to a temperature 
in the laboratory by a process called thermocycling that 
produces consequences due to different coefficients of 
thermal expansion between the structure and the composite 
or any other filling material.[5] Thermal aging is determined 
by the thermocycling process as it signifies the fluctuating 
temperatures in the oral cavity with many cycles, which 
can affect the bond strength between materials and 
tooth structure.[6] Flexure hence thermocycling is done to 
determine its effect on the flexural strength of the different 
composites.[7]

According to recent study done by Morresi et al., 2015 
reported that on thermocycling, there is a reduction of 
flexural strength and flow of composite in sixty samples 
with a dimension of 2 mm × 2 mm × 25 mm and similarly, 
another study done by D’Amario et al., 2013 had reported 
that lower flexural strength in composite, whereas Morresi 
AL et al., 2015 had declared that flexural strength and 
microhardness vary between materials irrespective of 
thermocycling.[8,9]

In the research field, though there is much research done 
to evaluate the flexural strength of different composite 
materials, there is no study done that compares the flexural 
strength of Restofill and Ivoclar. Hence, the current study 
fulfills the lacunae by determining the effect of thermocycling 
on the flexural strength of Restofill and Ivoclar material. 
Our research and knowledge have resulted in high-quality 
publications from our team.[10-24] Thus, the aim of the study 
was to determine the effect of thermocycling on flexural 
strength in two different composite materials.

MATERIALS AND METHODS

Sample preparation for the in vitro study
The investigation was conducted at Saveetha Dental College 
and Hospital’s White Lab Material Research Centre. For the 
in vitro study, twelve samples of packable type composite 
filling material were prepared, four from Restofill (Group 1) 
and four from Ivoclar Vivadent (Group 2). Each group 
produced bar-shaped specimens with a dimension of 
2 mm × 2 mm × 25 mm using a mold of the prescribed size, 
and each increment was cured for 30 s each with the help 
of a light-emitting diodes curing light, polished using a 
micromotor with the Composite polishing kit, and the final 
dimensions were checked with a digital caliper.

Determination of thermal aging of composite filling 
materials
The thermocycling process was carried out for four samples 
from each group and two from each group taken as control 
which were kept in distilled water (Group 1 and Group 2). 
Each sample were packed in a gauze piece and subjected 
to a thermocycling process using TC 4 SD Mechatronik, an 
integrated thermocycler which was set with two different 
temperatures (cold −4°C and hot −60°C) for 1000 cycles 
which equates 6 months with a dwell time of 30 s and drain 
time of 10 s each.

Determination of flexural strength of composite filling 
materials
The thermocycled and nonthermocycled samples were 
subjected to an INSTRON E3000 UTM (ElectroPuls) 
three-point bend test with a span length of 16 mm and a 
cross head speed of 1 mm/min to measure the maximum 
force and maximum flexural displacement [Figure 1].

The flexural strength is calculated using the following 
formula:

S = 3FL/2bd2

where S = flexural strength or modulus of fracture

F = Load at the fracture point which samples failed between 
loaded bearing edges

L = Length of the support span (16 mm)

b = Width of the test samples (2 mm)

d = Thickness of the test samples (2 mm)

The flexural strength was calculated using the data 
obtained and summarized in the Instron Bluehill program. 

Figure 1: The image depicts the determination of flexural strength 
using the INSTRON E3000 machine
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Independent sample test analysis in SPSS version 23.0 (IBM 
SPSS Statistics for Windows, Version 23.0. Armonk, NY: 
IBM Corp.) was used to determine the differences between 
the groups.

RESULTS

The mean of flexural strength of thermocycled Restofill 
composite filling material is 5.44 and the mean of flexural 
strength of thermocycled Ivoclar Vivadent composite filling 
material was 5.08 and which is shown in Table 1 and the 
Restofill and Ivoclar had similar flexural strength which was 
not statistically significant (0.978 > 0.05) as it is in Table 2.

DISCUSSION

Thermocycling is the common process used for 
determining the degradation of various dental materials 
over the years. Hence, the thermocycling process was 
done to determine the difference of flexural strength in 
Restofill and Ivoclar Vivadent which showed an increase 
in flexural strength of Ivoclar (5.08) after thermocycling, 
whereas Restofill (5.58) reduced after thermocycling as its 
control value was higher than. Similarly, the composite 
after immersing in water and thermocycling showed ten 
times higher value than the control in the study done by 
Göhring et al. in 2015.[25]

Benalcázar Jalkh et al. in 2019 reported that the biaxial 
flexural strength was tested for different composites such as 
Ceram Bulk Fill and Filtek Bulk Fill after the thermocycling 
process and found that the flexural strength was higher after 
thermocycling than the control,[26] which is similar to the 
current study results as flexural strength is the designation 
of the bend strength of the dental material used in the study 
which has to be higher to make the composite material 
valued to usage. Hence, as per the results for Ivoclar 

Vivadent, it has increased after thermocycling compared 
to Restofill samples as shown in Table 1.

Telio CAD and ESPE™ Lava™ Ultimate Restorative and 
CERASMART and lithium disilicate ceramic all materials 
were been subjected to thermocycling and their flexural 
strength was determined which showed mean flexural 
strength of 313 ± 56 MPa to 94 ± 4 which has been reduced 
compared to the value before thermocycling which seems 
to be controversial to the present study.[27]

GC Gradia (GRD), VITA VM LC, and Sinfony was been used 
to determine the physical property of the three different 
composite material done by Stawarczyk et al. in 2011 
and concluded that there was an increase in post flexural 
strength value than the control value for all the samples 
used[28] which goes hand in hand with results of the current 
study which was performed for the two different composite 
filling materials with different material.

The limitations of the study can be the error during the 
preparation of the samples with different dimensions or 
there may be instrument error or manual error while data 
collection, the entry of data can be mistaken and the less 
sample size can all affect the results. Hence, more criteria 
have to be included and many cycles have to be done 
to determine the proper thermal aging of the material 
and to generalize the results of the current study. The 
determination of flexural strength will aid the dentist in 
selecting more reinforced materials to provide patients with 
better treatment and improve the treatment’s prognosis.

CONCLUSION

The current study concludes that the flexural strength of the 
Restofill composite (Group 1) was higher than the Ivoclar 
composite (Group 2). Hence, thermocycling affects the 
flexural strength of composite resin.

Acknowledgment
The first author is grateful to the White Lab for helping to 
finish the fieldwork in the stipulated time.

Financial support and sponsorship
The present study was supported by the following agencies:
• Saveetha Dental College, SIMATS, Saveetha University, 

Chennai
• Tancreative Company.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Quang PX, Wicaksono S, Dirgantara T, Hadi BK. The effect of low-
velocity impact on the flexural strength of E-glass/epoxy composite 

Table 1: The mean values of flexural  strength of 
Restofill  and  Ivoclar Vivadent  samples
Samples Restofill 

(Group 1)
Ivoclar Vivadent 

(Group 2)
Sample 1 (thermocycled) 5.22 5.15
Sample 2 (thermocycled) 4.94 4.46
Sample 3 (thermocycled) 5.79 4.98
Sample 4 (thermocycled) 5.84 5.74

Table 2: The flexural  strength mean,  standard 
deviation,  and significance of Restofill  and 
Ivoclar
Groups Number 

of samples
Mean±SD Significance

Restofill 4 5.4475±0.43995 0.978
Ivoclar 4 5.0825±0.52753
SD: Standard deviation



Taskeen, et al.: Thermocycling of composite material and its effect on the flexural strength

S124 Journal of  Advanced Pharmaceutical Technology & Research | Volume 13 | Supplement 1 | November 2022

plates. J Mech Sci Technol 2020;34:1879-86.
2. Mohammadi N, Kimyai S, Ghavami Lahij Y, Bahari M, Ajami AA, 

Abed Kahnamouei M, et al. Correction to: Comparison of the effect 
of bleaching with 15% carbamide peroxide and 35% hydrogen 
peroxide on flexural strength of Cention N in self-cured and 
dual-cured polymerization modes. J Dent Res Dent Clin Dent 
Prospects 2020;14:262.

3. Peampring C, Sanohkan S. Effect of thermocycling on flexural 
strength and weibull statistics of machinable glass-ceramic and 
composite resin. J Indian Prosthodont Soc 2014;14:376-80.

4. EL-Wassefy N, Ghorab S. Shear bond strength of two veneering 
composite resins to a modified polyetheretherketone (PEEK) 
material: Influence of surface pretreatments and thermocycling. 
Egypt Dent J 2019;65:2821-30.

5. Rodrigues SA Jr., Ferracane JL, Della Bona A. Flexural strength and 
Weibull analysis of a microhybrid and a nanofill composite evaluated 
by 3- and 4-point bending tests. Dent Mater 2008;24:426-31.

6. Kiomarsi N, Saburian P, Chiniforush N, Karazifard MJ, 
Hashemikamangar SS. Effect of thermocycling and surface 
treatment on repair bond strength of composite. J Clin Exp Dent 
2017;9:e945-51.

7. Lateef AA. Effect of different acids surface treatments and 
thermocycling on shear bond strength of composite resin to 
Feldspathic ceramic. J Baghdad Coll Dent 2013;25:27-33.

8. D’Amario M, Pacioni S, Capogreco M, Gatto R, Baldi M. Effect of 
repeated preheating cycles on flexural strength of resin composites. 
Oper Dent 2013;38:33-8.

9. Morresi AL, D’Amario M, Monaco A, Rengo C, Grassi FR, 
Capogreco M. Effects of critical thermal cycling on the flexural 
strength of resin composites. J Oral Sci 2015;57:137-43.

10. Uthrakumar R, Vesta C, Raj CJ, Krishnan S, Das SJ. Bulk crystal 
growth and characterization of non-linear optical bisthiourea zinc 
chloride single crystal by unidirectional growth method. Curr Appl 
Phys 2010;10:548-52.

11. Vijayakumar Jain S, Muthusekhar MR, Baig MF, Senthilnathan P, 
Loganathan S, Abdul Wahab PU,  et  al .  Evaluation of 
three-dimensional changes in pharyngeal airway following isolated 
lefort one osteotomy for the correction of vertical maxillary excess: 
A prospective study. J Maxillofac Oral Surg 2019;18:139-46.

12. Vishnu Prasad S, Kumar M, Ramakrishnan M, Ravikumar D. 
Report on oral health status and treatment needs of 5-15 years old 
children with sensory deficits in Chennai, India. Spec Care Dentist 
2018;38:58-9.

13. Eapen BV, Baig MF, Avinash S. An assessment of the incidence of 
prolonged postoperative bleeding after dental extraction among 
patients on uninterrupted low dose aspirin therapy and to evaluate 
the need to stop such medication prior to dental extractions. 
J Maxillofac Oral Surg 2017;16:48-52.

14. Krishnamurthy A, Sherlin HJ, Ramalingam K, Natesan A, 
Premkumar P, Ramani P, et al. Glandular odontogenic cyst: 
Report of two cases and review of literature. Head Neck Pathol 
2009;3:153-8.

15. Dua K, Wadhwa R, Singhvi G, Rapalli V, Shukla SD, Shastri MD, 
et al. The potential of siRNA based drug delivery in respiratory 
disorders: Recent advances and progress. Drug Dev Res 
2019;80:714-30.

16. Abdul Wahab PU, Senthil Nathan P, Madhulaxmi M, 
Muthusekhar MR, Loong SC, Abhinav RP. Risk factors for 
post-operative infection following single piece osteotomy. 
J Maxillofac Oral Surg 2017;16:328-32.

17. Thanikodi S, Kumar SD, Devarajan C, Venkatraman V, 
Rathinavelu V. Teaching learning optimization and neural network 
for the effective prediction of heat transfer rates in tube heat 
exchangers. Therm Sci 2020;24 (1 Part B):575-81.

18. Subramaniam N, Muthukrishnan A. Oral mucositis and microbial 
colonization in oral cancer patients undergoing radiotherapy and 
chemotherapy: A prospective analysis in a tertiary care dental 
hospital. J Investig Clin Dent 2019;10:e12454.

19. Kumar SP, Girija AS, Priyadharsini JV. Targeting NM23-H1-mediated 
inhibition of tumour metastasis in viral hepatitis with bioactive 
compounds from Ganoderma lucidum: A computational study. 
Indian J Pharm Sci 2020;82:300-5.

20. Manickam A, Devarasan E, Manogaran G, Priyan MK, 
Varatharajan R, Hsu CH, et al. Score level based latent fingerprint 
enhancement and matching using SIFT feature. Multimed Tools 
Appl 2019;78:3065-85.

21. Ravindiran M, Praveenkumar C. Status review and the future 
prospects of CZTS based solar cell – A novel approach on the device 
structure and material modeling for CZTS based photovoltaic 
device. Renew Sustain Energy Rev 2018;94:317-29.

22. Vadivel JK, Govindarajan M, Somasundaram E, Muthukrishnan A. 
Mast cell expression in oral lichen planus: A systematic review. 
J Investig Clin Dent 2019;10:e12457.

23. Ma Y, Karunakaran T, Veeraraghavan VP, Mohan SK, Li S. Sesame 
inhibits cell proliferation and induces apoptosis through inhibition 
of STAT-3 translocation in thyroid cancer cell lines (FTC-133). 
Biotechnol Bioprocess Eng 2019;24:646-52.

24. Mathivadani V, Smiline AS, Priyadharsini JV. Targeting 
epstein-barr virus nuclear antigen 1 (EBNA-1) with murraya 
koengii bio-compounds: An in‑silico approach. Acta Virol 
2020;64:93-9.

25. Göhring TN, Gallo L, Lüthy H. Effect of water storage, 
thermocycling, the incorporation and site of placement of 
glass-fibers on the flexural strength of veneering composite. Dent 
Mater 2005;21:761-72.

26. Benalcázar Jalkh EB, Machado CM, Gianinni M, Beltramini I, 
Piza M, Coelho PG, et al. Effect of thermocycling on biaxial flexural 
strength of CAD/CAM, bulk fill, and conventional resin composite 
materials. Oper Dent 2019;44:E254-62.

27. Shafter M. Effect of thermocycling on flexural strength of different 
CAD/CAM material. J Dent Oral Disord 2017;3:1071.

28. Stawarczyk B, Egli R, Roos M, Ozcan M, Hämmerle CH. The impact 
of in vitro aging on the mechanical and optical properties of indirect 
veneering composite resins. J Prosthet Dent 2011;106:386-98.


