
Med. Forum, Vol. 37, No. 9 16 September, 2026 

In-Vitro Evaluation of effect of 

Pre-Heating on Degree of Conversion and 

Surface Micro-Hardness of Bulk-Fill 

Composite at Different Depths 
Shahzad Ali Shah 

ABSTRACT 

Objective: This in-vitro study objective is to evaluate whether preheating improves degree of conversion and 

surface micro-hardness of the Filtek bulk-fill posterior composite. 

Study Design: An in-vitro experimental laboratory study 

Place and Duration of Study: This study was conducted at the Conservative Dental Sciences Department, College 

of Dentistry, Qassim University. KSA from 20 May 2026 to 30 June 2026.  

Methods: This study was conducted to evaluate the effect of preheating temperature on the degree of conversion 

and Vickers microhardness of Filtek™ Bulk Fill Composite. Sixty specimens were prepared in 5mm diameter, 4mm 

depth molds, and assigned to 23°C, 37°C, 0r 54°C groups (n=20 each). Each group was divided for ATR-FTIR 

degree of conversion and Vicker’s micro-hardness testing. Specimens were stored in distilled water at 37°C for 24 

hours before analysis. The composite was cured for 30 seconds using LED light at 1200mW/cm2. Results: 

Preheating significantly increased degree of conversion and micro-hardness with 54°C producing the highest values 

and 23°C the lowest. In all groups, the top surface showed higher values than the bottom surface, and the bottom to 

top hardness ratios remained clinically acceptable. Degree of conversion (DC) strongly and positively correlates 

with micro-hardness.  

Conclusion: Preheating the tested bulk fill composite improved polymerization efficiency and surface hardness, 

particularly at 54°C, and may enhance performance in deeper restorations. The Data also showed a clear depth 

effect; top surface values exceeded bottom surface values across temperatures, suggesting that preheating improved 

but did not eliminate light attenuation through the 4mm increment. Because the correlation between conversion and 

hardness was strong, micro-hardness may serve as a practical indirect marker of polymerization in this material. 

Clinical Relevance: Within the limits of this single material in-vitro study, preheating appears to be useful strategy 

for improving bulk fill composite polymerization especially when deeper restorations are planned with clinically 

relevant chairside implications for practice.  
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INTRODUCTION 

Resin-based composites (RBCs) have become the 

material of choice for direct posterior restorations due 

to their favorable esthetics and adhesive capabilities. (1)  
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However, conventional incremental placement is 

technique-sensitive, causes polymerization shrinkage, 

and prolongs clinical time. (2) Many of these issues have 

been addressed by bulk-fill composites, allowing up to 

4 mm placement with adequate depth of cure and 

reduced shrinkage stress. These materials are 

specifically engineered with modified monomer 

systems, increased translucency, and advanced photo 

initiators to enhance light penetration and 

polymerization efficiency. (3) 

One important factor influencing resin composites' 

mechanical, biological, and physical performance is the 

degree of conversion (DC), which is the percentage of 

monomer converted to polymer. Increased clinical 

lifespan, decreased solubility, and greater mechanical 

strength are all strongly correlated with higher DC. (4) 

Crucially, DC and microhardness are depth-dependent 

characteristics that frequently decrease from top surface 
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to deeper layers as a result of curing light attenuation, 

particularly in bulk-fill restorations. (5) 

Preheating composite resins has gained attention as an 

adjunctive technique to optimize polymerization, 

reducing viscosity of the composite, enhances 

flowability, and improves adaptation to cavity walls. 

More importantly, it increases molecular mobility, 

facilitating greater monomer conversion during 

polymerization.  Several recent in-vitro studies have 

demonstrated that preheating can enhance DC and, in 

some cases, improve micro-hardness. (6) However, the 

effect appears to be material-dependent, with some 

studies reporting no significant changes in 

microhardness despite improvements in other 

mechanical properties. (7)(8)(9) 

Despite growing interest, the literature presents 

conflicting evidence regarding the influence of 

preheating on bulk-fill composites, particularly when 

evaluated at different depths. (10) Studies report that 

preheating may enhance polymerization and deep-layer 

hardness, but effects vary with composite formulation 

and testing conditions. Furthermore, existing studies 

either focus on surface properties alone or do not 

comprehensively correlate DC with microhardness 

across multiple depths within the same experimental 

design. (11, 12) 

Given the growing use of bulk-fill composites, the 

effect of preheating on degree of conversion and 

surface micro-hardness at different depths remains 

unclear. This gap is clinically relevant because 

inadequate polymerization in deeper layers may 

compromise restoration durability, leading to secondary 

caries, marginal breakdown, and restoration failure. 

Thus, the purpose of this in-vitro experimental 

laboratory study was to assess how preheating affects 

bulk-fill composite resins’ degree of conversion and 

surface micro-hardness at various depths. By 

correlating these two fundamental properties under 

controlled conditions, the study aims to provide better 

insights into whether preheating can be recommended 

as a reliable clinical strategy to enhance the 

performance and longevity of bulk-fill composite 

restorations. 

 

METHODS 

This study was conducted at the Conservative Dental 

Sciences Department, College of Dentistry, Qassim 

University, over a period of approximately two months, 

from 20th May to 30th JUNE 2026, following ethical 

approval from the Institutional Review Board (IRB) 

with approval number #26-21-4. The specimens were 

prepared using cylindrical silicon molds having a 

diameter of 5 mm and depth of 4 mm respectively. The 

bulk-fill composite was placed in a single increment (4 

mm thickness) and cured for 30 seconds using LED 

blue phase N LED light. (Ivoclar Vivadent, Schaan, 

Liechtenstein, 1200 mW/cm² light intensity). Three 

experimental groups (n=20) were assigned a total of 60 

standardized specimens according to the preheating 

temperature. Group I was considered as control, with 

23°C and no preheating. Group II was preheated to 37 

°C (mild heating) and group III was preheated to 54°C 

(High preheating) using Calset Composite Warmer (Ad 

Dent Inc., Danbury, CT, USA). For Vicker micro-

hardness testing and degree of conversion analysis, 

each group was further split into two subgroups (n=10). 

Before testing, each specimen was kept in distilled 

water at 37°C for the whole day. 

An attenuated total reflectance Fourier transform 

infrared (ATR-FTIR) spectrometer (IRPrestige-21, 

Shimadzu Corporation, Kyoto, Japan) was used to 

measure the degree of conversion. Comparing uncured 

and cured composite spectra. (Fig 1C) Absorbance 

peaks at 1638 cm⁻¹ (aliphatic C=C) and 1608 cm⁻¹ 
(aromatic C=C) were analyzed, and DC (%) was 

calculated using peak ratio changes before and after 

curing. Each specimen's top and bottom surfaces were 

measured. 

Surface micro-hardness was assessed using Vickers 

microhardness tester (Shimadzu Corporation, Kyoto, 

Japan) under standardized loading conditions. Three 

indentations were made on both the top and bottom 

surfaces of each specimen, and the mean was 

calculated. The efficacy of polymerization at depth was 

then evaluated by calculating the bottom to top ratio. 

Tuckey’s post hoc test and one-way analysis of 

variance were used to analyze the data, with p < 0.05 

was set as statistically significant. 

RESULTS 

All specimens' preparations and analysis using FTIR, 

followed the approval protocol, and no specimen was 

excluded from the analysis. (Fig 1A-C). 

The mean degree of conversion values obtained from 

the FTIR analysis and Tukey's HSD Post-hoc 

Comparisons are presented in Table 1. Composite 

preheating significantly affected the degree of 

conversion (p < 0.05). The lowest degree of conversion 

was observed at 23°C, reflecting higher composite 

viscosity and reduced monomer mobility. For all 

groups, the top surface demonstrated significantly 

higher DC values than the corresponding bottom 

surface. Tukey’s post hoc analysis revealed that 

specimens preheated to 54°C exhibited significantly 

high degree of conversion than those preheated 37°C 

and 23°C. Likewise, specimens at 37°C exhibit 

significantly higher degree of conversion than those at 

23°C. All pair wise comparisons demonstrated 

statistically significant differences (p< 0.001). 
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Table No.1: Degree of Conversion (DC%) at the Top and Bottom Surfaces and Tukey's HSD Post-hoc 

Comparisons. 

Temp 

(°C) 

Top Surface 

*DC% 

(Mean ± 

***SD) 

Bottom  

Surface  

DC%  

(Mean ± SD) 

Top–

Bottom 

Diff 

Pairwise 

Comparison 

Top DC  

Mean 

Difference 

(95%** CI) 

Bottom DC 

Mean  

Difference 

(95% CI) 

p-value 

23°C 69.2 ± 2.5 60.6 ± 2.7 8.6 23°C vs 

37°C 

5.9 (3.6–8.2) 7.7 (5.3–

10.1) 

<0.001 

37°C 75.1 ± 2.3 68.3 ± 2.4 6.8 23°C vs 

54°C 

12.1 (9.8–

14.4) 

16.7 (14.3–

19.1) 

<0.001 

54°C 81.3 ± 2.1 77.3 ± 2.2 4.0 37°C vs 

54°C 

6.2 (3.9–8.5) 9.0 (6.6–

11.4) 

<0.001 

*DC = Degree of Conversion, **CI = confidence Interval, ***SD = Standard deviation 

 
Figure No. 1: Composite resin specimen preparation and degree of conversion (DC%) assessment. (1A) 

Customized silicone molds (5×4 mm); (1B) polymerized bulk-fill composite specimen removed from the mold; 

and (1C) FTIR-ATR analysis for DC% determination. 

 

Table No.2: Vickers micro-hardness (VHN) and 

bottom to top hardness ratio. 

Group Top VHN Bottom 

VHN 

Bottom/Top 

VHN Ratio 

(%) 

23 °C 58.4 46.8 80.1% 

37 °C 63.7 54.2 85.1% 

54 °C 69.9 63.8 91.3% 

 

Table No.3: Correlation between degree of 

conversion and Vickers micro-hardness. 

Variables Correlation 

coefficient (r) 

p-value 

Top DC vs Top VHN 0.982 < 0.001 

Bottom DC vs Bottom 

VHN 

0.989 < 0.001 

 

Surface micro-hardness results are summarized in  

Table 2. Preheating significantly influenced Vicker 

hardness values (p < 0.05). The group with the highest 

preheating temperature had the highest hardness 

ratings, whereas the room temperature group 

demonstrated the lowest values. Within each 

experimental group, the top surface exhibited 

significantly greater Vicker hardness than the bottom 

surface. The calculated bottom to top hardness ratio 

remained within the acceptable range for all groups. 

The degree of conversion and Vickers micro-hardness 

showed a statistically significant positive link, 

according to Pearson's correlation analysis (Table 3). 

Specimens with higher degrees of conversion generally 

exhibited greater surface micro-hardness, indicating a 

positive association between polymerization efficiency 

and mechanical performance. 

DISCUSSION 

Thermal energy reduces composite viscosity, increases 

segmental molecular mobility of the monomer network, 

and lowers the activation energy barrier for the free 

radical polymerization collectively enabling higher 

conversion rates of aliphatic C=C bonds during 

photocuring. 

The observation that the 54°C group achieved 

significantly higher DC than both the 37°C and 23°C 

groups are consistent with several prior investigations. 

Keles and Tarim, (13) studying Tetric Evo Ceram Bulk 

fill and Sonic fill2 preheated to 55°C reported enhanced 

DC and micro-hardness relative to room temperature 

controls, with the effects most pronounced at the 

bottom surface, a finding that parallels depth-dependent 

results. Similarly, Singha et al (14) testing Filtek Bulk fill 

among other materials preheated to 68°C, documented 

a statistically significant increase in Vickers micro-

hardness from 60 to 70HV, confirming the favorable 

correlation shown in this investigation between 

preheating temperature and mechanical characteristics 

observed in the present research. Prasanna et al, (15) 

demonstrated using ATR-FTIR spectroscopy, that DC 

increased monotonically as preheating temperature was 

elevated, providing foundational thermodynamic 
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support for the temperature-response relationship, this 

study reported. 

As photons scatter and are absorbed by the resin matrix 

and filler particles, irradiance diminishes with depth, 

reducing the number of photo-initiator radical events 

available to propagate the polymerization front. 

Preheating partially compensates for these phenomena, 

explaining why bottom surface DC improvement was 

proportionality greater in the preheated groups than at 

the top surface, a pattern also reported by Theobaldo et 

al, (16) for 4mm increment bulk fill specimens cured 

with both LED and QTH units. 

The significant positive Pearson correlation between 

DC and Vickers micro-hardness cross experimental 

conditions supports the long-standing mechanistic 

proposition that surface hardness is a valid indirect 

indicator of polymerization efficiency in resin-based 

composites. As Prasanna et al (15) demonstrated across 

three nanohybrid composites, microhardness was 

systematically improved at higher preheating 

temperatures.  

The bottom to top hardness ratio, which remained 

within clinically acceptable limits (≥80) in all groups in 

the present study, provides additional assurance of 

adequate depth of cure of 4mm increment used. Suhetia 

et al, (8) reported bottom to top ratios between 0.62 and 

0.71 for several bulk-fill composites including Filtek 

Bulk-fill, values somewhat lower than those observed 

here. Not all studies report a uniformly positive effect 

of pre-heating on surface micro-hardness, and the 

divergence in the literature merits contextualization. 

Kahnamouei et al (17) evaluated X-tra fil and Opus 

Bulk-fill preheated to 68°C for 15 minutes, found no 

statistically significant difference in VH between 

preheated and non-preheated groups. (p=0.719), despite 

a significant increase in flexural strength. Perez et al (18) 

reported that in-fact preheating increased micro-

hardness in Filtek One Bulk-fill and Aura bulk-fill but 

decreased it in Opus bulk-fill, underscoring the material 

dependence of the preheating response. Not all studies 

report a uniformly positive effect of pre-heating on 

surface micro-hardness, and the divergence in the 

literature merits contextualization. Kahnamouei et al (17) 

evaluating X-tra fil and Opus Bulk fill preheated to 

68°C for 15 minutes, found no statistically significant 

difference in VH between preheated and non-preheated 

groups. (p=0.719), despite a significant increase in 

flexural strength. 

From the clinical perspective, the temperatures 

investigated here 37°C and 54°C represent a clinically 

feasible range. Temperatures above 60°C risk 

premature polymerization during storage and potential 

pulpal irritation upon placement and have been 

associated in isolated reports with accelerated photo 

initiator degradation. Patussi et al (19) in a scoping 

review covering the breath of preheating research 

concluded that evidence favors preheating as a 

technique to enhance polymerization efficiency and 

handling properties, while noting the heterogeneity that 

limits definitive clinical recommendations. 

 

Limitation of the study 

Several limitations of the present study should be 

acknowledged when interpreting these findings.  

1. The use of single composite brand and a single 

curing protocol restrict the external validity of the 

results; performance across bulk fill formulations with 

varying filler contents monomer systems, and photo 

initiator packages cannot be inferred from the present 

data.  

2. The specimen geometry (5mm diameter, 4mm depth) 

models are a simplified, idealized clinical increment 

without the geometric complexity, cavity walls or 

adhesive interface present in vivo.  

3. No measures of polymerization shrinkage stress were 

obtained; which may partially off-set mechanical gains 

documented here.  

4. Long term water sorption and the solubility 

assessments which degrade mechanical properties per 

se, were also beyond the scope of this investigation. 

CONCLUSION 

Preheating the bulk fill composite improved both 

degree of conversion and surface microhardness, with 

the best performance at 54°C. The top surface showed 

greater hardness than the bottom, while acceptable 

hardness ratios indicated adequate depth of cure and 

polymerization quality. 

Authorship: The sole author designed the study, 

conducted and analyzed the research, interpreted the 

results, prepared the manuscript, and approved the final 

version, accepting full responsibility for its integrity. 

Clinical Relevance 

Scientific rationale of the study: Bulk fill composite 

exhibits reduced polymerization at greater depths, 

potentially compromising their mechanical properties 

and clinical longevity. Pre-heating has been proposed to 

enhance monomer conversion and material 

performance. Principal findings: Pre-heating 

significantly improved the degree of conversion and 

surface micro-hardness at both top and bottom surfaces, 

with higher temperatures producing greater 

enhancements while maintaining adequate curing 

throughout the restoration. 

Practical Implications: Pre-heating bulk-fill composite 

before placement may improve polymerization 

efficiency, optimize mechanical properties, and 

enhance the durability of deep posterior restorations, 

supporting its incorporation into routine restorative 

clinical practice where feasible. 

Author’s Contribution: 

Concept & Design or 

acquisition of analysis or 

Shahzad Ali Shah 



Med. Forum, Vol. 37, No. 9 20 September, 2026 

interpretation of data: 

Drafting or Revising 

Critically: 

Shahzad Ali Shah 

Final Approval of version: The above author 

Agreement to accountable 

for all aspects of work: 

The above author 

Conflict of Interest: The study has no conflict of 

interest to declare by any author. 

Source of Funding: None 

Ethical Approval: No. 26-21-4 Dated 18.05.2026 

REFERENCES 

1. Durr-E-Sadaf, Ahmad M, Gaikwad R, Arjumand 
B. Comparison of two different matrix band 
systems in restoring two surface cavities in 
posterior teeth done by senior undergraduate 
students at qassim university, saudi arabia: A 
randomized controlled clinical trial. Ind j Dent Res 
2018;29(4):459–64. Jul 110.4103/ijdr.IJDR_ 
26_1730127197 

2. Lehmann A, Barszcz B, Nijakowski K. Optimizing 
dental resin-based composite polymerization with 
distance and exposure variables: Preliminary study. 
Materials 2026;19(7):1390. Mar 
3110.3390/ma1907139041976674 

3. Ibrahim I, Helal H, Ibrahim SH, Riad M. 24 
months clinical prospective of proximal 
restorations with repeated preheating bulk fill 
composite up to ten cycles: Randomized controlled 
trial. Sci Rep 2024;14(1):23966–14. Oct 
1410.1038/s41598-024-73200-639397060 

4. KHALID H, et al. Effect of nano-bioceramics on 
monomer leaching and degree of conversion of 
resin-based composites. Dent Materials J 
2018;37(6):940–9.2710.4012/dmj.2017-
33830135338 

5. Sorrentino E, et al. A mini-review on different 
polymerization protocols for resin-based dental 
composites. Ital J Anat Embryol 2023;127(2):61–4. 
110.36253/ijae-14686 

6. Ibrahim II, Riad M, Ibrahim SH, Helal H. Effect of 
preheating on various properties of resin 
composite. A review article. Delta Univ Scientific J 
2024;7(2):97–107. 
110.21608/dusj.2024.323183.1093 

7. Mohammadi N, et al. Effect of pre-heating on the 
mechanical properties of silorane-based and 
methacrylate-based composites. J Clin Experi-
mental Dentist 2016;8(4):e373–8. 
110.4317/jced.5280727703604 

8. Sahetia AS, et al. Preheating effect on 
microhardness and depth of cure of three bulk-fill 
composite resins: An in vitro study. Endodontol J 
Ind Endodontic Society 2024;36(2):125–30. 
110.4103/endo.endo_56_23 

9. El‐Shazly RK, El‐Zayat IMA, Mohsen MMA, 
Labib MEM. Clinical evaluation of Self‐Adhesive 
Bulk‐Fill composite versus conventional 
Nano‐Hybrid composite in cervical Cavities—A 
randomized controlled clinical trial. J Esthetic 
Restorative Dentistry 2025;37(7):1907–19. 
110.1111/jerd.1347240151057 

10. Srikumar G, Barde SP, Gajpal A, Kumari R, Phafat 
A, Patel P. An in vitro comparative evaluation of 
the effect of preheating of EverX posterior, bulk 
fill and G-aenial posterior composite resins on their 
microhardness and depth of cure. Advances Human 
Biol 2026;16(1):149–55.10.4103/aihb.aihb_138_25 

11. Bueno T, et al. Effects of pre-heating on physical–
mechanical–chemical properties of contemporary 
resin composites. Odontol 2025;113(1):135–42. 
110.1007/s10266-024-00953-x38797796 

12. Silva MVMd, et al. Surface analysis of a universal 
resin composite and effect of preheating on its 
physicochemical properties. Brazilian Dent J 
2023;34(4):115–26. 110.1590/0103-
644020230541137909634 

13. Keleş ZH, Tarım B. Effect of preheating on 
microhardness, degree of conversion, and depth of 
cure of various bulk-fill composites. Selcuk Dent J 
2024;11(1):27–32. 
2610.15311/selcukdentj.1219236 

14. Singha A, Dhanesha A, Nair S, Patel R, Behera S, 
Nanda S. Pre-heating effect on micro-hardness and 
depth of cure for three bulk-fill composite resins: 
An in vitro study. Bio Information 
2024;20(9):1128–31. 
3010.6026/973206300200112839917230 

15. Prasanna N, Pallavi Reddy Y, Kavitha S, Lakshmi 
Narayanan L. Degree of conversion and residual 
stress of preheated and room-temperature 
composites. Ind J Dent Res 2007;18(4):173–6. 
110.4103/0970-9290.3582717938493 

16. Dias Theobaldo J, et al. Effect of preheating and 
light-curing unit on physicochemical properties of 
a bulk fill composite. Clinical, cosmetic and 
investigational dentistry 2017; 9:39–43. 
110.2147/CCIDE.S13080328652817 

17. Abed Kahnamouei M, et al. The effect of 
preheating on microhardness and flexural strength 
of bulk-fill resin composites: An in-vitro study. Eur 
Oral Res 2024;58(3):133–8. 510.26650/eor. 
2023130201239588475 

18. Pérez-Pachas B, et al. Surface microhardness and 
depth of cure in bulk fill resin composites with and 
without preheating: An in vitro study. J Clin 
Experimental Dentistry 2025;17(7): e825–33. 
110.4317/jced.6284440823109 

19. Patussi AFC, et al. Preheating of dental composite 
resins: A scoping review. J Esthetic Restorative 
Dentist 2023;35(4):646–56. 10.1111/jerd. 
1299136478368. 

 


