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Objectives: To investigate how polymerization mechanism influences surface roughness, microhardness, and 
polymerization efficiency of bulk-fill composites. 
Materials and Methods: Two light-cure bulk-fill composites (Estelite Bulk Fill Flow and VisCalor Bulk) and two self-cure bulk-
fill composites (Stela Automix, Stela Capsule) were evaluated (n = 12 per material). Cylindrical specimens (6 mm diameter × 
4 mm thickness) were fabricated. Surface roughness (Ra) was measured using contact profilometry. Vickers microhardness 
was determined on both top and bottom surfaces. Polymerization efficiency was evaluated by calculating the ratio of 
bottom surface hardness to top surface hardness. The data were evaluated using two-way ANOVA, followed by Tukey’s 
post hoc multiple comparison test, with the level of statistical significance set at α = 0.05. 
Results: Self-cure composites demonstrated significantly higher surface roughness than light-cure materials (p < 0.001). 
Light-cure composites showed significantly greater top and bottom surface microhardness (p < 0.001). However, light-cure 
materials exhibited a significant reduction in hardness at the bottom surface, resulting in lower hardness ratios (0.83–0.85). 
In contrast, self-cure materials showed no significant top–bottom difference and presented significantly higher hardness 
ratios (0.95–0.96; p < 0.001). 
Conclusions: The polymerization mechanism appears to influence the surface characteristics and polymerization behavior 
of bulk-fill resin composites. Light-cured materials tended to exhibit higher hardness values, whereas chemically cured 
materials demonstrated a more uniform polymerization profile throughout the material thickness. These findings suggest 
that the type of polymerization may be a factor worth considering during material selection, particularly in deep restorations 
where light transmission may be limited. 
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Amaç: Bu çalışmanın amacı, polimerizasyon mekanizmasının bulk-fill rezin kompozitlerin yüzey pürüzlülüğü, mikrosertliği ve 
polimerizasyon etkinliği üzerindeki etkisini değerlendirmektir. 
Gereç ve Yöntemler: İki ışıkla polimerize olan bulk-fill rezin kompozit (Estelite Bulk Fill Flow, VisCalor Bulk) ve iki kimyasal 
olarak polimerize olan bulk-fill kompozit (Stela Automix, Stela Capsule) değerlendirildi (her materyal için n = 12). Silindir 
şeklinde örnekler (6 mm çap × 4 mm kalınlık) hazırlandı. Yüzey pürüzlülüğü (Ra) temaslı profilometre yöntemiyle ölçüldü. 
Vickers mikrosertlik (VHN) ölçümleri hem üst hem de alt yüzeylerden yapıldı. Polimerizasyon etkinliği, alt/üst yüzey sertlik 
oranı kullanılarak değerlendirildi. Veriler iki faktörlü varyans analizi (two-way ANOVA) ile analiz edildi ve grup karşılaştırmaları 
için Tukey post hoc testi kullanıldı (α = 0,05). 
Bulgular: Kimyasal olarak polimerize olan kompozitler, ışıkla polimerize olan materyallere kıyasla anlamlı derecede daha 
yüksek yüzey pürüzlülüğü gösterdi (p < 0,001). Işıkla polimerize olan kompozitler, hem üst hem de alt yüzeylerde anlamlı 
derecede daha yüksek mikrosertlik değerleri sergiledi (p < 0,001). Ancak ışıkla polimerize olan materyallerde alt yüzey 
sertliğinde anlamlı bir azalma gözlendi ve sertlik oranları 0,83–0,85 aralığında bulundu. Buna karşılık kimyasal olarak 
polimerize olan materyallerde üst ve alt yüzey sertliği arasında anlamlı fark saptanmadı ve anlamlı derecede daha yüksek 
sertlik oranları (0,95–0,96; p < 0,001) elde edildi. 
Sonuçlar: Polimerizasyon mekanizmasının bulk-fill rezin kompozitlerin yüzey özellikleri ve kürlenme davranışı üzerinde etkili 
olabileceği görülmektedir. Işıkla polimerize olan materyallerin daha yüksek sertlik değerleri gösterme eğiliminde olduğu, 
kimyasal olarak polimerize olan materyallerin ise materyal kalınlığı boyunca daha dengeli bir polimerizasyon profili 
sergileyebileceği gözlenmiştir. Bu bulgular, özellikle ışık geçirgenliğinin sınırlı olabileceği derin restorasyonlarda materyal 
seçimi yapılırken polimerizasyon tipinin göz önünde bulundurulmasının yararlı olabileceğini düşündürmektedir. 
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Introduction 

Resin-based composites are extensively used in 
contemporary restorative dentistry due to their favorable 
esthetics, adhesive properties, and continuously 

improving mechanical performance.1,2 To simplify 
restorative procedures and reduce clinical time, bulk-fill 
resin composites were introduced, allowing placement in 
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thicker increments while maintaining acceptable physical 
and mechanical properties.3,4 

Most bulk-fill composites rely on light-activated 
polymerization. Their polymerization efficiency depends 
on adequate light transmission through the material, 
which may be compromised in deep cavities due to light 
attenuation caused by filler loading, shade, translucency, 
and restoration thickness.5–7 Insufficient curing in deeper 
regions may lead to reduced mechanical strength, 
increased wear, and compromised long-term clinical 
performance.6,8 

To address the limitations related to insufficient light 
transmission, self-cure composites have been introduced 
in recent years. These materials polymerize via a redox 
reaction and are less dependent on external light 
exposure, theoretically enabling more uniform 
polymerization in deep or shadowed areas.9,10 However, 
their polymerization kinetics differ substantially from 
light-cured systems, potentially influencing cross-link 
density, network formation, and final mechanical 
behavior.11,12 

Surface roughness and microhardness are clinically 
relevant properties influenced by polymerization. 
Increased surface roughness is associated with plaque 
retention, staining, and surface degradation,13,14 whereas 
microhardness is commonly used as an indirect indicator 
of degree of conversion and resistance to deformation.6,15 
Comparing hardness values between the top and bottom 
surfaces of composites provides insight into 
polymerization efficiency, which is especially critical for 
bulk-fill materials placed in thick increments.5,7,10 

Despite the increasing clinical availability of self-cure 
bulk-fill composites, limited evidence exists comparing 
their surface characteristics and curing behavior with 
conventional light-cure systems. Accordingly, this in vitro 
study aimed to investigate how the polymerization 
mechanism influences the surface roughness, 
microhardness, and polymerization efficiency of bulk-fill 
composites. The null hypothesis of this study was that the 
polymerization mechanism would have no significant 
influence on the surface roughness, microhardness, or 
polymerization efficiency of bulk-fill composites. 

Materials and Methods 

Power Analysis 
An a priori power analysis was performed using 

G*Power software (version 3.1, Germany) to calculate the 
minimum required sample size [10]. Based on a two-way 
ANOVA design, assuming an effect size of f = 0.50, a 
significance level of 0.05, and a statistical power of 80%, 
the minimum total sample size was calculated to be 48 
specimens, corresponding to 12 specimens per group. 

Materials  
The bulk-fill composites investigated in this in vitro 

study are listed in Table 1. Two light-cure bulk-fill 
composites—Estelite Bulk Fill Flow (Tokuyama Dental, 
Japan) and VisCalor Bulk (VOCO GmbH, Germany)—and 
two self-cure bulk-fill composites—Stela Automix and 
Stela Capsule (SDI Limited, Australia)—were included. 

 
Table 1. Bulk-fill resin composites used in the study 

Material Manufacturer Composition LOT 

Estelite Bulk Fill Flow Tokuyama Dental 
Corp, Japan 

Organic matrix: Bis-GMA, TEGDMA, Bis-MPEPP, Mequinol, Dibutyl hydroxytoluene (BHT), UV 
absorber, Camphorquinone (CQ), RAP, initiator system. Fillers: Spherical silica–zirconia filler. 

254M35 

VisCalor Bulk VOCO GmbH, 
Germany 

Organic matrix: Bis-GMA, TCDDMA, initiators, stabilizers, color pigments. Fillers: Barium 
aluminium borosilicate glass, silicon dioxide. Filler loading: 83 wt%. 

2401473 

Stela Automix SDI Limited, Australia Organic matrix: DUDMA, GDMA, 10-MDP. Fillers: Fluoro-alumino-silicate glass, barium-
alumino-borosilicate glass, ytterbium fluoride. Filler loading: 61.2 wt% (36.4 vol%). 

1240363 

Stela Capsule SDI Limited, Australia Organic matrix: DUDMA, GDMA, 10-MDP. Fillers: Fluoro-alumino-silicate glass, amorphous 
fumed silica, ytterbium fluoride. Filler loading: 76.8 wt% (55.4 vol%). 

1241419 

 
Material Handling and Application Protocol 
All materials were handled in strict accordance with 

the manufacturers’ instructions to better reflect clinical 
application conditions. 

Estelite Bulk Fill Flow was dispensed directly into the 
mold using its syringe delivery system and adapted with a 
plastic filling instrument. 

VisCalor Bulk, a thermo-viscous bulk-fill composite, 
was preheated in a composite warmer (approximately 68 
°C) according to the manufacturer's recommendations 
before placement. The material was preheated for 10 
minutes and inserted into the mold within 30 seconds 
after removal from the heater. The material was then 
injected into the mold according to the manufacturer’s 
instructions and immediately light-cured. 

Stela Automix was dispensed using an automix syringe 
system with a mixing tip to ensure homogeneous chemical 
activation before placement. 

Stela Capsule was activated and mechanically mixed in 
an amalgamator following the manufacturer’s 
instructions prior to insertion into the mold. 

Specimen Preparation 
A total of 48 cylindrical specimens (n = 12 per material) 

were prepared using a Teflon mold with an internal 
diameter of 6 mm and a thickness of 4 mm, corresponding 
to the maximum increment thickness recommended for 
bulk-fill composites. The mold was placed on a Mylar strip 
positioned over a glass slide and filled in a single 
increment. A second Mylar strip and glass slide were then 
applied on top, and gentle pressure was exerted to 
remove excess material and produce flat, standardized 
surfaces. 

Polymerization Procedures 
For the light-cure groups, polymerization was carried 

out using an LED curing unit (Woodpecker i-LED, 
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Woodpecker Medical Instrument Co., China) with an 
irradiance of approximately 1000–1200 mW/cm² for 20 
seconds, with the light guide tip placed in directly touching 
with the Mylar strip. 

For the self-cure groups, materials were mixed and 
placed following to the manufacturers’ instructions and 
allowed to polymerize chemically under a Mylar strip 
without light activation. Setting time was standardized 
according to the manufacturer-reported working and 
setting times, and all specimens were left undisturbed for 
10 minutes to ensure complete polymerization. 

After polymerization, the specimens were gently 
retrieved from the molds and kept in distilled water at 37 
°C for 24 hours prior to testing. Specimens were stored 
individually in light-proof containers during this period. 

Surface Roughness Measurement 
Surface roughness (Ra, µm) was evaluated with a 

contact profilometer (Perthometer M2, Mahr GmbH, 
Germany). For each specimen, three readings were 
obtained from different directions across the top surface, 
using a cutoff length of 0.8 mm and a tracing length of 4 
mm. The average Ra value was then calculated for each 
specimen. 

Microhardness and Degree of Polymerization 
Evaluation 

Vickers microhardness (VHN) measurements were 
performed using a microhardness tester (Shimadzu HMV-
G, Shimadzu Corp., Japan) with a 980.7 mN load applied 
for 15 seconds. Three indentations were made on both 
the top surface and bottom surface of each specimen, 
avoiding the edges and previous indentations. 
Indentations were spaced at least 1 mm apart and at least 
1 mm from the specimen margins. The mean Vickers 
hardness value was calculated separately for the top and 
bottom surfaces. 

To indirectly assess polymerization effectiveness, the 
bottom-to-top hardness ratio was calculated using the 
formula: 

Hardness Ratio = Bottom Surface VHN/Top Surface 
VHN 

A hardness ratio of 0.80 or higher was considered 
indicative of adequate depth of cure.7,8 

Statistical Analysis 
All statistical procedures were performed using SPSS 

software (version 26.0; IBM Corp., Armonk, NY, USA). The 
distribution of the data was examined with the Shapiro–
Wilk test, while homogeneity of variances was assessed 
using Levene’s test. 

Surface roughness (Ra), top surface microhardness 
(VHN), bottom surface microhardness, and bottom-to-top 
hardness ratio data were analyzed using two-way ANOVA 
to determine the effects of polymerization mechanism 
and material type as independent variables. Interaction 
effects between polymerization mechanism and material 
were also evaluated. 

When significant main effects or interaction effects 
were detected, pairwise group comparisons were 

conducted using Tukey’s post hoc test. Statistical 
significance was determined at an alpha level of 0.05. 

To assess polymerization efficiency within each 
material, paired-sample t-tests were used to compare top 
and bottom surface microhardness values. The bottom-
to-top hardness ratio was calculated as an indirect 
indicator of depth of polymerization, and a hardness ratio 
≥0.80 was considered indicative of adequate 
polymerization. 

Results 

Polymerization mechanism significantly influenced 
surface roughness (Ra) (p < 0.001), with self-cure 
materials exhibiting higher roughness values than light-
cure materials. Material type also had a significant effect 
on Ra (p < 0.05), while the interaction between 
polymerization mechanism and material was not 
statistically significant (p > 0.05). Mean Ra values are 
presented in Table 2. The lowest surface roughness was 
observed in the light-cure bulk-fill composite Estelite Bulk 
Fill Flow, whereas the highest values were recorded for 
the self-cure composites, particularly Stela Capsule. 
Among light-cure materials, VisCalor Bulk demonstrated 
significantly higher Ra values than Estelite Bulk Fill Flow (p 
< 0.05). No significant difference in surface roughness was 
detected between the two self-cure materials (p > 0.05). 

For top surface microhardness, significant effects of 
both polymerization mechanism (p < 0.001) and material 
type (p < 0.05) were observed. Light-cure bulk-fill 
composites exhibited significantly higher top surface 
hardness compared with self-cure materials. A significant 
interaction between polymerization mechanism and 
material was also observed (p < 0.05), indicating that the 
magnitude of hardness differences varied among 
materials. VisCalor Bulk presented the highest VHN 
values, followed by Estelite Bulk Fill Flow, while Stela 
Capsule exhibited the lowest values (Table 3). Within the 
light-cure group, VisCalor Bulk showed significantly higher 
top surface hardness than Estelite Bulk Fill Flow (p < 0.05). 
No significant difference was found between Stela 
Automix and Stela Capsule (p > 0.05). 

Analysis of bottom surface microhardness 
demonstrated significant effects of polymerization 
mechanism (p < 0.001) and material type (p < 0.05). Light-
cure materials showed a noticeable reduction in hardness 
at the bottom surface compared with the top surface, 
whereas self-cure materials exhibited similar hardness 
values at both surfaces. VisCalor Bulk maintained 
significantly higher bottom surface hardness than Estelite 
Bulk Fill Flow (p < 0.05), while no significant difference was 
observed between the two self-cure materials (p > 0.05). 

Evaluation of polymerization efficiency using the 
bottom-to-top hardness ratio indicated a significant effect 
of polymerization mechanism (p < 0.001). Self-cure 
composites demonstrated significantly higher hardness 
ratios (0.95–0.96) than light-cure materials (0.83–0.85). 
Material type did not significantly affect hardness ratio 
within the same polymerization category (p > 0.05). All 
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materials showed hardness ratio values above the 
clinically accepted threshold of 0.80 (Table 3). 

Paired-sample comparisons further confirmed that 
bottom surface hardness was significantly lower than top 

surface hardness in light-cure materials (p < 0.05), while 
no significant difference between surfaces was detected 
in self-cure composites (p > 0.05). 

 
Table 2. Surface roughness (Ra, µm) values of tested bulk-fill composites (mean ± SD) 

Different superscript letters within the same column indicate statistically significant differences (p < 0.05). 

 
Table 3. Top and bottom surface microhardness (VHN) values and bottom-to-top hardness ratios of the tested bulk-fill 
composites (mean ± SD) 

Material Top VHN Bottom VHN Hardness Ratio 

Estelite Bulk Fill Flow 78.5 ± 4.2ᵇ 66.4 ± 4.5ᵇ 0.85 ± 0.04ᵇ 

VisCalor Bulk 84.1 ± 3.8ᵃ 69.8 ± 4.1ᵇ 0.83 ± 0.03ᵇ 

Stela Automix 63.2 ± 4.8ᶜ 60.1 ± 4.6ᶜ 0.95 ± 0.03ᵃ 

Stela Capsule 61.5 ± 5.0ᶜ 58.9 ± 4.7ᶜ 0.96 ± 0.02ᵃ 
Different superscript letters within the same column indicate statistically significant differences (p < 0.05). A hardness ratio ≥ 0.80 indicates adequate 
depth of cure. 

 
Discussion 

This study investigated how the polymerization 
mechanism affects the surface roughness, microhardness, 
and polymerization effectiveness of bulk-fill resin 
composites. The null hypothesis was therefore rejected, 
since statistically significant differences were found 
among the tested materials for all evaluated parameters. 
These findings contribute to the limited comparative data 
available on self-cure bulk-fill composites, particularly 
regarding their polymerization efficiency and surface 
characteristics. 

Self-cure bulk-fill composites exhibited significantly 
higher surface roughness compared with light-cure 
materials. Surface roughness is influenced by filler 
distribution, resin matrix composition, and the degree of 
polymerization at the material surface.11,12 Previous 
studies have suggested that light-activated composites 
benefit from rapid surface polymerization under direct 
irradiation, which promotes the formation of a densely 
cross-linked superficial layer.4,7 Light-cure materials may 
benefit from rapid surface polymerization under direct 
light exposure, producing a more densely cross-linked 
superficial layer. In contrast, self-cure systems polymerize 
through a chemically activated redox reaction that 
progresses more gradually, which may lead to differences 
in surface network formation and finishing response. 
Similar observations have been reported in studies 
comparing different polymerization modes, where slower 
polymerization kinetics were associated with altered 
surface morphology.4,16 Clinically, increased surface 
roughness is associated with greater plaque 
accumulation, discoloration, and wear, potentially 
affecting long-term restoration performance.11 

Light-cure bulk-fill resin composites exhibited 
significantly greater microhardness values than self-cure 
materials at both the top and bottom surfaces. 

Microhardness is commonly considered an indirect 
measure of the degree of conversion and the cross-link 
density of the polymer network.6,8 The higher hardness 
values observed in light-cure materials may be attributed 
to more efficient photo-initiated radical formation and 
rapid network development at the irradiated surface.17,18 

However, this rapid polymerization may also lead to 
earlier vitrification, which restricts radical mobility and 
limits further conversion in deeper regions of the 
material.18,19 

A key finding of the present study was the difference 
in hardness distribution between materials. Light-cure 
composites showed significantly lower bottom surface 
hardness compared with the top surface, resulting in 
hardness ratios around 0.83–0.85. This reduction reflects 
light attenuation as photons travel through the material, 
a well-documented phenomenon in bulk-fill 
composites.20-24 Despite this decrease, all light-cure 
materials maintained hardness ratios above the 
commonly accepted threshold of 0.80, indicating clinically 
acceptable depth of cure.7,21,22 This suggests that, 
although some gradient in polymerization exists, current 
light-cure bulk-fill systems can still achieve adequate 
curing under the tested conditions.8,20 

In contrast, self-cure composites exhibited no 
significant difference between top and bottom surface 
hardness, leading to significantly higher hardness ratios 
(0.95–0.96). Chemically activated systems generate free 
radicals throughout the material mass rather than relying 
on light penetration.15,16,24 In addition, their slower 
polymerization kinetics extend the pre-gel phase, allowing 
greater molecular mobility and more uniform network 
formation before vitrification occurs.15,16 This mechanism 
explains the more homogeneous hardness distribution 
observed in the self-cure materials and aligns with reports 
describing more uniform conversion in chemically 
polymerized systems.3,4 

Material Ra (µm) Mean ± SD 

Estelite Bulk Fill Flow 0.18 ± 0.03ᵃ 

VisCalor Bulk 0.24 ± 0.04ᵇ 

Stela Automix 0.31 ± 0.05ᶜ 

Stela Capsule 0.34 ± 0.06ᶜ 
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One possible explanation for the higher microhardness 
values observed in VisCalor Bulk compared with the 
flowable composite may relate to its thermo-viscous 
application protocol. Preheating resin composites reduces 
their viscosity prior to placement, which can enhance 
monomer mobility and facilitate a higher degree of 
conversion before vitrification occurs.13,25 Previous 
investigations on preheated composites have similarly 
demonstrated improved polymer network formation and 
increased hardness values.13 Although self-cure materials 
demonstrated superior homogeneity of polymerization, 
their absolute hardness values remained significantly 
lower than those of light-cure composites. This indicates 
that uniform curing does not necessarily correspond to 
higher overall conversion or cross-link density.3,10,20,23 
These findings highlight a potential trade-off between 
maximum mechanical performance and polymerization 
uniformity. 

Clinically, this balance may influence material 
selection. Light-cure bulk-fill composites may provide 
superior resistance to occlusal forces in stress-bearing 
restorations due to their higher surface hardness, 
whereas self-cure materials may offer advantages in deep 
cavities or areas with limited light access by ensuring more 
uniform polymerization throughout the restoration.5,20 
This distinction may be particularly relevant in posterior 
restorations with deep proximal boxes or in situations 
where optimal light delivery cannot be guaranteed. 

This study has certain limitations that should be 
acknowledged. First, the experimental procedures were 
carried out under controlled laboratory conditions and did 
not simulate long-term intraoral factors such as thermal 
cycling, mechanical loading, or chemical degradation. 
Second, microhardness was employed as an indirect 
measure of polymerization effectiveness; however, more 
direct analytical methods, such as FTIR spectroscopy, may 
provide more accurate information about the degree of 
conversion. 

In addition, microhardness measurements were 
obtained only from the top and bottom surfaces, and 
hardness variations at intermediate depths were not 
evaluated. Specimens were prepared at a single thickness 
(4 mm), which may not fully represent clinical variations 
in increment depth. Furthermore, polymerization against 
Mylar strips produces smoother surfaces than those 
typically obtained after clinical finishing and polishing 
procedures. The mechanical behavior of the materials was 
assessed only in terms of microhardness and surface 
roughness, while other properties such as flexural 
strength and wear resistance were not investigated. 
Finally, only one light-curing unit and curing protocol were 
used, and different light parameters may affect 
polymerization outcomes. 

Accordingly, the findings should be interpreted with 
caution. Future studies are recommended to investigate 
the long-term mechanical behavior and wear resistance of 
self-cure bulk-fill composites under conditions that more 
closely resemble the clinical environment. 

 

Conclusions 

The polymerization mechanism appeared to influence 
the surface characteristics and mechanical behavior of 
bulk-fill resin composites. Light-cure materials tended to 
demonstrate higher overall microhardness values, 
although a reduction in hardness was observed at the 
bottom surface. In contrast, self-cure materials showed a 
more consistent hardness distribution throughout the 
specimen, albeit with lower absolute hardness values. 
These variations may be relevant when considering the 
clinical selection of bulk-fill composite materials. 
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