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A B S T R A C T

Purpose/objectives: The aim of the study was to evaluate the effect of two distinct light-polymerization protocols,
used by dental students, on the placement time and polymerization efficiency of bulk-fill (BF) and conventional
(CRC) resin-based composites (RBCs).
Methods: Thirty dental students participated in this study. Each student was asked to complete four Class II RBC
restorations using two different types of RBCs (BF and CRC) paired with two distinct light-polymerization pro-
tocols: one using 1200 mW/cm2 irradiance (P1200) and one using 800 mW/cm2 irradiance (P800). Manufacturer
instructions for curing times relative to these irradiance levels were adhered to. The restorations were retrieved,
sectioned and Vickers microhardness (VMH) was measured at specific reading points. The placement time was
recorded for each procedure. Multivariate analysis of variance and Bonferroni post hoc test were used for data
analysis.
Results: Bulk-fill RBCs were associated with significantly shortened placement times (P < 0.001). VMH values of
CRC-P800 were significantly higher compared to all other groups (P < 0.02). Across all groups tested, the VMH
values at the deepest reading points exceeded those at the occlusal surfaces by over 80 %.
Conclusions: The use of BF RBCs with a P1200 light-polymerization protocol reduced students’ procedural times
while maintaining effective polymerization of the restorations.

1. Introduction

Resin-based composites (RBCs) are widely accepted for various res-
torations, with ongoing improvements in their physical, mechanical,
and handling properties (Rizzante et al., 2019; Pereira et al., 2018).
Despite their advantages, light-cured RBCs face challenges such as
polymerization shrinkage and longer procedure times due to the incre-
mental placement technique, necessary for ensuring adequate light
penetration and efficient polymerization (Kaisarly and Gezawi, 2016;
Scolavino et al., 2016). To address these issues, bulk-fill (BF) materials,
which can be cured in bulk up to 4–5 mm thick, have been developed
(Chesterman et al., 2017; Silva et al., 2023).

The production of BF materials involves various modifications to
monomers and fillers, improving light penetration and reducing

polymerization shrinkage (Corral-Núnez et al., 2015; Abed et al., 2015).
However, concerns remain regarding the impact of these modifications
on microhardness and depth of cure (Marovic et al., 2013). Micro-
hardness is a key indicator of a material’s resistance to deformation and
provides insights into wear, polish retention, and the abrasive effects on
opposing teeth (Cidreira Boaro et al., 2019). Longitudinal microhard-
ness testing can assess the depth of cure, which is deemed adequate if
surface values reach 80 % or higher (Rizzante et al., 2019). Insufficient
depth of cure can negatively impact mechanical properties and increase
the release of uncured monomers (De Souza et al., 2015).

Light-polymerization techniques significantly affect the physical and
mechanical properties of RBC restorations (Catelan et al., 2015). Factors
such as light irradiance, exposure duration, and the positioning of the
light-curing tip influence the polymerization process (Awad et al.,
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2017). The principle of reciprocity, or “exposure reciprocity law,” pro-
poses a reciprocal relationship between irradiance levels and exposure
time for effective curing (Sadeghyar et al., 2020). Although this prin-
ciple is clinically appealing for achieving adequate curing with higher
irradiance in shorter times, it does not apply universally due to variables
like photoinitiator type and material viscosity (AlShaafi, 2017; Sade-
ghyar et al., 2020). Limited reciprocity applies to both conventional
resin composites (CRCs) and BF materials, as higher irradiance cannot
fully compensate for insufficient exposure time, leading to inadequate
depth of cure and polymerization (Daugherty et al., 2018).

Many dental schools worldwide continue to favor incremental
placement techniques in students’ clinical training (Sidhu et al., 2021).
Although studies show that BF RBC materials perform comparably to
CRCs placed incrementally, educators still hesitate to teach BF tech-
niques, due to uncertainties related to the students’ handling of the
material (Saati et al., 2022; Sengupta et al., 2023; Silva et al., 2023;
Tirapelli, 2022). Understanding whether potential gaps in students’
knowledge and technique affect BF restoration outcomes is crucial for
informed curriculum decisions.

This study aims to evaluate the effect of two distinct light-
polymerization protocols used by dental students on the placement
time and polymerization efficiency of BF and CRC RBCs, following
manufacturer instructions for curing times relative to irradiance levels.
The null hypothesis posits that these factors will not significantly in-
fluence polymerization efficiency or placement time.

2. Material and methods

2.1. Study design

This study, approved by the Research and Ethics committee at Dar Al
Uloom University (DAU) under reference number COD/IRB/2020/13,
involved thirty preclinical dental students from the College of Dentistry
at DAU. Each student provided informed consent to participate in the
study. All participants had attended a “Light Curing Techniques” lecture
and had at least three months of preclinical training on two-surface RBC
restorations.

Each student performed four RBC restorations using two types of
RBC (BF and CRC) and two light-polymerization protocols: 1200 mW/
cm2 (P1200) and 800 mW/cm2 (P800). Both RBCs were high viscosity
with mechanical properties suitable for clinical use (Rizzante et al.,
2019). A light shade (A2) was used to ensure adequate light penetration,
in addition to being one of the most regularly used shades. Both RBCs,
produced by the same manufacturer, shared a common composition

except for the components that allow bulk curing in BFmaterials. Details
of the RBCs are summarized in Table 1.

Standardized mesial slot cavities were prepared in mandibular first
molar Ivorine teeth (Frasaco, Germany) by a single operator. The di-
mensions (5.0 mm occlusogingivally, 3.5 mm buccolingually, and 2.0
mm in axial depth) were confirmed with a micrometer to 0.01 mm ac-
curacy, ensuring no undercuts were present. The prepared teeth were
positioned between adjacent teeth in a Dentiform arch secured in a
phantom head to simulate posterior restorations, in which restricted
access could compromise the delivered irradiance values. A circumfer-
ential metal Tofflemire matrix band was applied and secured with a
wooden wedge. The slot preparations were lightly coated with glycerin
to facilitate the retrieval of the restoration after polymerization. Excess
glycerin was wiped off using a micro-brush to ensure that the glycerin
film would not interfere with the RBC placement.

Students placed the RBC restorations in increments for CRC groups
and in bulk for BF groups, following manufacturer recommendations. A
three-sided polymerization technique was instructed: curing from the
occlusal surface, followed by curing from the buccal and lingual surfaces
after removing the matrix band and wedge. Two light-emitting diode
(LED) units were used: Bluephase (Ivoclar Vivadent AG) with a wave-
length spectrum of 385–515 nm at 1,200 mW/cm2 ± 10 %, and Blue-
phase Style M8 (Ivoclar Vivadent AG) with a wavelength spectrum of
430–490 nm at 800 mW/cm2 ± 10 %. Curing times followed manu-
facturer recommendations (Table 1). The light irradiance was checked
with a radiometer (Bluephase Meter II Radiometer − Ivoclar Vivadent
AG) before each use.

All restorations were placed in a single session, with students
instructed not to discuss the experiment until completion. Supervision
ensured adherence to the study protocols.

2.2. Microhardness testing

After polymerization, restorations were carefully removed using an
excavator. The preparation’s configuration and glycerin lubrication
facilitated removal. Specimens were stored at 37 ◦C for 24 h in distilled
water, then embedded in epoxy resin and sectioned mesiodistally with a
water-cooled diamond disc (Isomet; Buehler, USA).

Vickers microhardness (VMH) was measured at predefined locations
along the cut surface of the restorations in vertical and horizontal planes
(Fig. 1). In the vertical plane, VMHmeasurements were taken at 0.2 mm
from the matrix band, through the center, and 0.2 mm from the axial
face. Horizontal measurements were taken at 1 mm intervals, starting
0.1 mm below the occlusal surface to 0.1 mm above the gingival floor.

Table 1
Resin-based composite materials used in the study and grouping.

Composite Material Brand
Name
(Shade)
Lot Number

Resin composition Fillers Manufacturer Study Groups
Codes

Application method
(Per manufacturers’ recommendations)

Filtek-One BF Restorative
(A2)
0009712946–70201404871

AUDMA, UDMA, AFM, and
1,12-dodecane-DMA

Si, Zir, YbF3
(76.5 % by wt)

3 M ESPE St. Paul,
MN, USA

BF-P1200 Bulk placement
Bulk and 3-sided polymerization with 1200
mW/cm2 light for 10 sec/cycle

BF-P800 Bulk placement
Bulk and 3-sided polymerization with 800
mW/cm2 light for 20 sec/cycle

Filtek Z350 XT
(A2B)
9,503,963

BIS-GMA, UDMA, TEGDMA,
BIS-EMA and PEGDMA

Si, Zir
(72.5 % by wt)

3 M ESPE St. Paul,
MN, USA

CRC-P1200 Incremental placement
and 3-sided polymerization with 1200 mW/
cm2 light for 20 sec/cycle

CRC-P800 Incremental placement
and 3-sided polymerization with 800 mW/
cm2 light for 40 sec/cycle

Footnote: AUDMA: aromatic urethane dimethacrylate; UDMA: urethane dimethacrylate; AFM: addition fragmentation monomers, 1,12-dodecane-DMA: 1,12-
dodecane-dimethacrylate; BIS-GMA: bisphenol A-glycidyl methacrylate; TEGDMA: triethylene glycol dimethacrylate; BIS-EMA: ethoxylated bisphenol-A dimetha-
crylate; PEGDMA: polyethylene glycol dimethacrylate; BF: Bulk Fill, CRC: Conventional resin-based composite, P1200: 1200 mW/cm2 light curing protocol, and P800:
800 mW/cm2 light curing protocol.
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Fifteen VMH measurements were obtained per specimen.
A 100 g load was applied for 30 s per measurement. VMH values (kg/

mm2) were calculated using VMH = (1.8544 × P)/D2, where P is the
load in kg and D is the average diagonal distance (mm) of the indenta-
tion. A bottom-to-top VMH ratio was calculated to evaluate cure depth,
with 80 % considered acceptable.

2.3. Placement time

Placement time was recorded using a digital stopwatch (Lynch et al.,
2010). The time recorded excluded matrix and wedge placement, which
was performed by the instructor, and included only the time consumed
by the students for packing and light curing the RBC restorations.

2.4. Statistical analysis

Data homogeneity was checked using Levene’s test. Multivariate
analysis of variance and Bonferroni post-hoc tests were conducted for
data analysis (SPSS 22, IBM Corp., USA). The sample size and signifi-
cance level (α = 0.05) provided adequate power (ß-1 = 95) to detect
small effect size differences between groups.

3. Results

The statistical analysis identified significant differences in VMH as a
function of the type of resin-based composite (RBC) (F = 911, P <

0.001), the light-polymerization mode (F = 11.7, P < 0.001), and their
interactions (F = 567, P < 0.001). The highest VMH readings were
recorded in the CRC-P800 group, followed by CRC-P1200, BF-P1200,
and BF-P800 groups. VMH values were highest at the outer plane
(closest to the matrix band) compared to the middle and inner planes
(closest to the axial wall of the prepared tooth) (F = 2786, P < 0.001).
Additionally, a significant reduction in VMH was noted from the top to
the bottom of the restorations (F = 120, P < 0.001). Nevertheless, VMH
values at the deepest points in all groups remained above 80 % of those
at the occlusal surface. Regarding the vertical plane, VMH decreased
significantly from the outer wall to the middle and inner planes (F =

2786, P < 0.001) (Table 2).
No significant differences were observed among the 30 students

participating in the study (P > 0.05). However, there was a significant
difference in the time taken by students in each group to complete the
restorations (P < 0.001). The CRC-P800 group took the longest time,

while the BF-P1200 group took the least (Table 3).

4. Discussion

Dental schools worldwide are integrating the teaching of posterior
RBC restorations into their curricula but remain hesitant to introduce BF
materials and techniques into undergraduate training (AlQahtani et al.,
2015; Kanzow et al., 2023; Lynch et al., 2014; Wilson and Mjör, 2000).
Our findings can help educators make informed decisions about incor-
porating BF materials into dental students’ clinical training and shed
light on their polymerization efficiency when placed by the hands of
dental students.

The VMH readings of the CRC material tested in this study were
generally higher than those of the BF materials. That finding is consis-
tent with other studies, which found that no BF materials exhibited VMH
readings as high as those of conventional RBCs (Alshali et al., 2015,
Rizzante et al., 2019). We also observed the same result when the BF was
polymerized with higher radiance power. This finding suggests that the
lower microhardness of BF is predominantly a material-specific property
rather than being dependent on the polymerization protocol.

Radiant exposure time is crucial for the proper polymerization of
RBCs to ensure that they exhibit adequate physical and mechanical
properties. The radiant exposure can be calculated as the product of the
irradiance and the time of irradiation (Rencz et al., 2012). Aguiar et al.
(2005) reported that the extended exposure time could increase the
irradiant energy available for the carbon double bond conversion, even
without changes in the light power output. On the other hand, other
studies have shown that shortening the curing time can negatively affect
material properties, particularly if insufficient levels of light permeate
more deeply (Aravamudhan et al., 2006; da Silva et al., 2008). Ac-
cording to the law of reciprocity, shortening the exposure duration can
be compensated for by raising the irradiance level. We verified this
concept, which holds true to some limit; the VMH readings that we
attained were generally higher when the RBC materials were polymer-
ized using P1200, despite the shorter curing times. This finding is
consistent with the results of Alkhudhairy (2017), who demonstrated
that higher curing light irradiance had a positive influence on micro-
hardness compared with lower curing light irradiance.

Another factor to consider for polymerization efficiency is the
reduction in light irradiance as the distance from the light-curing tip to
the surface of the restoration increases. The effectiveness of the poly-
merization and the irradiant exposure are directly proportional

Fig. 1. Diagram of the extracted restoration and VMH Testing Reading Points. a: Dimensions of the extracted restoration: 5 mm in height, 3.5 mm in bucco-
lingual width, 2 mm in depth; b: Cut restoration surface through the middle in a mesiodistal direction showing VMH reading points, where the “O”, “M” and “I”
letters represent the following: “O”: the outer surface reading plane − adjacent to the metal band, M: the middle reading plane and “I”: the inner reading plane –
adjacent to the tooth surface. Numbe1, 2,3, 4 and 5 along the reading planes represent the following: “1″: 0.1 mm from the occlusal surface, “2”: 1 mm gingival to
point “1”, “3”: middle of the restoration occlusogingivally, “4”: 1 mm gingival to point 3, “5” 0.1 mm occlusal to the gingival surface.
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(Gonçalves et al., 2010); these factors can be affected by variables such
as the exposure time, the light power output, and the distance between
the guide tip of the light curing unit and the resinous material surface
(Aguiar et al., 2005; Chesterman et al., 2017; Hasanain et al. 2022; Prati
et al., 1999). In our study, the students were instructed to polymerize the
material from the buccal and lingual surfaces for an additional cycle
after the removal of the band. Doing so helped to bring the light source
closer to the external surfaces of the resin composite, which in turn
explained the higher VMH values recorded at the external wall (closest
to the matrix band) in the vertical axis and in the most occlusal reading
points in the horizontal axis.

Measuring the exact distance between the light-curing tip and the
surface of the restoration with each student application was not a focus
of our study. Even though some differences in the technique were
observed between individual students, no statistically significant

difference was found between their restorations VMH values; that
finding may be related to the academic clinical setup. Furthermore, our
statistical analysis revealed that all the dental students were able to
place the selected RBCs using two light sources and two placement
techniques without compromising the restorations’ microhardness
properties. This finding is consistent with the results of Al-Zain and Al-
Osaimi (2021) who reported that, regardless of the light curing tech-
nique used by students or the instruction methods they received, the
mean radiant exposure was between 11.5 and 13.7 J/cm2. That exposure
is much higher than the required minimum value of 6 J/cm2 (Price et al.,
2010).

The curing efficiency or depth of cure has been measured by calcu-
lating the ratio of bottom to top surface hardness values, and a ratio of
80 % has been used as a minimum clinically acceptable value (Bous-
chlicher et al., 2004). This threshold in turn corresponds to the
maximum depth at which an RBC should be safely placed (Kelić et al.,
2016). We found that the microhardness ratios of both BF and CRC
materials combined with the two light polymerization protocols that
were tested in the hands of students attained this minimum value (Lima
et al., 2018; Marovic et al., 2013; Pereira et al., 2018). This finding
suggests that BF RBCs can perform as well with students as with expe-
rienced dentists in terms of microhardness.

The shortest recorded time was achieved for the BF-P1200 protocol
(2.79 min); the longest time was recorded for the CRC-P800 protocol
(6.18 min). That outcome is consistent with the findings of Vianna-de-
Pinho et al. (2017) and Leinonen et al. (2023). We accordingly rejected
our proposed null hypothesis—the two different light-polymerization
protocols did, in fact, have a significant effect on the polymerization
efficiency and the placement time of BF and CRC restorations. However,
we noted that the depth of cure was sufficient in all cases.

Limitations of the pre-clinical study include some limitations related
to mimicking clinical conditions as the distance or the angle between the
light cure tip and the surface of the restorations were not assessed.
Recording these data for each student and correlating them with the
polymerization outcome could be the subject of future work. Addition-
ally, the internal fit and the presence of voids are additional factors
crucial to the overall success of restorations (Al-Zain et al., 2023).
However, making such assessments was beyond the scope of this study.
Moreover, using Fourier Transform Infrared (FTIR) spectroscopy tests,
which required more resources, would have provided more insights into
the polymerization behavior of the resin, and complemented the results
obtained by the Vickers microhardness test.

5. Conclusions

Within the limitations of this study, one can conclude that dental
students can safely place BF and conventional RBC restorations using the
different irradiance protocols tested without compromising polymeri-
zation efficiency beyond clinically accepted levels.

Table 2
Mean and standard deviation (SD) of Vickers Microhardness (VMH) test readings
of the bulk fill (BF) and conventional (CRC) resin-based composite (RBC) res-
torations at the different vertical and horizontal reading points.

RBC Light
Polymerization
Protocol

Vertical
Plane

VMH
Mean
(SD)

Horizontal
Plane at
reading
points level

VMH
Mean
(SD)

BF P1200 Inner 51.41
(5.347)

1 63.81
(7.489)

Middle 59.88
(3.995)

2 62.51
(7.378)

Outer 67.75
(4.913)

3 59.83
(6.956)

4 57.10
(7.613)

5 55.14
(8.374)

P800 Inner 47.91
(4.669)

1 59.33
(5.700)

Middle 56.31
(5.159)

2 57.27
(5.528)

Outer 61.11
(3.983)

3 55.07
(6.792)

4 53.47
(7.105)

5 50.41
(7.104)

CRC P1200 Inner 52.32
(4.421)

1 59.69
(8.882)

Middle 62.36
(4.374)

2 64.11
(6.173)

Outer 67.45
(3.598)

3 61.99
(5.988)

4 59.72
(7.269)

5 58.03
(7.605)

P800 Inner 55.63
(6.380)

1 62.43
(5.022)

Middle 65.35
(7.173)

2 75.07
(3.912)

Outer 71.44
(6.219)

3 74.97
(4.198)

4 72.87
(3.767)

5 71.87
(3.702)

Footnote: BF: Bulk Fill, CRC: Conventional resin-based composite, P1200: 1200
mW/cm2 light polymerization protocol, and P800: 800 mW/cm2 light poly-
merization protocol.
Significant differences were found between RBC types (p < 0.02), light poly-
merization protocols (p < 0.001), interaction between RBC types and light in-
tensity (p= 0.001). Significant differences were found in horizontal and vertical
locations (p < 0.001).
Across all groups tested, the VMH values at the deepest reading points exceeded
those at the occlusal surfaces by 80%.

Table 3
Time taken by students to complete the restorations.

Groups Time in minutes Repeated measures ANOVA
P-value

Mean
(SD)

95 % Confidence
Interval

BF-P1200 2.79
(0.68)

2.54, 3.05 <0.001*

BF-P800 3.35
(0.93)

3.00, 3.70

CRC-
P1200

4.58
(1.17)

4.14, 5.02

CRC-P800 6.18
(1.33)

5.69, 6.68

Footnote: BF: Bulk Fill, CRC: Conventional resin-based composite P1200: 1200
mW/cm2 light curing protocol, and P800: 800 mW/cm2 light curing protocol.
* Significantly different at p < 0.05.
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