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Abstract The purpose of this study was to investigate the
marginal adaptation and microleakage of SonicFill com-
posite with different photopolymerization techniques. Class
II cavities were prepared in 40 premolars and divided into
groups according to the photopolymerization technique
(n = 10): G1:1200 mW/cm” for 20 s; G2:1200 mW/cm®
for 40 s; G3:Soft-start with 650 mW/cm? for 5 s and 1200
mW/cm” for 15 s; G4:Soft-start with 650 mW/cm? for 10 s
and 1200 mW/cm? for 30 s. The cavities were restored with
OptiBond FL adhesive and SonicFill. Epoxy resin replicas
were obtained before and after thermocycling. The occlusal
and cervical margins were analyzed with scanning electron
microcopy and expressed as the percentage of continuous
margins (%CM). The specimens were submitted to
microleakage with silver nitrate. ANOVA and Tukey’s test
revealed that the %CM at the linguo-occlusal margin for
group 1 (83.19%) was significantly different from groups 2,
3 and 4, which had values over 95%. At the cervical margin,
there was no statistically significant difference between the
groups. After thermocycling, there was a significant
decrease in %CM. The predominant score of microleakage
was 1 in enamel and 3 in dentin. The SonicFill composite
led to gap formation and microleakage, especially in the
dentin at the cervical margin, regardless of the photopoly-
merization technique employed.
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Introduction

Composite resins designed for a single application, known
as “bulk-fill composite resins,” were recently introduced.
According to the manufacturer, these materials are suit-
able for insertion in a 4 or 5 mm bulk placement,
depending on the brand, without a prolonged polymeriza-
tion time. Therefore, bulk-fill composite resins eliminate
incremental techniques and reduce the amount of work and
number of clinical steps required [1].

The bulk polymerization of these materials is possible
due to changes in their chemical composition that reduced
polymerization stress [2, 3] and a greater translucency
that allows for deeper light penetration and polymeriza-
tion [4].

One of the bulk-fill composite resins is SonicFill (Kerr),
which is inserted into the cavity by sonic activation using a
SonicFill handpiece. The material is sculpted and con-
toured prior to photopolymerization. According to the
manufacturer, this sonic activation produces a significant
reduction in the viscosity of the composite resin and thus
improving the adaptation of the material. The manufacturer
of this composite resin also claims that it can be pho-
topolymerized with a thickness of up to 5 mm in 20 s using
a high-intensity light-curing unit. However, only one study
has confirmed the indication of the manufacturer [5]. In
contrast, other studies showed that photopolymerization
with this thickness is not appropriate [2, 6-9]. The study by
Ilie and Stark [10] suggested a minimum energy density of
47.03 J/em? (1176 mW/cm?® for 40 s) to photopolymerize
the SonicFill and maintain its mechanical properties, such
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as flexural strength and microhardness [11], up to a depth
of 5 mm.

As an important aspect for the clinical success of
restorations, the quality and sealing of the margins depend
on many factors, such as the adhesive system used [12] and
the magnitude of shrinkage stresses that are generated
during the placement and photopolymerization of the
composite resin [13]. Clinically, these stresses can be
transferred to the restoration margins and thus affect the
marginal quality [14]. The adhesive system recommended
for SonicFill composite resin is OptiBond FL. OptiBond
FL is considered to be the gold standard for three-step etch-
and-rinse adhesive systems. This adhesive system presents
satisfactory results in bond strength to dental tissues in both
in vitro studies and clinical trials [15—17]. Polymerization
shrinkage stress depends on many factors, such as the
volume of the material, the elastic modulus, and the pho-
topolymerization technique employed [18].

The photoinitiator system for most composites resins is
camphorquinone (CQ). A light-curing unit that provides
sufficient light intensity for the monomer-polymer con-
version is essential for obtaining adequate physical and
mechanical properties of the composite resin [19, 20]. The
more intense the light source, the more photons are avail-
able for absorption by the photosensors. Thus, in the
presence of more photons, more CQ molecules are con-
verted to an excited state and react with the tertiary amine
to produce free radicals for polymerization [21]. However,
a higher light intensity generates higher shrinkage stress in
the composite resin [22]. To avoid the generation of high-
polymerization shrinkage stress, the use of lower initial
intensities with a gradual increase in intensity has been
proposed for the photopolymerization of composite resins
[23, 24]. The energy irradiated by the light-curing unit is
equal to the intensity of the light multiplied by the irradi-
ation time; thus, the amount of energy received by the
composite resin can be calculated [25].

Few studies have evaluated the marginal adaptation of
SonicFill composite resin; however, available data suggest
that this composite resin does not provide better marginal
adaptation when compared with conventional composite
resins [9, 26]. Moreover, no study has evaluated marginal
sealing by microleakage with silver nitrate or marginal
adaptation and microleakage with different photopoly-
merization techniques.

This study evaluated the marginal adaptation and
microleakage of class II restorations with SonicFill bulk-
fill composite resin using different photopolymerization
techniques. Our null hypothesis was that photopolymer-
ization techniques do not influence the marginal adaptation
or microleakage of class II cavities restored with the bulk-
fill composite resin.

Materials and methods

Forty sound maxillary first premolars were donated by
patients treated in the surgery clinic of the Dental School at
Pontifical Catholic University of Rio Grande do Sul. An
informed consent was signed by all patients after approval
from the Ethics Committee (45085015.6.0000.5336). The
teeth were cleaned and disinfected in 0.5% chloramine T
for 24 h and then stored in distilled water at 4 °C. The
buccolingual and mesiodistal dimensions of each tooth
were measured with a digital caliper (Mitutoyo, Suzano,
SP, Brazil). A maximum variation of 0.5 mm was allowed
for each measurement to standardize the dimensions of the
teeth.

Each tooth was mounted in a plastic cylinder with self-
cured acrylic resin up to 2 mm below the cemento-enamel
junction (CEJ) and then stored in distilled water at 4 °C. A
single operator performed the MOD cavities with a 2133
diamond bur (KG Sorensen, Barueri, SP, Brazil) for the
proximal boxes and a 3131 diamond bur (KG Sorensen,
Sdo Paulo, SP, Brazil) for occlusal boxes at high speed
with a water coolant. The width between the buccal and
lingual cavosurface angles was two-thirds of the distance
between the buccal and lingual cusp tips, and the occlusal
isthmus was 3 mm deep. The widths of the proximal boxes
corresponded to one-third of the distance between the
buccal and lingual surfaces of the tooth at the level of the
gingival wall and 1.5 mm deep. The distal boxes were
located 1 mm coronal to the CEJ, and the mesial boxes
were located 1 mm below the CEJ. The internal line angles
were rounded, and the cavosurface angles were approxi-
mately 90°. The final depth was measured with a peri-
odontal Williams probe (Hu-Friedy, Chicago, IL, USA) as
5 mm in the mesial face and 3 mm in the distal face. The
diamond bur was replaced every five preparations.

The Adapt SuperCap matrix system (Kerr Co, Orange,
CA, USA) was used to restore the MOD cavities. Low-
fusion godiva was placed on the proximal faces to
stable the matrix. OptiBond FL (Kerr Co, Orange, CA,
USA), a three-step etch-and-rinse adhesive, was applied
according to the manufacturer’s instructions. A solution of
37.5% phosphoric acid (Kerr Co, Orange, CA, USA) was
applied to the enamel and dentin for 30 s and 15 s,
respectively. The teeth were then rinsed with an air/water
spray for 15 s. The excess water was removed with cotton
swabs. A layer of primer was applied to the dentin for 30 s,
followed by gentle air-drying for 5 s. Subsequently, the
bond was applied on the enamel and dentin and then light-
cured with a Bluephase LED (Ivoclar Vivadent, Liecht-
enstein) at 650 mW/cm? for 30 s. The SonicFill composite
resin (Kerr Co, Orange, CA, USA), shade A2, was inserted
into the preparation with the sonic device, sculpted with a
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composite spatula, and adapted to the cavosurface angle.
Next, the composite resin was photopolymerized with a
Bluephase LED with a tip diameter of 9 mm. The light tip
was placed close to, but not touching, the surface of the
specimen.

The teeth were randomly divided into four groups based
on the polymerization technique employed (n = 10):

Group l—conventional polymerization with an expo-
sure time of 20 s at 1200 mW/cm?, corresponding to an
energy density of 24 J/cm?;

Group 2—conventional polymerization with an expo-
sure time of 40 s at 1200 mW/cm?, corresponding to an
energy density of 48 J/cm?;

Group 3—soft-start polymerization with an exposure
time of 5s at 650 mW/cm? and 15 s at 1200 mW/cmz,
corresponding to an energy density of 21.25 J/cm?;

Group 4—soft-start polymerization with an exposure
time of 10 s at 650 mW/cm” and 30 s at 1200 mW/cm’,
corresponding to an energy density of 42.5 J/cm?.

The restorations were completed using sequential alu-
minum oxide discs (Sof-Lex Pop-On Polishing discs, 3 M
ESPE, St. Paul, MN, USA). A single operator performed
all the restoration procedures. The teeth were stored in
distilled water at 37 °C for 24 h. Next, impressions of the
teeth were made using a polyvinyl siloxane material (3 M
ESPE St. Paul, MN, USA), and epoxy resin replicas were
obtained (Buehler, Lake Bluff, IL, USA). The specimens
were thermocycled in water for 2500 cycles between 5 and
55 °C with a dwell time of 30 s. After thermocycling, a
new set of epoxy resin replicas were obtained. Scanning
electron microscopy (SEM) (Philips XL 30, Philips Elec-
tronic Instruments Inc., Mahwah, NJ, USA) was used to
evaluate the occlusal, distal and mesial margins at a mag-
nification of 200x. The values are expressed as a per-
centage of the continuous margin over the total margin
length for the occlusal (buccal and lingual) and cervical
(distal and mesial) margins [26]. A blinded evaluator per-
formed the marginal analyses.

The teeth were completely covered with nail varnish,
except for the restoration site and the surrounding 0.5 mm
margin. The teeth were immersed in a 50% AgNO; solu-
tion for 24 h in a dark room. After washing, the specimens
were placed in a developer solution (Kodak, Rochester,
NY, USA) and exposed to fluorescent light for 16 h [27].
The teeth were rinsed thoroughly with water and sectioned
in the mesiodistal direction at the center of the crowns with
a diamond disc mounted on a low speed laboratory cutting
machine (Labcut 1010, Extec Corp., London, UK) with
cooling. Three sections were obtained from each restora-
tion. The cut surfaces were polished with 1000- and
1200-grit silicon carbide abrasive paper and wetted with
water using manual pressure and rotary movements. The
extent of dye penetration in the distal cervical margin
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(enamel) and mesial cervical margin (dentin) was assessed
using a stereomicroscope at a magnification of 25x
(Olympus Corp., Tokyo, Japan). The section with the
greatest microleakage was selected for analysis. Dye pen-
etration was scored using a 4-point scale: 0 = no pene-
tration; 1 = dye penetration to half of the gingival wall;
2 = dye penetration along the gingival wall; 3 = dye
penetration along the gingival and axial walls. A blinded
evaluator performed the microleakage analyses.

The level of marginal adaptation between groups was
analyzed using an ANOVA and Tukey’s test. The marginal
adaptation before and after thermocycling was analyzed
using a paired Student’s ¢ test. Microleakage data were
analyzed using the Kruskal-Wallis and Wilcoxon non-
parametric tests. The significance level was set at 5%.

Results

ANOVA followed by Tukey’s post hoc comparisons
revealed a significant difference between the photopoly-
merization techniques. At the bucco-occlusal margin after
thermocycling (p < 0.05), Group 1 showed the lowest
percentage of continuous margin and was significantly
different from group 3. At the linguo-occlusal margin,
before and after thermocycling, group 1 showed a signifi-
cant lower percentage of continuous margin when com-
pared with the other groups (p < 0.05) (Table 1).
However, there were no significant differences between the
groups in the dentin or enamel at the cervical margin
(p > 0.05) (Table 2).

Student’s ¢ test revealed a statistically significant
decrease in the mean percentage of continuous margins at
the bucco-occlusal margin after thermocycling for groups
1, 2 and 4 (Table 1). There was also a significant decrease
in the percentage of continuous margins after thermocy-
cling in the dentin at the cervical margin for groups 1, 3
and 4 and in the enamel at the cervical margin for group 1
(Table 2).

Figure 1 shows an example of a continuous margin, and
Fig. 2 shows an example of a non-continuous margin at the
occlusal margin observed using SEM.

The Kruskal-Wallis non-parametric test revealed no
significant differences in the microleakage scores between
groups for the enamel (p = 0.373) and dentin (p = 0.561).
Figure 3 shows the microleakage score distribution for
each group.

The Wilcoxon non-parametric test revealed significant
differences in the microleakage scores between the enamel
and dentin for group 1 (p = 0.005), group 2 (p = 0.003),
group 3 (p =0.002) and group 4 (p = 0.004). The
microleakage scores in the dentin were significantly higher
when compared with the enamel scores. A score of 1 was
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Table 1 The percentage of
continuous margins (%) at the
occlusal margin (mean £ SD)
for each group (n = 10) before
and after thermocycling

Table 2 The percentage of
continuous margins (%) at the
cervical margin (mean £ SD)
for each group (n = 10) before
and after thermocycling

Groups  Occlusal

Bucco-occlusal margin

Linguo-occlusal margin

Before thermocycling

After thermocycling

Before thermocycling

After thermocycling

1 98.80"% (£2.64)
2 99.294% (£2.26)
3 97.774% (+4.80)
4 97.82%% (£6.00)

77.524° (£20.24)
85.504B% (£9.96)

96.225% (+6.09)
90.34B® (£8.99)

83.195% (+16.44)
97.314% (£4.79)
97.694% (£3.10)
98.16™ (£3.46)

83.195% (+16.44)
96.834% (4+5.60)
95.14"% (+7.84)
96.697 (4+5.26)

Group 1: 1200 mW/cm? for 20 s
Group 2: 1200 mW/cm? for 40 s

Group 3: soft-start—650 mW/cm? for 5 s, 1200 mW/cm? for 15 s
Group 4: soft-start—650 mW/cm? for 10 s, 1200 mW/cm? for 30 s

Means with the same capital letter within each column are not significantly different according to Tukey’s
test at 5% significance level. Within each group and margin, means with the same lowercase letter are not
significantly different according to Student’s ¢ test at 5% significance level

Groups  Cervical

Cervical margin (dentin)

Cervical margin (enamel)

Before thermocycling

After thermocycling

Before thermocycling

After thermocycling

1 65.68"* (£47.24)
2 67.445% (£40.74)
3 93.534% (£16.53)
4 92.96"* (£15.51)

27.00%° (£37.74)
44.15%* (£38.14)
36.994" (+38.24)
26.44° (+18.58)

97.1342 (£9.08)
100.00%% (£0.00)
100.00%% (£0.00)
100.00%% (£0.00)

66.19° (£39.19)
79.694% (£33.56)
80.654% (+32.40)
95.934% (£12.87)

Group 1: 1200 mW/cm? for 20 s
Group 2: 1200 mW/cm? for 40 s

Group 3: soft-start—650 mW/cm? for 5 s, 1200 mW/cm? for 15 s
Group 4: soft-start—650 mW/cm? for 10 s, 1200 mW/cm? for 30 s

Means with same capital letter within each column are not significantly different according to Tukey’s test
at 5% significance level. Within each group and margin, means with the same lowercase letter are not
significantly different according to Student’s ¢ test at 5% significance level

Fig. 1 Representative SEM image (200x) of a continuous margin at

the occlusal surface (arrows)

250um

Fig. 2 Representative SEM image (200x) of a non-continuous
margin at the occlusal surface (arrows)
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Fig. 3 The distribution of microleakage scores for each group

Fig. 4 Representative images
of microleakage: Images a, b,
and ¢ correspond to the dye
penetration in the distal cervical
margin (enamel): a score 0;

b score 1; ¢ score 2. Image

d corresponds to the dye
penetration in the mesial
cervical margin (dentin): score 3

predominant for the enamel, and a score of 3 was pre-
dominant for the dentin. Figure 4 shows representative
images of microleakage.

Discussion

This study evaluated the marginal adaptation and
microleakage of class II cavities restored with SonicFill
bulk-fill composite resin using different photopolymeriza-
tion techniques. Our null hypothesis for marginal adapta-
tion was rejected because there was a significant difference
in the percentage of continuous margins between the
photopolymerization techniques for some of the margins
evaluated.

The type of photopolymerization employed had a sig-
nificant influence on the percentage of continuous margins
before thermocycling for group 1 at the linguo-occlusal
margin. Thus, continuous lower intensity light activation
resulted in the lowest percentage of continuous margins.
Although  the  single-session  photopolymerization
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polymerized the composite resin in contact with both the
linguo-occlusal and bucco-occlusal margins, there was no
significant difference in the percentage of continuous

margins at the bucco-occlusal before
thermocycling.

The occlusal surface of the restoration is the region
closest to the light-curing unit and thus has the smallest
loss of energy density during curing [28]. However, class II
restorations are challenging, particularly when the cervical
margins are below the CEJ. Margins below the CEJ make it
difficult to achieve efficient results for marginal sealing,
polishing and longevity [29]. Thus, the present study also
evaluated the microleakage at the cervical margins,
including the mesial margin of dentin and the distal margin
of enamel.

Although there was no statistically significant differ-
ence, conventional polymerization techniques (groups 1
and 2) resulted in a smaller percentage of continuous
margins for dentin at the cervical margin before thermo-
cycling when compared with the soft-start polymerization
technique (groups 3 and 4). In the soft-start polymerization

margin
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technique, the initial photopolymerization uses a lower
intensity light, which then increases after 5 or 10 s. This
technique may be more effective because it prolongs the
pre-gel stage to better accommodate the newly formed
polymer molecules. Consequently, the composite resin
flow is improved and the internal shrinkage stress of the
material is relaxed, which decreases the stresses inside the
structure and improves marginal integrity [19]. Continuous
and fast photopolymerization causes an increase in gap
formation [25]. However, at the cervical margin of the
enamel, there was a 100% continuous margin in groups 2, 3
and 4 and only a 3% non-continuous margin in group 1.
Although the OptiBond FL adhesive system is considered
the gold standard of etch-and-rinse adhesive systems [16],
a lower percentage of continuous margins for dentin is
expected, and the bond strength for enamel is more
effective when 37% phosphoric acid etching is used [15].
Therefore, the type of photopolymerization technique
employed was an important factor for the percentage of
continuous margins for dentin but not enamel. The study by
Campos et al. [26] also found lower marginal adaptation at
dentin margins when compared with enamel margins.

The present study used the maximum depth of 5 mm for
the cavity preparation on the mesial cervical margin.
Although the manufacturer recommends further pho-
topolymerization at the cervical margins after removal of
the matrix in class II restorations, this procedure was not
completed in this study. Similar to other studies, the pho-
topolymerization was completed only at the occlusal sur-
face [9, 26, 30]. The photopolymerization was only
performed at the occlusal surface to accurately calculate
the energy density for each technique. Regardless of the
photopolymerization technique applied, there were non-
continuous margins present that were not likely to disap-
pear if an additional photopolymerization had been per-
formed. Nevertheless, an additional photopolymerization at
the cervical margins may have resulted in higher percent-
ages of continuous margins after thermocycling and lower
microleakage scores.

SonicFill composite resin requires the use of a device
that emits sonic vibration. This vibration decreases the
viscosity of the composite resin and allows for a better
adaptation of the material to the margins of the cavity.
After deactivation of the sonic vibration, the viscosity
increases to allow for sculpting of the restoration [9, 30].
Thus, SonicFill composite resin is different from con-
ventional composite resins that use the standard 2-mm
incremental technique [31]. However, the bulk-fill tech-
nique used by SonicFill facilitates and expedites the
restoration procedure, but it does not solve the clinical
problem of gap formation at the interface due to poly-
merization shrinkage, particularly at the cervical margin
of dentin.

In the present study, the two different energy densities
used in each photopolymerization technique did not sig-
nificantly influence the percentage of continuous margins,
except at the linguo-occlusal margin of group 1. According
to the study by Bucuta and Ilie [4], the amount of light
transmitted through the SonicFill composite resin was
lower than the composite resins: x-tra base, Venus Bulk
Fill, Filtek Bulk Fill, x-tra fil, and Tetric EvoCeram Bulk
Fill. According to these authors, this finding is explained
by the fact that SonicFill is not as translucent to blue light
due to its high content of inorganic particles (84% by
weight, 66% by volume) and the irregular shape of the
particles, thus increasing light scattering and decreasing
light transmittance [2, 4, 6]. Due to the low translucency of
SonicFill, it is necessary to use a higher energy density,
approximately 47.03 J/cm?, to obtain the minimum degree
of conversion needed for a thickness of 5 mm [10]. The
energy density only affected marginal adaptation in the
linguo-occlusal margin; however, it is not advisable to use
lower energy densities because other parameters are
important for the longevity of the restoration, such as
hardness and flexural strength. These properties are directly
related to the degree of conversion provided by the light-
curing unit [7, 8].

The present study used thermocycling to simulate the
degradation of the bond interface that occurs over time in
the oral cavity. The effectiveness of thermocycling as a
clinical aging simulator has been controversial [32, 33]. In
addition, no evidence of the number of cycles likely to be
experienced in vivo was found, but a provisional estimate
of approximately 10,000 cycles per year was suggested
[34]. In our study, 2500 cycles were applied to the speci-
mens, and these thermal cycles were effective at decreasing
the percentage of continuous margins. This effect was
minor at the occlusal margins and more significant at cer-
vical margins, particularly for dentin. However, the
hypothesis cannot be ruled out that a higher number of
thermal cycles could decrease the percentage of continuous
margin at the occlusal margins [34]. The restorations could
also have been submitted to mechanical loading test that
tries to simulate the masticatory loads applied on the
restorations [35]. However, mechanical loading was not
performed, being one of the limitations of the present
study, since different results could have been obtained if
the restorations had received occlusal loads [36].

The cervical margins of dentin, which corresponded to a
5 mm depth, showed less than 50% of continuous margins
after thermocycling for all groups. These results support
the study by Benetti et al. [9] that found large gaps in
dentin margins when a bulk-fill composite resin was used.
The difference in continuous margin between the cervical
(dentin) and occlusal (enamel) margins may be related to
the higher bond strength of the adhesive to etched enamel
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in comparison with etched dentin [37], contributing to
greater resistance to the thermal changes at the enamel
margins. Furthermore, due to the cavity geometry, the
cervical margin was farther from the curing light that was
applied only at the occlusal surface. As a result, it is
expected lower conversion degree of the composite resin at
the cervical margin in comparison with the occlusal margin
that received the curing light directly [38].

In the present study, microleakage was more severe
(score 3) at the cervical margins located in dentin than at
the cervical margins located in enamel (score 1). The
microleakage results are consistent and expected based on
the lower percentage of continuous margins for dentin.
Similarly, previous studies showed that microleakage tends
to be higher in dentin than in enamel [39, 40]. Dentin has
higher biological variability than enamel, which makes it a
more difficult substrate to obtain a high bond strength with
the adhesive that must resist thermal stresses and the
interfacial stresses generated by the polymerization
shrinkage of the composite resin [41]. The results of our
study support the research by Kalmowicz et al. [30], which
found that the microleakage in enamel was significantly
lower when compared with dentin, regardless of the
material, C-factor, or insertion technique. Another possible
explanation for less infiltration in enamel when compared
with dentin is the use of an etch-and-rinse adhesive system
that employs 37% phosphoric acid etching. This etching
procedure is more effective at increasing the bond strength
for enamel when compared with self-etch adhesive systems
[42—44]. None of the photopolymerization techniques used
in our study prevented microleakage, and there was no
significant difference in the microleakage scores between
groups; thus, the null hypothesis was rejected.

The results of laboratory studies should be carefully
extrapolated to the clinical reality. However, the findings of
this study show that obtaining 100% of continuous margins
along all margins in a class II cavity is a challenge when
using SonicFill composite resin and the OptiBond FL
adhesive system. These findings are concerning because
the presence of non-continuous margins can increase the
occurrence of microleakage and secondary caries, two
factors that compromise the longevity of restorations [45].
Although the present study did not compare the bulk-fill
composite resin with a traditional composite resin, other
in vitro studies have shown that bulk-fill materials do not
allow better marginal adaptation than standard composite
[26, 44, 46—48]. Besides that, clinical trials showed that
bulk-fill composite resin had similar clinical performance
when compared to the conventional 2 mm layering tech-
nique in posterior composite resin restorations [49-51].

Despite the limitations of this in vitro study, it can be
concluded that the bulk-fill technique with SonicFill com-
posite resin and the OptiBond FL adhesive system for class
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Il cavities resulted in non-continuous margins and
microleakage, especially in the dentin at the cervical
margin, regardless of the photopolymerization technique
employed. In addition, the soft-start technique resulted in a
higher percentage of continuous margins for dentin at the
cervical margin. However, there was a loss of continuous
margins after thermocycling, regardless of the photopoly-
merization technique employed.
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