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ARTICLE INFO ABSTRACT

Objectives: Insufficient radiant exposure (J/cm?) may provide an early trigger in a cascade of detrimental re-
sponses on incrementally-place composite, especially the bottom layer. This study aimed to assess the influence
of poor radiant exposure, the degree of conversion (%DC), water sorption/ solubility and S. mutans biofilm
formation on conventional, incrementally placed composites and to establish a relationship between these
factors.

Methods: Two light units operating at 600 and 1000 mW/cm? and four most common operator-dependent curing
conditions had the radiant exposure (Rg) recorded. All the specimens were subjected to S. mutans biofilm model
for 14 days. The %DC, biofilm formation expressed by colony-forming units (CFU), water sorption/ solubility
and surface roughness/ SEM were assessed. Data were submitted to two-way ANOVA and Tukey post-hoc test
(a = 0.05). Pearson correlation was also determined.

Results: The influence of Rg on S. mutans CFU values and DC are dependent on the curing conditions and ir-
radiance (p < 0.05). A negative relationship was observed between Rg and biofilm formation. The operator-
dependent curing conditions have shown Rg reduction varying from 49.4% to 73.5% in relation to control. The
difference in DC between top/bottom of cylinder varied from 13% to 21% for 1000 mW/cm?and from 29% to
53% for LCU600. The roughness, solubility and salivary sorption were greater for low Rg.

Conclusion: Poor, deficient curing procedures provide an early trigger in a negative pathway of events for in-
crementally-place dental composite including a biological response by increased biofilm formation by S. mutans,
a relevant factor for secondary caries development.

Significance: The susceptibility to variation in the outcomes was Rg -dependent. The optimization of the curing
procedures ensures the maximum performance in the chain of events involved in the light curing process of
resin-based materials and potentially reduce the risk factors of secondary caries development.
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1. Introduction -tooth interface and, consequently, caries formation around the com-

posite restorations [4]. Secondary caries is one of the main reasons for

One long-time drawback of dental composites is that they are more
prone to biofilm accumulation and plaque formation than amalgam and
glass ionomer restorative materials [1]. The ester-containing metha-
crylate in their chemical composition makes restorative dental poly-
mers prone to degradation by bacterial acids and enzymatic hydrolytic
activity present in the oral cavity. Some products of composite biode-
gradation have also been shown to promote the growth of Streptococcus
mutans, a dominant cariogenic bacterium. [2,3]. The bacterial coloni-
zation of the composite restoration may lead to failure of restoration

restoration failure reported in clinical trials [5,6].

Currently, resin composites are cured by light-induced poly-
merization of methacrylate monomers [7]. Those materials form highly
crosslinked networks and reach gelation and vitrification at relatively
low conversions, which causes the limiting conversions to be only
around 50 to 70% [8,9], even for materials where the curing procedures
are optimized. Cumulative evidence from studies of resin composite/
cariogenic bacteria interactions has suggested that residual un-
polymerized monomers that leach from the composite may primarily
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stimulate S. mutans adherence, colonization, and growth over the
composite. [10,11]. Recently, more insightful mechanistic pathway
findings have highlighted the relationship of by-products released from
adequately cured resin composites and their influence in the S. mutans
biofilm growth [12,13]. There is a rapidly expanding body of evidence
suggesting the role of uncured monomers on the promotion of grown of
cariogenic species and the possibility of the eluted monomers accel-
erating the growth of bacteria over restorative materials [13,14,16].
Another relevant factor to consider, it is the potential role of product-
derived from degradation on S. mutans virulence-associated gene
[16,17]. Although, the emergent research on interactions of dental
monomers with biological systems in the oral cavity indicates changes
in S. mutans biofilms in response to the dental composite degradation
with ideal and standardized polymerization conditions, the potential
detrimental effect of inadequate polymerization with increased release
of uncured monomers could even demonstrate greater impact for the
cariogenic biofilm-related implications. While investigations of such
mechanistic in-depth factors are beyond the scope of this article, an
examination of the influence of poor radiant exposure on S. mutans
biofilm formation is presented.

Insufficient radiant exposure (J/cm?), due to poor curing proce-
dures, may trigger a snowball effect driving to shorten the long-term
lifetime service of composites [18]. Incomplete conversion of the
polymer matrix, significant release of materials to the oral environ-
ment, high degradation upon oral fluids, increase of water sorption and
increase roughness is the potential pathway of detrimental events
leading to the increase of biofilm accumulation and, consequentially,
the risk of development of caries lesions around restorations (CARS)
due to inappropriate curing procedures of the material [19].

The radiant exposure (J/cm?) delivered to the composites during
the curing procedures contributes to the properties of the resin based-
materials [20]. Insufficient delivered radiant exposure may impart in-
adequate polymerization and indirectly has been suggested to adversely
affect patients’ long-term quality of dental composite restorations [21].
Certain conditions such as the distance of the light source, the direction
of the light, the movement during the light curing procedure are op-
erator-related factors that profoundly impacts the amount of radiant
exposure received during the curing procedures [22]. Often it is
straightforward to see a link between the radiant exposure and poly-
merization performance expressed by the degree of conversion of resin-
based materials. Expressive literature has investigated the impact of
irradiance on the degree of conversion of the monomers [20,24], but
there are no studies examining the biofilm-related implications by
means of correlation with inefficient polymerization resulting of poor
performance of the curing procedures and variations in the irradiance.

This cited evidence motivated the present study to investigate the
effect of the radiant exposure generated by less than optimal light
curing conditions and different irradiances on the formation of S. mu-
tans biofilm over composite surfaces. The degree of conversion, surface
roughness and physical properties of a conventional composite were
also assessed.

The tested null hypothesis was that the different levels of irra-
diance/light curing unit and radiant exposure promoted by under-
performed curing conditions will not interfere with S. mutans biofilm
formation (CFU), the degree of conversion (DC), the surface roughness
(SR), water sorption and solubility.

2. Materials and methods
2.1. Experimental design

This in vitro study (Fig.1) has considered two light curing units
operating at 600 and 1000 mW/cm? (LCU600 and LCU1000) and four
curing conditions: (1) optimal- no light tip angulation and no separa-
tion between the tip and the surface of the specimen; (2) light tip an-
gulation (o = 20°); (3) light tip angulation (o = 35°); (4) light tip 2 mm
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away from the surface of the specimen. These conditions were de-
termined in a previous study as the most common operator-dependent
scenarios [22]. The irradiance conditions are illustrated in Fig. 1. The
response variables were radiant exposure (Rg in J/cm?), the degree of
conversion (%DC) on the top and bottom of specimens, colony-forming
units (CFU/composite), the surface roughness (um) and water sorption/
solubility (ug/mm?).

Two light curing units (LCU), representative of common irradiance
available for dentists for curing composites were used. LCU600 provide
the irradiance of LCUgy (Radii-cal, SDI Limited Victoria, Australia;
standard curing mode, irradiance output provided of 689 mW/cm?) and
LCUj 00 displayed 1000 mW/cm? (Valo grand, Ultradent Products Inc,
South Jordan, UT, USA; standard curing mode; irradiance output pro-
vided of 1029 mW/cm?), respectively. A hybrid composite applied in a
2-mm increment was used in all tested conditions (Amelogen® Plus,
Ultradent Products Inc). According to the manufacturer, the composite
contains in percentage by weight, approximately 60 wt.% Bisphenol A-
Glycidyl Methacrylate (Bis-GMA), 40 wt.% triethylene glycol dimetha-
crylate (TEGMA), 1 wt.% butylated hydroxytoluene (BHT) and 35 wt.%
barium aluminosilicate glass powder as a filler.

2.2. Sample preparation and measurement of RE at the bottom surface of
the specimen

To achieve uniformization during the simulation of variations in the
way LCUs are handled during the curing of a posterior composite,
templates were designed, and 3D printed creating less than optimal
curing conditions as shown in Fig. 1. The 3D printed molds (polylactic
acid filament, melted Extrusion Modeling, 3D H800 Afinia printer)
were prepared with inner diameter = 7mm and thickness = 2 mm.
Initially, the radiant exposure (Rg) values obtained with the curing unit
placed either directly on the sensor, or the top of the empty mold was
determined. Then, the Rg reaching the bottom of composite cylinders
under the four curing conditions described above was measured. Each
mold containing uncured composite was placed over the bottom sensor
of a laboratory-grade NIST-referenced USB4000 Spectrometer (MARC:
Managing Accurate Resin Curing; System, Bluelight Analytics Inc.,
Halifax, Canada) and photopolymerized for 20 s using one of the two
LED curing units at irradiance output of approximately 600 or LCU2
1000. After curing, all the composite cylinders were dry stored at 37 °C
for 24 h.

The total energy delivered to the specimen stated as radiant ex-
posure (Rg) was calculated according to the following equations:

Total energy (J/cm?) also referred as radiance exposure = incident
irradiance (mW/cm?) x time (seconds) where, incident irradiance
(mW/cm?): radiant power of LCU (mW) divided by total irradiated
surface area (cm?).

J(Jouies) _ mI/IZ/ x t(sec)
cm cm

2.3. S. mutans biofilm model

The cured specimens (n = 6) were subjected to the biofilm model
[25] with modifications. S. mutans (ATCC 700610, UA159; American
Type Culture, Manassas, VA) was used as inoculum according to a
protocol approved by the University of Maryland Baltimore. S. mu-
tanswas selected because of its acidogenic and aciduric properties,
correlation with caries development and ability to better attach and
survive on the composite surface than other species [10,12].

In brief, a 150 pl of S. mutans inoculum in brain heart infusion (BHI,
Sigma-Aldrich, St. Louis, Missouri, USA)) -glycerol solution (stored at
—80 °C) was spread on Columbia blood agar (BBL, Becton Dickinson,
Allschwil, Switzerland), incubated over 48 h. S. mutans colonies were
resuspended in 5ml of BHI broth and incubated overnight at 37 °C
under the aerobic condition to the mid-log phase (OD goo = 0.9). The
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Fig. 1. Schematic representation of clinical simulated conditions in this experiment. Our 2-mm increment composite aims to represent the first increment of
composite placed in the proximal box of a class II preparation. To light cure this increment, very often clinicians face downgrade conditions for light delivery such as
tip displacement and angulation. Taking into consideration, samples were prepared and R, at the bottom surface of the specimen was measured under the following
simulated conditions: (1) optimal condition (no angulation or tip displacement), (2) tip-displacement (2 mm), (3) light tip angulation (o = 20°) and (4) light tip

angulation (o = 35°).

composite cylinder (n = 6) previously sterilized via ethylene oxide gas
was placed in a well of a 24-well plate and immersed in sterile BHI
containing 5% sucrose (w/v) [8]. All BHI-containing wells were in-
oculated with 120l of 1-2 x 108 CFU/ml overnight cultures of S.
mutans. Inoculation of each BHI-containing recipient was performed

only once on the first day, and the composite cylinders were transferred
to a fresh medium every day for 14 days. Also, each BHI-containing
recipient was streaked onto a new fresh BHI agar media plated and
incubated at 37 °C in an atmosphere of 10% CO, for 24 h to check for
purity. For microbiological analysis, biofilm formed on composite
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cylinders was collected, serially diluted with 0.9% sodium chloride
(NaCl) solution and plated in triplicate on BHI agar. After 48 h at 37 °C
in a 10% CO, atmosphere, representative colonies with typical mor-
phology of S. mutans were counted using a colony counter and ex-
pressed as CFU/composite. To assess the single-examiner reliability, the
data from the two attempts for microbiological assay using the two light
units and the studied conditions were used. The first attempt was
compared with a second attempt using paired t-test (a = 0.05), and no
difference was found (p = 0.313). Additionally, samples of control and
moderate inclination condition were prepared for scanning electron
microscopy (SEM, Quanta 200, FEI, Hillsboro, OR). Samples were
sputter coated with gold/palladium and evaluated with a magnification
of X200 and X10.000 at an accelerating voltage of 20 kV.

2.4. The degree of conversion analysis

The cylinders were stored in a dark container for 24h at 37°CA
previous study has shown no significant effect of post-curing conversion
after 24 h [26]. The cylinders were embedded into the epoxy resin (Die
Epoxy Type 8000, American Dental Supply, INC, Allentown, PA) and
sectioned using a diamond saw (Accutom-5, Struers, Cleveland, OH) to
obtain three 0.4 mm thick slices parallel to the long axis of each cy-
linder (n = 3). The slices were positioned over the platform of an IR
microscope (Nicolet Continuum) coupled with an IR spectrometer
(Nicolet 6700, ThermoFisher, Madison, WI, USA). Spectra were ob-
tained in near-IR at 0.5 mm steps through the 4 mm length of the spe-
cimen in transmission using the motorized stage of the microscope.
Spectra of the uncured composite were used to calculate the vinyl
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double bond conversion at each depth using the vinyl overtone peak
area at 6165 cm ™! following previously published methods [27]. 2D
maps of conversion as a function of depth were produced. The degree of
conversion at each level was averaged and analyzed with two-way
ANOVA, with a confidence level of 95%.

2.5. Surface roughness

Before and after the S. mutans biofilm model, the average surface
roughness (Ra-um) of the bottom of the composite cylinders (n = 6)
were measured using a surface roughness measurement instrument
(Surftest SJ-310; Mitutoyo America, Aurora, IL). The stylus tip (5pm)

600 mW/cm?

Vg :
IO T O

20 {im

oderate gulation

Fig. 3. (A) S. mutans counts CFU/ composite for each of irradiance output and downgrade light conditions (mean * sd; n = 6); (B-C) Representative SEM images
showing bacterial adhesion and biofilm formation on the bottom surfaces of composite cylinders for LCU1000 under control and moderate angulation, respectively
and (D-E) representative SEM images showing increased S. mutans biofilm formation for LCU600 under control and moderate angulation. Capital letters compare
LCU600, while lower case letters compare LCU2 1000.

traversed the composite surface at a constant speed of 0.5mm/s, the
force of 4 mN, with a 0.25-mm cutoff value and 1.5-mm tracing length.
The difference between the Ra final and Ra initial will be calculated and
expressed as delta Ra (ARa). Additionally, samples of control and
moderate inclination condition were prepared for SEM.

2.6. Water sorption and solubility

Composite samples (n = 6) were prepared and cured according to
the tested curing conditions similar to the above-described method, and
water sorption and solubility were assessed according to ISO 4049:
2009. Initially, the cured specimens were stored in desiccator drying
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Fig. 4. The percentage and differences of the final DC for LCU2 1000 at the top and bottom in function of downgrade light conditions (mean * sd;n = 3). In (A) the
solid lines average the DC% values at the top and bottom. Lower case letters compare DC at the top, while capital case letters compare DC at the bottom. Dissimilar
letters are significantly different (p < 0.05). In (B), the heat maps of the average degree of conversion measured at different depths from irradiated surface to the
bottom is illustrated. The color bar on the right shows the visual representation of % DC corresponding to the colors seen.

under vacuum over freshly dried silica gel at 370 for 22h and then
transferred to a desiccator at room temperature for 2 h before the initial
weighting. Their masses were measured using an analytical balance
with a precision of 0.001 g (U.S. Solid USS-DBS8). This cycle was re-
peated until a constant mass (ml) was obtained. Subsequently, cylin-
ders were immersed in 10ml of distilled water for seven days at
37 °C After the storage regime, composite cylinders were taken out, the
excess water removed using a paper towel, and the specimen waved in
the air at 23 °C for 15s and reweighed (m2). Then, cylinders were dry-
stored and the mass was daily recorded until a constant mass was ob-
tained as described before (m3) [25]. The mean water sorption and

solubility of each specimen will be calculated according to Egs. (1) and
(2).

. 100(m? — m1)
Wat t %) = ————MM8=
ater sorption (%) ol &b
e 100(m1 — m3)
Water solubility (%) = ———=
ater solubility (%) e} @

2.7. Statistical analysis

Statistical evaluations were performed with Stata 3.5 (Systat, San
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Jose, CA). The Shapiro-Wilk test was applied to verify if the data were
normally distributed. Results were compared using two-way ANOVA
and Tukey HSD, (a = 0.05) where the factors under evaluation were
light curing unit at 2 levels (LCU600 and LCU1000) and curing con-
ditions at 4 levels (optimal, light tip angulation (o = 20°); light tip
angulation (a = 35°) and light tip 2 mm away). The correlations be-
tween Rg and the outcomes properties were assessed by a linear Pearson
correlation.

3. Results

Fig. 2 shows the R results and percentage reduction of Rg about the
optimal condition (control) for each of irradiance output considering
the less than optimal light conditions (mean * sd; n = 6). In (A), the
first y-axis, the barplot shows radiant exposure (Rg) expressed in J/cm?
when LCU; g0 displaying irradiance output of 1000 mW/cm? was used.
The influence of the less than optimal light conditions (r =0.77,
p = 0.001) and irradiance output of LCU (r =0.85, p = 0.001) on the
radiant exposure (Rg) were significant. Rg values for the optimal con-
dition were significantly different from all the other groups
(p < 0.001). On the second y-axis, the barplot shows the percentage
reduction of Rg. The less than optimal light conditions have shown
reduction varying from 49.4% to 73.5% in relation to optimal condi-
tion. The dotted line shows the exponential decay of R, for all groups in
relation to radiant exposure (Rg) reached by applying the curing unit
directly on the sensor. This decay illustrated the radiant emittance at-
tenuation due to distance and through the composite. In (B), a similar
representation of Rg is shown when the irradiance output of LCUgoo was
used. Rg values for less than optimal light conditions were statistically
different from the optimal condition. Results obtained with the tip
displacement and slight inclination are similar (p > 0.05). The angu-
lation of the tip caused significant changes to the energy delivered to
the composite regardless of the irradiance output.

Fig. 3 shows plots for: (A) S. mutans counts CFU/ composite for each
of irradiance output and less than optimal light conditions (mean * sd;
n = 6). Radiant exposure (Rg) had a statistically significant effect
(p = 0.0214); however, less than optimal light conditions had no sta-
tistically significant influence (p = 0.119) or interaction (p = 0.250) via
two-way ANOVA. For LCUgqo, Tukey’s multiple comparison tests de-
monstrated a significant intergroup difference for moderate angulation
and optimal condition with significant increased viable S. mutans bio-
film over the cured composites by 2-fold (p = 0.0275). The Pearson
correlation between Rg and S. mutans biofilm formation (p = 0009; r=-
0.46) indicates an inverse relationship between the factors (dropping
the radiant exposure led to more S. mutans biofilm formation).

For LCUjqg, similar viability for S. mutans among all conditions
(p > 0.05) was observed. In (B-C), representative SEM images show
bacterial adhesion and biofilm formation on the bottom surfaces of
composite cylinders for LCU;ggp under control and moderate angula-
tion, respectively. In (D-E) representative SEM images show increased
S. mutans biofilm formation for LCU,ygo under control and moderate
angulation.

The percentage DC for LCU; g at the top and bottom as a function
of light conditions (mean * sd; n = 3) is graphically presented in
Fig. 4. In (A), the solid lines average the DC% values at the top and
bottom. There was no significant difference among the DC% results on
the top regardless of curing conditions. On the bottom, the moderate
angulation led to the lowest DC% (p = 0.0158). In (B), the heat maps of
the average degree of conversion measured at different depths from the
irradiated surface to the bottom are illustrated. The reducing %DC to-
wards the bottom of the specimen is visualized by increasing the cold
colors. A trend in reduction of the %DC was observed for groups sub-
jected to angulations with a predominance of a green color corre-
sponding to 50-60% of conversion.

In Fig. 5, the corresponding percentage DC at the top and bottom for
LCU600 are presented. The DC% at the bottom for both angulation
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groups were significantly different from the other conditions, with the
main effect of irradiance (p < 0.001) and light curing condition
(p < 0.001), The difference between the top and bottom was 34 to
52% for the groups subjected to slight and moderate angulation, re-
spectively. Under LCUgqo, slight and moderate angulations have dis-
played the lowest DC% (34% and 10%, respectively). The impact of the
reduction of DC% for these conditions can be visually observed in
Fig. 5B. Cold colors (blue and purple) representing % DC values lower
than 30% are noted at the bottom of the cylinder when the tip of the
light curing is angulated by the operator by 35 degrees. Pearson’s
correlation coefficient indicated strong correlation between Rg and %
DC values (r=0.607; p=0.003).

The mean and standard deviation of ARa values considering the less
than optimal light conditions and two irradiance outputs (mean * sd;
n = 6) are presented in Fig. 6. The irradiance output (p =0.0032) and
less than optimal light conditions (p=0.0101) have sta atistically sig-
nificant effect by two-way ANOVA, although no interaction was ob-
served (p=0.271). Representative SEM images of the composite surface
subjected to optimal and moderate angulation, respectively for LCU;¢q0
(irradiance output of 1000 mW/cm? (B-C) and LCUgq, (D-E), are also
shown in Fig. 6. ARa values varied in the range of averaged 0.029 to
0.094 for all irradiance/light curing conditions. The most prominent
difference was found when using an irradiance output of LCUgq with a
moderate angulation. The SEM images for moderate angulation show
superficial degradation effects with exposed filler on the surface of the
composite, suggesting a loss of resin matrix and consequent increase in
the surface roughness.

Fig. 7 shows the water sorption and solubility achieved by compo-
site samples subjected to the factors: less than optimal light conditions
and irradiance (mean * sd; n = 6). The first y-axis, the bubble chart
shows mean values for water sorption. The two-way ANOVA indicate
that the factors or interaction were not significant (p > 0.05). On the
second y-axis, the lines show the percentage mean values for solubility.
No significant differences were observed among the groups.

4. Discussion

Light curing procedures have gained a pole position in all dental
operations as all dental adhesives, adhesive cement, and resin compo-
sites use light energy for comprehensive polymerization, which even-
tually contributes to the clinical success of a composite restoration.
However, light curing is often taken for granted, as case complexity and
technique skills take all the attention away. The polymerization of
dental composites and its influencing role in the dental plaque build up
is critical to understand the detrimental factors that may lead to pre-
mature failures at the margins of restorations [19]. Our data suggest
that greater bacterial colonization on tested composites was primarily
caused by the less than optimal curing conditions, which triggered a
snowball effect driving increased water sorption and solubility, high
degradation and increased roughness of composites. The different levels
of irradiance/light curing unit and radiant exposure promoted by un-
derperformed curing conditions interfered with S. mutans biofilm for-
mation (CFU), the degree of conversion (DC), and the surface roughness
(SR) except the water sorption and solubility, where an increasing on
the trend was observed. Therefore, the hypothesis tested was partially
rejected.

Clinical curing conditions are often less than optimal and vary ac-
cording to the different challenges posed by the particular case. The
clinical complexity explains why in vitro tests done under optimal
conditions often do not correlate with clinical performance. During the
restoration of class II preparations in posterior teeth, the placement of
the light guide over the cusp tip is subjected to inclinations and dis-
placement, among other challenges that decrease access of the light
curing tip. Operator-related factors heavily impact the amount of en-
ergy received by the composite, as previously shown [22-24,28]. Our
approach was to model light curing conditions in the clinical scenario
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reduction of DC% when the tip of the light curing is angulated by the operator by 35 degrees can be highlighted in this image by abundant presence of cold colors.

and provide more accurate predictions of clinical outcomes, as it relates
to bacterial colonization and short-term degradation.

The loss of total energy expressed here as radiant exposure (Rg),
from LCU tip measurement at maximum simulated less than optimal
light tip position is expressive. Overall, in the optimal condition, only
50-53% of the light reaches a depth of 2 mm (Fig. 2). At the simulated
condition when the tip of the light curing is angulated by the operator
by 35 degrees, only 27-32% of the light was recorded by the sensor. A
portion of this reduction is certainly due to light scattering by the
composite, and it also varies significantly among brands, but most of
the attenuation can be attributed to the fact that the tip of the LCU was

pointing in the wrong direction. In the outcomes of this study: degree of
conversion (%DC) at the bottom, colony-forming units (CFU) and sur-
face roughness (um), the different inclination conditions led to even
greater Rg loss than compared to the 2-mm displacement of the tip. The
tip distance follows the inverse-square law where light energy varies
with the inverse square of the distance between the composite and the
tip of the light guide [22]. However, inclination conditions represent an
even worst-case scenario. A composite surface directly facing a light
source receives the maximum flux of light; but as the occlusal plane
rotates, the amount of light striking a unit area, and hence the amount
of light energy reflected, diminishes in proportion to the cosine of the



H. Maktabi, et al.

—

>

—
o
—

B 600 mW/cm?

€

= 008/ [ 1,000mW/cm?

&

<

@ 0.06

f

=

s

o 0.04

g

5 0.02

(2]

0

Optimal Tip
condition 2mm

Journal of Dentistry 88 (2019) 103110

Aa

Slight
angulation

Moderate
angulation

1,000 mW/cr]

o TN

600 mW/cm
>

ELT FT5 TUN

»4 Moderate angulatlon
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Fig. 6. * p < 0.05 compared to all other groups by two-way ANOVA; Holm-Sidak. Representative SEM images composite surface under control and moderate
angulation, respectively for irradiance output of 1000 mW/cm? (B-C) and LCU600 (D-E).

angle of rotation [23,29]. In our moderate inclination condition, a
plane inclined at 35 degrees to the direction of light captures ap-
proximately one-quarter the light energy that the occlusal plane di-
rectly facing the light source captures.

For biofilm growth, the results of this study suggest a moderate
negative correlation with Rg. S. mutans species have been shown to
hydrolyze resin composites and adhesives presenting specific activity
toward the nitrophenyl esters [19]. The less than optimal condition by
moderate angulation led to more prominent bacterial growth on the
composite surface irradiated with LCUgqo. After 14 days of incubation,
surface roughness analysis and SEM analysis showed increased surface
roughness for the moderate angulation conditions compared to the
control. Although quantification of released monomers was not the

focus of our study, the increased solubility results are likely due to an
increased amount of residual monomers [16,17]. Previous studies also
have validated surface degradation and changes in the surface topo-
graphy as resulting from the S. mutans degradative potential [10-12].

It is unsurprising that the Rg has an impact on the degree of con-
version, particularly, the conversion at the bottom of the composite
since the literature has extensively covered this relationship [24,30].
However, the cascade effect of high percentage of uncured monomers
on the chain of events correlated to S. mutans growth should be con-
sidered. The biofilm model was performed in 14 days of biofilm accu-
mulation, a timeframe necessary for reproducing the dental caries
process. Over time, biofilm thickness, change in structure, density and
decreased diffusivity contribute to a diminished effect of uncured
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monomers. Also, the number of sub-products released from uncured
monomers is mostly observed within seven days with no significant
distinction from release after 30 days [29,31]. Therefore, the decreased
conversion, and likely, increased unreacted monomer release from the
materials, must have affected biofilm formation in the early stages,
exactly when the virulent genes need to be expressed. In this study, the
results seem to support the up-regulation of virulent genes, given the
increased biofilm formation with the lower conversion of the material.

Light unit source and the curing regimen have been suggested to
influence the water sorption [25]. However, after seven days of being
immersed in water, the composite specimens subjected to moderate
angulation showed highest water uptake and solubility for both used
light source although the data were not statically significant. The ob-
served trend in these outcomes can be related to inadequate poly-
merization demonstrated by the low degree of conversion for the light
curing condition with greater inclination. The lack of major significance
can be attributed to individual kinetic of water uptake that occurs in the
organic resin matrixes. The kinetics of water sorption can be slower for
some resins and may not reach equilibrium even after several days. It
also can be considered the effect of filler content as the hydrolytic
stability of coupling agents also varied in the different fillers.

Further investigations are needed to clarify the role of composite
resin degradation products as a function of conversion and material
composition on the interaction between composites and caries-related
bacteria. Likewise, different light curing sources reproduce patterns
[31,32] that differ from those shown by this data. Therefore, there is a
compelling argument for preclinical models to consider curing para-
meters in identifying many important effects of relevance to bacterial
metabolism and biofilm formation over composites.

In summary, the present study demonstrates increased biofilm for-
mation as a result of sub-optimal light curing conditions. The detri-
mental impact imposed by the inadequate light curing on the likelihood
of bacterial surface colonization is considered within the chain of
events (less than optimal light curing, uncured monomers, and finally
surface degradation). Under the tested conditions, the results show that
the extension of detrimental effects on composites via the measured
properties was strongly dependent on irradiance and light curing con-
ditions. When light curing is contemplated, the sub-optimal light energy
delivery by angulation and the irradiance of LCUgo could contribute to
the overall deterioration of composite and a trend in promoting the
bacterial proliferation that may contribute to the progression of sec-
ondary caries.

4.1. Conclusion

Less than optimal light curing using different irradiance has a
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Fig. 7. Mean values for sorption and solubility reached by com-

35 posite samples subjects to the factors: downgrade light conditions
and irradiance (mean = sd; n = 6). The first y-axis, the bubble
30 chart shows mean values for water sorption. On the second y-axis,
&~ thelines show percentage mean values for solubility. The analysis
25 £  of variance has shown no significant difference for the factors and
’ ?E_ﬁ interactions although it is observed increased values for water
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suggested role as an initial trigger of detrimental responses with in-
creased biofilm formation on the surface of resin composites.
Optimization of the curing procedures is essential to ensure maximum
performance of resin-based materials and reduce the risk factors of
secondary caries development.
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