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Abstract: This study aimed to investigate the influence of ultrasonic heat before photo-polymerization
on the structural and physical properties of dental composites. Commercially available bulk-fill,
nano-hybrid, micro-hybrid, and flowable composites were used. The samples were divided into
three groups i.e., (i) without ultrasonic activation, (ii) ultrasonic activation at 15 Hz for 30 s, and (iii)
ultrasonic activation at 15 Hz for 60 s. The degree of conversion percentage (DC%) and structural
changes were evaluated with Fourier transform infrared spectroscopy. The presence of voids in
restored tooth cavities were investigated with micro-computed tomography. The statistical analysis
was performed using a one-way analysis of variance (ANOVA) post hoc Tukey’s test. The DC%
was significantly increased with ultrasonic application in all groups except for flowable composites,
whereby flowable composite showed a significant increase with 30 s ultrasonic activation only.
The highest DC% was observed in 60 s ultrasonically activated nano-hybrid and micro-hybrid
composites. The voids were reduced linearly with ultrasonic application in flowable and bulk-
fill composites; however, non-linear behavior was observed with micro-hybrid and nano-hybrid
ﬁ';,ecf;‘t?sr composites, whereby the difference was significant within the groups. The frequency and time of

the ultrasonic application is an important factor to consider and can be used to preheat composites

Citation: Khan, A.S. Effect of L. . .
o before clinical application.
Ultrasonic Vibration on Structural

and Physical Properties of ds: denti d 1 pol heati 1 . lor: d 1 . d ¢
Resin-Based Dental Composites. Keywords: dentistry; dental polymers; preheating; ultrasonic scaler; dental composites; degree o
Polymers 2021, 13,2054. https://

doi.org/10.3390/polym13132054

conversion; FTIR; principal component analysis; micro-CT; voids

Academic Editors: Eija Sailynoja,
Sufyan Garoushi and Lippo Lassila 1. Introduction
Many patients are looking for dental restorations other than amalgam restorations

Received: 21 May 2021 mainly because of esthetic reasons [1]. In October 2013, a new international binding treaty
Accepted: 21 June 2021 instrument called the Minamata Convention on Mercury opened for signature [2]. There is a
Published: 23 June 2021 strong perception that eventually mercury-based amalgam restorations will phase out from
clinical practices. Therefore, resin-based composites are most preferred among patients and
clinicians [3]. Almost five hundred million resin-based restorations are used per year [4].
Modern resin composite has evolved and enables clinicians to provide restorations that are
both esthetic and biologically conservative [5]. However, the major limitations associated
with resin-based composites are polymerization shrinkage, microleakage, and the presence
of unreactant monomers [6,7].
Various types of resin-based composite materials are available these days for direct

= restorative methods. The most common types are micro- and nano-hybrid composites,
Copyright: © 2021 by the author  however, hybrid composites with a high concentration of fillers may cause stress and may
Licensee. MDPI, Basel, Switzerland. 1ot gdequately adapt to an internal area of the cavity and leave behind gaps [8]. The in-
cremental technique was introduced to overcome these issues; however, this technique is
sensitive and time consuming [9]. Flowable composites were initially introduced in the
late 1990s as lining material [10] and are intended for use as a base below a layer of hybrid
composite [11]. Bulk-fill composites are considered to be used in larger increments i.e.,
up to 4 mm [12]. The low viscosity of bulk-fill composites was achieved by increasing
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resin monomer content from 20 to 40 wt.% and decreasing the filler loading i.e., almost
60-68 wt.% [13]. Despite the ease of use, polymerization shrinkage and low mechanical
properties are inevitable drawbacks of flowable and bulk-fill composites [14,15]. Therefore,
clinicians are still skeptical to use these materials as direct restorative material under the
masticatory load. Recent advancements in bulk-fill flowable composites allow them to be
placed directly without a traditional nano/micro-hybrid composite capping layer [16].

It has been observed that after photo-activation of resin-based composites the poly-
merization reaction is not complete and unreactant monomers are released and may cause
local adverse effects [17,18]. The presence of unpolymerized monomers is linked with the
degree of conversion (DC), whereby DC of various composites ranges between 35 and
77% [19,20]. Low DC might be due to the restricted mobility of radical chain ends and
pendant methacrylate groups [21]. Consequently, they affect the mechanical and physical
properties such as wear resistance, hardness, and water sorption [22].

With regards to resin-based restoration improvement, studies have focused on preheat-
ing [23,24]. Preheating of composites enhances DC and marginal adaptation [25,26], which
could be due to the lower viscosity of the material because of a heating process. The process
can increase the degree of movements of the molecules leading to better cross-linking and
higher influence [27,28]. One of the sources of thermal stimulation is sonic and ultrasonic
scalers. The ultrasonic vibration is created by two methods i.e., magnetic and piezoelectric
methods [29]. The piezoelectric method transfers higher efficiency of energy and vibration
and consequently reduces energy consumption and the rise of temperature during the
transferring process [30].

Ultrasonic scalers have been used in a variety of dental applications. The known
functions of ultrasonic scalers are for preventive, operative, endodontic, prosthetic, and
orthodontic procedures [31-33]. It is reported that using an ultrasonic tip might improve
the properties of glass ionomer cement properties due to the generation of heat [34,35].
Studies showed that the ultrasonic application increased the intrapulpal temperature;
however, the increase remains below the critical value of 5.5 °C [36].

The authors could not find any study where the ultrasonic application was applied
on resin-based composites to evaluate the DC and changes in porosities. Therefore, this
study is aiming to achieve a restorative composite with improved polymerization kinetic
reaction via the influence of ultrasonic heat and vibration before photo-polymerization
of these materials. It is hypothesized that ultrasonic heat and vibration would increase
the mobility of monomer molecules within a matrix which in turn enhances the degree of
conversion and reduce the void volumes of various resin-based composites.

2. Materials and Methods

In this experimental study, four commercially available light-cured resin-based ma-
terials were investigated. These resin-based materials belonged to the bulk-fill compos-
ite, nano-hybrid composite, micro-hybrid composite, and flowable composite categories.
The detailed composition of these materials is given in Table 1.

Table 1. Composition of commercially used dental restorative materials.

Commercial Name Type Composition References
Filtek™ 7250 . . .
Lot No: NB29540; 3M ESPE, icro-hybri T e S g
S Mi hybrid bis GMZI?rCL()IBI;/I/I;ﬂ?;d(g;svil\g? resins [37]

St. Paul, MN, USA) e

Filtek™ Bulk-Fill ERGP-DMA, diurethane-DMA, and
Lot No: N7060903M ESPE, Bulk-fill nanocomposite 1,12-dodecane-DMA [38]

P

St. Paul, MN, USA)

zirconia/silica cluster filler, ytterbium
trifluoride (74 wt.%)

Filtek™ 7350
(Lot No: N582322; 3M ESPE
St. Paul, MN, USA)

bis-GMA, UDMA, TEGDMA and bis-EMA
, Nano-hybrid resins, PEGDMA [37]
Nanoclusters of silica (78.5 wt.%)
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Table 1. Cont.

Commercial Name

Type Composition References

SureFil®SDR™ flow

UDMA, TEGDMA, Di-methacrylate resin,
trimethacrylate resins
barium-alumino-fluoro-borosilicate glass;

(Lot No: 1705000885: DENTSPLY, Flowable silanated strontium alumino-fluoro-silicate [39]

Konstanz, Germany)

glass; surface treated fume silicas; ytterbium
fluoride; synthetic inorganic iron oxide
pigments and titanium dioxide (68 wt.%)

bis-GMA = bisphenol A-glycidyl methacrylate; UDMA = urethane dimethacrylate; TEGDMA = triethylene glycol dimethacrylate; Bis-EMA
= bisphenol ethyl methacrylate; PEGDMA = polyethyl glycol dimethacrylate; DMA = dimethacrylate.

Samples were divided into three groups based on preparation methodology i.e.,
Group 1, control group (CT): specimens (commercial composites) were cured using LED
light cure (wavelength ~ 480 nm; intensity ~ 1250 to 2000 mW/ cm?; Mini LED, OEM,
Satelec, Viry-Chatillon, France) without application of ultrasonic scaler; Group 2 (US-30):
specimens were first activated with ultrasonic scaler tip (PiezoLED Scaler Tips-202, Piezo
ultra scaler, PiezoLED, Kavo, Warthausen, Germany) without water for 30 s at 15 Hz, then
cured using LED light cure; Group 3 (US-60): specimens were first activated with ultrasonic
scaler tip without water for 60 s at 15 Hz, then cured using LED light cure.

2.1. Sample Preparation

After being granted ethical permission from the institutional research unit committee,
sixty caries- and fracture-free extracted human teeth (molars) were collected and were
disinfected with 70/30 ethanol for 10 min [40]. The disinfected teeth were stored in normal
saline at 4 °C (not for more than a month) [41]. A conventional class V cavity (4 mm
mesio-distal width, 2 mm occluso-gingival height and 2 mm deep) [42] was prepared
using diamond fissure burs (836, 856, midwest®, Dentsply Sirona, Charlotte, NC, USA)
on the buccal and lingual side of each tooth by a single operator. A new bur was used
after every five cavity preparations. The sample size was calculated as per World Health
Organization’s specifications version 2.0.21 [43] keeping the power of study equal to 90%
and the level of significance equal to 5%.

For a change in temperature analysis, the cavities were restored with composites of
each group (n = 6), whereby, etching and bonding processes were not performed. In Group 1
a K-type thermocouple (TES-1310 digital thermometer TES electrical electronic corp., Taipei,
Taiwan) was used to record the temperature before curing. The tip of the thermocouple
sensor was placed to record the temperature at two different areas within the restored
cavity. For Group 2, before curing, composites were activated with an ultrasonic scaler
tip for 30 s. The scaler tip was placed on the surface of composites. The temperature was
recorded for each composite group, then composites were cured with LED for 40 s [42].
The same procedure was applied for Group 3 where composites were activated with 60 s
ultrasonic application and temperatures were recorded for each composite group.

2.2. Degree Of Conversion Analysis

For a degree of conversion (DC) analysis, the prepared tooth cavity was used as mold
and cavities were restored and composites were treated with an ultrasonic scaler (30 s
and 60 s) and without ultrasonic application. Samples from each group were taken and
placed on a diamond window and Fourier transform infrared spectroscopy (Nicolet iS50,
Thermo Scientific, Waltham, MA, USA) was used to evaluate the degree of conversion.
The resolution was set at 8 cm~! with 64 scan numbers. The data were obtained at the
4000-525 cm~! range. The spectrum of each sample (1 = 10) was taken in uncured form,
then samples were cured with LED for 40 s, and spectra were taken again. The tip of the
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light-curing device was as close as 1.0 mm to the surface of a material [44]. The degree of
conversion was evaluated by using the formula;

DC% =100 x [1 — (RPolymerized/ RUnpolymerized)] (1)

where R is the ratio of the peak height of polymerized aliphatic to polymerized aromatic and
unpolymerized aliphatic to unpolymerized aromatic groups. The aliphatic and aromatic
peaks were recorded at 1638 cm~! and 1608 cm ™!, respectively. Due to the lack of aromatic
C=C group in the SDR resin composite, the internal standard peak at 1602 cm~! was used.

2.3. Methodology For Spectral Data Processing

Chemometric methods were used to quantify the spectral differences of various groups
present in the data. These methods were performed using Unscrambler X 10.2 software,
purchased from Camo software (Oslo, Norway). Pre-processing was comprised of baseline
correction and unit vector normalization. Principal component analysis (PCA) was used
to visualize systemic variation in data comprising of various cured and uncured dental
composites spectra. The method reduces data dimensions by projecting it down to a lower-
dimensional space in directions showing the largest variance. Variance in each direction
is described by a principal component (PC) and a scores plot shows the distribution of
spectra in relation to the PC. The PCA was performed over the complete spectral range,
600-3400 cm 1, 900-1200 cm !, 1590-1650 cm !, and 1700-1750 cm~!. Cluster analysis
(CA) was performed over a full spectral range (600-3400 cm ') by Ward’s method using
squared Euclidean distance [45].

2.4. Micro-Computed Tomography (1-CT) Analysis

The collected teeth were randomly divided into three major groups (1 = 60), then each
group was further subdivided into four groups as per commercial composites. Standard
class V cavity was prepared on the buccal and lingual sides of each tooth. The teeth with
composite restorations of each group (n = 10) were scanned with a micro-CT Skyscan 1172
machine, Bruker, Kontich, Belgium with the parameters of source voltage (kV) = 100, source
current (nA) = 100, image pixel size (um) = 10, filter = Al + Cu, image format = TIFFE, expo-
sure (ms) = 2400, rotation step (deg) = 0.500, frame averaging = 3, random movement = 10,
and 360 rotation was used. Then raw images (tiff format) of each sample were processed for
reconstruction to create cross-sections with NRecon version: 1.6.4.8, Skyscan 2011 software
that converts file type to bitmap. The CTAn version 1.11.10.0+ (64-bit), 2003-11 Skyscan
software was used for the calculation of the voids’ volume in cubic millimeters (mm?)
inside the composite filling. Using CTvol version 2.2.1.0 program, the samples were viewed
for realistic 3D visualization and creation of 3D images.

2.5. Statistical Analysis

Statistical analysis was performed using the Statistical Package for the Social Sciences
(SPSS) version 22 (IBM Software, Armonk, NY, USA). The Shapiro-Wilk test was done to
test the normal distribution of data. Analysis of variance (ANOVA) was used to compare
the degree of conversion (DC%) and void volumes among the groups, followed by an
independent t-test and post hoc Tukey’s test. The level of significance was set at 0.05.

3. Results

The temperature change was recorded with ultrasonic application and the values are
given in Figure 1. A significant difference (p = 0.000) was observed within and between
groups after 30 s and 60 s of ultrasonic application. The SDR showed a maximum rise
in temperature compared to other composites, where after 30 s and 60 s of ultrasonic
application, the recorded temperature was 46 £ 0.62 °C and 60.82 + 0.69 °C, respec-
tively. The minimum rise in temperature was observed for Z250, whereby the recorded
temperatures were 37.14 & 0.57 °C and 45.54 £ 0.44 °C after 30 s and 60 s ultrasonic
applications, respectively.
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Change in Temperature

mCt us 30 UsS 60

2250 BULKFILL SDR

Figure 1. Change in temperature of composites i.e., Filtek Z250, Filtek Z350, Filtek Bulk-fill, and SDR
with (30 s (US 30) and 60 s (US 60)) and without ultrasonic application (Ct).

A significant difference was also observed between the 30 s and 60 s groups for both
composites. The change in aliphatic and aromatic peaks of Z250 and Z350 composites with
and without ultrasonic application is presented in Figure 2 and change in peak intensities
at 1715 cm ™! (C=0), 1635 cm ! (aliphatic), and 1602 cm ! (aromatic) of Bulk-fill and SDR
are given in Figure 3. Due to the lack of aromatic C=C group in the SDR resin composite,
the internal standard peak at 1602 cm~! was used. The peak intensities were reduced after
curing. The DC% of all composite groups with and without application of the ultrasonic
scaler is given in Figure 4. It was found that DC% was increased with an ultrasonic
application for Bulk-fill, Z350, and Z250 composites, whereby a significant difference
(p = 0.000) between control, 30 s, and 60 s groups was observed. SDR showed an increase
in DC% with 30 s ultrasonic application and a significant difference between control and
30 s groups (p = 0.000). However, DC% was reduced with 60 s ultrasonic application and a
non-significant difference was observed between control and 60 s groups (p = 0.336).

For Bulk-fill and Z350 composites, the complete spectral range and the 9001200 cm ™!
regions showed slightly less variance where the minimum variance of PC1 was 91% in a
complete spectral range of uncured bulk-fill dental composites (data not shown). Bulk-
fill and Z350 composites demonstrated (Figure 5) excellent separation between control,
30 s, and 60 s of both cured and uncured dental composites at both the spectral ranges
(1590-1650 cm~! and 1700-1750 cm 1) with 100% variance observed in the first component.

SDR and 7250 also demonstrated (Figure 6) excellent separation between control, 30 s,
and 60 s groups of both cured and uncured dental composites at both the spectral ranges
(1590-1650 cm ! and 1700-1750 cm~!). The spectral range at 1700-1750 cm ! showed 100%
variance in the first components of cured and uncured SDR and Z250 dental composites.
The 1590-1650 cm ! spectral range showed a minimum variance of 98% and a maximum
of 99% in the first components of cured and uncured SDR and Z250 dental composites.

Cluster analyses of Z250 and SDR are shown in Figure 7a—h and Z350 and Bulk-fill
are presented in Figure 8a—h. At both the spectral ranges, cluster analysis of Z250 dental
composites showed that without curing, control (without ultrasonic treated) was branched
closer to 30 s treated composites at the 1700-1750 cm ™! spectral range and the 60 s treated
composite at the 1590-1650 cm ! spectral range (Figure 7a,c). However, there was a
different pattern of separation where the non-ultrasonically treated composite was distinct
from 30 s and 60 s while in the cured state (Figure 7b,d).
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Figure 2. Comparative FTIR spectra of uncured and cured Bulk-fill composite (a) without ultrasonic
application, (b) 30 s ultrasonic application, and (c) 60 s ultrasonic application. The comparative FTIR
spectra of cured and cured SDR composite (d) without ultrasonic application, (e) 30 s ultrasonic
application, and (f) 60 s ultrasonic application. The change in intensity was observed at 1715 cm ™!

(C=0),1635 cm ™! (aliphatic), and 1602 cm~! (aromatic).

(a) —— 2250 Cured (Ref) (d)
—— Z250 Uncured (Ref) —— Z350 Cured (Ref)
0.3 4 03 —— 2350 Uncured (Ref)

- ' UUL

T T T T
1800 1750 1700 1650 1600 1550 1800 1750 1700 1650 1600 1550
Wavenumber (cm ') Wavenumber (cm ')

0.2

Absorbance (a.u.)
!

Absorbance {a.u.)
2 S

Figure 3. Cont.



Polymers 2021, 13, 2054

7 of 19

(e)
( b) —— Z250 Cured (30sec) —— Z350 Cured (30sec)
—— Z250 Uncured (30sec)| —— Z350 Uncured (30sec)

0.3 4 03
: 3
o 8
b3 C
5 024 g %21
2 2
2 <

0.1 4 0.1 4

56 . i . . 0.0 ; r - . il

1800 1750 1700 1650 1600 1550 1800 L 100 1650 L 1530
Wavenumber (cm') Wavenumber (cm )
0.4 0.4
(C) —— Z250 Cured (60 (f)
ured (60sec) —— Z350 Cured (60sec)
—— 2250 Uncured (60sec) —— 7350 Uncured (60sec)

03 03]
5 3
o L
3 8
é 0.2 § 024
8 2
o
2 2

0.1 4 0.1 1

0.0 ; ; : . 0.0 ; : T T

1800 1750 1700 1850 1600 1550 1800 1750 1700 1650 1600 155(
Wavenumber (cm ') Wavenumber (cm ')

Figure 3. Comparative FTIR spectra of uncured and cured Filtek Z250 composite (a) without ultra-
sonic application, (b) 30 s ultrasonic application, and (c) 60 s ultrasonic application. The comparative
FTIR spectra of cured and cured Filtek Z350 composite (d) without ultrasonic application, (e) 30 s
ultrasonic application, and (f) 60 s ultrasonic application. The change in intensity was observed at
1715 cm ™! (C=0), 1635 cm ™! (aliphatic), and 1602 em~! (aromatic).
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Figure 4. Mean (SD) DC% of composites (Filtek Bulk-fill, Filtek Z350, Filtek Z250, and SDR) without
(CT) and with ultrasonic application for 30 s (US-30) and 60 s (US-60).
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Figure 5. Principal component analysis of bulk-fill dental composite. (a) Uncured and (b) cured
at spectral range 1590-1650 cm ™!, (c) uncured and (d) cured at spectral range 1700-1750 cm ™.
Principal component analysis of Filtek Z350 dental composite (e) uncured and (f) cured at spectral
range 1590-1650 cm ™!, (g) uncured and (h) cured at spectral range 1700-1750 cm ™. Both composites
showed separation between control, 30 s, and 60 s of both cured and uncured phases at both the
spectral ranges with 100% variance.
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Figure 6. Principal component analysis of Filtek Z250 dental composite; (a) uncured and (b) cured
at spectral range 1590-1650 cm ™!, (c) uncured and (d) cured at spectral range 1700-1750 cm ™.
Principal component analysis of SDR dental composite (e) uncured and (f) cured at spectral range
15901650 cm ™!, (g) uncured and (h) cured at spectral range 1700-1750 cm~ L. Both composites
showed separation between control, 30 s, and 60 s of both cured and uncured phases at both the
spectral ranges with 100% variance at 1700~1750 cm~! and 98% and 99% variances at 1590~1650 cm !
spectral range of cured and uncured SDR and Filtek Z250 dental composites, respectively.
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Figure 7. Cluster analysis of Filtek Z250 composite showing uncured and cured at spectral range
1590-1650 cm ! (a,b), uncured and cured at spectral range 1700~1750 cm ! (c,d). Cluster analysis
of SDR composite showing uncured and cured at spectral range 1590-1650 cm ™! (e,f), uncured
and cured at spectral range 1700-1750 cm ! (g/h). At both the spectral ranges, there was a distinct
separation without ultrasonic treatment from 30 s and 60 s while in the uncured state. However, once
cured, control was branched closer to the 30 s treated composite.
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Figure 8. Cluster analysis of Filtek Bulk-fill composite showing uncured and cured at spectral range
1590-1650 cm ! (a,b), uncured and cured at spectral range 1700-1750 em ™! (¢,d). Cluster analysis of
Filtek Z350 composite showing uncured and cured at spectral range 1590-1650 cm~! (e,f), uncured
and cured at spectral range 1700-1750 cm~! (g,h). At both the spectral ranges, there was a distinct
separation without ultrasonic treatment from 30 s and 60 s while in the uncured state. However once
cured, Filtek Bulk-fill showed that the control branched closer to the 30 s treated composite, whereby
Filtek Z350 showed that the control was closer to both the 30 s and 60 s ultrasonic treatments.
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Cluster analyses of SDR (Figure 7e,g) and Bulk-fill (Figure 8a,c) composites demon-
strated a distinct separation of composites without ultrasonic treatment from 30 s and 60 s
while in the uncured state. However, once cured, non-ultrasonically treated composites
were branched closer to the 30 s treated composites. Cluster analysis of Z350 composites
showed a similar separation pattern with Z250. The spectra showed that without curing,
the control was branched closer to 60 s (Figure 8e,g). However, the control (without ul-
trasonically treated composites) was distinct from 30 s and 60 s while in the cured state
(Figure 8f,h).

The comparative void volume (mm?®) with and without application of ultrasonic
scaler is tabulated in Table 2 and the 3D morphological pattern and presence of voids are
presented in Figures 9 and 10.

Table 2. Mean (SD) void volume (mm?) of composite groups without (CT) and with ultrasonic
application of 30 s (US-30) and 60 s (US-60).

Composites CT US-30 US-60
Bulk-fill 0.479 £0.114 0.180 + 0.036 0.077 £ 0.021
SDR 0.821 £ 0.096 0.214 + 0.089 0.053 £ 0.038
7250 0.038 £ 0.007 0.047 £ 0.006 0.035 £ 0.001
7350 0.015 =+ 0.007 0.006 + 0.005 0.014 + 0.005

(c) ' (d) __gme
—

Figure 9. Micro-CT images showing representative samples of (a) Filtek Bulk-fill, (b) SDR, (c) Filtek
7250, and (d) Filtek Z350 after 60 s of ultrasonic activation. The images show presence of voids
within the composite restorations, whereby SDR appears with maximum voids compared to the

other groups.
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Figure 10. 3D micro-CT analysis showing the presence of voids of (a) Filtek Bulk-fill, (b) SDR,
(c) Filtek 7250, and (d) Filtek Z350; (i) without ultrasonic application, (ii) with 30 s ultrasonic
application, and (iii) 60 s ultrasonic application.

(iii)

(jii

Bulk-fill composites showed non-significant differences between control and 30 s
groups (p = 0.07), whereas there was a significant difference between control and 60 s
(p = 0.03) and a non-significant difference between 30 s and 60 s groups (p = 0.07). For SDR,
reduction in void volume was observed, whereby a significant difference was observed
between control and 30 s (p = 0.02) and 60 s (p = 0.008); however, a non-significant difference
(p = 0.14) was found between the 30 s and 60 s groups. A non-linear behavior was observed
for 7250 and Z350 where with Z350, the void volumes reduced with 30 s ultrasonic
application; however, the voids were increased with 60 s sonic vibrations. The difference
between control and 60 s was non-significant (p = 0.86). A similar trend was observed in
the Z250 group, whereby there was a slight increase in voids with 30 s (p = 0.33) compared
to control and 60 s; however, the difference was non-significant (p = 0.64).

4. Discussion

Dental composite materials have been revolutionized with continuous advancements
and improvisations. In addition to micro- and nano-hybrid resin composites, flowable and
bulk-fill composites have gained interest among dentists due to greater light penetration
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that allows curing of 4 to 5 mm and potentially saves clinical placement time [46,47].
All these composites differ from each other in terms of their chemical composition or the
filler type and filler amount [48]. The concerns associated with all these types of composites
are polymerization shrinkage and the presence of uncured monomer. It is reported that
after photo-curing the polymerization reaction is not complete and methacrylic compounds
are released into the oral cavity tissues where they may cause local adverse effects [13].

In this study, an attempt was taken to use an ultrasonic scaler as preheating tool
with the concept that ultrasonic application can increase the polymerization reaction
subsequently degree of conversion. Moreover, it can help to reduce the presence of voids
in composites.

The vibration mode and amplitude of ultrasonic instruments depend on the frequency
and power supply of the devices [30]. In this study, the frequency, power, and time of ultra-
sonic application were optimized on the basis of a pilot study. The frequency and time of
less than 15 Hz and 30 s, respectively, did not perform differently for composites. The com-
posites were placed in a prepared tooth cavity to evaluate the degree of conversion and
void volume to mimic the clinical situation. The mold (tooth cavity) selection conducted in
this study might be explained by the fact that the ultrasonic waves represent a mechanical
propagation of energy through a medium [30]. A previous study analyzed different molds
i.e., Teflon, enamel, dentin, pulp, and the reported ultrasonic wave propagations were 1518,
3100, 1900, and 1570 m/s respectively [49]. Based on this reported data, the human teeth
mold should be used to simulate the clinical scenario.

The viscosity of the monomer, as well as the flexibility in its chemical structure, are
the principal features which can influence the degree of conversion. Similar findings
were observed in this study, where SDR with low viscosity showed higher DC% initially
compared to other groups; however, after ultrasonic application, all groups except SDR
showed an increase in DC%. SDR showed a decrease in the DC after the application
of ultrasonic vibrations. The change became more evident when the application of the
ultrasonic vibrations increased from 30 s to 60 s which decreased its DC% significantly.
Although with the control group the SDR showed more DC than the rest of the three
materials. The study showed a maximum increase of temperature with SDR, however,
burning of SDR was observed with 60 s ultrasonic application. The burning of resins
affected the polymerization process of SDR. Among these groups, SDR has less weight
percentage of fillers (barium borosilicate, 68 wt.%) [39], whereby the filler weight percent-
ages in Filtek Bulk-fill, Filtek Z250, and Filtek Z350 are 74 wt.%, 82 wt.%, and 78.5, wt.%,
respectively [37]. It has been reported that the fillers have the ability to absorb external
energy and act as thermal insulators. It revealed that the application of ultrasonic vibrations
has significantly affected the structural properties of the SDR. This could be due to the
absence of high molecular weight resins e.g., bis-GMA and less weight percentage of fillers
compared to other composites. Thus, for SDR, ultrasonic application for more than 30 s is
not recommended. In this study, the temperature of Z250 and Z350 was raised to around
45-46 °C with 60 s ultrasonic application, respectively, and 52.76 °C of Bulk-fill composite.
With the increase in temperature, the viscosity of the composite paste reduces due to more
mobility of free radicals and propagating polymer chains resulting in a more complete
polymerization reaction and greater cross-linking. However, there are certainly other
factors than viscosity which influence the degree of conversions such as resin composition,
filler content, and amount. This present study also showed that composites with high filler
percentages with high molecular weight composites showed better responses to preheating
with the ultrasonic application. High molecular weight with entangled polymeric chain
length responds to preheating and allows molecules the freedom to move [50]. It is ex-
pected that ultrasound can cause acceleration within the network and may excite filler
particles. The sonic excitation may de-cluster particles and reduce the porosities within
the network [35]. The use of vibration energy utilizing the thixotropic effect may cause
changes in the filler/matrix distribution [51]. Thus, variation in chemistry and composition
of resin composites responds differently to preheating procedures.
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There was a significant difference between the groups used in the study with and
without using the ultrasonic application. A significant difference has also been noticed
while the time of ultrasonic application was increased. The change in DC% of Z350 was
more compared to Bulk-fill while the Z250 showed more conversion than the Z350, not
only in the control group but also after the ultrasonic applications. While analyzing at both
ends of the cluster of the materials, there was not much significant difference between the
control as well as the 30 s group when comparing the Z250 composite and it showed a
unique pattern of separation. The point of concern is that the control group was showing
the closest spectral range when compared with the experimental group for the designated
spectral range.

The cluster analysis of the Z350 group exhibited almost similar properties and out-
comes when compared with the Z250 group, in terms of spectral ranges. While analyzing
the clusters of Bulk-fill and SDR (control group), both exhibited a clear composite separa-
tion without ultrasonic application without curing, while, once they were cured, showed
some close relation with the 30 s group. It is reported in the literature that the monomer
conversion is directly related to the polymerization shrinkage and risk of interfacial gap
formations [52]. However, in this present study, the micro-CT analysis showed a reduction
in voids and gaps with ultrasonic applications. These results are in accordance with a
previous study [53] where the lowest volumetric polymerization shrinkage was found with
the highest degree of conversion. Many factors can affect the volumetric polymerization
shrinkage of resin-based composite such as the filler content, resin matrix composition,
molecular weight of the resins, flow and rate of the modulus of the resin, and polymeriza-
tion methods [54,55].

In this study, change in void volume was also assessed with 3D micro-CT. The micro-
CT is a non-destructive analytical tool, which can provide accurate visualization for
marginal adaptation and volumetric changes [56]. The presence of voids in restorations
might be due to condensing technique and incremental placement of restorations. The high
viscosity of the composite restoration hinders the proper condensation [57]. Previously,
it has been reported that the voids have been observed in bulk-fill and flowable composites
ampules. The presence of voids in restoration can cause problems in the physical and
mechanical properties of the restoration [58]. In the present study, an ultrasonic scaler was
applied to evaluate the change in the void volume. It is expected that an increase in temper-
ature reduced the presence of voids. All composite groups showed a reduction in the void
volume, which might be due to a reduction in the viscosity of the composites. In the control
group, SDR and Bulk-fill composites showed more voids compared to the other groups,
which might be pre-existing as a result of manufacturing methods as reported previously
or might be related to technical difficulties in placing flowable and bulk-fill composites.
These findings are in accordance with previous studies where porosities were observed af-
ter flowable composite placement [59,60]. The smaller filler percentage and high amount of
resin makes them more difficult to pack into cavity preparations and increases the technical
difficulty of removing microbubbles during the manufacturing process. To overcome this
issue, an ultrasonic scaler was applied, which on one side reduces the viscosity but may
also reduce microbubbles due to vibrational motion within the resin system. Both SDR and
Bulk-fill showed a significant reduction in the void volume with 60 s ultrasonic application
compared to the other composites. Minimum voids were observed in Z350 and significant
reduction was observed with 30 s application, however, the voids” volume increased with
the increase in ultrasonic application time. Similarly, Z250 showed non-linear behavior,
whereby with 30 s application the increase in void volume was observed, however, it was
reduced with 60 s application. All composite groups respond differently to ultrasonic
application due to difference in their compositions. The findings of this study showed that
variation in composites’ composition does not impart predictive information regarding the
reduction in void volumes. However, it is expected that not only resin combination and
filler amount, but also the size of fillers may affect the properties of the material. Z350 is a
nano-hybrid and Z250 is a micro-hybrid composite.
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In this study, an ultrasonic scaler was used to produce heat with the concept that
preheating procedure can be done at the chair side. Previously, composite restorations have
been preheated in a composite warming tray, a water bath, or a composite warmer [61,62].
These procedures are technique sensitive and time consuming. Moreover, the effect of
preheating is still questionable due to the rate of ambient cooling. It is reported that the
temperature dropped 50% within 2 min of removing a composite from a heating device [63].
Therefore, preheating away from the chair side during clinical procedures cannot provide
the required results. In this study, preheating of the composite was performed within
the tooth cavity and an increase in temperature was observed, which can increase the
temperature within the cavity. However, it is reported that the use of preheated composites
(set to 54 °C or 60 °C) did not produce high in vitro intrapulpal temperatures, whereby
the rise in temperature inside the pulp was 0.8 °C while the rise due to light-curing
was 5 °C [64]. Thus, the rise in temperature due to ultrasonic application was in an
acceptable range. In this study, the mechanical properties and shrinkage behavior were not
evaluated after ultrasonic application. In the literature, studies report contradictory data;
one study [65] mentioned that preheating of composites to relatively high temperatures of
54 °C and 88 °C increased the volumetric shrinkage, whereas another study [66] opposed
this and reported that preheating (68 °C) of the composite did not negatively affect the
shrinkage. The rise in temperature with ultrasonic application varied with different types
of composites and with 30 s and 60 s ultrasonic application, the maximum reported
temperatures were 46 °C and 62 °C for SDR. However, as per the results of this current
study, it is not recommended to use a 60 s ultrasonic application for SDR. Nada et al.
2011 [67] also reported that the effect of preheating on composites’ mechanical properties
is material dependent.

The types of fillers can also influence the physical and mechanical properties of restora-
tive materials. In this study, the used composites mainly contained barium borosilicate,
zirconia, and nanoclusters of silica. Recently, bioceramic-based materials, fluoride, and
remineralizing agents have been investigated in experimental dental restorative materials.
These materials have a significant effect on the physical and mechanical properties of the
restorative materials and can alter the restorative/tooth interface [68,69]. Clinically, filler
contents, types of fillers, and morphology of fillers can also influence the results. There-
fore, future in vitro and clinical studies are needed to evaluate these unexplored variables.
Another limitation of this study is that other types of flowable, bulk, nano-hybrid and
micro-hybrid commercial composites should be evaluated to get better comparative results.
Previously, the marginal adaptation and water sorption properties were evaluated after ap-
plying the preheated composites [70,71]. Therefore, it is recommended that the interfacial
linkage, mechanical properties (such as flexural strength and compressive strength), and
water sorption characteristics should be evaluated in the future.

5. Conclusions

Within the limitations of this study, it is concluded that the effect of ultrasonic scaler
was observed in the degree of conversion, and change in the void volume of composites was
also observed. An increase in temperature was observed with the ultrasonic application.
SDR showed the highest increase in temperature followed by Bulk-fill, Z350, and Z250.
Bulk-fill, Z350, and Z250 have shown an increase in the degree of conversion with an
increase in time of ultrasonic application; however, SDR showed non-linear behavior.
The cluster analysis showed excellent separation invariances. The micro-CT analysis
showed a reduction in void volume for SDR and Bulk-fill with 30 s and 60 s ultrasonic
application, whereby Z250 and Z350 showed non-linear behavior. It is suggested that 60 s
application of ultrasonic scaler can provide better results in terms of DC and reduce the
void volume of composites. The frequency and time of the ultrasonication is an important
factor to consider because it can affect the properties of the material.
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