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Cuspal Deflection in Premolar Teeth
Restored with Bulk-Fill Resin-Based
Composite Materials

MM Elsharkasi ¢ JA Platt ¢ NB Cook ¢ GH Yassen ¢ BA Matis

Clinical Relevance

Polymerization shrinkage of conventional resin-based composites can cause cuspal
deflection and be associated with enamel cracking, cusp or tooth fracture, and changes
in occlusion. High-viscosity bulk-fill resin composites may produce less cuspal deflection
than a conventional incrementally placed resin composite.

SUMMARY

The present study investigated the effect of
three high-viscosity bulk-fill resin-based com-
posite materials on cuspal deflection in natu-
ral teeth. Thirty-two sound maxillary premolar
teeth with large slot mesio-occlusal-distal cav-
ities were distributed into four groups (n==8).
Three groups were restored with bulk-fill resin
composite materials (Tetric EvoCeram Bulk
Fill, Ivoclar Vivadent, Schaan, Liechtenstein;
x-tra fil, VOCO, Cuxhaven, Germany; and Son-
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icFill, Kerr, Orange, CA, USA) in a single 4-mm
increment. The conventional composite group,
Filtek Z100 (3M ESPE, St Paul, MN, USA), was
used to restore the cavities in 2-mm incre-
ments. Cusp deflection was recorded postirra-
diation using a Nikon measurescope UM-2
(Nikon, Tokyo, Japan) by measuring the
changes in the bucco-palatal widths of the
teeth at five minutes, 24 hours, and 48 hours
after completion of the restorations. Cuspal
deflection was significantly higher in the con-
ventional composite than in the Tetric Evo-
Ceram Bulk Fill (p=0.0031), x-tra fil (p=0.0029),
and SonicFill Bulk (p=0.0002) groups. There
were no significant differences in cuspal de-
flection among the three bulk-fill materials (all
p<0.05). In conclusion, all the investigated
bulk-fill resin composites exhibited cuspal
deflection values that were smaller than those
associated with a conventional incrementally
placed resin composite.

INTRODUCTION

The esthetic and mechanical properties of composite
resin have improved over the years. Yet polymeri-
zation shrinkage stress remains one of the concerns
believed to compromise the clinical performance of
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resin-based composite (RBC) materials.? During
polymerization, monomer molecules convert into a
polymer network, resulting in a decrease in the
distance between monomer molecules as covalent
bond formation occurs. This reduction in overall free
volume produces a densely cross-linked polymer and
results in volumetric shrinkage.®* If this shrinkage
occurs when the resin composite materials are inside
a cavity preparation and bonded to cavity surfaces,
mechanical stresses develop and transmit to the
tooth-restoration interface.’®

Methacrylate-based composite materials experi-
ence 2% to 5% volumetric shrinkage during poly-
merization.? Polymerization shrinkage is potentially
associated with at least two clinical problems. First,
if the stress created by polymerization shrinkage
exceeds the bond strength of the resin to the tooth,
the resin may detach from the tooth structure,
leading to marginal microleakage.” This failure at
the composite-tooth interface may result in postop-
erative sensitivity and secondary caries."*® Second,
if the strength of adhesion between the cavity
surface and the restorative material exceeds the
shrinkage stresses, no detachment occurs, but the
restoration maintains internal stresses that pull the
cusps together, reducing the intercuspal distance
and leading to cuspal deflection. Cuspal deflection
can cause changes in occlusion, enamel cracks, and
tooth fracture.?"®

Several techniques have been published in the
dental literature for evaluating cuspal deflection in
mesio-occlusal-distal (MOD) cavities with resin
composite restorations, including strain gauges,®'!
microscopy,'? linear variable differential transform-
ers,'® and flexible ribbons.'* These techniques have
recorded up to 50 pum of mean cuspal deflection. The
variations in the cuspal deflection reported are
largely due to sensors being used on various
positions on the cusps and nonstandardized MOD
cavity preparations in teeth of nonstandardized
tooth sizes.’

The degree of cuspal deflection is affected by many
factors, such as the shape and size of the cavity, the
amount of polymerization shrinkage, polymerization
kinetics, Young’s modulus of the composite resin,
and placement technique.®

Numerous techniques have been used clinically to
minimize the impact of shrinkage stresses produced
by resin composite restorations, with limited success.
Examples include the use of flowable resin liners,
indirect resin restorations, control of curing light
intensity, and incremental placement techniques, in
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which the composite materials are placed in 2-mm-
thick increments. This last method is advocated to
ensure adequate light transmission and to reduce
the configuration factor (the ratio between bonded
and unbonded restoration surfaces) during polymer-
ization, thereby reducing polymerization stress
transfer to surrounding tooth structure.>!%1€ Al-
though the incremental placement technique has
been recommended by many clinicians, the value of
reducing polymerization shrinkage stresses with
this technique has been questioned in some stud-
ies.!™!® Furthermore, the incremental technique
requires increased time for placement and curing of
each increment.”

Recently marketed bulk-fill resin composite mate-
rials have been reported to have lower polymeriza-
tion shrinkage stresses than do conventional resin-
based composites,>1%?° consequently reducing cus-
pal deflection.?! In addition, these materials can be
placed in a single 4-mm increment and still have
adequate light polymerization at the depth of the
restoration. This simplifies the clinical procedure.??
An added benefit would be the reduced risk of
incorporating air bubbles or contamination between
increments.??

The primary chemical composition of bulk-fill
resin composite materials is similar to that of other
methacrylate-based resin composites.?* Some stud-
ies?®?6 mention that the increased depth of cure of
bulk-fill composite materials is regulated mainly by
increasing the translucency of the material. This
translucency is achieved by reducing the concentra-
tion of fillers (filler content and translucency
correlate linearly)®” or by minimizing the difference
in the refractive indices of the resin matrix and the
filler particles.?®?° In addition, the incorporation of a
potent initiator system enhances the polymeriza-
tion.?® These materials are classified according to
their rheological properties as flowable base materi-
als that require a 2-mm overlay of posterior hybrid
composite or as high-viscosity restorative composites
that do not require an additional overlying occlusal
layer.'?

There is limited information about the amount of
cuspal deflection that occurs from the placement of
these bulk-fill materials. Therefore, the objective of
this study was to compare cuspal deflection following
placement of these newly developed bulk-fill com-
posite materials in a single increment and placement
of a conventional incrementally placed composite
material. The null hypothesis was that the mean
cuspal deflection seen in teeth restored in a single
increment with bulk-fill would not be statistically
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Table 1: The Materials Used in this Study
Bulk-Fill Resin-based Composites
RBCs Manufacturer Resin Matrix Filler Filler Volumetric Instruction for Use
Color, Lot No. Wit%/Vol% Shrinkage, %
Tetric EvoCeram Ivoclar Vivadent, Bis-GMA, UDMA, Barium-aluminum- 79-81/60-61 1.7 4-mm increment,
Bulk Fill nanohybrid  (Schaan, Bis-EMA silica glass, cure for 10 s.
Liechtenstein), IVA, prepolymer filler Additional curing
T29056 (monomer, glass from buccal and
filler, ytterbium palatal aspect for
fluoride), spherical proximal resin after
mixed oxide removing the matrix
x-tra fil hybrid VOCO (Cuxhaven, Bis-GMA, UDMA, Inorganic fillers 86/70.1 1.7 4-mm increment,
Germany), universal TEGDMA, Bis-EMA cure for 20 s.
1445489 Additional curing
from buccal and
palatal aspect for
proximal resin after
removing the matrix
SonicFill nanohybrid  Kerr (Orange, CA, Bis-GMA, SiO2, glass, oxide 83.5/67 1.6 4-mm increment,
USA), A2, 5299375 TEGDMA, cure for 20 s.
EBPDMA, UDMA Additional curing
from buccal and
palatal aspect for
proximal resin after
removing the matrix
Traditional universal composite (increments)
Filtek Z100 3M, ESPE (St Paul, Bis-GMA, TEGDMA Silica/zirconia 84.5/66 2.4 2-mm increment,
MN, USA), A2, cure for 20 s.
N595515 Additional curing
from buccal and
palatal aspect for
proximal resin after
removing the matrix
Abbreviations: Bis-EMA, bisphenol A polyethylene glycol diether dimethacrylate; Bis-GMA, bisphenol A and glycidyl methacrylate; EBPDMA, ethoxylated bisphenol A—
dimethacrylate; RBC, resin-based composite; TEGDMA, triethyleneglycol dimethacrylate; UDMA, urethane dimethacrylate.

different than the mean observed in teeth restored
with a traditional incrementally placed resin com-
posite.

METHODS AND MATERIALS

Three high-viscosity bulk-fill resin-based composite
materials and one traditional universal composite
were included in this study (Table 1). Thirty-two
extracted maxillary premolar teeth free from caries,
defects, or cracks and received in compliance with
local human subjects criteria were used in this in
vitro study. The selected teeth were cleaned with a
hand scaler and then fixed into a cube-shaped mold
with acrylic base plate material (Bosworth, Skokie,
IL, USA) extending 2 mm cervical to the cemento-
enamel junction to simulate the position of the tooth
in the alveolar bone and to prevent the reinforce-
ment of the crown by the base. The maximum bucco-
palatal width (BPW) for each tooth was recorded
with a micrometer screw gauge (Moore and Wright,
Sheffield, UK) that was accurate to 10 ym. A mean of
three measurements per tooth was used to distribute

the specimens into four groups (n=8) so that the
BPW mean between groups varied by less than 5%.
Any tooth that was 5% larger or smaller than the
overall mean was excluded from the study. This
minimized variation in the buccal-lingual dimension
of the cavity preparation.

The repeated measurements of BPW were stan-
dardized using an innovative approach that en-
hanced the ability to determine the amount of
deflection at the cusp tip. In summary, small
cylinders of flowable composite (Filtek Supreme
Ultra, 3M ESPE, St Paul, MN, USA) were construct-
ed, coated with nail polish (Sally Hansen, NY, NY,
USA) to minimize water sorption, and attached on
both buccal and palatal cusp tips. Then a rhinestone
was glued to the upper flat surface of each cylinder to
be used as a reference point (Figure 1). Rhinestones
have many facets that meet to form sharp line and
point angles. Two rhinestone point angles (one on
the buccal cusp and one on the palatal cusp) were
used as fixed reference points for measurement of
the linear intercuspal distance. The mean of three
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Figure 1. Tooth with cylindrical composite and rhinestone.

readings of the intercuspal width was recorded for
each maxillary premolar tooth, as described below.

Large slot MOD cavities were prepared on the
teeth in order to weaken tooth structure and favor
cuspal deflection. The mounted teeth and a high-
speed contra-angle air-turbine handpiece were posi-
tioned in a dental surveyor (J.M. Ney, Hartford, CT,
USA) to ensure proper angulation during tooth
preparation. All the teeth were prepared with a
straight fissure carbide bur with a rounded end
(#1158, SS White, Lakewood, NJ, USA) using a high-
speed handpiece with air/water spray. The bur was
changed after every five cavity preparations. The
width of prepared cavities was two-thirds of the
BPW of the tooth. An extrafine Sharpie permanent
marker (Sanford Manufacturing Co, Oak Brook, IL,
USA) was used on the tooth structure to guide the
cavity preparation in the center of the tooth. The
cavity depth was 4 mm from the occlusal cavosurface
margin to the pulpal floor, and all margins were in
enamel. The buccal and lingual walls were prepared
to be parallel. The cavities were prepared so that the
pulpal floor and mesial and distal gingival walls
were at the same level (there was no step going from
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the pulpal floor to the gingival wall) in order to
reduce preparation variation. Any tooth with pulp
exposure was excluded from the study. All cavosur-
face margins were prepared without beveling.?

A Tofflemire matrix band was shaped and held
snugly in place around the tooth being restored by
tightening the retainer to the point at which
resistance was initially detected. No further tight-
ening of the matrix was done. A total-etch technique
with 37.5% phosphoric acid (Kerr Gel Etchant, Kerr,
Orange, CA, USA) was used. The phosphoric acid
was applied for 15 seconds and then rinsed with
water for 15 seconds. After gentle air-drying with
canned air (Whoosh-Duster, Thomas Scientific,
Swedesboro, NJ, USA) for one second, a moist dentin
surface was maintained by blotting excess moisture
from the dentin with a cotton pellet. Two coats of
adhesive (OptiBond Solo Plus, Kerr) were actively
applied for 15 seconds with a saturated brush tip to
the enamel and dentin, until the surface appeared
glossy. A gentle stream of compressed canned air
was applied for three seconds. Then the adhesive
was light-cured for 20 seconds with a visible light
unit (DEMI LED light curing system, Kerr) having
an irradiance of 1460 mW/cm?, as measured using a
MARC Resin Calibrator (BlueLight Analytics, Hal-
ifax, NS, Canada). The light irradiance was moni-
tored after every eight specimens.

Three bulk-fill composites (Tetric EvoCeram Bulk
Fill, Ivoclar Vivadent, Schaan, Liechtenstein; x-tra
fil, VOCO, Cuxhaven, Germany; and SonicFill, Kerr)
and one conventional composite (Filtek Z100, 3M
ESPE) were used. For each specimen in the bulk-fill
groups, a single bulk-fill RBC increment was placed
and irradiated for 20 seconds with the LED curing
wand touching the inclines of the cusps of the tooth
(mesial and distal to the bonded reference cylinders)
to achieve maximum curing depth and to maintain
fixed distance. SonicFill was placed with sonic
energy using an oscillating handpiece, as recom-
mended by the manufacturer. Tetric EvoCeram Bulk
Fill and x-tra fil were placed with plastic hand
instruments in order to insure proper packing of
materials inside the cavity preparation. The conven-
tional composite group was restored incrementally
with Filtek Z100 in three triangular-shaped incre-
ments with no more than 2-mm thickness for each
increment, and each increment was irradiated for 20
seconds with the LED curing wand touching the
inclines of the cusps of the tooth, as described above.
After that the matrix band and retainer were
removed before measurement under the microscope.
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Figure 2. A custom polymethyl methacrylate (PMMA) sheet and the
sample under the microscope.

Cuspal Deflection Measurements

A light microscope (Nikon Measurescope UM-2,
Nikon, Tokyo, Japan) with 0.001-mm accuracy and
a modified microscope stage was used in order to
determine the measurements of the cuspal deflection
of the teeth. A custom-made polymethyl methacry-
late (PMMA) sheet was used to standardize and
maintain the horizontal orientation for each speci-
men during the repeated measurements (Figure 2).
Baseline readings were recorded by measuring the
linear distance between two point angles on the
reference rhinestones prior to tooth preparation.
Then the linear measurements were obtained after
restoration placement, after five minutes, 24 hours,
and 48 hours. The baseline records were subtracted
from the all the subsequent measurements to obtain
the changes in the positions of the cusps. The mean
of three intercuspal width readings was recorded for
each tooth at each time point.” The teeth were stored
in double-distilled deionized water at room temper-

Table 2: Mean (Standard Error, both in um) for Cuspal
Deflection for the Investigated Materials®

Material 5 min 24 h 48 h
Tetric EvoCeram Bulk Fill 28 (2) Ba 19 (3) Bb 15 (3) Bc
x-tra fil 29 (3) Ba 18 (3) Bb 14 (3) Bc
SonicFill 24 (3) Ba 16 (2) Bb 12 (2) Bc

Conventional composite 44 (3)Aa 27 (1) Ab 23 (1) Ac

2 Different uppercase letters represent significant differences in cuspal
deflection between various resin composites within each time point. Different
lowercase letters represent significant differences in cuspal deflection within
each type of resin composite at various time points.

ature (23°Cx1°C). All the procedures were per-
formed by the same examiner. Reproducibility of
measurements was confirmed by a second evaluator.
The entire procedure was performed for four teeth
from each group at a time.

Statistical Methods

The effects of the composite material and time on
cuspal deflection were analyzed using mixed-model
analysis of variance, which included fixed effect
terms for material, time, and their interaction and a
repeated-measures effect to account for correlations
among the times, as well as the different variances
at each time. Pairwise comparisons between groups
were made using the Tukey method to adjust for
multiple comparisons. An overall 5% significance
level was used. With a sample size of eight
specimens per group, the study had 80% power to
detect a difference of 5 um between any two groups.

RESULTS

Mean (*standard error) postrestoration cuspal de-
flection values are illustrated in Table 2 and Figure 3.
Overall, cuspal deflection was significantly greater in
the conventional composite group than in the Tetric
EvoCeram Bulk Fill (p=0.0031), x-tra fil (p=0.0029),
and SonicFill (p=0.0002) groups. There were no
significant differences in cuspal deflection among
Tetric EvoCeram Bulk Fill, x-tra fil, and SonicFill
composites. Cuspal deflection was significantly great-
er at five minutes than at 24 hours (p<<0.0001) or 48
hours (p<<0.0001) and significantly greater at 24
hours than at 48 hours (p<<0.001) for all the tested
materials. At all time points, conventional composite
had significantly greater cuspal deflection than did
the bulk-fill materials (all p<<0.05).

DISCUSSION

This study investigated the effect of three types of
high-viscosity bulk-fill composites on cuspal deflec-
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Figure 3. Mean (standard error)

(um) of cuspal deflection for the
investigated materials.
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tion of maxillary premolar teeth compared to an
incrementally placed composite. Inward cuspal
movement or cuspal deflection represents deforma-
tion of tooth structure caused by the effect of
polymerization shrinkage stresses.'*3° In the cur-
rent study, the mean cuspal deflection varied from
24 pym to 44 pm. Moreover, the inward cuspal
movement caused by polymerization shrinkage
stresses was observed in each cavity filled with resin
composite, as reported by a number of studies,?13°
which means there is an established adhesion at the
tooth-restoration interface.

In the present work, a large slot MOD cavity
preparation was performed on maxillary premolar
teeth in order to weaken tooth structure and favor
cuspal deflection. As Gonzalez Lopez and others®!
mentioned, the degree of cuspal deflection is directly
related to loss of tooth structure. In addition, as the
cavity size increases, more RBC material is required,
producing greater shrinkage forces and consequently
more cuspal deflection.?’ Although the value of
cuspal deflection might theoretically be greater if
the baseline measurements were recorded after
cavity preparation, it has been reported’ that there
was no significant difference in the cuspal deflection
before or after cavity preparation. In addition,
reestablishing pre-preparation occlusal relationships
should be a goal of restorative treatment. For these

reasons, the baseline measurements of the present
study were recorded before tooth preparation.’3?

Measurement of cuspal deflection using natural
teeth can produce many discrepancies among spec-
imens due to the variations in the tooth size,
anatomy, and modulus of elasticity. Therefore, to
minimize variation among specimens and cavity
preparations, our methodology employed the follow-
ing procedures: 1) specimens were selected, mea-
sured, ranked in size, and assigned to treatment
groups so that the mean BPWs of all tested groups
varied by <5%; 2) MOD preparations were accom-
plished so that the pulpal floor and the gingival walls
of the mesial and distal boxes were at the same level;
and 3) a dental surveyor was utilized during all
cavity preparations to facilitate proper alignment of
the cavity walls. Moreover, room temperature was
selected to allow better comparison with existing
studies.?*33 Future efforts evaluating the impact of
37°C may provide more clinically relevant results.

Our null hypothesis proposed that the mean
cuspal deflection caused by bulk-fill resin composites
using a single increment would not be statistically
different than that of a composite placed in three
increments. The study results did not support this
hypothesis. Cuspal deflection was significantly
greater with the incrementally placed composite
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than with each of the three bulk-fill composites,
which were not different from each other.

The reduced polymerization shrinkage stresses
and subsequent cuspal deformation of bulk-fill resin
composite materials could be attributed to opti-
mized resin matrix, initiator chemistry, and filler
technology.?* Both filler technology and monomer
content affect the polymerization shrinkage stress-
es. The incrementally placed (control) composite
used in our study contains a bisphenol A—glycidyl
methacrylate — triethyleneglycol dimethacrylate
(TEGDMA) resin-matrix. TEGDMA-rich matrices
create a greater degree of cross-linking and a
greater amount of polymerization shrinkage.3%3¢
The bulk-fill composites, which incorporate ure-
thane dimethacrylate (UDMA) and bisphenol A
polyethylene glycol diether dimethacrylate (Bis-
EMA), with lower TEGDMA content, produced less
polymerization shrinkage and, consequently, less
cuspal deflection. This is in accordance with some
studies'®3” that reported reduced contraction
stresses among materials containing UDMA and
Bis-EMA. Moreover, the positive correlation be-
tween filler load and modulus of elasticity of resin
composite materials has been confirmed.?%?43% A
lower filler content of resin composite is generally
associated with a lower modulus of elasticity.®® It
has been reported'® that the lower filler load, and
subsequently the lower modulus of elasticity, is
considered another contributing factor to the re-
duced shrinkage stresses of bulk-fill composite
materials. This fact might be one of the causative
factors in the reduced polymerization shrinkage
stresses of Tetric EvoCeram and SonicFill Bulk Fill,
which have elastic moduli measuring around 8.5
and 10 GPa,*® respectively. The elastic modulus of
7100 resin composite is approximately 21 GPa*!
and, consistent with the theory, demonstrated
higher cuspal deflection.

On the other hand, Kim and others*? reported that
bulk-fill composite and conventional composite ex-
hibited similar polymerization shrinkage stress.
This could be attributed to a different methodological
approach that was used to assess the polymerization
shrinkage stresses.

Another potential factor that would contribute to
reduced polymerization shrinkage stress and re-
duced cuspal movement is a lower degree of
polymerization of the bulk-fill material. Depth of
cure for the restorations placed in this study was not
measured and is, therefore, a limitation that should
be considered when analyzing the results.

The rationale for starting measurements after
five minutes was that the majority of the cuspal
movement was reported to occur within five min-
utes after polymerization.®3° Although at five
minutes there were no statistically significant
differences among the bulk-fill materials, SonicFill
exhibited the lowest numeric cuspal deflection.
Additionally, the unique advantage of the SonicFill
material is its ability to behave like flowable
composite during placement, providing better ad-
aptation to cavity walls, when compared to tradi-
tional resin composite.*® In addition, optimizing the
filler sizes in SonicFill and x-tra fil around 20 pm?3°
might be another contributing factor to the lower
polymerization contraction stresses when compared
to that of the Z100 resin composite, which contains
0.01-3.5-pym average filler size. Likewise, Abe and
others*! suggested that the smaller filler size
causes more polymerization shrinkage stress. In
agreement with the present study, Do and others®®
reported that the cuspal deflection of Tetric Evo-
Ceram Bulk Fill was less when compared with that
of flowable bulk-fill and conventional composites.
Although they did not find a statistically significant
difference, the authors mentioned that the results
may have been significant if they had used a larger
sample size.®® This also agrees with the work of
Zorzin and others,>* who found that Tetric EvoCer-
am Bulk Fill produced less polymerization shrink-
age than conventional composite. The manufacturer
claims that the reduced polymerization shrinkage
stresses of Tetric EvoCeram Bulk Fill are achieved
by the incorporation of a stress reliever, which
keeps the chemical cushion between filler particles
intact; this cushion helps to improve the elasticity
of the materials and reduces polymerization shrink-
age.*?

Cuspal deflection was significantly greater at five
minutes than at 24 hours or 48 hours, and it was
significantly greater at 24 hours than at 48 hours
for all the tested materials. Although most of the
polymerization shrinkage and subsequent cuspal
deflection occurs within the first five minutes, the
aim of measuring the position of the cusps at 24 and
48 hours was to determine if there was a cuspal
relaxation and if it would return to its original
position. All specimens tended to recover to their
original dimensions, although complete recovery
was not achieved during the 48-hour period. This is
in agreement with the findings of some other
studies,?*3! whose authors mentioned that the
recovery begins after 10 minutes in hydrated teeth
and never returns to the original position in large-
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or medium-sized cavities. Cusp relaxation or recov-
ery of the cusps is likely to occur as a result of one or
more of the following: water sorption, stress
relaxation, tooth elasticity, or tooth-restoration
gap formation.3°

CONCLUSIONS
Within the limits of this in vitro study,

e Cuspal deflection was less in teeth restored with
bulk-fill resin composites using a single increment
compared to teeth filled with a conventional
composite placed in three increments;

* Different high-viscosity bulk-fill resin composites
produced similar amounts of cuspal deflection; and

e Complete recovery of the cusps to their original
positions did not occur during the 48-hour obser-
vation period.

Acknowledgements

This work contributed to the completion of the MSD degree
and was supported by the Indiana University School of
Dentistry. Sincere thanks to Anderson Hara, DDS, MSD,
PhD (Department of Cariology, Operative Dentistry and
Dental Public Health, Indiana University, School of Dentistry)
and Marco Bottino, DDS, MSc, PhD (Department of Biomed-
ical and Applied Sciences, Indiana University, School of
Dentistry) for their valuable assistance in the preparation
and completion of this study.

Regulatory Statement

This study was conducted in accordance with all the
provisions of the local human subjects oversight committee
guidelines and policies of Indiana University. The approval
code for this study is IRB 1501282185.

Conflict of Interest

The authors of this manuscript certify that they have no
proprietary, financial, or other personal interest of any nature
or kind in any product, service, and/or company that is
presented in this article.

(Accepted 19 June 2017)

REFERENCES

1. Braga RR, Ballester RY, & Ferracane JL (2005) Factors
involved in the development of polymerization shrinkage
stress in resin-composites: A systematic review Dental
Materials 21(10) 962-970.

2. Jafarpour S, El-Badrawy W, Jazi HS, & McComb D (2012)
Effect of composite insertion technique on cuspal deflec-
tion using an in vitro simulation model Operative
Dentistry 37(3) 299-305.

3. Giachetti L, Scaminaci Russo D, Bambi C, & Grandini R
(2006) A review of polymerization shrinkage stress:
Current techniques for posterior direct resin restorations
Journal of Contemporary Dental Practice 7(4) 79-88.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Operative Dentistry

. Ferracane JL (2008) Buonocore Lecture. Placing dental

composites—A stressful experience Operative Dentistry
33(3) 247-257.

. Davidson CL, de Gee AJ, & Feilzer A (1984) The

competition between the composite-dentin bond strength
and the polymerization contraction stress Journal of
Dental Research 63(12) 1396-1399.

. Garcia D, Yaman P, Dennison J, & Neiva G (2014)

Polymerization shrinkage and depth of cure of bulk fill
flowable composite resins Operative Dentistry 39(4)
441-448.

. Karaman E, & Ozgunaltay G (2013) Cuspal deflection in

premolar teeth restored using current composite resins
with and without resin-modified glass ionomer liner
Operative Dentistry 38(3) 282-289.

. Kim ME, & Park SH (2011) Comparison of premolar

cuspal deflection in bulk or in incremental composite
restoration methods Operative Dentistry 36(3) 326-334.

. Moorthy A, Hogg CH, Dowling AH, Grufferty BF, Benetti

AR, & Fleming GJ (2012) Cuspal deflection and micro-
leakage in premolar teeth restored with bulk-fill flowable
resin-based composite base materials Journal of Dentistry
40(6) 500-505.

Fleming GJ, Hall DP, Shortall AC, & Burke FJ (2005)
Cuspal movement and microleakage in premolar teeth
restored with posterior filling materials of varying
reported volumetric shrinkage values Journal of Dentist-
ry 33(2) 139-146.

Sultan A, Moorthy A, & Fleming GJ (2014) The adhesive
potential of dentin bonding systems assessed using cuspal
deflection measurements and cervical microleakage
scores Dental Materials 30(10) 1154-1160.

Alomari QD, Reinhardt JW, & Boyer DB (2001) Effect of
liners on cusp deflection and gap formation in composite
restorations Operative Dentistry 26(4) 406-411.

Meredith N, & Setchell DJ (1997) In vitro measurement
of cuspal strain and displacement in composite restored
teeth Journal of Dentistry 25(3-4) 331-337.

McCullock AJ, & Smith BG (1986) In vitro studies of
cuspal movement produced by adhesive restorative
materials British Dental Journal 161(11) 405-409.

Park J, Chang J, Ferracane J, & Lee IB (2008) How
should composite be layered to reduce shrinkage stress:
Incremental or bulk filling? Dental Materials 24(11)
1501-1505.

Lazarchik DA, Hammond BD, Sikes CL, Looney SW, &
Rueggeberg FA (2007) Hardness comparison of bulk-
filled/transtooth and incremental-filled/occlusally irradi-
ated composite resins Journal of Prosthetic Dentistry
98(2) 129-140.

Versluis A, Douglas WH, Cross M, & Sakaguchi RL (1996)
Does an incremental filling technique reduce polymeriza-
tion shrinkage stresses? Journal of Dental Research 75(3)
871-878.

Jedrychowski JR, Bleier RG, & Caputo AA (2001)
Shrinkage stresses associated with incremental compos-
ite filling techniques in conservative Class II restorations
ASDC Journal of Dental Children 68(3) 161-167, 150.

$S900E 98] BIA |0-60-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid//:sdiy woll papeojumoc]



Elsharkasi & Others: Cuspal Deflection and Bulk-fill RBCs

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

El-Damanhoury H, & Platt J (2014) Polymerization
shrinkage stress kinetics and related properties of bulk-
fill resin composites Operative Dentistry 39(4) 374-382.

Ilie N, & Hickel R (2011) Investigations on a methacry-
late-based flowable composite based on the SDR technol-
ogy Dental Materials 27(4) 348-355.

Vinagre A, Ramos J, Alves S, Messias A, Alberto N, &
Nogueira R (2016) Cuspal displacement induced by bulk
fill resin composite polymerization: Biomechanical evalu-
ation using fiber Bragg grating sensors International
Journal of Biomaterials http://dx.doi.org/10.1155/2016/
7134283

Fleming GJ, Awan M, Cooper PR, & Sloan AJ (2008) The
potential of a resin-composite to be cured to a 4mm depth
Dental Materials 24(4) 522-529.

Margeas RC (2015) Bulk-fill materials: Simplify restora-
tions, reduce chairtime Compendium of Continuing
Education in Dentistry 36(1) el-e4.

Ilie N, Rencz A, & Hickel R (2013) Investigations towards
nano-hybrid resin-based composites Clinical Oral Inves-
tigations 17(1) 185-193.

Van Ende A, De Munck J, Van Landuyt KL, Poitevin A,
Peumans M, & Van Meerbeek B (2013) Bulk-filling of
high C-factor posterior cavities: Effect on adhesion to
cavity-bottom dentin Dental Materials 29(3) 269-2717.

Flury S, Hayoz S, Peutzfeldt A, Husler J, & Lussi A (2012)
Depth of cure of resin composites: Is the ISO 4049 method
suitable for bulk fill materials? Dental Materials 28(5)
521-528.

Lee YK (2008) Influence of filler on the difference between
the transmitted and reflected colors of experimental resin
composites Dental Materials 24(9) 1243-1247.

Shortall AC, Palin WM, & Burtscher P (2008) Refractive
index mismatch and monomer reactivity influence com-
posite curing depth Journal of Dental Research 87(1)
84-88.

Azzopardi N, Moharamzadeh K, Wood DJ, Martin N, &
van Noort R (2009) Effect of resin matrix composition on
the translucency of experimental dental composite resins
Dental Materials 25(12) 1564-1568.

Suliman AA, Boyer DB, & Lakes RS (1993) Cusp
movement in premolars resulting from composite poly-
merization shrinkage Dental Materials 9(1) 6-10.

Gonzalez Lopez S, Sanz Chinesta MV, Ceballos Garcia L,
de Haro Gasquet F, & Gonzalez Rodriguez MP (2006)
Influence of cavity type and size of composite restorations

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

on cuspal flexure Medicina Oral, Patologia Oral y Cirugia
Bucal 11(6) E536-E540.

Giler E, & Karaman E (2014) Cuspal deflection and
microleakage in pre molar teeth restored with bulk-fill
resin-based composites Journal of Adhesion Science &
Technology 28(20) 2089-2099.

Do T, Church B, Verissimo C, Tantbirojn D, Tantbirojn D,
Simon JF, & Versluis A (2014) Cuspal flexure, depth-of-
cure, and bond integrity of bulk-fill composites Pediatric
Dentistry 36(7) 468-473.

Zorzin J, Maier E, Fey TBR, Lohbauer U, Petschelt A,
&Taschner M (2015) Bulk-fill resin composites: Polymer-
ization properties and extended light curing Dental
Materials 31(3) 293-301.

Goncalves F, Azevedo CL, Ferracane JL, & Braga RR
(2011) BisGMA/TEGDMA ratio and filler content effects
on shrinkage stress Dental Materials 27(6) 520-526.

Barszczewska-Rybarek IM (2014) Characterization of
urethane-dimethacrylate derivatives as alternative
monomers for the restorative composite matrix Dental
Materials 30(12) 1336-1344.

Goncalves F, Pfeifer CC, Stansbury JW, Newman SM, &
Braga RR (2010) Influence of matrix composition on
polymerization stress development of experimental com-
posites Dental Materials 26(7) 697-703.

El-Safty SAR, Silikas N, & Watts DC (2012) Nano-
mechanical properties of dental resin-composites Dental
Materials 28(12) 1292-1300.

Ilie N, Bucuta S, & Draenert M (2013) Bulk-fill resin-
based composites: An in vitro assessment of their
mechanical performance Operative Dentistry 38(6)
618-625.

Ibarra ETLW, Casey J, Dixon SA, & Vandewalle KS
(2015) Physical properties of a new sonically placed
composite resin restorative material General Dentistry
3(63) 51-56.

Abe YLP, Inoue S, Braem MdJ, Takeuchi M, Vanherle G,
&Van Meerbeek B (2001) Dynamic elastic modulus of
’packable’ composites Dental Materials 17(6) 520-525.

Kim RJ, Kim YJ, Choi NS, & Lee IB (2015) Polymeriza-
tion shrinkage, modulus, and shrinkage stress related to
tooth-restoration interfacial debonding in bulk-fill com-
posites Journal of Dentistry 43(4) 430-439.

Kapoor N, Bahuguna N, & Anand S (2016) Influence of
composite insertion technique on gap formation Journal
of Conservative Dentistry 19(1) 77-81.

$S900E 98] BIA |0-60-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid//:sdiy woll papeojumoc]



