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Clinical Technique/Case Report

A Conservative Approach to
Ceramic Veneers: A Case Report

C Jurado « H Watanabe ¢ J Villalobos Tinoco
H Ureta Valenzuela ¢ G Guzman Perez ¢ A Tsujimoto

Clinical Relevance

For anterior ceramic veneers, a predictable result can be obtained through a proper
diagnostic mock-up followed by the use of reduction guides in tooth preparation. In
addition, isolation with a rubber dam is crucial for the success of adhesive protocols.

SUMMARY

Bonding to enamel has been shown to provide
reliable results, and thus conservative tooth
preparations are key to the success of ceramic
bonded restorations. The wax-up is the first
diagnostic tool available to evaluate discrep-
ancies between current and ideal tooth pro-
portions. The clinician’s diagnostic mock-up
provides the patient with a visual perception
of the size and shape of the proposed restora-

Carlos A Jurado, DDS, MS, Clinical Dentistry, A.T. Still
University Arizona School of Dentistry and Oral Health,
Mesa, AZ

*Hidehiko Watanabe, DDS, MS, Department of Restorative
Dentistry, Oregon Health and Science University School of
Dentistry, Portland, OR, USA

Jose Villalobos Tinoco, DDS, Department of Restorative
Dentistry, Centro de Estudios Odontologicos (CEQO), Quere-
taro, Mexico

Heriberto Ureta Valenzuela, CDT, private practice, Culiacan,
Mexico
Gerardo Guzman Perez, DDS, private practice, Uriangato,
Mexico

Akimasa Tsujimoto, DDS, PhD, Department of Operative
Dentistry, Nihon University School of Dentistry, Tokyo,
Japan

*Corresponding author: 2730 SW Moody Ave., Portland, OR
97201; e-mail: watanabh@ohsu.edu

https://doi.org/10.2341/19-051-T

tions. The use of reduction guides assists the
restorative dentist in evaluating the specific
amount of tooth structure to be removed
during preparation. Furthermore, total isola-
tion with a rubber dam prior to bonding the
final restorations is crucial for the success of
adhesive protocols. The aim of this report is to
demonstrate a conservative approach to tooth
preparation with a complete isolation tech-
nique prior to bonding eight ceramic restora-
tions.

INTRODUCTION

Ceramic veneers are well known as a conservative
treatment option for anterior teeth presenting wear,
fractures, interdental spaces, and facial defects.'?
Bonded ceramic veneers have been proven to show
reliable outcomes with positive long-term results.?~

The success of ceramic veneer restorations de-
pends on many factors, such as preparation design,’
adhesive techniques,®” and adequate patient home
care.® Usually, tooth reduction is needed for
ceramic veneers in order to create ideal esthetic
results, but excessive reduction can compromise
bond strength due to exposure of dentin.® With new
laboratory techniques and optimal dental materi-
als, it is possible to produce ultrathin ceramic
veneers with a thickness of 0.1 to 0.5 mm that can
be bonded to tooth structure with minimal or no
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Figure 1. Preoperative smile view.

Figure 2. Preoperative frontal view showing spaces between teeth 6
through 11; uneven incisal edges of teeth 8 through 10; and worn
teeth 6, 8, 9, and 10.

Figure 3. Diagnostic mock-up with self-cured temporary composite
material.

Figure 4. Horizontal and vertical depth grooves were cut on the teeth
and marked with a blue pencil.

preparation in order to modify the position, color,
and shape of the teeth.'®!! Currently, the market is
offering several ceramic options for the clinician,
such as lithium disilicate, feldspathic porcelain,
feldspathic porcelain reinforced with leucite, and
lithium disilicate reinforced with zirconia.'?~'°
These types of ceramics have a high proportion of
glassy matrix that produces highly esthetic results
and excellent adhesion with resin cement when
treated with hydrofluoric acid followed by silane
application.'® Minimal tooth reduction provides a
high fracture strength when resin cement is used to
bond a veneer to enamel.”2° High survival rates
have been seen for ceramic veneers bonded to
enamel 222

Ceramic veneer preparations can be challenging
for clinicians with little experience, and the lack of
good clinical protocols may result in failed restora-
tions. The creation of a diagnostic wax-up is
fundamental for the diagnosis and treatment of a
potential candidate for veneer restorations.?® It can
provide information related to the discrepancies
between current and ideal tooth size, restorative
space available, occlusal scheme, and any treat-
ment needed in the opposing arch.?72¢ The diag-
nostic wax-up can be transferred to the mouth as a
diagnostic mock-up, and the patient can participate
in a clinical evaluation of the tentative future
restorations, allowing one to request any desired
changes at this early step. The diagnostic wax-up
can also be used as a treatment tool because it can

Operative Dentistry

be used to fabricate diagnostic guides and prepa-
ration reduction guides.?” The final preparation
can be made on an interim prosthesis placed in the
mouth via a putty matrix. Initial depth grooves on
the mock-up drive the clinician toward conserva-
tive veneer preparations because only a small
amount of enamel tissue removal is needed for
each tooth.?®?° Several types of reduction guides
can be fabricated from the diagnostic wax-up with
either clear or putty matrices. These types of
guides allow the clinician to evaluate the inter-
proximal, incisal, and facial reduction on each
tooth.3°

This clinical report describes a conservative
approach involving patient evaluation with a
diagnostic mock-up, followed by tooth preparation
for interim dental prostheses, evaluation of tooth
reduction with different guides, and complete
isolation for the bonding procedure of eight feld-
spathic veneers.

CASE REPORT

A 31-year-old male presented to the clinic with the
chief goal of closing the spaces between teeth and
improving his smile (Figures 1 and 2). After
evaluation, the patient was diagnosed with spaces
between teeth 6 through 11; uneven incisal edges of
teeth 8 through 10; and worn teeth 6, 8, 9, and 10.
The patient was offered a combination of orthodon-
tic, tooth whitening, and restorative treatment.
However, he rejected the idea of having orthodontic
appliances in his mouth and tooth whitening
treatments. The patient was informed of the need
to have a diagnostic wax-up (GEO Classic, Renfert,
Hilzingen, Germany) followed by a diagnostic
mock-up with a self-cured temporary composite
material (Structur Premium, VOCO GmbH, Cux-
haven, Germany) in order to evaluate the future
dimensions of the proposed ceramic restorations
(Figure 3). When the diagnostic mock-up was
placed in the mouth, the patient was pleased with
the result and asked to move forward. The final
treatment plan included porcelain ceramic veneers
on teeth 6 through 11, and due to the large smile
corridor and the patient’s request, ceramic veneers
on 5 and 12 were included.

At the following clinical appointment, the same
previously approved mock-up of the self-cured
material was created and placed in the patient’s
mouth. Horizontal and vertical depth grooves were
cut into the teeth with a round diamond bur (801
Spherical, JOTA AG, Riithi, Switzerland) and
marked with a blue pencil (Prismacolor Verithin,
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Figure 5. Insertion of a clear matrix.

Figure 6. A periodontal probe was used for measurement of the
reduction.

Figure 7. A putty reduction guide matrix was fabricated for the
evaluation of incisal and facial reduction.

Figure 8. A periodontal probe was used to measure the reduction
thickness.

Oak Brook, IL, USA) (Figure 4). Tooth reduction was
performed with the aid of the clear thermoplastic
reduction guide. The clear thermoplastic reduction
guide (0.5-mm thickness, Thermoplastics, Keystone
Industries, Gibbstown, NJ, USA) was fabricated
with a vacuum machine (Pro-Vac, Keystone Indus-
tries). It was placed on the anterior teeth, and the
conservative tooth preparations were checked with a
clear matrix with specific perforations in order to
insert a periodontal probe and measure the reduc-
tion. The clear matrix also allowed an overall vision
of the reduction, including areas not easily accessi-
ble, such as the interproximal sites (Figures 5 and 6).
In addition, a putty reduction guide matrix (Hydro-
rise Putty, Zhermack SpA, Badia Polesine, Italy) was
fabricated in order to evaluate incisal and facial
reduction, again using a periodontal probe to
measure the amount of reduction (Figures 7 and 8).
After conservative tooth preparations were complet-
ed, the teeth were polished and smoothed, and
corners were rounded using discs (Soft-Lex Discs,
3M Oral Care, St Paul, MN). This was followed by
sandblasting of the teeth with water and 20-micron
aluminum oxide particles (AquaCare Aluminum
Oxide Air Abrasion Powder, Velopex, London, UK)
(Figure 9). A double cord impression technique was
used, first packing cord 00 and then O (Ultrapak,
Ultradent Products Inc, South Jordan, UT, USA),
and the final impression was made using light-body
and heavy-body consistency polyvinylsiloxane (Vir-
tual 380, Ivoclar Vivadent, Amherst, NY, USA)
(Figures 10 through 12).
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Figure 9. A sharp corner of the preparation was rounded with a disc.

Figure 10. Frontal view of final preparation after first cord packing
(00).

Figure 11.  Removing a second cord (0) followed by injection of light
body polyvinylsiloxane.

Figure 12.  Final impression of eight ceramic veneers.

Master cast and individual dies were fabricated
with type IV stone (Fujirock, GC America Inc,
Alsip, IL USA). Feldspathic veneers were chosen
in order to fulfill the patient’s high esthetic
demands and for the ability to fabricate very thin
restorations. Ceramic veneers were fabricated out
of feldspathic porcelain (Noritake Super Porcelain
EX-3, Kuraray Noritake Dental Inc, New York,
NY, USA) (Figures 13 and 14). Try-in of ceramic
restorations was performed with light and neutral
try-in pastes (Variolink Esthetic Try-in, Ivoclar
Vivadent), and the patient was shown the results
(Figure 15). The patient and the clinician decided
to use the light shade of cement. Isolation was
provided with a rubber dam from 4 through 13,
placing clamps on 4 and 13 (Rubber Dam Clamps
no. 2, Hu-Friedy, Chicago, IL, USA). In addition,
clamps (Hygenic Brinker Clamp B4, Coltene/
Whaledent Inc, Cuyahoga Falls, OH, USA) were
placed on the specific teeth to which restorations
would be bonded (Figures 16 and 17). The
placement sequence of the ceramic restorations
was first 8 and 9, then 7 and 10, then 6 and 11,
and finally 4 and 12. The ceramic restorations
received hydrofluoric acid surface treatment (IPS
Ceramic Etching Gel, Ivoclar Vivadent) for 60
seconds, followed by rinsing and drying. Restora-
tions were submerged in water and alcohol in an
ultrasonic bath (5300 Sweep Ultrasonic Cleaner,
Quala Dental Products, Nashville, TN, USA) for
five minutes in order to remove any remaining
acid. Next, silane (Monobond-S, Ivoclar Vivadent)
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Figure 13. Porcelain application.

Figure 14. Final ceramic restorations.

Figure 15. Checking the color of restorations using two different try-in pastes on the left (light) and right (neutral) sides.

was applied for 60 seconds, and then the restora-
tion was dried. The tooth surface was first treated
with 32% phosphoric acid gel (Uni-Etch w/BAC,
Bisco Dental, Schaumburg, IL, USA) for 30
seconds, then rinsed, and gently dried. Then
primer and adhesive were applied (OptiBond FL,
Kerr Dental, Orange, CA, USA) following the
manufacturer’s instructions and light cured (VA-
LO LED Curing Light, Ultradent Products Inc) for
20 seconds. The light color cement (Variolink
Esthetic LC, Ivoclar Vivadent) was applied to

Figure 16. Rubber-dam isolation of 8 and 9 using clamps.

Figure 17. Completion of cementing of eight ceramic veneers. The
placement sequence was first 8 and 9, then 7 and 10, then 6 and 11,
and finally 4 and 12.

both veneers for 8 and 9, which were placed onto
the teeth. Excess cement was removed with a
microbrush and floss in the interproximal surfac-
es before light curing for 20 seconds on the facial
surface, 20 seconds on the mesial surface, 20
seconds on the distal surface, and 20 seconds on
the incisal surface. The same sequence was
followed for the teeth and veneers on 7 and 10,
then 6 and 11, and finally 5 and 12. Glycerin gel
was then applied to the ceramic surfaces in order
to prevent an oxygen inhibition layer (Liquid
Strip, Ivoclar Vivadent), and the surfaces were
again light cured for 20 seconds each. The rubber
dam was removed, and excess cement on the
cervical area was removed with a no. 12 blade
(Surgical Scalpel Blade no. 12, Salvin Dental
Specialties, Charlotte, NC, USA). Occlusion, ex-
cursive movements, and protrusion were checked.
The patient was pleased with the final result
(Figures 18 and 19). An occlusal guard was
provided to wear at night in order to prevent
any damage to the restorations. At the one-year
follow-up, the patient was still pleased with the
clinical result (Figure 20).

DISCUSSION

This clinical report describes how a well-planned
diagnostic evaluation, thorough treatment plan-
ning, controlled tooth preparation, and ideal ce-
ramic selection, can fulfill a patient’s high esthetic
demands. Initially, an additive wax-up was per-
formed, followed by diagnostic mock-up. The wax-
up information transferred to the mouth provides
the patient with an opportunity to experience a
physical model of the proposed size and shape of
the final restoration. On the patient’s approval,
several types of reduction guides can be fabricated
from the diagnostic wax-up. Some reduction guides,
such as a clear matrix, can provide the clinician
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Figure 18. Frontal view showing eight bonded ceramic veneers
immediately after bonding.

Figure 19. Final simile view immediately after the delivery of eight
ceramic veneers.

Figure 20. One-year follow-up of eight ceramic veneers.

with an overall evaluation of all teeth to be
prepped. In contrast, putty matrix guides can
provide measurements of individual areas, such
as facial and incisal, on specific teeth. Reduction
guides provide the clinician with an opportunity to
have a well-controlled tooth preparation appropri-
ate to the type of ceramic restorations selected.
Experienced restorative dentists may not need any
reduction guide in order to achieve ideal tooth
reduction, but the authors highly recommend them
as one is gaining experience with these restora-
tions. A rubber dam is used for isolation in order to
achieve ideal results with the adhesive materials.
This article demonstrated a technique in which a
rubber dam was placed from the second premolar to
the opposite second premolar secured with retain-
ers. Individual retainers were placed on each tooth
during the cementation of the ceramic veneer. This
type of isolation provides several advantages to the
clinician, such as preventing contamination of the
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working field by saliva, blood, and sulcular fluids.
It also improves direct visibility because the rubber
dam retracts the tongue, cheeks, and lips while
working intraorally. It prevents aspiration and
laceration from instruments and speeds up the
treatment procedures because the clinician can
focus on the clinical steps without worrying about
the patient closing their mouth. Isolation between
the second premolars provided enough working
space for the clinician. Obviously, clinicians can
bond final restorations without having total isola-
tion with a rubber dam; however, even minimal
contamination may compromise the effectiveness of
the bonding agents.

CONCLUSIONS

The use of preparation guides provides the opportu-
nity to verify the amount of tooth reduction needed
for conservative veneer preparations. A clear matrix
guide provides an overall perspective and can be
perforated to measure the depth of specific sites with
a periodontal probe. Traditional putty matrix guides
are fabricated for more specific evaluation of areas,
such as the incisal and facial zones. The goal of any
tooth preparation is to maintain the prep in enamel
in order to achieve an optimal bonded restoration.
Proper tooth isolation is crucial to prevent any saliva
or surface contamination during the adhesion of the
ceramic restorations. The use of conservative tooth
preparation and complete isolation during the
bonding procedure should improve the longevity of
the restorations.
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An Improved Direct Injection
Technique With Flowable
Composites. A Digital Workflow
Case Report

C Coachman ¢ LL De Arbeloa ¢ G Mahn ¢ TA Sulaiman ¢ E Mahn

Clinical Relevance

Anterior dental restorations often involve difficult and time-consuming procedures. An
improved direct injection technique using a digital workflow in the restoration of anterior
teeth can be an alternative to save clinical time and yield a predictable and esthetic

outcome.

SUMMARY

This article presents a clinical technique based
on a case report for restoring the contours and
shape of the upper teeth involved in the smile
display of a young patient. After planning the
treatment for the patient using digital tools
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(Digital pictures, Digital Smile Design, digital
waxup, three-dimensional [3D] printed models,
mockup), the upper teeth were restored using
an improved injection technique. This im-
proved technique involves the direct injection
of flowable composite resin using clear polyvi-
nyl siloxane molds made from 3D-printed mod-
els of the patient. The details and benefits of
this new technique are described in the article.

INTRODUCTION

State-of-the-art oral rehabilitation techniques aim
for both esthetic and functional outcomes. Contem-
porary dental materials, clinical techniques such as
Digital Smile Design (DSD), mockups, and integrat-
ed treatment planning enables the clinician to both
virtually and/or clinically view and assess the
treatment plan beforehand. Nevertheless, the pro-
cess of making direct or indirect final restorations is
still very tedious and time-consuming, demanding
highly specific skills and attention to meticulous
details from the clinician. The traditional process of
placing direct anterior restorations is clinically
demanding to complete, often involving a tedious
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layering process, which limits the ideal indication of
them to only a few restorations at a time.! Further-
more, traditional direct restorations are not made
using preestablished tooth shapes or contours,
making the procedure operator dependent and less
predictable. When multiple anterior restorations or a
smile change is required, indirect restorations are
preferred by clinicians. However, fabrication of
indirect restorations is often externalized to a dental
technician, which increases delivery time and costs.

A clinician’s preference for composite resin selec-
tion should be based on reported survivability, the
composite resins’ esthetic ability, and adaptability/
handling. Since the 1990s, composite resins have
improved vastly both in optical and mechanical
properties, making them more versatile within their
limitations.! Moreover, new techniques for applying
composite resins have been introduced, enhancing
their application. Mockups using bis-acryl or inject-
ing flowable composite via transparent matrices
have become more popular for provisionalizing
anterior teeth.?”

The early 1990s hallmarked the use of composite
resins in dentistry, especially with the advance-
ments in adhesive bonding. The initial composite
resins were usually filled with large quartz particles,
resulting in restorations that were rough and
difficult to polish. With polishability being a major
esthetic concern, newer composite resins emerged in
response to the needs expressed by dental practi-
tioners. Most contemporary composite resins fall into
one of the following categories: hybrid, nano-filled,
microfill, packable, and flowable composite.® Com-
posite resins obtain their physical properties/han-
dling characteristics from filler particles’ relative
amount, size, and shape. As a general rule, the more
filler content and the smaller the filler particle, the
better. Increasing filler load improves the resistance
to functional wear and enhances physical properties.
Also, composite resins with smaller particles are
inherently more polishable, retain their polish for
longer periods of time, and are more resistant to
wear. Most composite resins have a putty-like
consistency, which is desirable for clinical situations
when packing composite resin into cavities. Howev-
er, there was a need to have a composite resin with
lower viscosity for better proximity with the cavity
walls. For this reason, a new class of “flowable
composite resins” was introduced in late 1996.7

Flowable resin-based composites are conventional
composites with filler loading reduced to 37%-53%
(volume) compared with 50%-70% (volume) for
conventional minifilled hybrid composite resin. This
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altered filler loading modifies the viscosity of these
materials. Most manufacturers package flowable
composites in small syringes that allow for easy
dispensing with very-small-gauge needles. This
makes them ideal for use in small preparations or
in situations where it would be difficult to fill
otherwise. However, the main drawback of flowable
composite resins is reduced physical properties and
increased polymerization shrinkage compared with
conventional composite resin attributed to its low
filler content.®

A number of studies were conducted to improve
the mechanical properties of flowable composite
resins by adding nano-filled particles. This addition
improved mechanical properties without affecting
handling characteristics of the composite.” However,
laboratory abrasion wear tests have produced con-
tradictory results concerning wear resistance,'®!?
but the clinical wear resistance of flowable compos-
ites has yet to be determined. Other studies have
concluded that flowable composite resins may have
good polishability but less wear resistance, more
potential to be eroded under acidic conditions, and
more surface roughness over time due to reduced
filler loading.'®>'® Therefore, based on the previous
studies and due to the decreased filler content,
reduced physical properties, and poor wear resis-
tance, it is recommended that flowable composites
should only be used in low stress-bearing areas, as
liners or in small cavities.

Recently, newer and improved versions of flowable
composites have been introduced that may extend
their application to be considered in restoring
minimally invasive preparations and tooth discolor-
ations.'®'® No difference in clinical outcomes was
concluded when a nanohybrid composite resin was
compared with a flowable composite in restoring
noncarious cervical lesions during a 24-month
observation period.'* Moreover, when analyzing
surface roughness and wear of recent flowable
composites compared with conventional nanohybrid
composites after toothbrush simulation, similar
results were found between the two types of
composite resins.!®1?

Based on these current findings, recent flowable
composites imply promising outcomes for esthetic
applications. However, due to their lower filler
content, they are still considered to be contraindi-
cated for stress-bearing areas. Therefore, it is
ultimately the clinicians’ responsibility to consider
the application of flowable composites in cases where
successful and durable outcomes can be anticipated.
Direct restorations require attention to meticulous
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detail and skills to properly restore a tooth to its
proper shape, function, and esthetics. Handling of
conventional composites in restoring embrasures
and contours can be challenging, and some compos-
ite resins’ adaptability and sculptability can be
complicated. As a result, certain clinical techniques
have been introduced to facilitate the application of
direct restorative material saving time with optimal
esthetic and functional results.

The injection technique using flowable compos-
ite?%2! is an example of a technique that suggests a
quick and simple way to restore contours and shape
of worn-out/defective teeth. After taking an impres-
sion and pouring it with stone, a waxup is made on
the model replicating the desired outcome. An
impression of this waxup is taken with a clear
polyvinyl siloxane (PVS) material. Small access
holes are made facially to the incisal edges of the
teeth to be restored. Etching and bonding is done for
every other tooth while isolating the other teeth with
polytetrafluoroethylene tape. After inserting the
PVS mold and checking its proper fit, flowable
composite is injected through the access holes for
the teeth that have been prepared and photo-
polymerized. This process is repeated for the other
teeth that were isolated, and after removing the
mold, the final restorations are finished and pol-
ished. Because the PVS mold replicates the complete
waxup, the space between the mold and the natural
tooth is inevitable, and injecting the flowable
composite into one tooth space can cause the
flowable composite to leak into this space and
polymerize on the adjacent tooth. This can be
difficult to clean and reshaping the teeth time-
consuming, diminishing the very purpose of this
technique: saving time with a favorable result.

A more accurate approach based on the injection
technique is proposed by making a waxup on the cast
of every other tooth, then taking an impression with
the clear PVS. This will be the first mold. Then the
waxup is completed for the other teeth, and a second
PVS mold is made for the full waxup of the teeth.
After isolation, etching, and bonding as previously
described, the first PVS mold is secured in the
patients’ mouth. There should be a tight seal
between the waxed and unwaxed teeth to seize the
flowable composite from flowing into the embrasures
and onto the adjacent teeth, accurately polymerizing
the flowable composite into the confined space of the
first waxup. The second PVS mold is placed, and the
process is repeated. Accuracy and finishing time
should be advantageous with this approach vs the
conventional injection technique. However, it may be

challenging to achieve symmetry, shape, and con-
touring of the teeth. Clinicians and technicians need
to consider that it is very difficult to make two
identical manual waxups, especially considering
that one of them will have waxed every second
tooth. Therefore, a digital workflow version of this
procedure is introduced in the following clinical case,
which can solve the drawbacks mentioned previous-
ly.

Computer-aided design and computer-aided man-
ufacturing (CAD/CAM) technologies applied to den-
tistry have given the clinician a vast diversity of
tools to handle clinical scenarios. Restorative den-
tistry is one of the fields that has benefited the most.
The accuracy and consistency of intraoral scanners
and milling units have allowed CAD/CAM restora-
tions to be more predictable and durable. The CAD
phase offers the clinician the ability to simulate the
outcome without even changing a tooth intraorally.
Based on an intraoral scan, a digital waxup can be
made. Using the “adding tool” of the design software,
the volume and shape of a tooth can be changed
gradually on the screen and even corrected as many
times as needed. Every step in the process can be
reversible and modified as a single shape, making a
digital waxup both versatile and retrievable. If a
“digitally waxed” tooth is not looking according to the
expectations, that tooth can be erased, and the
process can start again from scratch. After the
digital waxup is finished, each tooth can remain as
a single shape as well. This means that each digitally
waxed tooth can be later modified or visualized
individually. This feature presents an incomparable
advantage over traditional waxing techniques,
where the waxed models are delicate and irrevers-
ible. Another advantage is that the digital workflow
allows three-dimensional (3D) printing of the mod-
els, which is not only easy and inexpensive but also
more durable. This sequential digital workflow is
crucial to assure proper shape and ease the clinical
procedures as described in the following case report.

CLINICAL CASE REPORT

A 28-year-old female patient presented for a screen-
ing appointment with concerns about spacing and
malaligned and discolored teeth. Tooth #7 was
slightly retruded with a lower gingival zenith,
lateral incisors were smaller in proportion to central
incisors, tooth #10 had a mesial and distal diastema,
and the tooth shade of the maxillary teeth was
unequal in chroma. She was also dissatisfied with
her smile display, complaining about having an
uneven gingival line (Figure 1). To begin the
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Figure 1. Pre-operative portrait picture of the patient.

Figure 2. DSD photographic protocol of the patient and occlusal scan
of upper model.

Figure 3. Digital 2D simulation of the new smile with proposed tooth
shape.

Figure 4. Digital 3D wax-up design on the digital model and
overlapped in the portrait picture of the patient.
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documentation of the findings, the DSD photograph-
ic protocol®® was used, consisting of frontal portrait
pictures with and without lip retraction; profile
pictures in resting position and full smile; 12-hour
picture (picture is taken from the back of the patient,
angled from the overhead toward the anterior
portion of the chin, focusing on the anterior
maxillary flare of the incisors; and occlusal picture
(in this case, the digital scan of the model; Figure 2).

A new smile proposition was simulated digitally
with the DSD application, which provided the
clinician and the patient with a helpful insight of
treatment possibilities (Figure 3). Subsequently, the
3D design was created with the NEMO Smile design
3D software (Nemotec Company, Madrid, Spain) and
overlapped with the patient’s smile (Figure 4). From
this simulated mockup, a 3D-printed model was
created, and a PVS impression was made as a mold.
A traditional additive mockup was made with a bis-
acryl temporary material to visualize how the
digitally designed teeth appear in the patients’
mouth and determine whether the patients’ expec-
tations were met (Figure 5). Another aim of this
mockup was to check if the occlusal function was
kept with the proposed design. The goals were to
provide protrusive guidance with all incisors partic-
ipating in it and to keep canine guidance as lateral
excursion pattern toward both sides.

Subsequently, after the occlusion was checked and
the viability of the design confirmed, the digital scan
of the model and the digital waxup were overlapped
revealing tooth shape, alignment, and contours
(Figure 6). After the final design was approved, a
surgical stent for guiding the gingivectomy proce-
dure was fabricated (Figures 6 and 7) The anticipat-
ed outcome of gingival zenith height, alignment, and
contour were achieved (Figure 8). After four months
of soft tissue healing, the teeth were bleached
(Figure 9). Two models were 3D printed: the first
was based on a waxup of every other tooth, and the
second model was based on the complete waxup. As
previously mentioned, this first design can be
achieved using the design software by activating or
deactivating the superimposed tooth with the digital
waxup, because each tooth is an individual over-
lapped image (Figure 10). A translucent custom tray
was used with a clear PVS impression material to
take an impression of the models and then placed in
a 1.5-bar pressure pot. This process ensured the
optimum fit, accuracy of surface details, and con-
tours (Figure 11). Access holes the size of the
flowable composite tip were made through the tray
and impression material slightly facial to the incisal
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Figure 5. Traditional additive mock-up on the patient based on a 3D
printed model of the digital wax-up.

Figure 6. Estimated measurements planned for the gingivectomy
procedure.

Figure 7. Occlusal view of the ideal mock-up design, which led to the
fabrication of a surgical stent.

Figure 8. Clinical picture after the gingivectomy was completed.

edge of each tooth that was to be restored (Figures 12
and 13). Isolation of every other tooth that was not
included in the first waxup design was achieved with
polytetrafluoroethylene tape due to its minimal
thickness, it would not interfere with the seating of
the clear PVS mold. However, care was taken when
placing the tape around the teeth, because it folds
very easily and can leave undesired wrinkles in the
contour of the restored teeth. The teeth to be
restored were etched with 38% phosphoric acid and
rinsed, and the adhesive was applied according to
manufacturer’s instructions (Adhese Universal, Ivo-
clar Vivadent, Schaan, Liechtenstein) (Figure 14).
The first mold was placed and checked for proper fit.
The flowable composite (Tetric Evoflow Bleach L,
Ivoclar Vivadent) was injected through the holes
filling the entire facial surface, followed by photopo-
lymerization using a Bluephase G2 device (Ivoclar
Vivadent) (Figures 15 and 16) with an output of 1200
mW/em?. Considering the thickness of the tray and
the PVS material, it was favorable to double the
polymerization time recommended by the manufac-
turer to ensure sufficient delivery of energy to
achieve optimal polymerization.?®?* Other authors
even suggest applying three times the recommended
curing time when the distance between the compos-
ite resin and the light tip is more than 4 mm, because
of LED design and light scattering.?®

After light polymerization of the first set of teeth,
finishing and polishing were performed. Finalizing
contours and embrasures were completed with a #12
blade. Finishing and polishing were achieved with
finishing burs, rubber cups, Sof-Lex discs (3M ESPE,
St Paul, MN, USA), and polishing wheels and pastes
(Figure 19). Subsequently, the second mold of the full
waxup design was placed, and the same procedure
was repeated for the remaining teeth (Figures 17 and
18). In this case, no changes in the occlusion were
made. Protrusive, lateral movements, and occlusal
contacts in maximum intercuspation remained intact.
The final portrait pictures can be seen in Figure 20.

The improved version of the injection technique
presented in this case report depicts a real treatment
option, especially for patients that cannot afford
traditional full-mouth indirect restorations and are
seeking esthetic improvements. However, careful
treatment planning and occlusal considerations have
to be taken into account to assure good prognosis and
long-term success of the restorations. The use of a
flowable composite will make these restorations last
for a couple of years and will make them more prone to
degradation than traditional composites. The longev-
ity of the treatment needs to be addressed with the
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Figure 9. Portrait picture after whitening of teeth and gingivectomy
were performed.

Figure 10. First digital wax-up and 3D printed model created with the
software after the deactivation of every other tooth from the complete
wax-up.

Figure 11. Fabrication process of the first transparent silicone key.

Figure 12. Detail of the partial digital wax-up, 3D printed model and
first silicone key fabricated.
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DSD Natural Composite Technique

Figure 13. Detail of the complete digital wax-up, 3D printed model and
second silicone key fabricated.

Figure 14. Etching and bonding procedures for the first set of teeth to
be restored.

Figure 15. Injection of flowable composite resin for the restoration of
the first set of teeth through the first silicone key.

Figure 16. Photopolymerization of the composite resin through the
silicone key.
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Figure 17. Clinical picture after the first set of teeth are restored,
finished and polished.

Figure 18. Injection of flowable composite resin for the restoration of
the second set of teeth through the second silicone key.

Figure 19. Detail of the texture created after finishing and polishing of
the restored teeth.

patient, informing them about its semipermanent
characteristics. This technique, unlike restoring ante-
rior teeth directly and manually, might be more cost-
effective and does not require high-end clinical skills,
making it more predictable and affordable. The digital
workflow, however, has a learning curve and requires
state-of-the-art hardware/software. It will appear
daunting at the beginning, but after the workflow is
assimilated by the working team, it might become
more convenient to complete a treatment plan than a
traditional approach. Similar digital attempts in the
field of prosthodontics have been proven to be more

Figure 20. Set of portrait pictures of the patient from the pre-operative
view to the final post-operative view.

Figure 21. Informal portrait pictures showing the final outcome.

cost-effective than the traditional approach.?® The
authors of this paper believe that scientific research
should focus more on identifying which clinical
situations can get the greatest benefits from applying
a digital workflow and that esthetic dentistry might be
one of them. This technique also allows for treating
patients that need additive restorations without the
necessity of preparing the teeth. In fact, a final
intraoral impression or scan can be taken to save it
for future purposes like converting those shapes to a
more durable composite resin or to deliver indirect
veneers/crowns. This technique can also be used for
subtractive or additive/subtractive (mixed) restora-
tions, but a preparation needs to be performed prior to
the waxup and the delivery of the restorations. In
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summary, when applying this technique, patients
may receive a predictable result with reduced cost,
effort, and time and acceptable durability and viability
for future treatments.
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Clinical Performance of a
Glass Hybrid Restorative in
Extended Size Class Il Cavities

S Gurgan ¢ ZB Kutuk ¢ C Ozturk ¢ R Soleimani ¢ FY Cakir

Clinical Relevance

The clinical effectiveness of a glass hybrid restorative system was as acceptable as
composite resin in large size Class II cavities subsequent to 24-month evaluation.

SUMMARY

Objective: To evaluate the clinical perfor-
mance of a glass hybrid restorative compared
with a resin composite in the restoration of
large and deep Class II cavities after 24
months.

Methods and Materials: A total of 108 extended
size, with the width of the proximal box not
interfering with the peak of the cusps and the
proximal box in occlusion, Class Il lesions in 37
patients were either restored with a glass
hybrid restorative or with a micro-hybrid
composite resin in combination with selective
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etching by two experienced operators accord-
ing to the manufacturer’s instructions. Two
independent examiners evaluated the restora-
tions at baseline and at the six-, 12-, 18-, and 24-
month recalls according to the modified US
Public Health Service criteria. Negative repli-
cas at each recall were observed under scan-
ning electron microscopy (SEM) to examine
surface characteristics. Data were analyzed
statistically.

Results: After 24 months, 90 restorations were
evaluated in 32 patients (recall rate: 86.5%).
Four glass hybrid restorations were missing;
three were due to bulk and one was due to
proximal fracture at 12 months. Only six
restorations were scored as bravo at baseline
and at the six-, 12-, 18-, and 24-month recalls
for color (p<0.05). No significant differences
were observed between the two restorative
materials for the other criteria evaluated
(p>0.05). SEM observations exhibited accept-
able surface and marginal adaptation charac-
teristics for both restorative materials at 24
months.

Conclusions: Although glass hybrid restora-
tions showed significant mismatch in color,
both restorative materials exhibited successful
performance for the restoration of large Class
II cavities after 24 months.
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INTRODUCTION

Dental amalgam has been considered the most
commonly used restorative material in posterior
teeth for over 150 years, but its use has declined
over the past years'™ because of the environmental
concerns from its mercury content and increased
demand for esthetic alternatives. Today’s modern
restorative dentistry focuses on minimal removal of
tooth tissues and on application of adhesive restor-
ative materials that may have a therapeutic effect on
demineralized tissues.?

Resin-based composites were introduced in den-
tistry more than 50 years ago®® and have been
successfully used for the restoration of Class I and
Class II lesions.® However, their polymerization
shrinkage and associated stresses could affect the
resin composite and tooth tissue bond, resulting in
bonding failure and microleakage or in deformation
of the tooth structure predisposing it to fracture.”®

Glass ionomers (GIs) have been recommended to
be used as restorative cements, cavity liners/bases,
and luting cements since their introduction in
dentistry in the early 1970s.? Compared with resin
composites, they have certain unique properties that
make them favorable. This includes chemical bond-
ing to enamel and dentin, thermal expansion similar
to that of tooth structure, biocompatibility, uptake
and release of fluoride, and decreased moisture
sensitivity.!°

The survival rates of high-viscosity GIs that were
placed in stress-bearing surfaces of both deciduous
and permanent teeth as permanent restorative
materials were reported as the same as or superior
to amalgam restorations.'* On the other hand, other
studies that have evaluated the clinical performance
of high-viscosity GIs in multiple-surface permanent
restorations showed that the use of these materials
did not exhibit successful results.!?!?

During the past years, GIs have undergone major
changes. Advancements in their formulations led to
better properties, such as improvement in handling
characteristics, wear resistance and strength and
decreased setting time, which have widened the
indication spectrum of GIs.*1®

Recently, a high-viscosity GI processed with a
light-cured, nano-filled resin coating has been
introduced and marketed as a restorative material
in load-bearing Class I and in limited size Class II
cavities. Application of this resin coating to the GI
restoration after the GI sets is supposed to improve
its wear resistance and esthetic appearance.

Operative Dentistry

Clinical studies are of great importance in pre-
dicting the longevity of restorations and providing
evidence of the safety and efficacy of new techniques.
Until now, only a few clinical trials of these GI
restoratives have been done,'®'® and satisfactory
clinical performances were reported in Class I and in
small Class II cavities.!®2° However, this material
still has not typically been considered as permanent
restoration material for the restoration of extended-
size Class II cavities.

One very recent development with GIs was the
introduction of glass hybrids (GHs). The manufac-
turer of GH material stated that it is reinforced with
smaller and more reactive silicate particles and
acrylic acid molecules with higher molecular
weights, which increase the matrix cross-linking of
the material. This reinforcement is thought to
improve the flexural strength of the material, and
the manufacturer claims it may be used in larger
Class II cavities.?!

As it remains unclear if GHs may truly be used to
restore extended cavities, the present study aimed to
evaluate the clinical performance of this GH restor-
ative compared with a micro-hybrid resin composite
in the restoration of large and deep Class II cavities
after 24 months. The null hypothesis was that the
clinical performance of the GH restorative system
would be as successful as resin composite in the
restoration of extended Class II cavities.

METHODS AND MATERIALS

This was a two-year, double-blind, randomized, and
controlled clinical study. The restorative materials
tested are shown in Table 1.

Study Population and Sample Size

After recruiting and screening a group of patients
seeking routine dental care by the Hacettepe
University School of Dentistry’s Department of
Restorative Dentistry, a total of 37 patients satisfy-
ing the inclusion and exclusion criteria were select-
ed. Inclusion criteria were that patients should 1)
have two but not more than four extended-size
proximal carious lesions in the posterior teeth, 2)
have a healthy periodontal status (patients with a
gingival index range of 0.28-0.35, plaque index range
of 0.08-0.16,%2 and zero bleeding on probing were
included?®), 3) present a good likelihood of recall
availability, 4) have teeth in which the restoration
must be in occlusion, and 5) be symptomless and
vital. Exclusion criteria were 1) partially erupted
teeth, 2) potential behavioral problems, 3) unhealthy
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Table 1: Description of Materials Used in This Study

Brand Type Manufacturer (Batch No.) Composition
EQUIA Forte Fil Bulk fill, glass hybrid GC Corp, Tokyo, Japan (1502091) Fluoroaluminosilicate glass, polyacrylic acid
restorative powder, surface-treated glass

EQUIA Forte Coat Nanofilled resin

GC Corp, Tokyo, Japan (2684031)

Methylmethacrylate, colloidal silica,
camphorquinone, urethane methacrylate,
phosphoric ester monomer

Cavity Conditioner Cavity cleaning agent

GC Corp, Tokyo, Japan (1609061)

Polyacrylic acid 20%, aluminum chloride 3%,
distilled water

G-aenial Posterior Micro-filled resin hybrid

composite

GC Corp, Tokyo, Japan (140922B)

UDMA, DMA co-monomer, inorganic filler
>100 nm; fluoroaluminosilicate, inorganic filler
<100 nm; fumed silica, pre-polymerized fillers
(16—17 um); strontium and lanthanoid fluoride
filler (wt/vol %): 77/65

G-aenial Bond one-step self-etch

bonding agent

GC Corp, Tokyo, Japan (1411201)

4-MET, UDMA, TEGDMA, phosphoric acid,
monomer, acetone, water, silanated colloidal,
silica, initiator

anhydride.

Abbreviations: UDMA; urethanedimethacrylate, DMA; di-methacrylate co-monomer, TEGDMA; triethylene glycol dimethacrylate, 4-MET: 4 methacryloxyethyitrimellitate

periodontal status, 4) systemic diseases, and 5)
absence of adjacent and antagonist teeth. The
average age of patients was 24 years (range, 15-37
years). To ensure statistical power, the minimal
representative sample size was based on the
required number of fillings to evaluate both materi-
als (n=108). All patients participated voluntarily
and were required to provide written informed
consent.

Restorative Procedures

Two experienced clinicians placed 108 Class II
restorations in 37 patients (Table 2). Before treat-
ment, periapical and bitewing radiographs were
taken, and electric pulp testing was performed using
a pulp sensitivity tester (Parkell Electronics Divi-
sion, Farmingdale, NY, USA). Cavity preparation
was done using a diamond fissure bur (MS Rounded
Edged Cylinder Bur [835R-012-4], Diatech, Heer-

Table 2: Distribution of Materials According to Tooth Type,
Preparation and Arch

EQUIA Forte G-zenial Posterior Total
MO/DO MOD MO/DO MOD

Maxillary arch

Premolar 18 2 14 4 38

Molar 9 1 9 2 21
Mandibular arch

Premolar 12 2 10 2 26

Molar 10 1 7 5 23
Total 49 6 40 13 108

Abbreviations: MO, Mesioocclusal, DO; Distoocclusal, MOD;
Mesioocclusodistal

brugg, Switzerland) at high speed. Carious tissue
was removed with hand instruments and slow-speed
tungsten carbide bur (C31L-314-012-6.0, DIATECH,
Coltene/Whaledent AG, Altstiatten, Switzerland).
Local anesthesia was applied where needed. The
manufacturer of the GH restorative material limited
the cavity size with the width of proximal box not
interfering with the peak of cusps (Figure 1). So,
before restorative treatment, after the caries was
removed completely, the depth and width of the
cavities were measured with a periodontal probe. If
the cavity depth was <3 mm or a carious pulpal
exposure was found, the tooth was excluded from the
study. Cavities with multiple surfaces (>two surfac-

Figure 1. Recommended Class Il cavity size from the manufacturer
of EQUIA Forte.
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Before

Baseline 24-month 24-month

Figure 2.  Clinical and radiologic representatives of EQUIA Forte and G-aenial Posterior. Before restorations (a), cavity preparations (b), restorations
at baseline (c), restorations after 24 months (d), bitewing radiograph before treatment (e), bitewing radiograph 24 months after treatment.

es) were not included, unless unexpected cavity
extension to a multiple-surface restoration during
treatment occurred. Resin-modified calcium silicate
pulp protectant/liner (Theracal LC, BISCO, Inc.
Schaumburg, IL, USA) was applied as base material
where needed. A sectional matrix system (Palodent,
Dentsply, Konstanz, Germany) was used. Cavities
were restored with GH restorative (EQUIA Forte,
GC Corp, Tokyo, Japan) or micro-hybrid composite
resin (G-anial Posterior, GC Corp) according to the
manufacturer’s instructions. The restorative mate-
rials; EQUIA Forte and G-znial Posterior, were
randomized over two cavity groups using a table of
random numbers.

GH Restorations

The cavity was conditioned with 20% polyacrylic acid
for 20 seconds (Cavity Conditioner, GC Corp),
washed, and briefly dried. Then, EQUIA Forte was
mixed automatically for 10 seconds and immediately
injected into the cavity. Cotton rolls and saliva
ejector were used for isolation. The restoration was
finished and polished wet using high-speed fine
diamonds (Diatech, Swiss Dental, Heerbrugg, Swit-
zerland) and silicones (HiLusterPLUS, Kerr Corp,
Orange, CA, USA) after a setting time of 2.5
minutes. The restoration was briefly dried; then,
EQUIA Forte Coat was applied to the surface and
light polymerized for 20 seconds using a photo-
curing light (Starlight s, Mectron spa, Carasco, Italy)
with an irradiance of >1400 mW/cm?. The output of
the light unit was checked after each patient with a
radiometer (Demetron, Danbury, CT, USA).

Resin Composite Restorations

G-znial Bond (GC Corp) was used with a selective
etching technique according to the manufacturer’s

instructions. Enamel was etched with 35% phosphoric
acid gel for 10 seconds, rinsed for 5 seconds, and
gently dried. Then, G-anial Bond was applied to the
enamel and dentin using a disposable applicator, left
undisturbed for 10 seconds, and dried thoroughly for
5 seconds with oil-free air under air pressure. After
achieving a frosted glass appearance, G-znial Poste-
rior was applied with the incremental technique
(layers 2 mm thick). Each layer was light-cured for
20 seconds. The restoration was finished and polished
with ultrafine diamonds and silicone instruments.

Patients were evaluated for baseline one week
after restoration placement. Two independent den-
tists who were blinded to the restorative materials
and patients performed clinical evaluations accord-
ing to the modified US Public Health Service
(USPHS) criteria using mirrors, probes, and bite-
wing radiographs.?* The two dentists, with more
than 20 years’ experience in USPHS criteria evalu-
ation, were calibrated to a predetermined level of
inter- and intraexaminer agreement of at least a
Kappa value of 95% for each criterion.

Patients were recalled at six, 12, 18, and 24
months for assessments of the restorations using
the same criteria as at baseline and using the same
two calibrated dentists who examined the restora-
tions at baseline. Final decisions were made by
consensus of both examiners if disagreement oc-
curred during the evaluations. Photographs and
bitewing radiographs of each restoration were also
taken at each recall (Canon macro 100 mm lens,
Canon Inc, Tokyo, Japan) (Figure 2).

SEM Analysis

Impressions were taken from one patient selected
randomly from each group with polyvinylsiloxane
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Table 3:  Recall Rates of Patients

Recalls
Baseline 6 Months 12 Months 18 Months 24 Months
Number of patients (%) 37 (100) 37 (100) 32 (86.5) 32 (86.5) 32 (86.5)

impression material at each recall. The replicas were
gold sputter-coated and the surface morphology and
marginal integrity of the restorations were examined
under SEM (JSM-6400 SEM, JEOL, Tokyo, Japan)
at X10, x50, and X200 magnifications.

Statistical Analysis

The statistical analyses were carried out with the
IBM SPSS version 22.0 software package (SPSS,
Chicago, IL, USA). The Cochran Q test was used to
compare the changes according to USPHS criteria
across different time points within each restorative
material. The changes in each category within the
restorative groups were compared using the Fisher
exact test (a=0.05).

RESULTS

The distribution of the restorations is shown in Table
2. Forty-four restorations (41%) were placed in
molars and 64 restorations (59%) were placed in
premolars where as 59 (55%) restorations were
placed in the maxillary arch and 49 (45%) restora-
tions were placed in mandibular arch.

The recall rate was 100% at six months and 86.5%
at 12, 18, and 24 months (Table 3). At the end of 24
months, 90 restorations were evaluated in 32
patients. Eighteen restorations could not be evalu-
ated because five patients (13.5%) had moved away.
The success rate of G-znial Posterior was 100%.
Although the success rate of EQUIA Forte restora-
tions was 93.7% at the 12-month recall, success rate
was calculated as 100% at the 24-month recall as
three patients with failed restorations at the 12-
month recall could not be evaluated at the 24-month
recall.

The results of the clinical evaluation of the
restorations are presented at Table 4. According to
Cochran Q test results, no significant differences
were seen between baseline and other evaluation
periods for both restoratives (p>0.05).

All restorations from the G-znial Posterior group
showed perfect anatomical form at all evaluation
periods. None of the restorations from the EQUIA
Forte group showed anatomical form deformation
until the 12-month evaluation. Two restorations
(4.4%) showed slight form deformation at 12 months.

These restorations were in need of simple mainte-
nance treatment, and their scores were upgraded to
alpha (A).

Six EQUIA Forte restorations (10.9%) showed
slight mismatches in color at baseline as well as six
(10.9%) at six months, six (13.3%) at 12 months, six
(13.3%) at 18 months, and six (13.3%) at 24 months.
So, a significant difference was seen between the
EQUIA Forte and G-znial Posterior groups
(p=0.011) for color change.

Three (6.3%) EQUIA Forte restorations were lost
at 12 months due to bulk fracture (p=0.092). One
(2.2%) EQUIA Forte restoration exhibited partial
fracture at the proximal contact point of the
restoration and was recorded as a failure of the
restoration (p=0.429) at the end of 24 months. One
EQUIA Forte restoration showed minimal discolor-
ation at the restoration-enamel interface (p=0.429)
at 12 months. No differences were observed for the
rest of the evaluated criteria (secondary caries,
polishability, surface staining, sensitivity, and soft
tissue health) (p>0.05).

SEM observations of one EQUIA Forte and G-
@nial Posterior restoration are shown in Figures 3
and 4. Both materials exhibited acceptable marginal
adaptation and surface characteristics during the
24-month evaluation. A slight surface roughness was
observed in both restorative materials after 24
months.

DISCUSSION

Adequate strength to resist masticatory and occlusal
forces is mainly expected from restorative materials
used in the posterior area. Resin composites have
been the restorative material of choice for posterior
teeth because they offer an extended manipulation
time, direct-curing options, reduced number of steps
required, and decreased chairside time with the
introduction of bulk-fill restoratives partially in deep
cavities. >

Although the merits of GIs, as restorative materi-
als, are clearly shown in the literature,'® the major
drawbacks of conventional GIs have been the
relatively low fracture toughness and higher rate of
occlusal wear compared with that of other restor-
ative materials, such as amalgam and resin compos-
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Table 4: Clinical Evaluation Scores of the Restorations at Baseline (BL) and at 6, 12, 18, and 24 Months @

Modified USPHS Criteria/Scores EQUIA Forte
Baseline Six Month 12 Month 18 Month 24 Month p
Anatomic form
A: Restoration contour is continuous with existing anatomic form and margins. 55 (100) 55 (100) 43 (95.6) 45(100) 45 (100) 0.406
B: Restoration is slightly overcontoured or undercontoured. 0 0 2 (4.4) 0 0
C: Marginal overhang or tooth structure (dentin or enamel) is exposed. 0 0 0 0 0
D: Restoration is missing; traumatic occlusion or restoration causes pain in 0 0 0 0 0
tooth or adjacent tissue.
Secondary caries
A: No visible caries. 55 (100) 55 (100) 45 (100) 45 (100) 45 (100)  1.000
C: Caries contiguous with the margin of the restoration. 0 0 0 0 0
Color match
A: No mismatch in color, shade, or translucency between restoration and 49 (89.1)* 49 (89.1)* 39 (86.7)* 39 (86.7)* 39 (86.7)* 1.000
adjacent tooth structure.
B: Mismatch between restoration and tooth structure within the normal range of 6 (10.9) 6 (10.9) 6 (13.3) 6 (13.3) 6 (13.3)
tooth.
C: Mismatch between restoration and tooth structure outside the normal range 0 0 0 0 0
of tooth.
D: Esthetically displeasing color, shade, and translucency. 0 0 0 0 0
Retention
A: Present. 55 (100) 55 (100) 45 (93.7) 45(100) 45 (100) 0.406
B: Partial loss. 0 0 0 0 0
C: Absent. 0 0 3 (6.3) 0 0
Marginal adaptation
A: Excellent continuity at resin-enamel interface; no ledge formation, no 55 (100) 55 (100) 45 (100) 45 (100) 44 (97.8) 0.406
discoloration.
B: Slight discoloration at resin—enamel interface; ledge at interface. 0 0 0 0 1(2.2)
C: Moderate discoloration at resin—enamel interfface measuring 1 mm or greater. 0 0 0 0 0
D: Recurrent decay at margin. 0
Polishability
A: Smooth and highly shiny, similar to enamel. 55 (100) 55 (100) 45 (100) 45 (100) 45 (100)  1.000
B: Smooth and satin, highly reflective. 0 0 0 0 0
C: Rough and shiny, satin, somewhat reflective. 0 0 0 0 0
D: Rough and dull or satin, not reflective. 0 0 0 0 0
Surface staining
A: Absent. 55 (100) 55 (100) 45 (100) 45 (100) 45 (100)  1.000
C: Present. 0 0 0 0 0
Sensitivity
Preoperative
Yes 0 0 0 0 0 1.000
No 55 (100) 55 (100) 45 (100) 45 (100) 45 (100)
Postoperative
Yes 0 0 0 0 0 1.000
No 55 (100) 55 (100) 45 (100) 45 (100) 45 (100)
Soft tissue health
A: Excellent response-no inflammation. 55 (100) 55 (100) 45 (100) 45 (100) 45 (100) 1.000
B: Slight inflammation of gingival tissue. 0 0 0 0 0
C: Moderate to severe gingival inflammation. 0 0 0 0 0
Proximal contact points
A: Present. 55 (100) 55 (100) 45(97.8) 45(100) 45 (100)  1.000
C: Absent. 0 0 1(22) 0 0

Abbreviation: USPHS, US Public Health Service.

@ Asterisks indicate that the p values in the columns show the difference of restorations in comparison with baseline according to Cochrane Q test for all criteria.
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Table 4: Extended.
Modified USPHS Criteria/Scores G-zenial Posterior
Baseline Six Month 12 Month 18 Month 24 Month p
Anatomic form
A: Restoration contour is continuous with existing anatomic form and margins. 53 (100) 53 (100) 45 (100) 45 (100) 45 (100) 1.000
B: Restoration is slightly overcontoured or undercontoured. 0 0 0 0 0
C: Marginal overhang or tooth structure (dentin or enamel) is exposed. 0 0 0 0 0
D: Restoration is missing; traumatic occlusion or restoration causes pain in 0 0 0 0 0
tooth or adjacent tissue.
Secondary caries
A: No visible caries. 53 (100) 53 (100) 45 (100) 45 (100) 45 (100) 1.000
C: Caries contiguous with the margin of the restoration. 0 0 0 0 0
Color match
A: No mismatch in color, shade, or translucency between restoration and 53 (100)* 53 (100)* 45 (100)* 45 (100)* 45 (100)* 1.000
adjacent tooth structure.
B: Mismatch between restoration and tooth structure within the normal range of 0 0 0 0 0
tooth.
C: Mismatch between restoration and tooth structure outside the normal range 0 0 0 0 0
of tooth.
D: Esthetically displeasing color, shade, and translucency. 0 0 0 0 0
Retention
A: Present. 53 (100) 53 (100) 45 (100) 45 (100) 45 (100) 1.000
B: Partial loss. 0 0 0 0 0
C: Absent. 0 0 0 0 0
Marginal adaptation
A: Excellent continuity at resin—enamel interface; no ledge formation, no 53 (100) 53 (100) 45 (100) 45 (100) 45 (100) 1.000
discoloration.
B: Slight discoloration at resin—enamel interface; ledge at interface. 0 0 0 0 0
C: Moderate discoloration at resin—enamel interface measuring 1 mm or greater. 0
D: Recurrent decay at margin.
Polishability
A: Smooth and highly shiny, similar to enamel. 53 (100) 53 (100) 45 (100) 45 (100) 45 (100) 1.000
B: Smooth and satin, highly reflective. 0 0 0 0 0
C: Rough and shiny, satin, somewhat reflective. 0 0 0 0 0
D: Rough and dull or satin, not reflective. 0 0 0 0 0
Surface staining
A: Absent. 53 (100) 53 (100) 45 (100) 45 (100) 45 (100) 1.000
C: Present. 0 0 0 0 0
Sensitivity
Preoperative
Yes 0 0 0 0 0 1.000
No 53 (100) 53 (100) 45 (100) 45 (100) 45 (100)
Postoperative
Yes 0 0 0 0 0 1.000
No 53 (100) 53 (100) 45 (100) 45 (100) 45 (100)
Soft tissue health
A: Excellent response-no inflammation. 55 (100) 55 (100) 45 (100) 45 (100) 45 (100) 1.000
B: Slight inflammation of gingival tissue. 0 0 0 0 0
C: Moderate to severe gingival inflammation. 0 0 0 0 0
Proximal contact points
A: Present. 55 (100) 55 (100) 45 (100) 45 (100) 45 (100) 1.000
C: Absent. 0 0 0 0 0
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Figure 3. Representatives of G-aenial Posterior and EQUIA Forte restorations at baseline. Clinical picture of G-aenial Posterior restoration (a), SEM
photomicrograph of the G-zenial Posterior restoration X10 (b), x50 (c), and X200 (d). Clinical picture of EQUIA Forte restoration (e), SEM
photomicrograph of the G-aenial Posterior restoration X10 (f), X50 (g), and X200 (h). E: enamel; EF: EQUIA Forte; GP: G-aenial Posterior.

Figure 4. Representatives of G-aenial Posterior and EQUIA Forte restorations after 24 months. Clinical picture of G-aenial Posterior restoration (a),
SEM photomicrograph of the G-zenial Posterior restoration X10 (b), X50 (c), and X200 (d). Clinical picture of EQUIA Forte restoration (e), SEM
photomicrograph of the G-zenial Posterior restoration X10 (f), X50 (g), and X200 (h). E: enamel; EF: EQUIA Forte; GP: G-aenial Posterior.

ites.?” For this reason, conventional modified GIs
were previously not considered materials of choice in
Class II restorations, neither in primary nor perma-
nent molars.'?!® In recent years, further improve-
ments in the composition of GIs have been made to
enhance their clinical handling and physical or
mechanical properties. Laboratory studies showed
that highly viscous GIs could compete with resin
composites.228:2

Although the overall data density on amalgam or
composite resin is very high,?°2 to date, only few
studies regarding clinical success of GI-based restor-
ative systems have been reported. These studies
were mostly performed on Class I cavities.'”?® There
have been limited data showing their performance in
Class II cavities, and clinical trials on Class II
cavities were carried out on patients with small to
moderate size cavities.?*3* Although a few clinical
studies with different restorative GIs have been
carried out,'®2%3* as far as we could determine, this
is the first clinical trial that compared the use of the

newly developed GH system in the restoration of
extended size Class II cavities. Since no data are
available on the clinical success of this new rein-
forced GH in the restoration of large Class II
restorations, the comparison with those of other
studies could not be done.

Previously, Scholtanus and Huysmans 2 exam-
ined the performance of a high-viscosity GI (Fuji IX,
GP Corp) in Class II restorations over six years in a
retrospective study. One hundred and sixteen Class
IT restorations (70 two-surface and 46 three-surface)
in 72 patients were made in 1996 and 1997 in
general dental practice by two experienced dentists.
The authors observed no failures until 18 months;
but the survival rate was 93% at 42 months. Failure
rate increased after 42 months, and at 72 months the
survival rate was reported as 60%. Fracture of the
GI in the proximal areas was reported as the reason
for replacing restorations. No restorations failed due
to the occlusal wear or isthmus fracture. Later, in a
prospective clinical study, Frankenberger and oth-
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ers'® examined the clinical performance of a viscous
GI (Ketac Molar) in posterior cavities over 2 years
and reported that the recall rates were 24% and
failure rates were 40% for Class II cavities after 2
years. Bulk fracture at occlusally loaded areas was
the main reason for failures.

In 2011, Friedl and others'® evaluated the clinical
behavior of a new GI restorative system, EQUIA in
posterior teeth. In this retrospective study, 26 Class
I and 125 Class II restorations were placed in
permanent molars and premolars of 43 patients in
six dental offices. After 24 months, they observed no
failures but marginal disintegrities were seen in
1.2% of two-surface Class II cavities and 7.3% of
Class II cavities with three or four surfaces. A visible
roughness was observed in 14% of two-surface Class
IT restorations and in 24% of Class II restorations
with three or four surfaces. The authors concluded
that this system could be used as a permanent
restoration material for any size Class I and smaller
Class II cavities.

Klinke and others'® also carried out a multi-
centered prospective clinical field study with the
EQUIA restorative system (EQUIA Fil + EQUIA
coat) and examined the clinical performance of this
system according to the World Dental Federation
criteria. The study was conducted in 144 different
private dental clinics in 29 cities. A total of 232 Class
II restorations were placed out of 1001 restorations
in adult patients aged 20-80 years. However, after
four years, they could evaluate only 32 Class II
restorations. Eight restorations lost proximal contact
or fractured and were found to be clinically poor and
needed to be replaced after four years.

Turkun and Kanik®* reported the clinical perfor-
mance of EQUIA System over six years. In their long-
term clinical trial, 44 Class II cavities out of 256
restorations were restored with the EQUIA system
(EQUIA Fil + G Coat). They defined Class II cavities
as mostly medium to large in size but not involving
any cusps. After 18 months, five Class II restorations
(EQUIA Fil + G Coat) had to be replaced, but at the
end of six years, they only observed one more
restoration that was partially missing and had to be
replaced, while six restorations had to be repaired.

In these clinical studies, cavity size in relation to
the remaining tooth structure was less considered.
However, the manufacturer of the EQUIA Fil
restorative system indicated that if used in small to
moderate sized Class II cavities; the isthmus width
must be less than the half of the intercuspal
distance.'®

Gurgan and others?® reported another long-term
clinical study. Sixty Class II lesions were restored
with EQUIA or a micro-hybrid resin composite
(Gradia Direct Posterior). In this study, a conser-
vative cavity design was used with the principles of
minimally invasive dentistry. None of the cavity
preparations involved one or more cusps. Restora-
tions were evaluated yearly according to the
modified USPHS criteria. At the end of six years,
45 Class II restorations could be evaluated. Only
four Class IT EQUIA restorations were lost at three
years and another one at four years. No failures
were observed at five and six years. However; none
of the materials were found to be superior to the
other.

The present study was performed on patients with
at least two extended size Class II lesions. A new GH
restorative system was compared with a resin
composite used in the restoration of posterior teeth.
In contrast to the previous GI restorative material
(EQUIA Fil), the manufacturer of this new GH
restorative material (EQUIA Forte) recommended
using this material reinforced with ultrafine and
highly reactive glass particles for larger and deeper
Class II cavities.?®

As pointed out by American Dental Association, a
restorative material intended to be used in posterior
teeth needs to have a retention rate of at least 90%
after 18 months of clinical service to become fully
accepted as a definitive restorative material.®® In
this study, after 24 months, the retention rate of
EQUIA Forte Class II restorations was 93.7%. This
suggests that the new reinforced GH performs well.
So, the null hypothesis is accepted.

None of the restorations showed secondary caries
or postoperative sensitivity. Their polishability was
successful, and none of the restorations showed
surface staining. This may be attributed to the resin
coating applied to the surface of restorations. Only a
few EQUIA Forte restorations showed slight chang-
es in anatomic form (4.4%) and proximal contact
points (2.2%), and three (6.3%) restorations failed
during the 12-month follow-up. At the end of 24
months, only one (2.2%) EQUIA Forte restoration
had slight discoloration at the restorative material-
enamel interface. Much more important were the
contact points on lateral ridges, which showed
special risk of bulk fractures. Chipping of proximal
marginal ridges was reported in earlier studies with
conventional reinforced GIs.'?3” The anatomic form
loss seen in the present study in 4.4% of the GH
restorations may have been caused by the intrinsic
material parameters after abrasion of the surface
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coating; the single proximal contact point loss and
three failures may be due to the masticatory forces
or stresses.

Besides physical properties, the esthetic properties
of this material were enhanced by the small glass
particles added to the material in different sizes and
the application of the coating layer.?®3® In the
present study, color match was seen as the major
problem. Six restorations, starting from baseline,
showed mismatches in color during all evaluation
periods. Controversially, Diem and others'” reported
that 25% of the GI restorations were evaluated as
good at baseline but steadily increased to 80% as
good at three years. Turkun and Kanik®! also
reported that difference in color was less visible
after six years due to the improvement in translu-
cency over time.

This clinical trial also included SEM analyses, as
did a previous study, to examine the marginal
adaptation and surface characteristics.? Twenty-
four-month SEM evaluations supported the clinical
observations. Both restorations showed acceptable
occlusal and marginal characteristics.

On the other hand, the resin composite (G-znial
Posterior) used with a one-step self-etch adhesive (G-
enial Bond) showed clinically successful perfor-
mance. All G-anial Posterior restorations performed
perfectly in all criteria at all evaluation periods.
However, clinical data on resin composites used with
self-etch adhesives in selective etch technique for the
restoration of Class II cavities are limited, and there
have been no long-term results yet. The evaluation
period of the present study may not be long enough
and further reports of long-term studies are needed
to confirm the results of the present study. It should
not be ignored that the clinical performance of these
materials can also be affected by factors like operator
skill.

CONCLUSIONS

The following conclusions may be drawn within the
limitations of the present study:

1. Micro-hybrid resin composite showed clinically
successful performance in the restoration of large
Class II cavities after 24 months;

2. The GH restorative system showed significant
mismatches in color and negligible failures, with
no significant differences in retention, anatomic
form, and proximal contact points;

3. The GH restorative system used could also be a
viable option for restoring large Class II lesions.

Operative Dentistry
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Clinical Relevance

This research reports how amalgam has reached the verge of elimination from clinical
service in New Zealand’s dental education system. New Zealand’s national school of
dentistry is prepared for New Zealand’s expected ratification of the Minamata Convention

on Mercury.
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ally is limited. The Minamata Convention on
Mercury is likely to affect the use of amalgam
worldwide. The objective of this research was
to investigate the use of restorative materials
at the University of Otago Faculty of Dentistry
in New Zealand from 1998 to 2017.

Methods: Data from the Faculty of Dentistry’s
database from the years of interest were com-
piled. These data included information on the
characteristics of restorations, including in-
formation on the material used and number of
surfaces involved for each restoration. The
tooth in which each restoration was placed
was categorized by arch, tooth type, and de-
ciduous or permanent dentition.

Results: Records identified 227,514 permanent
restorations placed from January 1998 to De-
cember 2017, of which 91.7% were direct resto-
rations. Among direct restorations, composite
resin was the most commonly used material,
followed by amalgam, glass ionomer, and
compomer. The use of amalgam for direct
restorations decreased from 52.3% of direct
restorations in 1998 to 7.1% in 2017. A corre-
sponding increase was observed in the use of
tooth-colored direct restorations, particularly
composites. Among indirect restorations, por-
celain fused to metal, gold, and stainless steel
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(in pediatric applications) were the materials
most frequently used.

Conclusions: Despite having no official policy
on reducing the use of dental amalgam, the
Faculty of Dentistry is following the global
trend in reducing its use, with composite resin
now well established as the predominant re-
storative material used. If the current rate of
decline persists unchecked, the Faculty of
Dentistry could transition to being amalgam
free by 2020, although it seems likely that the
characteristics and principles of use of the
material (and its removal) will be taught for
some time to come. This knowledge is impor-
tant to planning curriculum changes needed to
prepare graduates for clinical practice.

INTRODUCTION

The annual cost of dental care in New Zealand was
estimated at $1.1 billion in 2008 (New Zealand
Ministry of Health, personal communication, April
15, 2011) and is attributable mostly to the placement
and maintenance of dental restorations. The mate-
rials used for these dental restorations vary in their
range of characteristics, including biocompatibility,
longevity, aesthetics, and cost. Despite the impor-
tant differences among these dental restorative
materials, few data have been reported on changing
practitioner and patient preferences regarding their
use in New Zealand. There is a lack of published
information on how many restorations are placed
annually in a typical dental practice and what
materials are typically used.

Historically, dental amalgam was the material of
choice in restorative dentistry worldwide. The use of
alternative dental materials was limited by a lack of
satisfactory options. Early tooth-coloured restora-
tions were not considered to be as reliable as
amalgam, with 10-year failure rates reported as
high as 50%.! Modern tooth-colored restorations
have improved reliability, and clinical experience
suggests that amalgam is now giving way to
alternatives, but data are lacking on the extent to
which these changes have occurred. Many New
Zealand dental practices have chosen to become
amalgam free and advertise as such, while others
continue to use amalgam in a wide range of clinical
applications.

A limited number of international studies have
reported on changes in the use of dental restorative
materials over time. A British study reported on
changes at the University College Cork when their

Operative Dentistry

dental faculty was in the process of change from
dental amalgam to composites as the material of first
choice. The investigators noted a substantial shift
toward the use of composites in place of amalgam,?
but since they were making an active transition, this
finding is unsurprising. Evidence is lacking on what
changes are happening in wider dental practice
where an active transition has not been implement-
ed.

New Zealand’s signing of the Minamata Conven-
tion on Mercury in October 2013 has the potential to
substantially affect the use of amalgam in dentistry
in this country. New Zealand’s eventual ratification
of the convention will require dentists (and the
dental education system) to take steps to reduce
population exposure to mercury. These steps include
requirements to

1) set national objectives aiming at dental caries
prevention and health promotion, thereby mini-
mizing the need for dental restoration;

2) set national objectives aiming at minimizing use
of dental amalgam,;

3) promote the use of cost effective and clinically
effective mercury-free alternatives for dental
restoration;

4) promote research and development of quality
mercury-free materials for dental restoration;

5) encourage representative professional organiza-
tions and dental schools to educate and train
dental professionals and students on the use of
mercury-free dental restoration alternatives and
on promoting best management practices;

6) discourage insurance policies and programs that
favor dental amalgam use over mercury-free
dental restoration;

7) encourage insurance policies and programs that
favor the use of quality alternatives to dental
amalgam for dental restoration;

8) restrict the use of dental amalgam to its encap-
sulated form; and

9) promote the use of best environmental practices in
dental facilities to reduce releases of mercury and
mercury compounds to water and land.

Concerns about environmental effects of mercury
(as indicated in the Minimata Convention on
Mercury), combined with the increasing availability
of products with qualities that surpass dental
amalgam in most respects, mean it is very likely
that dental amalgam will be phased out of use in the
foreseeable future. Indeed, the phasedown of the use
of dental amalgam as part of the Minimata Conven-
tion on Mercury is one of the five main projects of the
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World Health Organization’s Oral Health Workplan
2018-2020. The World Health Organization intends
to provide assistance to low-income countries to

accelerate their phasedowns of amalgam use over
the timeline of April 2018 to December 2023.

The aim of this research was to identify whether
patterns changed in the use of dental amalgam
relative to other dental materials during the period
1998-2017 at New Zealand’s only dental faculty and
to compare this with available data from private
clinical dental practice. The authors hypothesized
that the use of amalgam would have decreased
considerably in favor of tooth-colored alternatives,
even in the absence of an active effort to reduce the
use of amalgam. This research was conducted to
inform possible teaching and curriculum changes at
the faculty and to promote debate on the how the
New Zealand dental profession should prepare for
the imminent amalgam-free future of dentistry.

METHODS

Data on restorations placed at the University of
Otago Faculty of Dentistry were obtained by ex-
tracting this information from the faculty’s database
(Titanium, Spark Dental Ltd, Auckland, New Zea-
land). Data were managed and analysed in Inter-
cooled Stata 15.1 (Statacorp LP, College Station, TX,
USA). Data on nonrestorative procedures were not
included in analyses. Restorations with a valid
recorded date of completion between January 1998
and December 31, 2017 were included.

Information on the material used for each resto-
ration was categorized based on the service code
recorded for each restoration. Where recording was
ambiguous and it was not possible to ascertain the
material used, the restoration was included in
counts of total number of restorations but excluded
from the specific restoration material category.
Restorations of unknown material types are reported
in summary data and totals. All temporary restora-
tions were excluded from analyses. Where glass
ionomer cement restorations were not coded as
temporary restorations, they were included in
analyses of glass ionomer cement restorations. Inlay,
onlay, veneer, and crown restorations were included,
but restorations involving tooth replacement (such
as fixed partial dentures bridges and implant
crowns) were excluded.

The number of surfaces involved in a given
restoration was categorized based on the restoration
surface code. Student year of study was categorized;
analyses of student output were restricted to the

years of undergraduate study to avoid misclassifica-
tion of work completed by individuals returning to
the faculty for postgraduate study or as staff. Teeth
were categorized by arch, tooth type, and dentition
(permanent vs deciduous). Where data were missing
on the specific tooth that had been restored, those
restorations were excluded from the analyses.

As part of a survey of dentists conducted in New
Zealand during 2016, we included some questions on
their use of dental materials. The survey sample
included 353 New Zealand oral health practitioners
(65.7% dentists and the remainder allied oral health
practitioners) and methods used for that research
have been described previously.® As part of the
questionnaire, participants were asked to estimate
the percentage of restorations they had placed
during the past year using a range of restorative
materials (composite, amalgam, glass ionomer ce-
ment, ceramic, other) and to rank their relative
preference for restorative material to work with.
These data were contrasted with faculty results for
2016 to provide wider context of the use of dental
materials in New Zealand dental practice.

RESULTS

Records were available for 311,306 restorations
placed from 1998 to 2017. This number included
83,792 temporary restorations, leaving a total of
227,514 permanent restorations, of which 91.7%
were direct and the remainder indirect. Most
indirect restorations were gold (of which over 90%
were crowns and the remainder inlays or onlays),
stainless steel (deciduous) crowns, and porcelain-
fused-to-metal crowns, as well as a number of cast
core restorations and all-ceramic crowns (Table 1).
During the 20 years, over half of direct restorations
were placed using composite resin, while amalgam
was used for just under a third, while the remainder
included glass ionomer cement, compomer, nonme-
tallic materials of unspecified type and unspecified
materials. Wide differences in the use of dental
materials were observed over time. The use of
amalgam for dental restorations became less com-
mon, decreasing from over half of direct restorations
placed in 1998 to fewer than one in 10 restorations
placed in 2017 (Figure 1).

Respondents to the survey of New Zealand dental
practitioners estimated that an average of 14.5% of
direct restorations they had placed within the
previous year were amalgam (Figure 1). Among
dentists (n=158), 63.5% rated composite as their
most preferred restorative material, while amalgam
was favored by 12.6%. Among dental therapists
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Table 1: Restorations Placed by Material Type by Year as a Percentage of Total Restorations Placed per Year
Year % of Total Direct Restorations

Amalgam Composite Glass lonomer Compomer? Nonspecific Nonspecific Total Number

Cement? Material Nonmetallic of Direct

1998 52.3 47.5 0.0 0.0 0.2 0.0 9760
1999 48.3 50.8 0.0 0.6 0.3 0.0 9911
2000 47.4 51.1 1.0 0.3 0.3 0.0 10,725
2001 43.0 47.7 8.5 0.6 0.3 0.0 11,744
2002 39.3 441 131 1.1 2.3 0.1 11,471
2003 36.2 41.8 17.4 1.1 2.9 0.6 10,607
2004 34.3 38.7 15.1 0.9 7.4 3.7 10,232
2005 36.4 38.5 13.9 0.5 6.5 4.3 11,173
2006 34.5 45.9 13.3 2.7 0.2 3.4 10,564
2007 33.4 48.0 12.6 2.4 0.6 3.0 10,020
2008 30.4 51.0 12.7 3.2 0.0 2.7 10,957
2009 30.1 52.3 12.8 2.2 0.0 2.7 10,358
2010 26.7 55.6 13.0 2.1 0.0 2.7 11,218
2011 28.2 54.0 14.0 1.5 0.0 2.3 10,030
2012 242 56.3 15.0 2.4 0.0 2.1 10,137
2013 21.5 58.0 15.5 2.6 0.0 25 10,838
2014 16.5 61.4 15.4 3.3 0.2 3.2 10,135
2015 14.4 59.2 16.9 0.9 3.9 4.7 10,122
2016 11.7 63.8 16.4 0.1 3.8 4.3 9286
2017 7.6 67.9 16.1 0.0 4.1 4.4 9376
2 Prior to 2001 placement of glass ionomer cement restorations may not have always been recorded.
b After 2015, compomer restorations started to be coded as nonspecific material restorations and are recorded as a “nonspecific material.” It is likely that these are
compomer, but data are unavailable.

(n="70), composite was most preferred by 31.4% and
amalgam by 15.7%.

The number of single surface composite resin
restorations placed annually remained relatively
constant through the 20-year period, but the number
of 2- and 3+-surface restorations for which composite
resin was used increased markedly. In particular,
the latter increased from 10% of 3+-surface restora-
tions in 1998 to 90% of those in 2017. By contrast,
there was a decrease in the use of dental amalgam
for direct restoration of all sizes (Figure 2).

Major changes were seen in the student learning
experience in recent years. Prior to 2013, nearly
every Bachelor of Dental Surgery (BDS) student
placed at least one amalgam restoration on a patient
during each year of study, and most had placed a
complex (3+ surfaces) restoration. However, complex
amalgam restorations were placed by only 19.5% of
BDS3, 38.2% of BDS4, and 80.2% of BDS5 students
during 2017, and a small number of students had
gone through all years of education having placed
amalgam only in a “simulation clinic” context
without placing any amalgam restorations at all in
a clinical setting (Figure 3). Within the BDS

graduating class of 2017, an average of 77.6
restorations had been placed throughout their
clinical education (BDS years 2-5); of those, an
average of 7.8 were amalgam (10.1%), an average
of 3.1 being complex 3+ surface amalgam restora-
tions. On the other hand, among those in BDS5
during 2003, the average total number of restora-
tions was 121.4; of those, an average of 53.3 were
amalgam (43.9%), of which 20.0 were complex 3+
surface amalgam restorations. These differences
were statistically significant (p<<0.0001, Wilcoxon
rank-sum test).

By tooth type, the greatest decline in the use of
dental amalgam was in its use as a restorative
material for deciduous teeth, dropping from over
80% in 1998 to 0% in 2017. Dental amalgam was
used for over 80% of restorations in permanent
molars in 1998, but this decreased to fewer than 20%
in 2017 (Figure 4).

DISCUSSION

This descriptive study reports a marked decrease in
the use of dental amalgam at New Zealand’s only
dental faculty over the 20-year period 1998-2017.
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Table 1: Restorations Placed by Material Type by Year as a Percentage of Total Restorations Placed per Year (ext.)
Year % of Total Indirect Restorations
Gold Porcelain Porcelain Fused Belle Glass Stainless Cast Total Number
to Metal or Acrylic Steel Core of Indirect

1998 20.4 57 38.1 0.5 247 10.7 778
1999 16.9 4.3 34.8 15 36.5 6.1 1007
2000 19.3 4.8 27.9 0.9 39.2 8.0 1019
2001 16.8 3.6 32.2 1.8 37.6 8.1 916
2002 18.2 3.5 291 15 39.6 8.0 1020
2003 19.7 53 33.5 14 32.1 8.0 865
2004 21.2 3.0 38.5 0.8 26.9 9.7 920
2005 24.2 10.8 37.8 0.0 20.1 71 986
2006 25.1 9.1 41.4 0.0 18.4 6.0 1048
2007 28.4 6.8 39.7 0.1 17.7 7.4 843
2008 28.4 5.8 43.5 0.3 15.5 6.5 904
2009 28.9 9.4 46.2 0.0 10.6 49 1251
2010 27.2 6.2 38.3 0.0 22.8 5.6 1307
2011 27.4 71 30.3 0.0 30.2 5.1 1015
2012 27.3 5.1 37.2 0.0 26.8 3.6 889
2013 34.6 3.8 30.8 1.3 25.8 3.9 955
2014 37.2 9.0 29.0 0.1 22.0 2.7 996
2015 32.2 9.0 26.2 0.7 29.2 2.6 832
2016 31.1 8.3 24.8 0.0 33.0 2.9 701
2017 34.6 10.5 20.9 0.0 31.9 2.0 598

Although the total number of restorations placed per
year remained relatively constant, the choice of
dental material used, specifically amalgam, shifted
markedly with the passage of time. The pace of
increase in the use of composite resin appeared to be
greater after 2005.

Before considering the implications of these find-
ings, it is important to consider the relative
strengths and limitations of this research. One
limitation is the change in coding of dental restora-
tions over time, affecting the comparability of data
from 1998 to 2001 with the data from subsequent
years; however, categories were similar and this is
unlikely to have had any impact on the research
findings. Another change in coding made surface-
level data less accessible after 2015. Variation in the
number of students (particularly those enrolled in
postgraduate programs) and staff may have affected
the service mix for certain years, and this has not
been considered in this analysis. The period 2002-
2005 featured a large number of restorations that
were coded using identifiers from which it was not
possible to identify the restorative material type
used; these were mostly one- and two-surface
restorations and were likely to have used composite
or amalgam. Notwithstanding these limitations, the

study has a number of strengths, chief of which is
the fact that no similar information is available.

The scope of this study did not include survival
rates of those restorations included in the analysis;
details of techniques used, such as dental dam use,
bonding system, curing protocols, and case selection;
or the specific brands that had been used.

In the past, the choice of dental material was
generally based on operator and patient preferenc-
es, which relate to factors such as an individual’s
caries risk, lesion size and location, and material-
related factors such as strength, wear resistance,
moisture tolerance, and stability. New Zealand’s
signing (and expected future ratification) of the
Minamata Convention on Mercury will play an
important role in this decision making in the future,
hastening an existing global change within the
dental profession, which, to date, has largely been
in response to the growing evidence base for (and
continuing clinical experience with) the use of
composite resins.

It is important that dental education be informed
by high-quality research and also consider the future
environment in which graduates will practice.
Crucial to this approach will be that new cohorts of
dental students are taught considering both the
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Figure 1. Annual placement of direct restorations by material type.

obligations outlined in the Minamata Convention
and the requirement for evidence-based clinical
practice: theoretical teaching needs to be matched
to clinical teaching. Based on a projection from the
current decline in the use of dental amalgam (Figure
1), the material is unlikely to be used at all by the
early 2020s. The teaching curriculum needs to be
updated accordingly to enable teaching to adapt to
this likely outcome.

Dental education can influence both material
selection and the associated techniques used by
future members of the dental profession. Experience
suggests that some new dental graduates initially
continue to use the materials and techniques with
which they have become familiar and competent
during their dental education. Moreover, the provi-
sion of continuing professional education courses by
the faculty may affect material selection decisions by
established practitioners. Such an approach should
be informed by research into the contemporary
material selection and techniques used by New
Zealand dental practitioners.

Operative Dentistry
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Figure 2. Percent of restorations placed per year by material type
and restoration size.

Median survival times for amalgam restorations
have been reported to be as long as 22.5 years,*
meaning that amalgam restorations have historical-
ly been considered the benchmark by which to
compare composite restorations. The use and clinical
performance of composite resin restorations placed
in posterior permanent teeth have improved greatly.
Some consider that composite now performs better
than amalgam. Although composite resin has many
disadvantages—such as marginal staining and poor-
er wear strength, fracture resistance, and compres-
sive strength than amalgam—it does have a number
of important advantages. Cavity preparation for the
restoration of a carious lesion with composite resin
can be more conservative than with dental amalgam
because mechanical retention does not need to be
incorporated into the cavity design. This lowers the
biological cost to the tooth. It also has superior
esthetics and the ability to bond to both enamel and
dentin (via a suitable adhesive system), thus sealing
the tooth-restorative interface and reducing occlusal
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stresses on both the composite resin and the restored
tooth.® Although composite resin restorations may
require more frequent repair,® the ability to success-
fully repair and/or refurbish a restoration avoids its
complete removal and the associated further loss of
tooth structure.

In deciduous teeth, short crown heights affect the
retention of intracoronal restorations, as does a
child’s ability to cope with treatment. Preformed
metal crowns show very high success rates, with
greater longevity and lower rates of retreatment
than amalgam restorations in primary molars.” They
are of particular use in teeth that are extensively
broken down or have severe enamel defects. Al-
though amalgam is a forgiving material where
moisture control is a problem and it can be placed
without using dental dam, the National Health and
Medical Research Council of Australia (1999) has
recommended that placing or removing amalgam
from children’s dentitions be avoided. While effective
moisture control is essential in the placement of
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Figure 4.  Percent of restorations placed using amalgam per year by
tooth type.

high-quality composite restorations, those can be
successful in class I and class II restorations in
children. According to the 2014 guidelines of the
American Academy of Pediatric Dentistry, there are
not enough data comparing compomers to other
restorative materials in children’s permanent teeth
for them to be considered the treatment of choice;
however, they can be used as an alternative to other
restorative materials in class I and class II restora-
tions in primary teeth. A review of the evidence
concluded that amalgam, resin-modified glass ion-
omers, and compomers showed similar longevity in
primary teeth but that conventional glass ionomers
showed significantly shorter longevity.® Convention-
al glass ionomers should be used only as either a
temporary measure to stabilize a carious dentition in
the early stages of treatment or an interim restora-
tion when a tooth is close to exfoliation. For
amalgam, its material physical properties are least
often the source of problems, with most failures
attributable to lack of attention to cavity design or
handling of the material in use.’
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Although dentists are often more concerned with
the disadvantages of composite resin, patient
concerns about the risks of amalgam toxicity and
their greater esthetic awareness may supersede
these concerns. When preferences for the choice of
material differ between patient and dental profes-
sional, dentists tend to defer to patient choice in
favor of composite resin.'® Norwegian dentists tend
to favor composites when treating younger patients,
except where more complicated restorative chal-
lenges are encountered. In such cases, dentists are
more likely to select amalgam as the restorative
material.'’ Experience from practice suggests that
where direct placement of composite resin is
problematic due to the extensive nature of the
preparation, many dentists may now select an
indirect tooth-colored restoration rather than de-
fault back to dental amalgam. In the past, high
caries risk was often considered a contraindication
to the use of composite resins. In an amalgam-free
clinical service, material choice is no longer a factor.
Instead of relying on case selection to identify high-
caries patients where composite is not appropriate,
clinicians must instead focus solely on managing
caries risk. Good caries risk management is now the
single most important factor in determining the
long-term success of direct restorations. Some
practitioners place very extensive direct composite
resin restorations with satisfactory clinical results,
at least in the short term.

More research is required to investigate the long-
term success of these types of treatments. A recent
Cochrane systematic review of restoration perfor-
mance found that composite restorations are associ-
ated with a higher risk of failure and greater risk of
secondary caries than amalgam restorations,®!?
and long-term evidence supporting composite per-
formance is weak. Mechanical causes of failure, such
as fractures, start appearing from about the two-
year mark, reflecting the appropriateness of deci-
sions made to use the material for individual
situations and limitations with respect to the
physical properties of these materials in terms of
compressive strength, tensile strength, and fracture
toughness. Biological causes of failure, such as
dental caries, tend to increase more gradually over
time.'* Marginal failure at the bond interface is
associated with a significant proportion of these
infection-related failures reported. With the rapid
evolution of successive generations of resin bonding
systems, findings from clinical trials quickly become
obsolete as technology advances supersede the
limitations of previous product generations. Al-

Operative Dentistry

though it is expected that continued advances in
dental materials should inform improved bonded
restoration longevity, direct evidence demonstrating
so remains relatively weak considering dentin to
resin bonds degrade much faster than clinical
restorations take to fail.'®

Larger composite restorations have a higher risk
for failure, with each additional surface involved
increasing the risk by 30%-40%.* A systematic
review and meta-analysis indicated annual failure
rates of 2.4% for posterior composite restorations
after 10 years,'* informing cause for optimism to
expect favorable performance over the medium to
long term. Clinician skill is considered very impor-
tant when placing composite restorations, with
younger practitioners more likely to have had a
greater proportion of their training focused on
placing composite resins rather than amalgam.'®

Since this study has examined the changing
patterns in the use of dental amalgam in favor of
tooth-colored alternatives in a dental school setting
in New Zealand, it is important to look at what is
happening in teaching facilities elsewhere. Much of
the available literature is dated, with surveys of the
teaching of posterior composites in dental schools
worldwide carried out from the late 1980s to the mid-
2000s.17-2* More recently, however, a survey of 100
dental schools was conducted to obtain information
on preclinical teaching and material preferences for
the restoration of posterior teeth as well as expected
future changes.?’ All 46 respondents reported that
they taught composite resin for restoring posterior
teeth, with nearly two-thirds of these not teaching
amalgam as the preferred material and one Swedish
school not having taught amalgam use since 2005.

The increasing use of composite resin observed at
the University of Otago Faculty of Dentistry is
similar (although more marked over the long term)
to that which was reported by an Israeli dental
school where the use of composite resin increased
from 36.8% of restorations placed in 2004-2005 to
48.5% in 2008-2009.*® That study found that the
preferred dental material among younger dental
instructors was composite resin, but veteran instruc-
tors were more likely to select amalgam. This
pattern is mirrored in general dental practice,??
and older practitioners may be less likely to opt for a
more contemporary restorative material.

The current New Zealand government intends to
ratify the Minamata Convention on Mercury, but
more pressing legislative priorities mean this is
unlikely to occur before the end of 2019 (New
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Zealand Ministry for the Environment, personal
communication, November 23, 2018). Thus, New
Zealand’s dental education system does not yet have
an obligation to phase down dental amalgam;
however, considerable progress in advance of its
future obligations under the Minamata Convention
have already been made. The University of Otago
Faculty of Dentistry is arguably already engaged in
all the nine strategies identified in the text of the
convention that are likely to reduce the use of
mercury dental amalgam in New Zealand. For
example, the faculty is involved in dental caries
prevention and health promotion training and
research (objective 1) and conducts a considerable
amount of research on the properties of amalgam
alternatives (objective 2), while research and devel-
opment of mercury amalgams has effectively ceased
(objectives 3 and 4), students receive more training
on amalgam alternatives than amalgam (objective
5), publicly funded services (particularly pediatric
dental care) allow for the use of amalgam alterna-
tives (objectives 6 and 7), the use of amalgam is
restricted to its encapsulated form (objective 8), and
appropriate environmental strategies are employed
to minimize the environmental release of mercury
(objective 9). It would appear that the Faculty is
already meeting these obligations, although action in
certain areas may be enhanced.

The University of Otago Faculty of Dentistry is
following global trends in the phasedown of dental
amalgam, and available private practice data sug-
gest that this is also occurring throughout New
Zealand. Dental composites have replaced dental
amalgams as the major alternative material of
choice. Ongoing curriculum changes are recommend-
ed to ensure that graduates are prepared for
contemporary clinical practice, and ongoing training
of teaching staff is necessary to ensure that experi-
enced practitioners adapt their teaching with the
changing curriculum.
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Effect of Bleaching Gel
Concentration on Tooth Color and
Sensitivity: A Systematic Review
and Meta-analysis

MMA Pontes ¢ JML Gomes ¢ CAA Lemos ¢ RS Leao
SLD Moraes ¢ BCE Vasconcelos ¢ EP Pellizzer

Clinical Relevance

The use of low-concentration bleaching gels will promote in the patient a favorable
whitening effect compared to high concentrations while at the same time being responsible
for a lower dental sensitivity, promoting patient comfort.

SUMMARY

Objective: The aim of this systematic review
and meta-analysis was to evaluate a high
concentration of hydrogen peroxide (35%) re-
garding tooth sensitivity and color change in
tooth bleaching in comparison to low concen-
trations (6% to 20%).

Methods and Materials: This review was con-
ducted using the criteria of the Preferred
Reporting Items for Systematic Reviews and
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(CRD42017064493). The PICO question was
“Does a concentration of hydrogen peroxide
>35% using in-office bleaching procedure con-
tribute to greater tooth sensitivity?” A search
was made in PubMed/MEDLINE, Scopus, and
the Cochrane Library.

Results: Fourteen studies were selected for the
qualitative analysis and seven for quantitative
analysis. A total of 649 patients were evaluated
(mean age: 36.32 years; range: 13.9 to 31 years),
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and the follow-up period ranged from one
week to 12 months. The meta-analysis demon-
strated that tooth sensitivity was higher in the
patients submitted to treatment involving a
high concentration of hydrogen peroxide (0.67;
95% confidence interval [CI]: 0.44 to 1.03;
p=0.04; I2: 56%), and a significant difference
was found regarding objective color AE (1.53;
95% CI: 2.99 to 0.08; p<0.0001; I*: 82%) but no
significant difference was found regarding
subjective color ASGU (0.24; CI: 0.75 to 1.23;
Pp<0.00001; IZ: 89%).

Conclusions: This study indicated that a lower
concentration of hydrogen peroxide causes
less tooth sensitivity and better effectiveness
in objective color change (AE); however, there
is no difference between them related to sub-
jective color (ASGU).

INTRODUCTION

In-office bleaching is a treatment that offers excel-
lent color stability; moreover, since the procedure is
under the control of a dental surgeon, there is less
risk of exposure to soft tissue.! Hydrogen peroxide
(HP) is used in this treatment as a dental oxidizing
agent, resulting in effective color change.? However,
the concentration of HP and the duration of its
application can influence its absorption into dental
tissues, causing tooth sensitivity.>

High concentrations of HP promote evident color
change at the first application session.*® The
mechanism of bleaching can generate a greater
number of by-products capable of causing cell stress,
clinically reflected as sensitivity.®® Moreover, the
clinical protocols for these products require, on
average, 30 to 50 minutes of contact of the bleaching
gel with the tooth for each clinical session.'%12

To maintain efficacy in color as well as alleviate
sensitivity, bleaching gels with lower concentrations
of HP'® are used for in-office bleaching. However,
low concentrations may require a greater number of
sessions to achieve effective bleaching.'* The efficacy
of low-concentration bleaching gels is also affected
by the addition of a semiconductor agent. Nanopar-
ticles of titanium dioxide doped with nitrogen have
been introduced with the aim of enhancing safety,
providing less damage to the dental structure and
tooth sensitivity. !¢

Considering the variety of products available on
the market, it is challenging for dentists to identify a
bleaching gel that is efficient and does not cause
discomfort or sensitivity to patients.'”'® Therefore,

Operative Dentistry

the aim of the present study was to conduct a
systematic review of the literature to evaluate
whether high concentrations of HP (>35%) used in
an in-office bleaching procedure can influence tooth
sensitivity and color change in comparison to low
concentrations (6%, 15%, and 20%). The first and
second null hypotheses, in relation to tooth sensitiv-
ity and change in tooth color, respectively, were that
there is no difference between high concentrations
(>35%) and lower concentrations (6%, 15%, and
20%) of HP.

METHODS AND MATERIALS
Registry of Protocol

This systematic review was conducted in accordance
with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses!® as well as some
systematic reviews of the literature.?>?! The review
is also registered with the Prospective Register of
Systematic Reviews (CRD42017064493).

Eligibility Criteria

Studies considered eligible for the present review
needed to meet the following criteria: 1) randomized
clinical trials, 2) prospective studies, 3) in-office
bleaching protocol, and 4) studies published in
English. The exclusion criteria were 1) retrospective
studies, 2) clinical cases, 3) case series, 4) in vitro
studies, and 5) in vivo (animal) studies.

The guiding question was “Does a concentration of
hydrogen peroxide >35% using an in-office bleaching
procedure contribute to greater tooth sensitivity?”
The PICO question was employed: Population: indi-
viduals submitted to in-office bleaching; Intervention:
the use of >35% hydrogen peroxide bleaching gel;
Comparison: use of <35% hydrogen peroxide bleach-
ing gel; and Outcomes: tooth sensitivity (primary
outcome) and color change (secondary outcome).

Search Strategy

The selection of studies was performed by two
independent researchers (MMAP and JMLG), with
the involvement of a third researcher to resolve cases
of a divergence of opinion between the first two.
Electronic searches were performed in the PubMed/
MEDLINE, Scopus, and Cochrane Library databases
for articles published up to September 2017 based on
the eligibility criteria. The key words were tooth
bleaching and in office OR tooth bleaching and
hydrogen peroxide and concentration OR dental
bleaching and in office OR dental bleaching and
hydrogen peroxide and concentration OR tooth
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Records identified through
database searching
(Medline/Pubmed; Embase;
Cochrane)
(n=1478)

v

Records without duplication, and
only human studies
(n=430)

!

Records screened Records excluded
(n=51) (n=1048)

v

Full-text articles evaluated for Records excluded
eligibility — after reading
(n=14) (n=38)

’ \

Studies included Studies included

[ Included ][ Eligibity ][ Screening ] [ Identification ]

in qualitative in quantitative
synthesis synthesis
(n=14) (n=7)

Figure 1. Flowchart.

whitening and in office OR tooth whitening and
hydrogen peroxide and concentration OR dental
whitening and in office OR dental whitening and
hydrogen peroxide and concentration. A hand search
was also performed in periodicals of major impact in
the fields of dentistry and dental materials: Journal
of Dentistry, Operative Dentistry, Materials Science,
Journal of Esthetic and Restorative Dentistry, Jour-
nal of Prosthetic Dentistry, American Journal of
Dentistry, Journal of Dental Research and Dental
Materials.

Summary Measures

One researcher (MMAP) collected the relevant data
from the articles, which were checked by two other
researchers (BCEV and SLDM). The meta-analysis
was based on the inverse variance and Mantel-
Haenszel methods. Tooth sensitivity (absolute risk of
tooth sensitivity) related to the dichotomous out-
comes evaluated using the odds ratio, while subjec-
tive (ASGU) and objective (AE) color changes were
considered the continuous outcome and evaluated
using mean difference evaluated by inverse variance
with a 95% confidence interval (CI). The odds ratio
and mean difference values were considered signif-
icant when p < 0.05. In case of statistical signifi-
cance (p<0.10) for heterogeneity, a random-effects
model was used to assess the significance of
treatment effects. Where no statistically significant

heterogeneity was found, analysis was performed
using a fixed-effects model.?>?* The software Re-
viewer Manager 5 (Cochrane Group) was used for
the meta-analyses.

The kappa statistic was calculated for the deter-
mination of the level of agreement between the
researchers (MMAP and JMLG) regarding the
selection of the studies from the PubMed/MEDLINE,
Scopus, and Cochrane Library databases.

Risk of Bias

Two researchers (CAAL and RSL) performed the
analysis of the risk of bias using the Cochrane scale
for the appraisal of the methodological quality of the
randomized clinical trials selected for the present
systematic review and meta-analysis.

RESULTS

The search of the databases led to the retrieval of
1478 articles: 722 in Scopus, 597 in PubMed/
MEDLINE, and 159 in the Cochrane Library. After
the removal of duplicate references, the titles and
abstracts of the articles were analyzed regarding the
eligibility criteria, and 51 articles were preselected
for the reading of the full texts. After the full-text
analysis, 14 studies were selected for the qualitative
analysis,>12152432 aq seven of these were selected
for the quantitative analysis'?1527:2931 (Figure 1).

Study Characteristics

Design of the Studies—Table 1 lists the character-
istics of the studies. Fourteen randomized controlled
trials were selected; four of these studies used a
split-mouth design.'*?%2%31 A total of 649 patients
were submitted to bleaching treatment (mean age:
36.32 years; range: 13.9 to 31 years). The most
common patient’s inclusion criteria in the studies
were being caries free,>'>1® good oral hygiene,?%¢
absence of periodontal disease,? absence of anterior
teeth restorations,'?1%26:2832 g1d teeth without
bleaching experience.!®2226:28.29.31 10142631 4o
ported loss of the patient during the follow-ups; this
means that 15% of the patients in the included
studies dropped out.

The most common patient exclusion criteria in the
studies were systemic diseases,??%32 change in tooth
structure,? smoking,? bruxism,>'%?® presence of
dental sensitivity,? poor oral hygiene,®'? presence
of fluorosis or tetracycline stains, 21728293132 ;56 of
orthodontic treatment,®13-1%26:31 taking analgesic or
anti-inflammatory drugs,'®'*3! and pregnancy or
breast-feeding.?12-15:25:26:32 The follow-up period
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Table 1:  Characteristics of the Studies Included
Reference Type Study Design Patients (n)/ Mean Follow-
of Study (n per Group) Dropouts (n) Age (y) Up

Bacaksiz and RCT G1: 25% HP with UV light (n=14) 28/3 13.9 12 mo
others? G2: 36% HP with LED light (n=14)
Bezerra Dias RCT G1: 35% HP (n=3) 6/0 31 1 wk
and others®* G2: 6% HP/N-doped TiOz (n=3)
Bortolatto and RCT G1: 15% HP+TiO_N (n=20) 40/15 G1:20.7 3 wk
others™ G2: 35% H202 (n=20) G2: 21,5
Bortolatto and RCT G1: 6% HP+TiO_N (n=24) 48/0 G1:24.3 2 wk
others™® G2: 35% H202 (n=24) G2: 24.0
Fernandez and RCT (split-mouth) G1: 6% HP+TIiO_N (n=32) 32/5 241 9 mo
others® G2: 35% HP (n=32)
Martin and RCT G1: 15%HP+TiO2+light (n=25) 88/46 23.03 1 mo
others® G2: 35% HP+light (n=27)

G3: 35% HP (n=36)
Martin and RCT (split-mouth) G1: 35% HP 311 24.5 1 mo
others™ G2: 6% HP+TiO_N

(split-mouth; n=30)
Martin and RCT G1: 15% H202 N_TiO2 70 23.6 1 mo
others®® G2: 35% H20>
Mena-Serrano RCT G1: 20% HP+LED light (n=19) 77/0 G1:22.9 1 mo
and others?’ G2: 20% HP (n=19) G2: 22.0

G3: 35% HP+LED light (n=20) G3: 23.0

G4: 35% HP (n=19) G4: 22.0
Moncada and RCT G1: 15% HP+TiO_N+light (n=25) 87 23.15 1 wk
others®® G2: 35% HP+light (n=27)

G3: 35% HP (n=35)
Reis and RCT G1: 35% HP (n=30) 60 G1: 29 2 wk
others'2 G2: 20% HP (n=30) G2: 25.0
Rezende and RCT G1: 20% HP (n=15) 30 G1:25.9 12 mo
others?® G2: 35% HP (n=15) G2: 24.0

G3: 10% HP

(at-home bleaching)
Gallagher and RCT G1: 25% HP (n=20) 211 >18y 1 wk
others® G2: 38% HP (n=20)
Vildséla and RCT (split -mouth) G1: 6% HP (n=31) 31/3 247y 12 mo
others®' G2: 35% HP (n=31)
Abbreviations: AE, objective color; ASGU, subjective color; RCT, randomized controlled trial; G1, group 1; G2, group 2; G3, group 3; G4, group 4; hydrogen peroxide; N.R.,
nonreported; TiO., titanium dioxide; VAS, visual analog scale; TiO_N, nitrogen-doped titanium dioxide; ARR, absolute risk rate. P1: patient 1; P2: patient 2; P3: patient 3.

ranged from one week to 12 months. The studies
compared a higher concentration of HP (35%) to

lower concentrations (6% to 20%). Two studies

2,30

performed a comparison of high-concentration HP

bleaching gels.

Bleaching Protocol—In-office bleaching was per-

formed in all included studies.

12,13,15,25,26,28,29,31 v,

bleaching protocol varied according to the concen-
tration of the bleaching gel, and all bleaching
protocols are described in Table 1. Some studies

mentioned the use of gingival isolation

2,13-15,28

and

lip retractor®?® and previous prophylaxis before the

treatment,1315:24.26.27.29.33 The whitening gel was
applied on the vestibular surface of the teeth (1 to 2
mm thick) or according to the manufacturer’s
instructions.'®'%24 Also, other studies used the
LED light associated with two low-level lasers at
red (660 nm) or infrared (780 nm) wavelengths,*
laser of low intensity (808 nm/infrared light),'® LED
light (470 nm),'®26-28 LED/laser hybrid cold-
light, 131431 or infrared laser diodes (830 nm).2% Only
two studies®'?3%32 did not report the use of light.
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Table 1:  Characteristics of the Studies Included (ext.)
Reference In-Office Outcomes
Bleaching Color Change, AE+SD  Color Change, ASGU Tooth Sensitivity
Protocol (Spectrophotometer) (Shade Guide Units)
Bacaksiz and  G1: 3X15 min single visit+UV light G1:10.9+4.04 N.R. Five-Step Scale events:
others? G2: 3%x15 min single visit+LED light G2: 15.1£2.73 G1:3;G2: 3
Bezerra Dias G1: 2X12 min in the same session G1: P1:6.7; P2: 6.1; P3: 6.6 G1: P12:0.8; P3: 1.0 VAS
and others®*  G2: 3xX12 min in the same session G2: P1:7.1; P2: 5.7; P3: 3.6 G2: Py: 15 P2: 0.8; P3: 4.5
Bortolatto and  G1: 3X16 min in three sessions and LED G1:8.92+2.36 N.R. VAS
others'® four times/arch per session G2: 6.66+2.73 ARR: 52%
G2: 3X15 min in three sessions
Bortolatto and  G1/G2: 2X12 min in two sessions G1:3.03+1.36 N.R. Verbal scale
others'® +LED/laser light (1 min) G2: 4.96+2.36 ARR: 33.4%
Fernandez and G1: 2X12 min+LED light in the same session G1: 5.14+3.49 G1:6.81+£2.22 N.R.
others®® G2: 2X12 min+LED light in the same session G2: 7.81+2.32 G2: 6.93+2.25
Martin and G1: 3X15 min+LED light N.R. N.R. VAS
others®® G2: 3x10 min+LED light
G3: 1X45 min
All groups were treated in the same session
Martin and G1/G2: 2x12 min+LED laser hybrid light in  G1: 7.98+2.45 G1:5.03+£2.30 VAS
others™ three sessions G2: 5.57+3.71 G2: 4.83+2.28 ARR: G1: 36%;
G2: 50%
Martin and G1: 3X15 min in one session of 45 min N.R. N.R. VAS
others®® G2: 3X12 min one session of 36 min
Mena-Serrano  G1/G3: 3X15 min in two sessions G1:13.2 =41 G1:6.1+2.6 Five-Point Verbal Scale
and others?”  G2/G4: 3X15 min in two sessions+LED light G2: 11.8+4.0 G2:8.2+1.3 and VAS
G3: 12.4+3.7 G3:8.2x25 ARR: G1: 63%; G2:
G4:14.1+2.9 G4:84*14 73%; G3: 80%; G4: 85%
Moncada and  G1: 3X15 min per session+30 s light N.R. N.R. VAS
others®® G2: 3x10 min per session+light
G3: 3X15 min per session
Reis and G1: 1X40 min per session N.R. G1:1.6x0.7 Five-Point Verbal Scale
others'? G2: 1X50 min per session G2: 3.5+1.0 ARR: G1: 26.7%; G2:
16.7%
Rezende and  G1: 1X50 min per session N.R. G1:3.1+1.0 Five-Point Verbal Scale
others®® G2:1X40 min per session G2: 3.2+1.0 Events:
G3: 1X120 min per session G1: 7—ARR: 85%
(at-home bleaching) G2: 17—ARR: 47%
Gallagher and G1/G2: 3X in one session G1: 3.23+x2.22 N.R. Questionnaire: 0 to 3
others®° G2: 1.46+0.53 (ot sensitive to severely
sensitive)
Events: 10 (G1 and G2)
Vildsdla and G1/G2: 3X12 min per session+LED G1:5.1+3.7 G1:6.8+2.2 N.R.
others®' laser hybrid light in three sessions G2:7.3+2.6 G2: 6.9+2.3

The bleaching agent at the end was removed with
gauze, suction, and/or water.? Desensitizing agent
was used after the bleaching session in the studies.?
The patients were instructed to avoid acids and food
dyes®1*?5 and the use of whitening agents.?!

Tooth-Sensitivity Evaluation—The visual analog
scale was used to measure tooth sensitivi-
ty.1415,24.26.28.29 mhe degree of tooth sensitivity
was measured from 0 to 10, where O represents a
total absence of pain, 5 moderate pain, and 10 the
maximum level of pain.?* Other measures were
also used, such as the Five-Step Scale, which was

applied after the bleaching, and the scores were
measured with the following criteria: 0: none; 1:
mild; 2: moderate; 3: considerable; 4: severe.>?7
The Five-Point Verbal Scale'®!3272% and a sensi-
tivity questionnaire3® were used, where four levels
were considered: none, mild, moderate, or severe.
Tooth sensitivity was evaluated before bleaching
and after bleaching and at 24 hours, 48 hours, 72
hours, and one week, according to each study’s
follow-up. Also, some studies'®1%2729 described
the absolute risk rate and the number needed to
treat.
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Figure 2. Analysis of risk of bias, Cochrane scale.

Color Evaluation—The subjective color analysis
was based on shade guide units (ASGU), and the
analysis was made from the color shade scale in some
of the included studies.'?>?*?>2"2% Color was also
evaluated in seven studies using an objective color
analysis (AE) from a spectrophotometer®1%15:25:27.30
either by the confection of transparent soft trays with
standardized markings® or without them in the
middle third of the labial surface®* or by a guide
made with high-viscosity silicone putty'®?! in the

Operative Dentistry

periods before bleaching and after bleaching and at 24
hours, 48 hours, 72 hours, one week, one month, six
months, and 12 months, according to each study’s
follow-up. Objective color differences were calculated
from the equation AE = [(AL*)? + (Aa*)? + (Ab*)?]V2.

Risk of Bias—All studies were qualified using the
Cochrane Collaboration’s tool for the risk of bias
(Figure 2) and showed low risk of bias. Some studies
were classified as “unclear” for the following items:
sequence generation and allocation conceal-
ment;>?*3% blinding of participants, personnel, and

outcome assessor;>* and incomplete outcome da-
tg,25:26,28

Meta-Analysis

Tooth Sensitivity—Six studies were
selected for the quantitative analysis of the concen-
trations of bleaching gel divided into two groups:
lower concentration of HP (6% to 20%) and higher
concentration (35%). A significant difference be-
tween groups was found, indicating less tooth
sensitivity when a lower concentration of HP (6%
to 20%) was used (0.67; 95% CI: 0.44 to 1.03; p=0.04;
I?: 56%) (Figure 3).

Color Change (AE)—About the color change, some
studies!®1%25:27:31 found a significant difference
between a high concentration of HP (35%) and a
low concentration (6% to 20%) (1.53; 95% CI: 2.99 to
—0.08; p<0.0001; I%: 82%) (Figure 4).

Color Change (ASGU)—Some studies!®1425:27:29,31
performed a subjective evaluation of the change in
color, but no significant difference was found
between a low concentration (6% to 20%) and a high
concentration of HP (35%) (0.24; CI: —0.75 to 1.23,
p<0.00001; I%: 89%) (Figure 5).

12-15,27,29,31

DISCUSSION

The first null hypothesis, that there is no difference
with regard to tooth sensitivity between a high
concentration of HP (35%)>*® and lower concentra-
tions (6%, 15%, and 20%),3*3¢ was rejected. This was
because a meta-analysis revealed a significant
difference (0.38; 95% CI: 0.16 to 0.92, p=0.04; 1%
56%), revealing less tooth sensitivity for a lower
concentration of HP. This agrees with the findings of
Moncada and others®® and other studies'®?26:37
reporting greater tooth sensitivity when high con-
centrations of HP were used. The major number of
dropouts were between the first and second bleach-
ing sections. This is in accordance with the litera-
ture'®2528 reporting a high level of sensitivity in the
early sections.
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Low Concentration  High Concentration Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
3.1.2 6%HP vs. 35%
Bortolatto and others 2016 2 24 10 24 14.5% 0.13 [0.02, 0.67]
Martin and others 2015 (A)* 15 30 11 30 21.3% 1.73 [0.62, 4.84] i
Subtotal (95% Cl) 54 54 35.8% 0.51 [0.04, 6.65] o
Total events 17 21

Heterogeneity: Tau? = 2.95; Chi? = 6.94, df = 1 (P = 0.008); I = 86%
Test for overall effect: Z = 0.51 (P = 0.61)

3.1.3 15% HP vs. 35%

Bortolatto and others 2014 4 20 10 20 17.0% 0.25 [0.06, 1.02] - %= |
Reis and others 2013' 5 30 8 30 18.7% 0.55 [0.16, 1.93] —
Subtetal (95% CI) 50 50 35.7% 0.39 [0.15, 0.99] <
Total events 9 18

Heterogeneity: Tau? = 0.00; Chiz = 0.67, df = 1 (P = 0.41); B = 0%
Test for overall effect: Z = 1.99 (P = 0.05)

3.1.4 20%HP vs. 35%

Mena Serrano and others 20167 14 19 17 19 13.4% 0.33 [0.06, 1.96] — &1
Rezende and others 2016% 7 15 17 20 151% 0.15 [0.03, 0.76] —_—
Subtotal (95% CI) 34 39 285% 0.22 [0.07, 0.71] ==
Total events 21 34

Heterogeneity: Tau? = 0.00; Chi*=0.39, df =1 (P = 0.53); P = 0%
Test for overall effect: Z = 2.53 (P = 0.01)

Total (95% Cl) 138 143 100.0% 0.38 [0.16, 0.92] <
Total events 47 73
Heterogeneity: Tau? = 0.85; Chi? = 11.37, df = 5 (P = 0.04); I = 56%
Test for overall effect: Z = 2.16 (P = 0.03)

Test for subaroup differences: Chi? = 0.71, df =2 (P = 0.70), 2= 0%

0.001 0.1 1 10 1000
Favours [Low %HP] Favours [High %HP]

Fig3
Low Concentration High Concentration Mean Difference Mean Difference
Study or Subgroup Mean SD__ Total Mean 8D Total Weight IV, Random, 95% CI IV, Random, 95% CI
9.1.1 6%HP vs. 35%HP
Bortolatto and others 2016 3.03  1.36 24 496 236 24 186%  -1.93[-3.02,-0.84] —
Femandez and others 2016% 5.14 3.49 32 7.81 2.32 32 17.3% -2.67 [-4.12, -1.22] —
Martin and others 2015 (B)® 5.57  3.71 30 798 245 30 16.7%  -2.41[-4.00,-0.82] i
Vildosola and others 2017%! 5.1 3.7 31 7.3 26 31 16.7%  -2.20[-3.79, -0.61] —
Subtotal (95% CI) 17 117  69.2%  -2.24 [-2.93, -1.55] &

Heterogeneity: Tau? = 0.00; Chi? = 0.69, df = 3 (P = 0.87); F=0%
Test for overall effect: Z = 6.36 (P < 0.00001)

9.1.2 15%HP vs. 35%

Bortolatto and others 2014'® 8,92  2.36 20 666 273 20 16.7% 2.26 [0.68, 3.84] —_——

Subtotal (95% Cl) 20 20 16.7% 2.26 [0.68, 3.84] <
Heterogeneity: Not applicable

Test for overall effect: Z = 2.80 (P = 0.005)

9.1.4 20%HP vs. 35%HP

Mena Serrano and others 2016”711.8 4 19 14.1 2.9 19 14.0%  -2.30 [4.52, -0.08] Qa1

Subtotal (95% CI) 19 19 14.0%  -2.30 [-4.52, -0.08] ~exE

Heterogeneity: Not applicable

Test for overall effect: Z = 2.03 (P = 0.04)

Total (95% CI) 156 156 100.0%  -1.53 [-2.99, -0.08] i

Heterogeneity: Tau? = 2.66; Chi? = 27.24, df = 5 (P < 0.0001); I* = 82% . 1 5 5 5 5 1"0
Test for overall eﬁer_;t: Z=2.06 (P_= 0.04) Favours [Low %HP] Favours [High %HP]
Test for subgroup differences: Chi2 = 26.55, df = 2 (P < 0.00001), I? = 82.5%

Fig 4

Figure 3. Outcome: tooth sensitivity (high concentration of HP [35%] vs low concentration of HP [6% to 20%)]). M-H, Mantel-Haenszel R.E., random
effect.

Figure 4. Outcome: color change AE (high concentration of HP [35%] vs low concentration of HP [6% to 20%)]). 1V, inverse variance; R.E., random
effect.
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Low Concentration High Concentration Mean Difference Mean Difference

Study or Subgroup Mean SD__ Total Mean SD__ Total Weight IV, Random, 95% CI IV, Random, 95% ClI

10.1.2 6% HP

Fernandezand others 2016* 6.81 2.22 32 6893 225 32 157% -0.12 [-1.22, 0.98] .

Martin and others 2015(B)*®* 4.83 2.28 30 5.03 2.3 30 15.3% -0.20 [-1.36, 0.96] — M

Vildosola and others 2017*' 6.8 22 31 6.9 23 31 15.6% -0.10 [-1.22, 1.02] S

Subtotal (95% CI) 93 93 46.6% -0.14 [-0.79, 0.51] L -3

Heterogeneity: Tau? = 0.00; Chiz = 0.02, df = 2 (P = 0.99); I = 0%

Test for overall effect: Z = 0.42 (P = 0.68)

10.1.3 20%HP

MenaSerranoand others 20167 8.2 1.3 19 84 14 19 17.0% -0.20 [-1.06, 0.66] .

Reis and others 2013™ 35 1 30 1.6 0.7 30 18.8% 1.90 [1.46, 2.34] .

Rezende and others 2016% 3.1 1 15 32 1 15 17.7% -0.10 [-0.82, 0.62] i

Subtotal (95% CI) 64 64 53.4% 0.56 [-0.96, 2.09] i

Heterogeneity: Tau? = 1.70; Chi? = 32.48, df = 2 (P < 0.00001); I? = 94%

Test for overall effect: Z = 0.72 (P = 0.47)

Total (95% CI) 157 157 100.0% 0.24 [-0.75, 1.23]

Heterogeneity: Tau? = 1.30; Chi? = 43.63, df = 5 (P < 0.00001); I = 89%
Test for overall effect: Z = 0.48 (P = 0.63)
Test for subgroup differences: Chi* = 0.69, df = 1 (P =0.41). P =0%

4 2 0 2 4
Favours [Low %HP] Favours [High %HP]

Figure 5. Outcome: color change ASGU (high concentration of HP [35%] vs low concentration of HP [6% to 20%)]). 1V, inverse variance; R.E.,

random effect.

It was not possible to carry out meta-analyses for
all studies that were selected for the present
systematic review due to a lack of data in some
articles. In the evaluation of tooth sensitivity
stemming from bleaching sessions, a reduction in
sensitivity was reported one week after the proce-
dure. This agrees with the findings of Mondelli and
others,!! who evaluated the effects of high concen-
trations of HP (35% and 38%) and found that
sensitivity increased immediately after treatment
and then diminished gradually over the course of a
week.

According to Matis and others,? tooth sensitivity
is related to the contact time of the bleaching gel and
not the concentration of HP. In the analysis of
bleaching gel application among the studies selected
for the present systematic review, either the protocol
was found to be the same for low or higher
concentrations tested'®'%2528 or application was
performed with low-concentration gels over a longer
period (contact time and/or number of ses-
sions).'®?*29 This indicates that a longer application
time does not exert an influence on tooth sensitivity
but enables a low-concentration bleaching gel to
perform as effectively as a high-concentration
bleaching gel.'?

The sensitivity caused by low-concentration gel
(15%) is lower than that found with high-concentra-
tion (35%) gel; this may be related to the association
between HP and nitrogen-doped titanium dioxide
semiconductor nanoparticles (N_TiOs). In the pres-
ence of visible light, this enables the formation of O,

without hydroxyl (OH™) radicals, which are a risk
factor in tooth bleaching procedures. Therefore,
lower-concentration gels are reported as a less
irritating but equally effective tooth bleaching
option.?® However, in the subgroup analysis, when
comparing a 6% HP concentration with a 35% HP
concentration, there is no difference between them,
even with the 6% HP concentration having the
N_TiO,, and it may be related to the use of LED/
laser hybrid light in high concentrations (35%),
which is reported®® as an important factor to provide
less tooth sensitivity.

In the present systematic review, meta-analysis
was performed for both objective color change (AE)
(—1.53; 95% CI: —2.99 to —0.08; p<<0.0001, I%: 82%)
and subjective color change (ASGU) (0.24; 95% CI.:
—0.75 to 1.23; p<<0.00001; I?: 89%). A statistically
significant difference in AE was found; however,
there was no significant difference for ASGU. Hence,
the second null hypothesis, which affirms that there
is no difference in terms of the change in tooth color
between a high concentration of HP (35%)3*3% and
lower concentrations (6% to 20%),3*3¢ was partially
accepted.

The results used in the meta-analysis to analyze
AE were acquired from those for the longer follow-up
period reported in each study. Researchers'#3®
believe that there is color maintenance after a longer
period following bleaching, indicating that the
peroxide diffuses through the tissues of the tooth
and remains there.'* Even TiO,, when used as a
catalyst at lower HP concentrations associated with
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LED light, presents strong evidence of color re-
bound.'®3! These results indicate that color was
maintained when lower concentrations of HP were
used, in comparison to previous controls (AE), for up
to one year of follow-up.?!*?® Some authors'*?° also
reported that the bleaching protocol is important for
color change and maintenance.'*?%% A protocol with
120 minutes of contact time would be ideal for
complete effectiveness of a bleaching gel with a 6%
concentration of HP.*! However, the time reported in
the studies cited was lower yet still presented better
results.

Mena-Serrano and others®’ obtained good results
by using a 20% concentration of HP with regard to
ASGU, in comparison to that achieved with 35% HP,
but found no difference when color was evaluated
using a spectrophotometer (AE). This result was
obtained in the first 30 days after the bleaching
procedure and may be related to the combined use of
35% HP and light. Since 35% HP alone produces
radicals in excess, light would not lead to faster
bleaching due to the oxidation mechanism of the
radicals.?” Moreover, in the studies with a split-
mouth design, the optical effect of the incisors exerted
an influence on ASGU. The subjective analysis of
color depends on physical and environmental vari-
ables,?® which can lead to inconsistencies in the
measurement of color. Some researchers,***! when
evaluating the color change by people who were not
trained after bleaching or even for people who were
trained,*! reported that objective color evaluation
using a spectrophotometer is more effective than
using visual scales (ASGU). Other studies included in
the present systematic review®**? performed compar-
isons of bleaching gels with high concentrations of HP
(25% to 38%)" and demonstrated effectiveness at the
12-month follow-up evaluation.? In a study involving
adolescent patients (mean age: 13.9 years), Bacaksiz
and others? found no difference with regard to tooth
sensitivity between gels of different concentrations,
even when the pulp chambers were wider and more
sensitive to irreversible pulpitis.*?

The risk of bias among the studies included in the
present review was low. However, further random-
ized clinical trials should be performed with uniform
bleaching gel application protocols to ensure greater
safety for both the operator and the patient and to
minimize tooth sensitivity while maximizing the
effectiveness of the treatment.

CONCLUSIONS

The findings of the present systematic review and
meta-analysis indicate that a lower concentration of

HP in tooth bleaching gels results in less tooth
sensitivity and more efficacy of objective color (AE)
as measured by the spectrophotometer, while the
same effect between the high and low concentrations
was found regarding subjective color (ASGU) as
measured by the color shade guide.
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Endodontic Access Effect on Full
Contour Zirconia and Lithium
Disilicate Failure Resistance

J Mallya « N DuVall ¢ J Brewster « H Roberts

Clinical Relevance

Although more investigation is required, replacing adhesively luted, all-ceramic yttria-
stabilized zirconium dioxide and lithium disilicate crowns may not be required after

endodontic access.

SUMMARY

Objectives: To evaluate the effect of endodon-
tic access on the failure load resistance of both
adhesively and conventionally luted, full-con-
tour monolithic yttria-stabilized zirconium di-
oxide (Y-TZP) and adhesively luted lithium
disilicate (LD) crowns cemented on prepared
teeth.

Methods and Materials: Seventy-two human
maxillary molars were prepared per respective
guidelines for all-ceramic crowns with one
group (n=24) restored with LD and the other
(n=48) receiving Y-TZP crowns. Preparations
were scanned using computer-aided design/

John Mallya, DMD, MS, 47th Medical Group, Laughlin AFB,
TX, USA

Nicholas DuVall, DDS, MS, 96th Dental Squadron, Eglin
AFB, FL USA

John Brewster, DDS, MS, USAF Postgraduate Dental School,
Keesler AFB, MS, USA

*Howard Roberts, DMD, MS, Division of Restorative Dentist-
ry, University of Kentucky College of Dentistry, Lexington,
KY, USA

*Corresponding author: 800 Rose St, D632, Lexington, KY,
40536, USA; e-mail: h.w.roberts@uky.edu or hwroberts1956@
gmail.com

https://doi.org/10.2341/18-231-L

computer-aided milling (CAD/CAM) technolo-
gy, and milled crowns were sintered following
manufacturer recommendations. All LD
crowns and half (n=24) of the Y-TZP crowns
were adhesively cemented, while the remain-
ing Y-TZP specimens were luted using a con-
ventional glass ionomer cement (GIC). One LD
group, one Y-TZP adhesive group, and one
GIC-luted group (all n=12) then received end-
odontic access preparations by a board-certi-
fied endodontist: the pulp chambers were
restored with a dual-cure, two-step, self-etch
adhesive and a dual-cure resin composite core
material. The access preparations were re-
stored using a nano-hybrid resin composite
after appropriate ceramic margin surface
preparation. After 24 hours, all specimens
were loaded axially until failure; mean failure
loads were analyzed using Mann-Whitney U
test (¢=0.05)

Results: Endodontic access did not significant-
ly reduce the failure load of adhesively luted
LD or Y-TZP crowns, but Y-TZP crowns with
GIC cementation demonstrated significantly
less failure load.

Conclusions: These initial findings suggest
that endodontic access preparation may not
significantly affect failure load resistance of
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adhesively luted Y-TZP and LD crowns. Defin-
itive recommendations cannot be proposed
until fatigue testing and coronal seal evalua-
tions have been accomplished.

INTRODUCTION

Full-contour crown restorations are indicated for
teeth that have suffered extensive structure loss
due to trauma and/or disease, with over 54 million
units (crowns, pontics, retainers) reportedly placed
in the United States in 2012. Tooth preparation for
a complete crown is not a conservative procedure,
and. depending on the specific situation, crown
preparation may require approximately 24% to 70%
of the existing tooth structure to be removed.??
During this procedure, the dental pulp can be
subjected to heat and mechanical trauma,* and
historically it has been suggested that the dental
pulp may not fully recover from insults (eg, stressed
pulp condition).® Hence, a potential chronic pulp
inflammation combined with potential insults add-
ed during crown preparation®® suggests that vital
teeth receiving full metal and porcelain fused to
metal crown restorations could be more likely to
require future endodontic treatment. Clinical ret-
rospective studies have reporting that crowns
requiring endodontic intervention range from 4%
to 18% compared with control ranges of 0.5% to
2%.1%1% Moreover, greater knowledge of identified
pulp tissue inflammation biological mechanisms
involving heat, mechanical stress, and chemical
insult from resin monomer infiltration®'®2° that
occur during crown preparation and restoration
adds emphasis to the idea that crown-restored vital
teeth may be more vulnerable to requiring future
endodontic intervention.?'?* Furthermore, an esti-
mated 20% to 50% of nonsurgical root canal
treatments are performed via endodontic access
through crowns,?® and surveys report that up to
72% of clinicians prefer to maintain the repaired
crown as the definitive post-endodontic restora-
tion.?®27 As the maintenance of a coronal seal is
paramount for long-term success of endodontic
treatment, 2”37 concern exists due to the present
difficulty with obtaining reliable adhesion and seal
with metal and porcelain materials,?*3¢ even more
so with high-crystalline ceramic surfaces.?”°

For all-ceramic crowns, retrospective evaluations
report that endodontic intervention ranges from
2.5% to 8.6%.'>*1*2 The effect of endodontic access
through all-ceramic restorations on the crown
mechanical and physical properties has been a
subject of many in vitro studies.*?>3 Access prepa-

rations through ceramic crowns are usually accom-
plished with high-speed diamond burs, which pro-
duce a machining loading strain process that is said
to initiate both surface and subsurface ceramic
cracks that lead to structural weakness.?*®? Accord-
ingly, the all-ceramic crown endodontic access
preparation has been suggested as the nidus of
following catastrophic complete crown failures,*®4°
while work by Grobecker-Karl and colleagues®
report that monolithic zirconia is less susceptible to
chipping and cracking due to endodontic access.
Furthermore, it has been reported that flaw gener-
ation is independent of access technique and instru-
ments used, as high-efficiency cutting instruments
have been reported to cause ceramic flaws, regard-
less of the instrument composition.*® Adhesive
technology under in vitro conditions have shown
some promise in strengthening some ceramic sys-
tems,®>®? but these results are difficult to relate
clinically, as in vitro ceramic evaluations have yet to
correlate with clinical failure patterns.®3-%¢ Addition-
ally, a recent systematic review could not identify a
best practice guideline for endodontic access repair
within all-ceramic complete crowns.®” In vitro stud-
ies that approximate the clinical conditions involving
endodontic access on full-contour ceramic crowns
luted on prepared tooth structure are limited. The
purpose of this study was to evaluate the effect of
endodontic access preparation upon the failure load
resistance of adhesively luted lithium disilicate (LD)
and monolithic yttria-stabilized zirconium dioxide
(Y-TZP) crowns luted both conventionally and
adhesively to prepared teeth. The null hypothesis
was that there would be no difference in the failure
load between intact and endodontically accessed all-
ceramic, full-crown restorations.

METHODS AND MATERIALS

Seventy-two freshly extracted human maxillary
molars were used in this evaluation. These teeth
were removed due to routine clinical indications in
local oral and maxillofacial surgery clinics. The teeth
were first mounted in autopolymerizing denture
base methacrylate resin (Diamond D, Keystone
Industries, Gibbstown, NJ, USA). The specimens
were then assigned to groups per Figure 1. The
specimens were first randomly divided into two
groups. One group (n=48) was designated as the Y-
TZP (InCoris TZI, Dentsply Sirona USA, York, PA,
USA) monolithic crown group, while the second
group (n=24) served as the LD (IPS eMax CAD,
Ivoclar Vivadent, Amherst, NY, USA) complete
crown group. The LD group was further subdivided
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) Figure 1. Study protocol outline.
72 Specimens
[ |
thhwm. D|5|Ilc.ate Monolithic Zirconia
Adhesive Luting (n =48)
(n =24)
Endodontic Intact Adhesive Conventional
Access Control Luting Luting
(n=12) (n=12) (n =24) (n =24)
Endodontic Intact Endodontic Intact
Access ‘ Control Access ‘ Control
(hn=12) (n=12) (n=12) (n=12)

into two groups (n=12): one restored group received
endodontic access, while the other received no
further treatment and served as a control. The Y-
TZP group (n=48) was subdivided into two groups
(n=24): one group received an adhesively luted
complete Y-TZP crown, while the remaining group
(n=24) was conventionally cemented using a glass
ionomer luting agent. Based on luting strategy, each
Y-TZP group was then further subdivided (n=12):
one group was prepared with an endodontic access,
while the other served as a control.

Specimen occlusal surfaces were ground flat to
approximately 1 mm below the marginal ridge and
then prepared by one researcher following manufac-
turer preparation recommendations for each crown
substrate. A high-speed electric dental handpiece
(EA-51LT, Adec, Newburg, OR, USA) with a dia-
mond bur (8845KR.31.025, Brassler USA,
Savannah, GA, USA) was used under continuous
water coolant spray. A total occlusal convergence of
10° with a 3 mm occlusogingival axial wall height
was standardized by using the handpiece in a fixed
lathe arrangement. Preparation features and
preparation surface area were confirmed and
recorded with a digital recording microscope (KH-
7700, Hirox USA, Hackensack, NdJ, USA). All
scanning and restoration procedures were then
completed by a second researcher. The prepared
molars were inserted into a quadrant template
representing clinical conditions with a digital
image captured using a computer-aided design/
computer-aided milling (CAD/CAM) acquisition
device (inEos Blue, Dentsply Sirona]), while CAD/
CAM software (in Lab, version 4.0.0, Dentsply
Sirona) was used for restoration design.
Restoration contours and anatomy were
standardized using a biomimetric copy with the Y-

TZP restorations designed with a minimal 1.5 mm
occlusal thickness following recommendations at
that time, while the LD restorations had 2.0 mm
minimal occlusal thickness. The LD groups were
milled (MCXL, Dentsply Sirona) and after fit
verification were crystallized in a dental laboratory
furnace (Programat P700, Ivoclar Vivadent). Each
restoration received post-crystallization adjustment
and preparation seating verification using disclosing
powder (Occlude, Pascal International, Bellevue,
WA, USA) followed by steam cleaning and drying
with oil-free compressed air. The restoration intaglio
surface was treated with 5% hydrofluoric acid (IPS
Ceramic Etching Gel, Ivoclar Vivadent) for 20
seconds, rinsed, and dried, which was then followed
by ceramic primer application (Clearfil Ceramic
primer, Kuraray America, Houston, TX, USA) that
was dried using compressed air. All manufacturer
recommendations that were current at the time of
this evaluation were followed.

The tooth surface was prepared for luting using a
pumice water slurry followed by rinsing and drying
of the dentin surface. The restoration was then luted
with a self-adhesive resin cement (RelyX Unicem2,
3M ESPE, St Paul, MN, USA) to margin closure
using digital pressure; excess cement was removed
followed by light activation using a Polywave light-
emitting diode (LED) visible light curing unit (Blue-
phase G2, Ivoclar Vivadent) for 20 seconds on the
facial, lingual, and occlusal surfaces.

The Y-TZP crowns were milled (MCXL, Dentsply
Sirona) followed by sintering in a laboratory furnace
(inFire, Dentsply Sirona) following manufacturer
recommendations. Sintered restorations were seated
and adjusted in the same manner as the LD groups.
After cleaning and drying, half (n=24) of the Y-TZP
intaglio surfaces were treated using 30 um silicatized
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Table 1: Mean Preparation Parameters

Group Mean Surface = Mean Axial Mean Total Occlusal Mean Endodontic = Mean Endodontic Access

(n=12 each) Area Wall Height Convergence Access Opening Opening Percentage
(mm?) (mm) (degrees) (mm?) of Occlusal Surface (%)

1 ZR-KC 115.5 (9.6) 3.03 (0.05) 10.1 (1.01) NA NA

2 ZR-KC endodontic access 113.5 (14.9) 3.02 (0.04) 10.3 (0.8) 6.01 (0.64) 11.02 (1.1)

3 ZR-RX 131.3 (13.1) 3.02 (0.05) 10.4 (0.8) NA NA

4 ZR-RX endodontic access 112.6 (9.0) 3.03 (0.05) 10.4 (0.6) 8.6 (0.97) 14.2 (1.2)

5 LD-RX 101.8 (7.8) 3.02 (0.03) 10.6 (0.7) NA NA

6 LD-RX- endodontic access 102.1 (16.8) 3.02 (0.04) 10.6 (0.5) 9.11 (1.56) 15.5 (2.8)

Abbreviations: LD-RX, lithium disilicate luted with self-adhesive resin cement; NA, nonapplicable; ZR-KC, zirconia luted with conventional glass ionomer cement; ZR-

RX, zirconia luted with self-adhesive resin cement.

sand (Codet System, 3M ESPE) applied with 2-3 bar
pressure followed by ceramic primer application
(Clearfil Ceramic Primer, Kuraray America) then
luted in the same manner as the LD specimens using
a self-adhesive resin luting agent (RelyX Unicem 2,
3M ESPE). The remaining (n=24) Y-TZP complete
crown intaglio surfaces were treated with 40 pum
alumina and were luted with a conventional glass-
ionomer luting agent (Ketac Cem, 3M ESPE). All
materials were applied following manufacturer
recommendations. All specimens were then stored
under dark conditions at 37°C * 1°C and 98% = 1%
humidity. After 24 hours, two of the Y-TZP restored
groups and one of the LD restored groups received
endodontic access preparation by a board-certified
endodontist using diamond burs (Predator Zirconia
Bur, Clinicians Choice, New Milford, CT, USA). To
somewhat follow clinical conditions, the endodontic
access opening area was not standardized but was
determined by the endodontist’s professional judg-
ment regarding access to and instrumentation of the
specimen’s canals. Endodontic access opening area
and approximate occlusal surface area were mea-
sured using a digital recording microscope (7700,
Hirox USA).

The pulp chambers were restored using a self-etch,
dual-cure adhesive (Clearfil DC, Kuraray America)
with a dual-cure, resin core material (Gradia Core,
GC America, Alsip, IL, USA). The coronal prepara-
tion of the LD specimens was repaired with a nano-
hybrid resin composite (Tetric Evo Ceram, Ivoclar
Vivadent) after 5% hydrofluoric acid (IPS Ceramic
Etching Gel, Ivoclar-Vivadent) treatment of the
endodontic access ceramic margin, primer solution
application, (Clearfil Ceramic Primer, Kuraray
America), and a self-etch, two-step adhesive (Clearfil
SE, Kuraray America). The Y-TZP specimen access
was repaired in a similar fashion except that the
endodontic access marginal area was prepared using

silicatized sand (Codet System, 3M ESPE) followed
by ceramic primer application (Clearfil Ceramic
Primer, Kuraray America). All materials were used
following manufacturer directions. Any required
photopolymerization was provided by a Polywave
LED visible light curing unit (BluePhase G2, Ivoclar
Vivadent) in which performance (1200 mW/cm?) was
periodically assessed with a radiometer (bluephase
Meter II, Ivoclar Vivadent). All restored specimens
were stored in 100% humidity at 37°C for 24 hours
until testing.

Specimens were placed into a fixture mounted on a
universal testing machine (RT-5, MTS Corporation,
Eden Prairie, MN, USA) and loaded axially until
failure at a rate of 0.5 mm per minute using a
hardened, 3 mm diameter, stainless steel piston
containing a 0.5 m radius of curvature.’® Mean
failure load results were first analyzed with the
Shapiro-Wilk and Bartlett tests, which identified
both a non-normal data distribution and variance
inhomogeneity. Mean data for each material and
luting strategy were analyzed using Mann Whitney
U test at a 95% level of confidence (¢=0.05).

RESULTS

Resultant mean preparation parameters are listed in
Table 1. Preparation standardization was reasonably
achieved, with surface area covariance ranging from
8% to 16% within each group with an overall
coefficient of variation approximating 10% between
the groups. Endodontic access openings were less
than 10 mm? and did not represent greater than 16%
of the estimated occlusal surface. The mean failure
load results are listed in Table 2. Failure load results
found that fracture strength was not significantly
affected by endodontic access through both adhe-
sively luted LD and Y-TZP crowns. However, the
fracture strength of the conventional glass ionomer
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Table 2: Mean Failure Load Results

Group Failure Load (N)?
(n=12 each)

ZR-KC 7473 (2201)"
ZR-KC endodontic access 5404 (1141)?

p value 0.0068
ZR-RX 5805 (1373)Y
ZR-RX endodontic access 4852 (1520)"

p value 0.12
LD-RX 2492 (835)"
LD-RX endodontic access 1787 (487)Y

p value 0.078

Abbreviations: LD-RX, lithium disilicate luted with self-adhesive resin
cement; ZR-KC, zirconia luted with conventional glass ionomer cement;
ZR-RX, zirconia luted with self-adhesive resin cement.

& Groups with same capital letter are similar within each group only (Mann
Whitney U, p=0.05).

luted Y-TZP crowns were significantly reduced by
endodontic access preparation.

DISCUSSION

Clinicians may encounter a tooth restored with a
complete ceramic crown that requires endodontic
treatment. Current estimates suggest that almost
50% of nonsurgical root canal treatments are
performed through full-coverage restorations®®2?
with the repaired crown serving as the definitive
restoration approximately three fourths of the
time.?” In contrast to metal, ceramic materials are
brittle, and mechanical preparation may induce
fractures, defects, and crack initiation.?'"%* Physical
and mechanical properties may be impaired, and
some authors suggest that the endodontic access is
the source of any ensuing catastrophic failure of
repaired ceramic crowns.*® Despite the myriad
factors affecting the durability of a ceramic crown
containing an endodontic access, a recent systematic
review of in vitro studies could not identify a best-
practice protocol for improving the fracture resis-
tance of ceramic crowns containing an endodontic
access.®’

The present study investigated the effect of
endodontic access preparation on the failure load of
LD and monolithic Y-TZP all-ceramic crowns luted
onto prepared teeth. Adhesive luting protocols were
used for both monolithic Y-TZP and LD materials,
with additional Y-TZP groups evaluated using a
conventional glass ionomer luting strategy. Prepa-
rations were accomplished by one researcher using a
lathe-type device, which allowed standardization to
be reasonably attained with intragroup covariance
less than 16% and overall variation between the

Operative Dentistry

Figure 2.  Zirconia crown with endodontic access.

Figure 3. Failed view of the crown depicted in Figure 2.

groups less than 10%. Conservative endodontic
access preparations were also plausibly homoge-
neous with preparation areas less than 10 mm? that
involved less than 16% of the occlusal surface area
(Figure 2). Although the endodontic access opening
and the calculated surface area of the testing probe
were similar, anatomy of the molar occlusal surface
ensured that the piston contact area was usually
outside the access preparation margins, as outlined
in Figure 3. Under the conditions of this study, the
endodontic access dimension did not significantly
decrease the failure load of adhesively luted mono-
lithic Y-TZP and LD crowns. However, this was not
observed with conventional glass ionomer cementa-
tion of Y-TZP. While adhesive resin techniques have
been suggested to ameliorate surface flaws with
predominantly glassy ceramics,®"®® the authors
advise caution regarding speculation that resin
infiltration was a significant factor in this study,
especially when the current status of reliable
bonding to Y-TZP is considered.?®4°

A number of previous studies concerning endodon-
tic access preparations on molar all-ceramic crowns
have used resin die substrates instead of prepared
tooth surface. While resin die materials allow
substrate uniformity, the authors maintain that
prepared tooth structure substrates more closely
approximate the clinical situation. Even so, Bompo-
laki and others*® and Wood and others*” found that
endodontic access significantly weakened LD, lami-
nated Y-TZP core, and alumina crowns, respectively.
Qeblawi and others*® reported that the adhesive
cementation did improve endodontically accessed LD
fracture resistance compared with those luted with
zinc phosphate. Furthermore, a similar LD milled
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materials outcome was observed with the findings of
Bompolaki and others?® as endodontic access did not
significantly reduce failure load.The results for the
LD control group compare favorably with that of
Okada and others,®® Moérmann and others,®® and
Carvalho and others.”® The results of this study are
similar to the recent report by Scioscia and col-
leagues™ in that the intact adhesively luted Y-TZP
crowns failure load was similar to that found in this
study. While the present study’s focus did not
concern endodontic access repair protocols, different
materials were used in contrast to that of Scioscia
and others’! with diverse results. This disparity can
be somewhat reconciled in that the present study
used a more conservative endodontic access prepa-
ration and that thermomechanical loading was not
available as well.

The endodontic access preparations were not
standardized in this study. To simulate clinical
conditions, access cavity dimension was determined
by a board-certified endodontist’s ability to access all
root canals for proper instrumentation. Accordingly,
endodontic access cavity preparation size and form
within all-ceramic crowns are a topic of interest and
controversy. Earlier studies™®"® have reported some
benefits with a conservative (eg, contracted, ninja)
endodontic access. Recently, Corsentino and others””
found that that access cavity size was not a significant
factor in fracture strength of endodontically treated
molars, which was reinforced by Rover and others’®
and Moore and others.”” Ozyiirek and others®
reported no difference in fracture strength of man-
dibular first molars between conservative and tradi-
tional access preparations, and Jiang and others®!
using an in silico finite element analysis, found no
occlusal stress distribution differences between con-
servative, traditional, and extended endodontic access
preparations. Furthermore, Silva and others®? con-
ducted a systematic review of all in vitro studies that
concluded that the conservative endodontic access
provided no observed advantage. Based on this more
recent information, the authors reasoned that the
disparity in endodontic access preparation size would
have a minimal effect on this study’s results.

Under this study’s conditions, the null hypothesis
was upheld in the situation of adhesive resin
cementation. The conservative endodontic access
preparation did not significantly reduce the adhe-
sively luted Y-TZP and LD all-ceramic crown failure
loads. However, the null hypothesis was rejected as
significantly lower failure load resistance was ob-
served with monolithic Y-TZP crowns containing an
endodontic access when a conventional glass ion-

omer cement was used. A curious result of this study
was that the Y-TZP crowns luted with a conventional
glass ionomer cement luting agent demonstrated
greater failure loads compared with the adhesive
resin luting method. The authors have no current
definitive explanation for this unexpected finding, as
the mechanical and physical properties of the self-
adhesive resin luting agent are overall greater than
that of the conventional glass ionomer cement.®384
Since the results were the same for more than one
group, the authors strongly suspect that some aspect
of the testing conditions was involved, as well as
possible difference with supporting tooth structure
to a minor extent.

This study contains definite limitations, which are
the subject of ongoing studies. Due to technology
access constraints, this initial evaluation used axial
static loading forces and could not contain an
environmental fatigue component, as cyclic loading
under wet conditions is suggested to produce failure
results that may have more clinical relevance.?58¢ It
can also be successfully argued that the failure modes
demonstrated during this evaluation did not replicate
that usually observed with clinical failure. To wit,
retrieved clinically failed ceramics are thought to
initiate from internal flaws enabling stress concen-
trations leading to cracks and defects at the ceramic-
cement interface, all of which are accentuated from
masticatory occlusal forces. 64658788

Some authors suggest that in silico finite element
analysis methods may provide more clinically perti-
nent evidence®®#°2 and allow investigation into such
parameters as endodontic access geometry and area,
which would be difficult to standardize.®® Since a
preexisting study with similar testing conditions as
the current investigation was not available in the
current literature, the chosen sample size was an
empirical increase to a slightly larger number than
that usually observed in most studies. Work is
planned using the present findings to establish more
robust testing conditions to hopefully proffer future
results with improved statistical analytical capability.

Furthermore, this study’s results reflect restora-
tions that were prepared using manufacturer rec-
ommendations that have recently been updated.
Nevertheless, the authors maintain that this initial
evaluation provides meaningful information noting
that a conservative endodontic access did not
significantly decrease the failure load resistance of
monolithic Y-TZP and LD crowns. Further ongoing
studies in this research series will include updated
crown parameter dimensions and employ dynamic
environmental functional fatigue testing. Most im-
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portantly, clinicians should be strongly cautioned
not to be emboldened by these initial results until
further investigations have been accomplished.

CONCLUSION

Under this study’s conditions, in vitro static testing
suggests that a conservative endodontic access
preparation does not significantly affect the failure
load resistance of adhesively luted monolithic Y-TZP
and LD crowns. Definitive recommendations cannot
be proposed until further studies involving fatigue
testing and the ability to establish an effective
coronal seal have been accomplished.
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Effects of Bioactive Agents on
Dentin Mineralization Kinetics
After Dentin Bleaching

ALM Ubaldini * RC Pascotto ® F Sato ® VO Soares * ED Zanotto *« ML Baesso

Clinical Relevance

Dental bleaching treatment significantly decreases dentin bond strength. Bleached dentin
remineralization treatment seems to effectively promote mineral formation, increase
dentin bond strengths, and improve dentin’s chemical affinity with adhesive monomers.

SUMMARY

Objectives: This study evaluated effects of
Bioglass 45S5 (B) and Biosilicate (BS) remin-
eralization on the chemical composition and
bond strength of control dentin (CD) and
bleached dentin (BD) surfaces.

Methods and Materials: Dentin bleaching
treatment was performed using the walking
bleaching technique with 0.01 g of sodium
perborate and 0.5 mL of 3% hydrogen peroxide
for 14 days. Remineralization treatment was
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carried out by rubbing a remineralization
solution (0.015 g of BG or BS diluted in 1.35
mL of distilled water) on the etched dentin
surface for 30 seconds. Micro-Raman spectros-
copy (MRS) was used to quantitatively analyze
the mineral matrix ratios of CD and BD (n=5)
after remineralization treatment with BG and
BS over 15 days of incubation in artificial
saliva. The CD and BD discs (n=10) with and
without remineralization treatment with BG
and BS were restored using a two-step etch-
and-rinse adhesive system (Optibond S, Kerr)
and five layers of 1-mm-thick composite resin
(Filtek Z250, 3M ESPE). The restored dentin
discs were sectioned into nine bonded beams
with cross-sectional areas of approximately 0.9
mm? and tested for microtensile bond strength
(uTBS). The dentin surface of one fractured
beam per tooth was submitted to MRS to
characterize the physicochemical composition
(n=10) at the interface. The data were analyzed
using one-way analysis of variance and the
Tukey-Kramer post hoc test (p<0.005).

Results: MRS bioactive analyses revealed that
both BG and BS promoted increased mineral
matrix ratios in the CD and BD. Significantly
higher pTBS values were found after CD treat-
ment with BG (CD: 57 MPa+11; CD-BG: 78
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MPa+15) and when BG and BS were applied to
the BD (BD: 42 MPa+5; BD-BG: 71 MPa+14; BD-
BS: 64 MPa+11) (p<0.005). The MRS analysis of
the fractured dentin beam showed that the
remineralization treatment significantly in-
creased the dentin relative mineral concentra-
tion and promoted the appearance of new
interface peaks, indicating a chemical interac-
tion (p<0.005).

Conclusion: Remineralization of BD is an ef-
fective therapy to restore damage caused by
dentin bleaching and acid conditioning. This
approach not only increases dentin mineral
compounds but also improves dentin’s ability
to interact chemically with the adhesive sys-
tem.

INTRODUCTION

Restorative procedures for endodontically treated
teeth remain challenging in clinical restorative
dentistry due to the high risk of biomechanical
failure.? Internal bleaching is a conservative option
to improve the esthetics of discoloured endodontical-
ly treated teeth; however, it decreases tooth fracture
strength and increases the failure rate of restorative
procedures. Additionally, internal bleaching agents
chemically interact with dentin compounds,® thereby
promoting changes in the dentin’s organic composi-
tion by denaturing the collagen proteins* and
causing demineralization,® thus reducing its adhe-
sion to restorative materials.®

The hybrid layer is defined as a three-dimensional
polymer/collagen network with a continuous and
stable bond between the adhesive monomers and
dentin.” Previous studies have indicated that this
ideal relationship is not achieved due to a discrep-
ancy between the depths of dentin demineralization
and adhesive infiltration, resulting in unprotected
collagen fiber exposure and susceptibility to deteri-
oration.®® Loss of integrity of the hybrid layer may
occur because of water-sorption-induced hydrolysis
of the adhesive monomers and as a result of acidic
conditioning, which activates collagen fibril degra-
dation through endogenous matrix metalloprotein-
ases (MMPs).'0-12

The use of agents that promote dentin reminer-
alization, such as calcium sodium phosphosilicate
glass (Bioglass 45S5 [BG]: 24.5% Nay0, 24.5% CaO,
45% Si0q, 6% P20y — wt%)' and a fully crystalline
glass-ceramic (Biosilicate [BS]: 23.75% NasO,
23.75% CaO, 48.5% SiOy, 4.0% Py05 — wt%),™
has been shown to be an effective alternative for
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preserving adhesive interface integrity.!®'® These
bioactive compounds induce a progressive dehydra-
tion mechanism and replace extrafibrillar and
intrafibrillar water, restoring the protective func-
tion of the collagen apatites'”!? and promoting the
formation of a hydroxyapatite layer on the dentin
surface 2023

Considering that no information is available
regarding the use of remineralization agents on
bleached dentin (BD) during restorative bonding
steps, this study aimed to investigate the reminer-
alization abilities of two bioactive materials and
their potential therapeutic effects on the resin-
dentin bond when they were used as remineralizing
agents on BD. The following null hypotheses were
tested: 1) no difference exists in the quantities of
mineral components of control dentin (CD) and BD
in the presence or absence of remineralization
treatment, 2) the dentin bond strength is not altered
after internal bleaching and/or remineralization
treatment, and 3) dentin remineralization does not
change the dentin-adhesive interface composition.

METHODS AND MATERIALS
Specimen Preparation

Eighty extracted unerupted human third molars
were used following guidelines approved by the
Local Ethics Committee (research protocol:
50615715.1.0000.0104). Using a low-speed diamond
saw (Diamond Wheel 012”x fine, South Bay Tech-
nology Inc, San Clemente, CA, USA) under water
cooling, a flat midcoronal dentin disc of 5 mm was
prepared from each tooth. From these 70 dentin
discs, 60 were set aside for microtensile bond
strength (WTBS) testing and posterior physicochem-
ical analysis using micro-Raman spectroscopy
(MRS), while 20 were cut into four small pieces
(2%2X5 mm) and used for bioactive tests. The
specimens were divided into six groups based on
the treatment protocol (Figure 1): 1) the CD group; 2)
the CD-BG group, CD remineralized with a calcium
sodium phosphosilicate glass (BG, Vitreous Materi-
als Laboratory, Sdo Carlos, Brazil); 3) the CD-BS
group, CD remineralized with a fully crystalline
glass-ceramic (BS, Vitrovita, Sdo Carlos, Brazil); 4)
the BD group; 5) the BD-BG group, BD remineral-
ized with BG; and the BD-BS group, BD remineral-
ized with BS.

Dentin bleaching treatment was performed by
simulating the walking bleach technique using a
paste made with 0.01 g of sodium perborate
(Whiteness Perborato, FGM Produtos Odontolégicos,
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Figure 1. Diagram illustrating preparation of the specimens and the analysis sequence.

Joinville, Brazil) and 0.5 mL of 3% hydrogen
peroxide (Rioquimica, Sdo Jose do Rio Preto, Brazil).
During the 14 days of bleaching treatment, the
specimens were stored in an incubator (ProLab, Sédo
Paulo, Brazil) with a 95% * 5% relative humidity at
37°C, and the bleaching agent was replaced after the
seventh day. After the bleaching treatment was
finished, the dentin surfaces were washed with
distilled water and air-dried for 2 seconds.

Remineralization treatment was performed with
two different agents, including the gold standard
remineralizing agent, BG,'??%?® and the experimen-
tal remineralizing crystalline glass-ceramic, BS.%*
The CD and BD surfaces were etched with 37%
phosphoric acid (Condac37, FGM Produtos Odonto-
légicos) for 10 seconds, followed by a copious water
rinse for 1 minute. After acid conditioning, the

remineralization treatment was carried out to
induce mineral bone formation before adhesive
application. The remineralization solutions were
prepared by diluting 0.1 mg of the remineralizing
agent powder in 1 mL of deionized water immedi-
ately before application.?® A micropipette (Monoca-
nal VVCS-10, Digipet, Sao Paulo, Brazil) was used to
apply 10 ul of this solution to the moist dentin
surface. Using a microbrush, the solution was gently
rubbed on the dentin for 30 seconds. The surface was
then washed with deionized water for 15 seconds and
gently dried with filter paper to remove excess
water.

Bioactive Test

Bioactive analysis (n=10) was performed to investi-
gate the ability of BG and BS to induce dentin
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remineralization before or after bleaching treat-
ment. MRS initial spectra were obtained before
treatment (as a control group), after the procedures
of bleaching and acid conditioning, and after the
remineralization agent was applied. To enable the
MRS analysis according to storage time after
remineralization treatment, the specimens were
adapted to fit into a plastic device and immersed in
25 mL of artificial saliva® in a 37°C water bath.
Then, long-term analyses were carried out after 1
day, 5 days and 15 days of immersion. Before
obtaining the spectra, the specimens were rinsed
with distilled water for 30 seconds and air-dried.

Raman spectra were obtained with a confocal
Raman microscope (Senterra Bruker Optik GmbH,
Ettingen, Germany). After the samples were excited
by a 785-nm laser source, spectra were recorded in
the spectral range of 450 to 1800 cm™'. The laser
(power=100 mW) was focused onto the specimen
with a 20X magnification lens. The spatial resolution
was 3 to 5 cm™!, and the integration time of the
detector was 3 seconds. Each curve resulted from an
average of 60 spectra. Reference points were deter-
mined on the specimen surface to enable the MRS
spectra to be gathered at the same position before
and after treatment, as well as during the long-term
analyses. Four spectra were obtained for each
measurement, and the final result for each specimen
was calculated by the average of these four spectra.

The spectra were baseline-corrected, and the
integrated areas of the dentin organic (amide I:
1650 cm™) and mineral compounds (phosphate v1:
961 cm™}) were calculated. Then, the dentin struc-
tural modifications were characterized by the min-
eral matrix ratio (961 cm /1650 cm™).22 To stan-
dardize the graphic visual analyses, all ratios were
normalized by the values of the control spectra.
Additionally, the MRS spectra from BG and BS were
obtained to characterize their chemical structures.

Restorative Procedures

An adhesive interface was created to enable pTBS
and physicochemical analyses. For the groups in
which dentin was tested as a control surface,
restorative treatment was conducted immediately
after specimen preparation. However, for the groups
in which the dentin tissue was bleached, restorative
treatment was carried out 14 days after the dentin
bleaching treatment was completed to eliminate any
residual by-products of the bleaching agent. During
those 14 days, the BD specimens were stored in an
incubator with a 95% *+ 5% relative humidity at
37°C. Restorative procedures were performed ac-
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cording to the manufacturer’s instructions using a
two-step etch-and-rinse adhesive (Optibond S, Kerr,
Orange, CA, USA) and five layers of 1-mm-thick
composite resin (Filtek Z250, 3M ESPE, AG Dental
Products, Seefeld, Germany). Each layer was light-
cured for 20 seconds at 1200 mW/cm? with a light-
emitting diode unit (Radii, Cal-SDI, Bayswater,
Australia). Specimens were stored in artificial saliva
for seven days at 37°C before testing.

Microtensile Bond Strength Test (W TBS)

The restored dentin blocks (n=10) were longitudi-
nally sectioned across their interfaces in both mesial-
distal and buccal-lingual directions to obtain nine
bonded beams with cross-sectional areas of approx-
imately 0.9 mm?. The exact width of each beam was
measured with a digital caliper (Zaas Precision;
Amatools, Sdo Paulo, Brazil).

The position of the beams was equidistant between
the jig claws and perpendicular to the tensile force.
Each restoration interface was tested under 0.5 mm/
min traction in a universal test machine (EZ Test,
Shimadzu, Kyoto, Japan) until the moment of
specimen fracture. The tensile force (newtons) was
divided by the cross-sectional area in square milli-
meters to express the bond strength value in
megapascals. The pfTBS values were computed for
each tooth by averaging the values of the nine resin-
dentin beams from that tooth. Pretest failures were
included in this average by assigning to it the
minimum bond strength value found for the corre-
sponding tooth.

The failure modes were evaluated using scanning
electron microscopy (Superscan SS-550, Shimadzu)
with 100X magnification. The fractured beam sur-
faces were placed onto aluminium discs and sputter-
coated with a gold-palladium alloy (IC-50, Shimad-
zu). The failure patterns were classified as follows: 1)
adhesive fracture when the fracture site was located
between the adhesive and dentin; 2) mixed when the
fracture involved the dentin-adhesive interface,
including cohesive failure of the dentin and compos-
ite resin; 3) cohesive dentin fracture; and 4) cohesive
fracture in the composite resin.

Physicochemical Analysis of the Fractured
Dentin Interface

Physicochemical analysis of the fractured dentin
interface was performed on the five tested beams
that had the highest pTBS values per experimental
group (n=5). The resin-dentin interface modifica-
tions due to bleaching and/or remineralization
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treatment were analyzed through chemical mapping
using the same equipment and configuration de-
scribed for the bioactive analysis but with a 100X-
magnification lens. A scan of the entire area of the
fractured dentin (0.9 mm?®) was performed, and MRS
mapping was carried out by selecting 10 points on
both the X- and Y-axes with a distance of 0.09 mm
between them. All spectra were collected systemat-
ically under the same conditions.

The MRS spectra were submitted to baseline
correction, and an average spectrum was obtained
per line on the X-axis of the spectral map. Dentin
physicochemical modifications were investigated
through analysis of the mineral matrix ratio (961
cm /1650 cm™). Additionally, the Raman spectra of
CD, BD and the adhesive system were visually
compared with the average spectra obtained from
the evaluated fractured interfaces. Comparison of
the spectra demonstrated the appearance of three
new MRS bands in the dentin interface spectra;
these bands were not identified in the CD and BD
spectra or in the adhesive spectra. These new MRS
bands were centered at 1295 cm™ (C-H bonds),?®
1405 cm™! (methylene CH,),?” and 1637 cm™
(methacrylate monomer).'® The areas of the new
bands were measured and normalized to the area of
the amide I band of each respective spectrum.

Statistical Methods

Statistical analyses were performed using R 1386
3.0.2 software (R statistical software, R Foundation
for Statistical Computing, Vienna, Austria). The
ratios obtained by the bioactive test and physico-
chemical analysis were submitted to descriptive
statistics and were presented in graphics with their
means and standard deviations. The uyTBS data were
statistically analyzed with the Shapiro-Wilk normal-
ity test, two-way analysis of variance and the Tukey-
Kramer post hoc analysis (¢=0.05).

RESULTS

MRS ratios obtained from the bioactive test are
illustrated in Figure 2A,B. The mineral matrix ratio
(961 em~/1650 em™') demonstrated that remineral-
ization treatment with both agents improved the
mineral content of BD after the acid conditioning
step. The relative mineral composition of the CD
remained constant during the 15 days of incubation
(Figure 2A), showing that immersion in artificial
saliva did not promote mineral formation on the CD
surface. Bleaching treatment promoted a reduction
in the dentin relative mineral content, which was not
restored to its initial value after 15 days of artificial
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Figure 2. Mineral matrix ratio (961 cm™'/1650 cm™") obtained from
the bioactive test under different experimental conditions: B. before
any treatment, initial measurement; BL, after bleaching treatment; 1-
Day, after one day of artificial saliva incubation; 5-Days, after five days
of artificial saliva incubation; 15-Days. after 15 days of artificial saliva
incubation AE. after etching; RT, right after remineralization treat-
ment;. (A): Remineralization using a calcium sodium phosphosilicate
glass. (B):Rremineralization using a fully crystalline glass-ceramic.
Bleaching treatment reduced the dentin relative mineral content.
Artificial saliva immersion did not change the mineral composition of
CD or BD. The acid conditioning step reduced the mineral
compositions of CD and BD. Remineralization treatment using BG
and BS improved the mineral contents of CD and BD immediately
after agent application in groups CD-BG, BD-BG, and BD-BS and
required one day of artificial saliva incubation for CD-BS.

saliva immersion (Figure 2B). The acid-conditioning
step reduced the mineral composition of the CD
(Figure 2A) and intensified the loss of the mineral
composition of the BD (Figure 2B). Nevertheless,
remineralization with BG and BS restored this
mineral loss. Mineral deposition on the CD occurred
immediately after remineralization treatment with
BG (CD-BG), required one day of incubation when
BS solution was used (CD-BS), and was stable for
both groups after 15 days of artificial saliva
incubation (Figure 2A). BD mineral restoration was
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Table 1:  Effect of Bleaching and Remineralization
Treatment on Dentin Microtensile Bond Strength
(MPa) According to Experimental Groups

Group Mean+SD Premature Total
failure Beams*
CD 57.4+11.3 5 85 AB
CD-BG 78.5*+15.2 0 90 C
CD-BS 73.7t14.7 0 90 BC
BD 42.2*5.5 10 80D
BD-BG 70.9+13.7 3 87 BC
BD-BS 63.8+11.0 5 85 BC

Abbreviations: CD, control dentin; CD-BG, control dentin with bioglass; CD-
BS, control dentin with crystalline glass-ceramic; BD, bleached dentin; BD-
BG, bleached dentin with bioglass and BD-BS, bleached dentin with
crystalline glass-ceramic.

* Different capital letters indicate the significant statistical difference
(p<0.05), after two-way analysis of variance and Tukey tests.

more intense shortly after the BG and BS reminer-
alization treatments (BD-BG and BD-BS) and
presented continuous behavior after 15 days of
incubation. Although the remineralization approach
improved the mineral content of the BD, this
treatment was not capable of restoring the dentin
mineral components to their initial values (Figure
2B).

Microtensile Bond Strength Test

The uTBS results are shown in Tables 1 and 2 . The
statistical analysis indicated that bleaching treat-
ment significantly decreased the dentin uTBS
values (CD: 57.4+11.3 MPa; BD: 42.2+5.5 MPa)
(p<0.05). Remineralization treatment with BG
promoted a significant increase in the CD pTBS
values (57.4+11.3 MPa; CD-BG: 78.5+15.2 MPa)
(p<0.05), and both BG and BS treatments resulted
in significantly higher BD pTBS values (BD:

Table 2:  Failure Modes Distribution According to
Experimental Groups

Group Failure Mode, n (%)?
1 2 3 4

cD 40 (47) 33 (39) 7 (8) 5 (6)
CD-BG 50 (56) 36 (40) 22 2 (2)
CD-BS 48 (54) 36 (40) 4 (4) 2 (2)
BD 45 (56) 30 (38) 3 (4) 2 (2)
BD-BG 37 (42) 42 (48) 5 (6) 3 (4)
BD-BS 43 (50) 30 (36) 8 (9) 4 (5)

Abbreviations: CD, control dentin; CD-BG, control dentin with bioglass; CD-
BS, control dentin with crystalline glass-ceramic; BD, bleached dentin; BD-
BG, bleached dentin with bioglass and BD-BS, bleached dentin with
crystalline glass-ceramic.

2 Failure modes: 1, adhesive failure; 2, mixed failure; 3, cohesive failure in
the dentin; 4, cohesive failure in composite resin.
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Table 3: Two-way Analysis of Variance
Source df  Typelll Mean F p*
Sum of Square
Squares
Bleaching 1 1786.9 1786.9 11.71 0.001

treatment

Remineralization 2 6733.21 3366.6 22.06 <0.001
treatment

Interaction 3 154.07 77.03 0.5 0.6

Abbreviation: df, degrees of freedom.
* p<0.05 indicates significant difference.

42.2+5.5 MPa; BD-BG: 70.9+13.7 MPa; BD-BS:
63.8+11.0 MPa) (p<0.05). The 2-way ANOVA
(Table 3) indicated a significant effect for the
bleaching (p=0.001) and the remineralization treat-
ment (p<0.001). The interaction term was not
significant (p=0.60). Scanning electron microscopy
analysis of the fractured surfaces revealed that
most failures in groups CD, CD-BG, and CD-BS
were at the adhesive interface, while the failure
patterns were mostly mixed for group BD-BG
(Table 2). The types of failures in all experimental
groups are illustrated in Figure 3A through D.

Physicochemical Analysis of the Fractured
Dentin Interface

A qualitative comparison of the spectra of the dentin
surface, adhesive system, and fractured interface is
illustrated in Figure 4. Physicochemical analysis of
the fractured dentin beam showed an increased
mineral matrix ratio (961 ¢cm /1650 cm™) at the
interfaces in groups CD-BG and BD-BS (Figure 5A).
The new MRS peak ratio analyses revealed that the
C-H band (1295 cm™) was most evident among the
new peaks and presented a higher value in the
groups treated with the remineralizing agents (CD-
BG, BD-BG, and BD-BS) (Figure 5B).

DISCUSSION

This study showed higher dentin mineral matrix
ratios when the CD and BD tissues were treated
with both of the tested bioactive agents. Dental
bleaching treatment significantly decreased the
dentin bond strength; however, the mineral forma-
tion induced by remineralization treatment not only
increased the BD mineral content but also mediated
dentin bond strengths. The fractured dentin surface
analysis proved that mineral deposition was im-
proved due to remineralization agent application
and demonstrated that the dentin tissue presented a
greater chemical affinity with adhesive monomers
after the remineralization approach. Remineraliza-
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Figure 3. Scanning electron microscop failure analysis of the fractured specimens (x100). (A) Adhesive failure along the dentin surface for CD-BG.
(B) Mixed failure for CD with a fracture at the dentin surface (d) and in the adhesive interface (a), and cohesive failure in the composite resin (c). (C)
Cohesive failure within dentin for CD. (D) Cohesive failure within the composite resin for BD-BS.

tion treatment with BG demonstrated better results
as it increased both the CD and BD bond strengths
and improved tissue chemical interactions with
adhesive monomers. This is the first study to test
BD remineralization effects.

Compared with other bioactive materials, BG
presents the highest bioactivity index (IB=12.5)
and is still considered the gold standard agent.?2425
BS was developed with the goal of combining the
high bioactivity of BG with the good mechanical
strength and toughness of glass-ceramics.?* Based
on the results of this study, both BG and BS can be
used to restore dentin mineral compounds after
internal bleaching. The two tested agents promoted
mineral deposition on demineralized dentin and BD,
increased the BD bond strength, and improved the
chemical interactions between this mineral tissue
and adhesive monomers. Nevertheless, only BG
yielded significant results for CD bond strength
and physicochemical interactions with the adhesive
system.

Bioactive glass and glass-ceramic remineralization
processes involve the exchange of ions (Si*"™ OH™,
Na', Ca?", PO,®") between the glass silicate network
and the surrounding fluid body.'®'* This process

induces calcium phosphate (Ca/P) precipitation and
its subsequent crystallization into hydroxycarbonate
apatite on the mineral tissue surface.'®?2?® Glass
dissolution during the remineralization reaction
depends on the presence of an aqueous medium.'"?*
Considering that fluoride is not a functional com-
pound for biomineralization,'! artificial saliva was
selected as the aqueous medium to simulate the oral
environment because its ionic composition is compa-
rable to that of plasma.?®

Dentin consists of a heterogeneous tissue with
high water content, and its remineralization is a
challenging process not only because of its mineral
and organic composition but also because of its tissue
design, that is, the intrafibrillar orientation of the
minerals in the collagen network.'* Improvement of
the dentin mechanical properties depends on extra-
fibrillar deposition, particularly intrafibrillar miner-
als, as a consequence of biomimetic remineraliza-
tion.?° Mineral deposition around the denuded
collagen fibrils protects the resin-dentin interface
from water and enzymatic degradation, restores
dentin mineral compounds, and consequently im-
proves tissue dynamic behavior.?!
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Figure 4. Comparison of the MRS spectra of the adhesive system,
CD and fractured dentin (interface average spectrum). The new MRS
bands are indicated by the black arrows, C-H (1295 cm™’), CH, of

methylene (1405 cm™") and C=C of methacrylate bonds (1637 cm™").

Figure 5. The mean values (DP) of the fractured dentin MRS
physicochemical composition. The vertical axis represents the
normalized intensity of the assessed rates, and the horizontal axis
presents the experimental groups. (A): Mineral matrix ratio (961 cm™"/
1650 cmi™’). When all groups were compared, the dentin mineral
composition was higher for CD treated with BG and BD remineralized
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The bioactive test results led to rejection of the
first null hypothesis of the study as the CD and BD
remineralization treatments with BG and BS dem-
onstrated increases in the dentin mineral contents.
The mineral content of the CD specimens was
reduced after the etching step; however, this loss
was restored one day after the remineralization
treatments were performed. The improved mineral
matrix ratio corroborates the findings of an attenu-
ated total reflection Fourier transform infrared
spectroscopy study that confirmed the BG reminer-
alization effect on a partially demineralized dentin
surface during a seven-day treatment.?? This long
period of time required for evidence of mineral
deposition to emerge may be explained by the use
of a 0.5-mM ethylenediamine tetra-acetic acid
solution rather than a phosphoric acid gel during
the demineralization step. Additionally, the ability of
BS to induce hydroxycarbonate apatite precipitation
on the dentin surface was also evaluated by a
Fourier transform infrared spectroscopy study,
which was found to occur one day after remineral-
ization treatment.'’

The application of bleaching agents to dentin
tissue may promote changes in the dentin surface
morphology and structure.?® Modifications of the
dentin structure not only change the ratio between
its organic and inorganic components®® but also
increase dentin collagen degradation by activation of
MMPs,* which then decrease dentin bonding effica-
cy.>32 Although remineralization treatment of BD
with bioactive agents has not been tested previously,
different studies®**® have evaluated the use of BG
and BS as desensitizing agents after enamel bleach-
ing and concluded that remineralization treatment
reduced enamel mineral loss and preserved enamel
surface integrity.

Dentin bleaching treatment resulted in a decrease
in the mineral matrix ratio that was accentuated by
the acid conditioning step. Application of both
bioactive agents generated the remineralization
effect one day after the treatment was completed,
restoring the dentin structural components that
were lost due to acid etching. Nevertheless, this
mineral formation was not sufficient to reestablish
the components present in dentin before the bleach-

with BS. (B): New MRS peak ratio (1295 cmi /1650 cm”’). These
peak ratio analyses showed that the new band was more evident in
CD treated with BG and that BD was remineralized with both BG and
BS. The results of both ratio analyses corroborate the microtensile
bond strength findings, indicating that when dentin mineral com-
pounds are more intense, the substrate more readily interacts with
adhesive monomers, increasing resin-dentin bond strength.
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ing treatment. When non-remineralized BD was
stored in artificial saliva, the mineral matrix ratio
did not change and remained constant during the 15
days of bioactive analysis. The remineralization
reaction is known to occur only when bioactive
agents are in contact with body fluids.?* Several
liquids have been used to induce this reaction, such
as water, simulated body fluid, or artificial saliva.3®
Considering that saliva compounds are readily avail-
able to remineralize dental tissue, the use of artificial
saliva can be listed as a limitation in a remineraliza-
tion study. Although fluoride participates in conven-
tional tooth remineralization through a top-down
approach, its action on biomineralization has not
been proven.'! This fact corroborates these research
results since the bioactive analysis showed that the
remineralization effect occurred only in remineralized
specimens.

The second null hypothesis of this study was
rejected because the dentin bond strength was
reduced after dentin bleaching and improved with
remineralization treatment. These data are consis-
tent with the findings of other studies reporting that
dentin bleaching significantly decreases the dentin
bond strength.?”3® This reduction in the dentin
uTBS has been related to adhesive polymerization
inhibition caused by oxygen and free radicals
resulting from the bleaching reaction. Therefore,
some studies have reported that pTBS values were
restored when such components were eliminated,
which was achieved by postponing the restorative
procedures to 7-14 days after bleaching treatment.>®
Nevertheless, the reduced adhesive bonding with BD
has also been associated with the oxidizing effect of
peroxide,*® which promotes the dissolution of dentin
mineral compounds and dentin collagen denatur-
ation and activates organic enzymatic degradation of
dentin by MMPs.* The bioactive test results revealed
that the decreases in the dentin mineral matrix were
not reversible even after 14 days of specimen
immersion in artificial saliva, corroborating the
uTBS findings that only remineralization treatments
were able to improve the BD bond strength values.

Dentin mechanical properties are directly affected
by the degree and quality of the dentin mineral
content. Mineral deposition resulting from reminer-
alization treatment protects the resin-dentin inter-
facial integrity from adhesive hydrolysis through its
dehydration mechanism and protects denuded colla-
gen from MPP degradation.'* Although treatment
with both bioactive agents increased the pTBS
values of CD and BD, the difference was not
significant when BS was applied to CD. Microtensile

Operative Dentistry

studies have revealed that dentin treatment with an
experimental primer or adhesives containing BG did
not change the pTBS values over 24 hours but
provided durable resin-dentin bonds when long-term
analyses were conducted.?®?® In the present study,
significantly improved pTBS values were obtained
seven days after remineralization treatment, which
differed from the results when BG was introduced
into the adhesive compounds. This fact may indicate
that the bioactive components are more reactive
when available in a separate solution and are not
associated with other chemical molecules. To date,
the use of BS to improve resin-dentin bonds has been
tested in only one study,'® which found higher pTBS
values after six months when BS was used as a
dentin remineralization solution after the acid
treatment approach of self-etching and etch-and-
rinse adhesives.

Dentin remineralization not only changed the
mineral composition (961 ¢cm /1650 cm™) of the
fractured dentin interface but also induced new
physicochemical interactions of the dentin tissue
with adhesive monomers (1295 c¢cm /1650 cm™),
thus leading to rejection of the third hypothesis of
this study. Physicochemical analysis of the fractured
dentin beam confirmed the findings of the bioactive
test as both analyses demonstrated the same
mineral matrix ratio patterns in the CD and BD
before and after remineralization treatment. Micro-
mechanical retention of the etch-and-rinse adhesives
is improved when methacrylate monomers and/or
carboxylic esters chemically interact with the etched
inorganic dentin compounds.*! Considering that the
MRS bands are fingerprints of specific specimen
molecules, they provide chemical information ex-
pressed by changes in or the appearance of new
peaks.*? Therefore, the new peaks observed in the
remineralized groups in the present study (CD-BG,
BD-BG, and BD-BS) demonstrated that the adhesive
methacrylate monomers are more susceptible to
interacting with dentin when its mineral compounds
are present in larger quantities. Additionally, the
presence of these new peaks was more evident on the
dentin beams of the groups with higher uTBS values,
proving their association with an improved dentin-
adhesive bond.

CONCLUSION

Both bioactive materials tested in this study (the
calcium sodium phosphosilicate glass and the fully
crystalline glass-ceramic) present a high remineral-
ization ability on bleached dentin surfaces. Remin-
eralization treatment of BD promoted mineral
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deposition on the dentin surface, improved dentin’s
ability to chemically interact with adhesive mono-
mers, and consequently increased the resin-dentin
bond strength.
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Influence of Light-curing Distances
on Microflexural Strength of Two
Resin-based Composites

AO Al-Zain « HY Marghalani

Clinical Relevance

Clinicians may light cure thin layers of the resin-based composites explored at 2-mm and 8-
mm distances without significantly affecting the microflexural strength.

SUMMARY

Objective: Our objective was to investigate the
influence of different curing distances on mi-
croflexural strength and the microflexural
modulus of two resin-based composites.

Methods: Two nanohybrid composites were
used; Filtek Z250 (Z250) and Tetric EvoCeram
(TEC). Rectangular specimens were prepared
(2-mm wide X 1-mm deep X 6-mm long) light
cured according to the manufacturer’s instruc-
tions at 0-mm, 2-mm, and 8-mm distances
(n=10) and were stored wet at 37°C for 24
hours. A microflexural strength test was per-
formed using a universal testing machine at a
crosshead speed of 1 mm/min. The microflex-
ural strength and microflexural modulus data
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were analyzed using a two-way analysis of
variance followed by a Tukey multiple com-
parison post hoc test (¢=0.05).

Results: The TEC composite had a significantly
higher microflexural strength at an 8-mm
distance compared with the 0-mm distance.
The Z250 composite expressed significantly
higher microflexural strength, at 2-mm and 8-
mm compared with the 0-mm distance. TEC
showed a significantly higher microflexural
modulus at an 8-mm distance compared with
the 0-mm and 2-mm distances. Z250 also exhib-
ited a significantly higher microflexural mod-
ulus at the 2-mm distance, compared with the
8-mm distance. In total, Z250 presented a
significantly higher microflexural strength
and modulus compared with TEC.

Conclusion: Curing the explored composites at
2-mm or 8-mm distances from the specimen
surface did not have a significant influence on
microflexural strength but did significantly
affect the microflexural modulus.

INTRODUCTION

Light activated resin-based composite (RBC) is
considered to be the material of choice as a direct
restorative material due to its high esthetic de-
mand.! Various external and internal factors affect
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polymerization effectiveness, which may affect the
longevity of the final restoration.? External factors
are related to the operator’s technique and light-
curing unit (LCU) characteristics, including the
distance between the light-guide tip and the resto-
ration surface.?* Internal factors that affect poly-
merization effectiveness are related to the composite
properties and composition, including the monomer,
photoinitiator system, and concentration levels, filler
type and size, as well as the shade and pigments.?
Investigating the influence of curing distances and
different resin composites associated with single and
dual photoinitiator systems on the restoration’s
strength may contribute to understanding the
material’s performance and longevity from a clinical
perspective.

A light-activated composite restoration must
receive the required energy at the correct wave-
length to effectively activate the photoinitiators for
sufficient polymerization and for the material to
perform functionally as intended by the manufac-
turer.*® The manufacturer’s curing time is typically
based on laboratory studies when curing was
performed at a 0-mm distance from the restora-
tion.* Testing at 0-mm is not usually attainable
clinically, as the distance between the guide tip and
the gingival floor of a deep proximal box in a Class
II cavity may reach up to 8-mm in distance.*
Therefore, testing at a 0-mm distance is not
clinically relevant.® Increasing the curing distance
may result in a restoration receiving less than
required irradiance and radiant exposure.?® This
may result in an insufficient composite polymeriza-
tion, which could cause leaching of the unreacted
monomer into the oral environment, thus negative-
ly affecting the integrity of the final restoration and
its overall properties.?3

Composites contain different resin monomers,
fillers, and photoinitiator systems. Camphorquinone
(CQ) is the most commonly used photoinitiator and
has an absorbance wavelength that peaks near 470
nm.” CQ is yellowish in color, which may affect
esthetics; therefore, alternative photoinitiators have
been developed, such as diphenyl (2,4,6-trimethyl-
benzoyl) phosphine oxide (TPO), which is typically
found in bleaching shades and has an absorbance
wavelength that peaks near 380 nm.”

Composite restorations are subjected clinically to
different stresses, such as flexure, tension, compres-
sion, and shear.® A flexural strength test is typically
used to evaluate material behavior because it
simulates complex forces generated at stress con-
centration areas.®!° This test produces compressive
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and tension stresses at the area of loading in
opposite directions.'® Microflexural strength tests
(microflexural strength, o,) are performed on spec-
imens using smaller dimensions than those de-
scribed in the International Organization for Stan-
dardization (ISO) 4049 specifications, which better
simulate the clinical setting. Specimen dimensions
for the o, test are smaller than the active diameter of
the light-guide tip, which allows a single shot
curing.®!!

Most studies have investigated flexural strength
at a 0-mm distance and have used the manufac-
turer’'s recommended curing time.®'%13 A study
reported that specimen dimension and curing
distance significantly affected flexural strength
values, however, the specimen dimensions in the
mentioned study were larger than the guide tip and
required multiple shots for curing.'* It was report-
ed that flexural strength values varied among
composites that had different filler content.®!31°
On the other hand, a study found no significant
differences in flexural strength and modulus for
some composites.'? Therefore, exploring the influ-
ence of multiple curing distances on a composite’s
microflexural strength and modulus was worth
investigating.

The aim of the study was to investigate the
influence of curing distances on microflexural
strength and microflexural modulus of two nano-
hybrid resin composites. The working hypothesis
was that increasing the curing distance would
significantly decrease the microflexural strength
and microflexural modulus compared with a 0-mm
distance.

METHODS AND MATERIALS

Two nanohybrid RBCs were investigated: Tetric
EvoCeram (TEC) (Ivoclar Vivadent, Amherst, NY,
USA) and Filtek Z250 (Z250) (3M ESPE Dental
Products, St Paul, MN, USA). Both composites
explored were shade A2, and their compositions are
presented in Table 1.

Sample Preparation

A total of 60 rectangular specimens were prepared
using a custom-made mold (6-mm long X 2-mm wide
X 1-mm deep). Composite material was sandwiched
between Mylar strips and glass slides to remove
excess material. Samples were light cured, according
to the manufacturer’s instruction for each composite:
7250 (20 seconds) and TEC (10 seconds) by a
multiple-emission peak light-emitting diode (LED)
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Table 1: Manufacturers’ Composition of the Resin Composites
Resin-based Organic Photoinitiator Filler Type Filler (%) Manufacturer Lot No.
Composite Monomers System
Tetric EvoCeram UDMA CQ and TPO Barium glass 75-76 (wt), 53-55 (vol)  Ivoclar Vivadent, W98455
(TEC) Bis-GMA Ytterbium trifluoride Ambherst, NY, USA
Bis-EMA Mixed oxides
Prepolymer
Inorganic filler particle
size (40-3,000 nm)
Mean particle size
(550 nm)
Feltik Z250 UDMA caQ Zirconia/silica 82 (wt), 60 (vol) 3M ESPE Dental Products, N915750
(Z2250) Bis-GMA Particle size St Paul, MN, USA
Bis-EMA (0.01-3.5 pm)
Abbreviations: Bis-EMA, ethoxylated bisphenol A dimethacrylate; Bis-GMA, bisphenol A dimethacrylate, CQ, camphorquinone; TPO, diphenyl (2,4,6-trimethylbenzoyl)
phosphine oxide; UDMA, urethane dimethacrylate; vol, volume; wt, weight.

curing unit (Bluephase N, Ivoclar Vivadent) at three
different curing distances (0-mm, 2-mm, and 8-mm)
from the top surface of the sample (n=10). The light
guide tip optical diameter was 9-mm, and the LCU
included a violet and blue spectral range (360-540
nm). The LCU irradiance and radiant exposure were
measured for both curing times at the three
distances using a laboratory-based spectrometer
(Managing Accurate Resin Calibrator-Light Correc-
tor, BlueLight Analytics, Halifax, Canada). The LCU
position was standardized and centered over the
uncured sample using a mechanical arm. After
sample preparation, all the samples were finished
using 800-grit to 2500-grit SiC abrasive papers.
Samples were then stored in deionized water for 24
hours at 37°C.

Mechanical Testing

Specimen dimensions were measured using a digital
caliper. After 24 hours of specimen fabrication and
storage, the g, test was performed using a universal
testing machine (Instron model 5944, Norwood, MA,
USA). The load cell was 2.5 kilonewtons. A mini
three-point bending fixture (Instron, RO.25 6543) at
a crosshead speed of 1 mm/min, and a 4-mm support
span (Instron, CAT no. S4843A) was used. The ¢, in
MPa was calculated according to the following
equation:

o _ sl
M 2bh2

F' is the maximum load exerted on the sample in

newtons; [ is the distance between the supports in

millimeters; b is the width of the sample in

millimeters; and 4 is the height of the sample in

millimeters.

The microflexural modulus (E,) in GPa was
calculated according to the following equation:

FI3
Ev = onia

F was the maximum load exerted on the sample in
newtons; [ is the distance between the supports in
millimeters; b is the width of the sample in
millimeters; A is the height of the sample in
millimeters; and d is the deflection in millimeters.

Statistical Analysis

The effect of the curing distance and composite on o,
and E, was determined using a two-way analysis of
variance followed by a Tukey multiple comparison
test (2=0.05). Log transformation was performed for
the o, data. Statistical analysis was performed using
SigmaPlot (Version 12.0, San Jose, CA, USA).

RESULTS

The LCU irradiance values measured for the 9-mm
optical diameter were 1342.7+3.21, 1324.0*4.36,
and 1226.7+1.53 mW/cm? at 0-mm, 2-mm, and 8-
mm distances, respectively. The radiant exposure
values measured at 10 seconds were 13.6+0.12,
13.4+0.02, and 12.3+0.01 J/cm? for 0-mm, 2-mm,
and 8-mm distances, respectively. Moreover, the
radiant exposure values measured at 20 seconds
were 27.0 + 0.06, 26.7 = 0.10, and 24.7 = 0.04 J/cm?
for 0-mm, 2-mm, and 8-mm distances, respectively.

The o, and E, mean and standard deviation values
of the two composite materials examined at three
different curing distances are presented in Figures 1
through 4. The highest mean ¢, value was demon-
strated by Z250 at a 2-mm curing distance
(217.1£15.5 MPa) followed by the same material at
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Figure 1. Microflexural strength (MPa) means (SD) and significant
differences among the curing distances for Z250 and TEC compos-
ites. Different letters represent significant differences among distanc-
es for each composite.

Figure 2. Microflexural modulus (GPa) means (SD) and significant
differences among the curing distances for Z250 and TEC compos-
ites. Different letters represent significant differences among distanc-
es for each composite.

an 8-mm distance (207.4+34.9 MPa) and at a 0-mm
distance (172+19.6 MPa). The lowest mean ¢, value
was presented by TEC at a 0-mm curing distance
(90.8+4.8 MPa), followed by a 2-mm distance
(99.2+14.1 MPa) and an 8-mm distance (109.9+9.3
MPa). A similar trend followed for the E, values. The
highest modulus value was for Z250 at the 2-mm
curing distance (3.9£0.4 GPa) followed by 0-mm and
8-mm distances (3.4+0.7 and 3.4+0.3 GPa, respec-
tively). The lowest E, was for TEC at a 0-mm curing
distance (1.9+0.4 GPa) followed by 2-mm (2.3+0.2
GPa) and 8-mm (2.8+0.3 GPa) distances.

Significant differences were found between the g,
values among the curing distances for both materials
(p<0.05). In general, the curing distance had a
significant influence on ¢, where 2-mm and 8-mm
distances showed significantly higher ¢, compared
with a 0-mm distance. The significant difference
trend among curing distances was not the same for
each composite. For TEC, comparisons among the
curing distances showed significantly higher o,
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Figure 3. Microflexural strength (MPa) means (SD) and significant
differences between Z250 and TEC composites at each curing
distance. Different letters represent significant differences between
composites at each distance.

Figure 4. Microflexural modulus (GPa) means (SD) and significant
differences between Z250 and TEC composites at each curing
distance. Different letters represent significant differences between
composites at each distance.

values at an 8-mm compared with a 0-mm distance.
For Z250, significantly higher ¢, values were shown
at 2-mm and 8-mm distances compared with a 0-mm
distance (Figure 1).

Significant differences between the E, values
among the curing distances for both materials were
examined (p<<0.05). In general, curing distance had
a significant influence on E,, where the 8-mm
distance showed a significantly higher E, compared
with the 0-mm distance. The significant difference
trend among curing distances for each material was
not the same. In addition, the significant trend was
not the same as for the o, values. TEC showed
significantly higher E, at the 8-mm distance com-
pared with the 2-mm and O-mm distances. Z250
showed significantly higher E, at the 2-mm distance
compared with the 8-mm distance (Figure 2).

The E, significant comparisons between the
composites at each curing distance were performed
(p<<0.05). Z250 had significantly higher o, (Figure 3)
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Cured at Different Distances®

Table 2:  Microflexural Strength (MPa) and Microflexural Modulus (GPa) Means (Standard Deviations) for the Resin Composites

Curing Microflexural Strength (MPa) Microflexural Modulus (GPa)
Distance (mm) TEC TEC 2950
0 90.8 (4.8)%% 172.0 (19.6)*" 1.9 (0.4)*% 3.4 (0.7)V%Y
2 99.2 (14.1)Y%% 217.1 (155 2.3 (0.2)*% 3.9 (0.4)"Y
8 109.9 (9.3)" 207.4 (34.9)"Y 2.8 (0.3)"% 3.4 (0.3)%

Abbreviations: TEC, Tetric EvoCeram; Z250, Feltik Z250.

@ Different superscript lowercase letters represent significant differences among the curing distances for each composite and property (each column). Different
superscript uppercase letters represent significant differences between Z250 and TEC composites at each distance for each property (row of each property).

and E,, values (Figure 4) compared with TEC. The ¢,,,
E, values and significant differences among the
curing distances for each composite and property, as
well as the significant differences between the
composites at each distance for each property are
presented in Table 2.

DISCUSSION

One of the factors that affects the longevity of a
composite restoration is its ability to withstand
complex clinical stresses.'® Exploring the effect of
different light curing distances (0-, 2-, and 8-mm) on
o, and E, would provide beneficial information
regarding material clinical performance. The 2-mm
and 8-mm curing distances were selected to repre-
sent the best and worst clinical case scenarios,
respectively.* Investigating the effect of curing
composites at different distances would aid in the
understanding of material clinical performance.

Characterizing polymerization effectiveness using
the o, test can better simulate the clinical setting
compared with the ISO 4049 flexural strength
test.®1718 The flexural strength test according to
ISO 4049 for polymer-based restorative materials
uses a rectangular specimen with a dimensions of 2
X 2 X 25 mm.' These dimensions are not clinically
relevant because they do not represent the tooth’s
dimensions.®'® Also, the active light guide tip of the
different LCUs ranges from 7 to12 mm in diameter,
which results in the flexural strength specimens
being light cured in multiple irradiation cycles.®'”
This results in certain areas on the specimens,
receiving a higher radiant exposure, which can
affect specimen polymerization uniformity.%!72°
Therefore, the reliability of the flexural strength
test data may be affected.!*?° The literature has
reported that different sample dimensions have been
used for the g, test.2142! In our study, the specimen
dimensions selected were smaller than the active
diameter of the light guide tip in order to ensure a
single-shot curing.>!"!* Smaller specimens result in
higher flexural strength values and represent the

combined effect of compressive, tension and shear
deformation stresses.®

Generally, comparisons among the curing distanc-
es showed a significantly higher ¢, at 2-mm and 8-
mm compared with 0-mm and a significantly higher
E, at 8-mm compared with 0-mm. The trend was
similar between ¢, and E, for each composite and
differed to some extent in the significant differences
among distances for each composite (Figures 1 and
2). TEC showed significantly higher ¢, at the 8-mm
distance compared with the O-mm distance, and
7250 showed a significantly higher strength at 2-mm
and 8-mm distances compared with O-mm. The
modulus for TEC significantly increased at the 8-
mm distance compared with the 0-mm and 2-mm
distances, which suggested that the TEC specimens
were stronger and stiffer as the distance increased.
On the other hand, the modulus for Z250 signifi-
cantly decreased at the 8-mm distance compared
with the 2-mm distance, which may denote that the
7250 specimens were strong but more flexible as the
distance increased. Therefore, the working hypoth-
esis was partially accepted. On the top surface of a
restoration, light is reflected, scattered, and ab-
sorbed by the RBC components and structures
surrounding the restoration, such as the Mylar strip,
matrix band, and tooth structure.???* The close
proximity of the tip at the 0-mm distance to the
Mylar strip may have affected the strength values
because the light emitted from the curing unit could
have reflected or scattered off the Mylar strip surface
to a greater extent at a closer distance. As the
distance between the guide tip and specimen
increases, the light beam spreads over a larger
surface area.*?> The increased distance may have
allowed for less scattering and reflection off the
Mylar strip surface permitting better light penetra-
tion through the specimens. Our results agreed to
some extent with other work where no significant
differences were observed when a clear Mylar strip
was placed over a 2-mm specimen and cured at 0-mm
or 2-mm distances.?®
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In our study, the differences between 2-mm and 8-
mm distances were not significant regardless of the
composite used. This might indicate that the 1-mm-
thick specimens may have allowed light to reach the
bottom of the specimen resulting in sufficient
strength, which could also indirectly indicate satis-
factory polymerization. This is supported with other
work where 1-mm-thick microflexural strength
specimens exhibited a satisfactory degree of conver-
sion values on the top and bottom surfaces.’ Other
studies reported that hardness decreased on the
bottom surfaces of increments more than 1-mm
thick.?”?® In our study, specimens were 1-mm thick,
so we would expect specimens to exhibit sufficient
hardness and degree of conversion. The nonsignifi-
cant differences between 2-mm and 8-mm distances,
regardless of the composite, may also suggest that
the amount of photoinitiator activated was sufficient
to effectively generate enough free radicals that
resulted in satisfactory composite strength. Our
results were supported with a study that light cured
2-mm-thick specimens at 0-mm, 2-mm, 4-mm, and 8-
mm distances and reported no significant change
between 2-mm and 8-mm distances. However, there
were some differences between 0-mm and 8-mm
distances with which we agree.’* The differences in
the specimen dimensions in our study and the
aforementioned study may have contributed to the
differences in the results.

An association was suggested between material
strength and other properties, such as hardness and
degree of conversion.?®3! Another study reported
that the o, and the degree of conversion was not
compromised at a 0-mm distance.” It was also
reported that the degree of conversion is not
necessarily correlated to material strength.’? A
study stated that the increased distance resulted in
a decreased degree of conversion.®® In our study,
specimens at increments of 1-mm thick were light
cured using irradiance values that ranged from
1226.7-1342.7 mW/cm? at the different distances.
These values were greater than 400 mW/cm?, which
is the minimum irradiance suggested to achieve
sufficient polymerization according to the ISO
10650-2 specifications.>* In addition, the mold used
in our study was a light gray in color, which may
have facilitated light transmission. It was previously
reported that molds fabricated from lighter-colored
material facilitated light transmission more than
dark metal molds.?® Our specimens were cured
according to the manufacturer’s instructions, which
were different for unique to each composite. The
radiant exposure values at 20 seconds ranged from
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24.7 to 27.0 J/cm? and at 10 seconds ranged from
12.3 to 13.6 J/cm? at the different distances. Since
the curing time affects the amount of radiant
exposure received by the restoration, this may have
contributed to the significantly higher ¢, and E,
values shown for Z250 compared with TEC. The
literature has reported that a 2-mm-thick increment
needs 12-24 J/cm? radiant exposure to achieve
effective polymerization.?®3” Recent work reported
that 10-11 J/cm? resulted in a satisfactory degree of
conversion for 2-mm-thick increments.?® The afore-
mentioned factors can indicate that the specimens
received sufficient irradiance and radiant exposure
to adequately polymerize the RBC. Nevertheless,
further investigation about the influence of curing
distance on other properties is needed.

Comparisons among composites showed that ¢,
and E, values were significantly higher for Z250
compared with TEC regardless of the curing
distance. This may be explained by composite
properties and how they are affected by various
factors, including the polymer matrix, filler content,
coupling agents, and light transmission through the
composite.>3? It was reported that flexural strength
and modulus values were influenced by monomer
composition and the nature of the polymer matrix.3?
In this study, as shown in Table 1, Z250 and TEC
had similar monomer combinations. In addition,
both composites had similar filler particle size and
some variations in the filler loading weight and
volume percentage, filler type, and additives.
Therefore, the differences observed in our results
could be related to the photoinitiator system type
and filler content. The higher filler loading, pig-
ments, and additives can lead to scattering and
attenuation of the light and decrease in light
transmission.?3? In addition, filler particles can
hinder light transmission by scattering, or refrac-
tion at the resin-filler interface, due to the refrac-
tive index mismatch.?*%*? Photoinitiators and
pigments may absorb light, resulting in a lower
depth of cure in darker shades.***® In our study,
one shade was investigated.

Photoinitiator concentration is a key factor that
affects polymerization efficiency.>*® Composites in
this study had different photoinitiator systems;
therefore, specimens were light cured using a
multiple emission peak LED unit that included
the blue and violet LED chips needed to activate
most photoinitiators. Interestingly, Z250, which
contained only CQ, showed significantly higher
strength and modulus values compared with TEC,
which contained CQ and TPO photoinitiator sys-
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tems. The differences in photoinitiator systems type
and concentration may partially explain the signif-
icant differences between both composites. CQ is
activated upon exposure to longer blue light
wavelengths.*”*® TPO is highly reactive with high
molar absorptivity and is activated upon exposure
to shorter violet light wavelengths.*”*® When TPO
is activated, free-radical growth centers are gener-
ated and form a polymer network at a faster rate
compared with CQ.*"***! However, due to the high
reactivity of TPO, more entrapment of free radicals
within the polymer network may occur, compared
with CQ, thereby affecting the quality of polymer-
ization.” This may partially explain the significant
differences in strength and modulus values between
composites. The results in our study suggest that
polymerization kinetics has an important role in
specimen strength. A strong correlation was shown
between autoacceleration of the polymerization and
entrapment of free radicals.?? This suggested that a
larger number of free radicals might have been
entrapped in the TEC composite, resulting in a
significantly lower strength and modulus value
regardless of the distance.

Various fillers are incorporated in TEC (Table 1).
Barium glass and ytterbium trifluoride are radi-
opaque agents.?®?* It was reported that ytterbium
trifluoride decreased flexural strength at higher
concentrations.’® Since the ytterbium trifluoride
concentration was not disclosed by the manufactur-
er, this could have partially contributed to the lower
strength and modulus for TEC in our study. The
presence of prepolymer in TEC may have contrib-
uted to the significantly lower flexural strength and
modulus compared with Z250. Our findings were
supported by findings of other studies.’®*® Addi-
tionally, the presence of zirconia and silica particles
can improve the material mechanical proper-
ties.’”%® This may partially explain the significant-
ly increased flexural strength and modulus values
for Z250 compared with TEC. The mentioned
factors and the possible undisclosed components of
the composites, including monomer ratios and
weight percentages, may also contribute to the
explanation of the significantly higher ¢, and E,
values for Z250 compared with TEC regardless of
the distance. It is important to note that the results
may differ to a certain extent using different
composites and shades, thicker specimens, or
curing with different LCU types. Further investi-
gation is needed to explore the influence of curing
distance on different composite properties using
different LCUs.

CONCLUSION

Light curing of the RBCs explored, at 2-mm or 8-mm
distances between the light guide tip and the
composite surface, did not significantly affect micro-
flexural strength values for the composites investi-
gated but did significantly affect microflexural
modulus values.
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How Do the Etching Mode and
Thermomechanical Loading
Influence the Marginal Integrity
of Universal Adhesives?

K Kaczor * M Krasowski ¢ S Lipa ¢ J Sokotowski ¢ A Nowicka

Clinical Relevance

Adhese Universal exhibited better marginal integrity than Peak Universal, and for both
adhesives, thermomechanical loading degraded the bonding durability, particularly for

nonetched enamel and pre-etched dentin.

SUMMARY

Objective: This study evaluated the effect of
etching mode and thermomechanical loading
on universal adhesives.

Methods and Materials: Two universal adhe-
sives, Peak Universal and Adhese Universal,
were used in two etching modes as the exper-
imental groups: Peak Universal etch-and-rinse
(PER), Peak Universal self-etch (PSE), Adhese
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Universal etch-and-rinse (AER), and Adhese
Universal self-etch (ASE). Two adhesives con-
sidered gold standards were used as control
groups: OptiBond FL (OER) was used as a
control group for the etch-and-rinse (ER)
mode, and Clearfil SE Bond (CSE) was used
as a control group for the self-etch (SE) mode.
Standardized class V cavities were created on
the buccal and lingual surface in 30 extracted
caries-free human third molars. Each adhesive
and resin composite was applied according to
the manufacturer’s instructions. The speci-
mens were subjected to thermomechanical
loading (TML) immediately after the fillings
were placed. Before and after TML, replicas
and photographs of the fillings were per-
formed and evaluated quantitatively and qual-
itatively. The Mann-Whitney U-test or Kruskal-
Wallis test was used for quantitative analyses,
and Fisher exact test was used for qualitative
analysis.

Results: Adhese Universal achieved a signifi-
cantly higher percentage of continuous mar-
gin in the enamel than Peak Universal for the
two types of etching both before and after TML
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(except for the SE group after TML). In dentin,
the greatest percentage of continuous margin
was achieved for Adhese Universal in the ER
group (100%) before TML and for both univer-
sal adhesives in the SE groups (61%) after TML.
For both etching modes and both time points,
Adhese Universal had a greater percentage of
continuous margin than Peak Universal for
the whole margin. For the ER approach, sig-
nificant differences were observed both before
and after TML, and for the SE approach,
significant differences were observed before
TML. TML did not cause a significant decrease
in the percentage of continuous margin in the
enamel, but the results were the opposite in
dentin. A qualitative assessment using World
Dental Federation criteria did not show statis-
tically significant differences between the
groups.

Conclusions: Scanning electron microscope
assessment of marginal integrity showed that
the evaluated factors such as etching mode
and TML significantly influenced the marginal
integrity of the universal adhesives. The rep-
lica method shows that laboratory and clinical
assessment methods complement each other
and give a broader view of marginal integrity.

INTRODUCTION

The effectiveness of adhesive systems can be evalu-
ated by analyzing different factors (eg, the bond
strength and marginal integrity of the resin-tooth
interface).! Good marginal integrity is achieved
when there are no marginal microgaps around the
filling, with sufficiently deep penetration of the
adhesive into the tissue. The gaps occurring at that
interface contribute to the penetration of bacteria
and fluids, which may provoke hypersensitivity,
pulpitis, marginal staining, and debonding with
retention loss.>® Marginal integrity might be greatly
influenced by shrinkage stress on the restorative
material, the size and type of the cavity, the
insertion and polymerization technique, the compo-
sition and type of the adhesive system used, and the
etching approach.**

Etching pretreatment of the tooth surface and
bonding between the tooth tissue and adhesive can
be achieved through an etch-and-rinse (ER) or self-
etch (SE) approach.” Compared with the SE tech-
nique, the ER technique, which commonly employs a
30% to 40% phosphoric acid gel, results in more
effective and stable bonding to the enamel.” Unfor-
tunately, in dentin, this etching mode can ultimately

result in the collapse of collagen fibrils demineral-
ized by acid etching, which leads to weaker bond
strengths and a low-quality hybrid layer.® Compared
with the ER technique, the SE technique is simpler
and more favorable for dentin. SE adhesives are
designed to infiltrate the regions that they have
demineralized and should produce a hybridized
complex comprising the residual smear layer and a
thin, partially demineralized dentin collagen ma-
trix.? To combine the advantages of these two modes,
new universal adhesives have been introduced.
These adhesives can be used as ER or SE adhesives
or can be applied using the selective enamel etching
approach. The aim of universal adhesives is to
accelerate and simplify the process, with the end
result of making the procedure easier (ie, less
technique sensitive) and improving the clinical
effectiveness of adhesives, including marginal integ-
rity, bond durability, and long-term esthetics.'® In
2015, Loguercio and others'! applied field-emission
scanning electron microscopy (direct and replica
techniques) to assess qualitatively the influence of
enamel preparation on the application of five
universal adhesives. The authors found that the
ER approach resulted in a deeper and more
pronounced etching pattern in the enamel than the
SE method. For the SE technique, the etching
pattern was poorer in passive application than active
application of the adhesive to enamel. However,
there is still a lack of laboratory studies on
quantitative assessments of the marginal integrity
of universal adhesives under different conditions.

Laboratory tests, especially those with thermome-
chanical loading (TML), allow researchers to predict
the clinical performance of adhesive systems and
filling materials under different use conditions and
to evaluate their mechanical and structural charac-
teristics during aging.'? The clinical assessment of
marginal integrity is one of the functional properties
of the World Dental Federation (FDI) criteria, which
were introduced in 2007; the criteria are more
rigorous for identifying differences in composite
resin restorations than previous criteria.'® The
greatest opportunity for connecting laboratory and
clinical research is the replica technique, in which a
model based on an impression taken in vivo or in
vitro is analyzed. Therefore, the purpose of this
study was to evaluate the external marginal integ-
rity of universal adhesives for different etching
modes before and after TML in vitro in noncarious
cervical lesions (NCCLs) using the replica technique
and FDI criteria and to compare the two assessment
methods. The first null hypothesis was that there are
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no differences in the extent of marginal integrity
when using universal adhesives with the ER or SE
strategy. The second null hypothesis was that the
universal adhesives were characterized by similar
marginal integrity to “gold standard” adhesives. The
third null hypothesis was that the results for the two
methods of assessment of marginal integrity are
comparable.

METHODS AND MATERIALS
Tooth Preparation and Bonding Procedures

The experimental part of this study is presented in
Figure 1. Thirty extracted caries-free human third
molars were cleaned from concrements and soft-
tissue remnants and used in this research. The teeth
were stored in aqueous solution of 0.5% chloramine-
T and used within six months after extraction.
Standardized class V cavities were created on the
buccal and lingual surface of each specimen with a
round diamond drill (EDENTA-801.314.012), which
was replaced after five preparations. The cavities
were 4-mm wide, 4-mm tall (2 mm above and below
the cement-enamel junction), and 2-mm deep
(controlled by a caliper). Fine-grained diamond
burs were used for finishing the preparations and
placing the enamel bevel (EDENTA-862.204.012).
Next, the teeth were randomly allocated into six
groups of 10 specimens each, divided according to
the adhesive and etching approach. Two universal
adhesives, Peak Universal and Adhese Universal,
were applied with two etching modes as
experimental groups: Peak Universal etch-and-
rinse (PER), Peak Universal self-etch (PSE),
Adhese Universal etch-and-rinse (AER), and
Adhese Universal self-etch (ASE). Two adhesives
considered gold standards were used as control
groups: OptiBond FL (OER) was used as a control
group for the ER group, and Clearfil SE Bond (CSE)
was used as a control group for the SE group. The
composition, manufacturer, batch number, and
application technique of each adhesive system are
shown in Table 1. After application of the adhesive
systems, the cavities were filled with two increments
of composite resin, which were polymerized (Demi
Plus, Kerr, Orange, CA, USA) according to the
manufacturer’s instructions (Table 1). Immediately
after the filling procedure, the restorations were
finished with a flexible disc (Soflex, 3M ESPE,
Maplewood, MN, USA).

Thermomechanical Loading

The specimens were subjected to combined thermal
and mechanical loading immediately after the

Operative Dentistry

fillings were applied. Thermal cycling consisted of
3000 cycles in water at a temperature of 5°C and
55°C with a dwell time of 20 seconds in each
temperature bath and a transfer time of 13 seconds
(SD Mechatronik GmbH, Feldkirchen-Westerham,
Germany). Mechanical loading was performed over
100,000 cycles with a load of 110 N at a frequency of
2 Hz using a rounded tip as an antagonist (Walter
+Bai Dynamic Testing Systems LFV-50kN, Walter
+Bai, Lohningen, Switzerland).

Assessment of External Marginal Integrity by
Scanning Electron Microscopy

Before and after TML, impressions of each restora-
tion were acquired with an A-polyvinylsiloxane
material (Aquasil Ultra XLV, Densply Sirona, York,
PA, USA). Next, to obtain positive replicas, the
impressions were filled with epoxy resin (EpoFix,
Struers, Torrance, CA, USA). The replicas were
sputter coated with gold-palladium and subjected to
margin analysis using scanning electron microscopy
(SEM) at 15 kV and 35X or 200X magnification (SU-
70, Hitachi, Tokyo, Japan). The obtained SEM
images were analyzed using Imaged software (Na-
tional Institutes of Health, Bethesda, MD, USA) to
estimate the length and percentage of the continuous
margin in relation to the entire assessable margin
before and after TML.

Assessment of Marginal Integrity by FDI
Criteria

Before and after TML, photographs of the fillings
were acquired using a surgical microscope with a
camera (Karl Kaps SOM 62 No. 16810). The
photographs of each filling were rated according to
the following FDI criteria for marginal adaptation,
as suggested by Hickel and others'®:

1. VG: clinically very good, which means harmonious
outline, no gaps, no white or discolored lines

2. GO: clinically good, which means a marginal gap
<150 pm, white lines or small marginal fractures
removable by polishing or slight ditching, slight
steps/flashes, minor irregularities

3. SS: clinically sufficient/satisfactory, which means
a gap <250 pm that is not removable, several
small marginal fractures or major irregularities,
ditching or flashes, steps

4. UN: clinically unsatisfactory, which means a gap
>250 um, dentin/base exposed or severe ditching,
marginal fractures, large irregularities or steps
(repair necessary)
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30 third human molars

Figure 1. Diagram of the current study.

60 Class V cavities (2 per tooth; half of margin in enamel and half in dentin)

6 different groups (n=10)

Experimental groups

Control groups

Peak Universal Adhese Universal

PSE PER ASE AER CSE

Clearfil SE Bond

OptiBond FL

OER

Silicone impressions and epoxy resin replicas

Photographs of fillings in surgical microscope !

Quantitative SEM margin analysis !“

Qualitative analysis according to FDI criteria I

v

Thermomechanical loading

Silicone impressions and epoxy resin replicas

Photographs of fillings in surgical microscope

Quantitative SEM margin analysis I]

Qualitative analysis according to FDI criteria I

v

| Statistical analysis of data before and after thermomechanical loading II

5. PO: clinically poor, which means a loose in situ
restoration (complete or partial), major gaps or
irregularities

Statistical Analysis

The Kolmogorov-Smirnov test revealed a nonnormal
distribution of data in some groups; therefore,
nonparametric tests (Mann-Whitney U test and

Kruskal-Wallis test) were used for quantitative
analyses. The Kruskal-Wallis test was used for
testing whether samples originate from the same
distribution (for testing more than two groups
concurrently). The test determines whether the
medians of the two or more groups are different,
but it does not show the differences that exist
between the groups. The Mann-Whitney test was
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Table 1: Adhesive and Composite, Application Mode, Composition, Manufacturer, and Batch Number for the Experimental and
Control Groups
Group Adhesive Application Composition Application Composite
(Manufacturer; Mode Method (Manufacturer;
Lot No.) Lot No.)
Experimental
PER Peak Universal Bond Etch-and-Rinse Ethyl alcohol, 2-hydroxyethyl 1. Acid etching for 20 s Amelogen Plus
(Ultradent, South methacrylate, methacrylic 2. Rinse for 5 s (Ultradent; 9031 BB5BJ)
Jordan, UT, USA; acid, 0.2% chlorhexidine 3. Remove excess moisture
5135 BBBXD) di(acetate) 4. Apply adhesive
5. Air stream for 10 s
6. Light cure for 20 s
PSE Self-Etch 1. Apply Peak SE Primer for 20 s
2. Dry
3. Apply adhesive
4. Air stream for 10 s
5. Light cure for 20 s
AER  Adhese Universal Etch-and-Rinse  MDP, bis-GMA, HEMA, 1. Apply etchant for 15 s IPS Empress Direct
(lvoclar Vivadent, MCAP, D3MA, ethanol, 2. Rinse for5 s (lvoclar Vivadent;
Schaan, Lichtenstein; water, initiator, stabilizers, 3. Dry until chalky white T39377)
U23288) silicon dioxide 4. Apply adhesive
5. Gently air thin for 5 s
6. Light cure for 10 s at 1200 mW/cm?
ASE Self-Etch 1. Scrub (ACTIVE®) or leave
undisturbed (PASSIVE) one coat of
adhesive for 20 s
2. Gently air thin for 5 s
3. Light cure for 10 s at 1200 mW/cm?
Control
OER OptiBond FL (Kerr, Etch-and-Rinse  Primer: HEMA, glycerol 1. Apply etchant for 15 s, rinse and Herculite XRV Ultra
Orange, CA, USA; phosphate dimethacrylate, blot dry (Kerr; 5136056)
5457273) mono-2- 2. Apply primer with scrubbing for 15 s
methacryloyloxyethyl 3. Gentle air stream
phthalate, water, ethanol 4. Apply adhesive with brushing motion
Bond: Bis-GMA, HEMA, for15s
glycerol dimethacrylate, filler 5. Light cure for 20 s
particles (fumed SiO2,
barium aluminoborosilicate,
NazsiFa)
CSE Clearfil SE (Kuraray Self-Etch Primer: water, 10-MDP, 1. Apply primer with brushing motion Clearfil Majesty (Kuraray
Noritake Dental, HEMA, hydrophilic aliphatic for 20 s Noritake Dental; 3J0009)
Tokyo, Japan; dimethacrylate, accelerators, 2. Airdry for5s
000147) dl-camphorquinone 3. Using the same applicator, apply
Bond: 10-MDP, bis-GMA, adhesive with light brushing motion
HEMA, initiators, colloidal for15s
silica, dl-camphorquinone, 4. Air thin for 3 s
accelerator 5. Light cure for 10 s at 1200 mW/cm?

used to compare the two groups. Fisher’s exact test
was used to analyze the FDI criteria score. The level
of significance was established as p=0.05 for all
tests.

RESULTS
Enamel Marginal Integrity

Adhese Universal achieved a significantly higher
percentage of continuous margin in the enamel than
Peak Universal for the two types of etching both
before and after TML (except for the SE group after
TML). Both experimental Peak Universal groups

achieved a significantly lower percentage of contin-
uous margin than the control groups. For Adhese
Universal, a significantly lower percentage of con-
tinuous margin was observed only for the ASE group
after TML compared with Clearfil SE Bond. Both
before and after TML, significantly better results
were observed in the experimental ER groups than
the experimental SE groups (Table 2). A significantly
greater percentage of continuous margin in enamel
than dentin was observed for the AER (p=0.0001),
PER (p=0.0004), and CSE (p=0.0233) groups after
TML (Table 2). The largest decrease in the percent-
age of continuous margin after TML was observed
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Table 2: Percentage (%) of Continuous Margin in Enamel, Dentin, and Enamel and Dentin Together Before and After
Thermomechanical Loading (TML) for Different Etching Modes?

Time Tooth Tissue Etch-and-Rinse Self-Etch
PER AER OER PSE ASE CSE
Before TML Enamel 94 + gdde 99 + 13 100 = 1°® 86 + 113 96 + 43! 97 + 51
Dentin 81 = 16'9n2 100 + 192 100 + O"2 97 + 5112 99 + 312 100 + 012
Enamel + dentin 88 + gki2 99 + 1k2 100 + 1% 90 + 712 97 + 2ik2 98 + 32
After TML Enamel 81 = 15°¢1 99 + 2AP1 96 + 7BC 63 + 19 72 + 21BP 92 + 5781
Dentin 34 + 20FF12 49 + 18 612 89 = 13762 61 = 2952 61 = 232 78 + 2412
Enamel + dentin 60 + 1172 81 + 9'k2 93 + 92 62 + 122 67 + 1472 86 + 1012

indicates a difference at the 5% significance level between times.

4N=10, mean += SD. The same lowercase superscript indicates a difference at the 5% significance level between groups before TML in the same tooth tissue. The
same uppercase superscript indicates a difference at the 5% significance level between groups after TML in the same tooth tissue. The superscript number “1” for the
same group and time indicates a difference at the 5% significance level between tooth tissues. The superscript number “2” for the same group and tooth tissue

for both experimental SE groups; however, neither
the experimental nor the control group showed a
significant decrease in continuous margin (Figure 2).

Dentin Marginal Integrity

In the ER mode, Adhese Universal had a higher
percentage of continuous margin than Peak Univer-
sal both before and after TML (before TML, the
differences were significant). For the SE approach,
Adhese Universal and Peak Universal had compa-
rable percentages of continuous margin both before
and after TML. Peak Universal exhibited a signifi-
cantly lower percentage of continuous margin than
the control group both before and after TML.
Compared with the control group, the AER group
had similar results before TML and significantly
worse results after TML. Both universal adhesives
in the SE approach before and after TML had a lower
percentage of continuous margin than the control
groups, and for the PSE group, this difference was
significant. A significantly greater percentage of
continuous margin in the dentin than the enamel
was observed for the ASE (p=0.0255), PSE
(p=0.0306), and CSE (p=0.0306) groups before
TML. After TML, the experimental and control
groups had a lower percentage of continuous margin
in the dentin than in the enamel; this difference was
significant for both universal adhesive ER groups.
TML led to a significant decrease in the percentage
of continuous margins for both the experimental and
controls groups, and the largest decrease was
observed for the two universal adhesives with the
ER approach (Figure 2).

Enamel and Dentin Marginal Integrity

For both etching modes and both time points, Adhese
Universal had a greater percentage of continuous
margin than Peak Universal (Table 2). For the ER

approach, the differences were significant both
before and after TML, while for the SE approach,
the differences were significant only before TML.
Peak Universal exhibited a significantly lower
percentage of continuous margin than the control
groups for both etching approaches and both time
points. Adhese Universal exhibited a lower percent-
age of continuous margin than the control groups for
both etching approaches and both time points, but
the differences were significant for the SE approach
only.

Qualitative SEM Assessment of Marginal
Integrity

Representative SEM micrographs of the PSE and
PER, ASE and AER, and control groups are
presented in Figures 3, 4, and 5, respectively. The
influence of TML on the resin-enamel and resin-
dentin interfaces of the same region is presented in
these figures.

Qualitative Assessment According to FDI
Criteria

Each filling received a “very good” or “good” rating
based on the five-level scale. The best scores were
obtained by the AER and OER groups both before and
after TML, with 10 scores of “very good” in each group
(Table 3). There were no significant differences for
any single group before and after TML or between
different groups at a single time point (p>0.05).

DISCUSSION

The outcomes of an adhesive procedure can differ
widely depending on the adhesive and clinical
situation. Therefore, the influence of application
mode of universal adhesives on enamel and dentin
bond efficacy was investigated. In this study, statis-
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Figure 2. The decrease in the continuous margin in enamel (upper
graph) and dentin (lower graph) after TML as a percentage (% ).
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tically better marginal integrity was observed for both
universal adhesives with the ER method for enamel
before and after TML and with the SE technique for
dentin (except for Adhese Universal before TML);
thus, the first null hypothesis was rejected.

This study is the first to evaluate the marginal
integration of universal adhesives with the replica
technique. This approach is a nondestructive tech-
nique for tooth specimens that enables the assess-
ment and comparison marginal defects at different
time points, as well as before and after applying
different stresses to the tooth specimens, such as
TML.'* SEM is widely used to evaluate marginal
integrity and allows marginal gaps to be distin-
guished from marginal irregularities or tooth frac-
tures; moreover, areas of concern can be evaluated at
a higher magnification.'®

Operative Dentistry

This study was performed using adhesive and
resin composite from the same manufacturer, and
the same operator performed all restorations to
avoid variability.'*'%!7 Before the study, the teeth
were stored in 0.5% chloramine-containing water to
prevent bacterial growth, according to ISO Technical
Specification 11405 and previous studies.'®?° This
study was based on class V cavities because they are
easy to create with low researcher variability, and
most studies evaluating the effectiveness of adhe-
sives have used NCCLs.'*'%2!1 NCCLs have no
mechanical retention form and are located in enamel
and dentin, facilitating a comparative assessment of
the resin-dentin interface and the resin-enamel
interface at the same time.???® Moreover, cervical
restorations are clinically challenging because of
difficulties in moisture control, caries access, and
proximity to the gingival margin.?*

TML was performed to assess changes in the
resin-tooth tissue interface under oral conditions.
Thermocycling is commonly used as an artificial
aging method because it creates repetitive expansion
and contraction stresses along the resin-tooth tissue
interface.?>? Hot water may also accelerate the
hydrolysis of areas not covered by adhesive collagen
and may extract poorly polymerized resin compos-
ite.?” Similarly, mechanical loading imitates chew-
ing on the sample, which causes tooth deformation
and generates stress on the restoration margins.?®
These stresses are expected to increase the length of
existing gaps or lead to the development of new gaps.
Although there is a lack of standardized thermocy-
cling protocols, the parameters used in this research
are comparable with those used in other studies.?’
Mechanical loading is an additional factor that
causes tension in the resin-tooth interface, leading
to deformations such as microcracks or gaps.?® In the
literature, there is no standard protocol for mechan-
ical loading; other studies have applied forces
ranging from 50 N3%3! to 100 N/250 N?! at
frequencies from 0.5 Hz*° to 1.5 Hz?! over 10,000%*
to 250,000 cycles.?! Comparing the results before
and after TML revealed that all groups, except the
AER group for enamel, showed a significant decrease
in the percentage of continuous margin (Table 2).
Greater loss occurred in the experimental ER group
at the composite-dentin interface than the compos-
ite-enamel interface. The opposite trend was ob-
served for the experimental SE group. A decrease in
the continuous margin after TML was also observed
in other studies testing Clearfil SE Bond,*? Silorane
System Adhesive,>® Syntac, XP Bond, Single Bond
Plus, AdheSE, and Clearfil SE Bond.3°

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



Kaczor & Others: Marginal Integrity of Universal Adhesives 313

Fig3 BEFORE THERMOMECHANICAL LOADING AFTER THERMOMECHANICAL LOADING

a

Fig 4 BEFORE THERMOMECHANICAL LOADING

AFTER THERMOMECHANICAL LOADING

Figure 3. Representative SEM micrographs from the same region of the PSE (a-d) and PER (e-h) groups before and after TML. The micrographs
show the appearance of gaps in the resin-dentin interface (a, b and e, f) and an increase in current gaps at the resin-enamel interface (c, d and g, h) in
the PSE and PER groups, respectively, after TML. E, enamel; D, dentin; RC, resin composite.

Figure 4. Representative SEM images from the same region of the ASE (a-d) and AER (e-h) groups before and after TML. (a-d): The micrographs
show no visible changes in the resin-dentin interface (a, b) and increased irregularity in the resin-enamel interface (c, d) for the ASE group after TML.
(e-h): The micrographs show a manifestation of gaps in the resin-dentin interface (e, f) and free gaps in the resin-enamel interface (g, h) for the AER

group after TML. E, enamel; D, dentin; RC, resin composite.

In this study, two universal adhesives were
compared for different etching modes. It was found
that the ER approach had higher percentages of
continuous margins in enamel than in dentin and
that the SE approach achieved better results in
dentin than in enamel (except for the AER and ASE
groups before TML), which was more prominent
after TML. Similar conclusions were obtained by
Bortolotto and others,'® who tested 12 adhesives,
and Gregor and others,*® who investigated Silorane
System Adhesive. Moreover, Casselli and others'’
demonstrated that the gap width also can vary
depending on the etching approach and tooth tissue.
Casselli and others'” and Blunck and Zaslansky'®
demonstrated that the margins in enamel observed
after using one-bottle one-step SE adhesives are

much poorer than the margins of restorations in
which phosphoric acid etching was used, which is
consistent with the obtained results. This result
occurs because in the ER technique, the adhesive
fills the space surrounding the etched region in the
enamel and envelops individual hydroxyapatite
crystals, creating a stable bond with the enamel.”
After TML, in dentin, poorer results were observed
for the ER group than the SE group (the difference
was significant in the Peak Universal group), which
may be due to excessive etching in the ER approach.
When etching dentin with phosphoric acid, the
adhesive may not penetrate to a sufficient depth,
and overdrying the cavity may cause the collagen
network on the dentin surface to collapse, which
reduces bond durability.?* With regard to the whole
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Fig5 BEFORE THERMOMECHANICAL LOADING
a 5 5 = b
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AFTER THERMOMECHANICAL LOADING

Figure 5. Representative SEM micrographs from the same region of
the CSE (a-b) and OER (c-f) groups before and after TML. (a, b): The
micrographs show greater irregularity in the resin-dentin interface than
the resin-enamel interface in the CSE group after TML. (c, d): The
resin-enamel interface is barely detectable in the OER group both
before and after TML. (e, f): The micrographs show the manifestation
of gaps in the resin-dentin interface in the OER group after TML. E,
enamel; D, dentin; RC, resin composite.

margin in enamel and dentin, the AER group had a
smaller decrease than the PER group, but the
decrease was still larger than that observed for
Scotchbond Universal applied with the ER tech-
nique, as reported by Bortolotto and others,?® who
found that the continuous margin decreased from
98.5% before TML to 97.8% after TML. However,
there is still a lack of laboratory studies assessing
universal adhesives under different conditions.

This study compared the marginal integrity of
universal adhesives with two gold standard adhe-
sives: OptiBond FL and Clearfil SE Bond. Peak

Operative Dentistry

Universal Bond had statistically worse marginal
integrity than the control groups in both etching
techniques and time points (except the PSE group in
dentin after TML) in contrast to Adhese Universal.
When comparing this system to the control group, a
significant difference was observed only in the ER
technique in dentin after TML, so the second null
hypothesis is partially rejected. OptiBond FL pre-
sented a relatively equal marginal adaptation on
enamel and dentin, both before and after TML,
which is comparable with results from other stud-
ies'®35; this adhesive and Clearfil SE Bond are
considered the gold standard of ER and SE adhe-
sives, respectively.?*3° Compared with other stud-
ies, this study obtained both similar*® and contrast-
ing®® results for Clearfil SE Bond, confirming that
adhesion to dentin is unpredictable and may be
worse if the dentin is etched before the application of
SE adhesive. This study also emphasized that pre-
etching of enamel by phosphoric acid remains the
most reliable, durable, and fatigue-resistant mode of
enamel bonding,'®***! as reported by Kérner and
others*? and Bortolotto and others.*?

The composition of an adhesive also influences its
bond stability. Peak Universal had the smallest
continuous margin before and after TML (not
significant in all cases; Table 2), despite containing
chlorhexidine (Table 1), which is widely used as an
antimicrobial agent. Chlorhexidine may inhibit
matrix metalloproteinases and, consequently, pre-
vent the degradation of collagen fibrils at the resin-
dentin interface***® and partially conserve the
integrity of the hybrid layer to improve bond
durability.*® However, the small continuous margin
observed for Peak Universal in both etching modes
may be due to the lack of 10-methacryloyloxydecyl
dihydrogen phosphate (10-MDP) monomer, which is
present in the composition of Adhese Universal and
Clearfil SE (Table 1). 10-MDP is primarily used as
an etching monomer due to its dihydrogen phos-
phate group, which dissociates in water to form two

Table 3: Number of Evaluated Restorations Classified According to the World Dental Federation (FDI) Criteria’®
FDI Criteria Time
Before TML After TML
PER PSE AER ASE OER CSE PER PSE AER ASE OER CSE

VG 9 7 10 8 10 9 9 6 10 6 10 9
GO 1 3 — 2 — 1 1 4 — 4 — 1
SS — — — — — — — — — — —
UN — — — — — — — — — — — —
PO — — — — — — — — — — — —
N 10 10 10 10 10 10 10 10 10 10 10 10
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protons. 10-MDP is hydrophobic (its long carbonyl
chain favors ethanol and acetone as solvents) and
hydrolytically stable.*”*® 10-MDP monomers can
form an ionic bond with the calcium in hydroxyap-
atite and can hydrolytically nucleate stable 10-
MDP-calcium salts.?® To improve bonding stability,
it could be useful to connect MDP-10 monomer and
chlorhexidine in a single adhesive to combine their
advantages.

This study compared clinical and laboratory
methods for assessing marginal integrity. The AER
and OER groups received the best scores in FDI
assessment both before and after TML; however,
there were no significant differences between any of
the groups or time points in the FDI assessment.
Thus, the third null hypothesis was rejected. Similar
conclusions were reported by Lopes and others,*’
who assessed the universal adhesive Xeno Select in
clinical studies. However, Loguercio and others,?°
who evaluated Scotchbond Universal Adhesive,
noted a significantly worse rating of marginal
integrity after a three-year trial, although the
application method did not influence this parameter
at the baseline or at later time points. Laboratory
(SEM) and clinical (FDI criteria) assessment meth-
ods are crucial because gaps seen in the laboratory
that are imperceptible clinically may cause postop-
erative sensitivity, marginal staining, or retention
loss.2 Moreover, this short-term study is the first
stage of research and did not include water degra-
dation of adhesives; thus, there is a need to perform
long-term research using the replica method in a
laboratory and clinical study.

CONCLUSION

Within the limitations of this laboratory study, the
evaluated factors such as etching mode and TML
influenced the marginal integrity of universal
adhesives. For both etching modes and both time
points, Adhese Universal offered better results in
both enamel and dentin than Peak Universal, and
its marginal integrity is comparable to the gold
standard adhesives. For the ER approach, the
differences in the percentage of continuous margin
were significant both before and after TML, while
for the SE approach, the differences were signif-
icant only before TML. Unfortunately, the new
universal adhesives do not resolve the problem of
dentin adhesion, because in each group, a signif-
icant decrease in the percentage of continuous
margin was observed for dentin and thus for the
whole margin. Moreover, the replica method shows
that clinical and laboratory tests complement each

other and give a broader view of marginal
integrity.
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Does Diamond Stone
Grinding Change the Surface
Characteristics and Flexural

Strength of Monolithic Zirconia?

R Aliaga * LN Miotto ¢ LM Candido * LMG Fais ¢ LAP Pinelli

Clinical Relevance

Dentists commonly need to perform grinding procedures to gain space when adapting a
prosthesis; however, this grinding may induce damage to the surface. Thus, it is important
to perform grinding that does not impair the properties, and the best way is without
irrigation for conventional and monolithic zirconias.

SUMMARY

Purpose: The present study evaluated the
effect of grinding on the surface morphology,
mean roughness, crystalline phase, flexural
strength, and Weibull modulus of monolithic
(MZ) and conventional (CZ) zirconias.

Methods and Materials: CZ and MZ bars and
square-shaped specimens were distributed into
three subgroups, combining grinding (G) and
irrigation (W) with distilled water: Ctrl (Con-
trol: no grinding, 20 X 4 X 1.2 mm and 12 X 1.2
mm), DG (dry grinding, 20 X4 X 1.5 mm and 12 X
1.5 mm), and WG (grinding with irrigation, 20 X 4
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X 1.5 mm and 12 X 1.5 mm). The grinding (0.3 mm)
was performed on a standardized device using a
low-rotation wheel-shaped diamond stone. The
four-point flexural strength test was performed
on the EMIC 2000 machine (5 KN, 0.5 mm/min).
Scanning electron microscopy (SEM) was used
to evaluate the surface morphology. An X-ray
diffractometer (XRD) was used to obtain the
crystalline structures that were analyzed by the
Rietveld method. Flexural strength (FS) values
were subjected to the Shapiro-Wilk test and
two-way analysis of variance followed by the
Tukey’s test (for all tests, a=0.05).
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Results: Grinding, either with or without irri-
gation, did not change the FS of the MZ but
increased the FS of the CZ. Both MZ and CZ
showed similar morphologic patterns after
grinding, and in the WG groups, the grinding
was more aggressive. The MZ had greater
monoclinic content in all groups; grinding
without irrigation caused the smallest t—m
transformation.

Conclusion: The grinding, when necessary,
should be carried out without irrigation for
conventional and monolithic zirconias.

INTRODUCTION

Since the 1960s, when Helmer and Driskell' pub-
lished the first work on different biomedical appli-
cations of zirconia,? researchers and manufacturers
have made admirable efforts to promote its clinical
indications. Zirconia is a polymorphic material
primarily with three phases, monoclinic (m), tetrag-
onal (t), and cubic (c),>* which changes according to
thermo-mechanical factors that can impact the
properties of the zirconia.

Initially, studies concentrated on the addition of
oxides, such as yttria®® to stabilize the material in
the tetragonal phase at room temperature. Then, in
the 1990s, the yttrium oxide—stabilized tetragonal
zirconia polycrystal (Y-TZP) was indicated for dental
use due to its high flexural fracture strength and its
toughening process. Y-TZP also features biocompat-
ibility, low radioactivity, interesting optical proper-
ties, high hardness, grinding resistance, good fric-
tional behavior, an absence of magnetism, high
corrosion resistance in acids and alkali, elasticity
modulus similar to steel, and thermal expansion
coefficient similar to iron.2

Among dental ceramics, Y-TZP has shown the best
mechanical properties due to transformation tough-
ening.>*? This property relates to zirconia’s ability
in the tetragonal phase to prevent the spread of
small cracks. Compared with the dental tissues, this
ability would be similar to the blockage provided by
the interface of the dentino-enamel junction and the
crystalline microstructure of the enamel.'®

Due to these advantageous properties, Y-TZP was
used for infrastructures of all-ceramic fixed crowns
and prostheses, implants, abutments, and orthodon-
tic brackets. %! It is considered the most appropri-
ate material to resist the high tension that affects
multiple all-ceramic frameworks up to five ele-
ments.!! However, there are contraindications such
as those related to patients with poor oral hygiene,
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high caries activity, active periodontal disease and
parafunction,’®'® and failures related to marginal
adaptation, delamination, and chipping.'*!®

To solve delamination and chipping, improve-
ments in the zirconia/veneer interface have been
made,'®2° such as the development of a zirconia
without esthetic coating, named monolithic zirconia
(MZ).2122 MZ was developed by adding different
dopants and coloring liquids, changing the sintering
temperatures, eliminating porosities, and changes in
grain size,21?3725 resulting in greater transmittance
and translucency.?*?® In addition, MZ has good
fracture resistance,?® and its acceptable esthetics
allows for use as veneers in posterior teeth?” and
requires less tooth removal because a smaller
material thickness is sufficient.?®

However, even with computer-aided design/com-
puter-aided manufacturing technology, clinical ad-
justments through grinding are indispensable for
obtaining adequate occlusal contacts in total mono-
lithic zirconia crowns,?’?? and such procedures
increase surface roughness, as well as induce
transformation t—m. Although these transforma-
tions make the zirconia surface more tenacious,
over time it may have negative effects on mechan-
ical stability depending on the total or partial loss
of the materials’ ability to prevent or delay the
spread of cracks and could become critically
unreliable.'?

The available evidence on the influence of grind-
ing/finishing on the flexural strength of zirconia is
still contradictory.?*® Regardless of the grinding
method used, changes in the material surface may
favor or damage the mechanical properties depend-
ing on the quantity of t—m transformation, and
zirconia with higher monoclinic content will be more
subject to the impact of long-term degradation.®®

The aim of the present study was to evaluate the
effect of grinding on surface morphology, mean
roughness, crystalline phase, flexural strength, and
Weibull modulus in MZ and conventional zirconia
(CZ). The first null hypothesis was that both
zirconias have the same surface characteristics and
the second was that both zirconias have the same
mechanical properties.

METHODS AND MATERIALS
Specimen Preparation

After a pilot study, the sample size (n) for each test
was calculated using a=0.05 and p=0.80. Two types
of zirconia were used, one CZ (group CZ, control, ICE
Zirkon, Zirkonzahn GmbH, Gais, Bolzano, Italy) and
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Table 1:  Distribution and Nomenclature Adopted for the
Experimental Groups

Groups Treatments

Ccz Conventional zirconia without grinding

CzZDG Conventional zirconia with dry grinding

CZWG Conventional zirconia with wet grinding

Mz Monolithic zirconia without grinding

MZDG Monolithic zirconia with dry grinding

MZWG Monolithic zirconia with wet grinding

the other MZ (group MZ, Prettau Zirkon, Zirkonzahn
GmbH). As previously described, bars and square-
shaped specimens were obtained?*3? with the fol-
lowing dimensions: 25 X 5 X 1.5 mm and 15 X 1.5 mm
for specimens that would not be ground (CZ and MZ
groups) and 25 X 5 X 1.9 mm and 15 X 1.9 mm for
specimens that would be ground.

Surface irregularities were removed with silicone
tips (Exacerapol, Edenta, Labordental, Haupt-
strasse, Switzerland), and a final polishing was
performed with #1200, #1500, and #2000 silicon
carbide abrasive papers (401Q, 3M ESPE, Tidal, SP,
Brazil). Bar-shaped specimens had their edges
beveled at 45°.

Sintering was performed according to the manu-
facturer’s recommendations in a Zirkonofen fur-
nace (600/V2, Zirkonzahn GmbH) with a heat
treatment program of eight hours at a maximum
temperature of 1500°C for the CZ and 8.2 hours at a
maximum temperature at 1600°C for the MZ. The
dimensions after the sintering (volumetric contrac-
tion ~20%) were 20 X 4 X 1.2 mm and 12 X 1.2 mm
for the CZ and MZ groups and 20 X 4 X 1.5 mm and
12 X 1.5 mm for the groups that were ground. The
final dimensions were measured using digital
calipers (500-144B, Mitutoyo Sul Americana, Suza-
no, SP, Brazil).

The specimens that would be ground were further
subdivided into two subgroups: grinding without
irrigation (dry grinding [DG]) and grinding with
irrigation (wet grinding [WG]). The experimental
groups’ distribution and nomenclature adopted are
shown in Table 1.

Grinding Procedure

A standardized grinding apparatus capable of
controlling the amount of grinding and rotation
speed was used.?*32 The surface grinding (0.3 mm)
was performed with a diamond stone of medium grit
(MasterCeram, 133-104-SDN, Polierwerk, Strau-
benhardt, Baden-Wiirttemberg, Germany) in a
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low-speed electric handpiece (Micro Electric Motor
Bench for Prosthetics LB 100, Beltec, Araraquara,
SP, Brazil) at 20,000 rpm; specimens from WG were
ground under distilled water flowing from a triple
syringe. After grinding, all specimens possessed 1.2-
mm thicknesses. Before the tests, all specimens
were cleaned in an ultrasonic bath using distilled
water (five minutes) and isopropyl alcohol (five
minutes).

Surface Morphology

Two specimens of each group were sputter-coated
with gold. Overall surface morphology was charac-
terized by scanning electron microscopy (SEM,
JEOL JSM-6610LV, Akishima, Tokyo, Japan) with
secondary electrons.

Mean Surface Roughness

Mean surface roughness values (Ra, pm) were
determined in square-shaped specimens (n=13)
using a profilometer (Mitutoyo SJ 400, Mitutoyo
Corp, Yokohama, Japan) with an accuracy of 0.01
um, active tip radius of 5 um, and speed of 0.5 mm/s
at three equidistant different locations on one side of
the specimens. To respect the cutoff, an AC of 2.5 mm
was adopted for the WG groups and 0.8 mm for the
other groups; the limited Ra for the cutoff was 2 um.
The measurement locations were the same for all
specimens: one in the center and the others equidis-
tant (5 mm). The measurements were performed in
the opposite direction of the grinding lines for the
groups submitted to this procedure.

Crystallography

To identify the crystalline structure, one specimen
from each group was analyzed in a X-ray diffrac-
tometer (DRX-6000, Shimadzu do Brazil) using Cu-
Ko radiation, 20 scan between 10° and 80° an
angular step of 0.05°, and a step time of three
seconds. The crystalline phases were identified by
comparison with standard microfiche of the Inter-
national Centre for Diffraction Data JCPDS files.

Flexural Strength and Weibull Modulus

Flexural strength (FS, n=13) was carried out by a
four-point device attached to the EMIC 2000 testing
machine (Equipamentos e Sistemas de Ensaio Ltda,
Sao José dos Pinhais, Parana, Brazil) with a 5-kN
load cell and speed of 1 mm/min (ISO 6872:2008).
The FS values were calculated according to the
following formula: ¢ = 3PL/4wb?, where o = flexural
strength, in MPa; P = force at the moment of the
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Figure 1. Surface morphology of the groups at 1000 magnification: (A) CZ, (B) CZDG, (C) CZWG, (D) MZ, (E) MZDG, and (F) MZWG. In A and D,
the morphology reveals a flat surface without scratches. In B, C, E, and F, the presence of grooves could be seen that follows the grinding direction

and plastic deformation.

Figure 2.  Surface morphology of the groups at 25,000 magnification: (A) CZ, (B) CZDG, (C) CZWG, (D) MZ, (E) MZDG, and (F) MZWG. In A and D,
the morphology reveals similarity in grain conformation with slightly larger grains in MZ. In B, C, E, and F, the presence of scales, loss of grain
disclosure, and plastic deformation could be seen, being more evident in C and F. E and F shows bigger scales.

fracture in newtons; L = the distance between the
outer supports in millimeters; w = the width of the
specimen in millimeters; and b = the thickness of the
specimen in millimeters.

The reliability of the materials was calculated by
the determination of the Weibull modulus (m). The
equation P(c) = 1 — exp(—oc/cy)™ was applied to
calculate the Weibull modulus, where P(c) is the
fracture probability, ¢ is the fracture strength at a
given P(c), 0y is the characteristic strength, and m is
the Weibull modulus, which is the slope of the 1n (1n
1/1 — P) versus o plots.3%:40-42

Statistical Analysis

The SEM images were submitted to descriptive
analysis, and XRD data were analyzed by the
Rietveld method. Ra and FS were submitted to
normality and homoscedasticity tests and subse-
quently to the analysis of variance (ANOVA) two-
way test (¢=0.05) followed by the Tukey’s post hoc
(¢=0.05) in the BioEstat 5.0 software.

RESULTS

The micrographs are depicted in Figures 1 and 2. In
the smallest magnification (1000X), the surface
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Table 2: Means and SDs of Mean Roughness (Ra, in

pm)®
Treatments Groups

cz Mz

— 0.14 = 0.02 Ca 0.15 = 0.03 Ca
DG 1.49 = 0.46 Ba 1.53 + 0.36 Ba
WG 2.79 * 0.59 Ab 3.26 = 0.43 Aa
2 Different lowercase letters indicate statistical difference between columns
and uppercase between lines (p<0.05).

morphology of the CZ and MZ revealed similarity
(Figure 1A,D), but when analyzed in the highest
magnification (25,000X), it was possible to visualize
slightly larger grains. Grinding caused grooves that
followed the grinding direction (Figure 1B,C,E,F),
as well as loss of grain disclosure and the presence
of scales and plastic deformation (Figure 2B,C,E,F).
These changes were more evident when irrigation
was done: with a surface with aggressive cuts,
deeper and irregular valleys (Figure 1C,F), and
larger scars (Figure 2C,F). In addition, when
comparing the types of zirconia, it is possible to
visualize that the changes in the monolithic
zirconia were more evident (Figures 1E,F and
2E,F).

Operative Dentistry

Table 3: Volume Fraction (%) of the Monoclinic (M),

Tetragonal (T), and Cubic (C) Phases in Y-TZP
Treatments Groups

cz Mz
T M C T M C

— 7623 720 16,57 69.12 1076 20.12
DG 94.26 5.74 0.00 92.44 7.56 0.00
WG 89.64 10.36 0.00 85.71 14.29 0.00

The means and standard deviations of Ra, in
micrometers, are shown in Table 2. Statistically
significant differences were observed among the
treatments (p<<0.05), indicating the lowest value of
Ra for the no grinding groups and the highest value
for the groups with wet grinding. Between zirconias,
the statistical difference was observed just in the
WG group (p<0.05).

The quantification of the crystalline phases of the
samples is provided in Table 3. The CZ and MZ
showed all three phases: tetragonal (T), monoclinic
(M), and cubic (C). In both zirconias, grinding (with
or without irrigation) transformed the entire cubic
phase in the tetragonal phase of the specimens’
surface. WG in both zirconias presented a more
monoclinic phase than the other groups.
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Figure 3.  Weibull plot for fracture data of the groups.
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Table 4: Mean FS (in MPa), Weibull Modulus (m), and Respective 95% CI?
Treatments Groups
Ccz Mz
FS 95% CI (FS) m 95% CI (m) FS 95% CI (FS) m 95% CI (m)
— 851.2 Ba 783.1-925.3 7.7 Aa 5.0-11.9 971.7 Aa 921.6-1024.5 12.3Aa 8.0-19.1
DG 1021.99 Aa 945.53-1104.64 8.3 Aa 5.4-12.8 977.99 Aa 897.25-1066.0 7.5Aa 4.8-11.8
WG 1096.07 Aa 1032.27-1163.81 10.9 Aa 7.3-16.3 1069.75 Aa 965.94-1184.71 6.2Aa 4.3-8.9
2 Different lowercase letters indicate statistical difference between columns and uppercase between lines (p<0.05).

Table 4 shows the mean FS (in MPa), the Weibull
Modulus (m), and the respective confidence intervals
(95% CI). Figure 3 shows the Weibull plot. Statisti-
cally, there was no interaction between groups
(p=0.08) for the FS and no difference between the
two types of zirconias (p=0.56). Grinding did not
change the FS of the MZ (p=0.10) but increased the
FS of the CZ (p<0.05). There was no difference
between dry or wet grinding (p>0.05). No significant
statistical difference was found for the Weibull
modulus comparisons.

DISCUSSION

MZ has recently been introduced into the market to
eliminate the delamination and chipping, which are
the main problems related to CZ. The indication of
MZ significantly increased in situations where the
interdental space is insufficient causing fractures in
the crown.*® Nevertheless, it is common that dentists
need to perform grinding procedures to gain space
when adapting a prosthesis,***® and this grinding
may induce damage to the surface.*® It is fundamen-
tal to understand if grinding procedures could
damage the MZ and how. Thus, the present study
evaluated the effect of grinding on flexural strength,
surface morphology, and the crystalline phases of an
MZ compared with a CZ. For the surface character-
istics, the null hypothesis was rejected because all the
properties changed after the experimental treat-
ments. For the mechanical properties, the null
hypothesis was partially accepted because the Wei-
bull modulus of both zirconias and the monolithic
flexural strength did not change after the treat-
ments.

When zirconia is ground, the introduced surface
defects can become microfissures, ie, grooves that
follow the main direction, some with lateral projec-
tions and even cracks depending on the rotary
cutting tool type, grit-size, load, and applied
speed).?® In the present study, both CZ and MZ
showed similar morphologic patterns after grinding,
with more pronounced changes in MZ (Figures 1 and
2). This difference could be attributed to the

microstructural differences between the types of
zirconia.??372% In both types of zirconia, more
changes could be observed in the WG subgroup
(Figures 1C,F and 2C,F). According to Candido and
others,?? this result could be attributed to a higher
cutting performance because water could remove
dust that impregnates on the rotary cutting tool.
These surfaces also showed superficial plastic defor-
mation that hides grain boundaries, as reported by
Preis and others.?” Previous studies®™***’ have
shown the same images patterns.

The present study also evaluated zirconia-grind-
ing effects on the FS. The results (Table 4) indicate
that grinding did not significantly change the MZ
values of the FS, both in wet MZWG 974.43+164.62
MPa) and in dry (MZDG 1082.31+152.40 MPa)
conditions. On the other hand, there were significant
changes in the F'S values of the CZ after grinding: an
increase of approximately 20% in the CZDG and 29%
in the CZWG. These differences could probably be
explained due to the larger cubic content present in
the MZ surfaces (MZ=20.12% and CZ=16.57%).
Surfaces with more cubic phases would be expected
to have less residual stress than those fully tetrag-
onal with equal grain sizes; therefore, the direct
result of this minor residual stress is a reduction in
the force to dissipate the t—m transformation,
resulting in a stabilization of the tetragonal grains.*®
This phenomenon was not observed in the CZ group
where the FS increased after grinding. The Weibull
modulus (Table 4; Figure 3) did not have a statistical
difference for all zirconias and between the treat-
ments, which means that the reliability>®*°=*2 of the
materials and treatment were equal.

Different results were reported in the literature.
Pereira and others® obtained higher values of FS for
the MZ after grinding with a coarse diamond bur (181
um); also, Guilard and others®® obtained these when
the MZ was ground with an extra fine diamond bur
(30 um) compared with coarse diamond bur (150 pm)
grinding. Regarding the CZ, although dry and wet
grinding increased the FS in the present study,
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corroborating studies of other authors,3?3

number of papers reported contradictory results.

a large
29-31

In general, it can be assumed that for both CZ and
MZ, changes in F'S depend on several factors, such as
the rotary cutting tool type and its grit size, the size
of zirconia grains, changes in crystalline structure,
and surface roughness.***° According to Kosmac and
others,?? for the CZ, there is a decrease in FS after
grinding with diamond burs and a negative correla-
tion between the FS and the size of zirconia grains.
Pereira and others®! also evaluated the effect of
grinding with a diamond disc and bur, verifying that
FS increased after grinding for high and low grit size
burs, but decreased when larger grit size discs were
used. For Polli and others® and Hatanaka and
others,”” the grinding with a diamond bur (151 pum)
was also responsible for the increased FS.

Another source of influence on the F'S would be the
surface roughness. The roughness data (Table 1)
corroborate the morphologic differences observed in
the micrographs (Figures 1 and 2). It can be observed
that surfaces with more pronounced grooves and
plastic deformation showed higher Ra values. When
ground without irrigation, the zirconias did not show
differences, but with irrigation, the MZ showed
higher roughness. This alteration may be due to
the association of severe grinding with the micro-
structural differences. Moreover, the literature
shows that ceramic roughness had a negative
correlation with FS®3; however, in the present study,
grinding surfaces with higher Ra (Table 2) did not
show any changes (MZ) or even exhibited higher
flexural strength (CZ). The Ra-F'S relation should be
interpreted with caution because the phase trans-
formation toughening mechanism and the depth of
the introduced cracks may have a counter-balance
effect, excluding the effects of roughening.?*

It is important to evaluate whether grinding
changes the zirconia crystalline structure, because
grinding can induce a phase transformation,
whereas it can have a negative or a positive impact
on the mechanical properties, and it depends on the
volume percentage of the t—m transformation and
on the conversion’s metastability.*>?° Regarding
the quantification of the crystalline structure
(Table 3), it is observed that wet grinding was
responsible for higher t—m transformation, indi-
cating a rougher procedure. These findings were
similar to the results of Subas:i and others,*’
Pereira and others,®' Preis and others,?? and
Mohammadi-Bassir and others®* but differ from
those found by Polli and others®! who carried out
the grinding in high rotation with a diamond bur,

Operative Dentistry

and this difference could be attributed to the
grinding severity that was directly related to the
amount of t—m transformation.®?° In addition,
Guilard and others®® observed that the higher the
grit size of the diamond bur, the greater the t—m
transformation. Candido and others®? assumed
that this transformation occurs after the surface
was ground, because the energy generated by this
procedure modifies the structure of the tetragonal
grain, causing it to increase in size and become
monoclinic. The transformation to a monoclinic
phase toughens the zirconia surface.**°° The MZ
showed more balanced phase stability, because
during dry grinding, there was a decrease in the
order of 30% in relation to the initial monoclinic
content against 21% that occurred when the
conventional zirconia was dry ground. When irri-
gation was used, there was an increase of 32% of
monoclinic content for the ZM and 43% for the ZC.

The present study has some limitations such as
the static loading for the FS and the specimen
geometries that do not reproduce intraoral condi-
tions. Further clinical investigations with dynamic
loadings and a specimen with crown design are
indicated to better understand the effects of grinding
for the mechanical properties of Y-TZP. Chairside
adjustments of the monolithic zirconia will still be
necessary to optimize the emergence profile, improv-
ing adaptation and occlusion.?® The formation of the
monoclinic phase decreases the mechanical proper-
ties and its stability in a humid medium.? Thus, and
based on the results of the present work, the dentist
should guide the adjustment procedures to be
carried out in low-speed rotation without irrigation
to reduce the monoclinic and cubic content.

CONCLUSION

The grinding procedure with a diamond stone, either
dry or wet, did not change the monolithic zirconia
flexural strength; however, it was able to increase
the flexural strength for the conventional zirconia.
Grinding with irrigation was rougher, principally for
monolithic zirconia. It was concluded that when a
diamond stone was used, grinding without irrigation
(dry) should be carried out for both zirconias.
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Influence of Multiple Peak Light-
emitting-diode Curing Unit Beam
Homogenization Tips on
Microhardness of Resin Composites

J Soto-Montero ¢ G Nima ¢ FA Rueggeberg ¢« CTS Dias * M Giannini

Clinical Relevance

Lack of beam homogeneity in multiwave light-curing units might produce inadequate
polymerization in composite restorations, causing a decreased microhardness that lessens
clinical longevity of a restoration. Light curing units producing homogeneous beams are

recommended.

SUMMARY

This study evaluated the effect of light curing
unit (LCU) guide type (regular or homogeniz-
ing) on top and bottom microhardness of
conventional and bulk-fill resin-based compos-
ites (RBCs). A polywave light-emitting-diode
(LED) LCU (Bluephase Style, Ivoclar Vivadent
AG) was used with two different light guides: a
regular tip (RT, 935 mW/cm? emittance) and a
homogenizer tip (HT, 851 mW/cm? emittance).
Two conventional RBCs (Herculite Ultra
[HER], Kerr Corp; Tetric EvoCeram [TEC],
Ivoclar Vivadent AG) and two bulk-fill RBCs
(SonicFill [SOF], Kerr Corp; Tetric EvoCeram
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Bulk Fill [TBF], Ivoclar Vivadent AG) were
tested. Disc-shaped samples (10 mm @), 2-mm
thick for conventional composites and 4-mm
thick for bulk-fill composites were prepared.
Samples were light cured according to manu-
facturer-recommended times. Knoop micro-
hardness values (KHN) were obtained on the
top and bottom surfaces of each specimen at
locations correlated with the output of the
three LED chips emitting blue (456 nm) or
violet light (409 nm). Beam profile analysis
using both light guides was also performed.
Microhardness of each composite was ana-
lyzed using three-way analysis of variance
and Tukey honestly significant difference post
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hoc test (¢=0.05). Beam profile images showed
better light distribution across the surface of
the HT light guide. Use of the HT decreased
KHN of HER at the locations of the blue LED
chips at bottom of the sample but had no effect
on the top surface. For TEC, use of HT in-
creased KHN of all three LED locations at the
top surface. Use of the HT increased KHN of
SOF at locations corresponding to one of the
blue and the violet LED chips at the bottom
surface. For TBF, HT increased KHN at all top
surface locations. All RBCs showed higher
mean KHN at the top compared with the
bottom surfaces. In general, all composites
presented a higher KHN at the blue LED areas
regardless of the surface or the tip used.
Results suggest that the homogenizer light
guide resulted in significantly increased mi-
crohardness at the top, in composite resins
containing alternative photoinitiators; howev-
er, that effect was not observed at the bottom
surfaces.

INTRODUCTION

In most light-curing units (LCUs), radiation is
transmitted from the source to the target surface
using a nonflexible, removable, optic fiber light
guide.'™ These guides, maintain the emitted light
spectrum, such as used in some light-emitting-diode
(LED) units preserving or enhancing the emit-
tance.?”® The capability of the light guide to deliver
the generated light spectrum and emittance has
become important because use of the LED LCU has
overtaken use of quartz-tungsten-halogen lights in
most dental practices.®®

LED LCUs contain one to four LED chips
depending on the unit’s design.? Some LCUs are
capable of emitting blue and violet light within
specific wavelength ranges, constituting what is
known as “polywave,” “multiple peak,” or “multi-
wave” lights.®>*7 However, each chip produces light
within a narrow spectral range, and some authors
express concern regarding an uneven irradiance
when using those LCUs.%5%10 Also, because each
LED is placed at a specific location within the light-
generating array, and little to no blending of the
emitted beams occurs, a heterogeneous light distri-
bution is produced at the emitting end of the
guide.>®9 11716 This lack of uniformity within the
emitted beam then exposes the target surface
unevenly, producing a heterogeneous polymeriza-
tion.%!” Thus, the target, light-curable restorative

Operative Dentistry

material may not receive light at all the emitted
wavelengths and irradiance levels.5~7910:12

The problem with a heterogeneous wavelength
distribution of light becomes relevant with respect to
the wide variety of photoinitiators used in resin-
based materials: camphorquinone (CQ), 2,4,6-tri-
methylbenzoyldiphenyl phosphine oxide (TPO), bis-
acylphosphine oxide (BAPO), phenyl propanodione
(PPD), and Ivocerin (Ivoclar Vivadent AG, Schaan,
Liechtenstein).2 %1819 Each of these photoinitiators
responds preferably to light at specific wave-
lengths,*910:1820 a4 a nonuniform wavelength
distribution at the light emitting end might result
in an incomplete or inconsistent polymerization of
the target material due to lack of or partial
activation of some photoinitiators.®%1%122! Thus, a
heterogeneous light distribution may result in
localized areas of enhanced or reduced polymeriza-
tion, which might be associated with clinical longev-
ity of a restoration.>”!11222 However, there is
literature stating that a nonuniform light beam does
not reduce the extent of polymerization in a 2-mm
thick increment of CQ-based RBC and in composites
containing up to 50% TPO in association with CQ.™*
In addition, it has been shown that increasing the
polymerization time reduces the effect of the non-
homogeneity of the light beam on the degree of
conversion of bulk-fill composites.?® The lack of an
effect has been attributed to special polymerization
modifiers in bulk-fill composites, use of more
efficient photoinitiator systems,?*?5 and overall
enhanced light transmission in depth?* by better
matching of refractive indexes between filler parti-
cles and the resin components, which increase depth
of cure.?®

Clinically, an insufficient degree of monomer
conversion in resin-based composites (RBCs) has
been associated with decreased surface hard-
ness,>22627 (Jigcoloration,’ reduced wear resis-
tance,®2® lower bond strength,® cytotoxicity,” and a
greater susceptibility to marginal gap defects.®2?

Relative comparison of the microhardness of the
top and bottom surfaces of composite specimens has
been proposed as an appropriate method to establish
the effectiveness of light curing and as a way to
study the polymerization of a specific material and
its depth of cure using a particular curing condi-
tion.273%3! This technique is valid because it has
been reported that surface microhardness increases
as the degree of conversion increases.'®?0:26:32 Ap
international standards organization method uses
measurement of the length of remaining, non-
scrapable, perceptibly hardened composite as an
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indicator to assess adequacy of composite curing.>?
However, it is claimed that those methods overesti-
mate composite depth of cure values because they
only measure the deepest polymerized region of the
RBC without considering the effects of differences in
LED chip positions and differences in wavelengths
reaching the restoration surface 20:21:31:34

In response to concerns about possible inadequate
RBC polymerization, an LCU manufacturer devel-
oped a light guide to better homogenize the irradi-
ance and emitted spectral distribution across the
emitting tip end:'?2 the homogenizer light guide,
designed for use with a Polywave LCU.?*3¢ This
item is designed to reduce the light beam heteroge-
neity while maintaining the delivered power from
the LCU. However, no scientific study has been
performed to directly address these claims.

The purpose of this study was to analyze the
effects of photopolymerizing different conventional
and bulk-fill commercial composites with the same
LCU body using a homogenizer light guide compared
with a conventional (regular) guide tip. The effect of
differences in the light guides was measured using
microhardness of the top or bottom restoration
surfaces. The working hypotheses were that (1) the
use of the homogenizer light guide type would
significantly influence microhardness of convention-
al and bulk-fill composites; (2) for the same light
guide, lower wavelength light would produce re-
duced microhardness on conventional and bulk-fill
composites, and (3) the microhardness at the top of
the conventional and bulk-fill composite discs using
either type of light guide would be significantly
higher than at the bottom.

METHODS AND MATERIALS
LCU Characterization

A Polywave LCU (Bluephase Style, Ivoclar Vivadent
AG, Schaan, Liechtenstein) with two blue LED chips
(456 nm; B1 and B2) and one violet chip (409 nm, V)
was used. One regular tip (RT) and one homogenizer
tip (HT) light guide, each with a circular, 10-mm @
(9.3 mm of active internal diameter), were commer-
cially available for use in the same LCU. The
spectral irradiance of the LCU between 350 and
550 nm was measured with each light guide five
times using a 6” National Institute of Standards and
Technology—traceable, calibrated integrating sphere
(CTSM-LSM-60-SF, Labsphere Inc, North Sutton,
NH, USA), connected to a fiber optic spectrometer
(USB 2000, Ocean Optics, Dunedin, FL, USA).
Spectra were recorded using software (SpectraSuite

version 1.4.2, Ocean Optics), and data were entered
into a spreadsheet program (Excel 2016, Microsoft
Corporation, Redmond, WA, USA). The RT light
guide was considered the control.

The beam profile of the LCU when using both light
guides was measured using a laser beam profiler
with a 10-mm-diameter internal aperture. No imag-
ing target was used; the light distribution across the
emitting tip end was directly visualized. The LCU
light guide was aligned using a profile camera with a
50-mm focal length lens (USB-L070, Ophir-Spiricon,
Logan, UT, USA). Three measurements were per-
formed using each light guide: one of the unfiltered
beam profile, another one with a custom-made violet
filter (International Light Technologies, Peabody,
MA, USA) that only allows the passage of blue light
in a 430-550 nm wavelength range, and a third with
a custom-made blue filter (International Light
Technologies) that only allows the passage of violet
light in a 350-430 nm wavelength range. The
resulting images of the unfiltered, violet-filtered
and blue-filtered beam profiles were collected using
software (Beamgage version 6.6, Ophir-Spiricon,
North Logan).

RBC Sample Preparation

Four commercial RBCs were tested. Two products
were classified as conventional composites (indicated
for increments 2-mm thick or less): Herculite Ultra
(HER; Kerr Corporation, Orange, CA, USA) and
Tetric EvoCeram (TEC; Ivoclar Vivadent AG). Two
other materials were classified as high viscosity,
bulk-fill materials intended for use in increments
ranging from 4-mm to 5-mm thick: SonicFill (SOF;
Kerr Corporation) and Tetric EvoCeram Bulk Fill
(TBF; Ivoclar Vivadent AG). Product specifications
are presented in Table 1.

Ten disc specimens (10-mm @, 2-mm thick) of each
composite were fabricated using a polyvinyl siloxane
impression material mold (Putty Soft, 3M Oral Care,
St Paul, MN, USA) for the conventional composites
(HER and TEC). For the bulk-fill products (SOF and
TBF), the mold was 4-mm thick. All fabricated molds
had three 0.5-mm notched extrusions on their inner
walls, separated 120° from each other, which
matched the locations of the LED chips at the
proximal surface of the light guide: B1, B2, and V.
Composites were placed in the matrix using a single
increment, and a transparent polyester film was
placed on the bottom and top surfaces of the
composite-filled mold.?®> The assembly was lightly
pressed between two microscope glass slides to
remove excess composite. The specimen was placed
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Table 1:  Classifications, Brand Names, Compositions, Exposure Time, Shades and Lot Numbers of Tested Materials
Classification Composite Composition Photoinitiators  Exposure = Shade Lot
(Abbreviations) Time, s Number
Conventional RBC Herculite Ultra Bis-GMA, TEGDMA, Bis-EMA, silica and caQ 20 A2 Dentin 5444587
(increment of 2 mm  (HER) barium glass, prepolymer filler, titanium
or less) oxide, 4-methoxyphenol, BPO,
trimethylolpropane triacrylate
Tetric EvoCeram  Bis-GMA, UDMA, barium glass, ytterbium CcQ, TPO 10 A2 Dentin  T22777
(TEC) trifluoride, prepolymer filler, mixed oxide
Bulk-fill RBC Sonic Fill (SOF)  Bis-GMA, TEGDMA, Bis-EMA, TMSPMA, cQ 20 A2 5376244
(increments of 4 to barium glass, alumino-borosilicate glass
5 mm) Tetric EvoCeram Bis-GMA, Bis-EMA, UDMA, alumino- CQ, TPO, Ivocerin 10 IVA S51408
Bulk Fill (TBF) borosilicate glass, prepolymer filler
(ytterbium trifluoride), mixed oxides
Abbreviations: RBC, resin-based composite; Bis-EMA, bisphenolglycidyl ethyl-methacrylate; Bis-GMA, bisphenolglycidyl methacrylate; BPO, benzoyl peroxide; CQ,
camphorquinone; TEGDMA, triethylene glycol dimethacrylate; TMSPMA, 3-trimethoxysilylpropyl methacrylate; TPO, Diphenyl (2,4,6-trimethylbenzoyl) phosphine
oxide; UDMA, urethane dimethacrylate.

over a white filter paper (Grade 1, Whatman, Little
Chalfont, UK) background and slides were re-
moved.?® The LCU was fixed in a clamp and the
distal end of the light guide was positioned perpen-
dicular to the specimen at 1-mm distance from the
upper polyester film surface to simulate a clinical
scenario during posterior restoration. The light
guide completely covered the specimen.

Light-activation for each composite followed the
manufacturer’s recommendations (Table 1). After
light exposure, the specimens were removed from
the molds, and locations on composite surfaces
corresponding to the LED chip positions on the top
and bottom surfaces were marked using a graphite
pencil on the lateral wall of each specimen. The
specimens were then stored in a dark oven (Fanen,
Guarulhos, Brazil) for one hour at 36°C *+ 1°C and
then machine-polished (Aropol, Arotec Industria e
Comércio Ltda, Cotia, Brazil) using 1000-grit and
1200-grit abrasive paper (Wetordry, 3M, Sorocaba,
Brazil) for 1 minute each, under water cooling. After
polishing, specimens were again stored in the same
dark oven for 24 hours before microhardness testing.

Microhardness Test

A microhardness tester (Future-Tech FM Corp,
Tokyo, Japan) coupled to software (FM-ARS 9000,
Future-Tech FM Corp) was used to obtain Knoop
hardness (KHN) values after applying a static load of
50 g (0.49 N) for five seconds to each composite
surface. The average of three indentations, spaced at
100-um distances from each other, at the central
irradiant spot of each LED (Figure 1) were used to
represent a single hardness value of that specific
location for a given composite specimen. The location
of the measurement area was determined using the

notches made at the peripheral locations as refer-
ence, and from those locations, a displacement of 2.6
mm toward the center of the disc was defined as the
starting point for Knoop indenter loading. The same
protocol was followed for the top and bottom
surfaces.

Statistical Analysis

Spectral outputs and radiant emittances of the LCU
with each light guide at different wavelength ranges
were compared using the Student #-test (p>0.05).
Due to the different compositions of the tested RBCs,
statistical analysis of KHN was performed separate-
ly for each material using three-way analysis of
variance (ANOVA) factors: surface (top or bottom),
light guide (HT or RT), and LED wavelength (456
nm or 409 nm) using software (SAS 9.3 for Windows,
SAS Institute, Cary, NC, USA). Microhardness
values were averaged among the three measure-
ments at each location. An exponential transforma-
tion of 1.5 was applied to obtain normality in the
hardness data. The Tukey honestly significant
difference post hoc multiple comparison test
(2=0.05) was applied to compare pairwise group
means and interactions among factors within each
RBC.

RESULTS
Spectral Irradiance and Beam Profiles

Measurements of wavelength ranges and means of
the total power output and radiant exitances of the
LED LCU using the RT and HT are presented in
Table 2. Figure 2 shows the emission spectra of the
two wavelengths of LEDs using the RT and HT light
guides. Visual inspection of the beam profiles shows
great differences in light output distribution and
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Figure 1. Schematic representation for locations of microhardness
measurements with respect to the specific LED chip that is emitting
toward the proximal light guide end and from which light is emitted at
the distal tip end (A): over the composite specimen, (B): at the output
of the regular tip, and (C): al the output of the homogenizer tip.

Figure 2. Spectral irradiance profiles (mW/cm?/nm) of the Bluephase
Style LCU using the two different types of light guide tips. RT, regular
tip; HT, homogenizer tip.

emittance between both light guides (Figures 3 and
4). Figure 3 shows that the individual LED chips
using the RT are visible and separated from one
another through the length of the light guide. The
separation among LED chips, visible at the distal
end with the light off, remains when the LCU is
turned on, demonstrating the nonuniformity of the
light output. The beam profile using the RT is
characterized by the presence of two strong areas of

emission corresponding to B1 and B2 LED chips and
a weaker emission area corresponding to V in the
unfiltered beam profile. Those areas of higher
emittance corresponded directly with the central
spot of each individual LED chip. The power
concentrations at these locations contrasts with that
of the large surrounding areas, where the presence
of emitted light was practically undetectable, even
when using filters.

When using the HT, the location of the individual
emitting LED chips is barely visible at the end of the
light guide (Figure 4). The separation between LED
chips becomes visible when the LCU is turned on,
also demonstrating an incomplete uniformity of light
output. Nevertheless, as not seen when using the
RT, the emitted blue and violet light is distributed
across most of the light-emitting distal end of the
HT. The beam profile using the HT is characterized
by the presence of two locations of strong power
emission, with a peak output of 2260 mW, corre-
sponding to B1 and B2, and a weaker emission in the
area corresponding to V. Although the high-power
locations showed a greater concentration of light in
the central spot of each 456-nm LED chip, the power
output remained relatively homogeneous across the
whole cross section of the light-emitting end of the
guide. Filtered beam profile images showed the
diffusion of energy emitted by each LED across a
wide area. The area of low power output was
practically nonexistent when using the HT.

Surface Microhardness

Table 3 presents KHN results for the conventional
composites HER and TEC. The three-way ANOVA
for HER indicated that surface (p<<0.0001), light
guide type (p<<0.0001), and wavelength (p<<0.0001)
significantly influenced the results, as well as the
double interaction between light guide type and
surface (p<<0.0001) and light guide type and wave-
length (p= 0.0002). For TEC, statistical analysis
showed that surface (p<<0.0001) and wavelength
(p<0.0001), as well as the double interaction
between light guide type and surface (p<<0.0001),
significantly influenced KHN results. However, the
type of light guide did not significantly influence the
results.

Table 4 presents KHN results for the bulk-fill
composites SOF and TBF. For SOF, the three-way
ANOVA results indicated that surface (p<<0.0001),
light guide type (p<0.0001), and wavelength
(p<<0.0001) all significantly influenced the results,
as well as the double interaction between surface
and wavelength (p=0.026). Regarding TBF, surface
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Figure 3. Images of the distal end of the regular tip when inserted into the body of the Bluephase Style LCU. (A): LED with chips off. The location of
the three LED chips can be seen through the light guide. (B): Light distribution from the LED chips across the regular tip when the LCU is on. Areas of
blue and violet light emission can be distinguished, as well as areas of lower light levels. (C): Color-coded, scaled beam power profiles of the light
emitted without using any bandpass filter. (D):Power distribution of only the violet chip using a 430-550 nm filter, and (E): Power distribution of only the
blue light, using a 350-430 nm violet spectral filter placed in front of the camera lens of the beam profiler.

Figure 4. Images of the distal end of the homogenizer tip when inserted into the body of the Bluephase Style LCU (A): LED with chips off. The
location of the three LED chips cannot be easily seen through the light guide. (B): Light distribution from the LED chips across the regular tip when the
LCU is on. Areas of blue and violet light emission can be distinguished. (C): Color-coded, scaled beam power profiles of the light emitted without using
any bandpass filter. (D): Power distribution of only the violet chip using a 430-550 nm filter, and (E): Power distribution of only the blue light, using a
350-430 nm filter placed in front of the camera lens of the beam profiler.

(p<<0.0001), light guide type (p<<0.0001), and wave-
length (p<<0.0001) significantly influenced KHN.

The bottom to top (B/T) hardness ratio of all the
tested composites with the RT and the HT are
presented in Figure 5. In general, for all the
composites, KHN was higher at the top surface (0
mm) than those obtained at the bottom (2 or 4 mm
thicknesses, according to composite type). Also, for
both types of light guides, within the same surface
(top and bottom), higher KHN was observed in areas
irradiated by B1 and B2 than in locations of the V
LED.

DISCUSSION

The first working hypothesis stating that using the
homogenizer light guide would produce differences
in the KHN of composites was partially accepted.
Except for TEC, KHN of all tested composites was
significantly affected by the homogenizer light guide.
The second working hypothesis, stating that for the
same light guide, lower wavelength light would
reduce the microhardness of composites, was also
accepted. For all the tested RBCs and type of light
guide, statistical analysis showed significant differ-
ences in KHN between locations irradiated mainly

Types of Light Guide®

Table 2: Wavelength Range, Power Output, and Radiant Emittance of the Light-curing Unit Measured When Using the Different

Wavelength Range, nm Light Guide Power Output, mW Radiant Emittance, mW/cm?
350-550 RT 635.8+1.3 A 935.0+2.1 A

HT 578.0+1.0 B 850.6+1.9B
350-430 RT 1124=1.1 A 165.8=1.8 A

HT 101.4+1.3 B 148.8+1.1 B
430-550 RT 523.01.0 A 750.2x0.4 A

HT 476.4+0.5B 683.8+1.1 B

Abbreviations: RT, regular tip; HT, homogenizer tip.

2 Different characters indicate significant difference among light guides for the same wavelength range within the same column by Student t-test (p>0.05).
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Table 3: Microhardness of Conventional Composites HER and TEC According to LED Wavelength, Surface (Top and Bottom),
and Tip Typée?
Composite LED Wavelength, nm Tip Type Surface
Top® Bottom
HER B1 (456) RT 59.1+3.3 Aa 33.9+9.6 Aa
HT 58.5+1.3 Aa 20.4+3.3 Ba
V (409) RT 47.0+x4.4 Ab 16.9+4.8 Ab
HT 50.4+2.4 Ab 14.2+2.9 Ab
B2 (456) RT 59.4+5.1 Aa 32.5+6.3 Aa
HT 57.9+2.1 Aa 19.7+2.7 Bab
TEC B1 (456) RT 51.5+4.0 Ba 46.6+4.2 Aa
HT 55.56+3.4 Aa 43.1+2.9 Aa
V (409) RT 43.5+5.5 Bb 36.0+5.7 Ab
HT 49.8+3.2 Ab 37.3+2.5 Ab
B2 (456) RT 51.7+5.0 Ba 46.3+5.9 Aa
HT 55.4+3.3 Aa 42.3+3.6 Ba
Abbreviations: LED, light-emitting diode; HER, Herculite; TEC, Tetric EvoCeram; B1, blue LED 1; V, violet LED; B2, blue LED 2; RT, regular tip; HT, homogenizer tip.
2 Statistical analysis was performed individually for each composite. Means followed by similar characters indicate no significant difference. Uppercase letters compare
microhardness within the same composite, LED, and surface, using different light guides. Lowercase letters compare LED chips within the same composite, light guide,
glr;?HSI\lIJrlzi;le?s(-} .significantly higher on the top surface of all composites within the same LED and tip.

by the 409-nm violet LED and locations receiving rials because HER and SOF are CQ-based compos-
blue light at 456 nm LED. The third hypothesis, ites, while TEC contains CQ and TPO, and TBF
stating that microhardness of composites would be contains CQ, TPO, and Ivocerin. Given that beam

profile analysis confirmed that the off-axis arrange-
ment of the LED chips in the Polywave LCU results
in a nonuniform beam, this study intended to test if
the use of an HT would compensate for the beam

higher at the top than at the bottom, was accepted
because all tested composites exhibited significantly
higher KHN at the top surface.

Four different composites were explored based on heterogeneity, or if ,despite using the HT, differences
the different photoinitiator composition of the mate- in the KHN at the measurement locations of the top
Table 4:  Microhardness of Bulk-fill Composites SOF and TBF According to LED Wavelength, Surface (Top and Bottom), and Tip

Type®
Composite LED Wavelength, nm Tip Type Surface
Top® Bottom
SOF B1 (456) RT 63.2+1.4 Aa 53.2+4.4 Aa
HT 65.8+4.8 Aa 54.6+2.2 Aa
V (409) RT 58.9+2.3 Ab 41.1+5.2 Bb
HT 61.1+2.4 Ab 47.6+x3.0 Ab
B2 (456) RT 63.4+2.6 Aa 50.6+4.5 Ba
HT 66.0+3.0 Aa 53.8+1.6 Aa
TBF B1 (456) RT 57.5+3.5 Ba 50.8+4.1 Aa
HT 62.8+4.7 Aa 52.5+4.4 Aa
V (409) RT 52.9+4.0 Bb 45.1+2.5 Ab
HT 57.2+4.8 Ab 48.5+3.0 Ab
B2 (456) RT 57.0+4.0 Ba 49.0+3.6 Ba
HT 63.6+5.5 Aa 53.9+2.9 Aa
Abbreviations: LED, light-emitting diode; SOF, SonicFill; TBF, Tetric EvoCeram Bulk Fill; B1, blue LED 1, V, violet LED; B2, blue LED 2; RT, regular tip;, HT, homogenizer
g%‘tatistical analysis was performed individually for each composite. Means followed by similar characters indicate no significant difference. Uppercase letters compare
microhardness within the same composite, LED and surface, using different light guides. Lowercase letters compare LED chips within the same composite, light guide,
gl;?Hsl\(ljgvaacse.signiﬁcant/y higher on the top surface of all composites within the same LED and tip.
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B. Bulk-fill composites Figure 5. Bottom to top hardness

ratio of the (A): tested conventional
A and (B): bulk-fill composites with

different light guide tips, according to
location of Knoop microhardness
measurement. RT, regular tip; HT,
homogenizer tip.
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and bottom surfaces of the specimens would be
observed.

An LCU should be able to adequately photo-
polymerize up to a 2-mm thickness of conventional
composites. However, the B/T hardness ratio of the
CQ-based conventional composite (HER) was below
0.6 when using either light guide. This value is below
the recommended 0.8 necessary to consider the
material adequately cured.?”*° In the current study,
the KHN of HER was higher when the RT was used,
which might be a result of the high amount of light
irradiating the composite from the center of the LED
chips,>*%%11 which matched the location of the
KHN measurements. The spectral absorption range
of CQ ranges from 425 to 490 nm, and matches the
peak emission of the blue LEDs at 456 nm, but it has
little sensitivity to violet light at 409 nm.? In our
study, the KHN of HER was higher at the top
surface and in the areas related to the output of the
blue LEDs, which could be explained by the
sensitivity of CQ to blue light and the lower
penetration of the shorter-wavelength violet
light.!%1622 These results diverge from the findings
of a previous study where the curing profile of a
conventional CQ-based composite was not influenced
by using a nonhomogeneous, multiple-peak LCU up
to a 2-mm depth.'* However, it must be considered
that the samples in that study were smaller (5X5 mm
blocks with 3-mm thickness), and they were poly-
merized using an LCU producing a beam profile,
which, despite not being completely homogeneous,
spreads light in the absorption spectrum of CQ
across most of the LCU output area.'® 37 That aspect
differs from the beam profile of the Bluephase Style
LCU with both types of light guide tips used in this
study.

The results for TEC showed that KHN was higher
at the top surface and in locations corresponding
with the positions of the blue LEDs, while the light

\J
= ® = SOF RT ==& TBF RT
w @« SOF HT «=o-=TBF HT

Hardness measurement location

guide type had no significant influence on hardness
at the bottom surface, although the HT produced a
higher KHN at the top surface at all measured
locations. Because TEC contains both CQ and TPO
photoinitiators, an improved sensitivity to violet
light was expected,'® and confirmed by the results.
Using the RT produced a B/T ratio above 0.8 at all
LED positions, and when using the HT, the B/T ratio
was between 0.78 and 0.75. As explained previously,
the higher B/T ratio observed using the RT might be
a result of the power concentration at the locations
correlated with the LED chips,?*%%!! which result-
ed in lower light dispersion through the material.
However, it was unexpected that the HT tip would
fail to reach an acceptable B/T ratio at any of the
measured locations, despite being used on a compos-
ite from the same manufacturer of the LCU, where a
high sensitivity of the photoinitiators to the LCU
emission spectrum is expected.?!'2 However, be-
cause KHN at the top surface was higher using the
HT, the increase in top surface hardness influenced
the B/T ratio calculation. Moreover, the effect of the
HT in spreading the light beam produced a higher
KHN at the top surface due to better activation of
the alternative photoinitiators,'® but the reduced
concentration of irradiance in the measured loca-
tions may reduce the amount of light that reaches
the bottom surface without dispersion, which along
with the low penetrability of violet light?? to activate
TPO at a 2-mm thickness might be responsible for
this result. The effect of a curing light on composite
resin photopolymerization highly depends on the
extent of localized emittance and the spectral
homogeneity of the light beam.'? Finally, the
manufacturer of TEC recommends a maximum
increment thickness of 1.5 mm for dentin shades,
instead of the 2 mm used in the present study; as a
result of that difference, KHN at the bottom might

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



Soto-Montero & Others: Effect of Beam Homogenization Light Tip on Composite Resin Microhardness 335

have been diminished, producing also a B/T ratio
below the recommended value.

Based on these findings, clinicians should take
care when polymerizing 2-mm-thick increments of
conventional composites using a multiwave LCU,
because the bottom surfaces may not receive suffi-
cient energy to adequately polymerize the material.
The reduced activation of photoinitiators due to
nonhomogeneity of the light beam is known,*1%2!
and therefore, it is recommended that clinicians
match the emission spectrum of their LCU to the
photoinitiator sensitivity of their chosen RBC.%%1?

Analysis of the results using bulk-fill composites
produced different findings than those of the con-
ventional composites. Microhardness of SOF was
higher at the bottom surface when using the HT in
the location of the violet and one of the blue LEDs.
Higher KHN at the top surface is an expected result
because the top surface received higher irradiance
than the bottom surface. Using both light guide
types, the B/T ratio was above 0.8 at the locations of
the blue LEDs and below 0.8 at the area of the violet
LED (0.78 with HT and 0.7 with RT). Because SOF is
a CQ-based composite, it could benefit from the
better distribution and penetration of blue light
when using the HT, especially in the area of the V
LED at the bottom of the specimen. As expected from
a bulk-fill composite, SOF obtained a near optimal B/
T ratio, despite being a CQ only based composite;
also, the manufacturer of SOF recommends a
maximum increment thickness of 5 mm, and there-
fore, a thinner increment like the one used in this
study is expected to demonstrate sufficient polymer-
ization. The obtained results of KHN for SOF could
be explained because this composite demonstrates
better light transmission®*** and higher penetrabil-
ity of blue light.1%-22:25:37

Surface microhardness measurements of TBF
showed higher KHN values on the top surface when
the HT was used, near the locations of the blue
LEDs. This composite contains CQ, TPO, and
Ivocerin photoinitiators, which means that the
material may have an improved sensitivity to light
emitted by the Polywave LCU, especially at the top
surface.!’ That assumption was confirmed by the
higher KHN values observed at the top of the
specimens when using HT because the greater light
distribution could produce greater activation of these
photoinitiators. For TBF, the beneficial effect of
using an LCU matching the spectral sensitivity of
the RBC agreed with the results of other stud-
ies®310:19 hecause the B/T ratio of TBF was above 0.8
at all the measured locations.

A previous study about depth of cure of bulk-fill
composites determined that SOF and TBF had a
satisfactory depth of cure when polymerized using a
monowave blue LED LCU.?® That result corrobo-
rates the findings of this study, where the depth of
cure of both materials was satisfactory at the
locations of the blue LEDs. Nonetheless, regarding
the effects of beam heterogeneity in bulk-fill com-
posites, results differ from those of another study
that considered the effect of beam inhomogeneity in
bulk-fill RBCs as “minor.”?® However, the authors of
that article extended the time of light exposition by
twice the manufacturer’s indication and used a high-
power setting. In addition, that work did not
measure beam profile of the LCU used, nor did it
mention the characteristics of the light guide; the
increase in the radiant exposure and irradiance
delivered to the specimen might have compensated
for the nonuniform nature of the light beam.

Comparisons between the results of conventional
and bulk-fill composites do not seem to be appropriate
because HER and TEC are conventional composites
designed to be applied with an incremental technique,
while SOF and TBF are bulk-fill composites that can
be placed and light cured in 4- to 5-mm increments,
and therefore are expected to present a greater depth
of cure than conventional composites. Thus, different
results from conventional and bulk-fill composites
may be attributed to modifications in the composition
of the latter to include more efficient photoinitiator
systems®*?° and achieve enhanced light transmission
in depth?* by matching the refractive indexes of filler
particles and the resin components to increase depth
of cure,?® as was observed in this study. An appropri-
ate resin formulation may thus enhance reactivity
and allow for greater depths of cure,?® which was
confirmed from by the B/T ratio obtained from the
KHN measurements.

Spectral emission measurements confirm that both
light guides succeed in transmitting and preserving
the emission spectrum of the LEDs in the LCU.~
436,38 In) the current study, the HT performed better
in TBF. Nevertheless, for each of the tested RBCs,
the nonhomogeneous beam profile of the Polywave
LCU, produced differences in the B/T KHN ratio
within the different measurement locations, and
therefore in the depth of cure regardless of their
photoinitiator composition and the light guide used.
This result agrees with other studies that indicate
that lack of beam homogeneity might affect polymer-
ization in restorative materials.” %1237 As a conse-
quence, the mechanical properties'®!¢3%32 and clin-
ical performance®?1%2529 of restorations placed

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



336

using less than ideal beam homogeneity might be
affected even if the top surface of the composite
appears to be adequately polymerized.!%2

Light-beam heterogeneity is therefore shown to
affect the depth of cure of composites by the fact that
almost all the tested composites (except for TBF) had
a higher B/T ratio in the location of the blue LEDs
than in the area of the violet LED. Another
important finding was that TEC and TBF showed a
higher KHN at the top surface when using the HT,
proving that a more homogeneous light beam might
be beneficial for the polymerization of superficial
composite layers as well.'® The study results confirm
the sensitivity of the microhardness test and the B/T
ratio method to detect differences among the surfac-
es of materials, and it can be described with ease,
allowing for a more exact and detailed approach to
evaluate depth of cure than other proposed tech-

niques, just as the composite scraping test used in
ISO 4049, 10,26,27,30-34

Regarding the experimental design, microhard-
ness measurements were restricted to locations of
the specimens receiving the highest irradiance from
the LCU with each light guide tip and would seem to
determine if the measured power output and radiant
emittance values would be the single factor to
influence the KHN results, which was not the case.
Future research should consider mapping micro-
hardness of the complete top and bottom surfaces of
RBCs and calculating the depth of cure in the
regions receiving the lowest irradiance with each
light guide type to determine a potential clinical
implication produced by the presence of areas
receiving very low values of light in the polymeriza-
tion of restorative composites. Also, for TEC, the less
translucent dentin shade used in this study might
influence the differences between top and bottom
KHN. If enamel or more translucent shades of RBC
were used, KHN differences between top and bottom
could have been reduced.

CONCLUSIONS

Within the limitations of the experimental design
and based on the findings of the present laboratory
study, the following conclusions can be made:

1. In general, within the bulk-fill materials tested,
use of a homogenizing tip significantly increased
KHN at the bottom of the specimens.

2. Regardless of the light guide type used, the
wavelength of the lights affected the KHN of
composites. Significantly lower KHN was ob-
served in the areas irradiated by violet light,

Operative Dentistry

except for the conventional CQ-based composite
(HER) at the bottom when the homogenizing tip
was used.

3. Regardless of the light guide type used and the
type of photoinitiator contained in the formula-
tion of RBCs, there were significant differences in
KHN between the top and bottom surfaces of
conventional and bulk-fill RBCs.

4. Using a homogenizing tip did not completely
compensate for the nonuniformity of light emitted
by a multiwave LCU because power differences
were still observed at tip locations correlated with
the fixed positions of LED chips present at the
proximal tip end. However, the homogenizing tip
showed better distribution of emittance than that
observed using a conventional light guide, as
observed for KHN obtained at the top surfaces of
TEC and TBF.
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Physical Properties of Nanohybrid
and Microhybrid Resin Composites
Subjected to an Acidic
Environment: A Laboratory Study
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Clinical Relevance

Consumption of acidic beverages does not alter the color stability nor decrease the
hardness of resin composites in comparison with nonacidic beverages. In general, the type
of materials and polishing methods are important factors in the maintenance of resin

composites.

SUMMARY

Background: This study investigated the hard-
ness and color stability of five resin composites
subjected to different polishing methods fol-
lowing immersion in distilled water or lactic
acid for up to three months.
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Methods and Materials: Three nanohybrid,
Paradigm (3M ESPE), Estelite Sigma Quick
(Tokuyama), Ice (SDI), and two microhybrid,
Filtek P60 and Filtek Z250, composites were
examined. Disc-shaped specimens (10X1.5 mm)
were prepared and immersed in distilled water
for 24 hours then polished using either silicon
carbide paper, the Shofu polishing system or
were left unpolished (control). The CIE values
and microhardness were determined using a
spectrophotometer and digital Vickers hard-
ness tester, respectively (n=10) after one, 45,
and 90 days of storage in distilled water or
lactic acid. Data were analyzed using analysis
of variance, Tukey test, and Pearson correla-
tion coefficient.

Results: Ice exhibited the greatest color
change, yet Paradigm and Filtek P60 demon-
strated the least. Overall, discoloration of
tested materials was multifactorial and the
effect of storage media depended on the mate-
rial, polishing method and time interval. The
greatest hardness was obtained for Paradigm
and the lowest for Estelite. Hardness was
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found to be significantly higher in lactic acid
after 45 days (p=0.014) and even higher after 90
days (p<0.001) compared with distilled water.

Conclusions: An acidic environment did not
adversely affect color stability or microhard-
ness of the resin composites. There was a
significantly mild reverse correlation between
hardness and color change in both storage
media.

INTRODUCTION

Resin composites are widely used as tooth-colored
restorative materials due to excellent color match
and ability to attain a highly polished surface.
However, a change in color after exposure to the
oral environment is a major reason for the replace-
ment of composite restorations.! Discoloration of
resin composites depends on the composition, sur-
face texture, storage media, mode of cure and degree
of conversion.>* The factors related to the composi-
tion consist of resin matrix polymers, filler load, size
and type, coupling agent, photoinitiator and accel-
erators.*® The operator’s liabilities such as inade-
quate light curing and improper surface finishing
and polishing can also increase discoloration.*
Furthermore, discoloration of resin composites can
occur in the oral environment due to superficial
degradation and plasticization as well as adsorption
of staining agents from food, beverages, mouthwash,
and plaque accumulation.*®

Microhardness, defined as a material’s resistance
to indentation, is one of the physical properties
associated with abrasion and wear resistance of
resin composite and may affect a material’s clinical
performance and long-term durability.”® Surface
degradation is also an important factor that
necessitates replacement of a restoration.® Other
factors likely to affect surface hardness include the
quality and technique of polishing,* material
composition, filler loading,'® and aging in various
media.'!

Previous studies have shown that the hardness
and color stability of tooth-colored restorations
change during water storage, as water acts as a
carrier for staining agents during water sorp-
tion.>1%13 In addition, water sorption can lead to
polymer degradation, which can cause porosity
within the microstructure, resulting in further
surface softening, filler loss and discoloration.'*!®
In the oral environment, surface biofilm can cause a
drop in the local pH'®1” that may accelerate surface
degradation”'® and damage the surface integrity of

Operative Dentistry

the composite, consequently leading to increased
staining susceptibility.”%'*

Previous studies have investigated the effect of
acidic beverages containing natural dyes, such as red
wine, orange juice, cola, and so forth, on the surface
hardness and discoloration of resin composites.!*1?
However, studies are lacking on the effect of organic
acids produced by bacterial flora in the oral cavity
(eg, lactic acid) on the hardness and color stability of
resin composites.’® Therefore, this study aimed to
compare the effect of lactic acid or distilled water, on
the color stability and hardness of five nanohybrid
and microhybrid resin composites subjected to
different finishing and polishing methods.

METHODS AND MATERIALS

Five resin composites (Table 1), two storage media
and three finishing and polishing methods (Table 2)
were used in this study.

Specimen Preparation

For each material, a total of 60 disc-shaped speci-
mens (10-mm diameter X 1.5-mm thick) of shade A2
were prepared. Resin composite was placed into
polyethylene molds, and the bottom and top surfaces
were covered with clear Mylar strips (KerrHawe,
Scafati, Italy) to prevent the formation of an oxygen-
inhibited layer. Two glass slides were placed over the
Mylar strips and pressed under finger pressure to
extrude any excess material. The glass slides were
removed, and the samples were polymerized from
each side according to the manufacturers’ instruc-
tions using an LED curing light (Radii plus LED;
SDI, Bayswater, Victoria, Australia) with a wave-
length of 440-480 nm and output of 1500 mW/cm?.
The specimen was separated from the mold, and the
edges were ground using wet 1000-grit silicon
carbide (SiC) paper.

The specimens were then immersed in distilled
water at 37°C for 24 hours. The specimens of each
material were randomly divided into three groups of
20. One side of two groups was polished, using either
SiC papers up to 2000 grit (Zhenjiang Xinya
Grinding Tools Co, Yangzhong City, China) or Shofu
polishing discs (Shofu Inc, Kyoto, Japan), as dis-
played in Table 2. The third group was left
unpolished after removal of the Mylar strip and
acted as the control group. As described below, each
specimen was washed and blotted dry with a paper
towel, and the baseline color measurements and
Vickers hardness test were carried out. Then,
specimens of each group were subdivided into two
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Table 1: Description of All Resin Composites Used in the Study
Resin Composite Type Manufacturer Resin Matrix Filler Content, Vol%; Lot Number
Type (Sizes)

Paradigm Nanohybrid  3M ESPE, St Paul, Bis-GMA, UDMA, BISEMA, 68; zirconia/silica (3 N557215
MN, USA PEGDMA, TEGDMA um), Na Silica (20 nm)

Filtek P60 (F P60) Microhybrid ~ 3M ESPE, St Paul, Bis-GMA, UDMA, BISEMA, 61; zirconia/silica (0.01- N511095
MN, USA 3.5 um)

Estelite Sigma Quick (ESQ) Nanohybrid  Tokuyama, Dental Bis-GMA, TEGDMA 63; SiO2, ZrO,, PFSC 158EY4
Co., Tokyo, Japan (200 nm and 0.2 pm)

Filtek Z250 (F Z250) Microhybrid ~ 3M ESPE, St Paul, Bis-GMA, UDMA, BISEMA, 60; zirconia/silica (0.19-  N450445
MN, USA 3.3 um)

Ice Nanohybrid ~ SDI, Victoria, UDMA, BISEMA, TEGDMA 61; SAS, AS (0.04-3 131192T
Australia pm,)

Abbreviations: AS, amorphous silica; Bis-EMA, bisphenol A ethylmethacrylate; Bis-GMA, bisphenol A glycidyldimethacrylate; Na, nonagglomerated; PEGDMA,

poly(ethylene glycol) dimethacrylate; PFSC, prepolymerized filler of silica composite; SAS, strontium aluminosilicate; TEGDMA, triethylene glycol dimethacrylate;

UDMA, urethane dimethacrylate.

subgroups: half were randomly immersed in distilled
water (pH=6.8), and the other half were placed into
0.01 mol/L lactic acid at pH 4 (n=10) and incubated
at 37°C for a further 45 and 90 days. The solution
was refreshed once per week and heated to 37°C
before it was placed in the specimen container.

Color Measurement

Color measurements were obtained after each period
in the liquids for each specimen using a spectropho-
tometer (Spectroshade; MHT Optic Research AG,
Zurich, Switzerland). At the completion of each
storage period (45 and 90 days), the specimens were
washed for 10 seconds and blot dried and baseline
measurements and CIE values (Lgy, ag, by) were
recorded. Finally, the color change (AE,) was
calculated based on CIE values (L,, a,, b,) using
the following formula: AE, = (AL,)? + (Aa,)? +
(Abn)2]1/2

The differences were determined as AE; (1-45
days), AE5 (45-90 days), and AE3 (1-90 days).

Measurement of the Vickers Hardness

After 24 hour immersion in distilled water and
following polishing, three randomly selected speci-
mens of each group were subjected to Vickers

hardness measurement using a digital microhard-
ness tester (SCTMC, MHV-10002, Changhai, China)
by applying a 300-g load with a dwell time of 15
seconds. Each specimen was subjected to indentation
in three different locations, and the average micro-
hardness was calculated. After 45 and 90 days of
storage in distilled water or lactic acid, the same
measurement procedures were repeated.

Statistical Analysis

The data were analyzed using SPSS software (version
18, SPSS Inc, Chicago, IL, USA). Three-way analysis
of variance (ANOVA) was performed to determine if
any interaction existed between the storage media,
polishing methods and resin composites. Due to the
significant interaction effects, subgroup analysis was
applied using Student ¢-tests, one-way ANOVA and
Tukey HSD tests. The correlation between AE and
surface microhardness was assessed using the Pear-
son correlation coefficient. A p value of <0.05 was
considered statistically significant.

RESULTS

Color Change

The effect of the three factors (polishing method,
storage medium and composite) and their interaction

Table 2:  Polishing Systems and Instructions for Use

Polishing System Manufacturer

Instruction for Use

Super-Snap Rainbow Technique Kit Shofu Inc, Kyoto, Japan
(coarse, medium, fine, extra-fine)

Each sequence applied dry with 10 strokes using low speed with 12,000
rpm and light pressure for 30 seconds

Silicon carbide paper (sequence of  Zhenjiang Xinya Grinding

Wet manual polishing in a single direction with light pressure as follows:

600, 1000, 1500, 2000 grit) Tools Co, China coarse 15 strokes, medium 30 strokes, fine 45 strokes; specimen was
washed for 10 seconds using an ultrasonic bath between paper grits
Mylar strip Dentamerica Inc, San Jose,  The surface of the resin composite was covered by a clear Mylar strip
CA, USA and glass slab before curing
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Table 3: Interactions Among the Three Factors Using Three-Way ANOVA
Interaction p-value*
Color Change Hardness
AE, AE, AE3 45d 90d

Material <0.001 <0.001 0.010 <0.001 <0.001
Method 0.358 <0.001 0.025 <0.001 <0.001
Storage media 0.028 <0.001 <0.001 <0.001 <0.001
Material X Method 0.009 0.006 0.49 <0.001 <0.001
Storage media X Method 0.024 0.141 0.015 <0.001 <0.001
Material X Storage media 0.914 0.543 0.14 0.014 <0.001
Material X Storage media X Method 0.578 0.001 0.002 <0.001 <0.001
* A p-value <0.05 was considered significant.

was studied for each storage time (Table 3). The
interaction between the combinations of factors is
shown graphically in Figure 1A.

For all storage times, regardless of the polishing
method and storage medium, there was a significant
difference between resin composites (p<<0.001). Ice
demonstrated the greatest color change, followed by
Estelite Sigma Quick (ESQ), Filtek Z250 (F Z250),
with Paradigm and Filtek P60 (F P60) showing the
least color change.
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Figure 1. Interaction plot; data means for color change AE (A) and
Vickers hardness VHN (B).

Regardless of the material and storage medium,
the comparison between polishing methods showed a
significant color change after 45 and 90 days of
storage (p<<0.001 and p=0.025, respectively). The
specimens polished using the Shofu discs revealed
the greatest color change followed by that of SiC
paper and Mylar strip. In both distilled water and
lactic acid, the effect of the polishing method used
was dependent on the material and time of storage
(Table 4).

Tables 5 and 6 show the overall means and
standard deviations for ALs, Aas, and Abs of all
polishing methods for each material in distilled
water and lactic acid. After 90 days, distilled water
immersion resulted in a visible color change
(AE>3.3) only in Ice (AE=5.09) and Estelite
(AE=6.97) when cured under the Mylar strip. All
materials showed a perceptible color change when
polished using SiC paper or Shofu. L* differences
had the greatest influence on the color change (AE)
of the specimens. Overall, L* showed a large
decrease, and a* and b* varied, showing a large
increase for some materials and a slight increase for
the remaining material. As an example, Estelite had
an increase in b* and decrease in L*, with the
specimens becoming darker “yellow.” A similar trend
of color change was observed for Estelite polished
with SiC paper in distilled water. The significant
color change of Ice polished with Shofu in distilled
water was due to a decrease in L* and an increase in
a*, with specimens becoming darker “red,” whereas
in lactic acid, this was due to only a significant
decrease of L*. Significant discoloration of most
specimens immersed in distilled water was due to a
reduction of L* rather than an increase of a* or b¥,
resulting in a darker color. Figure 2 illustrates the
main effect plot data means for color change after 90
days (AEj).
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Table 4: Mean Color Change (AE ) = SD Between Two Different Storage Media for All Materials Using Three Different Finishing
and Polishing Systems®
Material Mylar Silicon Carbide Paper Shofu
Distilled Water Lactic Acid Distilled Water Lactic Acid Distilled Water Lactic Acid

AE+4

Paradigm 1.74 = 0.93 Aa 2.03 £ 0.58 Aa 0.66 *= 0.28 Ab 1.92 = 0.93 Aa 3.79 = 0.89 ABc 3.41 = 1.61 Ac

F P60 1.04 = 0.48 Aa 2.55 = 0.67 Ab 1.31 = 0.36 Aa 2.37 £ 0.78 Ab 2.94 = 0.16 ACb 2.29 = 0.69 Ab

ESQ 1.93 = 0.53 Aa 3.38 = 0.86 Ab 3.35 £ 0.44 Bb 4.78 + 2.00 ABb 4.21 £ 0.93 ABb 295 + 1.24 Ab

F 72250 1.76 = 0.03 Aa 4.67 + 0.66 Ab 2.48 £ 1.29 Ba 3.25 + 1.18 ABb 1.41 = 0.89 Ca 2.01 £ 0.24 Aa

Ice 4.50 £ 0.99 Ba 4.89 + 1.00 Aa 5.08 = 0.28 Ba 6.33 = 1.76 Bb 5.04 + 0.65 Ba 4.50 £ 1.20 Aa
AE>

Paradigm 2.81 = 1.49 Aa 1.88 = 0.29 Aa 4.27 = 0.75 Ab 1.10 = 0.53 Aa 4.41 = 1.36 ABb 1.73 = 1.17 ABa

F P60 1.81 = 0.53 Aa 2.00 = 0.97 Aa 4.85 = 4.38 Ab 3.33 = 3.60 Ab 2.30 = 1.03 Aa 0.92 = 0.18 Aa

ESQ 6.58 + 0.82 Aa 1.85 = 0.74 Ab 3.50 = 0.90 Ac 1.83 £ 1.13 Ab 3.52 = 2.00 ABc 3.94 + 0.93 BCc

F 72250 1.58 = 0.11 Aa 2.95 = 0.68 Ab 1.70 = 0.96 Aa 3.72 =+ 1.07 Ab 7.61 £ 1.04 Bc 1.79 = 0.81 ABa

Ice 1.96 = 0.98 Aa 2.54 £ 0.44 Ab 7.43 £ 0.81 Ac 3.23 = 0.48 Ab 7.47 + 1.20 Bc 4.38 = 0.94 Cb
AE3

Paradigm 1.85 = 1.11 Aa 2.50 £ 1.40 ABa 4.44 = 0.53 Ab 1.25 = 0.04 Aa 8.11 £ 1.47 Ac 2.79 * 0.38 Aa

F P60 1.65 = 0.17 Aa 1.56 = 0.08 Aa 4.54 + 0.93 Ab 3.33 = 1.00 Ab 2.59 + 1.31 Ba 2.33 = 0.63 Aa

ESQ 6.97 = 0.98 Ba 3.30 = 1.37 ABb 6.18 = 2.21 Aa 3.93 + 1.99 ABb 6.45 + 1.66 ABa 6.81 = 1.4 Ba

F 72250 2.29 + 1.44 Aa 2.57 = 1.42 ABa 432 £ 1.15 Ab 2.30 = 1.30 Aa 8.55 = 2.28 Ac 1.54 = 0.07 Aa

Ice 5.09 = 1.40 ABa 5.93 = 1.43 Ba 9.40 = 1.58 Ab 6.65 = 0.84 Ba 7.85 * 0.45 Ab 6.52 + 1.32 Ba
2 In each column, mean values with different uppercase letters show a significant difference between the five materials (p<0.05). In each row, mean values with
different lowercase letters show a significant difference between polishing methods in two storage media.

Vickers Hardness

The effect of the three tested factors and the
interaction between these factors were significant,
as shown in Table 3. In general, hardness was found
to be significantly higher in lactic acid (p<<0.001)
compared with distilled water. With an increase in
storage time, the hardness value increased signifi-

data means for Vickers hardness values after 90
days.

Correlation Between Color Change and
Vickers Hardness

There was a weak and reverse correlation between
color change and hardness (r=—0.264, p<<0.001). The

same trend was noted for the storage media
(r=—0.282, p=0.007, and r=-0.232, p=0.028, for
distilled water and lactic acid, respectively) and the
polishing method (r=—0.288, p=0.026; r=—0.366,
p=0.004; and r=-0.397, p=0.002, for Mylar, SiC
paper, and Shofu, respectively). There was no
significant correlation between the hardness and
color change for each material when analyzed

cantly (p<<0.001), except for the specimens polished
with SiC paper, which showed a transient decrease
after 45 days followed by an increase in hardness
after 90 days. Among the resin composites, the
greatest hardness value was obtained for Paradigm
and the lowest for ESQ followed by Ice (Table 7). The
interaction between combinations of factors is shown

in Figure 1B. Figure 3 illustrates the main effect plot separately.
Table 5: Means and Standard Deviation of Aa, Ab, and AL for All Materials in Two Different Storage Media Using Three Different
Finishing and Polishing Systems After Water Immersion
Polishing Method
Mylar Silicon Carbide Paper Shofu
Aa Ab AL Aa Ab AL Aa Ab AL
Paradigm —0.07 + 055 —1.30 =0.96 —0.60+ 061 —1.70* 040 -330* 035 -237+074 -223=*038 -637*1.04 —450=*1.04
F P60 -133+025 023+075 -053*058 -183+087 —2.07*351 -250=*354 —0.97+ 0.31 027 +0.32 —2.30 = 1.47
ESQ -0.70 = 026 —4.80 + 280 -4.87 =1.80 -0.10+ 061 377 *1.65 -487 +156 170+ 095 -357*317 —4.77 +1.05
F 2250 -053 +045 -073+124 —180+147 -013+042 -210=177 -353+083 -133+029 -487+170 —6.90 * 1.59
Ice -0.87 =080 093+ 055 —487*140 -213+068 —353+*145 -843+110 -3.07+015 -063*085 —7.17+ 0.49
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Figure 2. Main effect plot; data means for color change (AE).

Figure 3. Main effect plot; data means for Vickers hardness value
(VHN).

DISCUSSION

In the oral environment, restorative materials face
an acidic challenge produced by bacterial metabo-

Operative Dentistry

lism or the consumption of acidic foods and bever-
ages. The results of the present study indicated that
after 45 days of storage in lactic acid, the color
change of the resin composites tested were signifi-
cantly greater than when stored in distilled water.
This may be explained by the direct relationship
between water sorption and discoloration of the resin
composites.®!* In a previous study, it was shown
that resin composite immersed in lactic acid had
greater sorption/solubility and diffusion coefficient.®
Conversely, our results revealed that within 90 days
of storage, the total color change in distilled water
was more pronounced. It has been confirmed that a
color difference of AE > 3.3 is the critical value for
visual perception of esthetic restorations.?%?! Our
findings showed that the color stability of only one of
the tested composites showed a color change of less
than 3.3 when stored in distilled water; however, in
lactic acid, three resin composites presented accept-
able color stability (AE<3.3).

The effect of storage media on hardness has been
investigated in previous studies, showing a greater
degree of micromorphological damage when materi-
als were immersed in an acidic medium compared
with distilled water. Organic acids can impose a
detrimental effect on wear and surface degradation
of polymeric resins and resin composites,!® which
may accelerate the degradation process and thus
reduce the life span of a restoration.'® In particular,
lactic acid has been shown to decrease the surface
hardness of resin composites.'”?? Chadwick and
others®® determined that after one year storage of
three resin composites (Occlusin, ICI Dental; P-30,
3M; and Fulfil, Caulk Dentsply) in distilled water
and lactate, the surface microhardness of all com-
posites was reduced.?® Buchalla and others®* noticed
only minor negative effects on resin-based luting
cements when stored in acidic solutions.?* In
contrast, Asmussen and others® found no signifi-
cant change in the hardness of bisphenol A diglycidyl
methacryalate (Bis-GMA)-based polymers im-
mersed in lactic acid. Similarly, Munchow and

Table 6: Means and Standard Deviations of Aa, Ab, and AL for All Materials in Two Different Storage Media Using Three
Different Finishing and Polishing Systems After Lactic Acid Immersion

Polishing Method

Mylar Silicon Carbide Paper Shofu
Aa Ab AL Aa Ab AL Aa Ab AL
Paradigm -0.53 = 0.21 —-0.40 £ 020 —-2.30 *1.65 —0.60+0.44 —0.33 = 0.98 027 + 064 —-027 =040 -257 =055 —0.93 = 0.38
F P60 —0.50 = 0.10 0.73 = 0.86 043 +162 -127*+083 -073*x232 -110x255 —-097 031 —-143+055 —-1.47*0.67
ESQ 0.07 =084 -170*125 —-250 * 1.51 0.00 =+ 131 -253*+238 -230*149 -170=*0.17 -5.07 097 —-420=*1.15
F 7250 -150+036 —-147*+090 -137*129 —-133x0.06 -057 159 —-0.37 +1.93 0.03 = 0.25 0.63 = 0.78 —1.10 = 0.70

Ice -193+015 -173x125 527127 —-220 = 0.50

-0.37 021 -623*+1.02 -177 =012 —-1.00=* 195 —6.00 * 1.31
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Table 7: Comparison of Vickers Hardness Value Between Two Different Storage Media for All Materials Using Three Different

Silicon Carbide Paper

Shofu

Distilled Water

Lactic Acid

Distilled Water

Lactic Acid

92.26 + 0.32 Aa

89.18 £ 0.21 Aa

88.1 = 0.21 Ba

84.22 + 0.59 Ba

52.47 = 0.94 Cb

54.98 = 0.92 Cb

88.88 + 1.72 Bb

86.22 + 0.30 Db

70.84 = 1.01 Db

65.15 = 0.48 Eb

87.75 + 0.83 Ab

91.44 = 0.73 Ab

92.63 + 0.42 Ab

92.17 = 0.31 Ab

86.31 £ 0.23 Ba

87.37 = 2.25 Ba

88.16 + 0.42 Ba

87.67 = 0.33 Ba

46.28 = 0.76 Ca

51.03 = 0.29 Cb

51.50 = 0.86 Cb

48.47 = 0.79 Cb

83.02 + 3.36 Da

89.54 + 2.70 Da

83.05 £ 0.75 Aa

85.54 + 3.31 Da

55.77 + 3.29 Ea

62.58 + 1.92 Eb

63.08 = 0.04 Db

64.49 + 0.60 Eb

105.29 + 2.26Ac

92.11 = 0.21 Ab

91.82 + 0.35 Ab

96.63 + 0.53 Ab

92.35 + 1.15 Aa

88.92 £ 0.45 Aa

86.12 + 0.57 Ba

91.88 = 0.70 Ba

58.39 * 0.16 Bb

58.26 + 0.42 Bb

69.29 + 0.59 Cc

64.12 = 0.38 Cb

97.96 * 0.09 Ab

97.86 + 0.54 Ab

90.89 * 0.40 Da

100.03 = 1.35 Bb

73.15 £ 049C

78.36 = 0.33C

73.82 =+ 0.33 E

84.53 + 0.16 D

2 In each column, mean values with different uppercase letters show a significant difference level in the ANOVA test between five materials (p<0.05). Data are

Finishing and Polishing Systems Analyzed by Independent t-Tests?
Material Mylar
Distilled Water Lactic Acid

Baseline

Paradigm 84.37 = 0.13 Aa

F P60 84.79 + 2.82 Aa

ESQ 43.35 + 0.08 Ba

F 2250 78.74 £ 117 Ca

Ice 52.82 * 0.41 Da
45 days

Paradigm 80.69 + 0.81 Aa 87.45 = 0.64 Ab

F P60 85.91 + 0.34 Ba 85.38 + 0.59 Ba

ESQ 41.39 + 1.08 Ca 49.51 £ 1.92 Cb

F 7250 82.36 + 2.73 Aa 82.95 + 2.31 Da

Ice 57.34 = 0.60 Da 55.35 + 0.59 Ea
90 days

Paradigm 84.16 + 0.25 Aa 93.08 = 0.17 Ab

F P60 85.66 * 0.34 Ba 85.59 + 0.32 Aa

ESQ 51.82 = 0.52 Ca 60.52 + 0.35 Bb

F 2250 83.74 = 0.53 ABa 84.06 = 0.42 Ca

Ice 65.76 = 0.40 D 56.03 + 0.19 D
represented as mean = SD

others®® reported a slight increase in the surface
hardness of Filtek Z250 when immersed in 0.02 N
lactic acid compared with distilled water. The results
of our study showed no significant difference
between distilled water and lactic acid. However,
as Table 7 presents, immersion in lactic acid caused
a slight increase in hardness dependant on the
material and polishing method.

Among the materials tested, regardless of the time
interval, polishing method, or the storage medium,
Ice had the greatest color change followed by ESQ
and F Z250, with the lowest values being observed
for F P60 and Paradigm, respectively. Ertas and
others* reported a similar finding showing less
discoloration for F P60 and F Z250 compared with
a microhybrid resin composite (Quadrant LC, Cavex)
and two nanohybrids (Filtek Supreme, 3M-ESPE;
Grandio, Voco). Since the type and compositions of
the resin matrix strongly affect the hydrophilicity, it
can play an important role in the long-term color
stability of restorations.!* As shown in Table 1, F
P60 and F Z250 contain no TEGDMA in their matrix
composition. It was acknowledged that the addition
of small amounts of TEGDMA into a Bis-GMA-based
resin composite significantly increased the water
sorption of Bis-GMA-based resins.?’

Other parameters such as the filler load, size,
distribution, and type can influence the surface
roughness, polishability, hardness, and water sorp-
tion of the resin composite.’* Although a higher
filler-resin ratio has contributed to low water
sorption and staining susceptibility of resin com-
posites,? the role of filler size, particularly when
comparing microhybrid and nanohybrid composites,
is still an ongoing controversy.?®?° It has been
indicated that during polishing procedures, voids
may be produced by the shaving off of filler
particles; hence, in nanohybrids, smaller particles
are plucked out; therefore, smaller voids are created
on the surface compared with microhybrids.3°
Consequently, it is expected that discoloration
would be lower in the composites with smaller
particles.* Topcu and others?®® in their study on the
color change of resin composites after 24 hour
immersion in eight staining solutions reported that
nanocomposite exhibited the least discoloration. In
contrast, others®>?® showed a significantly greater
discoloration for a nanohybrid (Grandio Nano,
Voco) than a microhybrid (Arabesk top, Voco). In
our study, two nanohybrids (Ice and ESQ) showed
greater color change compared with two micro-
hybrids (F P60 and F Z250) and a nanohybrid
(Paradigm). Paradigm also showed the highest
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microhardness followed by F P60 and F Z250. The
lowest color change and the highest hardness
values for Paradigm can be attributed to its higher
filler volume loading (68 vol%) compared with the
other resin composites (60-63 vol%) used in this
study. The great influence of filler loading on the
Vickers hardness of resin composites has been
acknowledged previously.?3132 Nevertheless, dis-
coloration of resin composites is multifactorial and
seems to be material dependent.

CONCLUSION

Within the limitations of this study, in comparison
with distilled water, the color stability and micro-
hardness of the resin composites were superior in
lactic acid. The hardness and color stability of two
nanohybrids (Ice and ESQ) were found to be lower
than those of microhybrids (F Z250 and F P60).
Furthermore, Paradigm, a nanohybrid with the
highest filler loading in this study, exhibited the
greatest hardness and was the second best in terms
of color stability. Using Mylar strips caused the
lowest hardness and discoloration, and the highest
discoloration was reported with the specimens using
the Shofu polishing system. The results of the
present study are valid for the laboratory conditions
used. Laboratory data may provide a perception into
clinical performance; however, a direct relationship
between laboratory and clinical performance cannot
always be assumed.
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Bioactive Materials Subjected to
Erosion/Abrasion and Their
Influence on Dental Tissues

IEL Viana ¢ Y Alania ¢ S Feitosa ¢ AB Borges * RR Braga ¢ T Scaramucci

Clinical Relevance

When restorations are needed in patients with high risk of erosive tooth wear, resin-
modified GICs may be considered an alternative. Although they are susceptible to wear
under erosion/abrasion, they are capable of reducing enamel loss adjacent to the

restorative material.

SUMMARY

Objective: The objective of this study was to
evaluate the effect of erosion or erosion-abra-
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sion on bioactive materials and adjacent enam-
el/dentin areas.

Methods and Materials: Enamel and dentin
blocks (4xX4X2 mm) were embedded side by side
in acrylic resin, and a standardized cavity
(1.2X4%x1.5 mm) was prepared between them.
Preparations were restored with the following
materials: composite resin (Filtek Z350, con-
trol); experimental composite containing di-
calcium phosphate dihydrate particles
(DCPD); Giomer (Beautifil II), high viscosity
glass ionomer cement (GIC, Fuji IX); and a
resin-modified GIC (Fuji II LC). The specimens
were submitted to two cycling models (n=10):
erosion or erosion-abrasion. The challenges
consisted of five-minute immersion in 0.3%
citric acid solution, followed by 60-minute
exposure to artificial saliva. Toothbrushing
was carried out twice daily, 30 minutes after
the first and last exposures to acid. Dental and
material surface loss (SL, in pm) were deter-
mined by optical profilometry. Data were an-
alyzed with Kruskal-Wallis and Dunn tests
(¢=0.05).

Results: Under erosion, for enamel, only the
GIC groups presented lower SL values than
7350 (p<0.001 for Fuji IX and p=0.018 for Fuji
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II LC). For dentin, none of the materials
showed significantly lower SL values than
7350 (p>0.05). For material, the GICs had
significantly higher SL values than those of
7350 (p<0.001 for Fuji IX and p=0.002 for Fuji
II LC). Under erosion-abrasion, the enamel SL
value was significantly lower around Fuji II
LC compared with the other materials
(p<0.05). No significant differences were ob-
served among groups for dentin SL (p=0.063).
The GICs and Giomer showed higher SL values
than Z350 (p<0.001 for the GICs and p=0.041
for Giomer).

Conclusion: Both GIC-based materials were
susceptible to erosive wear; however, they
promoted the lowest erosive loss of adjacent
enamel. Against erosion-abrasion, only Fuji 11
LC was able to reduce enamel loss. For dentin,
none of the materials exhibited a significant
protective effect.

INTRODUCTION

Erosive tooth wear (ETW) is a condition causing
growing concern among dental professionals.! Tissue
loss caused by ETW is usually an interplay between
acid demineralization and mechanical wear through
attrition and abrasion.? It has an estimated preva-
lence of approximately 30% in the permanent teeth
of children and adolescents.>> When in the initial
stages, ETW lesions appear as shallow defects with a
dull surface. As the process continues, concavities
and rounding of the cusps become evident. In
advanced stages, the morphology of the tooth can
be completely affected. If there are restorations
present, they look as though they have risen above
the adjacent tooth structure, resembling islands of
restorative material. This occurs because erosive
acids do not affect restorative materials in the same
way as they affect dental tissues.®”

In addition to controlling the etiologic factors and
implementing specific preventive measures,®® den-
tists may recommend the restoration of worn tissues
when there is considerable loss of tooth structure, to
protect the remaining tissues, reduce the risk of pulp
exposure, and control dentin hypersensitivity. Addi-
tional purposes of performing restorations are to re-
establish the esthetic appearance of teeth and
recover the vertical occlusal dimension.!®!! In
general, the longevity of these restorations depends
on the properties of the restorative material, includ-
ing the material’s resistance to wear, the integrity of
the tooth-restoration interface, and extent of dental
destruction.'? Frequent erosive challenges can com-

promise the mechanical properties of restorative
materials, thereby reducing their longevity.'?

Among the restorative materials available for
direct restorations, conventional or resin-modified
glass ionomer cements (GICs) and composite resins
are those most frequently used to restore erosive
lesions.'* The following are some of the beneficial
properties of GICs: their chemical bond to enamel
and dentin, coefficient of thermal expansion similar
to the tooth structure, and fluoride release.'® The
latter is an important characteristic that can reduce
the effects of erosion on the adjacent dental hard
tissues.!® However, studies have shown that this
material can undergo a higher degree of degradation
than composite resins when exposed to erosive
challenges.'314:16

The incorporation of bioactive components into
composite resins may be an advantageous alterna-
tive for restorations in patients frequently exposed to
erosive challenges, due to the release of ions that
could play a relevant role in the ETW process.
Calcium orthophosphates have been extensively
studied due to their role in the mineralization of
bones and teeth.!” Recently, the synthesis of di-
calcium phosphate dihydrate (DCPD) particles dem-
onstrated promising results in the remineralization
of carious lesions in vitro'® and in situ.'® Considering
the positive results obtained with this material, in
the context of caries disease, its possible protective
effect against erosion also deserves to be explored.

Giomers are resin-based materials containing
prereacted glass-ionomer fillers prepared by surface
reaction (S-PRG), which are capable of releasing
various ions, such as fluoride, silicate, borate, and
strontium.?° They are hybrid materials that were
developed to provide resin composites with the
cariostatic properties of GICs.2! Fluoride and stron-
tium, for example, may form an acid-resistant layer
and reinforce tooth structure by inducing the
formation of fluoride-apatite®®?® and strontium-
apatite?* complexes. Because Giomers have the
ability to neutralize acids and prevent demineral-
ization,?® they may also be an option to protect the
dental hard tissues adjacent to restorations against
erosive challenges, but this effect has not yet been
thoroughly studied.

The aim of this laboratory study was to evaluate
the effect of erosion or erosion-abrasion on fluoride-
or calcium-containing restorative materials and on
surrounding dental hard tissues (enamel and dentin)
through evaluation of surface loss (SL). The null
hypotheses were as follows: 1) restorative materials
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Table 1: Specifications of the Restorative Dental Materials Tested

Material/Group

Manufacturer/Lot Number

Composition

Microhybrid resin composite
(Filtek Z350, Shade A2B)

3M-ESPE, St Paul, MN, USA/1635100182

Bis-GMA, UDMA, bis-EMA, TEGDMA, and PEGDMA.
78 wt% (or 59 vol%) of zirconia/silica particles and
nonagglomerated silica particles

Experimental material —
(60% DCPD)

Bis-GMA, TEGDMA, CQ, EDMAB, DCPD functionalized
with DEGDMA

(Beautifil Il, Shade A20) USA/061618

Giomer Shofu Dental Corporation, San Marcos, CA,

Bis-GMA, UDMA, Bis-MPEPP, TEGDMA
83.3 wt% fluorosilicate glass

High-viscosity GIC
(Fuji IX, Shade A2)

GC Corporation, Tokyo, Japan/1610031

Polyacrylic acid, fluoroaluminosilicate glass, polybasic
carboxylic acid

RMGI GC Corporation/1611251
(Fuji Il LC, Shade A2)

2-Hydroxyethyl methacrylate, polyacrylic acid, and water;
58 wt% fluoroaluminumsilicate

triethylene glycol dimethacrylate; UDMA, urethane dimethacrylate.

Abbreviations: bis-EMA, ethoxylated bisphenol A dimethacrylate; bis-GMA, bisphenol-A glycidyl dimethacrylate; bis-MPEPP, bisphenol A polyethoxy methacrylate; CQ,
camphorquinone; DCPD, di-calcium phosphate dihydrate; EDMAB, ethyl-4-dimethylamino benzoate; PEGDMA, polyethylene glycol dimethacrylate; TEGDMA,

subjected to erosion or erosion-abrasion would show
similar SL values, and 2) surrounding enamel and
dentin SL after erosion or erosion-abrasion would
not be influenced by the restorative material.

METHODS AND MATERIALS
Study Design

This study was based on a completely randomized
design, with restorative material as the main factor,
at five levels, as described in Table 1. All the groups
were compared with the (nonbioactive material)
7350, because it does not release ions. One hundred
specimens were prepared, each one containing one
enamel and one dentin slab. Between the two slabs,
a standardized cavity was prepared and subsequent-
ly filled with one of the tested materials (n=20). The
specimens were then submitted to erosion (n=10) or
erosion-abrasion (n=10) challenges. At the end of
cycling, the SL values (in pm) of the three substrates
(enamel, dentin, and restorative material) were
determined.

Specimen Preparation

The crowns of bovine incisors were separated from
the roots using a double-side diamond disc (KG
Sorensen, Barueri, SP, Brazil). Slabs of enamel and
dentin (4X4X2 mm) were obtained from their crowns
and roots, respectively, using an automatic section-
ing machine (Isomet, Buehler, Lake Bluff, IL, USA).
A silicone mold was used to position one dentin and
one enamel slab 0.5-0.8 mm apart from each other,
and, subsequently, they were embedded in acrylic
resin (Varidur, Buehler).!®> The embedded enamel-
dentin pairs were ground flat with 240-grit paper for
five seconds, under constant cooling, to remove any
acrylic residue, randomly allocated into five exper-

imental groups according to the restorative materi-
als (n=20), and were then stored under relative
humidity condition, at 4°C.

Experimental Composite Formulation

The experimental resin-based material had an
organic phase composed of 1:1 in moles of bisphe-
nol-A glycidyl dimethacrylate (BisGMA) and tri-
ethylene glycol dimethacrylate (TEGDMA), plus 0.5
wt% of camphorquinone and ethyl-4-dimethylamino
benzoate (EDMAB, all components from Sigma—
Aldrich, St Louis, MO, USA) as photoinitiators.
The filler was composed of 60% di-calcium phosphate
dihydrate (DCPD) particles functionalized with
TEGDMA. The material was mechanically mixed
under vacuum (Speedmixer DAC 150.1 FVZ-K,
FlackTek Inc, Landrum, SC, USA) and kept under
refrigeration until two hours before use.?®

Application of Restorative Materials

A standardized cavity (1.2X4X1.5 mm) was prepared
between the enamel and dentin fragments using a
cylindrical diamond bur (2292, KG Sorensen) in a
high-speed handpiece under water cooling, by a
single trained operator.'®'* The cavity dimensions
were in accordance with the active tip of the bur. The
cavity depth (1.5 mm) was standardized by the stop
device of the bur. The cavities were filled with the
respective restorative materials, in accordance with
the different manufacturers’ recommendations.
When required, light activation was carried out
using a second-generation LED light curing unit
(Radii-cal, SDI, Bayswater, VIC, Australia), with an
irradiance of 1200 mW/cm?, which was monitored by
radiometer. The specimens were kept under relative
humidity for one week prior to testing to allow post
irradiation hardening of composite restorations and
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Enamel

Restorative material
Dentin

UPVC Tape

Figure 1. Representative image of a specimen used in the study. A
silicone mold was used to position one dentin and one enamel slab
0.5-0.8 mm apart from each other. Between the slabs, a standard
cavity was made and restored with its respective material. After
polishing, tape was placed on the specimen’s surface, leaving a
central area exposed to subsequent testing.

complete setting of the GIC restorations. Specimens
were finished and polished with Al;O3 abrasive discs
(400-, 600-, 1200-, and 4000-grit, Buehler) under
water-cooling, to ensure that the restorative materi-
al was at the same level as the enamel and dentin
fragments. This procedure allowed the specimens to
be evaluated by optical profilometry, as plain and
polished surfaces improve the accuracy and sensi-
tivity of the measurements.?” Specimens were then
sonicated for three minutes with distilled water.

The initial curvatures of the enamel, dentin, and
restorative fragments were evaluated with an optical
profilometer (Proscan 2100, Scantron, Venture Way,
Tauton, United Kingdom). Fragments with curva-
ture greater than 0.4 um and specimens with cracks
or surface defects were discarded. Unplasticized
polyvinyl chloride (UPVC)-type adhesive tape was
applied to the surface of the specimens, leaving
approximately 1 mm exposed (Figure 1). The
specimens were kept in 100% relative humidity until
the next stage of the study.

Erosion and Erosion-Abrasion Cycling

For the erosion cycling, half of the specimens of each
group (n=10) were immersed in 0.3% citric acid
solution (pH=2.6) for five minutes, followed by
immersion in artificial saliva?® (CaCly, X 2 H,0
0.213 g/L, KH,PO4 0.738 g/L, KCI 1.114 g/L, NaCl
0.381 g/L,, Tris buffer 12 g/L, pH="7) for 60 minutes.
This procedure was repeated four times a day for five
days. For erosion-abrasion cycling, the other half of
the specimens (n=10) were submitted to the same
procedures, but the specimens were also brushed in
a toothbrushing simulator (MEV-2T Odeme Equipa-
mentos Médicos e Odontologicos Ltda, Joacaba, SC,
Brazil). Brushing was performed twice a day (45
cycles/150g/15 seconds), 30 minutes after the first
and fourth erosive challenges, with a suspension of a

standard toothpaste (Colgate Total 12 Mint Clean,
Colgate-Palmolive, Sdo Bernardo do Campo, SP,
Brazil; 1450 ppm F, as NaF) and distilled water, in
a ratio of 1:3. The specimens were exposed to the
slurries for a total time of two minutes. All
procedures were conducted at room temperature
(~24°C). At the end of each cycling day, the
specimens were stored at 100% relative humidity.
The erosive solution and artificial saliva were
renewed after each exposure. At the end of the
cycling procedures, the specimens were maintained
in 100% relative humidity condition at 4°C until the
profilometric test was performed.

Surface Loss Measurements

After five days of cycling, the tape was removed from
the specimens, and an area 2 mm long (x) X 1 mm
wide (y) was scanned at the center of the substrates.
This readout covered the eroded area and the
reference areas on enamel and dentin. On the x-
axis, the step size was set to 0.01 mm and the
number of steps was 200. On the y-axis, these values
were 0.1 mm and 10, respectively. The depth of the
eroded area was calculated based on subtracting the
mean height of the test area from the mean height of
the two reference areas, using the system software
(Proscan Application software v. 2.0.17, Scantron,
Venture Way, Tauton, United Kingdom). The spec-
imens were scanned moist to avoid retraction of the
eroded dentin collagen matrix.?®

Statistics

For each model (erosion and erosion-abrasion), the
data of surface loss of enamel, dentin, and restora-
tion were analyzed independently. Considering that
the data of enamel after erosion and restorative
material after both challenges did not follow a
normal distribution, data were analyzed by the
Kruskal-Wallis and Dunn’s tests, adopting the level
of significance of 5%. Sigma Plot 13.0 software
(Systat Sotware Inc, Chicago, IL, USA) was used
for calculations.

RESULTS

The medians (interquartile intervals) of material
surface loss obtained in both erosive and erosive-
abrasive challenges are presented in Table 2. For
erosion, Fuji IX presented the highest material loss
value (p<<0.001 for Z350; p<<0.001 for Beautifil II;
and p=0.050 for DCPD), statistically similar to that
of Fuji IT LC only (p=0.727). The composite contain-
ing DCPD showed values similar to those of Fuji 11
LC (p=1.000) and to those of the commercial
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Table 2:  Medians (Interquartile Intervals) of Material
Surface Loss (in um) for Erosion and Erosion-
Abrasion Models?

Groups Erosion Erosion-Abrasion
DCPD 1.31 (0.88-1.87) BC 0.57 (0.32-1.01) 8C
7350 0.29 (0.13-0.44) ¢ 0.26 (0.19-0.35) ¢
Beautifil Il 0.34 (0.07-0.60) ¢ 1.59 (1.42-2.29) B
Fuji Il LC 2.35 (1.99-2.58) AB 2.86 (2.29-4.12) AB
Fuiji IX 16.60 (14.42-17.09) A 13.39 (11.98-15.25) A

2 Different letters in columns imply significant difference among groups
(p<0.05).

composite (p=0.066). For erosion-abrasion, Fuji IX
again presented the highest material loss (p<0.001
for Z350; p<0.001 for DCPD; and p=0.022 for
Beautifil II), with values statistically similar to
those of Fuji II LC (p=0.657). The Giomer and the
DCPD-containing composite both showed values
similar to those of Fuji II LC (p=1.000 and
p=1.000, respectively), whereas the values of the
latter were significantly higher than those of Z350
(p<0.001). The medians (interquartile intervals) of
enamel surface loss obtained in both challenge
conditions are presented in Table 3. For erosion,
the enamel adjacent to Fuji IX and Fuji IT LC showed
the lowest surface loss values (p<<0.05), without
significant difference between them (p=1.000). The
use of Beautifil II resulted in enamel loss value
similar to those of both Fuji II LC (p=0.135) and the
other two resin-based materials (p=1.000 for Z350
and p=1.000 for DCPD). For erosion-abrasion, the
enamel adjacent to Fuji II LC presented the lowest
surface loss values (p=0.001 for DCPD; p=0.009 for
Fuji IX; p=0.011 for Z350; and p=0.020 for Beautifil
II) that differed significantly from those of all the
other groups, which showed no significant differenc-
es among them (p>0.05).

The medians (interquartile intervals) of dentin
surface loss obtained in both challenge conditions

Table 3: Medians (Interquartile Intervals) of Enamel
Surface Loss (in um) Adjacent to Studied
Materials for Erosion and Erosion-Abrasion
Models?
Groups Erosion Erosion-Abrasion
DCPD 16.36 (14.22-18.12) A 10.84 (10.20-11.96) A
7350 13.95 (12.88-14.50) A 10.63 (10.13-11.36) A
Beautifil 11 13.44 (12.13-13.78) a8 10.76 (8.51-11.57) A
Fuiji Il LC 10.01 (9.26-11.10) BC 8.02 (7.23-8.81) B
Fuiji IX 9.27 (8.76-9.67) ¢ 10.54 (10.16-11.84) A
2 Different letters imply significant difference among groups, in columns
(0<0.05).

Operative Dentistry

Table 4:  Medians (Interquartile Intervals) of Dentin
Surface Loss (in um) Adjacent to Studied
Materials for Erosion and Erosion-Abrasion

Models?
Groups Erosion Erosion-Abrasion
DCPD 18.77 (18.10-22.40) A 5.85 (4.65-7.74) A
Z350 14.74 (13.34-15.80) BC 8.69 (7.56-9.49) A
Beautifil Il 16.83 (15.52-18.10) AB 7.77 (6.86-9.51) A
Fuji Il LC 12.48 (11.03-12.93) ¢ 8.63 (6.23-9.27) A
Fuji IX 12.11 (8.25-13.02) ¢ 8.85 (6.60-10.48) A

2 Different letters in columns imply significant difference among groups
(0<0.05).

are presented in Table 4. For erosion, Fuji IX and
Fuji IT LC presented the lowest SL values that did
not differ significantly from those of Z350 (p=0.886
and p=1.000, respectively), which in turn did not
differ from those of Beautifil II (p=0.858). DCPD
showed the highest SL values (p<0.001 for Fuji IX,
p<0.001 for Fuji II LC; and p=0.014 for Z350) that
did not differ from those of Beautifil II (p=0.100).
For erosion-abrasion, there were no significant
differences among the groups (p=0.063).

DISCUSSION

After analyzing the data, the first study hypothesis
was rejected, as the restorative materials did not
present a similar degree of SL after the erosive or
erosive-abrasive challenges. This result was expect-
ed, because different categories of restorative mate-
rials were tested. In agreement with previous
investigations, the GICs presented the highest SL
values after erosive cycling.!®!* This could be
explained by the dissolution of the peripheral silicate
hydrogel lattice of their glass particles.?*3! It should
be also considered that, because of their composition,
GICs are also known to have an inherent increased
solubility in aqueous medium.?? However, there
were no significant differences in surface loss
between the GICs. It was hypothesized that the acid
challenges would affect the glass ionomer portion of
the material with a higher level of intensity than it
would affect its resin component; thus, conventional
GICs would present significant higher susceptibility
to erosion than resin-modified GICs'®; however, this
was not observed in the present study. Although
there was a great numerical difference between
these groups (median and interquartile interval of
16.60 and 14.42-17.09 for Fuji IX and 2.35 and 1.99-
2.58 for Fuji II LC, respectively), a significant
difference could not be detected with the nonpara-
metric approach used.
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Although studies have suggested that composites
could also be affected by erosive challenges, which
would degrade the resin matrix or the silane-
coupling agent, resulting in the loss of filler
particles,?®3* the composite Z350 was only minimal-
ly impacted by the acid challenges, also in agreement
with previous investigations.'®!%3% Although the
surface loss from DCPD did not significantly differ
from that of Z350, it also did not differ from that of
Fuji IT LC, probably due to the absence of reinforcing
particles and the higher solubility of DCPD in acidic
environments.?® The Giomer exhibited similar be-
havior to that of Z350 under erosion. This could be
attributed to high filler content (78% wt and 83.3%
wt of Z350 and Giomer, respectively), whereas, for
resin-based materials, a linear relationship between
wear resistance by acids and the filler volume has
previously been observed.?? In addition, the authors
could suggest that the buffering capacity promoted
by the ions released by the S-PRG fillers of Giomer?®
reduced the effect of the acid on the material.
However, a previous study observed that the Giomer
has higher susceptibility to reduction in hardness
under citric acid challenge than a microhybrid
composite resin with nanoparticles has.®” The au-
thors related this fact to the type of filler in the
Giomer—alumino-fluoro-borosilicate glass, which
was found to be more susceptible to degradation by
weak acids than the zirconia-silicate filler of the
composite. These different results could be explained
by the lower contact time with the acid in the present
study when compared with the seven days of acid
exposure of this previously cited investigation, which
might have reduced the effect of the acid on the
Giomer. Furthermore, in our study, the impact of the
acid on the materials was evaluated by means of
surface loss and not hardness; therefore, to clearly
see some effect, a prolonged exposure time would be
required.

In the erosion-abrasion model, Fuji IX again
underwent the highest level of wear, but it was no
different from Fuji II LC and Giomer. It could be
hypothesized that the citric acid negatively affected
the hardness of Giomer, leaving the material more
vulnerable to the mechanical action of toothbrush-
ing.®® For the composites, it was shown that
prolonged toothbrushing could result in the wear of
the polymeric matrix and the loosening of the filler
particles.?® Nevertheless, when considering only a
few brushing cycles, as was the case of the present
study, this should not be an issue.*®

The restorative materials selected for this study
contained either fluoride or calcium phosphate in

their formulations. These are relevant compounds
for caries prevention, which may also positively act
on the dental erosion process. Fluoride products can
induce the formation of fluor-hydroxyapatite (a less
soluble mineral) and the precipitation of CaFs-like
compounds, which will protect the underlying dental
tissues against erosive acids and serve as a fluoride
deposit.*’ Additionally, fluoride has the ability to
form a nonspecific adsorbed fluoride phase over
hydroxyapatite,*> which can make this ion readily
available to influence demineralization and remin-
eralization.*®> However, it is questionable whether
fluoride-releasing materials would induce the pre-
cipitation of CaFs-like material, due to their low
amount of fluoride release.***5 Moreover, it should
be taken into account that remineralization is a
limited process in dental erosion, most probably
confined to the softened eroded layer.*® Calcium
phosphates can promote tooth remineralization,
acting as an external source of calcium and phos-
phate ions, which will deposit in the empty spaces of
the demineralized structure, resulting in mineral
gain.*’ In the context of erosion, the presence of
these ions in the tooth surroundings at the time of
the acid challenge could potentially contribute to
reducing the demineralization rate.

The resin-modified glass ionomer cement Fuji II
LC was the only material able to protect the enamel
adjacent to the restorations against the erosive and
erosive-abrasive challenges; therefore, the second
null hypothesis of this study was also rejected.
Although fluoride release from the materials were
not evaluated in the present investigation, based on
a previous report, this result could be related to the
higher quantity of fluoride release of Fuji II LC when
compared with the other materials.** Studies have
stated that fluoride release was affected by the
formulation, solubility, and porosity of the material.
The resin-modified GICs showed an initial burst of
fluoride release, which was possibly induced by a
superficial rinsing effect. During the subsequent
days, the fluoride release was lower and attributed
to its ability to diffuse through the cement pores and
cracks.*® The hydroxyethylmethacrylate (HEMA)
present in the resin-modified GICs composition is
thought to slowly absorb water and allow the
diffusion of fluoride.*® This result is in agreement
with a previous investigation, in which not only the
resin-modified GIC, but also a high viscosity GIC,
was able to reduce enamel loss by erosion in the
areas adjacent to the restoration.'® Nevertheless, the
aggressiveness of the erosive challenges must also be
considered, because with lower exposure to the acidic
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solution, no protective effect on enamel adjacent to
resin-modified GICs could be observed.?® This could
be related to correlation between the ability of GICs
to release fluoride and the acid erosion.’’ The
fluoride release of Giomer was observed to be lower
than that of other fluoride-containing materials,
such as Fuji II LC, with no effect of initial burst of
fluoride release.** This may justify the lack of
erosion or erosion-abrasion protection provided by
the Giomer.

Unlike the results obtained for dental caries, in
which a DCPD-containing experimental composite
was able to provide protection in the surroundings of
the restoration, resulting in enamel remineraliza-
tion,'® no significant effect against erosive wear was
observed in the present investigation. Although in
erosion, rehardening is a process limited to the
softened layer,?® we hypothesized that the release of
these ions would help to improve the mineral gain of
the enamel and dentin surface after each erosive
episode, which would result in a lower surface loss in
the end of cycling. Additionally, and more impor-
tantly, these ions would also act during the erosive
challenge, by increasing the saturation in relation to
tooth minerals in the tooth surroundings, thereby
reducing demineralization. Nevertheless, the results
suggested that the experimental composite had
insufficient calcium release for producing this type
of effect.

None of the materials showed a protective effect on
dentin, which may be explained by the high
aggressiveness of the erosive challenges used; this
was in agreement with the outcomes of a previous
report.>® It should be noted that significant protec-
tion against dentin erosion was observed at the
margins of GIC restorations when milder erosive
challenges were used.'®

Unexpectedly, the surface loss values for enamel
and dentin were not higher under erosion-abrasion
condition compared with erosion only.’* Although
the data from both challenges were not compared
(because they were independent experiments), this
could be attributed to the use of fluoridated tooth-
paste during toothbrushing, which may have offered
some protection against erosive wear.’® It has also to
be taken into account that in the erosion-abrasion
condition, the presence of fluoride in the toothpaste
may have masked the effect of the nonactive
material Z350, by providing it with a false protective
action. One option to avoid this issue would be to
perform the brushing with a nonfluoridated denti-
frice. However, this would not be a realistic repre-
sentation of what happens in the clinic, as the use of
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fluoride toothpastes is recommended from the time
that the first deciduous tooth erupts. It should be
mentioned that, as other erosion-abrasion studies,
specimens from bovine teeth were used as replace-
ment for human teeth.'®?3%% Although there are
some reported structural differences between sub-
strates,®” it was concluded that the use of bovine
teeth is acceptable, especially for the comparison of
the relative effect of agents or materials.’® Another
point is the use of optical profilometry to measure
surface loss from eroded dentin without the removal
of the organic matrix. Although the presence of the
organic matrix could interfere with the readings,
care was taken to perform the readings in standard-
ized moist conditions, thus avoiding its shrinkage.?’

Ideally, restorative materials should be able to
withstand all adverse conditions present at the oral
environment, such as acid challenges, brushing and
masticatory forces, increasing the longevity of the
restoration. In patients with erosive wear, if the
implementation of preventive measures is not estab-
lished, the progression of the lesion is more likely to
occur. Hence, for these patients, the search for a
material that can protect the dental tissues at the
vicinity of the restoration and, at the same time, be
resistant to constant chemical and mechanical
challenges is desirable. Despite the greater surface
loss under the challenges and the lower mechanical
resistance than composites,?*¢® Fuji II LC presented
promising results regarding the protection of sub-
strates in both proposed models. This material can
thus be used in a temporary restoration, during the
transitional period in which the patient is changing
his/her habits or treating a medical condition. Later
on, replacement with a resin composite could be
performed, because this material was more resistant
to surface wear.

CONCLUSIONS

According to the findings of this laboratory study, it
was concluded that the resin-modified GIC (Fuji II
LC) was the restorative material associated with the
lowest loss of adjacent enamel due to erosion and
erosion-abrasion challenges. However, it was one of
the materials that underwent higher surface loss in
the face of both challenges. For dentin, none of the
materials exhibited a significant protective effect.
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Do Tooth- and Cavity-related
Aspects of Noncarious Cervical
Lesions Affect the Retention of

Resin Composite Restorations in
Adults? A Systematic Review and
Meta-analysis
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Clinical Relevance

Recognizing the effects related to the teeth and cavities of NCCLs that are relevant to the
success of the restoration is important, as clinicians must be aware of them during the

procedure and follow-up of the patients.

SUMMARY

Purpose: The purpose was to perform a sys-
tematic review and meta-analysis based on the
following research question: do tooth- and
cavity-related aspects of noncarious cervical
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lesions (NCCLs) affect the retention of com-
posite restorations?

Methods: Randomized clinical trials (RCTs)
that evaluated the retention rate of resin
restorations in NCCLs were included for the
identification and comparison of their charac-
teristics. The search was conducted in PubMed
and adapted for Scopus, Web of Science, Latin
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American and Caribbean Health Sciences Lit-
erature database (LILACS), Brazilian Library
in Dentistry (BBO), Cochrane Library, and
System for Information on Grey Literature in
Europe (SIGLE) without restrictions until July
2018. Unpublished and ongoing trial registries
were also searched. The Cochrane Collabora-
tion tool was used for assessing risk of bias.
The quality of the evidence was graded using
the Grading of Recommendations: Assessment,
Development and Evaluation. Using the ran-
dom effects model, a meta-analysis was con-
ducted for each aspect (arch distribution,
tooth location, wear facets, dentin sclerosis,
shape, size, depth, occluso-gingival distance,
and margin location).

Results: We retrieved 6738 articles. After re-
moval of duplicates and nonrelevant articles,
24 RCTs remained. The anterior tooth location
favored the retention rates of restoration of
NCClLs (relative risk [RR], 1.08; 95% confidence
interval [CI], 1.00-1.16). The presence of wear
facets is a risk factor for the retention of
restorations (RR, 0.91; 95% CI, 0.83-0.99). The
evidence was moderate for arch distribution
and low or very low for all other factors
because of heterogeneity, imprecision, and
inconsistency.

Conclusion: The tooth location and the pres-
ence of wear facets can affect the retention of
composite resins in NCCLs.

INTRODUCTION

Noncarious cervical lesions (NCCLs) are commonly
observed in clinical dental practice and are charac-
terized by the cervical loss of hard dental tissue, with
no occurrence of dental caries or trauma. They may
be superficial or deep and can present as extensive
defects with various shapes.! The etiology of NCCLs
has been described as multifactorial, resulting from
the combination of different processes, including
stress (abfraction), friction (abrasion), and biocorro-
sion (chemical, biochemical, and electrochemical
degradation).?* Initially, NCCLs develop in enamel
with slow progression into dentin, leading to gradual
dentin sclerosis.® Sclerosis occurs as a response to
low intensity and chronic stimuli from physiologic
aging, which is a characteristic consistent with the
more frequent occurrence of NCCLs in an elderly
population.5®

NCCLs are often restored to treat dental hyper-
sensitivity, to improve esthetics, and to prevent

further loss of dental tissues.”'® However, NCCL
restorations have a high index of failure, resulting
from loss of retention, secondary caries, marginal
discoloration, and marginal adaptation, compromis-
ing the longevity of the restorative treatment.’!!
Problems with NCCL restorations include nonreten-
tive characteristics and the location of lesion mar-
gins in dentin or cementum, as well as the presence
of dentin sclerosis, which compromises the adhesive
process.lo’lz'14

Approaches to improving the clinical performance
of NCCL restorations, focusing mainly on restorative
materials and dentin substrate treatment, have been
described.!*2! Although these findings are promis-
ing, cavity geometry (shape and size) has been
reported to play an important role in the longevity
of NCCL restorations.??225 Also, dentin sclerosis,?’
tooth location,?%?” and the presence of wear facets®
have been reported to be relevant to the retention of
NCCL restorations. Others?®?° have reported that
these factors do not influence retention. Therefore,
because of the inconsistent results available, a
systematic review was conducted with the focused
question: Do tooth- and cavity-related aspects of
NCCLs affect the retention of resin composite
restorations in adults?

METHODS
Protocol and Registration

The study protocol was registered at the PROSPERO
database (www.crd.york.ac.uk/PROSPERO) under
the number CRD42016039569 and followed the
recommendations of the PRISMA statement for
reporting the present systematic review.>°

Eligibility Criteria

The research question was as follows: do tooth-
and cavity-related aspects of noncarious cervical
lesions affect the retention of resin composite
restorations? Randomized clinical trials (RCTs)
that evaluated the retention rate (follow-up period
of at least two years) of resin composite restora-
tions in participants with NCCLs were included
for the identification and comparison of their
characteristics. Eligible studies reported one or
more of the following factors in relation to
restoration retention rate: 1) arch distribution; 2)
tooth location; 3) wear facets; 4) dentin sclerosis;
5) shape; 6) size; 7) depth; 8) occluso-gingival
distance; and 9) margin location. Non-RCTs,
observational studies, case reports, reviews, and
in vitro studies were excluded.
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Table 1:  Electronic Database and Search Strategy (5 December 2016, Updated in July 2018)

PUBMED

OR Class V [Title/Abstract])))

(((((((((((((Dental Restoration, Permanent{MeSH Terms]) OR Restoration*[Title/Abstract]) OR Dental Filling*[Title/Abstract]) OR Composite
Resins[MeSH Terms]) OR Composite Resin*[Title/Abstract]) OR Resin composite*[Title/Abstract]))))) AND ((((((((((((((((((Tooth abrasion[Title/
Abstract]) OR Tooth Cervix(MeSH Terms]) OR Cementoenamel Junction*[Title/Abstract]) OR CEJ[Title/Abstract]) OR Tooth Erosion*[Title/
Abstract]) OR Dental Erosion[Title/Abstract]) OR Tooth Wear[MeSH Terms]) OR Tooth Wear[Title/Abstract]) OR Cervical lesion*[Title/Abstract])

Scopus

TITLE-ABS-KEY (“Tooth abrasion” OR “Tooth Cervix” OR “Cementoenamel Junction” OR CEJ OR “Tooth Erosion” OR “Dental Erosion” OR
“Tooth Wear” OR “Dental Wear” OR “Cervical lesion” OR “Class V”) AND (restoration OR “Dental Filling” OR “Composite Resin” OR “Resin
composite”) AND (LIMIT-TO (DOCTYPE, “ar’) OR LIMIT-TO (DOCTYPE, “re”)) AND (LIMIT-TO (SUBJAREA, “DENT”))

Web of Science

Wear” OR “Dental Wear” OR “Cervical lesion” OR “Class V”)

#1 AND #2

#1 TS= (“Tooth abrasion” OR “Tooth Cervix” OR “Cementoenamel Junction” OR CEJ OR “Tooth Erosion” OR “Dental Erosion” OR “Tooth

#2 TS= (restoration OR “Dental Filling” OR “Composite Resin” OR “Resin composite”)

LILACS and BBO

(MH:" tooth abrasion” or MH: “Tooth cervix” or MH: “tooth erosion” or “erosdo dentaria” or MH: “tooth wear” or “desgaste dentario”) and
(MH: “Dental Restoration, permanent” or MH: “Composite resins” or “resinas compostas” or compdsitos)

Cochrane Library

#1 “Tooth abrasion"

#2 MeSH descriptor: [Tooth Cervix] explode all trees
#3 “Cementoenamel Junction” or CEJ

#4 #2 or #3

#5 “Tooth Erosion"

#7 #1 or #4 or #5 or #6

#9 Restoration* or “Dental Fillings"
#10 #8 or #9
#11 MeSH descriptor: [Composite Resins] explode all trees

#13 #11 or #12
#14 #10 or #13
#15 #7 and #14

#6 “Cervical lesion” or “cervical lesions” or “Noncarious lesions” or “Class V” or NCCL

#8 MeSH descriptor: [Dental Restoration, Permanent] explode all trees

#12 “Composite Resin” or “Composite Resins” or “Resin composite” or “Resin composites"

Information Sources and Search Strategy

To define the search strategy, a preliminary search
for studies was conducted using some specific key-
words on the characteristics of NCCLs (shape,
depth). However, the search did not retrieve relevant
results. Therefore, we decided to use terms related to
lesions in general and restoration with resin com-
posite. Information on aspects of interest was only
determined during the full-text reading of the
studies.

The search strategy was conducted using multiple
combinations of MeSH terms and free keywords
(Table 1). An electronic search was performed in
MEDLINE via PubMed, citation databases (Scopus
and Web of Science), Latin American and Caribbean
Health Sciences Literature database (LILACS),
Brazilian Library in Dentistry (BBO), Cochrane
Library, and ongoing trial databases, including
ClinicalTrials.gov (www.clinicaltrials.gov) and
ReBEC (The Brazilian Clinical Trials Registry;

www.rebec.gov.br). The non-peer-reviewed
literature was searched using the database System
for Information on Grey Literature in Europe
(SIGLE). Additionally, the reference lists of the
included studies were checked to identify possible
relevant studies. An expert librarian (DM)
supervised the search strategy. No restrictions
were placed on the publication date or language.
The search strategy was appropriately modified for
each database to identify eligible studies.

A “Search Alert” with the search strategy in the
PubMed, Scopus, Web of Science databases, and
Cochrane Library was created, and the search was
updated weekly until July 2018.

Study Selection and Data Collection Process

The studies were selected by title and abstract
according to the described search strategy (Table
1). Articles that appeared in more than one database
were considered only once. Full-text articles were
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also obtained when the title and abstract contained
insufficient information for a clear decision. The
search in the Cochrane Library retrieved some
abstracts from conferences. The authors were con-
tacted for further information about the publication
of the entire study. Subsequently, two reviewers
classified those that met the inclusion criteria. Each
eligible article received a study identification num-
ber, which combined the first author name and year
of publication.

Relevant information about the study design,
participants, number of treated teeth, follow-up
time, dropouts, and factors reported were extracted
independently using customized extraction forms by
two authors (Table 2); in cases of disagreement, a
decision was reached by consensus.

When multiple reports of the same study (eg,
reports with different follow-up times) were found,
the study with the highest long-term follow-up time
was included for data extraction. When more than
one resin composite or adhesive was included in the
study, their values were combined to make a single
entry. Three attempts to contact the authors by e-
mail were made when data not described in the
articles were necessary.

Regarding the retention rate, we collected data
from the studies and grouped them according to the
factors reported: arch distribution, tooth location,
wear facets, dentin sclerosis, shape, size, depth,
occluso-gingival distance, and margin location.

Risk of Bias in Individual Studies

Two independent reviewers performed the quality
assessment of the included studies using the
Cochrane Collaboration tool for assessing risk of
bias in randomized trials.*” During data selection
and quality assessment, any disagreements be-
tween the reviewers were solved through discussion

and, if needed, consultation with a third reviewer
(LCM).

The risk of bias of each domain was classified
following the recommendations of the Cochrane
Handbook for Systematic Reviews of Interventions
5.1.0 (http:/handbook.cochrane.org). The criteria for
judging risk of bias covers six items: selection bias
(sequence generation and allocation concealment),
detection bias (blinding of outcome assessment),
attrition bias (incomplete outcome data), reporting
bias (selective reporting), and other sources of bias.*”
The studies were classified as having low, high, or
unclear risk of bias.*

Data Synthesis and Statistical Analysis

According to tooth- and cavity-related aspects of
NCCLs, the data analyzed were dichotomized, as
shown in Table 3. The extracted data were analyzed
using the R statistical language R Studio (version
3.4.4; Studio Team, Boston, MA, USA).

Differences observed between the groups were
expressed as pooled relative risk (RR), with 95%
confidence interval (CI). The retention rate for each
tooth- and cavity-related aspect of NCCLs was
evaluated with an intention-to-treat protocol. When
not reported in the article, the retention rate was
calculated according to intention-to-treat. The factor
effect on the defined outcome measurement was
calculated from the study data using the random-
effects model. Statistical heterogeneity of the treat-
ment effects among studies was assessed using the
Cochran Q test and the inconsistency I? test, in
which values greater than 50% were considered
indicative of substantial heterogeneity.*’ No sub-
group analyses were performed.

Publication Bias

We assessed publication bias using funnel plot
techniques and, given the known limitations of these
methods, the Egger regression test as appropriate.®%°3

Certainty of Evidence

The quality of the evidence was graded for each
outcome across studies (certainty of evidence) using
the Grading of Recommendations: Assessment, Devel-
opment and Evaluation (GRADE; http:/www.
gradeworkinggroup.org/) to determine the overall
strength of the evidence for each meta-analysis.’® For
RCTs, the GRADE approach addresses five possible
reasons (risk of bias, imprecision, inconsistency,
indirectness of evidence, and publication bias) to
downgrade the quality of the evidence (one or two
levels). Each domain was assessed as having no
limitation, serious limitations, or very serious
limitations to categorize the quality of the evidence
as high, moderate, low, or very low. The GRADEpro
Guideline Development Tool, available online (https://
gradepro.org/), was used to create a Summary of
Findings table.

RESULTS
Study Selection

The search in the databases led to 6738 articles
(Figure 1). After the removal of duplicates, 3715
results remained. By screening title and abstract,
articles not related to the topic of this systematic
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Table 2: Data Extraction From Selected Studies

Study ID Evaluation Split- Number Subijects’ Number
Criteria Mouth of Subjects Age Mean of Teeth
[range] (y)
Abdalla and Sayed 20086 Modified USPHS Yes 42 n.r. [35-65] 125
Aw and others 2005°" Modified USPHS Yes 57 51 [29-75] 171
Celik and others 2007'® Modified USPHS No 37 n.r. [29-67] 252
Dal’Orologio and others 20102 Modified USPHS No 50 46 [30-52] 150
Dal’'Orologio and Lorenzi 201432 Modified USPHS No 50 n.r. [21-66] 150
Fagundes and others 2014° Modified USPHS No 30 n.r. [18-50] 35
Hafer and others 20158 FDI Yes 40 46.7 [18-66] 110
Hoérsted-Bindslev and others 199634 USPHS Yes 26 47 [n.r] 80
Karaman and others 2012%° Modified USPHS Yes 21 60 [48-70] 134
Kubo and others 2006%° Modified USPHS Yes 8 61.3 [45-78] 72
Kubo and others 2010% Modified USPHS No 22 61.9 [29-78] 98
Loguercio and others 2015% Modified USPHS and FDI No 39 n.r. [20-n.r.] 200
Oginni and Adelek 2014%° Modified USPHS No 89 46 [29-76] 287
Ozgiinaltay and Onen 200238 Modified USPHS Yes 24 n.r. [40-65] 48
Sartori and others 2013°%° Modified USPHS Yes 20 46.7 [33-64] 70
Torres and others 20144° Modified USPHS Yes 30 40.70 [21-60] 138
Tuncer and others 2013*! Modified USPHS No 24 58 [38-73] 123
Tuncer and others 201742 Modified USPHS Yes 20 58.9 [27-83] 97
van Dijken 2004*? Modified USPHS No 90 58 [46-72] 144
van Dijken 2005% Modified USPHS Yes 35 58 [34-84] 73
van Dijken 2010*® Modified USPHS Yes 72 60.1 [42-84] 119
van Dijken 2013"7 Modified USPHS Yes 67 64.7 [39-84] 169
Van Meerbeek and others 199327 Vanherlemethod No 35 n.r. [n.r.] 132
Zanatta and others 20194 FDI No 34 n.r. [21-n.r.] 152

Abbreviations: ER, etch-and-rinse adhesive; FC, flowable compomer; FO: flowable ormocer; ID, identification; n.r., not reported; PAMR, poly-acid modified resin
composite; RMGI, resin-modified glass-ionomer adhesive; SE, self-etch adhesive.
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Table 2: Data Extraction From Selected Studies (ext.)

Study ID Mechanical Adhesive Follow-up Aspect Dropouts at
Preparation systems/Composite Time Follow-up
Resin (y) (%)
Abdalla and Sayed Dentin walls were SE/microhybrid 2 Arch distribution; tooth location 15
20081® roughened
Aw and others 2005°" Enamel beveling (0.5-1 ER/microhybrid and 3 Arch distribution; tooth location; 15
mm) microfill wear facets; dentin sclerosis;
depth
Celik and others 2007'®  No ER/FO, FC, flowable and 2 Arch distribution; tooth location 31.75
microhybrid
Dall'Orologio and others  Dentin roughening and SE and ER/microhybrid 7 Dentin sclerosis; depth; margin 16
2010% enamel beveling (1 mm) location
Dall'Orologio and Lorenzi Dentin roughening and ER/nano-ceramic and 8 Dentin sclerosis; shape; margin 20
20143 enamel beveling (1 mm)  microhybrid location
Fagundes and others No ER/hybrid 7 Arch distribution; tooth location 28.57
20149
Hafer and others 2015'®  Hypermineralized dentin SE and ER/nano-hybrid 3 Arch distribution; tooth location; 25.45
and the marginal enamel depth
were prepared
Horsted-Bindslev and No ER/hybrid 3 Arch distribution; tooth location 12.5
others 1996
Karaman and others No SE/nano-hybrid 2 Arch distribution; tooth location 0
2012%°
Kubo and others 2006%°  Most of the enamel and SE and ER/microhybrid 5 Arch distribution; tooth location 0
dentin walls were lightly
roughened + enamel
beveling (n.r.)
Kubo and others 2010  Dentin roughening and SE/flowable and 3 Arch distribution; depth; size 0
enamel beveling (1 mm) microhybrid
Loguercio and others No SE and ER/nandfilled 3 Arch distribution; tooth location; 12.82
2015%7 wear facets; dentin sclerosis;
shape; occluso-gingival distance
Oginni and Adelek 2014%® No ER/microhybrid 2 Arch distribution; tooth location; 34.14
wear facets
Ozgiinaltay and Onen Enamel beveling (1 mm) ER/microhybrid 3 Arch distribution 16.67
2002%
Sartori and others 2013%° n.r. ER/Nandfilled 3 Tooth location; wear facets; 28.57
dentin sclerosis; shape; occluso-
gingival distance
Torres and others 2014*° n.r. ER/microfilled 5 Arch distribution; tooth location; 231
wear facets; dentin sclerosis;
shape; depth; occluso-gingival
distance
Tuncer and others 2013*' No SE and ER/nanohybrid 2 Arch distribution; tooth location 0
Tuncer and others 201742 No ER/microhybrid 2 Arch distribution; tooth location 12.37
van Dijken 2004*® Part of the lesions were SE and ER/microhybrid 2 Depth; dentin sclerosis 1.4
lightly roughened and hybrid
van Dijken 2005* Part of the lesions were RMGil/hybrid and PAMR 6 Dentin sclerosis; depth 8.2
slightly roughened
van Dijken 2010%° Part of the lesions were SE and ER/hybrid 8 Dentin sclerosis; depth; size 5.88
roughened
van Dijken 2013"7 Lesions were slightly SE and ER/microhybrid 5 Arch distribution; tooth location; 5.92
roughened dentin sclerosis; depth; size
Van Meerbeek and Part of the lesions had the SE and ER/hybrid 2 Arch distribution; toth location 3.78
others 1993%” bevelled enamel
Zanatta and others No SE and ER/nanofilled 2 Arch distribution; tooth location; 12.5

20194

dentin sclerosis; occluso-gingival
distance
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Table 3: Dichotomy of Results According to the Evaluation Criteria of the Studies

Study Aspect
Arch Distribution
Maxillary Mandibular
Abdalla and Sayed 2008'%; Aw and others 2005%'; Celik and others 2007'®; Maxillary Mandibular
Ozgiinaltay and Onen 200238
Hafer and others 2015'8; Karaman and others 20122%; Kubo and others 2006>5; Maxilla Mandible
Kubo and others 2010%; Oginni and Adelek 20142%; Tuncer and others 2013*";
Tuncer and others 20174?; van Dijken 20137
Fagundes and others 2014'%; Hérsted-Bindslev and others 1996 Upper Lower
Tooth Location
Anterior Posterior
Abdalla and Sayed 20086 Anterior Premolar

Aw and others 2005

Central incisors; lateral
incisors; canines

First premolars; second
premolars; first molars

Celik and others 2007'%; Karaman and others 20122°

Anterior Posterior

van Dijken 2013"7

Incisor/cuspidate Premolar; molar

Fagundes and others 2014'%; Kubo and others 2006°°%; Van Meerbeek and
others 1993%”

Incisor; canine Premolar; molar

Oginni and Adelek 201426 Anterior Premolars; molars
Tuncer and others 2013*'; Tuncer and others 2017%2 Anterior (central, lateral Posterior (premolar and
and canine) molar)

Wear Facets
With Wear Facets Without Wear facets

Aw and others 2005

Present Absent

Oginni and Adeleke 2014%°

With Without

Dentin Sclerosis
Dentin Sclerosis No Dentin Sclerosis

Aw and others 2005°%'2

Mild; moderate; heavy None

Zanatta and others 2019*¢; Dall’Orologio and others 2010%%; Loguercio and
others 2015%7; Sartori and others 2013%°°

2;3;4 1

Dall'Orologio and Lorenzi 20143 Moderate; severe No evidence
van Dijken 2004%; van Dijken 2005*; van Dijken 2010*; van Dijken 2013'7¢ <50%; >50% None
Torres and others 201449 Slightly; moderately; No

severely

Shape

Wedge Saucer
Aw and others 2005%' <45; 45-90 90-135; >135
Zanatta and others 2019%° <90 90-135; >135
Sartori and others 2013°%° V shaped U shaped

Size

Small/Moderate Large
van Dijken 2010%° Small; moderate Deep
van Dijken 2013"7 Small; medium Large

review were excluded. Thus, 235 articles were
assessed to verify their eligibility. Among them, 211
were excluded for the following reasons: 1) the study
did not report factors related to NCCLs; 2) the study
did not compare the factors in the results; 3) they were
conference meeting abstracts without full-text publi-
cation; 4) the study tested resin composite and other
material, but the factors related to NCCLs were not

presented for each material; 5) the study reported on
lesions with the same characteristics; and 6) a study
with longer-term follow-up was selected.

Study Characteristics

The characteristics of the 24 selected studies are
listed in Table 2. The split-mouth study design was
used in most of the studies. The number of
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Table 3: Dichotomy of Results According to the Evaluation Criteria of the Studies (cont.)

Study Depth
Shallow/Moderate Deep
Aw and others 2005’ 1-2 mm 2-3; 3-4; >4 mm

Zanatta and others 20194¢ Flat (1-1.5 mm); medium Deep (> 2 mm)
(1.5-2 mm)

Dall'Orologio and others 2010°2 1-2 mm >2 <3; 3 mm

van Dijken 2010%° Shallow; moderate Deep

van Dijken 2013"7 Superficial; medium Deep

Héfer and others 20158 Shallow (<1 mm); medium  Deep (>2 mm)
(1-2 mm)

Sartori and others 2013%° <1.5 mm >1.5 mm

Occluso-gingival Distance
Short Long

Aw and others 2005%'

1-2; 2-3 3-4; >4 mm

Zanatta and others 2019%° <1.5;1.5-2.5 mm 2.6-4; >4 mm
Margin Location
Above/Aligned Intrasulcus
Dall'Orologio and others 20102 >1-2; > 2 mm Intrasulcus
Dall'Orologio and Lorenzi 2014°° Above/aligned 1 mm below

2 Scale of Duke and others.*®
b According to the criteria described by Swift and others.*®

° Scale of Heymann and Bayne.>®® According to the criteria described by Van Landuyt and others.®"

participants ranged from 8 to 90, with 35 to 287
treated teeth in these studies. Considerable vari-
ability was found in the age of the participants, with
ages ranging from about 18 to 84 years old.

Mechanical preparation of the cervical lesions was
common. Dentin roughening, removal of sclerotic
dentin, enamel beveling, or their combination was
reported in more than half of the studies.

Risk of Bias Within Studies

The results of the risk of bias assessment of the 24
included studies are presented in Figures 2 and 3.
All the judgments in a cross-tabulation of the study
by entry are presented in Figure 2. All the items in
four studies were judged as low risk of biag.33-37:41:46
Figure 3 illustrates the proportion of studies with
each of the judgments for each entry. The risk of bias
of selective reporting was judged as low, whereas
blinding of outcome assessment was judged as
unclear. The risk of bias of random sequence
generation, allocation concealment, and incomplete
outcome data were judged as high; however, the
proportion was so small that it would not seriously
weaken confidence in the results.

Meta-analysis and Summary of Findings

For the meta-analysis, studies were grouped accord-
ing to the factors related to NCCLs (Figures 4 and 5).

All studies for each tooth- and cavity-related aspect
were included, despite their risk of bias. The impact
of this decision was evaluated in a sensitivity
analysis, where only studies with low risk of bias
were included. No change in the overall significance
was shown (data not shown).

Arch Distribution—For arch distribution (maxil-
lary vs mandibular), 14 studies were includ-
ed.15-20:26,31,34-36,38,41,42 M6 gyerall results were
RR, 1.01; 95% CI, 0.98-1.05; I? = 23%, suggesting
that the arch distribution of the NCCL does not
affect the success rate of the resin composite
restoration (Figure 4A).

Tooth Location—The forest plot of the meta-
analysis for tooth location can be seen in Figure 4B.
Eleven studies were included.!®-1719:20.26:27,31,35,41,42
The overall results were RR, 1.08; 95% CI, 1.00-1.16.
The heterogeneity was high (I? = 82%, p<0.001).
Therefore, anterior tooth location favors the retention
rates of resin restoration of NCCLs by a factor of 1.08.

Wear Facets—For wear facets, only two studies
were included.?®3! The results were RR, 0.91; 95%
CI, 0.83-0.099; I = 0% (Figure 4C). The presence of
wear facets is a risk factor for the retention rate of
resin composite restorations.

Dentin Sclerosis—For dentin sclerosis (with vs
without), 11 studies were included.!?-31-33:37,39:40,43-46
The overall results were RR, 0.99; 95% CI, 0.93-1.05
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Figure 1. Flow diagram of the study identification.

Figure 2. Risk of bias summary: review authors’ judgments about each risk of bias item for each included study.

(Figure 4D). The heterogeneity was 60%, suggesting
dentin sclerosis does not affect the success rate of the
resin composite restoration of NCCLs.

Shape—The forest plot of the meta-analysis for
shape can be seen in Figure 5A. Three studies were
included.?%3%6 The overall results were RR, 1.03; 95%
CI, 0.91-1.18. The heterogeneity was 51% (p=0.13),
suggesting the shape of NCCL does not affect the
success rate of resin composite restorations.

Size—For the size of lesions, two studies by the
same author were included.'”*® The size of NCCL
does not affect the retention rate of the composite
restorations (RR, 0.97; 95% CI, 0.88-1.08; IZ = 0%;
p=0.44; Figure 5B).

Depth—For the depth (shallow/moderate vs deep)
of NCCL, seven studies were includ-
ed,1718:31:32,:39,45.46 51,4 this characteristic does not
seem to affect the retention rate of composite
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Random sequence generation (selection bias)

Figure 3. Risk of bias graph: au-

thors’ judgments about each risk of

bias item presented as percentages

Allocation concealment (selection bias)

across all included studies.

Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition hias)

Selective reporting (reporting bias)

50% 75%  100%

. Low risk of bias D Unclear risk of bias

[l High risk of bias

restorations (RR, 0.98; 95% CI, 0.92-1.04; I = 0%;
Figure 5C).

Occluso-gingival Distance—Two studies re-
ported the occluso-gingival distance of lesions and
its influence on the retention rate of restorations
(Figure 5D). The results of the meta-analysis for
this characteristic showed no effect on the retention
rate of restorations (RR, 1.03; 95% CI, 0.93-1.13; I?
= 0%).

Margin Location—For margin location (above/
aligned vs intrasulcus), only two studies were
included.®*33 High heterogeneity was detected
(I’=83%; p=0.02). With an RR, 4.14; 95% CI, 0.17-
99.76, the margin location of the NCCL did not
influence the retention rate of the resin composite
restorations (Figure 5E).

31,46

Publication Bias

For the factors arch distribution, tooth location, and
dentin sclerosis, it was possible to assess publication
bias using funnel plot techniques and the Egger
regression test. No statistical signs of publication
bias (arch distribution: p=0.693; tooth location:
p=0.489; dentin sclerosis: p=0.174 Egger) were
found; this was confirmed using funnel plot inspec-
tion (data not shown). For other characteristics,
publication bias was not assessed because there were
inadequate numbers of included trials to properly
assess with a funnel plot or more advanced regres-
sion-based measures.

Grading the Body of Evidence

Table 4 displays a summary of the various aspects
used to rate the quality of the evidence according to
the GRADE working group.52

The indirect evidence was responsible for down-
grading the quality of the evidence by one level for
all factors related to NCCLs. For some characteris-
tics (wear facets, shape, size, and occluso-gingival

distance), the strength of evidence was also down-
graded one level due to imprecision (the optimal
information size criterion was not met). Moreover,
the inconsistency in the data due to high and
nonexplained heterogeneity was responsible for
downgrading the results for tooth location, dentin
sclerosis, shape, depth, and margin location.

DISCUSSION

To the best of our knowledge, this is the first
systematic review to synthesize the influence of
tooth and cavity-related aspects of NCCLs on the
retention rate of resin composite restorations.

The results of the review suggest that the location
of the tooth in the dental arch and the presence of
wear facets interfere with the retention rate of resin
restorations in NCCLs. In contrast, other aspects
such as dentin sclerosis, shape, size, depth, occluso-
gingival distance, and margin location of the cavity
showed no influence on the retention rate. We set out
to identify the best clinical evidence available to
answer the focused question and performed an
extensive search with careful quality assessment.
However, as we could not find primary studies that
answered our specific research question, we drew
indirect conclusions by using randomized clinical
trials testing different adhesive approaches for the
resin restoration of NCCLs.

This type of lesion may be present in different
shapes and sizes and may affect any tooth (anterior
or posterior).}?8545 Moreover, they are considered
a significant restorative challenge because they are
in general nonretentive and the cervical area
concentrates high stresses caused by masticatory
forces.10?7-60

Several clinical trials have attempted to study the
longevity of resin restoration of NCCLs. Partici-
pants were recruited with different types of NCCLs,
and the researchers usually reported the charac-
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Arch Distribution Figure 4. Meta-analysis considering
Maxillary Mandibular (A) arch distribution, (B) tooth loca-
Study Events  Total  Events  Total Risk Ratio l RR  95%-Cl Weight tion, (C) wear facets, and (D) dentin
Abdalla and others 2008 84 84 41 41 : 1.00 [096;104) 252% sclerosis.
Aw and others 2005% 98 112 53 59 - 097 [087;1.09) 74%
Celik and others 2007 107 122 116 130 - 098 [0.90;1.07) 10.3%
Fagundes and others 2014 15 26 6 9 e 087 [049,153] 04%
Hafer and others 2015 5 55 10 55 -_— 050 [0.18,1.37] 0.1%
Horsted-Bindslev and others 1996 47 51 25 29 T 107 [091,126] 37%
Karaman and others 2012%° 30 59 42 75 g 091 [066;125] 1.1%
Kubo and others 2006% 45 45 27 27 . 1.00 (094,106 17.1%
Kubo and others 2010% 47 48 48 50 1.02 [0.95;1.09] 142%
Oginni and others 20142 134 155 97 132 Ea 118 [1.04,133) 65%
Ozgiinaltay and others 2002% 36 36 10 12 T 119 [093;152] 138%
Tuncer and others 2013%' 37 56 36 67 T 123 [092,164] 13%
Tuncer and others 20174 54 61 31 36 e 103 [088;121] 4.0%
van Dijken 2013"7 95 1 52 58 - 095 [0.85,1.07) 69%
Random effects model 1021 780 1.01 [0.98; 1.05] 100.0%
Heterogenetty: I* = 23%, 1* = 0.0008, p = 0.20 ’ L !
0.1 05 1 2
A Favour Mandibular Favour Maxillary
Tooth Location P e
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
Abdalla and others 2008'° 37 37 88 88 1.00 [0.96;1.04) 13.9%
Aw and others 2005%' 49 52 102 119 ol 1.10 [1.00;1.21] 11.5%
Celik and others 20071° 110 120 113 132 e 1.07 [098;1.17] 121%
Fagundes and others 2014 3 4 18 3 129 [068,245) 1.2%
Karaman and others 20122 46 64 31 70 —_— 162 [120,220) 42%
Kubo and others 2006 25 25 47 47 % 1.00 [0.94,1.06] 13.2%
Oginni and others 20142 8 8 223 2719 = 125 [1.18;1.33] 13.3%
Tuncer and others 2013* 36 57 37 66 — 113 (084,151 45%
Tuncer and others 20174 36 40 49 57 - 105 [090;121] 9.3%
van Dijken 20137 54 64 93 105 —= 095 [0.84;1.08] 10.3%
Van Meerbeek and others 19937 45 64 48 68 100 [080;1.24) 64%
Random effects model 636 1062 1.08 [1.00; 1.16] 100.0%

Heterogeneity: I* = 82%, t° = 0.0099, p < 0.01 U !

06075 1 15
B Favour Posterior Favour Anterior
Wear facets
With Wear Facet Without Wear Facet
Study Events Total Events Total Risk Ratio RR  95%-Cl Weight
Aw and others 2005*' 123 141 28 30 093 (0.83;1.05) 582%
Oginni and others 20142 7 97 160 190 087 [0.76,1.00] 41.8%
Random effects model 238 220 ——— 0.91 [0.83; 0.99] 100.0%
Heterogeneity: /“ = 0%, 1" =0,p =0.36
08 1 125
C Favour Without Wear Facet Favour With Wear Facet
Dentin Sclerosis
Dentin Scl is No Dentin Scl i
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
Aw and others 2005°% 17 134 34 37 095 [0.85,1.07) 11.4%
Caneppele 2018 45 52 85 100 —F— 1.02 (0.89;1.17) 10.0%
Dall’'Orologio and others 20103 59 7 64 79 —— 103 [0.88;1.19] 9.0%
Dall’Orologio and others 2014 96 108 42 42 —*i 089 [0.83,095) 154%
Loguercio and others 2015% 121 126 7 74 = 1.00 [0.94;1.06] 159%
Sartori and others 2013% 27 33 36 37 084 [0.71,1.00) 7.9%
Torres and others 2014 a4 114 14 24 141 [1.00,200] 27%
van Dijken 2004% 90 106 33 38 —&— 098 [084;113) 91%
van Dijken 2005 43 51 18 22 — 103 [0.82;1.30] 53%
van Dijken 2010 68 97 13 22 —g—— 119 (082,1.72] 25%
van Dijken 20137 88 99 59 70 = 1.05 [0.93;1.19] 10.8%
Random effects model 991 545 < 0.99 [0.93; 1.05) 100.0%
Heterogenetty: I* = 60%, t° = 0.0055, p < 0.01 f ! 1
05 1 2
D Favour No Dentin Sclerosis  Favour Dentin Sclerosis

teristics of the lesions that would be restored.
However, they infrequently related restorative
success with the aspect of the lesion. In our search
strategy, we found 91 studies that reported the
characteristics of the lesions but that did not
correlate the success rate with the observed char-
acteristics. Although this would be only a comple-
mentary analysis, without statistical power in
individual studies, grouping the results in a

systematic review such as the current one could
provide important findings.

We found only 24 manuscripts that related some

aspects with the success rate of the restorations.
Although we found reports for nine different aspects,
not all included articles reported all of them, making
some aspects meta-analyzed with minimal data. In
addition, the variability in reporting the character-
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Shape Wedge —— Figure 5. Meta-analysis considering
Study Events  Total Events  Total Risk Ratio RR  95%-Cl Welght (A) shape, (B) size, (C) depth, (D)
occluso-gingival distance, and (E)
Aw and others 2005* 71 75 80 96 1.14 [1.02;1.26] 459% margin location.
Caneppele 2018 17 21 113 131 094 [0.75117] 232%
Sartori and others 2013* 22 25 41 45 097 [0.81,1.15] 309%
Random effects model 121 272 fia' 1.03 [0.91; 1.18] 100.0%
Heterogeneity I° = 51% +* = 00070, p = 013
08 1 125
A Favour Saucer Favour Wedge
Size
Smallmoderate Large
Study Events  Total  Events  Total Risk Ratio RR  95%Cl Weight
van Dijken 2010% 50 4l a2 48 106 (082,136 17.9%
van Dijken 20137 9% 12 51 57 —=— 096 (085 108] 821%
Random effects model 183 105 — 0.97 [0.88; 1.08] 100.0%
Heterogenety 1°= 0%, =0,p =044
08 1 125
Favours Large Favours Smalimoderate
B
Depth
Shallow/moderate Deep
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
Aw and others 2005* 139 156 12 15 111 (086,144 61%
Caneppele 2018 34 39 96 113 1.03 [0.89;1.18] 199%
Dall'Orologio and others 2010% 34 42 89 108 098 [083;117] 140%
Hafer and others 2015'® 88 102 7 8 3 099 [075,130]) 55%
Sartori and others 2013% 34 39 29 31 —&T 093 [0.80;,1.08] 17.8%
van Dijken 2010 50 73 32 46 '—’_ 098 [0.77,126] 67%
van Dijken 2013"" 72 85 7% 84 —8— 095 [0.84,107] 30.0%
Random effects model 536 405 5‘? 0.98 [0.92; 1.04] 100.0%
Heterogeneity: I” = 0%, v =0,p =091
08 1 125
c Favour Deep Favour Shallow/moderate
Occluso-gingival Distance
Short Long
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
Caneppele 2018 91 104 39 48 —&=——1.08 [092,1.26] 39.1%
Aw and others 2005 112 127 39 44 —_—— 099 [0.88;1.13] 60.9%

Random effects model 231 92 —=|,::>—

; 1.03 [0.93; 1.13] 100.0%

Heterogeneity. I° = 0%, 1° = 0, p = 0.42 ; :

08 1 125
Favours Long Favours Short

D

Margin Location

Abovelaligned Intrasulcus

Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
DalfOrologio and others 20102 89 94 34 56 156 [126, 194) 586%
Dall'Orologio and others 2014* 138 142 0 8 = 1652 [1.12,24321] 414%
Random effects model 236 84 f:F:—*ﬁ:: 4.14 [0.17; 99.76] 100.0%

Heterogenedty. I° = 83%, ¢ = 44836, p = 0.02

001 01 1 10 100
E Favours Intrasulcus  Favours Above/aligned

istics made it difficult to group the data, and, as a
result, the information was dichotomized to allow
the meta-analysis. Some aspects already had a
dichotomous nature, such as arch distribution
(maxillary vs mandibular), tooth location (anterior
vs posterior), wear facets (with vs without). Howev-
er, other characteristics had more than two data
possibilities, and for that, we created cutoff points to
dichotomize and group the studies (Table 3).

A critical point to be considered in this systematic
review is that the findings were derived from
indirect evidence. The primary objective of the
included studies was to compare different adhesive
strategies or different resin composites for NCCL
restoration, and this may have contributed to the
heterogeneity found in some meta-analyses. An
important factor that influences retention of NCCL
restoration is the kind of adhesive system (etch &
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Table 4:  Summary of Finding and Quality of the Evidence
Factor Anticipated Absolute Relative Effect, No. of Participants Certainty of the
Effects? (95% ClI) RR (95% CI) (Studies) Evidence (GRADE)®
Arch distribution Mandibular Maxillary 1.01 (0.98-1.05) 1801 (14 RCTs) SPDdo
c
76 per 100 77 per 100 (75 to 80) Moderate
Tooth location Posterior Anterior 1.08 (1.00-1.16) 1597 (11 RCTs) SPoo
c,d
80 per 100 86 per 100 (80 to 93) Low
Wear facet Without wear facet ~ With wear facet 0.91 (0.83-0.99) 458 (2 RCTs) Sdoo
c.e
85 per 100 78 per 100 (71 to 85) Low
Dentin sclerosis No dentin sclerosis  Dentin sclerosis 0.99 (0.93-1.05) 1536 (11 RCTs) BdPoo
c,d
86 per 100 85 per 100 (80 to 90) Low
Shape Saucer Wedge 1.03 (0.91-1.18) 393 (3 RCTs) @ooo
cde
86 per 100 89 per 100 (78 to 100) Very low
Size Large Small/moderate 0.97 (0.88-1.08) 288 (2 RCTs) @Poo
c.e
79 per 100 77 per 100 (70 to 85) Low
Depth Deep Shallow/moderate 0.98 (0.92-1.04) 941 (7 RCTs) SPoo
c,d
84 per 100 82 per 100 (77 to 87) Low
Occluso-gingival distance  Long Short 1.03 (0.93-1.13) 323 (2 RCTs) BdPoo
85 per 100 87 per 100 (79 to 96) Low®®
Margin location Intrasulcus Above/aligned 4.14 (0.17-99.76) 300 (2 RCTs) @®doo
c,d
53 per 100 100 per 100 (9 to 100) Low
2 The risk in the intervention group (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).
5 GRADE Working Group guidelines for evidence.
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: We are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect.
Very low certainty: We have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.
¢ Indirect evidence (the main objectives of the included studies were not compare the characteristics of the lesions and relate it with the success rate of the restorations.
9 Inconsistency in the data due to high and non-explained heterogeneity.
¢ The optimal information size criterion was not met.

rinse or self-etch) used. However, due to the small
number of included studies, the results of this study
could not be controlled for this confounder. This
limits the external validity and generalizability of
findings.

In the analysis of risk of bias using the Cochrane
tool,*” some studies were categorized as high risk of
bias in the selection bias domains. Although this
domain is fundamental for the analysis of the
RCTs, for this study, we do not consider it to be of
primary importance, because the groups compared
in the meta-analysis were not those being random-
ized.

Some studies®%°? showed a higher prevalence of

NCCLs in maxillary teeth. Those teeth seem more
prone to NCCLs, possibly due to their lingual
inclination.? In our study, 14 studies were included,
totaling 1021 restored teeth in the maxilla vs 780
restored teeth in the mandible. Although the
distribution in the arch influenced the development
of NCCLs, this factor did not seem to affect the
restorative success of these lesions.

Regarding the tooth location in the arch, posterior
teeth are more likely to present NCCLs, possibly
because occlusal and nonaxial forces are exerted on
that group of teeth.® The referred forces could also
stress the adhesive area, decreasing the longevity of
the adhesive restorations, because from this meta-
analysis, we found an RR of 1.08, favoring the
success rate of restoration in anterior teeth. Howev-
er, the meta-analysis of these data showed high
heterogeneity; thus, the results should be considered
with caution. Then, the quality of the evidence was
downgraded due to the inconsistency.

The presence of wear facets also influenced
restorative success and is strongly related to the
development of NCCLs.2657:63-65 In a three-dimen-
sional finite element model, some authors observed
in malocclusion scenarios that tensile stresses
generated on the cervical areas were higher com-
pared with stresses generated under normal occlu-
sion conditions, those possibly being capable of
producing NCCLs.” Moreover, in patients with
untreated malocclusion, restoration success might
also be affected, because the stress in the cervical
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area could be higher than the adhesive resistance of
the restorations, possibly leading to restoration
displacement. Therefore, the treatment of these
lesions should go beyond their restoration, because
if the causes of lesions persist, premature failure of
the restoration might ensue.®® The meta-analysis of
this characteristic included only two articles, and
despite the low heterogeneity, the quality of the
evidence was downgraded as the Optimal Informa-
tion Size (OIS) criterion was not met, that is, only a
very small sample supported the evidence.

Different classifications for the shape of the lesions
have been reported, with some formats relating to
more specific causes of lesions. 238545667 The stud-
ies included in this meta-analysis used different
methods to classify the format of the lesions, which
may have contributed to the heterogeneity of the
data. We dichotomized in wedge and saucer formats
and used an internal angle of 90° as the division
between the two formats. The wedge format may be
more related to occlusal stress, and, considering that
occlusal stress indirectly observed on the wear facets
influenced restorative success, one might suppose
similar observations would be detected for the
present characteristics; however, the influence of
cavity format was not observed to influence restora-
tion success. The quality of this evidence was
considered very low because, in addition to the
indirectness of evidence and the inconsistency (due
to high heterogeneity), the reduced number of
articles included with a small sample size meant
the OIS criterion was not met.

As the development of NCCLs tends to be a slow
and chronic process, dentin sclerosis is commonly
found on the surface of the lesions.!®® Secondary
dentin, the occlusion of open dentinal tubules, pulpal
retreat, and other tooth protective measures slowly
take place in the presence of noxious stimuli, thereby
minimizing clinical symptoms and maintaining
pulpal integrity. As for the shape characteristic,
the different criteria for and methods of measuring
dentin sclerosis are fraught with subjectivity and
susceptible to inter- and intraexaminer variation
with regard to features such as discoloration,
smoothness, and translucency. In restorative proce-
dures, sclerotic dentin is a substrate that can lead to
adhesion difficulties, because, with some types of
adhesives, hypermineralization can prevent the
formation of a hybrid layer.!®®® In this meta-
analysis, there was great variability in the types of
adhesives studied, which might have contributed to
the high heterogeneity and lack of influence of this
characteristic on restorative success.

The characteristics of size, depth, and occluso-
gingival distance are all related to the dimension of
the lesion. To allow the grouping of studies, we
dichotomized some points. All these characteristics
were shown not to affect restorative success. Evidence
was downgraded to low for the three characteristics.

Only two articles reported the margin location and
related it to restorative success. The high heteroge-
neity found allowed a wide confidence interval,
overlapping the no effect line of this characteristic
in restorative success. Despite the greater difficulty
in isolating the operative field for subgingival

lesions, this seems not to affect restorative suc-
coss, 66:69.70

To minimize bias, we followed the guidelines
provided in the Cochrane Handbook for Systematic
Reviews of Interventions.*” However, our findings
and interpretations are limited by the quality and
quantity of the available indirect evidence on the
effects of tooth- and cavity-related aspects of NCCLs
on the success rate of resin restorations. We assessed
the risk of bias of the included trials by using the
published data, which ultimately may not reflect the
actual situation and may lead to publication bias.
Also, to minimize publication bias, we did not
restrict our search to the English language. For
three aspects, we were able to evaluate publication
bias by inspecting funnel plots and the Egger
analysis, and no problem was detected. However,
publication bias could not be determined for other
studied aspects, as there was an insufficient number
of studies to allow this inspection through a funnel
plot. This would reflect on any conclusions drawn
from this review.

A knowledge of tooth- and cavity-related aspects of
NCCLs that could affect restorative success could
help clinicians understand the prognosis of restora-
tions. For future research, investigators are encour-
aged to collect information from RCTs regarding the
tooth- and cavity-related aspects of NCCLs and
relate them to success rates. In addition, future
RCTs should follow the CONSORT guidelines to
improve evidence quality and transparency in
reporting.”!

CONCLUSION

The results of the meta-analysis suggest that NCCLs
restored in anterior teeth are more likely to succeed
than in posterior teeth. The presence of wear facets
can reduce the retention rate of resin restoration in
NCCLs. Arch distribution, dentin sclerosis, shape,
size, depth, occluso-gingival distance, and margin
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location did not affect the restorative success of resin
restorations. However, the quality of evidence of the
outcomes ranged from moderate to very low.
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Effect of Curing Light and Exposure
Time on the Polymerization of
Bulk-Fill Resin-Based Composites
in Molar Teeth

CAK Shimokawa ¢ ML Turbino ¢ M Giannini * RR Braga ¢ RB Price

Clinical Relevance

Light curing a molar bulk-fill mesio-occluso-distal restoration from a single position at the
center of the occlusal surface may result in inadequate photopolymerization of the resin-
based composite at the bottom of the proximal boxes.

SUMMARY

Objectives: This study examined the influence
of different light-curing units (LLCUs) and ex-
posure times on the microhardness across
bulk-fill resin-based composite (RBC) restora-
tions in a molar tooth.
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Methods and Materials: Tip diameter, radiant
power, radiant exitance, emission spectra, and
light beam profile were measured on two
single-emission-peak LCUs (Celalux 3 and
DeepCure-S) and two multiple-peak LCUs
(Bluephase 20i and Valo Grand). A mold was
made using a human molar that had a 12-mm
mesial-distal length, a 2.5-mm deep occlusal
box, and two 4.5-mm deep proximal boxes. Two
bulk-fill RBCs (Filtek Bulk Fill Posterior and
Tetric EvoCeram Bulk Fill) were photoactivat-
ed for 10 seconds and for 20 seconds, with the
light guide positioned at the center of the
occlusal surface. Microhardness was then mea-
sured across the transverse surface of the
restorations. The light that reached the bottom
of the proximal boxes was examined. Data
were statistically analyzed with the Student
t-test, two-way analysis of variance, and the
Tukey post hoc test (¢=0.05).

Results: The four LCUs were different regard-
ing all the tested characteristics. Even when
using LCUs with wide tips and a homogeneous
beam profile, there were significant differenc-
es in the microhardness results obtained at the
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central and proximal regions of the RBCs
(p<0.05). LCUs with wider tips used for 20
seconds produced higher microhardness val-
ues (p<0.05). The multiple-peak LCUs pro-
duced greater hardness values in Tetric Evo-
Ceram Bulk Fill than did the single-emission-
peak LCUs (Celalux 3 and DeepCure-S). Re-
sults for the light measured at the bottom of
proximal boxes showed that little light
reached these regions when the light tip was
positioned at the center of restorations.

Conclusions: Curing lights with wide tips,
homogeneous light beam profiles, and longer
exposure times are preferred when light-cur-
ing large MOD restorations. Light curing from
more than one position may be required for
adequate photopolymerization.

INTRODUCTION

The manufacturers of light-cured bulk-fill resin-
based composites (RBCs) advocate that their RBCs
can be adequately light-cured in just one increment
that may be up to 5 mm thick, thus saving time and
potentially reducing defects and porosity within the
bulk of the restoration. Consequently, bulk-fill RBCs
have gained in popularity, and some studies have
already reported that bulk-fill RBCs have both
adequate depth of cure and mechanical properties.
15 Qatisfactory clinical performance has been re-
ported after six years when each 4-mm-thick
increment of one brand of flowable bulk filled
composite was light-cured for 20 seconds, and the
occlusal parts of Class I and II restorations were
covered with a conventional resin composite materi-
al.® However, bulk curing from just one position may
be inadequate when extensive restorations are
photoactivated using a small light tip because some
regions of the restorations that are not covered by
the light tip may show reduced polymerization.

There are many light-curing units (LCUs) avail-
able for dentists to use. These LCUs have different
tip diameters, they deliver different radiant powers,
radiant exitance, emission spectra, and have differ-
ent light beam profiles.”® Even if the LCU tip covers
the entire restoration, the resin polymerization may
be adversely affected if the light is not uniformly
emitted across the light tip, since some regions of the
restoration may receive insufficient light and some
regions may receive very high irradiance values.'%!!
Thus, the light-curing of extensive bulk-fill RBC
restorations in molar teeth from just one position
should be evaluated.

Operative Dentistry

The exposure time is a critical factor that
influences the polymerization of RBC restorations.'?
Longer exposure times should improve the polymer-
ization and ultimately reduce the effects of any light
beam inhomogeneity. Different RBCs are also avail-
able, and factors regarding their composition, shade,
thickness, and translucency can all influence their
interaction with the light from the LCU.!?® Also,
depending on the photoinitiators that are present
within the RBCs, the photopolymerization of the
RBC will be affected by the emission spectra from
the LCU.'*1?

The mold used when fabricating the specimens for
in vitro tests has a substantial effect on the
polymerization of RBCs.'®1” The International Or-
ganization for Standardization (ISO) has an inter-
national standard for testing depth of cure of dental
polymer-based materials, but this standard uses a 4-
mm-diameter metal mold that does not reproduce
how bulk-fill RBCs are used clinically.'® Ideally, a
mold that closely simulates clinical situations should
be used, but there exists a significant heterogeneity
regarding different methods used to test the depth of
cure of bulk-fill RBCs.*

The aim of this study was to examine the influence
of the tip diameter, radiant power, radiant exitance,
emission spectrum, light beam profile, and two
different exposure times (10 and 20 seconds) from
four different LCUs on the curing profile of mesio-
occluso-distal (MOD) restorations made from two
different bulk-fill RBCs light-cured in a human
molar tooth. The null hypotheses of this study were
the following:

1) The characteristics of the LCUs will not influence
the curing profile of the bulk-fill RBC restora-
tions.

2) A longer exposure time will not influence the
curing profile of bulk-fill RBC restorations.

In addition, the effect of light guide position on the
light reaching the bottom of the proximal boxes was
assessed.

METHODS AND MATERIALS

Four light-emitting-diode (LED) LCUs from major
manufacturers were used: Bluephase 20i (Ivoclar
Vivadent, Schaan, Liechtenstein), Celalux 3 (VOCO,
Cuxhaven, Germany), Elipar DeepCure-S (3M Oral
Care, St Paul, MN, USA), and Valo Grand (Ultra-
dent Products Inc, South Jordan, UT, USA) (Table
1). These LCUs were used to photoactivate two bulk-
fill RBCs: one that uses only camphorquinone (CQ)
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5 repeats made for radiant power measurements)

Table 1: Light-Curing units, measured external tip diameter (mm), measured effective tip diameter (mm), mean = standard
deviation of the radiant power results (mW), mean *+ standard deviation of the calculated radiant exitance results (mW/
cn?), and mean + standard deviation of the calculated radiant exposure results (J/cm?) for a 10-second exposure
(mean =+ standard deviation of calculated radiant exposure results for a 20-second exposure (J/cm?) also reported; n =

Light-Curing Unit External Effective

Mean Radiant Mean Radiant

Mean Radiant Mean Radiant

(Serial Number) Tip Diameter Tip Diameter Power Exitance Exposure, 10 s Exposure, 20 s
(mm) (mm) (mW) (mW/cm?) (J/em?) (J/em?)
Bluephase 20i (P626170S548780) 8.0 7.2 570.0 + 2.7 1399.9 + 6.6 14.0 = 0.1 28.0 = 0.1
Celalux 3 (1637091) 8.0 71 4324 + 4.4 1092.1 = 11.2 10.9 £ 0.1 21.8 + 0.2
Elipar DeepCure-S (933112-001111) 9.8 9.0 7929 + 4.5 1246.3 = 7.1 125 £ 0.1 249 = 01
Valo Grand (MFG3277-5) 15.0 11.6 1007.6 = 13.0 9534 = 12.2 9.5 * 0.1 19.1 £ 0.2

as photoinitiator (Filtek Bulk Fill Posterior Restor-
ative, shade A2, 3M Oral Care) and one that contains
CQ plus an additional photoinitiator (Ivocerin)*
(Tetric EvoCeram Bulk Fill, shade IVA, Ivoclar
Vivadent).

Characterization of the LCUs

The tip diameter, radiant power, radiant exitance,
emission spectrum, and light beam profile of the
LCUs were examined, as previously described.’® In
summary, the effective internal tip diameter from
where the light was emitted was measured with a
digital caliper (Mitutoyo, Kawasaki, Japan). The
radiant power and the emission spectra of the LCUs
were measured with a six-inch integrating sphere
(Labsphere, North Sutton, NH, USA) coupled to a
fiber-optic spectrometer USB-4000 (Ocean Optics,
Dunedin, IL, USA) with the tip 2-mm away from the
entrance of the sphere (n=5 measurements). The
radiant exitance was calculated as the quotient of
the radiant power and the effective tip area. The
light beam profile of the LCUs was assessed with a
Laser Beam Profiler (Ophir Spiricon, Logan, UT,
USA), at a 2-mm distance from a 40-degree holo-
graphic screen. The two-dimension (2D) Flatness
Top-Hat results for the four LCUs were calculated by
the BeamGage software (Ophir Spiricon) according
to the formula Fnyzy = E /E, .., where E; is the
effective average power of the light beam and E,,,« is
the peak power in the light beam.?® The threshold
power/energy density was set to a value of 0 to
ensure that all of the light emitted by the LCU was
used in the Top-Hat calculations. Data were export-
ed to OriginPro 2017 software (OriginLab, North-
ampton, MA, USA) to produce scaled images of the
light that reached the top surface of the RBC
specimens when the LCU tip was 2-mm away from
the RBC. The distribution of the light across its tip
surface was examined both with and without a 400
+ 5-nm narrow bandpass filter (#65-132, Edmund

Industrial Optics, Barrington, NJ, USA) to verify the
distribution of just the violet portion of the light
(~400 nm) across the tip compared to all of the light
from the LCU.

Tooth Mold and Specimen Preparation

After receiving Dalhousie University research ethics
board approval to collect and use human teeth
(#2015-3632), a human mandibular first molar that
was 12-mm in mesio-distal length was used to make
the mold for the specimens (Figure 1). The tooth
cusps were ground flat, and the tooth was embedded
in autocuring acrylic resin. Then, the tooth was cut
into three slices in the mesio-distal direction. The
central slice was 2-mm wide in the bucco-lingual
direction and had the acrylic resin removed up to the
cemento-enamel junction to expose the clinical
crown. An impression of the external contour of the
tooth at the central slice was taken with vinyl
polysiloxane (VPS) Extrude XP Heavy Body (Kerr
Corp, Orange, CA, USA) that was used later as a
guide so that all the specimens would be made to the
same external contour (Figure 1a). The central tooth
slice received a MOD preparation that was 12-mm
mesio-distal width, 2-mm bucco-lingual width, 2.5-
mm occlusal box depth, and 4.5-mm proximal box
depth (Figure 1b). Then, the three slices were
clamped together with a 0.14-mm-thick microscope
cover glass (Globe Scientific Inc, Paramus, NJ, USA)
between each slice. The mold was then filled with the
RBCs, and a jig was used to place the specimens in
the same position under the tip of the LCU. The RBC
was then photoactivated for either 10 or 20 seconds
with the LCU fixed with the tip positioned at the
center of the restoration and 2-mm away from the
top surface of the RBC (Figure 1c). After photoacti-
vation, specimens were removed from the mold, the
cover glass slips were removed, and the specimens
were stored in the dark for 24 hours in air at 37°C
before hardness testing.
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Figure 1. Molar human tooth mold and indentation scheme. (a): Impression taken with vinyl polysiloxane to guide the anatomical contour of the
restorations. (b): MOD preparation with the guide in position. (c): Restoration made using the mold. (d): Indentation scheme used for the low-resolution
hardness maps. (e): Indentation scheme used for the high-resolution hardness maps.

Microhardness Measurements

The Knoop microhardness of the transverse surface
of the specimens was measured every 0.5 mm in
depth at three positions: center, mesial, and distal
(4.5 mm away from the center) for a total of 20
indents per specimen (four at the center and eight at
each proximal position; Figure 1d). To avoid damag-
ing the specimens, a load of 15 gf was applied for
eight seconds (HMV123 microhardness tester, Mitu-
toyo). In addition, high-resolution microhardness
maps were produced using the indentation scheme
shown in Figure 1e (where a total of 84 indents were
made per specimen). Two specimens for each RBC
and LCU were used for that purpose, and the results
were averaged. One transverse surface of the central
slice was analyzed per specimen, and this surface
was standardized.

Light Transmission Through the Specimen

To evaluate the light transmitted through the RBC
to the bottom of the proximal boxes, a second mold
was made using another human molar. The tooth
had its cusps ground flat, and a MOD restoration
was made in this tooth. The tooth was then
embedded in opaque acrylic resin up to the restora-
tion surface, and its cervical region was ground away
to reach the bottom of the proximal boxes of each
resin restoration. The specimen was then positioned
in the beam profiler to measure the light that
reached down through the RBC to the bottom of
the proximal boxes when the light tip was 2 mm

away from the surface in three positions over the
restoration (center, mesial, and distal).

Statistical Analysis

The Kolmogorov-Smirnov test was applied to verify
the normal distribution of hardness data. Then, two-
way repeated measures analysis of variance and
Tukey post hoc tests were used (¢=0.05). The two
different RBCs and exposure times were analyzed
separately. Also, means of the shallower depths (0.5,
1.0, 1.5, and 2.0 mm) were used to compare the
central region and both proximal boxes of the RBC.
The Student ¢-test was used to compare the effects of
the two exposure times (¢=0.05). Light transmission
through the specimens was visually analyzed but
was not subjected to statistical analysis.

RESULTS

The characterization results of the four LCUs are
shown in Table 1. The LCUs varied regarding their
effective tip diameters: The Valo Grand had the
widest tip (@ 11.6 mm, area 105.7 mm?), and Celalux
3 had the narrowest tip (3 7.1 mm, area 39.6 mm?).
The Valo Grand delivered the lowest radiant
exitance (953 mW/cm?), and Bluephase 20i delivered
the highest radiant exitance (1400 mW/cm?). The
Celalux 3 and Elipar DeepCure-S delivered an
emission spectrum that had a single peak, while
Bluephase 20i and Valo Grand delivered an emission
spectrum with multiple wavelength peaks (Figure
2). Regarding the light beam profile, Celalux 3
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Figure 2.  Emission spectrum of the light-curing units. Violet areas (below 425 nm) represent the wavelengths of violet light, while blue areas (above
425 nm) represent the wavelengths of blue light.

Figure 3. Light beam profile of the light-curing units measured at a 2-mm distance from the screen. The beam profile of the light that adequately
covered the restorations was evaluated without filter (blue lines) and with a 400-nm filter (violet lines on the right side) to show the violet light only.

delivered an inhomogeneous beam, with most of the
radiant exitance concentrated in a 4-mm region at
the center of the light tip, while Valo Grand
delivered a more homogeneous beam profile that
was evenly distributed across the 11.6-mm tip
(Figure 3). The Flatness Top-Hat results of the light
beam from each LCU from worst to best were:
Celalux 3: 0.380; Bluephase 20i: 0.547; Elipar Deep-
Cure-S: 0.600; and Valo Grand: 0.675.

Tables 2 and 3 show that even when using LCUs
that had wide tips and homogeneous beam profiles,
such as Deep Cure and Valo Grand, there was a
difference between the microhardness values mea-
sured in the first 2 mm of the occlusal and the
proximal boxes of the restorations (p<<0.05). The
microhardness maps also illustrate these differenc-
es, with the center of the specimen displaying more
red or yellow color (higher hardness), while the

proximal boxes had more green or blue colors,
indicating lower hardness values (Figure 4).

The use of an increased exposure time (20 seconds)
always produced greater hardness values (p<<0.05)
for both RBCs. As the exposure time increased, the
hardness maps became more uniform, as illustrated
by the improved color uniformity (Figure 4). Table 4
shows that, overall, when photoactivated for 10
seconds with the different LCUs positioned at the
center of the restorations, the Filtek Bulk Fill
Posterior specimens were not significantly different
(p>0.05). When the exposure time was increased to
20 seconds, the Deep Cure and Valo Grand LCUs
that both had wider tips, produced greater hardness
values (Table 5).

When using the 10-second exposure time, the Valo
Grand produced the highest hardness values
(p<0.05) on the specimens of Tetric EvoCeram Bulk

Table 2:  Overall Means + Standard Deviations of the Knoop microhardness values to a depth of 2 mm, measured in the central,
mesial (4.5 mm from the center), and distal (4.5 mm from the center) regions of the specimens made with Filtek Bulk Fill
Posterior (each exposure time analyzed separately)?

Light-Curing Unit 10-s Exposure

20-s Exposure

Mesial Central Distal Mesial Central Distal
Bluephase 20i 42.3 + 3.3Bb 53.2 = 0.1 Aa 31.1 =19 Cc 46.6 = 0.2 Bb 54.0 + 0.4 Ba 45.0 + 0.2 Bc
Celalux 3 373 +=15Cb 52.0 = 1.8 Aa 30.6 = 1.6 Cc 46.6 = 0.2 Bb 54.3 + 0.3 Ba 455 + 0.4 Bb
DeepCure-S 48.0 = 1.4 Ab 541 = 1.0 Aa 39.6 = 1.4 Bc 53.3 = 0.6 Ab 56.5 + 0.5 Aa 50.8 = 0.2 Ac
Valo Grand 48.6 + 0.8 Ab 524 = 1.6 Aa 443 + 2.0 Ac 54.0 + 0.5 Ab 57.3 + 0.4 Aa 52.1 = 0.6 Ac

(p<0.05). N = 5 repeats.

2 Different uppercase letters indicate statistical differences within columns (light curing units); different lowercase letters indicate statistical differences within rows
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Table 3: Overall Means + Standard Deviations of the Knoop Microhardness Values to a depth of 2 mm, measured in the central,
mesial (4.5 mm from the center), and distal (4.5 mm from the center) regions of the specimens made with Tetric
Evoceram Bulk Fill (each exposure time analyzed separately)?

Light-Curing Unit

10-s Exposure

20-s Exposure

Mesial Central Distal Mesial Central Distal
Bluephase 20i 324 = 1.6 Bb 425 + 0.9 Ba 26.7 = 2.2 Bc 342 +15Cb 455 + 0.5 Ba 32,5 + 1.6 Cc
Celalux 3 247 £ 1.7Cb 38.8 + 1.2 Ca 20.4 £ 1.2 Cc 31.7 =+ 1.0 Db 40.2 + 0.6 Ca 30.6 = 0.6 Db
DeepCure-S 33.0 = 0.5Bb 39.1 £ 0.8 Ca 27.5 + 0.6 Bc 40.3 = 0.8 Bb 44.4 + 0.7 Ba 36.6 = 1.2 Bc
Valo Grand 40.9 =+ 1.3 Ab 45.9 + 1.7 Aa 36.9 + 1.9 Ac 45.5 + 0.5 Ab 49.8 + 0.7 Aa 456 = 1.1 Ab

2 Different uppercase letters indicate statistical differences within columns (light curing units); different lowercase letters indicate statistical differences within rows
(p<0.05). N = 5 repeats.

Fill followed by the Bluephase 20i, and no significant
difference was found between Celalux 3 and Deep
Cure-S (Table 6). When the exposure time was
increased to 20 seconds, the Valo Grand still
produced the highest hardness results, followed by
Deep Cure, Bluephase 20i, and Celalux 3. At the 1.5-
and 2.0-mm depths, the specimens photocured using
Valo Grand reached the highest hardness values,

and there was no difference between the Bluephase
20i and Deep Cure. The Celalux 3 produced the
lowest Knoop hardness values (Table 7).

The light transmission results show that even
when the wide tip diameter of the Valo Grand was
placed at the center of the 12-mm wide restoration,
very little light reached down to the bottom of the 4-
mm deep proximal boxes. When the tip of the LCUs
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Figure 4. Hardness maps made for both resin-based composites (RBCs) and both exposure times compared to the profile of the light that covered
the restorations. Dotted lines over the beam profile of the lights represent the regions (central, mesial, and distal) where the indentations of the
microhardness tests were made in the RBC specimens. The violet lines in the beam profile images indicate the violet light emission (<425 nm), and
the blue lines indicate the blue light emission across the light tip.
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Figure 5. Light transmission through restorations made with Filtek Bulk Fill Posterior, varying the position of the light-curing unit tip over the
restoration. The image shows the light that reached the bottom of the proximal boxes in each light condition. An image of the bottom of the mold is also
presented. Opaque black tape was used to prevent light from being transmitted through the occlusal region. BP 20i, Bluephase 20i; CL 3, Celalux 3;

DC-S, Elipar Deep Cure-S; VG, Valo Grand.

Figure 6. Light transmission through restorations made with Tetric EvoCeram Bulk Fill, varying the position of the light-curing unit tip over the
restoration. The image shows the light that reached the bottom of the proximal boxes in each light condition. An image of the bottom of the mold is also
presented. Opaque black tape was used to prevent light from being transmitted through the occlusal region. BP 20i, Bluephase 20i; CL 3, Celalux 3;

DC-S, Elipar Deep Cure-S; VG, Valo Grand.

was positioned over one of the proximal boxes, more
light reached to the bottom of that box, but very little
light reached the opposite proximal box, independent
of which of the RBC was used (Figures 5 and 6).

DISCUSSION

The LCUs used in this study were chosen because
they had different light tip diameters and different
light-emitting characteristics (Table 1). These differ-
ences influenced the Knoop microhardness results,
and thus, the first null hypothesis that the LCUs
would not affect the curing profile of the bulk-fill
RBC restorations was rejected. The exposure time
also influenced the microhardness results. Thus, the
second null hypothesis, that a 20-second exposure
time would not improve the curing profile of the
bulk-fill RBC restorations was also rejected.

Influence of Tip Diameter

The observation that the different LCUs would have
different effects on the hardness maps of the two
RBCs was anticipated and supported previous
studies.’®19 In general, the use of LCUs with
wider tips (Elipar Deep Cure-S and Valo Grand)

produced more homogeneous hardness maps, as
evidenced by the higher hardness values measured
at the proximal boxes, compared to the Bluephase
20i and Celalux 3 LCUs that had the smaller
diameter light tips (Tables 4 to 7). When the light
tip diameter and the curing profiles are examined, it
can be seen that the RBC under the center of the
LCU was hard. Thus, the tip diameter would not be
an issue when using a filling technique that places
and photocures 2-mm increments of RBC into
cavities or when using the ISO 4049 4-mm diameter
mold because the LCU tip would cover the entire
increment of the RBC. However, the tip diameter
does become a problem when the operator attempts
to photocure an entire molar MOD restoration in a
tooth using a single exposure from the occlusal
surface.”

It is important to consider the difference between
the external tip diameter and the regions of the
LCUs tip from where light is actually emitted since
even a small decrease in the tip diameter will
produce a substantial reduction in the area and thus
increase the radiant exitance.” All the evaluated
LCUs had discrepancies between the effective and
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Table 4: Means + Standard Deviations of the Knoop Microhardness results for Filtek Bulk Fill Posterior photoactivated for 10
seconds, measured at each region of the restoration (central, mesial [4.5 mm away from the center], and distal [4.5 mm
away from the center]), comparing the different LCUs and depths (analysis made comparing each region separately)?

Depth Mesial Central

BP 20i Celalux 3 Deep Cure Valo Grand BP 20i Celalux 3

0.5 453 + 43 Ba 39.0 £ 1.9 Ca 50.1 £ 0.8 Aa 50.4 £ 0.5 Aa 55.3 £ 1.4 Aa 53.6 £ 1.7 Aa

1.0 43.1 = 3.8 Bab 38.2 = 1.8 Ca 48.8 £ 1.3 Aab 49.4 £ 0.9 Aa 53.8 £ 0.9 Ab 525 £ 1.9 Ab

1.5 41.2 = 3.2 Bbc 37.0 £ 1.4 Cab 47.4 £ 1.7 Abc 48.1 £ 1.3 Aab 521 £ 1.2 Ac 51.6 £ 1.6 Ac

2.0 39.7 + 2.0 Bc 35.0 + 1.6 Cb 45.7 = 2.0 Acd 46.3 = 0.8 Abc 51.6 + 1.3 Ac 50.4 = 2.2 Ad

25 355 + 1.4 Bd 32.3 + 2.2 Bc 433 + 1.7 Ad 438 + 1.4 Ac

3.0 32.6 = 1.5 Be 28.7 =+ 3.2Cd 40.2 = 0.7 Ae 411 1.7 Ad

3.5 29.1 £ 2.2 Bf 26.5 = 2.6 Bd 36.1 = 1.1 Af 38.0 = 1.2 Ae

4.0 26.0 = 2.0 Bg 22.9 + 2.0 Be 31.5 + 1.6 Ag 34.0 = 0.6 Af

Z gg;erﬁlni uge:g;&;s;z letters indicate statistical differences within rows (light curing units); different lowercase letters indicate statistical differences within columns (p <

Table 5: Means + Standard Deviations of the Knoop Microhardness Results for Filtek Bulk Fill Posterior photoactivated for 20
seconds, measured at each region of the restoration (central, mesial [4.5 mm away from the center], and distal [4.5 mm
away from the center]), comparing the different LCUs and depths (analysis made comparing each region separately)?

Depth Mesial Central

BP 20i Celalux 3 Deep Cure Valo Grand BP 20i Celalux 3

0.5 48.3 = 0.7 Ba 48.2 £ 0.3 Ba 54.4 £ 1.3 Aa 555 + 1.4 Aa 552 £ 1.1 Ba 55.4 £ 0.7 Ba

1.0 47.2 £ 0.7 Bab 475 £ 0.3 Ba 53.5 £ 1.3 Aab 545 + 1.1 Aab 545 £ 0.9 Bb 54.6 £ 0.8 Bb

1.5 46.1 £ 0.7 Bbc 46.0 £ 0.4 Bb 52.9 + 1.3 Ab 53.5 = 1.1 Abc 53.6 £ 0.9 Bc 53.9 £ 0.8 Bc

2.0 449 + 0.6 Bc 448 + 1.0 Bb 52.4 + 1.4 Abc 52.6 + 1.0 Ac 52.7 + 1.0 Bd 53.2 + 0.7 Bd

25 432 + 0.7 Bd 42.8 + 1.0 Bc 515 + 1.2 Ac 50.7 + 1.7 Ad

3.0 40.6 = 0.8 Be 40.7 = 1.1 Bd 50.0 = 1.7 Ad 48.9 = 1.7 Ae

3.5 37.5 £ 0.3 Bf 38.0 = 0.7 Be 47.7 = 1.0 Ae 46.3 = 1.3 Af

4.0 34.1 = 0.5 Bg 35.2 + 1.3 Bf 451 = 1.4 Af 43.5 = 1.0 Ag

Z gg;erﬁlni uge:g;&;s;z letters indicate statistical differences within rows (light curing units); different lowercase letters indicate statistical differences within columns (p <

Table 6: Means + Standard Deviations of the Knoop Microhardness Results for Tetric EvoCeram Bulk Fill photoactivated for 10
seconds, measured at each region of the restoration (central, mesial [4.5 mm away from the center], and distal [4.5 mm
away from the center]), comparing the different LCUs and depths (analysis made comparing each region separately)?

Depth Mesial Central

BP 20i Celalux 3 Deep Cure Valo Grand BP 20i Celalux 3

0.5 34.3 = 3.1 Ba 26.7 = 1.8 Ca 35.6 = 0.8 Ba 43.6 + 1.2 Aa 451 = 1.0 Ba 409 = 1.6 Ca

1.0 32.6 = 1.9 Bab 25.3 = 1.8 Cab 33.6 = 0.7 Bb 423 = 1.6 Aa 43.4 £ 0.8 Bb 39.5 =+ 1.3 Ca

1.5 321 £ 1.1Bb 241 = 1.5 Cbc 32.3 = 0.7 Bbc 404 = 1.2 Ab 419 £ 1.3 Bc 378 =13Cb

2.0 30.5 =+ 1.5 Bc 22.8 = 1.9 Ccd 30.7 = 0.4 Bc 375 1.4 Ac 39.7 + 2.5 Bd 37.0 = 0.9 Cc

2.5 27.9 + 1.3 Bd 215 1.7 Cd 28.5 £ 1.0 Bd 34.8 + 2.1 Ad

3.0 259 £ 1.0 Be 19.2 = 0.7 Ce 26.5 £ 1.0 Be 31.9 = 25 Ae

35 24.0 = 1.3 Bf 16.7 = 0.6 Cf 24.6 = 0.7 Bf 28.4 = 1.1 Af

4.0 20.6 = 1.3 Bg 14.4 = 0.5 Cg 21.9 = 0.3 Bg 249 + 1.2 Ag

2 Different uppercase letters indicate statistical differences within rows (light curing units); different lowercase letters indicate statistical differences within columns (p <

0.05). N = 5 repeats.
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Table 4: Means = Standard Deviations of the Knoop Microhardness results for Filtek Bulk Fill Posterior photoactivated for 10
seconds, measured at each region of the restoration (central, mesial [4.5 mm away from the center], and distal [4.5 mm
away from the center]), comparing the different LCUs and depths (analysis made comparing each region separately) (ext.)

Depth Central Distal
Deep Cure Valo Grand BP 20i Celalux 3 Deep Cure Valo Grand

0.5 55.8 =+ 1.2 Aa 541 = 1.6 Aa 334 £ 1.8Ca 32.6 = 1.3 Ca 421 = 1.3 Ba 471 = 2.4 Aa
1.0 54.6 = 0.8 Ab 53.1 £ 1.6 Ab 322 = 1.8 Ca 314 = 1.7 Cab 40.7 = 1.2 Bab 454 + 2.2 Aa
15 53.5 + 0.8 Ac 51.9 £ 1.7 Ac 30.2 = 23Cb 30.1 = 2.3 Cbc 38.9 + 1.7 Bb 434 + 1.9 Ab
2.0 52.6 = 1.1 Ad 50.7 = 1.6 Ad 28.6 = 2.5 Cbc 284 =15 Cc 36.6 = 1.7 Bc 415 + 1.8 Ac
2.5 271 £ 24 Cc 26.3 = 1.5 Cd 33.8 =+ 1.6 Bd 39.2 + 1.6 Ad
3.0 244 = 1.6 Cd 238 = 1.1 Ce 31.2 =+ 1.7 Be 354 = 1.7 Ae
3.5 21.3 £ 2.6 Ce 209 = 1.9 Cf 27.8 = 1.4 Bf 31.3 = 1.4 Af
4.0 19.1 * 2.9 Cf 17.5 + 2.3 Cg 23.3 + 0.9 Bg 26.9 + 1.8 Ag

Table 5: Means = Standard Deviations of the Knoop Microhardness Results for Filtek Bulk Fill Posterior photoactivated for 20

seconds, measured at each region of the restoration (central, mesial [4.5 mm away from the center], and distal [4.5 mm
away from the center]), comparing the different LCUs and depths (analysis made comparing each region separately) (ext.)

Depth Central Distal

Deep Cure Valo Grand BP 20i Celalux 3 Deep Cure Valo Grand
0.5 57.9 + 0.9 Aa 58.6 + 0.7 Aa 46.5 = 0.3 Ba 47.0 £ 1.0 Ba 52.2 = 0.3 Aa 53.3 =+ 1.3 Aa
1.0 56.9 = 1.2 Ab 57.6 = 0.9 Ab 45.6 = 0.3 Bab 46.3 = 1.1 Bab 51.1 £ 0.3 Aab 52.4 = 1.2 Aab
15 56.0 = 1.0 Ac 56.8 = 1.0 Ac 44.5 = 0.5 Bbc 453 £ 1.0Bb 50.3 = 0.8 Abc 51.6 = 1.4 Ab
2.0 55.1 + 1.2 Ad 56.2 = 0.9 Ad 43.5 £ 0.7 Bc 43,5 £ 1.2 Bc 495 = 0.8 Ac 50.9 = 1.4 Abc
2.5 419 = 0.9 Bd 41.6 £ 1.4 Bd 479 £ 1.1 Ad 49.7 £ 1.5 Ac
3.0 40.0 = 1.1 Be 39.1 £ 1.5Be 456 £ 1.1 Ae 472 £ 1.6 Ad
3.5 37.2 = 1.2 Cf 36.0 = 1.9 Cf 42.8 = 1.4 Bf 45.6 = 0.9 Ae
4.0 34.0 = 1.0 Cg 33.3 = 1.3Cg 40.1 = 1.3 Bg 429 *+ 0.9 Af

Table 6: Means = Standard Deviations of the Knoop Microhardness Results for Tetric EvoCeram Bulk Fill photoactivated for 10
seconds, measured at each region of the restoration (central, mesial [4.5 mm away from the center], and distal [4.5 mm
away from the center]), comparing the different LCUs and depths (analysis made comparing each region separately) (ext.)

Depth Central Distal
Deep Cure Valo Grand BP 20i Celalux 3 Deep Cure Valo Grand

0.5 40.7 £ 0.9 Ca 479 * 1.3 Aa 29.6 + 3.2 Ba 22.7 £+ 15 Ca 30.2 + 0.3 Ba 413 £ 2.1 Aa
1.0 39.5 = 0.8 Cab 46.7 = 1.2 Aab 27.3 £ 2.8Bb 21.3 £ 1.0 Cab 28.4 = 0.5 Bab 39.1 = 2.1 Aa
15 38.5 = 0.8 Cbc 455 + 1.7 Ab 25.7 =+ 2.0 Bbc 19.9 = 1.6 Cbc 26.7 * 1.3 Bbc 35.5 £ 2.0 Ab
2.0 37.6 = 0.8 BCc 435 + 2.7 Ac 241 £ 1.2Bc 17.9 = 1.0 Ccd 249 * 0.9 Bed 31.8 £ 1.5 Ac
2.5 21.7 £ 0.9 Bd 16.5 = 1.0 Cd 23.5 1.1 Bd 29.7 + 1.8 Ac
3.0 18.9 = 2.1 Be 13.7 = 1.1 Ce 212 £ 1.6 Be 251 + 1.3 Ad
3.5 16.8 = 1.7 Be 12.0 = 0.6 Cef 20.1 £ 1.9 Ae 21.3 £ 0.9 Ae
4.0 141 = 1.1 Bf 10.0 = 0.6 Cf 17.8 = 1.8 Af 18.7 = 0.9 Af
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Table 7: Means = Standard Deviations of the Knoop Microhardness Results for Tetric EvoCeram Bulk Fill photoactivated for 20
seconds, measured at each region of the restoration (central, mesial [4.5 mm away from the center], and distal [4.5 mm
away from the center]), comparing the different LCUs and depths (analysis made comparing each region separately)?

Depth Mesial Central

BP 20i Celalux 3 Deep Cure Valo Grand BP 20i Celalux 3

0.5 35.8 £ 1.9 Ca 33.1 £ 0.9 Da 421 £ 0.7 Ba 48.3 £ 0.3 Aa 47.0 = 0.6 Ba 41.3 £ 0.6 Da

1.0 34.8 = 1.6 Cab 32.4 = 0.8 Dab 41.0 £ 0.6 Ba 46.9 £ 0.5 Ab 46.0 = 0.6 Bb 40.6 = 0.6 Db

1.5 33.8 = 1.7 Cbc 31.4 = 1.0 Db 395 £1.1Bb 45.0 £ 0.7 Ac 451 = 0.4 Bc 39.8 = 0.6 Cc

2.0 32,5 = 1.3 Cc 30.0 = 1.2 Dc 38.4 = 1.2 Bbc 42.0 = 1.1 Ad 44.0 = 0.5 Bd 39.2 = 0.6 Cd

25 30.6 = 1.7 Bd 28.6 = 0.6 Cd 373 =11 Ac 38.8 = 2.0 Ae

3.0 28.7 £ 1.3 Be 25.8 = 1.3 Ce 35.3 £ 0.9 Ad 36.0 = 2.0 Af

3.5 25.5 = 0.9 Bf 241 + 1.1 Bf 32.9 + 1.4 Ae 32.7 + 1.1 Ag

4.0 23.4 + 1.0 Bg 21.9 + 0.9 Bg 31.0 + 1.0 Af 30.2 = 0.8 Ah

Z . ggt.‘e,(lelt Léprgzrg:g.a letters indicate statistical differences within rows (light curing units); different lowercase letters indicate statistical differences within columns (p <

the external tip diameters. This difference was as
much as 3.4 mm for Valo Grand (Table 1) and may
lead the user to erroneously believe that the whole
restoration surface is being covered by light.

Radiant Exitance and Light Beam Profile

Another characteristic of LCUs that influences the
polymerization of the RBCs is the irradiance beam
profile of the light emitted from the LCU.'®!! The
light beam profile provides information about the
distribution of the irradiance from the LCU.? It has
already been shown that when very high irradiance
values, above 1500 mW/cm?, are received, this may
lead to a lower degree of conversion the material.?!%2
Also, as the distance between the LCU tip and the
RBC increases, the irradiance received by the RBC
decreases.?®?* In the present study, instead of light-
curing at a 0-mm distance, the tip of the LCUs was
fixed at a 2-mm distance because the cusp tips had
been ground flat. Thus, this 2-mm distance repre-
sented the clinical distance between the cusp tip and
the central fossa.

This study suggests that LCUs that have a wide
tip diameter and deliver a more homogeneous light
output should be used when photocuring large bulk-
fill restorations since these LCUs will produce more
uniform hardness values across the restora-
tion.'%!119 Although smaller-diameter light tips
may produce acceptable results when using a 4 mm
diameter mold in the ISO 4049 test, the use of
nonhomogeneous lights with narrow tip diameters
will lead to inhomogeneous hardness results in MOD
restorations in the tooth. This is illustrated by the
nonuniform distribution of colors in the hardness
maps in Figure 4. In addition to the discrepancy
between the effective and the external tip dimen-

sions, a nonuniform light beam profile may also lead
to errors when trying to cover the restoration with
the light adequately. Notably, the scaled irradiance
color scheme in Figure 3 shows that, although the
external tip diameter of the Celalux 3 is 8 mm, the
effective tip diameter is 7.1 mm, and only the center
4-mm diameter produces a radiant exitance that is
greater than 400 mW/cm?. This can be observed by
the increased amount of green, yellow, and red colors
representing the higher irradiance values at the
center of the LCU tip in Figure 3.

Emission Spectrum

Since it is known that the emission spectrum from
the LCUs can influence the curing and microhard-
ness of RBC restorations® the two different RBCs
tested in this study were chosen because they use
different photoinitiator systems. Filtek Bulk Fill
Posterior uses only the type II initiator CQ, whereas
Tetric EvoCeram Bulk Fill uses a combination of
type II (CQ) and type I (Ivocerin) initiators. Al-
though Ivocerin has its absorption peak close to 412
nm within the region of violet light, its absorption is
different from other alternative type I initiators,
such as Lucirin TPO, which absorb light mainly in
the UV range, because Ivocerin is activated by
wavelengths of blue light up to 460 nm.!* In
addition, since Ivocerin is a Type I photoinitiator
and is a more efficient photoactivator compared to
CQ?5, the curing profile of the two tested RBCs was
anticipated to be different. Thus the fact that the
multiple-peak LCUs (Bluephase 20i and Valo Grand)
that both emitted violet light produced higher
microhardness results than the use of the single-
peak blue LCUs (Celalux 3 and Elipar DeepCure-S)
was anticipated. However, this was only evident at
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Table 7: Means = Standard Deviations of the Knoop Microhardness Results for Tetric EvoCeram Bulk Fill photoactivated for 20
seconds, measured at each region of the restoration (central, mesial [4.5 mm away from the center], and distal [4.5 mm
away from the center]), comparing the different LCUs and depths (analysis made comparing each region separately)
(ext.)

Depth Central Distal

Deep Cure Valo Grand BP 20i Celalux 3 Deep Cure Valo Grand

0.5 455 *+ 0.8 Ca 51.0 = 1.0 Aa 34.3 = 1.9 Ca 325 *+ 0.8 Ca 384 +1.2Ba 472 * 1.3 Aa

1.0 448 = 0.7 Cb 50.2 = 0.9 Ab 33.3 = 1.4 Cab 315 = 0.6 Ca 37.3 1.1 Ba 46.5 = 1.1 Aab

1.5 44.0 = 0.7 Bc 49.3 £ 0.6 Ac 319 +£17Cb 30.2 £ 0.7 Cb 358 + 1.1 Bb 453 £ 1.3 Ab

2.0 43.2 + 0.7 Bd 48.5 + 0.6 Ad 304 = 1.4 Cc 28.3 = 0.8 Cc 34.7 + 1.6 Bb 43.6 = 1.0 Ac

25 28.4 + 1.7 Cd 27.2 + 0.9 Cc 33.3 * 1.6 Bc 40.5 = 1.4 Ad

3.0 26.7 = 2.1 Ce 252 + 1.0 Cd 312+ 1.4Bd 37.5 = 0.8 Ae

35 24.8 = 1.5 Cf 235+ 1.1 Ce 29.2 = 1.7 Be 34.2 + 0.9 Af

4.0 21.9 = 1.1 Cg 20.6 = 1.0 Cf 27.4 = 1.3 Bf 30.9 = 0.5 Ag

the at the center of the Tetric EvoCeram Bulk Fill
restorations where the RBC was 2 mm thick. At the
proximal boxes, the violet light had no beneficial
effect, and the tip diameter had a greater impact
over microhardness results. Since the emission
spectrum of the light emitted by the LCUs influ-
enced the hardness results of one RBC, it is
important to consider what wavelengths of light
are effectively reaching the RBC at both the top and
the bottom of the specimen. Thus, the beam profile of
the violet light emitted at the tip of the LCUs and
what light reaches the bottom of the RBC also
becomes relevant.?” Figure 3 shows that for the two
multiple-peak lights used in this study, the beam
profiles of the lights taken through the 400 nm filter
show that violet light was emitted across the entire
light tip, although at a much lower level than the
blue light. As expected, since Filtek Bulk Fill
Posterior does not require violet light, the micro-
hardness results for Filtek Bulk Fill Posterior were

not affected by the emission spectrum of the four
different LCUs.

Exposure Time

To verify the effect of different exposure times on
the curing profile of the restorations, both 10- and
20-second photoactivation times were used. A 10-
second exposure was chosen according to the
manufacturer’s recommended time, but the speci-
mens did not receive any exposures from the buccal
and lingual surfaces.?®?° When the exposure time
was doubled to 20 seconds from the occlusal surface,
the hardness results increased, and the curing
profile became more homogeneous. This result was
anticipated because it has been reported that the
radiant exposure can be correlated to the degree of

conversion of RBCs and that increasing the expo-
sure time should result in increased photocuring,
until a saturation point is reached.?®3° This effect
could be observed by the increase in the homogene-
ity of the hardness maps shown in Figure 4
independently of the LCU or the RBC used. This
observation may raise doubts about the relevance of
beam inhomogeneity on the photoactivation of
RBCs since, when longer exposure times are used,
the differences in the results of different materials
photoactivated with different LCUs are reduced
and may even disappear. However, any increase in
exposure time beyond what is recommended by the
manufacturer to improve the homogeneity of the
curing profile of the composite resin should be done
with caution because this longer exposure time will
deliver more energy to the tooth. This may generate
more heat in both the tissues adjacent to the
restoration and the pulp.?%3! Therefore, a short 5-
second delay between multiple exposures is recom-
mended to allow the tissues and tooth to cool.

Influence of the Mold

Overall, the microhardness values in the tooth were
lower than anticipated, most notably at the bottom
of the proximal boxes. The depth of cure of bulk-fill
RBCs has already been well discussed,* but the
width of cure, or curing profile in a tooth, has
not.>!® However, a high methodological heteroge-
neity has been reported for the studies that have
evaluated the depth of cure of bulk-fill RBCs*, and
it has been reported that the characteristics of the
mold used can influence the results of RBC
polymerization.'”3233 The material of which the
mold is made can influence the light transmission
and, consequently, the resin polymerization since
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more opaque materials will transmit less light.'”
The present study used a mold made using a human
tooth to simulate a large MOD restoration, because
it has been shown that use of tooth mold may result
in higher depth of cure than opaque molds.?* The
use of a molar tooth mold was important to
determine the influence of tip diameter and light
beam profile on the curing profile of bulk-fill RBC
restorations in real teeth. Although a previous
study'® reported that there were no differences
between LCUs with different light beam profiles,
the specimens used in that study were only 6 mm
wide, and a 20-second exposure time was used. The
fact that similar results were found in the present
study at the center of the 12-mm wide RBC
specimens, but not at the proximal boxes, highlights
the clinical importance of the mold material and
diameter on the conclusions of the study. Consider-
ing the results of the present study, if the ISO 4049
test using a 4-mm-diameter metal mold had been
used, the polymerization of the RBCs would have
appeared to be much better than what actually
occurs in the proximal boxes of a MOD restoration
in the tooth. But since the 4-mm-diameter metal
mold>®® cannot reproduce the photoactivation of the
RBC in extensive restorations, the ISO 4049
method for the depth of cure evaluation may even
produce conclusions that are not clinically rele-
vant.!®

The mold design used in this study allowed the
microhardness measurements to be made on the
transverse surface of the restorations without re-
quiring the specimens to be cut or polished. This was
done because although many previous studies have
evaluated the polymerization after cutting or polish-
ing the specimens,”®® the use of water or ethanol
may cause some dissolution of the monomers in the
RBC, and this might affect the results.?”

Although the LCUs were positioned at the center
of restorations, differences were observed between
the hardness values measured at the mesial and
distal box regions of the restorations. The light
distribution over the restoration, seen in Figure 3,
showed that both areas received light similarly;
therefore, it would be expected that the hardness of
the restorations should be uniform, and no differ-
ences should be found between mesial and distal
boxes. Also, the specimens were always positioned in
the same position under the LCUs, and the jig and
light clamping fixture prevented any alignment
changes during the light-curing of specimens. How-
ever, a VPS matrix was used to standardize the
shape of the restorations and to simulate the original
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tooth contour. Similar to the metallic matrices
commonly used in the restoration of class II cavities
that do not allow any additional light transmission
from the proximal surfaces, the VPS matrix was
opaque. Consequently, it is likely that the small
differences observed were probably caused by the
differences in the natural anatomical contour of the
mesial and distal surfaces of the human tooth and
the restorations.

Effective Tip Size in Relation to Restoration
Dimensions

The Knoop microhardness values were low at the
bottom of the proximal boxes for all the LCUs tested,
as illustrated by the greater number of blue regions
in the curing profiles (Figure 4). Although LCUs
with wide tips and homogeneous beam profile, such
as Valo Grand and Elipar DeepCure-S, delivered
better results in the proximal boxes than LCUs with
narrow tips and an inhomogeneous beam profile,
such as Bluephase 20i and Celalux 3, none of the
LCUs produced hardness values that were accept-
able (>80%)%® at these regions. Instead, the hard-
ness values at the bottom of the proximal boxes
achieved by Celalux 3 used for 10 seconds were as
low as 30% of the maximum hardness for Filtek Bulk
Fill Posterior and only 20% of the maximum values
achieved for Tetric EvoCeram Bulk Fill. The low
hardness results at the bottom of the proximal boxes
can be explained by the rather low amount of light
that reached the bottom of the restoration (Figures 5
and 6). This occurred mainly when the LCUs with
smaller tips were used. Because of the difficulty to
access and see the restorations at the bottom of the
proximal boxes and the low bond strength of poorly
polymerized RBCs to the cervical area,® this region
may be more susceptible to secondary caries,*°
increased solubility, and increased biofilm forma-
tion.*!

The smaller-diameter area of light curing should
not be an issue if an incremental filling and light-
curing technique is used or even when considering
the photoactivation of a restoration made with a
bulk-fill RBC that is less than the effective diameter
of the light tip. However, it becomes a problem when
trying to bulk cure an extensive MOD restoration in
a molar tooth. Instead of using a single light
exposure at the center of the restoration, it is
recommended that each proximal box be light-cured
separately, even when larger-diameter light tips are
used. By doing this, the clinician can ensure that all
of the RBC they are trying to photocure is within the
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region covered by the effective internal diameter of
the light tip.

Limitations

This study was conducted under ideal conditions.
The LCUs had been tested and were working within
the manufacturer’s specification, and the LCU was
correctly positioned and stabilized above the resto-
ration. These ideal circumstances may not always
occur clinically. The low indentation load used for
the microhardness test may be considered a limita-
tion, but this low load was necessary to prevent
damage to the specimens and was compensated for
by increasing the objective magnification (10X) so
that the image of the indent filled the imaging
screen. Another limitation was that the curing lights
were positioned only at the center of the restoration.
However, exposure times of both 10 and 20 seconds
were used because according to the manufacturer’s
instructions,?® the exposure time for Filtek Bulk Fill
Posterior used in the restoration of class II cavities
should be 10 seconds at the occlusal surface and an
extra 10 seconds at the buccal and lingual surfaces
provided that the LCU delivers a radiant exitance
above 1000 mW/cm?. The manufacturer of Tetric
EvoCeram Bulk Fill recommends that class II
cavities be photoactivated for 10 seconds at the
occlusal surface,?® and the photoactivation should
also be completed from the buccal and lingual
surfaces, again provided that the LCU delivers a
radiant exitance above 1000 mW/cm?. Although the
light transmission through teeth is low, and addi-
tional photoactivation from buccal and lingual
surfaces should increase the polymerization of the
RBCs, especially at greater depths,*? the amount of
light transmitted through the buccal and lingual
surfaces the teeth is unpredictable. Further studies
are necessary to verify the value of additional light
exposure through the tooth on the polymerization of
the RBC in the proximal boxes. For example, should
the mesial and distal boxes of molar teeth be exposed
separately from both the buccal and lingual surfaces
as well as from the central occlusal surface, making
a total of five exposures?

CONCLUSIONS

Within the limitations of the present study, that used
a human molar with a 12-mm mesial-distal length, a
2.5-mm deep occlusal box, and two 4.5-mm deep
proximal boxes, wider curing light tip diameters, a
more homogeneous light beam profile, and longer
exposure times were found to be preferable when
photoactivating MOD restorations made in this molar
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tooth. The Valo Grand, followed by the Bluephase 20i,
produced the highest hardness values (p<<0.05) at the
center of the 12-mm wide specimens of Tetric
EvoCeram Bulk Fill. Since less light reaches the
bottom of the proximal boxes and the microhardness
in these regions was negatively affected, light-curing
from more than one location is recommended.
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Wear Properties of Different
Additive Restorative Materials
Used for Onlay/Overlay
Posterior Restorations

F De Angelis « C D’Arcangelo ¢ N Maliskova ¢ L Vanini ¢ M Vadini

Clinical Relevance

Recently introduced indirect resin composites and dental ceramics show a wear behavior
similar to traditional gold alloys. The present laboratory findings support a successful use
of such new materials on load-bearing occlusal surfaces of posterior teeth, even for

extensive occlusal rehabilitations.

SUMMARY

The purpose of this laboratory study was to
compare the two-body wear resistance of dif-
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ferent restorative materials commonly used
for the indirect restoration of posterior teeth.
The tested materials, based on ceramic (Imag-
ine Press X, IPS e.max CAD, Milled Celtra Duo,
Glaze-Fired Celtra Duo, Vita Mark II) and
composite (Enamel Plus HRi, Enamel Plus
HRi Bio-Function, Filtek Supreme XTE, Lava
Ultimate), were compared with the wear prop-
erties of a type III gold alloy (Aurocast 8). Flat
samples were prepared with a 6-mm thickness
(n=10). Composite samples were tested after a
heat polymerization cycle. All samples were
exposed to a two-body wear test in a dual axis
chewing simulator performing over 120,000
loading cycles. The opposing abrader cusps
were fabricated from yttria-stabilized tetrago-
nal zirconia polycrystal. The vertical sub-
stance loss (mm) and the volume loss (mm?®)
were recorded, as was the wear of the antag-
onist cusp (mm). Mean values were analyzed
by one-way analysis of variance. Significant
differences among materials were detected.
The heat-cured resin-based composite material
Enamel Plus Bio-Function and the type III gold
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alloy demonstrated similar mean values for
wear depth and volumetric loss.

INTRODUCTION

The evolution of esthetics and adhesion has strongly
modified the approach to restorative dentistry,
raising the necessity to find the most suitable
biomaterials. In recent years, ceramics and resin
composites have become the most commonly used
restorative materials. Adhesive dental ceramics and
resin-based composites have proven to guarantee
optimal esthetic results alongside satisfactory me-
chanical properties. Due to these qualities, today
they are considered the first-choice restorative
materials both for minimal restorations and for the
reconstruction of severely compromised teeth. Gold
alloy reconstructions preferred in the past, especially
for their optimal wear properties, have been pro-
gressively substituted by these new technologies.

Loss of hard tooth substance is a natural process
taking place during mastication. The rate of wear
depends on many individually resulting factors that
interact all at the same time." The wear can be caused
by abrasiveness of the food (so-called three-body
wear) in case of normal masticatory function or by
attrition in the case of parafunctional oral habits®
(such as bruxism or grinding) that lead to direct
contact of the occlusal surfaces. Other possible
participating factors are muscular strength of the
temporomandibular apparatus, the quality of enam-
el,>* and salivary composition and acidity. The effect
of these circumstances naturally changes the surface
anatomy of the tooth, the cusps of the posterior teeth
become flatter, and the incisal edges of anterior teeth
reduce their length and volume of the mamelon area.’

Increased wear is a common reason of failure for
restorations exposed to masticatory forces. Excessive
wear may be responsible for numerous problems,
such as hypersensitivity, loss of occlusal contact,
defects of the periodontium, reduction of masticatory
efficiency, tooth migration and wrong tooth rela-
tions, weakness of masticatory muscles, and changes
in the vertical and horizontal jaw relations, which
may cause functional and esthetic impairments.®°

An optimal restorative material should provide
similar characteristics to natural dental tissues. The
physiological wear of enamel and dentin should
represent the reference for a reasonable wear
pattern of restorative materials, which typically
wear out through different mechanisms, such as
microplowing, microcutting, microcracking, and mi-
crofatigue.!t12

Previous studies’®!* have documented that the
wear behavior of type III gold alloy (Aurocast 8) is
very similar to that of human enamel. Over previous
decades, gold restorations were considered an appro-
priate solution, especially for the occlusal surface of
teeth, participating in the functional contact with the
opposing enamel or other prosthetic materials.®1®
Because of the wear similarity to natural enamel,
gold restorations lead to minimal wear of the
antagonist tooth surface.'” In addition, gold restora-
tions show no correlation with the onset of patholo-
gies related to the musculoskeletal system and
occlusal disharmony.'® The accuracy of the marginal
fit is another favorable feature of gold-based restora-
tions.’®?° In contrast, the metallic aspect is consid-
ered its main shortcoming, as it leads to reduced
esthetics and translucency. This feature has contrib-
uted to a more limited use in practice today.

Dental ceramics generally provide optimal optical
qualities, color stability, and biocompatibility,?*%* as
well as clinically acceptable flexural strength and
hardness.?*2° On the other hand, their main
disadvantage is that they can be used just for
indirect restorations (which typically leads to higher
prices and a higher number of patient sessions),
there is no chance for intraoral microrepairs, and
they seem to lead to enhanced wear of the opposing
occlusal material.?-33

Resin composite indirect restorations®>3* (onlays
and overlays) represent a valid alternative for an
adhesive and conservative approach.?®37 Moreover,
resin composites can also be used following a direct
technique,®® making them suitable as a minimally
invasive treatment.?**! These key characteristics
make them ideal materials to be used in the
treatment of extended occlusal rehabilitations and
full mouth rehabilitations and in patients with
parafunctions and occlusal disorders. Other advan-
tages include easy handling properties and a
relatively low cost. Furthermore, they allow easy
intraoral adjustments for proper occlusion and
effective surface polishing, according to actual
clinical needs, which may reduce patient chair time.

The fact that the manufacturers tend to improve
the mechanical behavior of their products leads to
the progressive offer of new composites and ceramics
for daily practice. Assessment of their wear behavior
and comparison through detailed tests become
necessary at this point.

The purpose of this study was to investigate and
compare the wear behavior of different additive
materials frequently used for indirect restorative
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Table 1: List of Materials Tested and Their Composition as Provided by the Respective Manufacturers

Commercial Name Manufacturer

Material Description

Wieland Dental Ceramics
(Pforzheim, Germany)

Imagine Press X

Heat-pressed silicon oxide (SiO)-based glass ceramic

Séckingen, Germany)

IPS e.max CAD Ivoclar Vivadent AG Milled lithium disilicate glass ceramic block
(Schaan, Liechtenstein) Filler content: approx. 70% wt
Lithium disilicate crystals (Li2Si2Os), glassy matrix
Composition (W/W): SiOz2 = 57%-80%, Li2O = 11%-19%, K20 = 0%-13%, P20s5 = 0%-
11%, ZrO2 = 0%-8%, ZnO = 0%-8%, other oxides and ceramic pigments = 0%-10%
Celtra Duo Dentsply DeTrey GmbH Zirconia-reinforced lithium silicate ceramic block
(Konstanz, Germany) Fine-grained lithium silicate, with high glass content, 10% zirconium oxide Glass with
completely dissolved zirconia
Lithium silicate crystallites: 500-700 nm
Vita Mark Il Vita Zahnfabrik (Bad Milled feldspathic porcelain block

Fine feldspathic crystalline particles embedded in a glassy matrix: vol % ~ 30
Density (g/cm®): 2.44 + 0.01, small
Particle size: average 4 um

Lava Ultimate

10 um

3M ESPE (Neuss, Germany) Milled resin composite block
Filler content: almost 80%
Silica nanomers: 20 nm; zirconia nanomers: 4-11 nm; silica-zirconia nanoclusters: 0.6-

Highly cross-linked polymeric matrix: Bis-GMA, Bis-EMA, UDMA, TEGDMA

Enamel Plus HRi
Bio-Function

Micerium (Avegno, Italy)

Resin composite

Filler content: 74% wt (60% in volume)

Dimension of particles of silicon dioxide: 0.005-0.05 um
Dimension of glassy particles: 0.2-3.0 um

Enamel Plus HRi Micerium (Avegno, Italy)

Resin composite

Filler content: 80% wt (63% volume)

Composition: 12% zirconium-oxide fillers, 68% innovative proprietary glass-based filler
Mean particle size: 1 um

Filtek Supreme

3M ESPE (Seefeld, Germany) Resin composite

XTE Filler content: 78% wt fillers (combination of nonagglomerated/nonaggregated 20-nm
silica filler, nonagglomerated/nonaggregated 4- to 11-nm zirconia filler, and aggregated
zirconia/silica cluster filler)

Aurocast 8

Nobil-Metal (Villafranca d’Asti,  Type Ill high-gold dental alloy
Italy) Composition (W/W): Au = 85.4%, Ag = 9.0%, Cu = 5.0%, Pd < 1.0%, Ir < 1.0%

purposes in posterior sectors following a simulated
laboratory two-body wear test. All materials includ-
ed in this protocol were exposed to 120,000 chewing
simulation cycles, and the measured results of wear
depth, volume loss, and antagonist wear were
compared to the wear properties of a traditional
gold-based dental alloy.

The null hypothesis was that there are no
significant differences between the gold alloy and
the evaluated materials concerning laboratory wear
properties.

METHODS AND MATERIALS

The different dental materials included in this
protocol are summarized in Table 1.

Specimen Preparation

Proceeding with the conventional lost-wax tech-
nique, 10 specimens were made out of Imagine Press

X pressable ceramic. Plexiglass discs (Plexiglas,
Evonik Rohm GmbH, Darmstadt, Germany) were
prepared (with dimensions of 7 mm in diameter and
6 mm in thickness) and then invested and burned
out by heat. The pressable ceramic was brought in to
replace the empty space and pressed at a tempera-
ture of 930°C for 20 minutes.

In order to produce specimens for computer-aided
design/computer-aided manufacturing (CAD/CAM),
the blocks of each material (IPS e.max CAD, Milled
Celtra Duo, Glaze-Fired Celtra Duo, Vita Mark II,
Lava Ultimate) were milled into the desired shape of
6-mm-thick slices.

Afterward, the lithium disilicate specimens (n=10)
were crystallized in a ceramic oven (Programat EP
5000, Ivoclar Vivadent, Schaan, Liechtenstein) at
840°C to 850°C. The glaze-firing protocol for zirconia
lithium silicate specimens of the Glaze-Fired Celtra
Duo material was conducted in accordance with the
manufacturer’s instructions. The Milled Celtra Duo
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samples, together with the feldspathic ceramic Vita
Mark II, were not exposed to any firing after milling.

In order to create composite specimens (Enamel
Plus HRi Bio-Function, Enamel Plus HRi, Filtek
Supreme XTE), silicon molds were used, with an
inner diameter of 7 mm and a height of 6 mm. Each
mold was put on a glass surface. The composite resin
material was stratified in three layers of about 2 mm
and light cured for 40 seconds each (L.E. Demetron I
with a 1200 mW/em? output, Sybron/ Kerr, Orange,
CA, USA), placing the curing unit tip as close as
possible to the mold. After light curing, all specimens
underwent a heat curing procedure in a composite
oven (LaborLux, Micerium, Avegno, Italy) for 10
minutes at 80°C. The top surface of each composite
sample was treated with 600-grit silicon carbide
(SiC) paper under running water for 30 seconds,
finished using diamond pastes (Shiny A, 3 pm, and
Shiny B, 1 pym, Micerium), and finally polished with
aluminum oxide paste (Shiny C, Micerium) delivered
with a specific brush (Goat Brush Shiny S-HP and
Felt Shiny F-HP, Micerium).

To fabricate 10 type III gold alloy samples
(Aurocast 8), the traditional lost-wax technique was
used following the manufacturer’s guidelines.

Antagonist cusps were fabricated from yttria-
stabilized tetragonal zirconia polycrystalline blocks
(Katana Zirconia ML, Kuraray Noritake Dental Inc,
Tokyo, Japan) with the use of a computer-aided
milling machine (Dental CAD/CAM GN-1, GC,
Tokyo, Japan), shaped like a blunt conus with a
round 3-mm-wide tip, and then sintered at 1500°C
for two hours. The polishing procedures were carried
out with 6-um diamond pastes.

All specimens were stored in distilled water for 24
hours at 37°C before wear simulation.

Wear Testing and Scanning Electron
Microscope Analysis

All specimens were fixed in a dual axis chewing
simulator (CS-4.2, SD Mechatronik GmbH, Feld-
kirchen-Westerham, Germany) specimen holder and
subsequently exposed to the two-body wear test
against zirconia cusps.

In this study, following the Ivoclar method for
laboratory wear testing,*?** the masticatory cycle
involved three stages: contact with a vertical force of
5 kg, horizontal sliding of 0.7 mm, and separation of
the specimen and its antagonistic cusp. A total
number of 120,000 masticatory cycles were per-
formed at a frequency of 1.6 Hz in wet condition

Table 2: Settings of Parameters for the Wear Resistance

Protocol
Parameter Value
Number of cycles 120,000
Force 49 N
Height 3 mm
Lateral movement —0.7 mm
Descendent speed 60 mm/s
Lifting speed 60 mm/s
Feed speed 40 mm/s
Return speed 40 mm/s
Frequency 1.6 Hz

under distilled water.*?** The parameter set for the
masticatory simulation is shown in Table 2.

Afterward, a quantitative surface analysis was
performed on all samples. Using a CAD/CAM three-
dimensional contact scanner (Renishaw Dental
Scanner, Renishaw, Wotton-under-Edge, UK), a
three-dimensional mesh was acquired from every
sample (Figure 1). Subsequently, the wear depth
(mm) and the volume loss (mm?®) were measured
employing CAD software (AutoCAD 2009, Autodesk
Inc, San Rafael, CA, USA). The height of each
zirconia cusp was registered before and after the test
procedure using a digital caliper with an accuracy of
1 pm. The difference was calculated and considered
as antagonist wear (mm).

The wear facets of some representative samples
from each experimental group were also subjected to
a qualitative surface evaluation using a scanning
electron microscope (SEM) (EVO 50 XVP LaB6, Carl
Zeiss SMT Ltd, Cambridge, UK) at 60X magnification
(Figure 2). The microstructure of the resin composite
materials underwent a more detailed SEM analysis,
up to 5000X magnification, using both secondary and
back-scattered electrons (Figure 3).

Statistical Analysis

Achieved data of wear depth, volume loss, and
antagonist wear were analyzed through SigmaStat
for Windows 3.0.1 (Systat Software Inc, San Jose,
CA, USA) statistical software. Mean values and
standard deviations were calculated in each group.
After having confirmed the homogeneity of the
variances (Levene test) and the normal distribution
of the data set (Kolmogorov-Smirnov test with the
Lilliefors correction), three different one-way analy-
sis of variance tests, followed by Tukey multiple
comparison tests, were performed to assess the
significance of mean differences (a=0.05).
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Figure 1. Three-dimensional meshes of representative wear facets from the experimental groups. (a): Wieland Imagine Press X. (b): IPS e.max
CAD. (c): Milled Celtra Duo. (d): Glaze-Fired Celtra Duo. (e): Vita Mark Il. (f): Lava Ultimate. (g): HRi Bio-Function heat cured. (h): Enamel Plus HRi

heat cured. (i): Filtek heat cured. (j): Aurocast 8 gold alloy.

Figure 2. Scanning electron microphotographs (original magnification 60X) of representative wear facets from the experimental groups. (a): Wieland
Imagine Press X. (b): IPS e.max CAD. (c): Milled Celtra Duo. (d): Glaze-Fired Celtra Duo. (e): Vita Mark Il. (f): Lava Ultimate. (g): HRi Bio-Function
heat cured. (h): Enamel Plus HRi heat cured. (i): Filtek heat cured. (j): Aurocast 8 gold alloy.

RESULTS

Table 3 summarizes the mean values of the wear
depth and volume loss recorded for every material
after 120,000 chewing simulation cycles against the
antagonist cusp, whose wear is also shown.

The one-way analysis of variance confirmed
statistically significant differences among the mean
values for wear depth (F=23.310; p<0.001) and
volume loss (F'=69.026; p<<0.001).

Glaze-Fired Celta Duo exhibited mean values for
wear depth and volume loss statistically similar to
those of gold alloy (p>0.05), while, when used soon
after grinding, Milled Celtra Duo was significantly

less wear resistant (p<<0.05). The results of other
tested dental ceramics were not statistically differ-
ent from values of the gold alloy (p>0.05).

Wear depth and volume loss mean values recorded
for the heat-cured Enamel Plus HRi Bio-Function
resin composite, compared to the other investigated
composites and ceramics, were the closest to the
mean values achieved on gold alloy samples. The
highest wear values were recorded in the Enamel
Plus HRi and Filtek Supreme XTE groups, with no
statistically significant differences between one
another but with significant differences compared
to other studied materials (p<<0.05).
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Figure 3. Secondary (left row) and back-scattered (right row)
electron microphotographs of the following resin composite materials,
which were examined at higher magnification (5000X) in order to
analyze their microstructure. (a, b): Lava Ultimate. (c, d): HRi Bio-
Function heat cured. (e, f): Enamel Plus HRi heat cured. (g, h): Filtek
heat cured. Back-scattered electrons help one better appreciate the
differences in filler particle sizes and morphologies.

DISCUSSION

The wear behavior of dental materials and dental
tissues during mastication is an important factor
that should be carefully evaluated when planning
dental treatments. An optimal material that replaces
missing enamel and opposes to natural enamel
should have a wear behavior as similar to the
natural dental tissue as possible.!? It should be
sufficiently wear resistant while presenting at the
same time a minimal abrasiveness toward the
opposing surface. Such material should provide
optimal adaptation and response to the masticatory
action. Optimal wear behavior is a central aspect to
be considered, especially in the treatment of para-
functional patients with occlusal imbalance.

The null hypothesis tested in the present study,
which assumed no difference in terms of laboratory
wear properties among the several restoratives,
must be rejected.

As already documented, the type III gold alloy
(Aurocast 8) presents wear behavior very similar to
that of human enamel, which shows great hardness,
although is still subjected to wear when in contact
with other restorative materials.'®*17 This charac-
teristic has made gold alloy the preferred material
for occlusal restorations over the past years due to its
excellent adaption to the physiological occlusal needs
of the patient.'®'® Therefore, considering such a
characteristic, it is supposed to minimize risk of
occlusal disharmony and functional pathologies.'®

According to the observed results, both ceramic-
and resin-based composite indirect materials may
show a satisfactory wear behavior compared to the
gold alloy reference.

Si0-based pressable glass ceramics are among the
most frequently used materials for metal-free fixed
restorations. The present results demonstrated their
wear resistance as satisfactory since their wear
depth and volume loss mean values were very close
to the mean values recorded for type III gold alloy. In
the present study, we focused also on testing the
wear behavior of a CAD/CAM feldspathic porcelain.
This highly esthetic material is composed mainly of a
glass phase, with a reduced crystalline phase, which
is the reason for its excellent translucency and its
optimal esthetics. The limited amount of crystalline
phase, however, can affect its mechanical proper-
ties.*> From the obtained results, the CAD/CAM
feldspathic porcelain also did not differ from gold
alloy and from other ceramic materials in terms of
wear properties.

Glass ceramic and feldspathic porcelain hardness
results in major abrasive power compared to com-
posite materials in general. Although their behavior
in terms of wear resistance is physiologically
valuable, abrasiveness is still higher than composite
materials.6*® Even if some enhanced ceramics may
present improved flexural strength, feldspathic
porcelains are typically more brittle than resin
composites, which can increase the risk of fracture
while milling extremely thin CAD/CAM restora-
tions.*64950 1t is also true that glass ceramic
restorations ensure a very high esthetic outcome,
but any eventual intraoral occlusal correction or any
new finishing/polishing procedure is certainly more
problematic compared to what is allowed by resin
composite materials.
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Table 3: Mean Values (and Standard Deviations) for Wear Depth and Volume Loss Achieved in the Experimental Groups.?
Material Wear Depth (mm) Volume Loss (mm?®) Antagonist Wear (mm)
Imagine Press X 0.301 B (0.058) 0.536 B (0.107) 0.005 A (0.001)
IPS e.max CAD 0.254 BC (0.054) 0.351 cp (0.091) 0.005 a (0.002)
Milled Celtra Duo 0.320 B (0.063) 0.555 B (0.093) 0.004 A (0.001)
Glaze-Fired Celtra Duo 0.280 BC (0.051) 0.375 cp (0.090) 0.005 A (0.002)
Vita Mark Il 0.282 BC (0.057) 0.475 BC (0.110) 0.005 A (0.003)
Lava Ultimate 0.281 BC (0.078) 0.456 BcD (0.099) 0.005 A (0.002)
Enamel Plus HRi Bio-Function 0.213¢c (0.052) 0.375 cp (0.052) 0.005 A (0.002)
Enamel Plus HRi 0.458 A (0.057) 1.002 A (0.121) 0.004 A (0.002)
Filtek Supreme 0.456 A (0.029) 1.026 A (0.115) 0.006 A (0.001)
Aurocast 8 0.216 ¢ (0.056) 0.327 b (0.082) 0.004 A (0.002)
2 Same letters indicate no statistically significant differences (p>0.05).

In the present study, a CAD/CAM lithium dis-
ilicate ceramic (IPS e.max CAD) was investigated.
Lithium disilicate is a material of unique composi-
tion, containing 70% small interlocking and random-
ly oriented crystals that provide extraordinary
flexural strength. In this study, the CAD/CAM
lithium disilicate demonstrated very similar wear
properties to the gold alloy (p>0.05).

The zirconia-reinforced lithium silicate (ZLS)
ceramic (Celtra Duo) was treated following two
different finalization protocols in this study: milled
and glaze fired. According to the manufacturer’s
instructions, the milled version provides the great
advantage of saving time due to the possibility of
skipping the firing procedure and directly polishing
after grinding. This could be favorable for the chair-
side manufacture of adhesively luted indirect resto-
rations. However, the glaze firing cycle, even if not
required, is recommended, as it improves esthetic
and flexural strength properties.®’ The wear prop-
erties of the ZLS material were examined both soon
after grinding and after the optional glaze firing
procedure. The wear depth and volume loss of the
ground ZLS demonstrated statistically significant
differences compared to gold alloy (p<0.05). Con-
versely, the differences found for the glaze-fired ZLS
samples, albeit present, were not statistically signif-
icant (p>0.05). These results point to the glaze firing
cycle as an important advanced procedure that may
improve the wear resistance of ZLS-based ceramic.

The investigated CAD/CAM resin composite (LA-
VA Ultimate) demonstrated satisfying results of
wear properties similar to gold alloy. According to
the information presented by the manufacturer, this
material presents enhanced strength, allowing the
fabrication of indirect restorations with a minimal
thickness and thus the preparation of the tooth with
a maximally conservative approach. For restorations

with a minimal thickness, an optimal wear resis-
tance seems required, and, according to the collected
data, Lava Ultimate may also guarantee a satisfac-
tory behavior from this point of view.

Generally, the composite materials are considered
advantageous because of many favorable aspects,
such as the ease of handling, workability, low cost,
and the possibility to easily carry out any required
intraoral adjustment. Three types of frequently used
composite materials were tested in this protocol.

Enamel Plus HRi and Filtek Supreme XTE, which
are traditional composite restorative materials,
displayed significant differences in the wear behav-
ior compared to gold alloy. Excessively high wear
depth and volumetric loss mean values may cause
undesirable effects from the clinical point of view,
such as loss of the occlusal contact, compromised
function and esthetics, impaired occlusion, and
possible musculoskeletal disequilibrium.®!° These
aspects should be carefully considered, especially
when treating parafunctional patients.

Different from the other samples, the novel
composite material Enamel Plus HRi Bio-Function
demonstrated the most statistically similar behavior
in terms of wear depth, volume loss, and antagonist
wear to the type III gold alloy group when submitted
to the tests. Such similarity makes this material
very promising, especially in terms of low interfer-
ence with other materials. As stated by the manu-
facturer, the novel material is free of cytotoxic
monomers (eg, 2-hydroxyethyl methacrylate and
bis glycidyl methacrylate), which, if released during
incomplete polymerization, may be harmful to dental
tissue cells and increase the risk of pulp patholo-
gies.5253 The absence of these components promises
the material’s biocompatibility. Thus, Enamel Plus
HRIi Bio-Function seems to unify the advantageous
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handling of composites, satisfying wear properties
(such as some ceramics) and high biocompatibility.
Due to these features, such a material may be
adequate for clinical use, especially for complex
treatments of parafunctional patients presenting a
compromised occlusal balance.

Among the factors influencing the wear properties
of composite materials, the percentage of filler
content and the filler particle size/quality®* have been
extensively discussed.’®®® Earlier laboratory studies
have reported that the higher loading of filler
particles into the resin matrix plays a particularly
important role in the wear resistance of conventional
composites,” as it increases the coefficients of friction
between filler particles and the matrix and thus the
rate of wear 10ss.?>®® In recently introduced nano-
filled resin composites, with reduced size of particles,
the mechanical and esthetic properties seem to be
improved with respect to conventional resin compos-
ites.’! Such materials are highly filled with nano-
filler particles that are distributed homogeneously in
the resin matrix while creating larger interface area
between fillers and resin matrix.®! It was documented
that smaller particles for a fixed-volume fraction of
filler and decreased interparticle spacing are factors
reducing the wear loss of nano-resin composites.5%5°
Nevertheless, there are also other factors that
significantly affect the wear resistance of the mate-
rial,>® such as the type of resin matrix and the
initiators for polymerization of resin composite®® and
the bonding between fillers and resin matrix.’” The
effect of all these factors, which are also influenced by
loading details, makes the whole system of wear
resistance complex.’®

In this study, all resin composites investigated had
comparable filler loads, ranging between 74% and
80% (Table 1). The filler particle sizes/qualities
claimed by the manufacturer for Lava Ultimate
and Filtek Supreme XTE appeared also similar
(Table 1). Moreover, both Enamel HRi Bio-Function
and Enamel plus HRi do contain both nano-scaled
and non—nano-scaled particles (Table 1). Despite
those microstructural similarities (Figure 3), a
significantly increased wear resistance was detected
for Lava Ultimate and Enamel Plus HRi Bio-
Function when they were compared, respectively,
with Filtek Supreme XTE and Enamel Plus HRi. As
a consequence, without neglecting the previously
mentioned correlation between filler particle size/
quality, filler load, and mechanical properties, it
seems clear that additional factors may play a
paramount role in the determination of the ultimate
wear resistance of resin-based materials, such as the

degree of conversion of the resin matrix (that is
inherently enhanced for an industrially polymerized
CAD/CAM resin block) or an effective bond between
the inorganic filler particles and the organic matrix
(which has been claimed as enhanced in the recently
introduced Enamel Plus HRi Bio-Function).

The clinical methods for the evaluation of dental
material wear properties have been reported as
hardly standardizable, time consuming, and subject-
ed to many patient-related variable factors.*>587
Therefore, different laboratory methods and simula-
tion devices have been developed in order to provide a
standard asset for the wear evaluation, and different
studies have been reported with the aim to demon-
strate their validity and the clinical correlation
between clinical and laboratory tests.*>772

In the present study, based on the methodology
already used in previous research,1*?4*73 the
Ivoclar two-body wear test method was used, which
is based on the simulation of 120,000 chewing cycles.
Some studies state that in clinical conditions,
approximately 330,000 chewing cycles are registered
in one year of mastication.** This would mean that
the quantity of 120,000 may be correlated to 132.7
days (approximately four months) of clinical chewing
strokes.

However, as there are many variable factors
influencing clinical wear (such as masticatory force,
direction of the mastication, quality of meal, compo-
sition of saliva, and so on), the possibility of such a
direct and strict correlation between laboratory and
clinical data does not seem so strong for almost all
different laboratory chewing simulation methods
available, as reported by Heintze and others** in a
recent review.

As far as the abraders used for laboratory testing
are concerned, the preparation of antagonist samples
made of human enamel is subjected to many
conditions that may cause variability of its quality.
These conditions include the eventual manipulation
errors in order to prepare equal abraders introduced
in the steps of the protocol and variability in the
degree of mineralization and thickness of the enamel
from the individual donors. In order to obtain a
standardized shape of antagonist cusps,’* zirconia
ceramic spheres were used in the present protocol.
They retained their shape during the entire testing
period, avoiding any influence of the abrader surface
shape on the process.”®® In this way, it was possible
to obtain standardized experimental conditions in
order to reach results not influenced by these
variable factors.
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CONCLUSIONS

The present protocol showed that distinct materials
have a statistically different behavior in terms of
wear resistance when exposed to simulated chewing
cycles.

Among the heat cured resin composites tested in
this study, only one (Enamel Plus HRi Bio-Function)
showed vertical wear and volumetric loss results
statistically similar to the traditional type III gold
alloys. Because of the additional advantage of
biocompatibility, it is considered that this material
could be a promising alternative for reconstructions
of posterior sectors also in the treatment of parafunc-
tional patients. Both Enamel Plus HRi and Filtek
Supreme XTE showed insufficient wear resistance
and unfavorable results.

The milled Celtra Duo demonstrated a shallow but
considerably augmented wear depth compared to
Aurocast 8 gold alloy. Results of wear depth and
volumetric loss for Celtra Duo subjected to a fire
glazing cycle have been recorded and did not appear
to be statistically different when compared to gold
alloy.
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