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Clinical Technique/Case Report

Esthetic Management of Incisors
with Diffuse and Demarcated
Opacities: 24 Month Follow-up
Case Report

GS Athayde * RC Jorge ¢ GCA Americano ¢ F Barja-Fidalgo « VM Soviero

Clinical Relevance

A minimally invasive esthetic treatment can provide longevity and color stability.

SUMMARY

This clinical case report describes a minimally

invasive approach to mask diffuse and demar-
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cated opacities in permanent anterior teeth in
an eight-year-old child who was upset with the
appearance of her incisors. Clinical examina-
tion showed diffuse opacities in teeth 7, 8, 9,
and 10, diagnosed as dental fluorosis associat-
ed with yellow demarcated opacity in tooth 9
related to molar-incisor hypomineralization.
The treatment was based on conservative
dentistry using the low-viscosity resin infiltra-
tion technique and resin composite restoration
in an attempt to mask the lesions. The follow-
up time was 24 months.

INTRODUCTION

Developmental defects of enamel in anterior teeth
might have negative impact on patient self-esteem
and consequently quality of life.}"? Developmental
defects of enamel can affect all the teeth as a whole
or can be localized in a specific group of teeth, as in
molar incisor hypomineralization (MIH).>* MIH is
characterized by the presence of demarcated opaci-
ties in at least one first permanent molar, generally
associated with incisors also affected.® Fluorosis
presents diffuse opacities with a chalky white
appearance or, in severe cases, with staining and
pitting.® A demarcated opacity in a single permanent
tooth can be attributed to trauma to its predeces-
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sor.>” All these conditions come from abnormality in
the enamel mineralization phase, modifying the
chemical composition and optical characteristics of
the enamel.”

The patient’s expectations and the severity of the
enamel opacities will guide the clinician’s treatment
choice. Alternatives to achieve esthetic improvement
of demarcated and diffuse opacities range from
minimally invasive strategies, such as dental bleach-
ing®® and microabrasion,®!! to more invasive tech-
niques, such as composite resin restorations or
porcelain veneers.'®!® Microabrasion is indicated
for fluorotic opacities; however, care should be taken
to avoid excessive removal of enamel during the
clinical procedure.’® Among the minimally invasive
methods, bleaching with hydrogen peroxide or
carbamide peroxide has been used successfully.*
Composite resins and porcelain veneers have been
used to provide good esthetic results but invariably
cause greater loss of tooth structure due to tooth
preparation.'®!3

More recently, the use of an infiltrant resin has
been recommended as a minimally invasive ap-
proach to masking opacities in the enamel. The
infiltrant agent was initially proposed for the
treatment of white spot lesions caused by dental
caries, but successful experiments have been report-
ed for masking opacities related to fluorosis and
opacities caused by trauma.'®'® The technique of
infiltrating the opacity with low-viscosity resin is
based on the fact that the resin has a refractive index
similar to that of sound enamel. Thus, when the
resin penetrates and fills the porosities of the carious
lesions, the refractive index returns to values very
close to those of the sound enamel, masking the
opacity.'®

This clinical case report describes a minimally
invasive approach to mask diffuse and demarcated
opacities in permanent anterior teeth using a resin
infiltrant (Icon, DMG, Hamburg, Germany) and
composite resin restoration.

CLINICAL CASE REPORT

An eight-year-old female patient with no systemic
disease attended the Pediatric Dentistry Clinic of Rio
de Janeiro State University, Rio de Janeiro, Brazil.
She was upset with the whitish appearance of her
maxillary permanent incisors. Clinical examination
showed diffuse opacities in teeth 7, 8, 9, and 10,
which was diagnosed as moderate fluorosis (score 5)
based on the Thylstrup and Fejerskov Index for
Dental Fluorosis.'® A yellow demarcated opacity in

Operative Dentistry

Figure 1.  Baseline: diffuse opacities in the upper central and lateral
incisors. Yellow demarcated opacity in tooth 9.

tooth 9 was diagnosed as MIH, according to the
European Academy of Pediatric Dentistry* because
the first permanent molars were also affected
(Figure 1).

The treatment decision was based on minimally
invasive dentistry, using the infiltration technique
with low-viscosity resin (Icon) and composite resin
(TPH, Dentsply, Sdo Paulo, Brazil) in an attempt to
mask the discolorations. The parent signed an
informed consent form authorizing the treatment
and the use of images.

The teeth were cleaned and isolated with a rubber
dam (Figure 2). The infiltration technique followed
was per the manufacturer’s instructions. The enamel
was etched using 15% HCI gel (Icon etch, DMG) for 2
minutes (Figure 3) followed by rinsing for 30
seconds, drying with compressed air (Figure 4) and
dehydration with 100% ethanol (Icon dry, DMG) for
30 seconds. During ethanol application the visual
aspect of the enamel was checked and the opacities
had not disappeared. Thus, the etching step was
repeated. After the second acid etching, the diffuse
opacities were masked, but the MIH yellow opacity
in tooth 9 was still visible. Then, approximately 0.2
mm of the enamel was removed with a diamond bur
and the acid gel (Icon etch) was reapplied only in the
area of the demarcated opacity (Figures 5 and 6).
When ethanol was applied, it was possible to see that
the demarcated opacity was also camouflaged (Fig-
ure 7). The infiltration resin (Icon Infiltrant, DMG)
was carefully applied onto the etched area for 3
minutes without rubbing (Figure 8); slightly dried
with compressed air; and, after removing the excess
with gauze, light-cured for 40 seconds (Altlux,
Ribeirdo Preto, Sdo Paulo, Brazil) (Figure 9).
Composite resin, color A2, (TPH) was used to restore
the enamel removed by the bur. The tooth surfaces
were polished with composite resin polishing discs
(Sof-Lex, 3M ESPE, St Paul, MN, USA). The clinical
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aspect immediately after infiltration and rubber dam
removal and at the 12-month and 24-month follow-
up are shown in Figures 10, 11, 12, and 13
respectively.

DISCUSSION

Resin infiltration is an approach that can be safely
and effectively performed in a single session with
optimal results.’®172° The diffuse opacities were
completely masked by the infiltrant. Compared with
microabrasion, the resin infiltration technique re-
moves considerably less enamel as the acid applica-
tion is not combined with mechanical abrasion. The
microabrasion technique with abrasive gel composed
of a mixture of hydrochloric acid or phosphoric acid
and pumice or silica carbide particles is widely used
as a minimal intervention,?"?? although it invari-
ably results in considerable enamel reduction. The
enamel loss after microabrasion ranges from around
100 pm to more than 250 pm depending on the
pressure, time of application, and concentration of
the acid.2%?22% As mild to moderate fluorosis

Figure 2. Rubber dam with ligatures.

Figure 3. 15% hydrochloric acid
application (2 min).

Figure 4. Aspect after hydrochloric
acid application. Ready for ethanol
application.

Figure 5. After ethanol application,
the diffuse white areas disappeared.
The demarcated opacity did not
change the aspect and a thin layer
of enamel was removed (diamond
bur-tooth 9).

Figure 6. 15% hydrochloric acid
application in the demarcated opacity
— tooth 9 for 2 min.

Figure 7.  Ethanol application to pre-
view the masking effect.

Figure 8. Resin infiltration in teeth 7,
8, 9, and 10.

Figure 9. Light-cure for 40s.

presents a porous subsurface zone of 80 to 100 um
in depth,® microabrasion abrades the whole affected
enamel. Hence, the esthetic appearance is improved
because the fluorotic enamel is removed. Etching
with 15% HCI for 120 seconds, according to the resin
infiltration technique, removes between 30 and 40
pm of surface layer, thus enabling the resin to
penetrate into the deeper affected enamel.?” The
masking effect occurs due to the resin infiltrating the
porous subsurface. That is why the application of
ethanol is used as a prognostic parameter of the final
result. If the wetting effect of the ethanol masks the
opacities partially or completely, it means that the
infiltrant will penetrate and mask the opacities. For
a thicker surface zone additional etching may be
necessary, as in the present case.

Home bleaching has also been recommended as an
esthetic treatment for fluorosis. The modality that
involves the use of a vacuum-formed custom-fitted
tray filled with carbamide peroxide (10%-20%) or
hydrogen peroxide (1%-10%) and has been validated
by several studies.!*?%%° For pediatric patients, the
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American Association of Pediatric Dentistry recom-

mends caution in the use of bleaching techniques.>°

Taking into account that in young patients dental
pulp is wider than in adult patients and that the
diffusion of hydrogen peroxide at high concentra-
tions into dental tissues is extensive, the risk of
adverse effects such as sensitivity might be high.
Additionally, in contrast to bleaching therapy, which
can reduce the microhardness of demineralized
enamel surfaces,?! the infiltrant resin can strength-
en the enamel structure mechanically.?? Therefore,
for the current patient, bleaching was not consid-
ered.

In contrast to the fluorotic opacities, the demar-
cated opacity localized in the left incisor did not show
any improvement even after a second acid etching. It
was decided to use a bur to remove the superficial
layer of the opacity and repeat the acid etching. In
this case, treatment combining resin infiltration
with composite can be considered a minimally
invasive procedure because a very thin layer of
enamel was removed that was restricted to the area
of the demarcated opacity. Microabrasion was not
used because of concerns about the risk of postoper-
ative sensitivity considering the amount of enamel
that would need to be removed and the patient’s
young age. However, in a previous case report, a
nine-year-old patient had a demarcated opacity that
was treated with microabrasion repeated in three
consecutive appointments followed by resin infiltra-
tion; the patient had no complaints about sensitiv-
ity.33

The combination of resin infiltration and compos-
ite was effective in improving esthetics with minimal
loss of tooth structure. Once the demarcated opacity
was masked by the infiltrant, the restoration could
be done with a single-color composite in a simple and

Operative Dentistry

Figure 10. Immediate aspect after
resin infiltration and composite resin —
teeth 7, 8, 9 and 10.

Figure 11. Immediate aspect after
rubber dam removal.

Figure 12.  6-month follow-up.

Figure 13. 24-month follow-up.

practical procedure. No strategies combining opaque
liner and different colors of composite were neces-
sary to obtain the masking effect. Additionally, as
bonding on a surface previously treated with Icon is
possible,®* no primer or adhesive was used before
inserting the composite resin. The esthetic result
showed color stability at the 24-month follow-up.

MIH is relatively common worldwide with an
average prevalence of 11.24%,3® which means pedi-
atric dentists and clinicians will probably have
patients with esthetic issues related to this condition
and should be aware of possible treatment options.
Considering the importance of the smile during
adolescence and implications for self-esteem and
social well-being to a child, clinicians should consider
a conservative and effective approach. In the current
case, diffuse and demarcated opacities were masked
by the combination of infiltrant with composite in a
single session, and a satisfactory outcome was
achieved.

CONCLUSIONS

The esthetic treatment based on resin infiltration
and composite achieved excellent results with color
stability at the 24-month follow-up. Diffuse and
demarcated opacities were masked in a single
session that improved the patient’s self-esteem.
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A Simple Method for Modifying the
Emergence Profile by Direct
Restorations: The Biologically Active
Intrasulcular Restoration Technique

L Giachetti

Clinical Relevance

It is possible to modify the natural emergence profile of the tooth using simple
intrasulcular direct restorations. The shape of the intrasulcular part of the restoration
will determine the design of the gingival contour.

SUMMARY

Some clinical situations, such as the closure of
pronounced diastemas and the transformation
of malformed, small, or peg-shaped teeth, re-
quire a rebalancing of dental proportions
accompanied by a modification of the gingival
contour. A traditional treatment plan might
require surgical, prosthetic, and/or orthodon-
tic treatment, but in some cases, these thera-
peutic options could be considered too inva-
sive and not always the best solution.
Moreover, not all patients are ready to under-
go irreversible, long, and expensive proce-
dures. To overcome these limitations and to

*Luca Giachetti, MD, DMD, MSc, PhD, associate professor,
Dental Materials and Restorative Dentistry, University of
Florence Department of Experimental and Clinical Medicine -
Unit of Dentistry, Firenze, Italy
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solve all of these clinical problems in a rapid
and noninvasive way, we propose a new tech-
nique that allows us to modify the natural
emergence profile of the tooth using simple
intrasulcular direct restorations. Using the
Biologically Active Intrasulcular Restoration
technique, it is possible to rebalance tooth
shape and dimensions, gingival level and con-
tour with low biological and economic costs.
This method, which does not require any
preparation of the dental tissues, is reversible
and minimally invasive. It is applicable to
patients of all ages, and results are obtained
in a single appointment.

INTRODUCTION

Generally, when it comes to applying adhesive
techniques, both direct and indirect, one of the
requirements is that the margin of the restoration
is in an extrasulcular position. This leads to a
number of advantages such as improved moisture
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control (easier application of the rubber dam) and
respect for periodontal health.

However, there are some clinical situations in
which, to achieve satisfying esthetic results, it would
be necessary to put the restoration margin apically
with respect to the gingival line. This condition
occurs in several clinical situations, such as the
closure of pronounced diastemas or the transforma-
tion of malformed, small, or peg-shaped teeth,
clinical situations in which a rebalance of dental
proportions is required, very often accompanied by a
modification of the gingival contour.

A traditional treatment plan might require surgi-
cal, prosthetic, and/or orthodontic treatment, but in
some cases, these therapeutic options could be
considered too invasive and not always the best
solution. Moreover, not all patients are in a position
to undergo irreversible, long, and expensive proce-
dures.

To overcome these limitations and to solve these
clinical problems in a rapid and noninvasive way, we
propose a new technique that allows us to modify the
natural emergence profile of the tooth using simple
intrasulcular direct restorations: The Biologically
Active Intrasulcular Restoration (BAIR) technique.
The BAIR technique allows us to perform restora-
tions that can actively interact with the surrounding
soft tissues and facilitate the adaptation of the
gingival margins. By modifying the emergence
profile we are able to change the position of the
gingival margin since the restoration holds the
surrounding soft tissues. The shape of the intra-
sulcular part of the restoration will determine the
design of the gingival contour.

This procedure enables us to apically displace the
soft tissues, thus resulting in a lengthening of the
clinical crown and an immediate reshaping of the
gingival contour, helping to restore more appropriate
dental proportions.

Purpose

The aim of this article is to describe the BAIR
technique and to show its clinical applications,
together with its advantages.

Description of Technique

The proposed method makes use of a circular metal
matrix to isolate the operative site and, at the same
time, to move the soft tissues and provide clear
access to the intrasulcular portion of the tooth.! By
doing so, a proper isolation is obtained, allowing the
application of adhesives and composites.

Operative Dentistry

CASE 1

A young girl showed poor alignment of the two central
incisors. The left central incisor seemed to be extruded
with respect to the adjacent teeth. The most appro-
priate therapy could be orthodontic treatment, which
the patient had no intention of undertaking. Anam-
nesis told us that this tooth had a fracture and a
subsequent reattachment of the fragment. At the
time, there was evident discoloration, with more
opaque and high chromatic dentin (Figure 1A). The
tooth had been shortened, and space had been created
to achieve more translucency. The metal matrix was
applied, and the gingiva was pushed apically. The
matrix was positioned around the tooth, tilted, pushed
in the cervical direction keeping it adjacent to the
tooth, and slid up to fit into the gingival sulcus. The
matrix adaptation was facilitated with the use of an
excavator or tweezers (Figure 1B).

Once in the sulcus, the metal matrix was gently
pushed again to move the soft tissues. In this way, it
was possible to obtain an isolation of the operative site
and dislocation of the soft tissues in the apical, mesial,
and distal directions. This process provided clear
access to the intrasulcular portion of the tooth (Figure
1C) and allowed easy application of adhesive and
composite. These applications facilitated the rebuild-
ing of a new artificial cementoenamel junction (CEJ),
which changed the emergence angle between the root
and crown (Figure 1D). To avoid overhangs, the first
layer had to be applied while the edge of the matrix
was in close contact with the tooth.

The junction between the root and composite was
moved beyond the natural CEJ. A new hybrid CEJ
was re-created more apically, so that the gingiva could
be supported and adapt itself to the design that had
been created with the composites (Figure 1E). Just
after removing the matrix, it was noted that the
incisal and gingival levels were reestablished. The
finishing of the extragingival part of the restoration
was performed, whereas the intrasulcular part did not
need finishing or polishing as it was already smooth
and well cured because the composite polymerized in
contact with the metal matrix and in the absence of
oxygen (Figure 1F). After 2 years, the patient’s
gingival health was stable. Unfortunately, the discol-
oration was not properly improved. In hindsight, a
greater amount of dentin should have been removed to
reduce the opacity of the tooth (Figure 1G).

CASE 2

A young patient who was at the end of orthodontic
treatment needed and wished for an enlargement of
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Figure 1. (A): Poor alignment of the two central incisors. The left central incisor seems to be extruded with respect to the adjacent teeth. (B): The
tooth has been shortened, and space has been created to obtain more translucency. The metal matrix is applied, and the gingiva is pushed apically.
(C): The cervical area is isolated. (D): The composite is applied and pressed against the matrix and the tooth to change the emergence profile
between the root and the crown. (E): In the diagram, it is highlighted that the border between the root and composite has been moved apically (red
arrows). A new “hybrid cementoenamel junction” is created more apically, so that the gingiva can be supported and can adapt itself to the design that
has been created with composites (red dotted line). (F): Just after removing the matrix, it can be noted that the incisal and gingival levels were
reestablished. (G): After 2 years, the patient has stable gingival health.

Figure 2. (A): A very evident diastema between the canine and lateral incisor (red arrow). (B): Using a template, prepared through a wax-up, we can
rebuild the incisal edge with the new mesiodistal dimension. (C): The restoration was completed by connecting the incisal part with the cervical one,
with the help of the metal matrix. (D): In this way, the proximal walls emerge from within the gingival sulcus. The diastema is closed (blue arrow). (E, F):
It can be noted how the composite supports the gingival tissue (blue arrows) and how in this way we can instantly obtain a papilla.

tissue, and in this way, the papilla was instantly
obtained (Figure 2E,F).

her tiny teeth (Figure 2A). A wax-up was carried out,
and from this, a template was prepared. This helped
us to realize the incisal edge with the new mesiodis-
tal dimension (Figure 2B). The restoration was
completed by connecting the incisal part to the
cervical one, with the help of a metal matrix (Figure

CASE 3

The same procedure is applicable when the restora-
tion of gingival papilla is desired because of the

2C). In this way, the proximal walls could emerge
from within the gingival sulcus (Figure 2D). It can be
noted that the composite supported the gingival

absence of an interproximal contact point. An elderly
patient, wearing a removable prosthesis, showed an
unpleasant smile because of small and worn incisors
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Figure 3. (A): Unpleasant smile due to small and worn incisors and
absence of papillae. (B): In a single appointment, using the
Biologically Active Intrasulcular Restoration technique, the shape of
the teeth was changed, thus creating new contacts more apically with
consequent better adaptation of the soft tissues.

and the absence of papillae. Her poor economic
resources did not allow her to pay for a complex
treatment plan (Figure 3A). Using the BAIR tech-
nique, the shape of her teeth was changed, thus
creating new contacts more apically with consequent
better adaptation of the soft tissues (Figure 3B). Her
esthetic problems were solved in a single appoint-
ment.

CASE 4

A young patient with a peg-shaped upper left lateral
incisor was treated using the BAIR technique
(Figure 4A). The metal matrix allowed us to obtain
insulation of the operative site and, at the same
time, dislocation of the soft tissues in the apical,
mesial, and distal directions (Figure 4B,C). Excess
composite was applied because of the position and
shape of the matrix (Figure 4D). The cervical part of
the restoration drew the gingival contour and kept
the surrounding soft tissues in a more apical position
(Figure 4E). The right volumes and shape were
restored afterward using a subtractive modeling
technique, without milling the intrasulcular part of
the restoration (Figure 4F). Changing the emergence
angle of the tooth, together with its shape and
contact points, allowed us to obtain a rapid adapta-
tion of the soft tissue, with the restoration itself
drawing the new gingival contour (Figure 4G).

Operative Dentistry

Follow-up after 2 years showed stable gingival
health (Figure 4H-J).

MATERIALS USED

We used the Automatrix Medium Regular Band
(Dentsply/Caulk, Milford, DE, USA). The adhesive
system was chosen depending on the substrate. If
only enamel needed to be conditioned, bonding
resin (Heliobond, Ivoclar Vivadent, Schaan, Liech-
tenstein) was applied after conditioning with
orthophosphoric acid (Gel Etchant, Kerr, Orange,
CA, USA) for 30 seconds. If the restoration margin
was located beyond the CEJ on a dentin substrate,
a selective etching on enamel was performed, and a
self-etch adhesive containing 10-MDP was applied
(Clearfil SE, Kuraray, Hattersheim am Main,
Germany). A medium-opacity universal composite
was used (Supreme XTE, 3M ESPE, St Paul, MN,
USA). Once the matrix was removed, a subtractive
modeling was performed with a fine diamond bur
(Composhape 4236 40 pum, Intensiv SA, Lugano,
Switzerland). Finishing was performed with abra-
sive disks (Sof-Lex Pop-On XT 2381 M @ 9.5mm,
3M ESPE) and abrasive strips (Proxostrip 40-15,
Intensiv SA, Lugano, Switzerland). The restoration
was then polished with a polishing paste (Optra-
Fine HP, Ivoclar Vivadent) using a round brush
(Enamel Plus Shiny S, Micerium, Avegno, Genova,
Italy).

POTENTIAL PROBLEMS

The use of a traditional dental dam is not indicated
because it is likely to hinder the vision of the gingival
parabolas of the teeth, while it is essential to be able
to continuously check the soft tissues to achieve a
correct balancing of the gingival levels. However, the
localized isolation offered by the metal matrix is
more than sufficient,’ and in the BAIR technique,
the restoration originates in an area that would not
be isolated by the dam anyway.

Generally, the metal matrix was stabilized with
wooden wedges or by simply taking advantage of the
contact points of the adjacent teeth. However,
sometimes there were no adjacent teeth or we
needed to significantly modify the position of the
soft tissues. In such cases, it was necessary for the
operator to exert a constant pressure on the matrix,
using a finger to keep it in the desired position until
the first composite layer was light cured. Therefore,
constant assistance needed to be available.

If it was necessary to complete the restoration of
the palatal side of the interproximal walls, we used
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Figure 4. (A): A peg-shaped upper left lateral incisor. (B, C): The metal matrix allows us to obtain an insulation of the operative site and, at the same
time, the dislocation of the soft tissues in the apical, mesial, and distal directions. Gingival ischemia can be noted in the compression zone, which
occasionally remains for a short period after the removal of the matrix. Within a few hours, the gingiva regains a healthy and natural appearance. (D):
Excess composite is applied because of the position and shape of the matrix. (E): The matrix has just been removed. At high magnification, it is
evident how the restoration supports the surrounding soft tissues. (F): The right volumes and shape are restored using a subtractive modeling
technique, without milling the intrasulcular part of the restoration. (G): The final result. The restoration draws the new gingival contour. (H): After 2

years, stable gingival health is maintained. (J): X-ray at 2 years.

Figure 5. (A): After completing the closure of a diastema on the vestibular side, a defect remains on the mesiopalatal side. (B): The matrix was
inclined toward the sulcus from the lingual side to isolate the defect and allow the application of the composite. (C): The defect was repaired.

the matrix inclined toward the sulcus from the
lingual side (Figure 5A-C).

Another issue could be the periodontal tissue
adaptation to the intrasulcular restorations. Scien-
tific evidence suggests that if such a restoration is
carried out through careful control of local humidity;
superficial polymerization, polishing and finishing;
and local hygiene, then it can perfectly integrate
with the surrounding periodontium, without being
itself a cause of inflammation.>® In the BAIR
technique, the circular metal matrix, together with
other isolation disposables, provides local moisture
control and allows an adequate curing of the
restorative materials. Moreover, the contact between
the matrix and the composite ensures the realization
of a perfectly smooth area in the most apical part of
the restoration, which does not require any finishing

and polishing. In our clinical experience, none of the
treated patients revealed periodontal problems in
the site of the restorations.

SUMMARY OF ADVANTAGES AND
DISADVANTAGES

Advantages

The use of a metal matrix provides valid local
isolation, displaces the gingiva in an atraumatic
way, and allows clear access to the intrasulcular
portion of the tooth.

The subgingival portion of the restoration is
perfectly smooth because it is polymerized in contact
with the metal matrix, in the absence of oxygen. For
this reason, the intrasulcular part of the restoration
does not need finishing or polishing, avoiding
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superficial roughness that may interfere with the
adaptation of periodontal tissues to the restora-
tion.0-15

No surgery is required, and more often than not,
anesthesia is not needed.

Since there is no reduction of the dental tissues,
this technique is minimally invasive and, if desired,
allows us to restore the initial situation.

It is possible to easily modify the restorations
later, if necessary, using the same protocol as for the
first intervention.

Disadvantages

When there is a need to modify heavily the position
of the soft tissues, it is necessary for the operator to
exert a constant pressure on the matrix by a finger to
keep the matrix in the desired position. This means
having constant assistance available.

This technique is indicated for single-rooted teeth
only, and it cannot be applied to teeth that are part
of a splinting.

CONCLUSION

With simple direct restorations, we can achieve
results that would otherwise (ie, with traditional
treatment plans) require surgery or orthodontics and
much longer treatments often associated with an-
noying postoperative problems.

Using the BAIR technique, we can rebalance tooth
shape and dimensions as well as gingival level and
contour with low biological and economic costs. The
method does not require any preparation of the
dental tissues. It is reversible and minimally
invasive. It is applicable to patients of all ages, and
results are obtained in a single appointment.

Conflict of Interest

The author of this article certifies that he has no proprietary,
financial, or other personal interest of any nature or kind in
any product, service, and/or company that is presented in this
article.

(Accepted 3 February 2020)

REFERENCES

1. Giachetti L (2019) A simple method for treating subgin-
gival Class V lesions Operative Dentistry 44(4) 333-335.

2. Paolantonio M, D’Ercole S, Perinetti G, Tripodi D,
Catamo G, Serra E, Brue C, & Piccolomini R (2004)
Clinical and microbiological effects of different restorative
materials on the periodontal tissues adjacent to subgin-

10.

11.

12.

13.

14.

15.

Operative Dentistry

gival class V restorations: 1l-year results Journal of
Clinical Periodontology 31(3) 200-207.

. Konradsson K & van Dijken JWV (2005) Interleukin-1

levels in gingival crevicular fluid adjacent to restorations
of calcium aluminate cement and resin composite Journal
of Clinical Periodontology 32(5) 462-466.

. Lucchesi JA, Santos VR, Amaral CM, Peruzzo DC, &

Duarte PM (2007) Coronally positioned flap for treatment
of restored root surfaces: a 6-month clinical evaluation
Journal of Periodontology 78(4) 615-623.

. Kuper NK, Opdam NJ, Bronkhorst EM, & Huysmans MC

(2012) The influence of approximal restorations extension
on the development of secondary caries Journal of
Dentistry 40(3) 241-2417.

. Roggendorf MJ, Kramer N, Dippold C, Vosen VE,

Naumann M, Jablonski-Momeni A, & Frankenberger R
(2012) Effect of proximal box elevation with resin
composite on marginal quality of resin composite inlays
in vitro Journal of Dentistry 40(12) 1068-1073.

. Frankenberger R, Hehn J, Hajto J, Kramer N, Naumann

M, Koch A, & Roggendorf MJ (2013) Effect of proximal
box elevation with resin composite on marginal quality of
ceramic inlays in vitro Clinical Oral Investigations 17(1)
177-183.

. Frese C, Schiller P, Staehle HJ, & Wolff D (2013)

Recontouring teeth and closing diastemas with direct
composite buildups: a 5-year follow-up Journal of Den-
tistry 41(11) 979-985.

. Frese C, Wolff D, & Staehle HJ (2014) Proximal box

elevation with resin composite and the dogma of biological
width: clinical R2-technique and critical review Operative
Dentistry 39(1) 22-31.

Larato DC (1972) Influence of a composite resin restora-
tion on the gingiva Journal of Prosthetic Dentistry 28(4)
402-404.

Blank LW, Caffesse RG, & Charbeneau GT (1979) The
gingival response to well-finished composite resin resto-
rations Journal of Prosthetic Dentistry 42(6) 626-632.

Jansson L, Blomster S, Forsgardh A, Bergman E,
Berglund E, Foss L, Reinhardt EL, & Sjoberg B (1997)
Interactory effect between marginal plaque and subgin-
gival proximal restorations on periodontal pocket depth
Swedish Dental Journal 21(3) 77-83.

Schatzle M, Land NP, Anerud A, Boysen H, Burgin W, &
Lée H (2001) The influence of margins of restorations of
the periodontal tissues over 26 years Journal of Clinical
Periodontology 28(1) 57-64.

Saldanha DV, Gomes SC, Souza DM, Cavagni J, Rui V, &
Oppermann RV (2005) Periodontal response to subgingi-
val restorations in dogs with periodontitis Acta Odonto-
logica Latinoamericana 25(1) 45-52.

Staehle HJ, Wohlrab T, Saure D, Wolff D, & Frese C
(2015) A 6.5-year clinical follow-up of direct resin
composite buildups in the posterior dentition: introduc-
tion of a new minimally invasive restorative method
Journal of Dentistry 43(10) 1211-1217.

$S800B 98] BIA Z0-60-GZ0Z 1€ /woo Aiojoeignd-poid-swd-yiewlsiem-jpd-swiid//:sdny woly papeojumoq



“Operative Dentistry, 2020, 45-6, 581-588

Clinical Research

Temporary Tooth Separation to
Improve Assessment of
Approximal Caries Lesions:
A School-Based Study

MM Nascimento ® AP Ribeiro ¢ AJ Delgado ¢ L. Cassiano ¢ MGD Caraballo
J-F Roulet ¢ S Geraldeli « PNR Pereira ¢« ME Ottenga ¢ DA Dilbone

Clinical Relevance

Radiographic lesion depth should not be used as the single determinant of the restorative
threshold for clinically inaccessible approximal caries lesions. Temporary tooth separation
is a feasible and effective diagnostic aid for assessment and appropriate management of

approximal lesions.

*Marcelle M Nascimento, DDS, MS, PhD, associate professor,

Department of Restorative Dental Sciences, Division of
Operative Dentistry, College of Dentistry, University of
Florida, Gainesville, FL, USA

Ana P Ribeiro, DDS, MS, PhD, clinical assistant professor,

Department of Restorative Dental Sciences, Division of
Operative Dentistry, College of Dentistry, University of
Florida, Gainesville, FL,, USA

Alex J Delgado, DDS, MS, clinical associate professor,
Department of Restorative Dental Sciences, Division of
Operative Dentistry, College of Dentistry, University of
Florida, Gainesville, FL,, USA

Luisa Cassiano, DDS, MS, clinical assistant professor,
Department of Restorative Dental Sciences, Division of
Operative Dentistry, College of Dentistry, University of
Florida, Gainesville, FL,, USA

Maria GD Caraballo, DDS, adjunct clinical assistant profes-
sor, Department of Restorative Dental Sciences, Division of
Operative Dentistry, College of Dentistry, University of
Florida, Gainesville, FL, USA

Jean-Frangois Roulet, Dr. med. Dent., Dr. h.c., professor,
Department of Restorative Dental Sciences, Division of
Operative Dentistry, College of Dentistry, University of
Florida, Gainesville, FL, USA

SUMMARY

In the era of tooth-preserving dentistry, the
decision to restore approximal caries lesions
must be based on the accurate assessment of

Saulo Geraldeli, DDS, MS, PhD, associate professor, Depart-
ment of General Dentistry, Division of Biomedical Materials,
East Carolina University, School of Dental Medicine, Green-
ville, NC, USA

Patricia NR Pereira, DDS, PhD, clinical associate professor,

Department of Restorative Dental Sciences, Division of
Operative Dentistry, College of Dentistry, University of
Florida, Gainesville, FL, USA

Marc E Ottenga, DDS, clinical professor, Department of
Restorative Dental Sciences, Division of Operative Dentistry,
College of Dentistry, University of Florida, Gainesville, FL,
USA

Deborah A Dilbone, DMD, associate professor, Department of
Restorative Dental Sciences, Division of Operative Dentistry,
College of Dentistry, University of Florida, Gainesville, FL, USA

*Corresponding author: 1395 Center Dr, Room D9-6, PO
Box 100415, Gainesville, FL 32610-0415; e-mail:
mnascimento@dental.ufl.edu

https://doi.org/10.2341/19-221-C

$S800B 98] BIA Z0-60-GZ0Z 1€ /woo Aiojoeignd-poid-swd-yiewlsiem-jpd-swiid//:sdny woly papeojumoq



582

tooth cavitation, as the accumulation of oral
biofilms in these areas encourages lesion pro-
gression. However, lesions radiographically
into dentin remain the main threshold criteri-
on for restoring approximal lesions even
though most of these lesions may not be
cavitated. A school-based clinical protocol for
temporary tooth separation (TTS) was devel-
oped to improve visual-tactile assessment and
management of clinically inaccessible approx-
imal lesions. TTS data retrieved from electron-
ic health records were used to correlate radio-
graphic lesion depth and surface cavitation
status with lesion location and the patient’s
caries risk and to evaluate the effectiveness of
TTS as a diagnostic aid for approximal lesions.
Of the 206 lesions assessed, 66.5% (n=137) were
located in the maxillary arch, 56.6% (n=116) in
distal surfaces, 61.3% (n=114) in premolars,
and 21.5% (n=40) in molars. After tooth sepa-
ration, 79.6% (n=164) of the lesions were diag-
nosed as noncavitated, including 90% (n=66) of
the lesions radiographically at the inner half
of enamel (E2) and 66% (n=49) of those at the
outer-third of dentin (D1). Logistic regression
analysis using E2 and D1 lesions showed no
significant association between lesion depth or
cavitation status with lesion location and
caries risk. TTS is a feasible and effective
diagnostic aid for the assessment and appro-
priate management of approximal caries le-
sions. There is a need to reevaluate the use of
radiographic lesion depth as the single deter-
minant of the restorative threshold for clini-
cally inaccessible approximal lesions.

INTRODUCTION

Substantial knowledge of the caries process based on
over 100 years of caries research supports the use of
preventive, risk-based, and tooth-preserving ap-
proaches for caries management.! Caries is well
known as a biofilm-mediated disease.? That is, tooth
cavitation or any situation in the oral environment
that encourages the accumulation and metabolic
activity of oral biofilms (dental plaque) increases the
risk for caries development and progression. Efforts
to arrest caries activity using biofilm control and
remineralization therapy must take place at all
times but especially prior to enamel cavitation.?®
Remineralization therapy aims to stop or reverse the
progression of caries lesions by combining the use of
fluoride products, education, and behavioral changes
that promote mineralization over demineralization

Operative Dentistry

of dental tissues.? In contrast to the outdated and
traditional surgical-only approach, the current con-
sensus is that enamel and noncavitated carious
lesions that can be arrested and remineralized by
nonsurgical approaches should not be restored,
whereas noncleansable and cavitated lesions pro-
gressing into dentin most often require restorative
intervention.®” In particular, the appropriate time
to restore approximal lesions is when the lesions are
cavitated because they are not cleansable or amena-
ble to the effects of fluoride, and therefore these
lesions are more likely to progress.

The decision to restore approximal caries lesions
must be based on the accurate assessment of the
presence of tooth cavitation. However, visual-tactile
assessment of cavitation of these surfaces can be
challenging due to the restricted access to contacting
surfaces. Consequently, bitewing radiography has
remained the primary detection method for clinically
inaccessible approximal lesions. Since the probabil-
ity of cavitation increases with lesion depth, lesion
progression into the outer half of dentin, or D1
lesions, has become the threshold criterion for
surgical (restorative) intervention of approximal
lesions.? While bitewing radiographs are useful
for detecting tooth demineralization, they may not
reveal the surface integrity with accuracy.®!° In
fact, earlier clinical studies revealed that between
40% and 60% of D1 lesions are not cavitated.®%11-13
These findings imply that restorations leading to
irreversible loss of tooth structure are commonly
placed in teeth with noncavitated approximal lesions
based on an age-old assumption that all caries
lesions will progress if left untreated and not on
accurate assessment of surface cavitation. Of greater
concern, dentists’ restorative thresholds remain
unaffected by scientific evidence supporting less
invasive management of noncavitated caries lesions.
A systematic review shows that 21% of dentists or
dental therapists would intervene restoratively on
approximal lesions radiographically confined to
enamel and that 48% would intervene restoratively
on approximal lesions extending up to the dentin-
enamel junction.®

The use of elastic orthodontic separators has long
been proposed to achieve interproximal tooth sepa-
ration and improve visual-tactile assessment of
approximal tooth surfaces.®1%1* Unfortunately,
this technique remains as an elective procedure that
is not commonly used in clinical practice. Tooth
separation allows the clinical evaluation of surface
integrity (absence or presence of a microcavity or a
distinct cavity) and lesion activity. A school-based
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clinical protocol on temporary tooth separation (TTS)
was developed to aid in direct visual-tactile assess-
ment, thus facilitating accurate diagnosis and
appropriate management of approximal caries le-
sions with an emphasis on preventive and minimally
invasive restorative treatment planning based on
the status of individual tooth surfaces. This study
used electronic health records (EHR) of the TTS data
to examine: a) the correlations between radiographic
lesion depth, surface cavitation status, lesion loca-
tion, and patients’ caries risk, and b) the potential
value of TTS as a diagnostic aid for approximal
caries lesions.

METHODS AND MATERIALS
Study Design

This retrospective study used axiUm (Software
Advice, Inc) electronic reports generated from pa-
tients’ EHR to collect data on different variables
related to the procedure of TTS, including radio-
graphic lesion depth (outer [E1] or inner [E2] half of
enamel, and outer [D1], middle [D2], or inner [D3]
third of dentin), surface cavitation status (cavitated
or noncavitated), lesion location (mesial/distal, max-
illary/mandibular arch, and tooth type), and pa-
tients’ caries risk level (extreme, high, moderate, or
low). Data were collected for the period from August
29, 2017, to July 30, 2019.

Clinical Procedures

The procedures of clinical examination, radiographic
interpretation, caries risk assessment, TTS, and
development of treatment plans were performed by
third- and fourth-year predoctoral dental students
under the supervision of the attending clinical faculty
from the Department of Restorative Dental Sciences.
Students received didactic and preclinical training on
diagnosis, prevention, and management of dental
caries during their first two years of the DMD
program. Faculty meetings and calibration sessions
were conducted to discuss the scientific evidence
available regarding caries diagnosis and manage-
ment, which included the development and imple-
mentation of the TTS protocol. The school’s caries risk
assessment and management program was developed
based on the Caries Management by Risk Assessment
(CAMBRA) system as described elsewhere.'®

Protocol for TTS

The indications and steps of the clinical and
electronic-based protocol for TTS are shown in
Figure 1. According to the protocol, TTS must be

performed for the assessment of all approximal
caries lesions showing no evident cavitation on
visual-tactile examination and extending to the
outer third of dentin (D1 lesions) upon radiographic
examination. However, TTS is also recommended for
other types of radiographic lesion depth when the
lesion activity and/or surface cavitation are ques-
tionable. For the lesions assessed during the study
period, the orthodontic bands were placed in the
interproximal spaces, and TTS was performed for at
least one hour but no longer than three hours. The
protocol recommends the placement of bands as
early in the dental appointment as possible to allow
more time for tooth separation and thus achieve
adequate visual-tactile assessment of the tooth
surfaces. Of note, multiple lesions could have been
assessed on the same patient during one or several
dental appointments.

The TTS electronic-based protocol was developed
and built into axiUm. The protocol consists of using
an axiUm procedure code (D0426) and a form
(DEPCAV) that are entered in each patient’s EHR
for each tooth surface assessed with tooth separa-
tion. The D0426 code was used to record the
separation procedure and the tooth number and
surface. The DEPCAYV form was populated, linked to
D0426, and used to provide further diagnostic
information on radiographic depth and cavitation
status (as determined clinically after tooth separa-
tion) of the caries lesions. Another protocol was
developed to monitor active approximal caries
lesions that had been assessed as noncavitated after
tooth separation. The D0604 code was used to record
the monitoring procedure and tooth number and
surface, while the CMPLAN form (linked to D0604)
was used to provide information on the patient’s
caries risk, radiographic lesion depth, time frame for
recall visits, and the procedures to be performed at
recalls (Supplemental Material 1).

Diagnosis and Management of Caries Lesions

After tooth separation, the approximal caries lesions
were directly assessed and diagnosed by visual-
tactile examination using the criteria shown on
Table 1, which also shows the treatment recommen-
dations according to the surface cavitation status
(surface integrity) and activity of the caries lesions.
Lesion activity was determined by clinical appear-
ance and texture of tooth surfaces. Even though
Table 1 shows that the color of tooth surfaces varied
according to the type of dental tissue affected and
lesion activity, color was not to be used as a
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Figure 1. Tooth separation and assessment of the mesial caries
lesion of tooth 29; (a) and (b): Initial views of the orthodontic elastic
separator between teeth 28 and 29 that remained in place for 90
minutes. (c) and (d): Clinical aspect after separation.

Clinical and electronic-based protocol for temporary tooth separation.

Indication: Temporary tooth separation must be performed for the

assessment of all approximal caries lesions showing no evident

cavitation on visual-tactile examination and extending to the outer
third of dentin (D1 lesions) on radiographic examination.

Clinical Steps:

1. Inform the patient about the need, indications, advantages, and
disadvantages of the tooth separation procedure.

2. Stretch the orthodontic bands outside of the mouth by using an
orthodontic forceps or dental floss ligatures. There are two different
sizes of orthodontic bands available in our clinics. Whenever
possible, the tighter bands and perhaps two bands should be
inserted into the interproximal spaces in order to achieve
satisfactory tooth separation.

3. Work the orthodontic bands down through the contact point. The
bands should be left interproximally for at least one hour, but longer
separation time typically yields better results.

4. After the separation time, remove the bands gently by using cotton
plyers, dental explorer, or dental floss.

5. Wash and dry the approximal tooth surfaces.

6. When the teeth are well separated, you should be able to visualize
the tooth surfaces directly or indirectly (mirror) and, if needed, to
“feel” the surface’s texture by moving the tip of a dental explorer
gently across the tooth surfaces.

7. Determine if caries lesions are present on the approximal surfaces.
If the surfaces present no signs of past or present caries activity,
this must be noted on the patient’s progress notes, and no further
treatment is necessary. If caries lesions are present, you must
assess surface integrity (cavitated or noncavitated) and lesion
activity (active or inactive).

8. For active and noncavitated carious lesions, fluoride varnish must
be applied while the teeth are still separated. These lesions will be
managed by nonsurgical procedures and monitored over time.

9. All clinical observations, caries diagnoses, and corresponding
treatment plans must be identified and recorded in the patient’s
dental record.

Operative Dentistry

diagnostic characteristic to distinguish active from
inactive lesions.

According to the protocol, and regardless of the
patient caries risk, enamel and D1 lesions assessed
as noncavitated active lesions were to be managed by
nonsurgical procedures and monitored over time,
while restorative treatment was to be planned for
cavitated active lesions. At this point, the treatment
of the noncavitated lesion was to be based on
controlling patient’s risk factors through therapeutic
means and lifestyle changes. To stop the progression
of the disease process, the focus was to be on the use
of fluoride (medication), the quality and frequency of
toothbrushing/flossing (plaque control), and dietary
changes (lifestyle). The lesion was to be identified in
the patient’s EHR, the proper monitoring codes
entered into axiUm, and an appropriate recall time
for reassessment created.

Statistical Analysis

Data management and statistical analyses were
performed using Stata SE 15.0 at a significance
level of 0.05. For descriptive analysis, the distribu-
tion of percentages and means were calculated when
appropriate. A normality test was used to determine
if the data set was well modeled by a normal
distribution. Given the fact that most dentists use
the restorative threshold of radiographic D1 or even
E2 lesions, a logistic regression model was used to
correlate radiographic depth, cavitation status,
lesion location, and patients’ caries risk level for a
total of 134 E2 and D1 lesions from 64 patients
whose caries risk had been assigned in the EHR. The
logistic regression model used caries risk (patient
level), type of arch (maxillary/mandibular), tooth
surface (mesial/distal), and tooth (incisor, canine,
premolar or molar) as independent variables at the
levels of lesion and patient. Hence, the model
accounted for teeth from the same patient entering
the patient in the logistic regression as a variable.

RESULTS

A total of 206 approximal caries lesions from 97
patients (mean average of 2.1 lesions; range of 1 to
16 lesions per patient) were assessed following the
protocol for TTS, and information on these lesions
was electronically recorded and retrieved for the
study analysis. The distribution of these lesions
according to location were as follows: 116 (56.6%)
were located on distal surfaces and 90 (43.9%) on
mesial surfaces; 114 (61.3%) were located on premo-
lars, 40 (21.5%) on molars, 28 (15.1%) on incisors,
and 24 (11.7%) on canines; and 137 (66.5%) were
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Table 1: Diagnostic Characteristics and Treatment Recommendations for Approximal Caries Lesions?

Diagnostic Characteristics

Treatment

Recommendations

Surface breakdown
Soft or leathery texture of exposed
dentin

Dental Tissue Appearance/Texture Surface Integrity  Activity
Enamel * Whitish/yellowish opacity Noncavitated Inactive  * Review oral hygiene instructions, diet, and
* Shiny surface the use of fluoride
* Smooth surface upon gentle probing * Monitor lesion progression over time
* May exhibit localized shallow defects
or microcavitations
Enamel * Whitish/yellowish opacity Noncavitated Active * At the tooth separation visit, apply fluoride
* Loss of luster; ‘chalky’ or ‘milky’ varnish while teeth are still separated
appearance * Review oral hygiene instructions, diet, and
* Rough surface upon gentle probing the use of fluoride
* May exhibit localized shallow defects ¢ Use of at-home fluoride products as part of
or microcavitations regular oral hygiene
* In-office fluoride varnish applications until
lesion activity is controlled (arrested)
* Monitor lesion progression over time
Dentin * Brown or black color Cavitated Inactive  * Review oral hygiene instructions, diet, and
* Shiny surface the use of fluoride
* Hard surface upon gentle probing * Restorative treatment only if compromising
the tooth function and the control of lesion
activity
Dentin * Yellow to brown color Cavitated Active * Review oral hygiene instructions, diet, and

the use of fluoride
* Restorative treatment

@ The color of an inactive lesion may vary from white to brown or black, but color should not be used as a diagnostic characteristic to distinguish active from inactive
noncavitated lesions. All treatment recommendations must be accompanied by the management of the patient’s caries risk factors.

located in the maxillary arch and 69 (33.5%) in the
mandibular arch.

Table 2 shows the distribution of the lesions
according to their radiographic depth and cavita-
tion status. Of the lesions assessed by TTS, 47
(22.8%) were E1, 73 (35.4%) were E2, 74 (35.9%)
were D1, and 12 (5.8%) were D2 lesions as
determined by radiographic examination prior to
TTS. No D3 lesion was assessed by TTS during the
study period. After TTS, 92% (n=43) of E1, 90%
(n=66) of E2, 66% (n=49) of D1, and 50% (n=6) of
D2 lesions were assessed as noncavitated. The
logistic regression model showed no significant
association between lesion radiographic depth
(p>0.05) or presence of cavitation (p>0.05) with

any of the independent variables tested, as shown
in Table 3.

DISCUSSION

The most significant findings of this study were that
the majority of approximal lesions extending radio-
graphically up to the dentin-enamel junction (E2)
and those at the outer third of dentin (D1) were
assessed and diagnosed as noncavitated after TTS.
Importantly, E2 and D1 lesions are the most likely
type of lesions to be restored by dentists when using
radiographic examination as the primary method to
determine restorative needs.® Current evidence
supports that treatment strategies should be aimed
at arresting carious lesions with intact tooth surfac-

Tooth Separation, Respectively?

Table 2: Distribution of Caries Lesions by Radiographic Depth and Surface Cavitation Status as Determined Before and After

E1 E2 D1 D2 D3 Total
— — — — >
Gy @ 4
2y ¥ vy 5P 5
Noncavitated, no. (%) 43 (91.5) 66 (90.4) 49 (66.2) 6 (50) 0 164 (79.6)
Cavitated, no. (%) 4 (8.5) 7 (9.6) 25 (33.8) 6 (50) 0 42 (20.4)
Total, no. (%) 47 (100) 73 (100) 74 (100) 12 (100) 0 206 (100)

dentin. Percentages are with columns for each lesion depth.

@ The radiographic depth of caries lesions were recorded as being at the outer (E1) or inner (E2) half of enamel or at the outer (D1), middle (D2), or inner (D3) third of
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Table 3: Logistic Regression Models for Radiographic
Lesion Depth and Presence of Surface
Cavitation?

Variables Coefficient ~ p-Value  95% Confidence

Interval
Radiographic depth (enamel/dentin)
Caries risk 0.0767299 0.812 —0.55-0.71
Patient —0.0125629 0.235 —0.03-0.01
Arch 0.452156 0.574 —-1.12-2.03
Tooth type 0.1689549 0.329 —0.17-0.51
Tooth surface —0.0299411 0.509 —0.12-0.06
Presence of cavitation (yes/no)
Caries risk —0.1225252 0.755 —0.89-0.65
Patient 0.0035214 0.785 —0.022-0.03
Arch 0.442721 0.656 —1.50-2.39
Tooth type —0.2908966 0.143 —0.68-0.10
Tooth surface 0.0352046 0.526 —0.07-0.14

@ The logistic regression model used caries risk (extreme, high, moderate, or

low), type of arch (maxillary or mandibular), tooth type (incisor, canine,

premolar, or molar), and tooth surface (mesial or distal) as independent
variables at the levels of lesion and patient.

es and that restorative intervention should be
considered only for cavitated lesions. Based on
existing literature, it is not surprising that most E1
lesions were diagnosed as noncavitated.! However,
the high prevalence of E2 (90%), D1 (66%), and even
D2 (50%) lesions diagnosed as noncavitated supports
the value of placing orthodontic separators as an
effective diagnostic aid for approximal caries lesions.
Here, irreversible loss of tooth structure by restor-
ative treatment was prevented in a considerable
number of caries lesions based on the accurate
assessment of their cavitation status.

Advantages of the TTS technique include low-cost,
fast, temporary with reversible separation and the
ability to diagnose approximal lesions with sufficient
accuracy to support appropriate treatment decisions.
Disadvantages may include the fact that occasional-
ly the teeth are not as accessible as needed after the
separators are placed, and that the use of the
separators may create some brief and mild discom-
fort for patients. Another disadvantage of this
technique is the requirement for an extra office visit
if separators are used for longer than 24 hours.
While the use of separators for longer periods of time
may result in better tooth separation of approximal
tooth surfaces, reasonable separation (sufficient to
improve assessment) can be achieved when separa-
tors are used for a minimum of one hour as described
on this study. As this study was performed in an
educational setting, further considerations regard-
ing time and work flow must take place when

Operative Dentistry

implementing TTS protocols in private and public
practice settings. TTS can be performed at any
dental visit when the assessment of approximal
caries lesions is required, and the separators can
remain in the interproximal space while other dental
procedures are being performed so as to not disrupt
the sequence of the treatment plan. Ideally, the
placement of orthodontic bands in the interproximal
spaces should be performed as early in the dental
appointment as possible to allow more time for tooth
separation. If preferable, tooth separators can also
remain in place for 24 to 48 hours, but a second
dental visit will be required for assessment and
removal of the orthodontic bands.

The development and validation of clinical practice
protocols or guidelines are necessary to disseminate
the best evidence currently available, reduce vari-
ability in practice patterns, improve the quality of
patient care, and reach consensus among practition-
ers.'® A survey-based study revealed that US dental
schools use a variety of different approaches to
evaluate, select, and implement evidence-based
clinical guidelines endorsed by the American Dental
Association, and that very few schools were shown to
have an effective set of policies and procedures to
support guideline implementation.!®

Undoubtedly, the academic routes to introduce
new clinical protocols in an educational setting can
have several impediments prior to actual and
effective implementation. The development of the
TTS protocol described here included the testing of
technique feasibility and patients’ acceptance in our
predoctoral dental clinics, and both were proven
acceptable. Notably, patients tolerated the procedure
well and were pleased when they were informed that
their teeth did not have a cavity and that no “drilling
and filling” were needed.

The use of EHR can facilitate careful documenta-
tion of the diagnosis, treatment plan, and monitoring
plans for caries lesions. Our electronic-based proto-
col for TTS was developed using axiUm, but it is
anticipated that a similar protocol can be developed
and adapted for other software programs. The use of
our electronic-based protocols and tracking systems
can certainly facilitate data collection to support
evidence on the use of TTS as a diagnostic aid for
approximal caries lesions, and they may also
contribute to a reexamination of the optimal thresh-
old for restorative intervention on approximal
lesions. This information will also be useful to track
compliance and to provide feedback to students and
faculty about their own personal implementation of
the clinical protocol.
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Caries risk assessment is key to the success of the
caries management plan. However, according to our
TTS protocol, treatment recommendations for ap-
proximal caries lesions are based on lesion cavitation
status and activity as determined by the TTS
procedure and shown in Table 1, and not based on
the patient’s caries risk level. Treatment recommen-
dations should also take into consideration the
patients’ needs, risks, motivation and compliance
capabilities. Of great importance, dental care pro-
viders should explain the treatment options for
individual lesions (nonsurgical and/or surgical ap-
proaches) to patients and provide the necessary
educational resources for patients to choose the
treatment option that best aligns with their unique
cultural and personal beliefs and lifestyles. Effective
patient participation and engagement in a shared
decision-making process certainly support the com-
pliance and promotion of dental health. Regardless
of the treatment decision, there must be a rigorous
and specific strategy in place for assessing and
monitoring caries activity and lesion progression
over time. It is even more critical to closely monitor
the activity of noncavitated approximal lesions to
evaluate whether the management recommenda-
tions based on nonsurgical approaches have been
effective at arresting these lesions. Diagnostic codes
and electronic forms were developed to create a
monitoring plan for active approximal caries lesions
that were assessed as noncavitated after tooth
separation. At each recall visit, lesion activity and
cavitation status must be reassessed, at-home
preventive recommendations should be reinforced,
and treatment approaches should be reevaluated as
needed. Effective patient participation and engage-
ment in a shared decision-making process will
certainly facilitate compliance with treatment rec-
ommendations and successful promotion of dental
health.

Although robust evidence exists supporting risk-
based and tooth-preserving approaches for caries
management, evidence for long-term clinical out-
comes of noncavitated lesions assessed by tooth
separation is lacking. Only one longitudinal study
reported a range of 20% to 44% in cavitation
prevalence of dentin lesions after two years of recall
visits (six-month interval) but with limited preven-
tive intervention.!’ It can be argued that the
scientific basis for many of the “newer” caries
management approaches is not yet validated, but
neither is the scientific basis for many of the surgical
procedures done in dentistry.!” As previously dis-
cussed in different venues, when the well-being of

the patient is considered, it is more important to
carry out a risk-based caries management plan
incorporating the best available evidence than to do
nothing due to the lack of strong evidence.® ®

CONCLUSIONS

Findings from this study support that the use of
temporary tooth separation is in line with the tooth-
preserving philosophy of modern caries manage-
ment, and that it is a feasible and effective diagnostic
aid for assessment and appropriate management of
approximal caries lesions. There is a clear need to
reevaluate the use of radiographic lesion depth as
the single determinant of the restorative threshold
for clinically inaccessible approximal lesions.
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Literature Review

Laser Influence on Dental
Sensitivity Compared to Other Light
Sources Used During In-office
Dental Bleaching: Systematic
Review and Meta-analysis

BGS Casado ¢ EP Pellizzer ¢ JR Souto Maior ¢ CAA Lemos ¢ BCE Vasconcelos ¢ SLD Moraes

Clinical Relevance

The use of laser light during bleaching will not reduce the incidence or severity of
sensitivity and will not increase the degree of color change compared with nonlaser light

sources.

SUMMARY

Objective: To evaluate whether the use of laser
during in-office bleaching promotes a reduc-
tion in dental sensitivity after bleaching com-
pared with other light sources.

Methods: The present review was conducted
following the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRIS-
MA) and is registered with PROSPERO
(CDR42018096591). Searches were conducted
in the PubMed/Medline, Web of Science, and
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Cochrane Library databases for relevant arti-
cles published up to August 2018. Only ran-
domized clinical trials among adults that com-
pared the use of laser during in-office
whitening and other light sources were con-
sidered eligible.

Results: After analysis of the texts retrieved
during the database search, six articles met
the eligibility criteria and were selected for
the present review. For the outcome dental
sensitivity, no significant difference was found
favoring any type of light either for intensity
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(mean difference [MD]: -1.60; confidence inter-
val [CI]: -3.42 to 0.22; p=0.09) or incidence (MD:
1.00; CI: 0.755 to 1.33; p=1.00). Regarding
change in tooth color, no significant differenc-
es were found between the use of the laser and
other light sources (MD: -2.22; CI: -6.36 to 1.93;
p=0.29).

Conclusions: Within the limitations of the
present study, laser exerts no influence on
tooth sensitivity compared with other light
sources when used during in-office bleaching.
The included studies demonstrated that laser
use during in-office bleaching may have no
influence on tooth color change.

INTRODUCTION

Tooth whitening is one of the most common cosmetic
procedures performed in dental offices due to the fact
that this conservative, easy-to-execute method offers
fast results.'® Among the different forms of treat-
ment available for bleaching vital teeth, the in-office
method is an alternative.* This clinical method
involves the direct supervision by a dental profes-
sional throughout the application of the bleaching
agent (hydrogen peroxide) to the dental surfac-
og 23:5.6

Hydrogen peroxide serves as a strong oxidizing
agent, leading to the formation of free radicals.’
These free radicals attack complex pigment mole-
cules, resulting in smaller, colorless by-products that
establish the whitening effect seen in the enamel.»"?

In the attempt to enhance the bleaching effect,
many manufacturers recommend the use of light or
heat for the catalytic decomposition of the perox-
ides.®1° Several sources of light proposed for this
purpose include lasers, light-emitting diodes (LEDs),
plasma arc lamps, and halogen lamps.%!12 Howev-
er, this practice is risky as studies show that the use
of light sources can have side effects, such as tooth
sensitivity, due to the increase in intrapulpal
temperature and the influx of free radicals from
the hydrogen peroxide, which can penetrate the
dental structure and reach the pulp.!315

On the other hand, some authors report that the
use of laser in combination with in-office bleaching
agents is recommended as an adequate strategy to
reduce dental sensitivity after office bleaching as
this source emits well-defined monochromatic light
at a single wavelength, thereby reducing the risk of
increasing intrapulpal temperature.’®'® Laser has
also been claimed to have analgesic properties.'®

Operative Dentistry

Thus, the aim of the present systematic review
and meta-analysis was to evaluate whether the use
of a laser during in-office dental bleaching promotes
a reduction in tooth sensitivity after bleaching
compared with other light sources. The hypothesis
was that the application of laser during in-office
dental bleaching reduces tooth sensitivity after
bleaching.

METHODS
Registration Protocol

The present systematic review was conducted in
accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA
statement).?’ The methods used for this systematic
review have been registered with PROSPERO
(CDR42018096591).

Eligibility Criteria

A specific question was developed based on the PICO
(population, intervention, control, and outcomes)
criterion. The following was the guiding question:
Does the use of laser during in-office dental
bleaching promote a reduction in tooth sensitivity
and color change compared with other light sources?
The population was composed of patients receiving
in-office bleaching using a light source; the inter-
vention was in-office bleaching combined with the
use of the laser, and the control was in-office
bleaching with other light sources (LED, halogen
light, and plasma arc lamps). The primary outcome
was tooth sensitivity after bleaching, and the
secondary outcome was the change in color.

Prospective randomized clinical trials published in
the English language that had at least 10 patients
and made a direct comparison between the use of
laser during in-office whitening and other light
sources were considered eligible. Retrospective stud-
ies, crossover studies, in vitro studies, in situ studies,
animal studies, mechanical studies, case reports and
reviews of the literature were excluded.

Search Methods and Search Strategy

Two independent reviewers (BGSC and CAAL)
performed searches in the Cochrane Library,
Pubmed/MEDLINE, and Web of Science databases
for relevant articles published up to August 2018.
The following search terms were used: “dental
bleaching and light OR tooth bleaching and light
OR teeth bleaching and light OR dental whitening
and light OR tooth whitening and light OR teeth
whitening and light.”
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The first phase of the selection process involved an
analysis of the titles and abstracts retrieved during
the search of the electronic databases. For studies in
which it was not possible to obtain sufficient
information, the complete article was obtained. The
two researchers also performed a manual search for
articles published up to August 2018 in specific
journals in the field: Dental Materials, Journal of
Dentistry, Operative Dentistry, and Clinical Oral
Investigations. A manual search of the OpenGrey
database (www.opengrey.eu) was also conducted to
determine relevant articles in the grey literature. A
third reviewer (JRSM) examined all the
divergences of opinion between the two reviewers
regarding the selection of articles, and a consensus
was reached through discussion.

Risk of Bias and Evaluation of Study Quality

Two reviewers (BGSC and CAAL) evaluated the
methodologic quality of the studies included in the
review. For such, the Cochrane criteria were used to
appraise the quality and risk of bias based on
sequence generation, allocation concealment, blind-
ing of participants, personnel or outcome investiga-
tor, incomplete outcome data, selective outcome
reporting, and other sources of bias. Using the
Cochrane system, the risk of bias is classified as
low, high, or unclear.

Data Extraction

Data were extracted by one of the reviewers
(BGSC) to tabulate data of greater relevance to the
analysis of the studies. The following data were
extracted: author/year, type of study, patients, type of
light wused, bleaching agent/concentration, tooth
sensitivity, and tooth discoloration.

Meta-analysis

The meta-analysis was based on the Mantel-Haenzel
and the inverse variance methods using Review
Manager 5 (Cochrane Group, Haymarket, London,
United Kingdom). The dichotomous outcome (abso-
lute risk of tooth sensitivity) was evaluated using the
risk ratio, and continuous outcomes (intensity of
tooth sensitivity, subjective and objective color
change) were evaluated based on the mean differ-
ence. A p-value <0.05 was considered indicative of
statistical significance. Heterogeneity was evaluated
based on the I? value (25%=low, 50%=moderate, and
75%=high). When heterogeneity was statistically
significant (p<0.10), a random-effects model was
used for the meta-analysis; otherwise, a fixed-effects
model was used.?

Additional Analysis

An additional analysis was performed using the
Kappa coefficient to establish interexaminer agree-
ment in the selection process of the studies from the
three databases. The Kappa value was obtained by
evaluating the titles and abstracts selected. High
levels of agreement were found for the Cochrane
Library (K=0.86), PubMed/MEDLINE (K=0.88), and
Web of Science (K=0.80) databases.

RESULTS

The search of the databases led to the retrieval of
1301 articles: 763 from PubMed/MEDLINE, 395
from Web of Science, and 143 from the Cochrane
Library. After duplicates were removed, 995 titles
and abstracts were analyzed based on the eligibility
criteria. Ten studies were preselected for full-text
analysis, of which four were excluded for the
following reasons: literature review, failure to use
the laser as a light source, and failure to compare
laser to other light sources. Details on the search
strategy are presented in the flowchart (Figure 1).

Six studies were selected for data analysis and are
listed in detail in Table 1. All studies were
randomized controlled trials, one of which had a
split-mouth design. A total of 136 patients were
included in the studies. Sample sizes ranged from 16
to 40 individuals age 18 to 70 years. In all studies,
hydrogen peroxide was the in-office bleaching agent
used, with a concentration of 35% in three studies,
37% in one study, and 38% in two studies. Evalua-
tions of dental sensitivity were performed in all
studies. Four studies evaluated the incidence of
sensitivity and three evaluated intensity using the
visual analog scale. In four studies, the change in
tooth color was evaluated subjectively using a color
scale.

Risk of Bias

Each trial was assessed for risk of bias; the scores
are displayed in Figure 2. A low risk of bias was
found regarding participant blinding, staff assess-
ment and results, incomplete outcome, and selective
reporting items. However, all studies®*?? had un-
clear bias regarding the random sequence genera-
tion and allocation concealment.

Meta-analysis

Tooth Sensitivity—Dental sensitivity was evaluat-
ed in two ways: intensity and incidence. Intensity
was determined when the patient quantified his or
her response to pain on a visual analog scale, while
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Records excluded

Full-text articles excluded,
with reasons

Literature review (01)
Does not use the laser as a
light source (01)
Does not use other light
sources (02)

| o PRISMA 2009 Flow Diagram
Records identified through database . ] -
§ searching — Pubmed/MEDLINE; Web Additional records identified
‘é of Science; Cochrane Library through other sources
& (n=1301) (n=0)
A
c
)
3
A4 A4
PR Records after duplicates removed
(n=995 )
oo
£
c
)
5
Co) Records screened
(n=995) (n=985)
A
Full-text articles assessed
2 for eligibility
= (n=10) (n=04)
w»
w
A
—_J Studies included in
qualitative synthesis
(n=06)
° w
3
= Studies included in
= quantitative synthesis
(meta-analysis)
(n=06 )

Figure 1. Flowchart showing steps of article selection process.

Random sequence generation (selection bias) |

Allocation concealment (selection bias) |

Blinding of participants and personnel (performance bias

)
Blinding of outcome assessment (detection bias) _

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

0%  25% 50% 75%  100%

. Low risk of bias |:| Unclear risk of bias . High risk of bias

Figure 2. Cochrane scale for bias
risk.
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Table 1:  Summary of Characteristics of Included Studies

Author, Study  Sample Sex Light Bleaching Light Tooth Sensitivity Color Change
Date Size Source (N) Agent Tsource Intensity Incidence Subjective Obijective
slme per Shade Shade
ession Evaluation Evaluation
Marson and RCT 30 NR Halogen light (10) 35% HP NR NR 5 (10) NR NR
22 -
others, 2008 LED (10) NR 8 (10)
LED/Laser (10) NR 6 (10)

Gurgan and RCT 30
others, 2010%°

M: 11 (27.5%) LED (10)
F: 29 (72.5%)

38% HP 1st 20’

2.9+1.48 NR 8.5£3.59 5.43+0.201

2nd 20’

Laser (10)

PAC (10)

37% HP 1st7 X 15”7 0.59+0.92 NR

8.6£3.19 5.59+0.172
2nd 4 X 15”
3rd 4 X 15”

1st 7/ 3.8+£1.29 NR
2nd 7/
3rd 7'

8.4+2.98 5.28+0.096

de Almeida and RCT 20 NR
others, 20122425

Halogen light (10) 35% HP 1st 20”

LED/laser (10)

2.98+2.97 10 (10) 1.1+0.31 NR
2nd 20"

3rd 20”

1st 3 22+3.22 10 (10) 1.0+0.1 NR
2nd 3’
3rd 3’

Polydorou, and RCT 40 NR
others 2013%°

Laser (10)

Halogen light (10) 38% HP 1st 30” NR NR

55+294 6.1*£19
2nd 30”
3rd 30”
4th 30”

1st 8’ NR NR
2nd 8’
3rd 8
4th 8

11517 2.15*24

Farhat and others, RCT (SM) 16 NR LED (16)

35% HP 1st 3’
27 e ——
2014 LED/laser (16)

2.75+1.53 NR
2.63+1.02 NR

061117 6 (16)

2nd 3’ 075=12  7(16)
3rd 3’

split mouth.

Abbreviations: F, female; HP, hydrogen peroxide; LED, light-emitting diode; M, male; NR, not reported; PAC, plasma arc lamp; RCT, randomized controlled trial; SM,

incidence was assessed by the number of sensitivity
events.

The intensity of dental sensitivity was measured
using the visual analog scale (continuous outcome)
in three studies. The random-effects model revealed
no significant difference favoring any type of light
(mean difference [MD]: —1.60; confidence interval
[CI]: —-3.42 to —0.22; p=0.09). Moreover, laser did not
lead to significantly lower dental sensitivity com-
pared with the other light systems (Figure 3).
However, the data were heterogeneous (x% 29.39;
1°=90%; p<0.0001) and the studies included in the
analysis did not share a common effect size.

The incidence of dental sensitivity among the light
systems combined with the in-office bleaching based
on visual analog scale scores was evaluated in three
studies. The relative risks revealed no differences
between laser and the other light sources (MD: 1.00;
CI: 0.755 to 1.33, p=1.00). Heterogeneity was
nonsignificant (Figure 4), and all studies included
in the analysis shared a common effect size,

suggesting no differences in the incidence of dental
sensitivity among the light sources used.

Color Change—The effectiveness of whitening was
determined in three studies using the subjective
method (Vita Classical shade guide) immediately
after dental whitening. The random-effects model
revealed no significant differences between the use
of laser and other light sources combined with in-
office dental bleaching (MD: —2.22; CI: —6.36 to 1.93;
p=0.29). The data were heterogeneous (y: 30.60;
1°=97%; p<0.00001) (Figure 5), and the studies
included in the analysis did not share a common
effect size.

DISCUSSION

In the present systematic review and meta-analysis,
no significant differences were found in the reduc-
tion of dental sensitivity (intensity or incidence) or
the change in tooth color when the use of the laser
was compared with other light sources (LED,
halogen light, and plasma arc lamps) during in-
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Almeida et al 2012 (Halogen llight) 22 322 10 298 297 10 179% -0.78 [-3.50, 1.94]
Farhat et al., 2014 (LED) 075 12 16 061 1.17 16  28.0% 0.14 [-0.68, 0.96]
Gurgan et al 2010 (LED) 059 092 10 29 148 10 269% -2.31[-3.39,-1.23] -
Gurgan etal., 2010 (Plasma ArcLamp)  0.59 092 10 3.8 129 10 27.3% -3.21[-4.19,-2.23] -
Total (95% CI) 46 46 100.0% -1.60 [-3.42, 0.22]

Heterogeneity: Tau? = 2.90; Chi? = 29.39, df = 3 (P < 0.00001); I* = 90%
Test for overall effect: Z = 1.72 (P = 0.09)

3

Forest plot Incidence

20  -10 0 10 20
Favours [experimental] Favours [control]

Experimental Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Almeida et al 2012 (Halogen llight) 10 10 10 10 356%  1.00[0.83,1.20] T8
Farhat et al., 2014 (LED) 7 16 6 16  20.3% 1.17 [0.50, 2.71] —_—TlT
Marson et al 2008 (Halogen light) 6 10 5 10 16.9% 1.20 [0.54, 2.67] —_—pme————=
Marson et al 2008 (LED) 6 10 8 10 27.1% 0.75[0.41, 1.36] —_—
Total (95% CI) 46 46 100.0% 1.00 [0.75, 1.33]
Total events 29 29

ity: Chiz = = = 2= + + + + +
Heterogeneity: Chi? = 1.23, df = 3 (P = 0.75); P = 0% 02 05 1 3 5

Test for overall effect: Z = 0.00 (P = 1.00)

4

Forest plot Color Change

| Favours [expérimental] Favours [control]

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_ Total Weight IV, Random, 95% CI IV, Random, 95% CI
Almeida et al., 2012 (LED/Laser) 1 0 10 11 0.31 10 Not estimable
Farhat et al., 2014 (LED) 263 102 16 275 153 16 50.5% -0.12[-1.02, 0.78]
Polydorou et al 2013 (Laser) 1145 17 20 55 214 20 495%  -4.35[-5.55,-3.15) ——
Total (95% ClI) 46 46 100.0%  -2.22[-6.36, 1.93]

Heterogeneity: Tau? = 8.65; Chi? = 30.60, df = 1 (P < 0.00001); I* = 97%
Test for overall effect: Z = 1.05 (P = 0.29)

5

Figure 3. Forest plot for the event “sensitivity intensity.”
Figure 4. Forest plot for the event “sensitivity incidence.”

Figure 5.  Forest plot for the event “color change.”

office dental bleaching. Therefore, the initial hypoth-
esis of the study was rejected, which is in agreement
with the findings of previous studies.?226:27

Sensitivity after in-office bleaching procedures is
directly related to the type and concentration of the
bleaching agent, contact time of the bleaching agent
with the tooth structure, and photothermal effect of
the light source used in a way that is compatible
with the application of the bleaching gel. Tooth
sensitivity was assessed after bleaching treatment
in most of the studies included in the present
review. 22427

Although the literature reports that laser has anti-
inflammatory and analgesic effects,?® no reduction in
sensitivity was found when this light source was

S 2 o0 2 4
Favours [experimental] Favours [control]

used. This result may be explained by the fact that
the laser does not come into direct contact with the
pulp. Moreover, the layer formed by the bleaching
gel, which has pigments, can minimize the energy
density on the target tissue and cause the reflection
of light, which significantly reduces the absorption of
the laser by the dental pulp. This means that the
therapeutic action of the laser may be reduced,

resulting in no positive effect on tooth sensitivi-
ty.9:27,29.30

Since no beneficial effects on tooth sensitivity have
been found, the use of light sources during the
whitening process should be viewed with caution.
These sources have a photothermal effect on the
bleaching agent, and the conversion of light energy
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into heat can lead to an uncontrolled increase in
intrapulpal temperature.® According to Lima and
others,?! a 5°C increase in temperature is harmful to
the pulp.

Another possible explanation for the lack of a
significant difference in sensitivity (both intensity
and incidence) after bleaching with the use of laser
compared with other light sources is that most of the
studies evaluated®??42” used a hybrid device that
combined three blue LED outputs and three low-
level infrared laser outputs. This hybridization of
light sources can prevent the laser light from being
collimated, so that it does not reach the target tissue
adequately to provide any beneficial effects regard-
ing a reduction in tooth sensitivity.?”

Another benefit often expected when using light
sources during bleaching is the enhancement of the
change in tooth color. Therefore, this was an
outcome evaluated in the present review. Despite
being widely used,?® a subjective color analysis is
complex because the distinction of color can vary
from individual to individual and is influenced by
both environmental and physical factors, such as the
size, shape, and position of the teeth; ambient light;
and background color.’® In the clinical studies
included in the meta-analysis for this outcome,?>27
the results were based on a subjective assessment
using a color scale.

No statistically significant difference in the
subjective color assessment was found when the
use of the laser was compared to LED or halogen
light. This result is in agreement with data reported
in recent studies®>?1%32 in which light activation
during in-office bleaching was found to exert no
influence on the change in tooth color. As the
change in color is directly related to the bleaching
agent used, its concentration, and contact time with
the dental surface, this may explain the lack of
significant differences among the light sources
evaluated.??

Although the influence of laser and other light
sources is being investigated throughout the world,
several characteristics of the studies limit the
discussion. In addition, these results should be
interpreted with caution given that for the four
studies included in the meta-analysis the mean
scores for pain in the control group were low. Having
low values in the control group may make it difficult
to resolve the effect of the treatment studied.
Although all studies included in the present system-
atic review were randomized clinical trials, the large
diversity of protocols regarding the application of the

light source and whitening gel as well as the
concentration of these agents prevent the direct
comparison of results. Further studies with stan-
dardized protocols are required as well as studies
that use precise, objective color and sensitivity
assessment methods to reduce the potential influ-
ence of bias.

CONCLUSIONS

Within the limitations of this study, the evidence in
this systematic review and meta-analysis suggests
that laser exerts no influence on tooth sensitivity
compared with other light sources when used during
in-office dental bleaching. The included studies
demonstrated that laser use during in-office bleach-
ing may have no influence on the degree of tooth
color change.
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Clinical Efficiency of Self-etching
One-Step and Two-Step Adhesives
in NCCL: A Systematic Review and

Meta-analysis

CPP de Assis * CAA Lemos * JML Gomes * BCE Vasconcelos
SLD Moraes * R Braz ¢ EP Pellizzer

Clinical Relevance

One-step self-etch adhesive systems provide a clinical time gain, decreasing the number of
clinical steps. When a clinician is able to follow a simpler process of adhesion there is less

chance of adhesive failure.

SUMMARY

Objective: A systematic review and meta-anal-
yses were performed to evaluate whether one-
step self-etching (1SSE) adhesive systems are
as effective as two-step self-etching (2SSE)
adhesives in noncarious cervical lesion
(NCCL) restorations.

Methods: This systematic review was conduct-
ed according to the guidelines of the Preferred
Reporting Items for Systematic Reviews and
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Only randomized clinical trials that compared
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lected. The outcomes were retention, postop-
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tation, and anatomical form.
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Results: The searches resulted in 476 studies.
After applying the eligibility criteria, five
randomized controlled trials were selected in
which 822 restorations in NCCLs were distrib-
uted in 237 patients. The results showed no
statistical difference between 1SSE and 2SSE
in relation to retention (p=0.23; relative risk
[RR]=1.55; 95% confidence interval [CI]=0.76,
3.19), postoperative sensitivity (p=0.50;
RR=3.00; 95% CI=0.13, 70.64), Secondary caries
(p=0.63; RR=0.68; 95% CI=0.14, 3.31), color
match (p=0.41; RR=0.64; 95% CI=0.23, 1.83),
marginal discoloration (p=0.93; RR=1.02; 95%
CI=0.65, 1.61), and anatomical form (p=0.56;
RR=1.38; 95% CI=0.46, 4.13). However there
was statistical difference in relation to mar-
ginal adaptation (p=0.01; RR=1.95; 95%
CI=1.14, 3.34).

Conclusion: This systematic review with meta-
analysis revealed that both 1SSE and 2SSE
adhesive systems have comparable clinical
effectiveness in a follow-up period of 12 to 24
months, except in relation to marginal adapta-
tion.

INTRODUCTION

Adhesive systems have undergone important chang-
es in recent years, mainly by simplifying their
application, without compromising adhesion to the
dental substrates.!? At first, three-step etch-and-
rinse adhesives systems were available, and soon
after, two-step self-etching (2SSE) systems were
introduced. Now, one-step universal adhesive sys-
tems are available.’

One-step self-etching (1SSE) adhesives provide
easy clinical application, reduce technical sensitivi-
ty, and are well accepted by clinicians. Although
1SSE adhesives have a simplified approach, early
formulations did not promote effective dentin seal-
ing. However, manufacturers have modified the
chemical formulations of new one-step adhesives to
improve their clinical performance.®*

Two-step adhesives consist of acidic monomers
dissolved in aqueous solution and a layer of hydro-
phobic resin as a second step. Single-step adhesives
do not have this hydrophobic layer. The degree of
demineralization of acidic monomers in self-etching
adhesives depends on their pH, which may be mild,
moderate, or strong.® Self-etching adhesives are able
to infiltrate the smear layer and partially dissolve
the hydroxyapatite, generating a hybrid layer with
incorporated minerals.* The current trend is to use

simplified adhesive materials, which are available
from many manufacturers. Self-etching adhesive
systems have become popular for clinicians* because
they do not require preconditioning with phosphoric
acid or an overwashing step; they also provide a
clinical time gain over etch-and-rinse adhesives.

Generally, noncarious cervical lesions (NCCLs)
are used as determinants of the clinical effectiveness
of adhesives.® This type of restoration is usually
caused by stress in the cervical region of the teeth,
and the cavity formed involves dentin, which makes
adhesion more difficult.” In addition, NCCLs present
high prevalence and easy access to restoration
(located in the vestibular region), do not require
complicated restorative techniques, can be consid-
ered free cavities because they have a low polymer-
ization contraction factor, and do not usually provide
macromechanical retention.>®

Currently, there is no consensus in the literature
regarding the best adhesive indicated for clinical use
in the restoration of NCCLs. The aim of this
systematic review with meta-analyses was to evalu-
ate whether 1SSE adhesive systems are as effective
as 2SSE adhesives in NCCLs. The null hypothesis
was that there is no difference between 1SSE and
2SSE adhesive systems for restoration retention.
The second hypothesis was that there is no differ-
ence between 1SSE and 2SSE adhesives for postop-
erative sensitivity, secondary caries, color match,
marginal discoloration, marginal adaptation, and
anatomical form.

METHODS AND MATERIALS
Registration Protocol

This systematic review was conducted according to
the guidelines of the Preferred Reporting Items for
Systematic Reviews and Meta-analyzes (PRISMA)
checklist.® This systematic review was recorded in
the International Prospective Register of Systematic
Reviews (PROSPERO) under registration number
CRD42018096747.

Eligibility Criteria

The investigated question of this study was “Are there
any differences in outcomes between the 1SSE and
2SSE adhesive systems?” based on PICO criteria. In
view of this, the population (P) consisted of patients
with restorations in which self-etching adhesive
systems were used; the intervention (I) consisted of
patients with restorations using 1SSE adhesive;
comparison (C) was patients with restorations using
2SSE adhesive; and outcomes (O) evaluated were
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retention of restoration (primary outcome) and
postoperative sensitivity, secondary caries, color
match, marginal discoloration, marginal adaptation,
and anatomical form (secondary outcomes).

The inclusion criteria used were randomized
clinical trials (RCTs), studies with a minimum
follow-up of 12 months, studies evaluating direct
restorations in NCCLs of permanent teeth using
1SSE and 2SSE adhesives. The exclusion criteria
were nonrandomized and retrospective studies, case
reports, reviews, in vitro studies, animal studies,
computer simulations, studies that evaluated self-
etch adhesive systems with etch-and-rinse adhe-
sives, studies reported in more than one publication
with different follow-up periods and published report
reviews.

Information Sources and Search Strategy

The electronic search of the literature was performed
by two reviewers (CPPA and CAAL) working
independently. Studies were selected and included/
excluded based on the article title and abstract in the
PubMed/ MEDLINE, Scopus, and Cochrane Library
databases using the key words “Adhesive dental
AND one-step AND two-step”. To complement this
review, the same researchers conducted a manual
search for articles published in the following jour-
nals: Operative Dentistry, Dental Materials, Journal
of Dentistry, Journal of Adhesive Dentistry, Ameri-
can Journal of Dentistry, Brazilian Dental Journal,
and Clinical Oral Investigations. In addition, Open-
Grey (www.opengrey.eu) was used to search gray
literature. The electronic search was conducted until
July 2019 without limiting the year of publication
during searches.

The studies were initially selected and classified
according to the inclusion/exclusion criteria by
reading the title and abstract. Studies that did not
clearly fit the inclusion/exclusion criteria were
downloaded and read in full, and then a decision
was made to include or exclude in the review. A third
researcher (EPP) analyzed all the differences in
choices between the researchers, and a consensus
was achieved.

Data Analysis

One of the authors (CPPA) collected important
information from the articles, and a second author
(CAAL) reviewed all the information collected. A
careful analysis was performed to verify disagree-
ments between the authors, and a third author
(EPP) was consulted to obtain consensus.

Operative Dentistry

Identified studies through databases Selected studies through manual
searches T searches
PubMed/MEDLINE (n = 213); h=1)
Scopus (n = 217) e Cochrane (n = 45)
(n=476)

Identification

Studies after removal of duplicates
(n=247)

Screening

Studies excluded after reading of
SEE“‘EE' studies » the title and abstract
(n=18) {n=229)

Articles full text evaluated for Studies excluded after reading of

elegibility (n =5) t— the full texts
(n=13)

[ Eligibility ]

Studies included in the synthesis qualitative
(n=5)

Included

Studies included in the synthesis quantitative
(meta-analysis)
(n=5)

—

Figure 1 Flow diagram of the study.

Risk of Bias

Two investigators (CPPA and CAAL) evaluated the
methodologic quality of the studies according to the
Cochrane bias risk tool for RCT studies to verify the
level of evidence from the studies included in the
review.

Summary Measures

The meta-analyses were based on the Mantel-
Haenzel and inverse variance methods. 1SSE and
2SSE were used in the study to assess the effects of
the treatment on the body. The relative risk (RR)
and 95% confidence interval (CI) were calculated for
each study, The RR values were considered signifi-
cant at p<0.05. The extracted data were analyzed
using Review Manager software (RevMan) 5.3 (The
Cochrane Collaboration, Copenhagen, Denmark).

Additional Analysis

The Kappa score® test was used to calculate the level
of concordance between authors during the article
selection process in the PubMed/MEDLINE, Scopus,
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Table 1: Reasons Studies Were Excluded (n=13)

Reason

Only two-step self-etching adhesive system’
Only one-step self-etching adhesive system'®
Class | and Il restorations’"

Orthodontic bracket adhesion failure'?
Etch-and-rinse adhesive system'®'®

Sealant evaluation®®

Primary teeth?'

and Cochrane Library databases. Any disagree-
ments were resolved by discussion and the consen-
sus of all authors.

RESULTS
Literature Search

The initial database search resulted in 476 referenc-
es, 213 in PubMed/MEDLINE, 217 in Scopus, 45 in
the Cochrane Library, and 1 via manual searches.
After duplicate references were removed, a detailed
review of the titles and abstracts of the selected
studies was performed, and 247 articles remained.
After detailed analysis, the inclusion/exclusion cri-
teria were applied, and 18 complete articles were
downloaded and selected for further analysis. After
reading the articles completely, 13 were excluded
(Table 1), resulting in five articles selected for this
systematic review and meta-analysis (Figure 1). The
level of agreement among researchers during the
initial article selection process was PubMed/MED-
LINE (0.91), Scopus (0.90), and the Cochrane
Library (1.00). The values indicated a high level of
agreement among the reviewers according to the
Kappa criterion.

Characteristics of Included Studies

The characteristics of the included studies are
detailed in Table 2. All five articles selected were
RCTs.”?225 In total, 822 NCCL-type restorations
were performed in 237 patients with a mean age of

45 years. Four different 1SSE adhesives systems and
three 2SSE adhesive systems were used (Table 2).
The mean follow-up was 18 months.

The main inclusion criteria for the studies were
NCCLs with no more than three restorations per study
participant.?? We found that 46.4% of the restorations
were maxillary and 53.6% were mandibular, with a
fairly homogeneous distribution of restorations. In
general, restorations did not involve more than 50% of
the cavosurface margin in enamel, and 75% of the
restoration surface was in dentin.

In all five included studies,”?2?5 researchers

evaluated their outcomes through the United States
Public Health Service criteria, and usually the
follow-up examinations were performed every three
months with a maximum follow-up of 24 months. All
five studies evaluated retention of the restoration,
besides marginal discoloration, secondary caries,
and marginal adaptation. Only three studies as-
sessed anatomical form?>?%2% and postoperative
sensitivity.”?*2?* Among the included studies,
four??>?5 evaluated color match. Detailed data from
the studies are described in Table 3.

The one-step adhesive systems used were Xeno III
(Dentsply, York, PA, USA), Clearfil S3 Bond (Kurar-
ay, Okayama, Japan), Adper Easy Bond (3M ESPE,
St Paul, MN, USA), Xeno V + (Dentsply), and the
two-step systems were Clearfil Protect Bond (Kurar-
ay); Clearfil SE Bond (Kuraray), and Adper Scotch-
bond SE (3M ESPE).

Three composite resins were used. One study?
used Filtek Supreme Plus (3M ESPE), two stud-
ies”?? used Esthet-X HD (Dentsply), and two other
studies?*?® used AP-X resin, (Kuraray).

Assessment of the Risk of Bias

The risk of bias was assessed using the Cochrane
bias risk tool for RCT studies to verify the level of
evidence from the studies. The findings indicated a
high risk of bias for blinding of participants®*2?3; an
unclear risk of bias to allocation,” blinding of

Table 2: Characteristics of Included Studies (n=5)

Author, Year, Study Patients, NCCL, Average Follow-up, Adhesive System

Reference n n Age,y mo Intervention: 1SSE Control: 2SSE

Pena and others (2016)” RCT 25 112 NR 24 Xeno V+ (n=28) Clearfil SE Bond (n=28)
Turkin and others (2005)%2 RCT 35 163 44 12 Xeno Il (n=75) Clearfil Protect Bond (n=85)
Perdigdo and others (2012)®> RCT 39 125 47.6 18 Adper Easy Bond (n=28) Adper Scotchbond SE (n=26)
Zhou and others (2009)* RCT 124 342 42.5 12 Clearfil Tri-S Bond (n=115) Clearfil SE Bond (n=116)
Brackett and others (2010)*®* RCT 14 80 46 24 Clearfil S3 Bond (n=40) Clearfil SE Bond (n=40)
Abbreviations: 1SSE, one-step self-etching; 2SSE, two-step self-etching; NCCL, noncarious cervical lesion; NR, not reported; RCT, randomized clinical trial.
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Table 3:  Qualitative Characteristics of Included Studies (n=5)

Author, Year, Reference

1SSE

2SSE

Failure

Total Failure Total

Pena and others (2016)”

Retention (n=1)

28 Retention (n=0) 28

Postoperative sensitivity (n=1)

Postoperative sensitivity (n=0)

Secondary caries (n=0)

Secondary caries (n=0)

Color match (non)

Color match (non)

Marginal discoloration (n=5)

Marginal discoloration (n=1)

Marginal adaptation (n=2)

Marginal adaptation (n=0)

Anatomical form (non)

Anatomical form (non)

Tirkin and others (2005)%2

Retention (n=3)

75 Retention (n=0) 85

Postoperative sensitivity (n=0)

Postoperative sensitivity (n=0)

Secondary caries (n=0)

Secondary caries (n=0)

Color match (n=0)

Color match (n=1)

Marginal discoloration (n=2)

Marginal discoloration (n=1)

Marginal adaptation (n=1)

Marginal adaptation (n=0)

Anatomical form (n=2)

Anatomical form (n=1)

Perdigdo and others (2012)%®

Retention (n=2)

26 Retention (n=2) 22

Postoperative sensitivity (n=0)

Postoperative sensitivity (n n=0)

Secondary caries (n=2)

Secondary caries (n=2)

Color match (n=2)

Color match (n=3)

Marginal discoloration (n=8)

Marginal discoloration (n=8)

Marginal adaptation (n=14)

Marginal adaptation (n=6)

Anatomical form (n=4)

Anatomical form (n=3)

Zhou and others (2009)%*

Retention (n=3)

115 Retention (n=2) 116

Postoperative sensitivity (n=0)

Postoperative sensitivity (n=0)

Secondary caries (n=0)

Secondary caries (n=0)

Color match (n=1)

Color match (n=2)

Marginal discoloration (n=8)

Marginal discoloration (n=8)

Marginal adaptation (n=4)

Marginal adaptation (n=3)

Anatomical form (none)

Anatomical form (none)

Brackett and others (2010)%°

Retention (n=7)

37 Retention (n=6) 37

Postoperative sensitivity (n=none)

Postoperative sensitivity (n=none)

Secondary caries (n=0)

Secondary caries (n=1)

Color match (n=2)

Color match (n=2)

Marginal discoloration (n==8)

Marginal discoloration (n=12)

Marginal adaptation (n=4)

Marginal adaptation (n=6)

Anatomical form (n=6)

Anatomical form (n=1)

Total

281 288

Abbreviations: 1SSE, one-step self-etching; 2SSE, two-step self-etching.

participants,”?*

and incomplete outcome®’; and a

low risk for other biases, where it was shown that
the studies were of high quality (Figure 2).

Meta-analyses

Primary Outcome—Five studies

72225 were select-

ed for quantitative analysis comparing 1SSE adhe-
sive systems and 2SSE adhesive systems. The meta-

analysis showed no statistically significant differ-

ence between 1SSE and 2SSE regarding retention
(p=0.23; RR=1.55; 95% CI=0.76, 3.19) (Figure 3).

Secondary Outcome—Regarding postoperative
sensitivity, three studies”???* were included for
quantitative analysis. The data showed no statisti-
cally significant difference between 1SSE and 2SSE
(p=0.50; RR=3.00; 95% CI=0.13, 70.64) (Figure 4).
The same was observed for secondary caries”?22
(p=0.63; RR=0.68; 95% CI=0.14, 3.31) (Figure 5),
color match®?*?5 (p=0.41; RR=0.64; 95% CI=0.23,
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Brackett 2010

- . Blinding of participants and personnel (performance bias)

-~ . Allocation concealment (selection bias)

Pena 2016

Perdigdo 2012

Tarkun 2005

. . . . . Selective reporting (reporting bias)

® ® | ® | @ ~ |Incomplete outcome data (attrition bias)
® O O @ @ otherbias

® @ @ @ | @ |Random sequence generation (selection bias)
. . . . . Blinding of outcome assessment (detection bias)

® 00
> 00

Zhou 2009

Figure 2. Risk of study bias.

1.83) (Figure 6), marginal discoloration”’?2-2
(p=0.93; RR=1.02; 95% CI1=0.65, 1.61) (Figure 7),
and anatomical form?22% (p=0.56; RR=1.38; 95%
CI=0.46, 4.13) (Figure 8). However, there was
statistical difference in relation to marginal adapta-
tion favorable to group 2SSE (p=0.01; RR=1.95; 95%
CI=1.14, 3.34) (Figure 9).

DISCUSSION

The null hypothesis of this study stating that there is
no difference between 1SSE and 2SSE adhesives
regarding restoration retention systems was accept-
ed. The meta-analysis showed that there was no
statistically significant difference between the re-
sults for 1SSE and 2SSE (p=0.23; RR=1.55; 95%
CI=0.76, 3.19) (Figure 3). These data are in
agreement with other studies.?*?%?7 It is worth
mentioning that the similarity between self-etching
adhesive systems will allow a greater use of 1SSE
systems since they will promote simplification in the
technique, optimizing clinical time.?

All restorations evaluated in the included stud-
ies”?225 were performed in NCCLs because clinical
evaluation of adhesive systems is often performed in
this type of cavity.® They present a greater amount
of sclerosed dentin, occlusal forces that emphasize
the cervical third of teeth, minimal retention, and
margins that are not only enamel but also extend to
the dentin?; they are also subject to high stress
during chewing®®?® and are anatomically located in
a region where there is a high dissipation of occlusal
forces, factors that contribute to difficulty in reten-
tion. However, all the restorations evaluated pre-
sented clinical requirements proposed by the Amer-
ican Dental Association requiring a survival rate
>90% of the restorations placed after 18 months of
follow-up, regardless of the type of adhesive system
(1SSE or 2SSE).”

Pena and others’ state that there is a similarity
between systems only initially to restorative treat-
ment and that with increasing follow-up, one-step
systems are not able to support mechanical fatigue
or hydrolysis, causing failure. This is related to the
application technique of adhesive systems. In two-
step adhesive systems (2SSE), the primer acid is
applied, with subsequent application of hydropho-
bic monomers.”3%3! In the one-step system (1SSE),
the composition of hydrophilic and hydrophobic
monomers are present in the same solution.”
Hydrophilic monomers can collect water on the
substrate or adhesive.! The clinician can control
this mechanism of water sorption at the moment
the adhesive is applied through the correct drying
of the substrate, thereby avoiding risks of failure.?
However, when evaluating the data from the
included studies, it was not possible to observe a
correlation between the one-step technique and the
failures of the restorations.

A systematic review® found an increase in postop-
erative sensitivity when using conventional adhesive
systems compared with self-etching adhesive sys-
tems. Also, among the self-etching adhesives, some
studies”?® stated that one-step adhesives (1SSE)
allowed a greater control of postoperative sensitivity.
However, the included studies found similarity
between the systems (1SSE and 2SSE) (p=0.50;
RR=3.00; 95% CI=0.13, 70.64), which is justified by
the presence of dentin sclerosis in NCCLs and
composite resin that will serve as insulators, thus
masking the role of the adhesive system in the
postoperative sensitivity.

The meta-analyses showed no difference between
the 1SSE and 2SSE adhesive systems for postoper-
ative sensitivity, occurrence of secondary caries,
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Figure 3.
Figure 4.

Figure 5.

Figure 6.

Operative Dentistry

Figure 3 - Forest plot Retention
1 Step 2 Steps Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Brackett 2010 7 40 6 40 54.4% 1.17 [0.43, 3.17]
Pena 2016 1 28 0 28 45%  3.00[0.13, 70.64]
Perdigdo 2012 2 28 2 26 18.8% 0.93[0.14, 6.12] — M
Tirkin 2005 3 75 0 85 4.3% 7.92[0.42, 150.90]
Zhou 2009 3 115 2 116 18.0% 1.51[0.26, 8.89] — T
Total (95% CI) 286 295 100.0% 1.55[0.76, 3.19]
Total events 16 10
(T 2 = = = .12 = 09 t + t t +
Heterogeneity: Chiz = 1.94, df =4 (P = 0.75); I = 0% 0.01 01 1 10 100
Test for overall effect: Z = 1.20 (P = 0.23) Favours [1SSE] Favours [2SSE]
Figure 4 - Forest plot Postoperative Sensitivity
1 Step 2 Steps Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Pena 2016 1 28 0 28 100.0% 3.00[0.13, 70.64]
Turkin 2005 0 75 0 85 Not estimable
Zhou 2009 0 115 0 116 Not estimable
Total (95% ClI) 218 229 100.0%  3.00[0.13, 70.64]
Total events 1 0
Heterogeneity: Not applicable ‘ t 1 t i
0.001 0.1 1 10 1000
Test for overall effect: Z = 0.68 (P = 0.50) Favours [1SSE] Favours [2SSE]
Figure 5 - Forest plot Secondary Caries
1 Step 2 Steps Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Brackett 2010 0 40 1 40 42.0% 0.33[0.01, 7.95] L
Pena 2016 0 28 0 28 Not estimable
Perdigdo 2012 2 28 2 26 58.0% 0.93[0.14, 6.12] ——
Tirkin 2005 0 75 0 85 Not estimable
Zhou 2009 0 115 0 116 Not estimable
Total (95% Cl) 286 295 100.0% 0.68 [0.14, 3.31]
Total events 2 3
it Chiz = = = <12 = (9 + t T + +
Heterogeneity: Chi '0.3_0, df=1 (_P 0.58); 1= 0% 0.01 01 1 10 100
Test for overall effect: Z = 0.48 (P = 0.63) Favours [1SSE] Favours [2SSE]
Figure 6 - Forest plot Color Match
1 Step 2 Steps Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Brackett 2010 2 40 2 40 23.5% 1.00 [0.15, 6.76] I EE—
Perdigdo 2012 2 28 3 26 36.6% 0.62[0.11, 3.41] I —
Turkin 2005 0 75 1 85 16.5% 0.38[0.02,9.12] -
Zhou 2009 1 115 2 116 23.4% 0.50 [0.05, 5.49] L
Total (95% CI) 258 267 100.0% 0.64 [0.23, 1.83]
Total events 5 8
ity: Chiz = = = - 12 =09 u t T + +
Heterogeneity: Chi? = 0.35, df = 3 (P = 0.95); I? = 0% 001 01 1 10 100
Test for overall effect: Z = 0.83 (P = 0.41) Favours [1SSE] Favours [2SSE]

Forest plots of the retention outcome.

Forest plots of the postoperative sensitivity outcome.

Forest plots of the secondary caries outcome.

Forest plots of the color match outcome.
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Figure 7 - Forest plot Marginal Discoloration
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Heterogeneity: Chi* = 3.87, df = 4 (P = 0.42), P = 0%
Test for overall effect: Z = 0.09 (P = 0.93)

Figure 8 - Forest plot Anatomical Form

1 Step 2 Steps Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Brackett 2010 8 40 12 40 39.7% 0.67 [0.31, 1.45] —
Pena 2016 5 28 1 28 3.3% 5.00 [0.62, 40.11] =
Perdigao 2012 8 28 8 26 27.5% 0.93 [0.41, 2.11] -
Turkiin 2005 2 75 1 85 31%  2.27[0.21, 24.50] i
Zhou 2009 8 115 8 116 264% 1.01 [0.39, 2.60] —
Total (95% ClI) 286 295 100.0% 1.02 [0.65, 1.61]
Total events 3 30

e

0.01 0.1 10 100
Favours [1SSE] Favours [2SSE]

Heterogeneity: Chi? = 0.24, df = 2 (P = 0.89); I = 0%
Test for overall effect: Z = 0.58 (P = 0.56)

1 Step 2 Steps Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Brackett 2010 1 40 1 40 19.8%  1.00[0.06, 15.44) +
Perdigao 2012 4 28 3 26 61.6% 1.24[0.31, 5.01]
Turkun 2005 2 75 1 85 18.6%  2.27(0.21, 24.50]
Zhou 2009 0 0 0 0 Not estimable
Total (95% CI) 143 151 100.0% 1.38 [0.46, 4.13]
Total events 7 5

Figure 9 - Forest plot Marginal Adaptation

0.01 0.1 1 10 100
Favours [1SSE] Favours [2SSE]

Heterogeneity: Chi* = 0.92, df = 4 (P = 0.92); I? = 0%
Test for overall effect: Z =2.44 (P =0.01)

1 Step 2 Steps Risk Ratio Risk Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% CI| M-H, Fixed, 95% CI
Brackett 2010 10 40 6 40 37.1% 1.67 [0.67, 4.15) =T
Pena 2016 2 28 0 28 31% 5.00(0.25,99.67]
Perdigao 2012 14 28 6 26 385% 2.17 [0.98, 4.79) -
Turkin 2005 1 75 0 85 29%  3.39[0.14, 82.10]
Zhou 2009 4 115 3 116 185% 1.34[0.31, 5.88] .
Total (95% CI) 286 295 100.0%  1.95[1.14, 3.34] S g
Total events 31 15

01 0.1 1 10 100
Favours [1SSE] Favours [2SSE]

o4

Figure 7. Forest plots of the marginal discoloration outcome.
Figure 8. Forest plots of the anatomical form outcome.

Figure 9. Forest plots of the marginal adaptation outcome.

color match, marginal discoloration, and anatomical
form. However, regarding marginal adaptation,
there was statistical difference favorable to group
2SSE (p=0.01; RR=1.95; 95% CI=1.14, 3.34), so the
second hypothesis of this study was rejected. One of
the difficulties of adhesion on the margins of
NCCLs is that they have a substrate in both dentin
and enamel.?? Studies®®?® have found that a
disadvantage of the use of self-etching adhesives
(1SSE and/or 2SSE) is in deficient acid conditioning
of enamel compared with conventional systems.

However, the results of this systematic review and
meta-analysis, which only looked at self-etching
adhesive systems (1SSE and 2SSE), showed mini-
mal adjustments regarding retention, color match,
marginal discoloration and anatomical form in
enamel”?® and excellent results of absence of
secondary caries. Similar results were found in
other studies.*??

All included studies were RCTs; clinical trials can
provide reliable and direct evidence to guide clini-
cians in choosing dental materials, RCTs represent
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the standard design for evaluating health care
interventions. Well-designed RCTs and systematic
reviews of well-designed RCTs are on the top of the
hierarchy of the levels of evidence.?® The quality of
the studies was analyzed from the Cochrane scale,
where the high risk of bias observed for blinding is
justified by the clinical technique used in applying
the adhesive, which makes it difficult to screen the
examiners. The results of this review should be
interpreted with caution because of the small
number of clinical trials evaluated. Other RCTs with
longer observation periods are still needed.

CONCLUSIONS

This systematic review with meta-analysis revealed
that both 1SSE and 2SSE adhesive systems have
comparable clinical effectiveness in a follow-up period
of 12 to 24 months, except for marginal adaptation.
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Laboratory Research

Effect of Deep Margin Elevation
on CAD/CAM-Fabricated
Ceramic Inlays

TdJ Vertolli e BD Martinsen ¢ CM Hanson ¢ RS Howard ¢ S Kooistra ¢ L Ye

Clinical Relevance

Using the deep margin elevation technique in preparations extending beyond the cemento-
enamel junction appears to be beneficial in maintaining structural integrity of CAD/CAM-

fabricated feldspathic ceramic inlays.

SUMMARY

Objective: To evaluate the effect of deep mar-
gin elevation on structural and marginal in-
tegrity of ceramic inlays.

Methods and Materials: Forty extracted hu-
man third molars were collected and randomly
separated into four groups (n=10/group). In
group 1 (enamel margin group), the gingival
margin was placed 1 mm supragingival to the
cemento-enamel junction (CEJ). In group 2
(cementum margin group), the gingival margin
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was placed 2 mm below the CEdJ. In group 3
(glass ionomer [GI] margin group), the gingival
margin was placed 2 mm below the CEJ, and
then the margin elevated with GI to the CEJ.
In group 4 (resin-modified glass ionomer
[RMGI] margin group), the gingival margin
was placed 2 mm below the CEdJ, and then the
margin elevated with RMGI to the CEJ. Stan-
dardized ceramic class II inlays were fabricat-
ed with computer-aided design/computer-aid-
ed manufacturing and bonded to all teeth, and
ceramic proximal box heights were measured.
All teeth were subjected to 10,000 cycles of
thermocycling (5°C/55°C) and then underwent
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1,200,000 cycles of vertical chewing simulation
at 50 N of force. Ceramic restorations and
marginal integrity were assessed with a Hirox
digital microscope. The Fisher exact test (two-
tailed) with adjusted p-values (2¢=0.05) and
logistic regression were used for statistical
analysis.

Results: The cementum margin group had a
significantly higher ceramic fracture rate
(90%) compared to other groups (10% in enamel
margin and GI margin groups, p=0.007; 0% in
RMGI group, p<0.001). Logistic regression
showed that with increased ceramic proximal
box heights, the probability of ceramic frac-
ture increased dramatically.

Conclusion: Deep marginal elevation resulted
in decreased ceramic fracture when prepara-
tion margins were located below the CEdJ.
There was no difference found between margin
elevation with GI or RMGI. Increased heights
of ceramic proximal box may lead to an in-
creased probability of ceramic fracture.

INTRODUCTION

In today’s society, patients’ desires as well as
advances in computer technologies have drastically
changed the dental treatment landscape. Public
demand has forced today’s dental treatment to
become more esthetic and more immediate. Tradi-
tionally, large, deep carious lesions in posterior teeth
were restored with amalgam or indirect cast gold
restorations. The use of amalgams has been drasti-
cally decreased.’® The trend toward nonamalgam
restorations has been enhanced by teaching the use
of amalgam alternatives in many dental schools.?
The indirect all-ceramic restoration has been devel-
oped as an esthetic alternative to amalgam, gold,
and metal-ceramic restorations.* Additionally, com-
puter-aided design/computer-aided manufacturing
(CAD/CAM) advances have given clinicians the
ability to create definitive indirect ceramic restora-
tions in one visit, appeasing the patient’s desire for
an immediate return on investment. CAD/CAM
eliminates the need for traditional impressions,
stone casts, and, sometimes, provisional restora-
tions.® CAD/CAM-fabricated restorations have
shown to be reliable up to 18 years with marginal
integrity similar to crowns fabricated by traditional
laboratory methods.>® Advances in resin bonding
techniques have helped all-ceramic restorations
become extremely retentive to tooth structure,
especially when margins can be placed on enamel.”
Resin bonding has also been shown in laboratory

studies to significantly increase the flexural strength
of many all-ceramic crown materials.®

Yet, even with these advances in material, design,
and manufacturing sciences, deep subgingival cari-
ous lesions or deep defective restorations remain a
significant restorative challenge. The ideal margin
location for an all-ceramic restoration is one with
adequate enamel available to bond with resin
cement.” As carious lesions and restorations become
larger and deeper, gingival marginal enamel thins
out until reaching the cemento-enamel junction
(CEJ), at which point bonding to enamel is no longer
possible. Margins placed apical to the CEJ on dentin
are more prone to microleakage, which is caused by
both shrinkage during curing and differences in the
coefficient of thermal expansion between restorative
material and tooth structure'® as well as incomplete
hybridization between adhesive system and the
collagen fibrils due to entrapped water between
interfibrillar spaces.!! Microleakage may lead to
secondary caries and eventual restoration fail-
ure.'®!? Resin bonding is more technique sensitive,?
and the apical margin of the restoration should be
placed in enamel if possible.'* Gargiulo and others'®
have described the soft tissue attachment coronal to
crestal bone as the biologic width, made up of
connective and epithelial attachment. Placing resto-
ration margins that invade the biologic width,
generally taken to be 3 mm coronal to the bony
crest, can cause gingival inflammation, loss of
periodontal attachment, and bone resorption.'® Deep
subgingival margins may encroach on or invade the
biologic width. On the other hand, supragingival
margins make impression making, whether digital
or traditional, easier and more accurate. When
bonding indirect ceramic restorations, removing
excess cement and polishing margins are much
easier to accomplish if margins are located in a
supragingival position.'’

Several treatment options allow these deep restor-
ative margins to be placed in a more manageable,
supragingival position. Orthodontic extrusion is one
option but can take months and can result in esthetic
compromise due to root form and difficulty creating a
natural emergence profile.'® Surgical crown length-
ening can also give better access to deep margins.
However, after healing from crown lengthening,
esthetic compromise and root hypersensitivity are
possible complications.'” Crown lengthening com-
promises adjacent alveolar bone support and may
affect future implant therapy.'” While the tradition-
al crown-lengthening procedure still has its place in
dentistry, newer, minimally invasive procedures

$S800B 98] BIA Z0-60-GZ0Z 1€ /woo Aiojoeignd-poid-swd-yiewlsiem-jpd-swiid//:sdny woly papeojumoq



610

have been demonstrated to show success even with
restorative margins encroaching on biologic width,
as demonstrated in the article by Sarfati and Tirlet'®
evaluating three clinical cases where deep restora-
tion margins were well tolerated by the surrounding
periodontium, clinically and histologically. Other
case reports have shown restorations invading
biologic width that maintained a periodontium free
of gingival and periodontal inflammation as long as
they had smooth, well-contoured margins along with
meticulous oral hygiene maintenance by the pa-
tient.'®

The third option—and the focus of this study—is
deep margin elevation (DME). Also known as
proximal box elevation or cervical margin relocation,
this nonsurgical technique uses a direct restoration
placed only at the deep apical portion of the
preparation to elevate the margin to a more coronal
and more conducive position for final restoration
fabrication and cementation.’® Also referred to as
the open sandwich technique, DME leaves the direct
restoration exposed to the oral environment. This
additional interface of direct restoration has the
potential for leakage, and there are concerns that an
increased failure rate may be associated with this
technique.” While a lot of literature has used resin
composite as the direct restorative material to
margin elevate beneath all-ceramic indirect restora-
tions,>"2%2! gome recent literature has advocated
the use of glass ionomer (GI) or resin-modified glass
ionomer (RMGI) to elevate deep margins.'®?? Tradi-
tional GIs are a mixture of alumino-fluoro-silicate
glass particles and polyalkenoic acid. They set as a
result of a chemical reaction on mixing that requires
water to facilitate ionic exchange.?® Hence, they
perform well in humid environments, such as a deep
subgingival preparation in damp, tubular dentin.?*
RMGIs have a photopolymerizable resin in addition
to the traditional GI formulation.?® RMGI has better
physical properties, including increased cohesive
strength, in addition to the high compressive
strength of traditional GI. RMGI also has increased
polishability and esthetic results due to decreased
filler particle size.?®

GI/RMGI restorative materials have several ma-
terial characteristics that would lend them to be
potentially a better restorative material for use in
DME than traditional or flowable resin composites.
First, the coefficient of thermal expansion of GIs is
closest to dentinal tissues; thus, thermal stresses
over time have less effect on the marginal interface,
resulting in less microleakage.?’ Second, as men-
tioned above, the hydrophilic nature of Gls is better

Operative Dentistry

for bonding in deep dentin, which will be damp due
to the amount of dentinal tubules present.?* Third,
in areas with no enamel for resin bonding, GIs form
a strong chemical bond to tooth structure via
chelation. Ionic bonds form between carboxyl groups
of the polyalkenoic acid and the hydroxyapatite.®
This bond matures over the weeks after placement,
increasing in strength. Fourth, GIs have a low
modulus of elasticity, a relative “flexibility” that
lessens internal stress and stiffness after cure,
helping to prevent debonding.?® The low modulus
of elasticity allows the restoration to act as a stress-
absorbing layer, relieving contraction stresses and
improving marginal integrity.?° On the other hand,
resin composite’s high polymerization shrinkage and
higher modulus of elasticity increase the likelihood
of marginal leakage following curing.'! Finally, GIs
release fluoride and can also be recharged by topical
fluoride.?"3? In deep subgingival areas more prone to
secondary caries, fluoride-releasing materials pass
fluoride across the marginal gap to the tooth
structure, forming fluorapatite.>® As described by
Featherstone,®* fluoride prevents caries in three
ways: inhibiting bacterial metabolism, inhibiting
demineralization, and enhancing remineraliza-
tion—all three important tasks in the subgingival
environment. There are several properties of GI/
RMGI that are less ideal when compared to resin
composite, including a less polishable surface as well
as higher solubility rates. Despite these qualities,
GI/RMGI restorations remain clinically acceptable
for use.?

As demonstrated, DME is a conservative and
efficient restorative technique used when restoration
margins are deep subgingival, likely beyond the
CEJ. While GI restorations seem to have many
characteristics that would be beneficial in the
subgingival environment, there is little literature
regarding GI’s use in DME. Therefore, the purpose of
this study is to evaluate the effect of DME with GI/
RMGI on the structural and marginal integrity of
CAD/CAM-fabricated ceramic inlays.

METHODS AND MATERIALS
Study Design

This laboratory study assessed both structural and
marginal integrity of CAD/CAM—fabricated ceramic
inlays. Independent variables consisted of 1) gingival
margin position (enamel and cementum) and 2)
margin elevation restorative material (GI and
RMGI). Dependent variables, or outcomes, were
structural and marginal integrity, assessed by
visualizing any fracture of the feldspathic ceramic
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GROUP 1 GROUP 2 GROUP 3
ENAMEL CEMENTUM Gl
CERAMIC CERAMIC
CEJ CEJ

aT :T Gl
4.05 mm 7.19 mm 5.49 mm
(SD=0.47) (SD=0.42) (SD=0.51)

2 Average Ceramic Inlay Heights (mm)

inlays or gaps in the marginal resin cement
interface. Power analysis was used to determine a
sample size of 10 per group and could identify a
difference of 20% in the risk of structural and
marginal integrity compromise between the experi-
mental groups.

Specimen Preparation

Forty noncarious, unrestored extracted deidentified
human third molars were acquired from the Nation-
al Institute for Dental and Craniofacial Research
(NIDCR). Any remaining biologic debris and poten-
tial contaminants were removed, and the teeth were
stored in 0.5% chloramine T (Sigma-Aldrich, St
Louis, MO, USA) at 4°C. Twenty-four hours prior
to tooth preparation, all specimens were transferred
to deionized water at 4°C. After preparation and
restoration placement, the teeth were maintained in
deionized water until they were thermomechanically
loaded.

Specimens were placed into one of four treatment
groups based on the material on the gingival floor of
the preparation adjacent to the ceramic inlay. The

Figure 1. Tooth preparation in the
enamel margin group (left): The gin-
gival margin of the preparation was
placed 1 mm above the cemento-
enamel junction (CEJ). Tooth prepa-
ration in the cementum margin group
(right): The gingival margin of the
preparation was placed 2 mm below
the CEJ.

Figure 2. Schematic illustration of
the four experimental groups: enamel
margin group, cementum margin
group, glass ionomer (Gl) margin
group, and resin-modified glass ion-
omer (RMGI) margin group. For Gl/
RMGI margin groups, the gingival
margin of the preparation was placed
2 mm below the cemento-enamel
junction (CEJ), then 2 mm of GI/RMGI
was added to the CEJ, respectively.
GROUP 4 Ceramic proximal box heights were
RMGI measured and are shown as mean
and standard deviation (SD).

CERAMIC

amm | RMGI

4,96 mm
(5D=0.40)

four groups were designated as follows: group 1:
enamel margin; group 2: cementum margin; group 3:
GI margin; and group 4: RMGI margin (n=10 per
group). Standardized class II proximal ceramic inlay
preparations were made (33% of overall width at the
bucco-lingual dimension of isthmus, 33% of overall
width at the bucco-lingual dimension of proximal
box, and 33% of overall occlusal depth, extended to
the central groove mesio-distally and 2 mm mesio-
distally of axial depth in the proximal box at the
gingival margin). For the enamel margin group, the
gingival margin of the preparation was placed 1 mm
above the CEJ on the enamel tooth structure. In the
remaining three groups, the preparation ended 2
mm below the CEJ in cementum (Figure 1). The 10
teeth in the GI margin group had 2 mm of deep
margin elevation to the CEJ with self-cure GI (Fuji
IX, GC America, Alsip, IL, USA), and the 10 teeth in
the RMGI margin group, had 2 mm of deep margin
elevation to the CEJ with dual-cured RMGI (Fuji II
LC, GC America).

Following specimen preparation and margin ele-
vation (GI and RMGI groups only), all 40 prepara-
tions were scanned with the CEREC Omnicam
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Figure 3. Specimen was mounted in acrylic resin and prepared for
chewing simulation.

(Dentsply Sirona, Charlotte, NC, USA). Forty feld-
spathic porcelain inlays were designed and milled
from CEREC Blocks (CEREC Blocs PC 14/14 14 S2-
PC, item #6038504) using the CEREC inLab MCXL
system. The intaglio surfaces of all inlays were
treated with 5% hydrofluoric acid etch for 60
seconds, rinsed for 60 seconds, and silinated for 60
seconds. Restorations were cemented to the respec-
tive teeth specimens using Nexus NX3 resin cement
(Kerr Corp, Orange, CA, USA) per the manufactur-
er’s instructions. Excess cement was removed fol-
lowed by restoration and margin polishing with
diamond-impregnated polishers.

Following restoration placement, all teeth were
assessed with a Hirox KH-1300 digital microscope
(Hirox, Hackensack, NJ, USA). Specimens were
evaluated at 35X magnification to ensure ceramic
structural integrity (no ceramic fractures) and at
50X magnification along the gingival margin in a
bucco-lingual dimension between the ceramic and
tooth structure (enamel and cementum groups) or
between the ceramic and margin elevation material
(GI or RMGI groups) to verify marginal integrity
(completely closed margin with intact resin cement
layer without gaps or voids). Additionally, occluso-
gingival ceramic inlay heights were measured with a
digital caliper from the middle of the marginal ridge

Operative Dentistry

in bucco-lingual dimension, down apically to the
extent of ceramic at its gingival margin. (Figure 2).

Thermomechanical Loading

All teeth underwent thermocycling, to include
10,000 cycles between 5°C and 55°C with 30 seconds
of dwell time at each temperature to simulate
thermal changes that occur within the oral cavity.
Following thermocycling only, structural and mar-
ginal integrity were assessed again with the Hirox
digital microscope as described above. To simulate
mechanical stress on the restorations, all specimens
underwent chewing simulation (Chewing Simulator-
4, SD Mechatronik, Westerham, Germany). Teeth
were mounted in acrylic resin, and the occlusal
surface was articulated against an 8-mm stainless-
steel ball antagonist (Figure 3). Fifty newtons of
vertical force were applied for 1,200,000 cycles of
masticatory simulation. These thermal and mechan-
ical conditions are considered to simulate approxi-
mately five years of intraoral service.®® Following
masticatory loading, all samples were again assessed
for structural and marginal integrity with the Hirox
digital microscope.

Statistical Analyses

After thermomechanical loading as well as structur-
al and marginal integrity reassessment, statistical
analyses were completed. The Fisher exact test (two-
tailed) was used to compare the four specimen
groups, and Bonferroni correction was used to adjust
p-values (p<<0.05 for statistical significance). Addi-
tionally, the association of ceramic height with the
probability of ceramic fracture was estimated using
logistic regression. Data were analyzed using IBM
SPSS Statistics for Windows (version 24.0, IBM
Corp, Armonk, NY, USA) and R (version 3.4.2, R
Core Team, Vienna, Austria). The null hypothesis
was that there was no difference in structural and
marginal integrity of ceramic inlays whether ce-
mented to tooth structure or to GI/RMGI deep
margin elevation material.

RESULTS

Following thermocycling alone, ceramic structural
and gingival marginal integrity showed no changes.
All-ceramic restorations remained intact, and gingi-
val margins remained closed without gaps or visible
cement layer discrepancies at 50X magnification
(data not shown). After mechanical loading through
chewing simulation, the major finding at 35X
magnification was the lack of ceramic structural
integrity in the cementum margin group. Nine of 10
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Figure 4. Nine of 10 ceramic inlays in the cementum margin group showed bulk fracture. Varied fracture pattens were present.

Figure 5. Only one of 10 inlays from the enamel margin group and glass ionomer (Gl) margin group showed ceramic fracture.

ceramic inlays in the cementum group showed bulk
fracture of the ceramic (Figure 4). Only one of 10
inlays from the enamel and GI groups had ceramic
bulk fracture (Figure 5), and none of the 10 inlays
from the RMGI group had ceramic fracture following
thermomechanical loading. Marginal integrity was
maintained between ceramic, GI, RMGI, and tooth
structure when comparing pre- and postthermome-
chanical loading images at 50X magnification (Fig-
ure 6).

Using the Fisher exact test (two-tailed) and
adjusted p-values with a Bonferroni correction to
account for multiple comparisons, the ceramic
fracture rate for the cementum group was found to
be significantly higher than the other three groups
(cementum vs enamel: p=0.007; cementum vs GI:
p=0.007; and cementum vs RMGI: p<0.001) (Figure
7).

The association of ceramic inlay height with the
probability of ceramic fracture was estimated using
logistic regression. Ceramic fracture probability
increased drastically as occluso-gingival ceramic
heights increased. Looking at the actual data and
grouping the fracture outcomes into 1-mm incre-
ments, no fractures were seen in inlays with heights
less than 4.5 mm, 8% fractures in inlays with
ceramic heights between 4.5 and 5.5 mm, 29%
fractures in teeth between 5.5 and 6.5 mm, and
89% fractures when inlays were greater than 6.5 mm
in occluso-gingival height (Figure 8).

DISCUSSION

Placing indirect restoration margins on direct re-
storative materials instead of sound tooth structure
is in contradiction to concepts that have been taught
for decades, hence the title of Magne’s study from
2012: “Deep Margin Elevation: A Paradigm Shift.”*?
The DME technique has met resistance due to
concerns that failure of margin-elevated restorations
arises from the additional restorative material
interface between ceramic and direct restorative
material.” Kielbassa’s systematic review on proximal
box elevation showed various restorative materials
to be successful at maintaining clinically acceptable
margins using the DME technique yet still recom-
mended high-quality clinical trials to confirm bench-
top outcomes.? This study also showed that marginal
integrity was visibly maintained at 50X magnifica-
tion across all samples.

Interestingly, one sample group in this study, the
cementum margin group, with tall occluso-gingival
ceramic inlay heights, demonstrated a lack of
ceramic structural integrity that was significantly
different than the other three groups. This finding
exposes a potential additional benefit of DME
beneath ceramic inlays: that the act of placing a
direct restoration on the gingival floor inherently
shortens the occluso-gingival height of the proximal
portion of the inlay. And, based on logistic regression
extrapolation of the data found in this study, shorter
heights of proximal ceramic inlays are less associat-
ed with bulk ceramic fracture and restoration
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Figure 6. No gingival margin defects before and after thermomechanical loading.
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Figure 7. Statistical analysis for fracture rate with 95% confidence
interval (Cl) between groups.

Figure 8. Logistic regression for the association of ceramic fracture
probability with ceramic proximal height.

failure. At five years of simulated function, it
appears that occluso-gingival proximal heights of
ceramic inlays greater than 5 mm begin to increase
bulk fracture rates above the estimated 10% from
logistic regression. In other words, to keep survival
rates above 90% for ceramic inlays at five years of
service, clinicians should consider DME when the
proximal box is greater than 5 mm in occluso-
gingival height.

Dental anatomy textbooks report the “cervico-
occlusal length of crown” of posterior teeth by
measuring from a facial view from cusp tip to CEJ.
These average heights measure from 8.5 mm in the
premolars down to 7.0 mm in the molars.?® When
viewing from the interproximal surface of teeth,
these average heights are decreased due to natural
anatomic form, going down from cusp tip to marginal
ridge as well as the CEJ going up from the midfacial
to the interdental position. While no proximal
average heights can be estimated, it is likely that
“cervico-occlusal length of crown” viewed from the
interproximal is encroaching on the potentially
critical 5-mm height mentioned in the previous
paragraph. Therefore, for clinical ease of visualiza-
tion, it could be extrapolated that any time an
interproximal box preparation for a ceramic inlay
ends below the CEJ on dentin, the box will be greater
than 5 mm deep and, in turn, potentially could
benefit from DME.
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The ceramic used in the study, feldspathic porce-
lain, while highly esthetic due to its high glass
content, does not possess fracture resistance similar
to natural teeth. Material thickness is required
when using these materials to help prevent bulk
fracture.?” Over the years, physical properties of all-
ceramic restorations have improved by adding fillers
such as lithium disilicate and alumina to the glass
matrix to give greater strength and, in turn, greater
fracture resistance.®® Reported average flexural
strengths for some ceramics are as follows: 61 to 87
MPa for feldspathic porcelain, 300 to 500 MPa for
lithium disilicate, and 800 to 1200 MPa for yttria-
stabilized zirconia.® Although less strong, clinicians
continue to use feldspathic ceramic blocks for CAD/
CAM restorations due to esthetics and ease of
fabrication, not requiring firing prior to bonding.
When comparing milled ceramic vs milled composite
inlays, feldspathic ceramic fractures did not involve
tooth structure, similar to fracture patterns as were
seen in this study, whereas bonded composite
restoration fractures more often involved tooth
structure.® Ceramic restorations seem to concen-
trate stress within the restoration itself, while
composite restorations transfer more stress to tooth
structure.®®

Also, when comparing direct composite restora-
tions with conventional indirect restorations, Zaruba
and others*® showed that direct composite margins
were inferior to those of indirect restorations.
Marginal integrity of margin-elevated ceramic indi-
rect restorations from this study was maintained,
although further dye staining of margins, sectioning
of teeth, and assessing dye penetrance might have
revealed additional information regarding marginal
integrity maintenance through the simulated five
years of service. While the majority of DME studies
are in vitro and use resin composite to elevate the
margin, 22141 the difference in placing a composite
in vitro vs in vivo in a difficult-to-access, humid
subgingival environment, also complicated by the
lack of consensus on the isolation and application
technique, should be considered.*! This study
showed that using restorative GI and RMGI for
margin elevation gave clinically acceptable marginal
integrity at five years of service simulation. With
this finding and the aforementioned beneficial
properties of GI/RMGI restorative materials, includ-
ing low modulus of elasticity, coefficient of thermal
expansion closest to tooth structure, hydrophilic
nature, fluoride release and recharge, and strong
chemical bond to tooth structure, practitioners may
consider using GI or RMGI instead of resin compos-

ite when performing DME. Composite placement is
more technique sensitive, has a less predictable bond
to dentin, and undergoes polymerization shrinkage
and size changes with temperature changes due to
its coefficient of thermal expansion, which can lead
to microleakage, secondary caries, and restoration
failure.

Some clinicians tend to avoid deep DME due to
the risk and likelihood of invasion of biologic width
when placing restorations that encroach on the
crest of bone. Case reports have shown that smooth,
nonirritating margins that invade biologic width
can be free of gingival and periodontal inflamma-
tion provided that meticulous oral hygiene mainte-
nance is performed.'® Thoughts regarding biologic
width have changed over the years since Gargiulo
and others'® proposed the dimensions in 1961.
Today, it is believed that there is great variability
in biologic width from patient to patient. A recent
systematic review looking at this concluded that “no
universal dimension of biologic width appears to
exist. Establishment of periodontal health is sug-
gested prior to the assessment of biologic width
within reconstructive dentistry.”*? Overall, pushing
the limits of biologic width for DME can potentially
save the patient from needing invasive and irre-
versible removal of bone from surgical crown
lengthening.

As is the case with all laboratory-based projects,
the results of this laboratory study cannot be
directly applied to clinical scenarios. One possible
weakness in the study design was that mounted test
teeth had no proximal surface from an adjacent
tooth to provide support to the ceramic inlays during
occlusal loading. Adjacent proximal surfaces from
neighboring teeth in the oral cavity may provide
some support and distribute chewing forces more
evenly. Another drawback is that the chewing
simulator provided vertical loading only, whereas
in the oral cavity, forces are always multidirectional.
Finally, a laboratory study cannot simulate the
complexity of the oral environment, nor can it forgo
the challenge of isolating the clinical operating field
on difficult-to-access posterior tooth preparations.
Therefore, randomized controlled clinical trials with
appropriate recall intervals are needed to corrobo-
rate laboratory findings and substantiate new
techniques.

CONCLUSIONS

This laboratory study demonstrated that DME
resulted in decreased ceramic fracture when prepa-
ration margins were located below the CEJ. In the
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teeth in which the DME technique was used, the
cavosurface marginal integrity was maintained
between direct and indirect restorations, suggesting
that DME is a valid treatment option for clinicians to
consider when subgingival margins make indirect
restorations a challenge. No difference was found
between margin elevation with GI or RMGI.
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The Effect of a
Charcoal-based Powder for
Enamel Dental Bleaching

MC Franco ¢ JL.S Uehara * BM Meroni ¢ GS Zuttion * MS Cenci

Clinical Relevance

Charcoal based-powders are not effective for dental bleaching.

SUMMARY

Charcoal-based dentifrices for dental whiten-
ing are a novelty in the market. Manufacturers
claim that such charcoal-based products have
whitening, remineralization, antimicrobial,
and antifungal properties of charcoal in such
products. However, there is no substantial
scientific evidence for these claims. This labo-
ratory randomized study was designed to
evaluate the whitening properties of a char-
coal-based toothpowder. A total of 45 bovine
dental enamel discs were randomly distribut-
ed into three groups (n=15): group 1, mechan-
ical brushing with a 1450-ppm F toothpaste
(control group); group 2, mechanical brushing
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with an activated charcoal-based powder;
group 3, bleaching per the standard protocol
using 10% carbamide peroxide. The surface
roughness and color of each specimen were
analyzed at baseline and after 14 days of
experiment. The surface of one randomly se-
lected specimen from each group was exam-
ined using a scanning electron microscope
(SEM). The Kruskal-Wallis test was used to
compare groups at a significance level of 5%.
Only group 3 promoted a statistically signifi-
cant effect on AE compared with groups 1 and 2
(p<0.001 and p=0.003, respectively). No statis-
tically significant difference was found be-
tween groups for surface roughness (p>0.05).
SEM revealed a more irregular surface in
group 1 specimens compared with group 2
and 3 specimens. The charcoal-based powder
did not seem to have any bleaching effect.

INTRODUCTION

White teeth are regarded as a perfect pattern of
esthetic beauty in contemporary society.> Accord-
ing to data from published literature, 30% of patients
have a certain degree of dissatisfaction with their
dental color.®>* Therefore, the dental bleaching
procedure is a popular esthetic treatment in dental
practice.®* This procedure is conservative, safe, and
effective and is performed using gels containing
hydrogen peroxide or carbamide peroxide at differ-
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ent concentrations. Dental bleaching can be accom-
plished at the dental clinic or in the patient’s home
by following a dentist’s instructions.!*® There are
also low-cost alternatives available in the market to
treat tooth discoloration without the dentist’s super-
vision. In the last few years, the availability of a
number of alternative whitening agents, such as
prefabricated trays, whitening strips, and paint-on
applications, has considerably increased.**

The use of charcoal for oral health was recorded
for the first time in ancient Greece by Hippocrates.
Charcoal was used in many parts of the world and
different cultures as a cleaning agent. Natural
charcoal powder was used as a single-agent denti-
frice. However, studies have shown that charcoal
may not be beneficial in dental cleaning or against
dental caries.”®

Charcoal-based toothpastes and toothpowders for
dental whitening are widely available for purchase
from pharmacies, supermarkets, and e-commerce
sites. Although manufacturers promise the whiten-
ing, remineralization, antimicrobial, and antifungal
properties of charcoal-based dentifrices, there is no
substantial scientific evidence for these properties.®
This laboratory study aimed to evaluate whether
activated charcoal powder has a bleaching/whitening
effect on the dentition. We tested two hypotheses: 1)
traditional bleaching procedure with carbamide
peroxide is more effective in changing tooth color
teeth than whitening with charcoal-based powder
and 2) the use of charcoal-based powder increases
enamel surface roughness.

METHODS AND MATERIALS
Experimental Design

This laboratory randomized study was designed to
evaluate the whitening properties of a charcoal-
based toothpowder compared with dental bleaching
with a gold standard protocol using 10% carbamide
peroxide. The control group was treated with a 1450-
ppm F toothpaste. A total of 45 enamel discs were
randomly divided into three groups (n=15): group 1,
mechanical brushing using a 1450-ppm F toothpaste
(control group); group 2, mechanical brushing using
an activated charcoal-based toothpowder; group 3,
bleaching protocol with 10% carbamide peroxide.
Before- and after-treatment samples were spectro-
photometrically evaluated to determine the change
in color. In addition, potential deleterious effects of
the treatments were assessed by surface roughness
changes and scanning electronic microscopy (SEM)
images.

Sample Size Calculation

G*Power 3.1.9.4 software (Heinrich-Heine Diissel-
dorf University, Diisseldorf, Germany) was used to
determine the sample size based on a previous
study® using the following parameters: 95% power,
0.40 effect size, and three experimental groups. A
minimum sample size of 15 specimens per group
(n=45) was assessed to be appropriate.

Specimen Preparation

Forty-five enamel discs were cut from the buccal
surface of fresh bovine incisors using a water-
cooled trephine drill. To obtain standardized
enamel discs with a diameter of 5 mm and
thickness of 2.5 mm, the surfaces were ground
using #600-grit silicon carbide papers. Subsequent-
ly, all the specimens were polished by wet
grinding, sequentially, with #1200-, #1500-, and
#2000-grit silicon carbide papers to obtain a
polished and standardized surface. The specimens
were then numbered and randomly allocated in
acrylic matrices, which immobilized them on the
brushing machine, according to a list generated by
RANDOM.ORG.

Roughness Measurements

The surface roughness of each specimen was ana-
lyzed using a roughnessmeter (Hommel Tester
T1000, Hommel-Etamic, Schwenningen, Germany)
at baseline and after 14 days of the experiment.
Multidirectional readings were made for each spec-
imen from the center of the surface. Three readings
were made for each specimen, and the mean was
calculated.

Color Stability Evaluation

The specimen color was assessed at baseline and
after 14 days using a spectrophotometer (X-Rite
SP60 Series, X-Rite Inc, Grand Rapids, Michigan
USA) and D65 light against a white background. To
standardize the color measurement, the spectropho-
tometer pointer was positioned parallel to the
enamel surface of each specimen. The shade was
determined according to spectrophotometric param-
eters by considering L*, a* and b* values. L*
represents values from 0 (black) to 100 (white), a*
represents the amount of red and green, and b*
represents the amount of yellow and blue. The
difference in color before and after treatment was
provided by delta E (AE), calculated by
CIEDE2000'°,
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Table 1: Components of Products Used According to the Manufacturer’s Information

Product Manufacturer

Composition

Colgate Maximum Palmolive Company, New
anticaries protection  York, NY, USA

1500 ppm of fluoride, calcium carbonate, sodium lauryl sulfate, sodium saccharin,
tetrasodium pyrophosphate, sodium silicate, polyethylene glycol, sorbitol, carboxymethyl
cellulose, methylparaben, propylparaben, aromatic composition and water; contains
sodium monofluorophosphate

Whitemax Dermavita, Brusque, SC,

Brazil

Charcoal powder (activated carbon), kaolin, aroma, citrus aurantium dulcis peel oil

Whiteness Perfect FGM Odontology Products,

Joinville, SC, Brazil

Carbamide peroxide, neutralized carbopol, potassium nitrate, sodium fluoride,
humectant (glycol), deionized water

Mechanical Brushing and Whitening Protocol

Group 1 and group 2 specimens were submitted to
mechanical brushing cycles in a Multifunctional
Oral Cavity Simulator (Federal University of Pelo-
tas, Pelotas, Brazil). Briefly, this device comprises a
Multifunctional Oral Mouth Simulator originally
designed to allow continuous flow for biofilm growth
with modifications to enable brushing simulation.'?
Brushing simulation was performed with a load of
4.5 N using soft-bristle brushes (Sanifill Eco Dent,
Interbros GmbH, Schonau, Germany) at 0.6 Hz (36
cycles/min for three minutes).'? In group 1 (control
group), a toothpaste slurry (Colgate—maximum an-
ticaries protection, 1450 ppm F, Palmolive Company,
New York, NY, USA) was prepared with distilled
water at a 1:3 (w/v) proportion and applied during
the brushing cycles. In group 2, a charcoal-based
powder for dental whitening (Whitemax, Barueri,
Brazil) was applied on previously wet brushes with
water. Group 3 specimens were submitted to a gold
standard protocol for dental bleaching with 10%
carbamide peroxide (Whiteness Perfect, FGM, Join-
ville, SC, Brazil) for 3 h/day. The whitening gel was
removed after three hours using abundant water.
Information of the groups and products used,
including manufacturers and product components,
is provided in Table 1.

After the bleaching procedure and mechanical
brushing cycles, the specimens were stored in
distilled water at 37°C for 23 hours until the next

Table 2: Results for AE Values Based on Treatment

Groups?
Median Mean (SD)
(Quartiles 25%-75%)
Control 0.74 A (0.83-1.69) 0.95 (0.51)
Charcoal-based powder 1.24 A (0.83-1.69) 1.28 (0.50)
Carbamide peroxide 2.36 B (2.00-3.60) 2.65 (1.11)

2 Means followed by equal letters indicate no statistically significant
differences in each column (p>0.05).

exposure to whitening protocol and new brushing.
This process was repeated daily for 14 days.

Surface Morphology

The surface of one randomly selected specimen from
each group was examined for finished surface
morphology. The specimens were subjected to vacu-
um in a sputter coater (SCD 050 Sputter Coater,
Capovani Brothers Inc, New York, USA) to deposit a
thin layer of gold before submitting to SEM (JSM
5600LV, JEOL, Tokyo, Japan).

Statistical Analysis

The data obtained were double entered and analyzed
using SPSS Statistics software (SPSS, Inc, Cary, NC,
USA). Descriptive analysis was performed by esti-
mating the mean and SD for all groups. Data of all
parameters were examined for normality using the
Shapiro-Wilk test. Because the color evaluation data
presented nonparametric distributions, the Kruskal-
Wallis test was used to compare groups. Surface
roughness was evaluated using one-way analysis of
variance (ANOVA), followed by Tukey post hoc tests.
For all analyses, an o value of 0.05 was used to
determine statistical significance.

RESULTS

The Kruskal-Wallis test results for AE are presented
in Table 2. Statistical differences were observed
between group 3 and group 1 (»p<<0.001) and between
group 3 and group 2 (p=0.003). No statistically
significant difference was observed between group 1
and group 2 (p=0.546).

No statistically significant difference was noted
between the groups for surface roughness (group 1
vs group 2: p=0.623; group 1 vs group 3: p=0.157;
group 2 vs group 3: p=0.613; Table 3).

Figure 1 is an SEM image of enamel surface (A,
group 2; B, group 1; and C, group 3). Photomicro-
graphs of representative areas were taken at 35X
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Table 3: Mean, SD, and Confidence Interval for

Roughness (ra) Evaluation Based on Treatment

Groups?

Mean SD Confidence
Interval (95%)

Control 140.14 A 4137 (117.23-163.05)
Charcoal-based powder  128.57 A 25.36  (114.53-142.62)
Carbamide peroxide 116.80 A 33.33 (98.34-135.26)
2 Means followed by equal letters indicate no statistically significant
differences in each column (p>0.05).

and 500X magnification for all groups. SEM charac-
terization of the enamel surfaces after different
surface treatments revealed a more irregular surface
in group 1 specimens (Figure 1B) compared with
group 2 and group 3 specimens. Group 2 and group 3
specimens (Figure 1A and 1C, respectively) seemed
to have a smooth surface.

DISCUSSION

This study showed that the charcoal-based tooth-
powder was not effective for dental bleaching,
corroborating the first hypothesis. To the best of
our knowledge, only one study'® has assessed the
potential whitening effects of charcoal powder to
date. Four groups were tested in that study: water
(negative control), activated charcoal (experimental
group), coconut oil (positive control), and hydrogen
peroxide (positive control). The study concluded that
activated charcoal and coconut oil were not effective
for dental bleaching, corroborating the results of our
study.

The at-home dental bleaching under professional
supervision using 10% carbamide peroxide and
custom trays is safe and presents excellent esthetic
results. Therefore, it is considered the gold standard
for treating tooth discoloration.? Although associated
with high cost and need for professional supervision,
dental bleaching with 10% carbamide peroxide is the
most preferred procedure in dental practice.’* The
interest for low-cost alternatives to dental bleaching
and the search for organic and natural ingredients
brought attention to charcoal-based preparations.

Charcoal is used for several medical indications,
including poisoning and drug overdose. Charcoal is
also recognized as a food ingredient and a food
coloring agent in oriental countries for its claimed
health benefits.’®"'7 Its use for dental cleaning has
been known for many years in different cultures.” In
the last few years, a few charcoal-based products
were disseminated as an organic and safe alternative
to conventional dental bleaching techniques. The use

Figure 1. Scanning microscopy of enamel surface per group (A/a
group 2; B/b group 1; and C/c group 3) at 35x (uppercase letters) and
500x magnification (lowercase letters).

of these products claimed to result in whiter teeth
with affordable cost and without professional super-
vision. However, there are no studies in the
literature on the beneficial effects of charcoal on
teeth.” 8

A few studies have presented inconclusive results
regarding the effect of charcoal on oral hygiene,
evaluating outcomes for caries, enamel abrasion,
halitosis, and periodontal disease.® Limited informa-
tion is available regarding controlled clinical studies
that may provide evidence for the use of these
products. A laboratory study evaluated the bleaching
effect of a charcoal-based toothpaste and demon-
strated a small whitening effect.® However, this was
a subjective color evaluation using the VITA Classi-
cal Shade Guide.

In our results, only group 3 presented a statistical
difference in the final color for AE parameters.
There was no difference in the final color in group 1
and group 2 specimens. This might be because of
the absence of a whitening agent in the charcoal-
based powder and the apparent feeling of whiter
teeth due to the contrast with the dark color of the
powder.

Considering the parameters established by Para-
vina and others,'® the acceptability threshold is a AE
of 1.8. Accordingly, only group 3, with a AE of 2.65,
showed a significant color change. According to these
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parameters, a AE of 0.8 is considered clinically
perceptible. Thus, the color change promoted by
the charcoal-based powder, although not statistically
detectable, was clinically perceptible, but it is not
comparable to a bleaching effect. This slight color
change may have been caused by enamel wear,
which typically occurs following the use of abrasive
toothpastes and could be easily confused as whiten-
ing conferred by the substance.'®2°

In this study, enamel roughness was also evalu-
ated. We examined whether the abrasiveness of the
charcoal-based powder causes alteration in the
enamel roughness. However, there was no statistical
difference between the groups in enamel roughness.
Similar results were found in a review by Demarco
and others,* which concluded that dental bleaching
with 10% carbamide peroxide has no harmful effects
on enamel roughness. However, no study to this date
has evaluated the effects of charcoal powder on the
enamel surface.

SEM revealed a smooth surface in group 2 and
group 3 specimens. This might have been due to a
greater loss of tooth enamel. Therefore, both
treatments seem to promote a certain degree of
damage in the tooth enamel. However, SEM is a
qualitative analysis, which does not allow data
collection. Quantitative surface analysis such as
profilometry may present more specific results in
such studies.?!

CONCLUSION

The charcoal-based toothpowder had a certain degree
of whitening effect, but it was not as effective as dental
bleaching. The study results indicate that charcoal
might not have any dental bleaching properties.
However, further studies are warranted to determine
the effect of charcoal on the dental surface.
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Fracture Resistance of Remaining
Buccal Cusps in Maxillary Premolar
Ceramic Onlay Restorations

I Thainimit ¢ P Totiam « K Wayakanon

Clinical Relevance

Preparation designs for bondable partial coverage restorations are varied. As little as 1 mm
of thickness of a remaining buccal cusp can be kept when restoring maxillary premolars

with bondable partial coverage restorations.

SUMMARY

Indirect partial coverage restorations have
become increasingly popular in recent years
as new and improved adhesive materials have
been developed. These restorations can pre-
serve substantial amounts of tooth structure.
However, there are some aspects of indirect
partial coverage restorations for which no
clear protocol exists. This study investigated
the minimal thickness of the nonfunctional
cusp that must be left in a bondable ceramic
partial coverage restoration in order to resist
compressive force. Ninety sound human max-
illary premolar teeth were obtained and used
in one of the following three ways. Ten of the
sound teeth were used as a control without
further preparation. Forty other sound teeth
had cavities designed and were tested as
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“unrestored teeth.” The remaining 40 sound
teeth received not only cavities but also resto-
ration and were tested as “restored teeth.”
Both the restored group and the unrestored
group were prepared either with an overlay or
with varying buccal cusp thicknesses of 1, 2, or
3 mm. In total, there were nine experimental
groups with 10 in each group (n=10). The
prepared teeth were digitally scanned, and
the restorations were designed and fabricated
from IPS e.max computer-aided design (CAD)
software using a CAD/CAM machine (CEREC
MC XL, Dentsply Sirona, Bensheim, Germany).
The restorations were cemented with resin
cement (Panavia V5). All samples underwent
thermocycling and dynamic fatigue simulating
approximately one year of actual use. All the
teeth were then subjected to compressive load
until the point of fracture, and the mode of
each fracture was analyzed. Results show that
the fracture resistance of the restored groups
was significantly higher than the nonrestored
groups (p<0.001) and the sound teeth (p<0.05).
Crucially, this study determined that 1 mm of
remaining buccal cusp thickness in bondable
partial coverage restorations for maxillary
premolars is sufficient to withstand normal
use of the tooth without breakage.
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INTRODUCTION

Dental caries as well as fractures in the tooth
structure or in dental restorations are common
problems found routinely in clinical practice. Restor-
ative treatment needs to be able to repair and
reconstruct the integrity, morphology, and function-
ality of damaged tooth structure. As part of great
evolutionary advances in dental materials science,
bondable restorative materials have brought many
benefits to the process of restorative treatment.
Bondable restorative materials are able to strength-
en the remaining tooth structure with only small
amounts of tooth reduction, leading to increased
longevity of restored teeth.!™

Dental adhesive systems play a vital role in
current restorative dentistry. Various restorative
materials are able to bond to a natural tooth
structure that has been prepared with a suitable
mechanical or chemical treatment. Adhesive systems
and resin-based materials can then be applied.*®
These bondable restorations substantially decrease
the amount of tooth reduction needed during the
cavity preparation process since bondable restora-
tions do not require extensions for retention.

In cases of extensive damage, using direct dental
materials for restoration requires more time and
more skill than using bondable restorations, so
partial coverage restoration is a preferable alterna-
tive. The benefits of the partial coverage technique
are related to the increased amount of remaining
tooth structure.® Partial coverage restoration de-
creases the chance of pulpal and periodontal tissue
inflammation and provides more favorable stress
distribution to minimize the risk of tooth fracture.”®
Importantly, the majority of the restoration margin
is placed on enamel, which serves as an excellent
bonding surface for the adhesive system. Longevity
of the restoration’s retention and functionality is
thus increased.® 12

Table 1: Experimental Groups With 10 Per Group

Group Experimental Design Note

S Sound tooth Control

N3 Nonrestored buccal thickness 3 mm Comparative group
N2 Nonrestored buccal thickness 2 mm Comparative group
N1 Nonrestored buccal thickness 1 mm Comparative group
NO Nonrestored occlusal overlay Comparative group
R3 Restored buccal thickness 3 mm Test group

R2 Restored buccal thickness 2 mm Test group

R1 Restored buccal thickness 1 mm Test group

RO Restored occlusal overlay Test group

Preparation designs for partial coverage restora-
tions will vary. The designs are related mainly to the
particular features of the damaged area. There are
no established guidelines for what minimum thick-
ness of remaining cusps in bondable partial coverage
restorations is sufficient to withstand normal use of
the tooth without breakage. Below this thickness,
reduction of the cusp and its inclusion in the
restoration is required. The purpose of this study
was to evaluate the influence of the remaining cusp
thickness on fracture resistance in onlay restora-
tions fabricated with IPS e.max CAD. The null
hypothesis was the remaining cusp thickness has
no effect on the fracture resistance of the maxillary
premolar teeth when restored with ceramic onlays.

METHODS AND MATERIALS
Sample Preparation

Ninety sound human maxillary premolar teeth
without cracks, restorations, or carious lesions were
selected for this study. All the teeth were previously
extracted for orthodontic treatment. The teeth were
selected for having similar measurements on the
occlusal surface: 9.5-10.5 mm bucco-lingual distance,
7.0-7.5 mm mesio-distal distance, and 8.0-8.5 mm
occluso-cervical distance. The teeth had been stored
in 0.1% thymol solution at room temperature before
selection, and all selected teeth were used within
three months of extraction. All teeth were embedded
in self-cured acrylic resin 3 mm below the cemento-
enamel junction (CEJ).

The teeth were then randomly divided into nine
groups as shown in Table 1. The nine groups were
built around three factors: whether the tooth was
sound, whether the tooth was restored, and the
thickness of the buccal cusp.

A high-speed hand piece with 10° taper diamond
burs was used to prepare onlay mesio-occluso-distal
cavities with a width and depth of 2 mm and a
divergence of 10°. The occlusal cavity was continuous
with the proximal cavity with an angle of departure
of 120°. The gingival walls of these proximal cavities
were 2 mm below the pulpal floor.

The next step in the cavity preparation was to
create the varied thicknesses of the remaining buccal
cusp. Those thicknesses were reduced to 3 mm, 2
mm, or 1 mm, or an occlusal overlay following the
cuspal incline plane was used. The palatal cusp was
reduced by 2 mm following the incline plane to
obtain a butt joint margin. All the preparation
depths were measured with a periodontal probe.
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Figure 1. Restoration designs for the four thicknesses of remaining
cusp: R3, R2, R1, and RO (3, 2, 1, and 0 mm, respectively).

Fabrication of the Restorations

After cavity preparation, the samples were scanned
with an intraoral scanner (CEREC Omnicam,
Dentsply Sirona, Bensheim, Germany). The restora-
tions were designed with computer-aided design
(CAD) software (CEREC SW 4.5, Dentsply Sirona,
Bensheim, Germany), re-creating the features of a
natural, unprepared tooth (Figure 1). All onlay
restorations were milled from lithium disilicate
glass-ceramic IPS e.max CAD (Ivoclar Vivadent,
Schaan, Liechtenstein) in a milling unit (CEREC
MC XL, Dentsply Sirona). After the milling process,
heat treatment was performed at a temperature of
840°C for 30 minutes.

Cementing the Restorations

Before cementation, all the lithium disilicate resto-
rations were examined under a stereomicroscope
(SZX-ILLD200, Olympus, Tokyo, Japan) to ensure a
lack of any crack or surface flaw. The intaglio
surfaces of the restorations were etched with 4.9%
hydrofluoric acid (Porcelain Etch, Ultradent, USA)
for 20 seconds and then thoroughly rinsed with
water for 30 seconds, followed by air-drying. The
etched surfaces were then treated with Clearfil
Ceramic Primer Plus for five seconds (Kuraray
Noritake Dental Inc, Tokyo, Japan) followed again
by air-drying.

Phosphoric acid (37%) was applied to the enamel
for 15 seconds using the selective etch technique.

Operative Dentistry

After that, the teeth were rinsed with water for 30
seconds, and excess water was removed by air-
drying for 15 seconds. Tooth primer was applied and
left for 20 seconds, followed by application of self-
etch resin cement (Panavia V5, Kuraray Noritake
Dental). The self-etch resin cement was handled as
recommended by the manufacturer and applied on
the intaglio surface of the restorations, which were
then seated with finger pressure. The excess cement
was removed after tack curing with a light-curing
unit (Demi Plus LED, Kerr Corp, Orange, CA,
USA) for three seconds on each surface. The
restoration cement was then cured for 20 seconds
on each surface. Finally, the margins of the restora-
tions were finished and polished with a ceramic
polishing kit (Luster for silicate ceramics, Meisinger,
Centennial, CO, USA). After cementation, all spec-
imens were stored in water at 37°C for seven days.

Investigation of Fracture Resistance

All specimens were thermocycled in water (SDC20
HWB332R, Yamatake Honeywell, Tokyo, Japan)
between 5°C and 55°C with 15 s dwelling time for
10,000 cycles. This thermocycling represented ap-
proximately one year of in vivo functioning.'® After
thermal cycling, a fatigue simulation and fracture
resistance test were performed in a universal testing
machine (Instron Universal Tester, model 8872;
Instron Inc, Canton, MA, USA). For the fatigue
simulation, all specimens were subjected to dynamic
loading of 127.4 N with a metal sphere of 6 mm in
diameter at a frequency of 6 Hz.!* This fatigue
simulation was performed submerged in distilled
water at 37°C for 240,000 cycles. In order to evaluate
fracture resistance, the specimens were submitted to
a shear force on the buccal inclined plane. A metal
wedge shape with a blunt rounded end (not a sharp
tip) was positioned blunt end down at a 20° angle to
the lingual incline plane of the buccal cusp. The
wedge thus made contact with both the lingual
inclined plane of the buccal cusp and the buccal
inclined plane of the lingual cusp (Figure 2). This
wedge pressed down on each specimen submerged in
distilled water with a crosshead speed of 0.5 mm/min
until fracture occurred.

Investigation of the Fracture Mode

Each fractured specimen was observed under a
stereomicroscope (SZX-ILLD200; Olympus) to deter-
mine the mode of fracture, which was then identified
as one of the two categories described below
(modified from Burke and others’®):
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Figure 2. A position of the metal wedge shape was used to shear the
specimens at a 20° angle to the lingual incline plane of the buccal
cusp.

1. Fracture modes by involvement in restoration,
dentin, or pulpal tissue
Type I: Fracture within the restoration
Type II: Fracture of the restoration and tooth structure
within the dentin
Type III: Fracture of the restoration and tooth
structure involving pulpal tissue
2. Fracture modes by location above or below the
CEJ
Type I: Fracture above the CEJ
Type II: Fracture below the CEJ

Data Analysis

The means and standard deviations of the fracture
resistance data were calculated and analyzed using
two-way analysis of variance (ANOVA) and the
Tukey honestly significant difference test in SPSS
statistical software (version 23.0, SPSS Inc, Chicago,
IL, USA). The significance level was set at 0.05. The
fracture mode images were evaluated visually and
reported descriptively.

RESULTS

Fracture Resistance of Different Cavity
Designs

The eight experimental groups (excluding the con-
trol) can all be considered permutations of two

factors: preparation design (buccal cusp thickness
0, 1, 2, or 3) and tooth restoration (restored or not
restored). Looking at Table 2, the two-way ANOVA
showed that preparation design (p=0.034) and tooth
restoration (p<<0.001) each had significant effects on
the fracture resistance. There was also significant
interaction between the preparation design and
tooth restoration (p<<0.001).

The fracture resistance results are shown in Table
3. Within each cavity design, the restored teeth
exhibited significantly higher fracture resistance
than the nonrestored teeth, with the exception of
the occlusal overlay group (RO group), in which there
was no significant difference in the fracture resis-
tance between the restored and the nonrestored
teeth.

Among the restored groups, the R2 group showed
the highest fracture resistance (1074.80+£256.91 N).
This resistance was significantly higher than the
sound teeth (685.67+187.40 N); however, it was not
significantly different from the R1 group
(998.69+279.03 N), the R3 group (986.77+303.32
N), or the occlusal overlay group (881.64+234.29 N).

In the nonrestored groups, no significant differ-
ence was found among the N1, N2, or N3 groups. The
NO group had significantly higher fracture resis-
tance compared to those other three nonrestored
groups (p<<0.05), but it was not significantly higher
than the sound teeth.

Analysis of the Fracture Mode

The fracture modes were analyzed by observing the
characteristics of the fractured specimens, and the
results are shown in Tables 4 and 5 and Figure 3.
Looking at whether the various fractures were
involved in the restoration, the dentin, or the pulpal
tissue (Table 4), the sound teeth and the nonrestored
groups exhibited mostly dentin-involved fractures,
while the restored groups commonly had pulp
tissue—involved fractures. Looking at the same
fractures from the perspective of whether they are
located above or below the CEJ (Table 5), fractures
in the sound teeth and in the nonrestored groups
were mostly above the CEJ, except in the NO group.

627
Table 2: Effect of Preparation Design and Tooth
Restoration on Fracture Resistance
Factors p-Value
Preparation design 0.034
Tooth restoration 0.000
Preparation designs_Restorations 0.000
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Table 3: Fracture Resistance (Mean= SD) of Different Cavity Designs in Restored and Nonrestored Teeth?

Cavity Design

(Group) Fracture Resistance, N

Restored

Nonrestored

Buccal thickness 3 mm

(R3) 986.77 = 303.32 ABa

(N3) 357.35 + 105.36 Ab

Buccal thickness 2 mm

(R2) 1074.80 + 256.91 Aa

(N2) 356.05 + 177.12 Ab

Buccal thickness 1 mm

(R1) 998.69 + 279.03 ABa

(N1) 432.23 = 162.19 ADb

Occlusal overlay

(RO) 881.64 = 234.29 ABa

(NO) 983.59 = 220.22 BEa

Sound teeth

(S) 685.67 = 187.40 Ba

(S) 685.67 = 187.40 CDEa

2 Uppercase letters indicate significant difference within the column (p<0.05); lowercase letters indicate significant difference within the row (p<0.05).

In contrast, fractures in the restored group were
found for the most part below the CEJ.

DISCUSSION

There was no statistical difference in fracture
resistance when teeth with different remaining cusp
thickness (1, 2, and 3 mm) were restored with
ceramic onlays. The null hypothesis was not reject-
ed.

The popularity of partial coverage restorations has
increased steadily with innovations in adhesive
dentistry and in bondable restorative materials. In
this study, lithium disilicate ceramics received
surface treatment with hydrofluoric acid and si-
lane, %18 followed by resin cement application. This
process enabled these ceramics to bond to the tooth
structure, forming bondable restorations.

The design of this study focused on varying
thicknesses of the buccal cusp of the maxillary
premolar tooth, in other words, the nonfunctional
cusp. According to a previous study, the nonfunc-
tional cusp was more prone to fracture than the
functional cusps.'® Maxillary premolar teeth were
intentionally selected for the current study since
they have a higher frequency of fracture than do
mandibular premolar teeth.?® Although molar teeth
have an even higher fracture rate, they were not

selected for this study because almost all extracted
molar teeth are removed due to periodontal problems
or dental caries, which would have been undesirable
for this study. Extracted molar teeth have also
usually been in use for a longer period of time, and
they are extracted at a wider variety of ages. Thus,
the dentin characteristics of different extracted
molar teeth are likely to be dissimilar.?!?2

Since maxillary premolar teeth are located at the
curvature of the jaw and because they have steep
cusps, they are naturally exposed to repeated oblique
occlusal force.?? To simulate this natural situation,
the loading force in both the fatigue simulation and
the fracture resistance tests of this study was
applied at a corresponding 20° oblique angle. The
resulting fracture resistance of the restored groups
in this study was similar to that seen in previous
studies, generally around 800-1100 N.24

Several studies have shown that cusp coverage
with a bondable restoration is able to protect a
weakened tooth structure.’?®2% In the current
study, the fracture resistance of restored teeth, even
those without cusp coverage, was significantly
higher than that of unrestored teeth. The bondable
restorations, with or without cusp coverage, were
able to strengthen the remaining tooth structure.
Importantly, as little as a 1 mm thickness of the

Table 4: Fracture Modes by Involvement in Restoration, Dentin, or Pulpal Tissue

Group Type I, Within Restoration % Type Il, Within Dentin % Type lll, Involve Pulpal Tissue %
(number of samples) (number of samples) (number of samples)

S — 100 (10)

N3 — 100 (0) 0

N2 — 100 (0) 0

N1 — 100 (0) 0

NO — 90 (9) 10 (1)

R3 0 0 100 (10)

R2 10 (1) 20 (2) 70 (7)

R1 20 (2) 30 (3) 50 (5)

RO 0 20 (2) 80 (8)
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Table 5: Fracture Modes by Location Above or Below the
Cemento-Enamel Junction (CEJ)

Group Type |, Above CEJ % Type I, Below CEJ %
(number of samples) (number of samples)

S 100 (10) 0

N3 100 (10) 0

N2 90 (9) 10 (1)

N1 80 (8) 20 (2)

NO 40 (4) 60 (6)

R3 0 100 (10)

R2 10 (1) 90 (9)

R1 50 (5) 50 (5)

RO 0 100 (10)

remaining nonfunctional cusp of a maxillary premo-
lar can be kept without reduction.

This study showed that differences in preparation
design or buccal wall thickness had considerable
influence on the fracture resistance of the maxillary
premolars. The fracture resistance of the reduced-
cusp restorations (overlays) was not significantly
different from that of the nonreduced ones. Guess
and others® similarly found that preparation design
and ceramic thickness influenced the fracture resis-
tance of premolar partial coverage restorations.!
However, extending preparation from a palatal
onlay to complete occlusal coverage on premolars
did not increase the fracture resistance. A clinical
study conducted by Van Dijken and others®’ found
no statistically significant difference in performance
between four preparation designs, even five years
after ceramic partial coverage restorations. Similar
results have been observed in other in vitro stud-

jeg 242829

After cementation, this study used thermal cycling
and dynamic fatigue to simulate actual clinical
conditions because humidity in the oral environ-
ment, along with the mechanical and thermal stress,
has been shown to affect fracture resistance of
restorations.?® The mean fracture resistance of non-
restored teeth determined in the current study was
lower than that found in some other studies.?32 The
specimens in this study received dynamic fatigue
and loading force underwater, while the previous
studies performed the fatigue under dry conditions.
Many other variables can also affect fracture
resistance, such as the mode and direction of loading
as well as the crosshead speed and size of the
indenter.'%2?

All of the ceramic partial coverage restorations in
this study had a greater fracture resistance than the

i

Figure 3. These photographs show three fractured teeth (horizon-
tally) from three perspectives (vertically). The fractures can be
classified by whether they are involved in the restoration (A, D, and
G), dentin (B, E, and H), or pulpal tissue (C, F, and l). They can also be
classified by location above (A, D, and G) or below (B, C, E, F, H, and
1) the cemento-enamel junction.

physiological masticatory forces to which they would
typically be exposed. The average occlusal forces in
the first premolar area has previously been mea-
sured as 178.54 = 77.20 N (for women) and 254.08 *
72.20 N (for men).?®* In a 2011 study, the occlusal
forces of premolars were measured as 373.8 + 102.6
N for men and 314.7 = 96.5 N for women.?* Thus 400
N is a reasonable estimate of the minimum threshold
of occlusal force to which a premolar tooth is
normally subjected.?!

This study assessed fracture mode from two
perspectives: whether the fracture is involved in
the restoration, the dentin, or the pulpal tissue or
whether the fracture is located above or below the
CEJ. Among the restored groups, the majority of
fracture modes involved pulpal tissue and extended
below the CEJ into the radicular portion. On the
other hand, among the nonrestored groups, most
fractures were within the dentin and above the CEJ.
The restored groups had fracture resistance three
times higher than the nonrestored groups. This
could be explained by additional strength provided
by the bondable ceramic restorations.

Resin cement has the dual benefits of esthetic
appeal and bond strength, whether applied to the
dental structure or to the ceramic restoration. Resin
cement also enhances the flexural strength of a tooth
restored with bondable stiff material, such as
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ceramic.2*3° Because the force produced by actual
chewing is less than the force that was applied
experimentally in the laboratory, these restorations
should be able to withstand normal mastication.

Some limitations of this study were associated
with the mechanical testing of the extracted teeth.
The single direction of force applied to the teeth is
not a load typically occurring in actual mastication.
The mechanical test was also not able to account for
absent periodontal structure, which would provide
some natural shock absorption.

CONCLUSIONS

This study succeeded in evaluating the influence of
the remaining cusp thickness on fracture resistance
in restorations fabricated with IPS e.max CAD
onlays. Crucially, it determined that a 1 mm
thickness of a remaining buccal cusp in bondable
partial coverage restorations is sufficient to with-
stand normal use of the tooth without breakage.
Other sections of this study were able to clarify
outstanding questions about designing partially
covered restorations conservatively, information
that should be of good use during treatment.
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Influence of Tooth Pigmentation on
H,O, Diffusion and Its Cytotoxicity
After In-office Tooth Bleaching

CC de Oliveira Duque ¢ DG Soares * ALF Briso * U Ortecho-Zuta
RA de Oliveira Ribeiro ¢ J Hebling ¢ CA de Souza Costa

Clinical Relevance

Pigments in tooth structures affect the diffusion of HyO5 through enamel and dentin. The

bleaching methodology can be impacted.

SUMMARY

Objective: The aim of this study was to evalu-
ate the influence of the presence of pigments in
tooth structures on the trans-enamel and
trans-dentin diffusion of hydrogen peroxide
(H>02) and its cytotoxicity after carrying out
an in-office bleaching therapy.

Methods and Materials: A bleaching gel with
35% H30, was applied for 45 minutes (three
times for 15 minutes) on enamel and dentin
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discs (n=6), either previously submitted to the
intrinsic pigmentation protocol with a concen-
trated solution of black tea, or not, defining
the following groups: G1, unbleached untreat-
ed discs (control 1); G2, unbleached pigmented
discs (control 2); G3, bleached untreated discs;
G4, bleached pigmented discs. The discs were
adapted to artificial pulp chambers, which
were placed in wells of 24-well plates contain-
ing 1 mL culture medium (Dulbecco’s modified
Eagle’s medium [DMEM]). After applying the
bleaching gel on enamel, the extracts (DMEM +
components of bleaching gel that diffused
through the discs) were collected and then
applied on the cultured MDPC-23 odontoblast-
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like cells. Cell viability (methyl tetrazolium
assay and Live & Dead, Calcein AM, and
ethidium homodimer-1 [EthD-1] probes), the
amount of H,O; that diffused through enamel
and dentin (leuco-crystal violet product), and
the H,O,-mediated oxidative cell stress (SOx)
and components of degradation were assessed
(analysis of variance/Tukey; a=0.05).

Results: There was no significant difference
between the groups Gl and G2 for all the
parameters tested (p>0.05). Reduction in the
trans-enamel and trans-dentin diffusion of
H;0; occurred for G4 in comparison with G3.
Significantly lower cell viability associated
with greater oxidative stress was observed
for G3 (p<0.05). Therefore, in-office tooth
bleaching therapy performed in pigmented
samples caused lower cytotoxic effects com-
pared with untreated samples submitted to the
same esthetic procedure (p<0.05).

Conclusion: According to the methodology
used in this investigation, the authors con-
cluded that the presence of pigments in hard
tooth structures decreases the trans-enamel
and trans-dentin diffusion of H>0, and the
toxicity to pulp cells of an in-office bleaching
gel with 35% H202.

INTRODUCTION

Tooth bleaching is a clinical procedure with great
impact on esthetic dentistry and is the first alterna-
tive recommended for the treatment of chromatic
changes originating in dental tissue, changes which
result in alteration of light reflection and compro-
mised beauty of the smile.

Briso and others!' reported that the ease of
performing the technique, preservation of enamel
structure, and obtaining relatively fast clinical
results are some of the benefits that have made the
use of the in-office bleaching technique the proce-
dure that is still preferred by many patients and
professionals. However, the option to use highly
concentrated bleaching gels has generated innumer-
able controversies, and reports of pulp tissue
compromise in vital teeth submitted to treatments
based on the use of in-office gels containing high
concentrations of peroxide have been reported.?? In
this context, hypersensitivity is the main adverse
effect."*® Recent clinical studies have demonstrated
that postbleaching effects may be associated with the
trans-dentin diffusion of the hydrogen peroxide
molecule (H5O5), the main active component of

bleaching gels, and the byproducts of its degrada-
tion. These effects may range from inflammation of
different intensities to the formation of areas of
necrosis in the pulp.2®7

Bleaching of the tooth structure is known to occur
due to the high oxidant power of Hy0, and its
reaction products, which have the potential to break
polypetide chains and organic components, including
the chromophore agents present in the hard tissues
of the tooth.®>!! However, when bleaching gels
containing high concentrations of HyO; are used,
unreacted (with chromophores) molecules can dif-
fuse through the dentin tubules into the pulp
chamber. Unreacted residual HyO5, being a toxic
reactive species, may decrease pulp cell viability and
cause oxidative stress and damage to the membranes
of these cells.>®'21% Recent studies demonstrated
that the intensity of the toxic effects of Hy0, is
inversely proportional to the thickness of tooth
enamel and dentin.'’ It is also directly related to
the peroxide concentration and time of application
used in professional in-office bleaching procedures.
This means that the higher the concentration of
H505 in the bleaching gel and the longer the time of
contact of the product with enamel, the more intense
will be the adverse cytotoxic effects.!®!® Based on
the mechanism of action, the hypothesis arose that,
in dental tissues with a high level of pigment
saturation, the pigments might react with a larger
quantity of HyOy coming from bleaching products,
thereby reducing the trans-enamel and trans-dentin
diffusion of this toxic molecule. Confirmation of this
hypothesis seems to be relevant and would allow
individualized and safe bleaching therapies to be
established, preventing pulp damage and the occur-
rence of painful postbleaching symptoms.%16

Thus, the stated hypothesis of this study was that
elevated dentin pigment decreases H,Oo diffusion
into the pulp to reduce cell cytotoxicity. For this
purpose, the present in vitro study assessed the
influence of intrinsic pigmentation induced in dentin
on the trans-enamel and trans-dentin diffusion of
H,0,, as well as the toxic effects of this reactive
oxygen species (ROS) to odontoblast-like MDPC-23
pulp cells.

METHODS AND MATERIALS
Experimental Design

This investigation presented the following factors
associate with the study: dental pigmentation at two
levels (natural pigmentation and natural pigmenta-
tion + tea) and surface treatment at two levels

633
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Figure 1. Diagram of experimental design of this research.

(bleaching gel with 35% Hy;O, and unbleached
substrate).

The response variables were trans-enamel and
trans-dentin diffusion of HyO, and the cytotoxicity of
the treatment evaluated by cell viability tests
(methyl tetrazolium assay, MTT), oxidative stress
(carboxy-HoDCFDA probe), and lesion of the cellular
membrane (Calcein AM and ethidium homodimer-1
[EthD-1] probes). Twenty-four dental discs were
used to perform the protocols (n=6 for each study
group) as shown in Figure 1.

Preparation of Samples

Preparation of Enamel and Dentin Discs—A total
of 30 enamel and dentin discs were obtained from the
vestibular surface of bovine incisors. The teeth were
cut with a diamond-coated trephine bur (Dinser
Brocas Diamantadas LTDA, Sao Paulo, SP, Brazil),
with an internal diameter of 5.6 mm, coupled to a
bench drill (FSB 16 Pratika, Schultz, Joinville, SC,
Brazil), in an environment submersed in water at
4°C. To standardize the thickness of the discs at 3.5
mm, the dentin surface was abraded with 400- and
600-grit water abrasive papers (T469-SF-Norton,
Saint-Gobam Abrasivos Ltda, Jundiai, SP, Brazil).
The enamel and dentin sample thickness average
was 0.91 = 0.21 and 2.59 = 0.13 mm, respectively.
Measurement of the amount of enamel and dentin
was performed using photographs taken by a DSLR
camera (Canon T6i, F 22, ISO 200, speed 180, Ota,
Tokyo, Japan). The images were analyzed using
Image J software (National Institute of Health,
Bethesda, MD, USA). After this, all the enamel
surfaces of the discs were submitted to prophylaxis
with pumice stone and water. Subsequently, the

dentin surface was treated with ethylenediamine
tetra-acetic acid (EDTA 0.5 N, Sigma-Aldrich Corp,
St Louis, MO, USA) for 30 seconds to remove the
smear layer.'? Then, the discs were submitted to a
colorimetric analysis to perform the first selection of
24 standardized samples, such as described in detail
below.

First Selection of Discs—Before the experimental
protocol, the first selection of discs was made based
on initial color. For this purpose, the discs were
positioned in an ultraviolet-visible (UV-Vis) reflec-
tance spectrophotometer (Color Guide 45/0, BYK-
Gardner GmbH, Geretsried, Germany) with a wave-
length ranging from 400 to 700 nm. The color model
of the CIE L*a*b* system was used as established by
the Commission Internationale de ’Eclairage (CIE;
International Commission on Illumination), which
allows specification of the perception of colors of the
tridimensional model. Three readouts were taken on
the vestibular surface of discs.'®'® After obtaining
the L* and b* values, the mean value of the entire
sample was calculated, and at this time, 24 discs that
had L* and b* values closest to the mean values were
selected. The mean of the L* values among the
selected specimens was 60.87 (range, 58.46-61.71),
whereas the mean of b* was 5.09 (range, 0.83-8.55).
It is worth emphasizing that the axes L* and b* were
considered because the chromatic changes generated
by the bleaching treatment occurred preponderantly
in these axes.

Pigmentation and Second Selection of Discs—At
this time, half of the samples were submitted to an
artificial pigmentation protocol,’” and the other half
of the samples remained with their natural color.
Thus, as previously described by Moreira and

$S800B 98] BIA Z0-60-GZ0Z 1€ /woo Aiojoeignd-poid-swd-yiewlsiem-jpd-swiid//:sdny woly papeojumoq



de Oliveira Duque & Others: Evaluation of Cytotoxicity After Bleaching in Tooth Pigmentation 635

Table 1:  Experimental Groups According to Bleaching Gel
Concentration (n=6)

Group Sample Treatment
G1 Untreated unbleached discs  Without treatment
G2 Pigmented unbleached discs Without treatment

G3 Untreated bleached discs Gel with 35% H20- applied

three times for 15 min

G4 Pigmented bleached discs Gel with 35% H202 applied
three times for 15 min

others,'® 12 discs were incubated in a black tea
infusion (0.16 g/mL) at 37°C for six days, with the
solution changed every 48 hours. After the staining
period, prophylaxis with pumice stone was per-
formed on the enamel surface, and afterward, the
samples were incubated in deionized water for 24
hours to eliminate the pigments not absorbed by
dentin. The pigmented discs were again positioned
in the UV-Vis reflectance spectrophotometer, and a
chromatic change of AE = 8.77 = 1.25 was found.
Also obtained was the mean of L* (53.50; range,
51.81 to 59.33) and b* (9.00; range, 1.53 to 11.97).

Cell Culture

Immortalized MDPC-23 cells were obtained from the
stock of cells of the Laboratory of Experimental
Pathology and Biomaterials, Araraquara School of
Dentistry, UNESP, SP, Brazil. These cells were
seeded in 96-well plates (Corning Inc, New York,
NY, USA) and incubated in Dulbecco’s modified
Eagle’s culture medium (DMEM; GIBCO, Grand
Island, NY, USA), containing 10% fetal bovine serum
(FBS; GIBCO), 100 IU/mL penicillin, 100 pg/mL
streptomycin, and 2 mmol/Li glutamine (GIBCO) in
an atmosphere humidified at 37°C, with 5% CO5, and
95% air, to obtain a standard of 80% of confluence.'?

Experimental Procedure

The enamel/dentin discs were placed in artificial
pulp chambers (APCs), kept in place between two
silicone rings, and peripherally sealed with utility
wax (Polidental, Cotia, SP, Brazil). Then, the disc/
APC sets were sterilized in ethylene oxide (Acecil,
Central de Esterilizacdo Comércio e Industria Ltda,
Campinas, SP, Brazil). Afterward the sets were
individually distributed in 24-well plates (Corning
Inc) containing 1 mL. DMEM without FBS. The
culture medium remained in contact with the dentin,
wheras the enamel was kept exposed either to
receive bleaching gel or not, as demonstrated in
Table 1. The discs were distributed into the following
groups (n=6): G1, unpigmented and unbleached

discs; G2, pigmented and unbleached discs; G3,
unpigmented and bleached discs; G4, pigmented
and bleached discs. For the bleaching procedure,
the product Whiteness HP 35% (FGM Produtos
Odontolégicos, Joinville, SC, Brazil) was manipulat-
ed by adding three drops of the liquid phase
containing Hy0, to one drop of thickener (3:1). After
this, 20 pL of the resulting gel was applied to the
enamel for 15 minutes, and the residual gel was
aspirated using a sterilized cannula connected to a
vacuum pump. This procedure was repeated two
more times to yield a total of 45 minutes of exposure;
this is consistent with bleaching protocols used in
prior studies.®'?1521 At the conclusion of the
bleaching procedure, the extract (DMEM + bleach-
ing gel components that diffused through the enamel
and dentin) was collected, homogenized, and distrib-
uted into aliquots of 100 uL, which were applied on
MDPC-23 cells seeded in 96-well plates (Corning
Inc).'? The cells were incubated for one hour in
contact with the extracts to perform the cytotoxicity
analyses, by means of the cellular viability tests
(MTT), oxidative stress (carboxy-H;DCFDA probe),
and cellular membrane lesion (Calcein AM and
EthD-1 probes). For quantification of the trans-
enamel and trans-dentin diffusion of the HyO,
molecule, an aliquot of 100 uL of the extracts was
transferred to a 24-well plate containing acetate
buffer solution for stabilization of the H50O5 molecule.

Cell Viability (MTT Assay; n=6)—After having
been exposed to the extracts for one hour, the cells
were incubated at 37°C and 5% CO,, for four hours in
90 pL DMEM culture medium, to which 10 pL of the
MTT solution (3-4,5-dimethylthiazol-2-yl-2,5-diphe-
nyltetrazolium bromide, Sigma-Aldrich Corp) was
added, as previously described.'? After this period,
the formazan crystals resulting from the reduction of
the tetrazolium salt by the succinate dehydrogenase
present in the mitochondria of viable cells were
dissolved in 100 pL isopropanol solution acidified in
HCI 0.04 N, and the absorbance was measured at
570 nm (Synergy H1, Biotek, Winooski, VT, USA).
The mean absorbance value obtained in group G1
was considered 100% cellular viability, and the
percentage viability of the other experimental
groups was calculated from this parameter.'?1%

Oxidative Stress (Carboxy-HsDCFDA Probe;
n=6)—As previously described,12.15 the cells seeded
in 96-well plates (Corning Inc) were pretreated with
the fluorescent probe carboxy-HoDCFDA (Invitro-
gen, San Francisco, CA, USA) in a concentration of 5
uM at 37°C for 30 minutes and were then exposed to
the extracts. Immediately afterward, fluorescence

$S800B 98] BIA Z0-60-GZ0Z 1€ /woo Aiojoeignd-poid-swd-yiewlsiem-jpd-swiid//:sdny woly papeojumoq



636
Table 2: Power of the Statistical Analysis of Cell Viability
(MTT Assay)
p Observed Power
Enamel pigmentation <0.001 1.00
Enamel bleaching 0.008 0.888
Interaction 0.100 0.375

was evaluated at 492-nm wavelength excitation and
517-nm wavelength emission (Synergy H1, Biotek),
and the values were normalized by the mean values
of group G1.

Cell Membrane Disruption (Calcein AM and EthD-
1 Probes; n=6)—For this qualitative analysis, the

Live/Dead kit (Invitrogen) was used,'? which is
based on the use of two fluorescent markers. After
exposure to the extracts, the cells seeded in 96-well
plates (Corning Inc) were washed in PBS and
incubated with culture medium supplemented with
Calcein AM and EthD-1, in a concentration of 1:1000
for 45 minutes. Subsequently, the samples were
evaluated under a fluorescence microscope (Leica
DM 5500B, Nussloch GmbH, Nussloch, Germany) to
obtain representative images of each group.

Quantification of Hydrogen Peroxide
Diffusion (H,O5 pg/mL)

The quantity of HyO, that diffused through the
enamel and dentin was determined by the reaction
of HyO, with leuco-crystal violet dye (0.5 mg/mL,
Sigma Chemical Co, St Louis, MO, USA) and with the
horseradish peroxidase enzyme (1 mg/mL, Sigma
Chemical Co), according to the methodology described
by Mottola and others.?? As previously men-
tioned,*'" an aliquot of 100 pL of the extract of each
experimental group (n=6) was transferred to a plate
with 900 pL acetate buffer solution for stabilizing the
H50,. Afterward, 500 pL of this solution (buffer
solution plus extract) was transferred to test tubes
containing water and leuco-crystal violet dye (0.5 mg/
mL, Sigma Chemical Co). The tubes were shacked,
and 50 pL of the solution at 1 mg/mL horseradish
peroxidase enzyme (Sigma Chemical Co) was added.
The final volume of the reaction was adjusted to 3 mL
with distilled water. An aliquot of 100 pL of each

Table 3: Power of the Statistical Analysis of Oxidative
Stress (H.DCFDA Probe)

p Observed Power
Enamel pigmentation <0.0001 1.00
Enamel bleaching 0.008 0.807
Interaction 0.020 0.674

Operative Dentistry

Table 4: Power of the Statistical Analysis of Quantity of
H202 (ug/mL)

P Observed Power
Enamel pigmentation <0.0001 1.00

solution was transferred to wells of 96-well plates
(Corning Inc). The absorbance of the solutions was
measured in a spectrophotometer at a wavelength of
596 nm (Synergy H1, Biotek). The standard curve of
known quantities of H,O5 was used for converting the
optic density values of the samples obtained in
micrograms of HyO5 per milliliter of extract.

Statistical Analysis

Sample size was based on previous publications
(n=6). The cellular viability and oxidative stress data
were normally distributed (Shapiro-Wilk, p>0.05);
however, only cell viability data were homoscedastic
(Levene, p=0.304). Therefore, these data were sub-
mitted to a two-way analysis of variance (ANOVA)
considering the factors enamel bleaching and enamel
pigmentation, complemented by pairwise compari-
sons with Tukey’s test. The Games-Howell post hoc
test was applied to oxidative stress data. Student’s t-
test was used for analyzing the quantity of HO5 in
the extracts of groups G3 and G4. Statistical
inferences were taken at the 5% level of significance.
The power of the statistical test is shown in Tables 2-
4.

12-15

RESULTS
Trans-enamel and Trans-dentin Cytotoxicity

For groups G3 and G4, postbleaching cellular
viability was reduced by approximately 69.2% and
50.5%, respectively, in comparison with their control
groups, G1 and G2 (p<0.05). In addition, the
presence of black tea pigments in dentin (G2) was
found to cause no cytotoxicity to the MDPC-23
odontoblast cells (Figure 2). The cells belonging to
groups G3 and G4 underwent significant oxidative
stress compared to those of G1 and G2 (p<0.05;
Figure 3). However, for the pigmented and bleached
discs (G3), there was a reduction of approximately
24% in cellular oxidative stress in comparison to the
unpigmented and unbleached discs (G4) (p<<0.05).
These data were correlated by means of analysis of
the images obtained from the live/dead test, in which
a large quantity of cells were marked positively with
EthD-1 in G3 and G4 in comparison to G1 and G2. A
larger quantity of cells marked positively with EthD-
1 was detected in G3 compared to G4 (Figure 4).
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Figure 2. MDPC-23 viability after contact with extracts produced by
the application of 35% hydrogen peroxide gel on unaltered or black
tea pigmented enamel. Unbleached enamel was used as control.
Columns represent means, and error bars indicate standard-devia-
tions (n=6). There was no interaction between the factors (p=0.100),
but individually each factor had a significant effect on cell viability
(enamel condition and enamel pigmentation, p<0.001). Therefore,
columns connected by brackets within the same enamel condition
were statistically different. Within the same enamel pigmentation,
different uppercase letters allow comparison between the groups
without pigmentation (G1 versus G3) and different lowercase letters
allow comparison between the groups pigmented with black tea (G2
versus G4). Distinct letters indicate statistical difference between the
groups.

Figure 3. Okxidative stress detected in MDPC-23 after contact with
extracts produced by the application of 35% hydrogen peroxidase gel
on unaltered or pigmented enamel. Unbleached enamel was used as
control. Columns represent means, and error bars indicate standard
deviations (n=6). There was interaction between the factors
(0=0.020); therefore, columns identified with distinct letters are
statistically different.

Quantification of Hydrogen Peroxide
Diffusion (HyO, pg/mL)

A high level of trans-enamel and trans-dentin
diffusion of HoO5 occurred in both groups in which
the discs were bleached with gel containing 35%
H50, (G3 and G4). However, this diffusion of HyO,

through the hard-dental tissues was significantly
lower for the discs that were pigmented and then
bleached (G4) in comparison with the untreated
bleached discs (G3) (p<<0.05). The volume of HyO4
that reached the pulp space was 6.68 and 4.74 pg/mL
for G3 and G4, respectively (Figure 5).

DISCUSSION

The chromophores that may accumulate in tooth
hard tissues are organic structures formed by
aromatic compounds with the presence of amino
acids.?®> Among them, tyrosine, tryptophan, and
phenylalanine are more expressive with regard to
the excitation of fluorophores present in the tooth.??
In this research, we sought to assess the influence of
black tea—induced tooth pigmentation on the trans-
enamel and trans-dentin diffusion and cytotoxicity of
the components of a commercial bleaching gel with a
high concentration of HyO5 (35%). For this purpose,
enamel and dentin discs were submitted to a protocol
of intrinsic pigmentation with black tea before the
bleaching procedure. Previous studies demonstrated
that performing a professional bleaching protocol
(85% Hy04 gel, three times for 15 minutes) onto
enamel/dentin discs with 3.5-mm thickness, simu-
lating maxillary central incisors, dramatically re-
duced the dental human pulp cell viability and
caused intense changes in cell morphology.!%13:15:19
However, for cytotoxicity analyses, these in vitro
methodologies did not use pigmented samples. To
understand the influence of the presence of staining
agents on HyOs-mediated trans-enamel and trans-
dentin cytotoxicity, the enamel/dentin discs were
stained with black tea before carrying out the
bleaching procedure. This dye was chosen because
it is widely used in the literature to evaluate in-office
bleaching therapies.!?>'®1%19 In addition, organic
pigments present polyphenolic compounds in their
structural formulation that are responsible for color
sedimentation when in contact with organic sub-
strate.!1?428 Degpite the limitations of the present
investigation, in which only black tea was used for
enamel/dentin pigmentation, one should be aware
that this pigment is quite representative. This is
because it has a similar constituent chemical nature
characterized by the presence of polyphenolic com-
pounds, which differ among each other according to
the number of phenol units present in the molecule
structure.?®

The test used to evaluate the trans-enamel and
trans-dentin diffusion of HyO, demonstrated that,
for the pigmented and unbleached teeth (G4), a
reduction of approximately 29% in the quantity of
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G1 -unbleached untreated discs
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G2 - unbleached pigmeénted discs

G4 - bleached pigmented discs

Figure 4. Representative images of live/dead test for each group (A-D). When the cell membrane is ruptured, the EthD-1 marker penetrates into the
cell and binds to the nucleotides, emitting fluorescence (red). This marker is incapable of crossing the whole cell membrane. The Calcein AM marker
is capable of emitting fluorescence in cells with cytoplasmic esterase activity, irrespective of the cellular membrane condition (green).

these diffused molecules occurred compared with
values in the untreated bleached teeth (G3). These
data corroborated the findings of the research of
Moreira and others,'® in which the authors observed
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Figure 5. Analysis of residual trans-enamel and trans-dentin HoO>:
diffusion. Bar graph of mean values (numbers) and error bars indicate
standard deviations of H-O» (ug/mL) present on the extracts (n=6).
Different letters show statistically significant difference among groups
(Student’s t-test; p<0.0001).

that the presence of HyO, that did not react with the
pigments (residual Hs0,) in dentin was approxi-
mately 6.25 pg/mL for untreated bleached discs and
approximately 5.23 pg/mL for the pigmented
bleached discs. In the study of Moreira and others,*®
the authors used bleaching gel with 38% H50, and
observed trans-enamel and trans-dentin diffusion of
this toxic molecule into dentin substrates that
presented different intensities of staining. However,
after the third bleaching session, the H,O4 diffusion
values were statistically similar for all the groups.
These data agree with the results obtained in the
present research, because it was possible to demon-
strate that the presence of pigmentation in the
dental substrate significantly minimized the diffu-
sion of residual HyOo, thus considerably reducing
the cytotoxicity caused by the in-office bleaching
procedure tested. Therefore, the stated hypothesis of
this study was accepted.

The decrease in cellular cytotoxicity is directly
related to the reduction in the rate of penetration of
residual HyO,, diffused through enamel and dentin.*®
Therefore, we believe that the presence of chromo-
phores of pigmentation in tooth substrates and their
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interaction with HyO5 could limit the quantity of this
molecule that would reach the pulp cells. However,
the toxic effect of HoOy may be of higher or lower
intensity, varying according to the organic structure
of the chromophore on which it is applied. In this
research, the pigmentation agent used was black tea,
which has antioxidant properties that make it highly
reactive to peroxides, consuming a larger quantity of
these molecules in its transit to the pulp space. This
coloring agent has been widely used in laboratory
research to evaluate the bleaching efficacy and
cytotoxicity of gels containing Hy0y 12141519 Break-
down of the molecular structure of chromophores
derived from black tea occurs gradually, so that part
of the unreacted H50O, remains free to diffuse
through tooth substrates, as previously observed in
colorimetric analyses.'®1%1%19 This fact may explain
the reduction in immediate cytotoxicity observed in
this study, after we performed the bleaching proce-
dure in pigmented discs (G4) in comparison with
untreated bleached discs (G4). As reported by Sulie-
man,® the inorganic matrix present in many of the
chromophores leads to them being trapped within
the crystalline structure of the interprismatic region
of enamel, which demands the local action of
molecules with elevated oxidation potential to cause
their fragmentation. As demonstrated in the litera-
ture, the decomposition of H,O5 into different ROS
with higher oxidation potential is relatively slow
when H,0, is not catalyzed.?"3? This makes reduc-
tion of the chroma (scale that refers to the quantity
of saturation of the hue) occur in a gradual
manner.'>1%?! These data may perhaps explain,
even if only partially, the fact that the in-office
bleaching procedure assessed in this study had also
caused an important cytotoxic effect, even when the
procedure was used in teeth pigmented with black
tea. We may suggest that the excess HyO5 and its
derivatives that did not interact with the pigmenta-
tion chromophores present in dental hard tissues
ended up diffusing through this tubular substrate to
cause damage to the pulp cells, such as we observed
in the live/dead test.

In a recent study, Guo and others,?® validated the
hypothesis that the rupture of organic chains,
particularly those formed of aromatic compounds,
arise from the process of oxidation promoted by HoO»
and its decomposition byproducts. These oxidant
agents, which are in a state of electronic instability,
act directly on aromatic rings or in unsaturated
linear carbon chains, reducing the rate of light
absorption.?? It is important to point out that change
in the color of the tooth structure results from

changes in the properties of light reflection, which
are directly related to the incident light.>* For this
reason, it has been defined that the perception of
light teeth after bleaching therapy is the result of the
association of local chemical and physical phenom-
ena.’ As the tooth may present different bands of
frequency in the emission of fluorescence within the
visible light spectrum,?? it is thus suggested that the
behavior of HyO3 may be muted by the chromophore
on which this molecule acts. However, the aspects
involving dental staining are complex because they
may have intrinsic or extrinsic origin or even a
combination of both,3° and this is a factor to be
considered during bleaching therapies. Further-
more, there is a point of saturation in the dental
structure that limits the bleaching potential of HyO»
and consequently the tooth bleaching efficacy.*®
Therefore, one may suggest that, for each level of
chromatic saturation of tooth, there is an ideal
concentration of HyOs in the gel and an adequate
time of application of the product on enamel to get
the best esthetic outcome and to prevent the
diffusion of high concentrations of this molecule
capable of damaging pulp cells. In this way, dental
bleaching appears to be a clinical procedure that
should be increasingly individualized, so that the
diffusion of residual HyOy through dentin can be
limited, preventing the negative side effects of this
esthetic therapy.

As previously demonstrated in the literature,®
excess intracellular HyO, interferes in the transcrip-
tion factor peroxisome proliferator-activated recep-
tor v (PPARYy), which acts in the removal of ROS
during the inflammatory process, limiting the re-
generative potential of tissues.?® In these conditions,
the expression of odontoblast differentiation mark-
ers, such as alkaline phosphatase (ALP), dentin
sialophospho-protein (DSPP), dentin matrix phos-
phoprotein-1 (DMP-1), and deposition of mineraliza-
tion nodules are intensely affected, which may harm
the regeneration of injured tissues.’®'® In the
present research, we demonstrated the occurrence
of pulp cell death due to necrosis caused by the
intense cellular oxidative stress. We observed that
the MDPC-23 cells were positively stained with the
Eth-1 probe, which binds to the DNA of cells with
disrupted membranes. Elevated concentrations of
toxic reactive species result in direct cell death by
necrosis®®; in live tissues such as the pulp, this may
cause the release of large quantities of intracellular
components, triggering an acute local inflammatory
reaction either associated with the formation of
broad areas of necrosis or not.?3739
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In general, in the present laboratory study, it was
possible to demonstrate that the presence of pig-
mentation in the tooth could reduce the diffusion of
residual H205, and consequently, the trans-enamel
and trans-dentin cytotoxicity of this reactive mole-
cule. The enamel/dentin discs stained with black tea
that were used in the present investigation to
simulate human maxillary central incisors were
obtained from bovine incisors. Because the bovine
teeth have been considered adequate to replace
human teeth,***% a number of researchers have
used this model to perform laboratory studies.'?'®
However, based on the fact that human teeth are
more permeable to HyOy than bovine teeth,*® one
may suggest that the diffusion of this reactive
oxygen species (ROS) through enamel/dentin and
its cytotoxicity to pulp cells might be more intense
for human teeth.

However, the data obtained in this investigation
must be interpreted with caution, because the
reduction in cytotoxicity did not occur with sufficient
intensity to consider the tested bleaching treatment
harmless to odontoblast cells. On the other hand, it
could be inferred that the bleaching treatment in
teeth with little chromatic saturation must be
performed with mild doses, using products with low
concentrations of peroxides. Furthermore, we empha-
size that, for this study, only an experimental
bleaching protocol was used, and this was the case
for the intrinsic pigmentation protocol as well.
Therefore, future studies must be conducted to
investigate the different types of chromophores
present in the dental substrate, as well as other
bleaching therapies. Nevertheless, this study allowed
for a greater biological understanding of the inter-
relations between pigmentation chromophores and
H,0,, in a manner to allow collaboration with studies
in the area of bleaching, particularly for refining
laboratory studies in this field of esthetic dentistry.

CONCLUSION

It was concluded that, according to the methodology
used in this investigation, the presence of pigments
in hard tooth structures decreases the trans-enamel
and trans-dentin diffusion of HyO,, as well as the
toxicity to pulp cells of an in-office bleaching gel with
35% Hy0s.
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Repair Surface Conditioning
Measures Affect Enamel and Dentin
Bond Strength

P Kanzow ¢ L Piecha ¢ J Biermann ¢ A Wiegand

Clinical Relevance

Contamination of enamel and dentin with repair surface conditioning measures should be

avoided.

SUMMARY

Objectives: To analyze whether the contami-
nation with different repair conditioning mea-
sures impairs the adhesive performance of a
universal adhesive applied in etch-and-rinse
mode (ER) or self-etch mode (SE).

Methods and Materials: Bovine enamel and
dentin surfaces (each subgroup n—=16) were
bonded with a universal adhesive in ER or SE
after contamination with different repair con-
ditioning measures (sandblasting, silica coat-
ing, hydrofluoric acid etching, self-etching
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ceramic primer). In half of the groups, sand-
blasting, silica coating, and hydrofluoric acid
etching was followed by the use of a universal
primer. If the universal adhesive was applied
in ER, contamination was performed either
before or after phosphoric acid etching. If the
universal adhesive was applied in SE, bonding
was performed after contamination. In the
control groups, no contamination was simulat-
ed. Shear bond strength (SBS) and failure
modes of composite buildups were determined
after thermal cycling (10,000 cycles, 5°C-55°C).
Statistical analysis was performed using anal-
yses of variance, Weibull statistics, and y? tests
(p<0.05).

Results: In ER, sandblasting and silica coating
significantly reduced SBS (control: enamel =
25.7+4.2 MPa; dentin = 22.0-5.3 MPa) only
when performed after phosphoric acid etch-
ing. Contamination with hydrofluoric acid
impaired SBS on enamel but not on dentin.
The self-etching ceramic primer reduced SBS,
but not significantly. The contamination with
the universal primer had no significant effect.
In SE, all repair conditioning measures except
the universal primer reduced SBS (control:
enamel = 20.3+5.5 MPa; dentin = 23.0+4.0
MPa).
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Conclusion: Contamination of enamel and den-
tin by repair conditioning measures potential-
ly affects bond strength.

INTRODUCTION

Repair of partially defective dental restorations is
becoming increasingly accepted by dentists and
patients as it comes along with substantial advan-
tages compared with complete replacement, for
example, preservation of tooth structure, fewer
pulpal complications, and reduced treatment time
and costs.’

Optimal adhesion between the repair material (in
most cases composite) and the original restoration
makes complex conditioning of the repair surface
necessary. Depending on the kind of restorative
material, pretreatment of the repair surface to
adhere to composite includes mechanical roughen-
ing, silica coating, sandblasting (composite, metal,
zirconia), or hydrofluoric acid etching (glass ceram-
ic), followed by the use of primers and adhesives
containing silane/10-methacryloyloxydecyl dihydro-
gen phosphate (10-MDP).?>® However, in many
clinical situations, the defective part of the restora-
tion is surrounded by dental hard tissue, which
makes the additional conditioning of enamel and/or
dentin necessary. Especially in small cavities, con-
tamination of enamel or dentin by repair condition-
ing measures is often unavoidable and might affect
adhesion of composite to these dental hard tissues.

Several studies have shown that hydrofluoric acid
application on dentin creates an amorphous layer of
fluoride, rendering it difficult for adhesives to
penetrate.*” Moreover, as hydrofluoric acid contam-
ination also has the potential to cause chemical burn
of surrounding soft tissues, alternative conditioning
methods for intraoral repair of glass ceramic resto-
rations are necessary. Recently, a self-etching glass
ceramic primer containing ammonium polyfluoride
and silane methacrylate was introduced to the
market to replace conditioning with hydrofluoric acid
and silanization. Although this product is not yet
approved for intraoral use, it may be of interest if
possible hazardous effects on hard and soft tissues
can be avoided. So far, bonding performance of self-
etching ceramic primer on lithium disilicate and
feldspathic ceramics was shown to be limited com-
pared with hydrofluoric acid etching.®® Neverthe-
less, bonding performance might still be acceptable
for repaired restorations, especially if possible side
effects are reduced. However, no information on
contamination effects of the self-etching glass ceram-
ic primer on dental hard tissues is so far available.

Operative Dentistry

Besides hydrofluoric acid etching, potential side
effects of silica coating and aluminum oxide sand-
blasting were investigated but showed conflicting
results, depending on the substrate (enamel or
dentin) and kind of abrasion particle.!%!!

However, potential detrimental effects of different
repair conditioning measures and sequences have
not been systematically analyzed, especially with
regard to the bond strength of etch-and-rinse or self-
etch adhesives. Therefore, in this study we aimed to
analyze the shear bond strength of a universal
adhesive applied in etch-and-rinse mode (ER) or
self-etch mode (SE) on enamel and dentin after
contamination with different repair surface condi-
tioning measures and sequences. The null hypothe-
sis tested was that the bond strength of the universal
adhesive is not affected by the various repair
conditioning measures.

METHODS AND MATERIALS
Specimen Preparation

Cylindrical enamel and dentin specimens (5.7 mm in
diameter) were prepared from the crowns or roots of
freshly extracted, nondamaged bovine incisors. The
specimens were then embedded in chemically cured
acrylic resin (Paladur, Kulzer, Hanau, Germany) and
ground flat using sandpaper (WS flex 18C, grits 500
und 800, Hermes, Hamburg, Germany) while being
water-cooled (RotoPol-35 and PdM-Force-20, Struers,
Willich, Germany). Specimens were randomly divid-
ed into 25 groups of enamel or dentin specimens
(n=16 for shear bond strength analysis, n=2 for
scanning electron microscopy [SEM] analysis).

Simulated Contamination and Bonding
Procedures

The composition of the universal adhesive and the
materials used in this study is presented in Table 1;
surface contamination measures/sequences are
shown in Tables 2 through 5.

The universal adhesive (Adhese Universal, Ivoclar
Vivadent, Schaan, Liechtenstein) was either applied
in ER (groups 1-16) or SE (groups 17-25) on enamel
and dentin specimens.

If used in ER, 37% phosphoric acid was applied for
30 seconds (enamel) or 15 seconds (dentin) to the
surface, rinsed with water for 30 seconds or 15
seconds (respectively) and gently air-dried. In the
control group (group 1), the adhesive was applied
without any simulated contamination and light-cured
(20 seconds, B.A. Optima 10 LED, B.A. International,
Hamburg, Germany). Contamination by sandblast-

$S800B 98] BIA Z0-60-GZ0Z 1€ /woo Aiojoeignd-poid-swd-yiewlsiem-jpd-swiid//:sdny woly papeojumoq



Kanzow & Others: Repair Measures Affect Bond Strength 645

Table 1: Composition of Materials Used as Described in Manufacturers’ Safety Data Sheets

Product Manufacturer Lot No

Composition Application Mode

Adhese Universal Ilvoclar Vivadent,

W91987, HEMA (10%-25%), Bis-GMA (10%-25%),
Schaan, Liechtenstein  X38352 ethanol (10%-25%), 1,10-decandiol
dimethacrylate (>2.5%-<10%), methacrylated microbrush), 20 s light-curing
phosphoric acid ester (>2.5%-<10%),

campherquinone (1%-<2.5%), DMAEMA

(>1%-<2.5%)

20 s (scrubbing into the tooth
surface using a disposable

Filtek Supreme XTE 3M ESPE, Seefeld,

N779140 Silane treated ceramic (60%-80%), silane

2-mme-thick increments, each 20

(aluminum oxide) Duisburg, Germany

Germany treated silica (1%-10%), UDMA (1%-10%), s light-cured
bisphenol A polyethylene glycol diether
dimethacrylate (1%-10%), Bis-GMA (1%-10%),
silane treated zirconia (1%-5%), polyethylene
glycol dimethacrylate (<5%), triethylene glycol
dimethacrylate (<1%)
Codet sand (silica- 3M ESPE, Seefeld, 630975, Aluminum oxide (>95%), synthetic amorphous 4 s, 10-mm distance, 45°, 2-3 bar
coated aluminum Germany 4236465 silica (<5%) air pressure
oxide)
Super Etch (phosphoric SDI, Bayswater, 171138  Phosphoric acid (37%) 30 s (enamel) or 15 s (dentin), 30
acid gel) Australia s or 15 s (respectively) water-
rinsing, gentle air-drying
Airsonic Alu-Oxyd Hager & Werken, N/A N/A 4 s, 10-mm distance, 45°, 2-3 bar

air pressure

Porcelain Etch (9%
buffered hydrofluoric
acid gel)

Cologne, Germany

Ultradent Products, BFTKV  Hydrofluoric acid (<10%)

90 s, water-rinsing (15 s)

Schaan, Liechtenstein

Monobond Etch&Prime Ivoclar Vivadent, X30890 Butanol (20%-<25%), tetrybutylammonium
dihydrogen trifluoride (<10%), methacrylated
phosphoric acid ester (2.5%-<10%),
bis(triethoxysilyl)ethane (1%-<2.5%)

20 s, after 40 s water-rinsing (15
s), gentle air-drying

Monobond Plus
Schaan, Liechtenstein

Ivoclar Vivadent, X11257  Ethanol (50%-100%), methacrylated
phosphoric acid ester (1%-<2.5%)

20 s gentle air-blowing after 60 s

N/A, not available; UDAM, diurethane dimethacrylate.

Abbreviations: Bis-GMA indicates bisphenol A diglycidyl ether dimethacrylate; DMAEMA, 2-dimethylaminoethyl methacrylate; HEMA, 2-hydroxyethyl methacrylate;

ing, silica coating, hydrofluoric acid etching, or the
self-etching ceramic primer was performed either
before (groups 10-16) or after (groups 3-9) phosphoric
acid etching. In half of the groups, surfaces were also
exposed to a universal primer.

If used in SE, the adhesive was applied for 20
seconds (enamel and dentin) before light-curing for
20 seconds (B.A. Optima 10 LED): In the respective
control group (group 17), no contamination of the
surfaces was performed. In the test groups, sand-
blasting, silica coating, hydrofluoric acid etching, or
the application of the self-etching primer was
performed before the adhesive was applied. In half
of the specimens in each group, surfaces were also
contaminated with a universal primer.

The following surface contamination measures
were applied either alone or in combination:

1) Air-abrasion with aluminum oxide (50 um; Hager
& Werken, Duisburg, Germany) for 4 seconds at a
distance of 10 mm (45°) and 2-3 bar air pressure.
Remnants were air blown.

2) Silica coating: Surfaces were silica coated (30 um;
Codet, 3M ESPE, Seefeld, Germany) for 4 seconds
at a distance of 10 mm (45°) and 2-3 bar air
pressure. Loose particles were air blown.

3) Hydrofluoric acid (9% buffered hydrofluoric acid
gel; Porcelain Etch, Ultradent Products, Cologne,
Germany) was applied for 90 seconds. Samples
were subsequently rinsed with water for 60
seconds.

4) The self-etching ceramic primer (Monobond
Etch&Prime, Ivoclar Vivadent) was applied with
a microbrush for 20 seconds followed by a 40-
second contact time. Specimens were subsequent-
ly rinsed with water for 15 seconds.

5) Universal primer (Monobond Plus, Ivoclar Viva-
dent) was applied using a microbrush and allowed
to evaporate for 60 seconds as recommended by
the manufacturer. Afterward, samples were gent-
ly air blown.

After the universal adhesive was applied, the
repair composite (Filtek Supreme XTE, 3M ESPE;
shade A2) was adhered onto the specimen surface
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using acrylic hollow cylinders (inner diameter: 3
mm, height: 4 mm). The composite was packed
against the surface in a 2-mm-thick increment and
light-cured for 20 seconds by applying the curing
unit directly onto the acrylic cylinder. Light irradi-
ance (>800 mW/cm?) was verified every 30 speci-
mens using a radiometer (Cure Rite Model 644726,
Dentsply Caulk, Milford, DE, USA). Contamination
and bonding procedures were carried out by one
operator (LP) throughout all experiments.

All specimens were then submitted to a thermal
cycling procedure (10,000 cycles, between 5°C and
55°C, dwell time: 20 seconds, transfer time: 10
seconds) before shear bond testing.

Shear Bond Measurements and Failure
Analysis

Shear bond strength was tested with a universal
testing machine (Materialprifmaschine 1446, Zwick,
Ulm, Germany). A shear force was applied to the
adhesive interface through a chisel-shaped loading
device at a crosshead speed of 1 mm/min parallel to
the surface of the specimens. Load at fracture was
recorded, and shear bond strength (o) was calculated
by software (TestXpert 11.02, Zwick) using the load at
failure F (N) and the adhesive area A (mm?): 6=F/A.

The debonded area was examined for failure mode
analysis with a stereomicroscope at 16X magnifica-
tion (Stemi SV 11, Zeiss, Oberkochen, Germany).
Failure mode was considered as adhesive if it
occurred at the interface; as cohesive if at least
parts of either enamel, dentin, or composite were
affected; or as mixed when both adhesive and
cohesive failures occurred.

SEM Analysis

Two specimens of each group were desiccated for 2
weeks in silica gel, sputter-coated with carbon, and
analyzed by SEM (Ultra plus FE-SEM, Zeiss) at 10
kV.

Statistical Analysis

Statistical analyses were performed using the soft-
ware SPSS Statistics for Macintosh (version 25.0.0.1,
IBM, Armonk, NY, USA).

Separately for enamel and dentin, three-way
analysis of variance (ANOVA) (ER without groups
9 and 16) and two-way ANOVA (SE without group
25) were performed. Factors were the sequence in
which phosphoric acid etching was performed (first
or second step, only in ER), the kind of contamina-
tion (sandblasting, silica coating, hydrofluoric acid

Operative Dentistry

etching, control), and the use of a universal primer.
Moreover, one-way ANOVAs followed by Scheffe post
hoc tests were applied to compare all groups,
including those where the self-etching ceramic
primer was used.

Additionally, characteristic bond strength oo and
Weibull modulus m (Weibull distribution parame-
ters) were assessed using the maximum likelihood
estimates and 95% confidence intervals in MATLAB
(version R2018b, 9.5.0.1049112, The MathWorks,
Natick, MA, USA).

For both substrates and each adhesive mode,
effects of different repair surface treatments on
failure modes were analyzed using x? tests adjusted
according to Bonferroni. The overall level of signif-
icance was set at a=0.05.

RESULTS

When the universal adhesive was applied in ER,
shear bond strength values in enamel were signifi-
cantly affected by the sequence of phosphoric acid
etching (p<<0.001, after contamination > before
contamination) and the kind of contamination
(p<<0.001, control > sandblasting = silica coating >
hydrofluoric acid) but not by the contamination with
the universal primer (p=0.056). The interaction
between factors was not significant (p>0.169),
except for the interaction between “sequence of
phosphoric acid etching” and “kind of contamination”
(p<0.001). Between-group comparisons showed that
groups 3-8, 14, and 15 led to significantly lower bond
strength than the control. Shear bond strength,
Weibull parameters, and failure modes of enamel
specimens conditioned with the universal adhesive
in ER are presented in Table 2.

If applied in SE, shear bond strength values on
enamel were significantly affected by the kind of
contamination (p<<0.001, control > sandblasting =
silica coating > hydrofluoric acid) and by the use of a
universal primer (p=0.028). The interaction between
factors was not significant (p=0.389). Between-
group comparisons showed that all repair contami-
nation measures (except application of the universal
primer, group 2) led to significantly reduced bond
strength values. Shear bond strength, Weibull
parameters, and failure modes of enamel specimens
conditioned with the universal adhesive in SE are
presented in Table 3.

On dentin, the shear bond strength of the
universal adhesive applied in ER was significantly
affected by the sequence of phosphoric acid etching
(p<0.001, after contamination > before contamina-
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Table 2: Shear Bond Strength, Weibull Parameters, and Failure Modes of Enamel Specimens in Etch-and-rinse Mode®
Group Surface Contamination/Conditioning Bond Strength Weibull Parameters [95% CI] Failure Mode (%)
1. Step 2. Step 3. Step 4. Step Mégn:f)SD a0 (MPa) m Adhesive Mixed Cohesive
1 Phosphoric None — (Control) Universal 25.7+4.2 erF 27.4[25.5,29.5] 7.2[4.9, 10.7] 6.7 93.3 0.0
o  acid Universal primer adnesive 573,34 ¢ 28.6 [27.4,29.9] 11.6[78,17.3] 375 50.0 125
3 Sandblasting - 15.8+4.3 aBC 17.4 [15.3, 19.8] 4.0 [2.8, 5.8] 75.0 25.0 0.0
4 Universal primer 16.01.7 aBC 16.8 [15.9, 17.6] 10.5[7.2, 15.2] 56.3 43.8 0.0
5 Silica coating - 11.3+3.6 A 12.5[10.8, 14.6] 3.4 [2.4; 4.9] 50.0 50.0 0.0
6 Universal primer 12.6+2.3 A 13.6 [12.5, 14.7] 6.4 [4.3,9.4] 31.3 68.8 0.0
7 Hydrofluoric - 13.9+5.6 AB 15.6 [13.0, 18.7] 2.8[1.9, 4.2] 25.0 68.8 6.3
8 acid Universal primer 14.3+4.4 B 15.9 [14.0, 18.1] 4.0 [2.6, 6.0] 25.0 75.0 0.0
9 Self-etching ceramic primer 21.6+x4.1 Bcoer  23.1 [21.5, 24.9] 6.8 [4.6, 10.2] 50.0 50.0 0.0
10 Sandblasting Phosphoric acid — 23.8+4.4 coer  25.4[23.8,27.0] 8.2 [5.4, 12.5] 43.8 43.8 12.5
11 Universal primer 23.9+5.7 coer  25.6 [23.5, 27.9] 5.9 [3.9, 8.9] 50.0 50.0 0.0
12 Silica coating - 24.8+3.9 EF 26.4 [24.7, 28.2] 7.8 [5.3, 11.4] 0.0 92.9 71
13 Universal primer 24.5+3.7 DEF 26.2 [24.2, 28.2] 6.8 [4.8, 9.7] 125 87.5 0.0
14 Hydrofluoric - 12.05.5 A 13.6 [11.0, 16.7] 2.5][1.6,3.7] 375 62.5 0.0
15  acid Universal primer 165+6.1 aco 18,5 [15.7,21.6] 3.2 [2.1, 4.9] 25.0 68.8 6.3
16 Self-etching - 18.9+6.4 aBcpE  20.9 [18.2, 23.9] 3.7 [2.4, 5.8] 46.7 46.7 6.7
ceramic primer
@ Shear bond strength (mean= standard deviation [SD], characteristic strength oo and Weibull modulus m with their 95% confidence intervals [Cls]) and failure modes
of enamel specimens with the universal adhesive applied in etch-and-rinse mode. Different letters indicate significant differences between the groups as assessed by
one-way analysis of variance followed by Scheffe post hoc tests.

tion) and the kind of contamination (p<<0.001,
control = hydrofluoric acid > sandblasting > silica
coating) but not by the contamination with the
universal primer (p=0.923). The interactions be-
tween factors were significant (p<<0.043), except for
the interaction between “sequence of phosphoric acid
etching” and “kind of contamination” (p=0.268).
Between-group comparisons revealed that bond
strength was significantly reduced in groups 3-6
and 13 compared with the respective control. Shear
bond strength, Weibull parameters, and failure
modes of enamel specimens conditioned with the
universal adhesive in ER are presented in Table 4.

If applied in SE, shear bond strength was affected
by the kind of contamination (p<0.001, control >
hydrofluoric acid > sandblasting > silica coating)
and the use of the universal primer (p=0.001); the
interaction between factors was not significant
(p=0.210). Between-group comparisons showed that
all contamination measures, except for the universal
primer (group 18) and hydrofluoric acid/universal
primer (group 24), led to significantly reduced bond
strength. Shear bond strength, Weibull parameters,
and failure modes of enamel specimens conditioned
with the universal adhesive in SE are presented in
Table 5.

Table 3:  Shear Bond Strength, Weibull Parameters, and Failure Modes of Enamel Specimens in Self-etch Mode 2
Group Surface Contamination/Conditioning Bond Strength  Weibull Parameters [95% CI] Failure Mode (%)
MP
1. Step 2. Step 3. Step Méanz)SD oo (MPa) m Adhesive Mixed Cohesive

17 None — (Control) Universal 20.3x55¢c 22.3[19.9,24.9] 4.5][31,6.7] 31.3 43.8 25.0
18 Universal primer adhesive 537443  253(23.6,27.2] 7.3[4.9, 10.9] 375 438 18.8
19 Sandblasting - 11.4x538 12.8 [10.3, 15.9] 2.4 [1.6, 3.5] 73.3 26.7 0.0
20 Universal primer 13.6+3.98 149 [13.1,16.9] 4.1 [2.8, 6.0] 60.0 40.0 0.0
21 Silica coating - 12.8+3.8 B 14.1 [12.6, 15.8] 4.5[2.9, 7.0] 64.3 35.7 0.0
22 Universal primer 13.8+3.4 8B 15.1 [13.6, 16.7] 4.9 [3.3, 7.3] 80.0 20.0 0.0
23 Hydrofluoric acid — 2.3+29a 2.1[1.2,3.8] 0.9 0.6, 1.3] 68.8 31.3 0.0
24 Universal primer 2.3£3.3 A 1.6 [0.6, 3.9] 0.5[0.4, 0.8] 87.5 12.5 0.0
25 Self-etching ceramic primer 2.3+22 A 1.6 [0.5, 5.2] 0.4 [0.3, 0.7] 100.0 0.0 0.0

@ Shear bond strength (mean= standard deviation [SD], characteristic strength o, and Weibull modulus m with their 95% confidence intervals [Cls]) and failure modes

of enamel specimens with the universal adhesive applied in self-etch mode. Different letters indicate significant differences between groups as assessed by one-way

analysis of variance followed by Scheffe post hoc tests.
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Table 4: Shear Bond Strength, Weibull Parameters, and Failure Modes of Dentin Specimens in Etch-and-rinse Mode 2
Group Surface Contamination/Conditioning Bond Strength  Weibull Parameters [95% Cl] Failure Mode (%)
(MPa)
1. Step 2. Step 3.Step 4. Step Mean=SD 6o (MPa) m Adhesive Mixed Cohesive
1 Phosphoric None — (Control) Universal 22.0+5.3 € 24.0[21.7,26.6] 5.0[3.4,7.5] 53.3 46.7 0.0
2 acid Universal adhesive o4 0139 207 [211,24.4] 7.1[48,105] 250  75.0 0.0
primer
3 Sandblasting — 12.3x4.6 aBc  13.7[11.6, 16.2] 3.0 [2.0, 4.5] 62.5 37.5 0.0
4 Universal 13.7+3.2 aBcD 14.9 [13.6, 16.3] 5.5[3.7, 8.4] 68.8 31.3 0.0
primer
5 Silica coating — 9.6+3.0 AB 10.6 [9.3, 12.1] 3.9 [2.6, 5.8] 68.8 31.3 0.0
6 Universal 8.7+3.8 A 95(7.4,121] 2.01[1.3, 3.1] 56.3 43.8 0.0
primer
7 Hydrofluoric — 15.6+5.3 ascoe 17.0 [14.6, 19.8] 3.3 [2.1, 5.0] 43.8 56.3 0.0
8 acid Universal 224+18E 23.1[22.4,23.9] 15.9[10.8,23.6] 31.3 68.8 0.0
primer
9 Self-etching 20.5+2.3 pE 21.5[20.5, 22.5] 11.0 [7.5, 16.0] 43.8 56.3 0.0
ceramic primer
10 Sandblasting Phosphoric — 16.2+4.4 BcoE 17.7 [15.9, 19.8] 4.7 [3.1, 7.1] 62.5 37.5 0.0
11 acid Universal 17.6+3.1 coe  18.7[17.6,19.8] 8.7 [5.8, 13.3] 64.3 35.7 0.0
primer
12  Silica coating - 17.9+53 coe  19.7[17.4,22.4] 4.0[2.7,5.9] 28.6 71.4 0.0
13 Universal 10.0+4.2 aB 11.2[9.2,13.6] 2.7[1.8,4.0] 50.0 50.0 0.0
primer
14 Hydrofluoric - 20.7+3.2 pE 22.0 [20.6, 23.5] 7.7 [5.3, 11.3] 33.3 66.7 0.0
15 acid Universal 22.0+5.3E 23.9[21.7,26.4] 5.2[3.5,7.7] 18.8 81.3 0.0
primer
16  Self-etching - 17.6+x45coe  19.3[17.2,21.6] 4.5[3.1, 6.6] 87.5 12.5 0.0
ceramic primer
@ Shear bond strength (mean= standard deviation [SD], characteristic strength o and Weibull modulus m with their 95% confidence intervals [Cls]) and failure modes
of dentin specimens with the universal adhesive applied in etch-and-rinse mode. Different letters indicate significant differences between groups as assessed by one-
way analysis of variance followed by Scheffe post hoc tests.

found in the ER groups on dentin, where group 8
(phosphoric acid etching followed by hydrofluoric
acid and the universal primer) obtained the highest
Weibull modulus. For both enamel and dentin in ER,
the majority of the groups reached higher charac-

Highest Weibull parameters (characteristic
strength oy, and Weibull modulus m) were reached
in the control groups or when solely the universal
primer was applied, irrespective of the adhesive
strategy and the substrate. The only exception was

Table 5:  Shear Bond Strength, Weibull Parameters, and Failure Modes of Dentin Specimens in Self-etch Mode 2
Group Surface Contamination/Conditioning Bond Strength  Weibull Parameters [95% Cl] Failure Mode (%)
MPa
1. Step 2. Step 3. Step Méant)SD a0 (MPa) m Adhesive Mixed Cohesive

17 None — (Control) Universal  23.0+4.0 pe 24.6 [23.0,26.3] 7.6[5.1, 11.5] 14.3 64.3 21.4
18 Universal primer adhesive o4 9-46¢ 26.7 [24.5, 29.2] 5.9 [4.1, 8.3] 0.0 28.6 71.4
19 Sandblasting - 10.3+4.6 AB 10.1[56.8,17.7] 0.9[0.5, 1.4] 86.7 13.3 0.0
20 Universal primer 12.3x2.3 aBc  13.2[12.1, 14.5] 5.7 [4.0, 8.2] 53.3 46.7 0.0
21 Silica coating - 7.3x4.0 A 8.2[6.3,10.7] 2.0[1.3,2.9] 85.7 14.3 0.0
22 Universal primer 8.1+4.9 aB 9.0 [6.6, 12.3] 1.6 [1.1, 2.5] 92.3 77 0.0
23 Hydrofluoric acid - 13.1%£5.1 BC 145[12.2,17.2] 29][1.9, 4.5] 53.3 46.7 0.0
24 Universal primer 18.3+4.1 cp 19.9[17.9,22.1] 5.0[3.4,7.2] 46.2 53.8 0.0
25 Self-etching ceramic primer 9.6+4.1 AB 10.8[8.9, 13.2] 2.6[1.8, 3.8] 100.0 0.0 0.0

@ Shear bond strength (mean= standard deviation [SD] characteristic strength oo and Weibull modulus m with their 95% confidence intervals [Cls]) and failure modes of

dentin specimens with the universal adhesive applied in self-etch mode. Different letters indicate significant differences between groups as assessed by one-way

analysis of variance followed by Scheffe post hoc tests.
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Figure 1. Representative scanning
electron micrographs of enamel sur-
faces treated with sandblasting, silica
coating, hydrofluoric acid etching, or
the self-etching ceramic primer either
alone (contamination before applica-
tion of the adhesive in self-etch mode)
or before/after phosphoric acid etch-
ing (contamination before application
in etch-and-rinse mode). Note that
contamination with the universal prim-
er is not shown as it was not visible.
Original magnification X5000. (a):
Phosphoric acid (control etch-and-
rinse, group 1). (b): Phosphoric acid
— sandblasting (group 3). (c): Phos-
phoric acid — silica coating (group 5).
(d): Phosphoric acid — hydrofluoric
acid (group 7). (e): Phosphoric acid —
self-etching ceramic primer (group 9).
(f): Sandblasting — phosphoric acid
(group 10). (g): Silica coating —
phosphoric acid (group 12). (h): Hy-
drofluoric acid — phosphoric acid
(group 14). (i): Self-etching ceramic
primer — phosphoric acid (group 16).
(j): Sandblasting (group 19). (k): Silica
coating (group 21). (I): Hydrofluoric
acid (group 23). (m): Self-etching
ceramic primer (group 25). Abrasive
remnants are marked by 1.

teristic bond strengths when contamination was
followed by phosphoric acid etching compared with
phosphoric acid etching before contamination.

For both substrates and both adhesive application
modes, the distribution of failure types differed
significantly between different repair contamina-
tions (p<0.003).

SEM Images

SEM images are presented in Figures 1 (enamel) and
2 (dentin). Contamination of phosphoric acid etched
enamel (Figure 1a) with sandblasting (Figure 1b) or
silica coating (Figure 1c) resulted in removal of the
etching pattern. When phosphoric acid etching was

performed after sandblasting (Figure 1f) or silica
coating (Figure 1g), the surface presented an etching
pattern not different from the control (Figure 1a). If
sandblasting or silica coating, respectively, was not
followed by phosphoric acid etching (ie, the universal
adhesive was applied in SE), then the surface was
distinctly roughened and remnants of abrasive
particles could be seen (Figure 1j,k).

Hydrofluoric acid contamination of etched enamel
resulted in an etching pattern with few visible
surface precipitates (Figure 1d), while hydrofluoric
acid etching of native enamel resulted in an
amorphous surface layer (Figure 1h,l), which could
not be removed by phosphoric acid etching (Figure
1h). Surface precipitation was also visible after
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Figure 2. Representative scanning
electron micrographs of dentin sur-
faces treated with sandblasting, silica
coating, hydrofluoric acid etching, or
the self-etching ceramic primer either
alone (contamination before applica-
tion of the adhesive in self-etch mode)
or before/after phosphoric acid etch-
ing (contamination before application
in etch-and-rinse mode). Note that
contamination with the universal prim-
er is not shown as it was not visible.
Original magnification Xx5000. (a):
Phosphoric acid (control etch-and-
rinse, group 1). (b): Phosphoric acid
— sandblasting (group 3). (c): Phos-
phoric acid — silica coating (group 5).
(d): Phosphoric acid — hydrofluoric
acid (group 7). (e): Phosphoric acid —
self-etching ceramic primer (group 9).
(f): Sandblasting — phosphoric acid
(group 10). (g): Silica coating —
phosphoric acid (group 12). (h): Hy-
drofluoric acid — phosphoric acid
(group 14). (i): Self-etching ceramic
primer — phosphoric acid (group 16).
(j): Sandblasting (group 19). (k): Silica
coating (group 21). (I): Hydrofluoric
acid (group 23). (m): Self-etching
ceramic primer (group 25). Abrasive
remnants are marked by 1.

contamination with the self-etching ceramic primer
(Figure 1le,im). Depending on the sequence of
phosphoric acid etching, the surface precipitates
either covered the enamel etching pattern (Figure
le) or could not be removed by phosphoric acid
etching (Figure 1i).

When etched dentin (Figure 2a) was contaminated
by sandblasting (Figure 2b) or silica coating (Figure
2¢), the surface was damaged and cracked, the
exposed collagen network was removed, and dentinal
tubules were no longer visible. When phosphoric acid
etching was performed after sandblasting (Figure 2f)
or silica coating (Figure 2g), the surface became
partly etched and some tubules were visible. If
sandblasting or silica coating was not followed by

phosphoric acid etching (ie, if the universal adhesive
was applied in SE), the dentin surface was damaged
(Figure 2j,k). Hydrofluoric acid contamination of
etched dentin resulted in an amorphous surface
precipitation (Figure 2d,h,]) that also partly covered
the dentinal tubules. Slight surface precipitation
was also visible after contamination with the self-
etching ceramic primer (Figure 2e,i,m).

DISCUSSION

This study aimed to simulate potential contamina-
tion of dental hard tissues with different repair
conditioning measures. Due to the large number of
specimens, bovine specimens rather than human
teeth were used. A recent systematic review found
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that bovine teeth can be a suitable alternative for
human enamel and dentin substrates in shear bond
strength tests as no significant differences have been
detected in shear bond strength between human and
bovine enamel and dentin.'?> Adhesion was tested
using a universal adhesive containing 10-MDP, but
without a silane component. A universal adhesive
was chosen not only as it can be applied using
different etching strategies (selective enamel etch,
ER, and SE) but also as universal adhesives can be
used for conditioning of restorative materials when
restorations need to be repaired. The functional
monomer 10-MDP can bond to zirconia and nonpre-
cious metals by ionic and hydrogen interactions of
the phosphate group with the oxide layer of the
material'® while silane-containing adhesives bond to
silica-based materials or silica fillers by forming
siloxane linkages.!* Nevertheless, for repair condi-
tioning of glass ceramics, a separate pretreatment
step with a silane-containing solution or a universal
primer is recommended to reduce the possibility of
hydrolytic degradation of the ceramic-resin bond-
ing.’®1® As opposed to the universal adhesive, the
universal primer includes not only phosphoric acid
methacrylate but also silane methacrylate (capable
of bonding to silicate surfaces) and disulfide meth-
acrylate (capable of bonding to precious metals).

Besides the universal primer, the contamination
effects of different repair measures to increase
surface roughness of a restorative material by
physical (sandblasting, silica coating) or chemical
(hydrofluoric acid etching, self-etching ceramic
primer) measures were tested. An increased surface
roughness might allow for better wettability by the
adhesive. In addition to surface roughening, silica
coating might further improve repair bond strength
due to the incorporation of silica particles. Thereby,
formation of Si-O-Si-bonds to silane-containing ad-
hesives or universal primers becomes possible.!”

For all simulated repair surface conditioning
measures, the duration of contamination was based
on the duration of application recommended for
conventional use of the respective products. Under
clinical conditions, contact time to dental hard
tissues might be shorter, when unintended contam-
ination is noticed and stopped.

For the ER, air abrasion and silica coating reduced
enamel and dentin bond strength and increased the
amount of adhesive failures when contamination
was performed on etched surfaces. This observation
is in line with previous studies showing reduced
bond strength of etched enamel and dentin after
silica coating.'®!® The SEM images indicate that the

enamel etching pattern and the exposed collagen
network of dentin was removed by sandblasting.
Conversely, when phosphoric acid etching was
performed after sandblasting contamination, bond
strength values were not reduced and enamel and
dentin specimens presented an etched surface.
Previous studies indicated that sandblasting of
dental hard tissues does not affect bond strength or
margin quality adversely if sandblasted surfaces are
cleaned with phosphoric acid'®!! or water spray
before adhesive application.?® For the SE, sandblast-
ing contamination impaired bond strength values
and increased the amount of adhesive failures,
probably as the surface was not washed/cleaned,
and loose abrasion particles were only air blown.

Hydrofluoric acid contamination of enamel result-
ed in significantly lower bond strength values,
independently of the application sequence and the
adhesive strategy. Saracoglu and others* demon-
strated that 5% and 9.5% hydrofluoric acid inhibited
enamel bond strength independently whether ap-
plied before or after phosphoric acid etching. How-
ever, in contrast to the present study, the etch-and-
rinse adhesive performed slightly better if hydro-
fluoric acid was applied after phosphoric acid etching
instead of before.* Interestingly, in the present
study, enamel specimens presented clearly different
surface characteristics (Figure 1d,h). While the
sequence phosphoric acid etching/hydrofluoric acid
contamination resulted in an etching pattern with
only a few visible surface precipitates, the reverse
order led to an amorphous surface without any signs
of etching. Hydrofluoric acid is known to form dense
amorphous fluoride precipitates on the tooth surface,
which most probably cannot be removed by further
phosphoric acid etching. However, irrespective of the
sequence of phosphoric acid etching, hydrofluoric
acid contamination significantly reduced enamel
bond strength.

Shear bond strength measurement on hydrofluoric
acid—exposed dentin yielded ambiguous results.
Previous studies found that contact to hydrofluoric
acid significantly impaired dentin bond strength,
independent of the etching sequence.*® Neverthe-
less, ultramorphologic analyses showed distinct
differences between the etching sequences: If dentin
was first etched with phosphoric acid, a collagen-rich
layer was exposed, which probably collapsed when
further etched with hydrofluoric acid. As a result, a
thinner hybrid layer was formed and mineral
precipitates were detected at the bottom of the
hybrid layer. If hydrofluoric acid etching was
performed first, calcium fluoride precipitates were
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formed that hampered phosphoric acid etching.
Underneath the precipitates, a collagen-rich layer
was formed, which could not be infiltrated by resin.’
In the present study, hydrofluoric acid contamina-
tion led to precipitates that were covering the
surface (Figure 2d) or partial occlusion of dentinal
tubules (Figure 21). Phosphoric acid etching of
hydrofluoric acid contaminated dentin was unable
to remove the surface precipitates (Figure 2h).
Nevertheless, bond strength was significantly im-
paired only when the adhesive was applied in SE or
when phosphoric acid etched dentin was contami-
nated (group 7). It remains unclear why the
sequence hydrofluoric acid contamination/phospho-
ric acid etching led to only slightly reduced bond
strength values, even after thermocycling. Similar
results were obtained with the self-etching ceramic
primer. On both enamel and dentin, the primer led
to surface precipitates (Figure le,i,m, Figure 2e,i,m)
that impaired bond strength significantly if the
universal adhesive was applied in SE (Figures 1m
and 2m). Etched enamel became visible underneath
the precipitates (Figure 1i). Dentinal tubules were
partly occluded by the precipitation (Figure 2e,i,m),
but the precipitation seemed to be less severe than
after hydrofluoric acid contamination. Further stud-
ies have to be performed to fully elucidate how the
self-etching ceramic primer affects enamel and
dentin adhesion.

The universal primer did not affect bond strength
adversely. Previous studies showed that the contam-
ination of enamel®® or dentin®! with silane solutions
did not reduce bond strength of subsequently applied
adhesives. Potentially, the universal primer in-
creased the wettability of the contaminated enamel
or dentin surface under certain conditions, leading to
slightly higher bond strength values.

The brittleness of the materials included in this
study makes their failure difficult to predict and
their bond strength less reliable. The Weibull
statistic takes into account the variable existence of
strength-controlling flaws within brittle materials
by providing information about the variability of
their bond strengths. A high Weibull modulus
reflects a narrow variability of bond strengths and
consequently a high reliability on the characteristic
strength. Materials or methods with a high Weibull
modulus are likely to be less technique-sensitive
than those with a low Weibull modulus and should
therefore be preferred.?? Irrespective of the sub-
strate or the adhesive strategy, our results showed
the highest Weibull moduli and characteristic
strengths in the control groups or when only the

Operative Dentistry

universal primer was applied, with the exception of
group 8. Thus, contamination of enamel or dentin by
repair conditioning measures seemed to result in a
less reliable compound between repair restoration
and tooth structure and should therefore ideally be
avoided.

The present study only assessed the effect of
repair surface conditioning measures on enamel
and dentin shear bond strengths. However, in a
clinical setting mixed surfaces with both tooth and
restoration surfaces require optimal repair pretreat-
ment. The potential interference of tooth surface
conditioning measures (ie, phosphoric acid etching)
on repair bond strength was not assessed in the
present study. In particular, zirconia and nonpre-
cious metals should not be treated with phosphoric
acid to avoid the formation of a stable phosphate
layer inhibiting the adhesion of primers containing
phosphoric acid methacrylate (eg, 10-MDP).2

Based on these results, the null hypothesis that
repair conditioning measures do not affect bond
strength of a universal adhesive to enamel or dentin
has to be rejected. Within the limitations of this
study, the following clinical recommendations for
repairing restorations next to enamel and dentin
substrates may be suggested: 1) contamination of
enamel/dentin by repair conditioning measures
should be avoided; 2) if enamel/dentin is contami-
nated, use of phosphoric acid (ER) before applying a
universal adhesive may minimize the effects of the
contamination; and 3) contamination of enamel/
dentin with a universal primer alone may not
significantly affect the bond strength of dentin or
enamel to resin composite when using a universal
adhesive.

These recommendations are in line with a
recently published policy statement on the repair
of restorations published by the FDI World Dental
Federation: When tooth substance is next to a
restoration in need of repair, physical repair surface
conditioning measures should be performed before
phosphoric acid etching of the tooth substance.?*
However, it has also been suggested that repairs be
performed in a two-step technique if tooth sub-
stance is present: In the first step, only the tooth
surface is covered using composite. Afterward,
physical/chemical repair surface conditioning mea-
sures are applied to both the composite and the
adjacent restoration.?’ Given the results of the
present study, this technique seems rational as it
combines optimal repair bonding procedures for
both tooth surfaces and restorations.
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Effect of Layering Techniques on
Polymerization Shrinkage Stress
of High- and Low-viscosity
Bulk-fill Resins

A Tsujimoto ¢ CA Jurado « WW Barkmeier « ME Sayed
T Takamizawa ¢ MA Latta ¢« M Miyazaki ¢ F Garcia-Godoy

Clinical Relevance

The use of layering techniques is still advisable with many bulk-fill resins and should be
the default unless a particular resin is known to not need it.

SUMMARY

Objective: The purpose of this study was to
investigate how layering techniques affect
polymerization shrinkage stresses of high-
and low-viscosity bulk-fill resins.

Method: Six high-viscosity and six low-viscos-
ity bulk-fill resins were evaluated. Aluminum
blocks with a mesial-occlusal-distal (MOD)
cavity were machined and randomly divided
into groups for different filling techniques
(bulk-fill vs horizontal layering vs oblique
layering) and further subdivided according to
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type of resin (high- vs low-viscosity). The
cuspal deflection resulting from the polymer-
ization of bulk-fill resin bonded to a MOD
cavity within an aluminum block was mea-
sured with a digimatic micrometer. Scanning
electron microscopy analyses of tested resins
were also conducted.

Results: In the high-viscosity bulk-fill resins,
cuspal deflection of the MOD cavity ranged
from 11.2 to 18.2 pm with the bulk-filling
technique, from 10.7 to 15.5 pm with the hori-
zontal layering technique, and from 10.9 to 15.2
pm with the oblique layering technique. In the
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low-viscosity bulk-fill resins, cuspal deflection
of the material ranged from 9.2 to 19.8 pm with
the bulk-filling technique, from 8.2 to 15.7 pm
with the horizontal layering technique, and
from 8.4 to 16.4 pnm with the oblique layering
technique.

Conclusion: Cuspal deflections for some high-
and low-viscosity bulk-fill resins were signifi-
cantly reduced by using layering techniques,
but the resultant improvement of layering
techniques was not applicable to all the bulk-
fill resins used in this study.

INTRODUCTION

Restorative procedures using composite resin have
become an essential part of daily practice because of
material enhancements' and improvements in ad-
hesive systems.? Material improvements over the
years have resulted in an increase in patient
demands for esthetics® and more emphasis on
preserving tooth structure.* The wear resistance of
composite resins has continued to improve, since
their introduction as restorative materials, enabling
expanded use in posterior restorations of large
cavities with long-term durability.® A systematic
review® comparing direct and indirect composite
resin restorations in posterior teeth showed that
there was no difference in longevity between direct
and indirect restorations, regardless of the type of
composite resin. In addition, a recent 20-year clinical
study’ of direct composite resin restorations in
posterior teeth showed a high success rate and
increased mean survival time.

However, polymerization shrinkage and its asso-
ciated stress have remained a major concern of direct
resin restorations, especially in large cavities in
posterior teeth.® Numerous studies have been per-
formed to assess polymerization shrinkage and
stress development in composite resins.”'° Polymer-
ization shrinkage causes stress at the interface
between a tooth and a restoration as the elastic
modulus of the resin increases during polymeriza-
tion.!! This stress may result in marginal gap
formation, microleakage, and enamel micro-cracks
and can give rise to pulpal irritation, secondary
caries due to bacterial infiltration, and postoperative
sensitivity, which in turn can lead to restoration
failure requiring restoration replacement (Figure
1).'2 Efforts have been made to reduce polymeriza-
tion shrinkage and stress by increasing inorganic
filler loading,'® modifying filler particle size and
sha;l)se,14 and developing new types of resin matri-
ces.

Operative Dentistry
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Figure 1. Schematic drawing of the influence of polymerization
shrinkage stress.

However, increases in inorganic filler loading and
modification of filler size and shape are limited by
the need for a physicochemical combination within
the resin matrix. Polymerization shrinkage and
stress of composite resins can also be reduced by
decreasing the reactive sites per unit volume
through increasing the molecular weight per reac-
tive group.'® Nevertheless, this strategy also has its
limitations because the use of monomers with a high
molecular weight may produce increased viscosity,
resulting in poorer handling characteristics, and
potentially reducing mechanical strength. In addi-
tion, attempts to develop composite resins with
completely new resin matrices that shrink consider-
ably less, have been ongoing. Recently, a composite
resin with a silorane resin matrix containing
siloxane and oxirane was introduced, but this resin
needs special adhesive systems for bonding.'”

Clinical strategies to minimize the shrinkage
stress of composite resins, such as horizontal and
oblique layering techniques to decrease the C-factor,
are still widely used.'® In addition, recent develop-
ments have led to the introduction of high- and low-
viscosity bulk-fill resins that can be used for large
cavities with the bulk-fill technique.'® These mate-
rials are designed to be used for placing the resin in
increments of up to 4 mm, and one of their central
characteristics is a much greater depth of cure than
that found in conventional resins.?® However, they
have also been designed to reduce polymerization
shrinkage stress to support their use in bulk-fill
techniques.® No independent research has yet
investigated whether the filling techniques used to
reduce polymerization shrinkage stress are still
necessary or valuable with these newly developed
bulk-fill resins.
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Although measurement of cuspal deflection is a
useful way to evaluate the polymerization shrinkage
stress of composite resins, the use of extracted teeth
to measure cuspal deflection can produce significant
discrepancies among specimens due to the lack of
standardization of the anatomical and histochemical
characteristics of the individual teeth.?! Recently,
Tsujimoto and others® fabricated aluminum blocks
with identical shapes and dimensions instead of
using extracted human teeth to examine cuspal
deflection. The cuspal deflection of the aluminum
blocks was measured using a digimatic micrometer
or a confocal laser scanning microscope.

This laboratory study examined cuspal deflection
of bulk-fill resins using standardized uniform alu-
minum blocks with mesial-occlusal-distal (MOD)
cavity preparations. The purpose of this study was
to investigate the influence of filling techniques on
the polymerization shrinkage stresses of high- and
low-viscosity bulk-fill resins. The null hypothesis
was that the layering techniques would have no
influence on the polymerization shrinkage stresses
of high- and low-viscosity bulk-fill resins.

METHODS AND MATERIALS
Study Materials

Six high-viscosity bulk-fill resins were used: 1)
Beautifil Bulk (BB, Shofu, Kyoto, Japan); 2) EverX
Posterior (EP, GC, Tokyo, Japan); 3) Filtek Bulk Fill
(FB, 3M OralCare, St Paul, MN, USA); 4) Quixx Fill
Posterior Restorative (QF, Dentsply Sirona, York,
PA, USA); 5) Tetric Evo Ceram Bulk Fill (TEB,
Ivoclar Vivadent, Schaan, Liechtenstein); and 6)
Tetric N Ceram Bulk Fill (TNB, Ivoclar Vivadent).
Six low-viscosity bulk-fill resins were used: 1)
Beautifil Bulk Flow (BF, Shofu); 2) EverX Flow
(EF, GC); 3) Filtek Fill and Core Flowable Restor-
ative (FF, 3M Oral Care); 4) SDR Flow+ (SD,
Dentsply Sirona); 5) Tetric Evo Flow Bulk Fill (TF,
Ivoclar Vivadent), and 6) X-tra Base (XB, Voco
GmbH, Cuxhaven, Germany).

Specimen Preparation

Aluminum blocks (10 [W] X 8 [LL] X 15 [D] mm) with a
simulated MOD cavity (4 [W] X 8 [L] X 4 [D] mm)
were milled out using a computer-aided design/
computer-aided manufacturing system, creating
two remaining cusps. This structure simulated a
large Class II cavity preparation in a premolar. The
inside of the cavity was submitted to airborne-
particle abrasion with 50 um Al,O3 powder for 10
seconds to improve surface characteristics for bond-

ing. Air pressure was set to 0.2 MPa, and the
distance between the tip and aluminum surface was
approximately 10 mm (Jet Blast II, J. Morita, Tokyo,
Japan). A universal adhesive (Scotchbond Universal
Adhesive, 3M Oral Care) was applied according to
the manufacturer’s instructions before placing the
high- and low-viscosity bulk-fill resins. The adhesive
was light-cured for 10 seconds at a standardized
distance of 1 mm using a quartz—tungsten—halogen
curing unit (OptiLux 501, Kerr, Orange, CA, USA).
The power density (>700 mW/cm?) of the curing unit
was confirmed with a dental radiometer (Model 100,
Kerr) before specimen preparation.

Measurement of Cuspal Deflection

The aluminum blocks were randomly divided into
three groups for different filling techniques (bulk-fill
vs horizontal layering vs oblique layering technique)
and were further subdivided according to the type of
composite resin (high- vs low-viscosity) (Figure 2).

Group 1 (Bulk-fill Technique)—High- or low-
viscosity bulk-fill resin was placed in bulk and light-
cured for 40 seconds for each of the three exposed
surfaces. Cuspal deflection was measured from the
difference in the distance between the center of the
two remaining cusps before the placement of compos-
ite resin and 10 minutes after light curing using a
high-accuracy submicron digimatic micrometer
(MDH-25MB, Mitutoyo, Tokyo, Japan).

Group 2 (Horizontal Layering Technique)—High-
or low-viscosity bulk-fill resin was placed in two
separate horizontal increments (2 mm each). Each
increment was light-cured for 40 seconds each to the
three exposed surfaces to ensure that an identical
curing time was maintained. Cuspal deflection was
measured in the same manner as in group 1.

Group 3 (Oblique Layering Technique)—High- or
low-viscosity bulk-fill resin was placed in three
separate oblique increments. Each increment was
light-cured for 40 seconds each to the three exposed
surfaces to ensure that an identical curing time was
maintained. Cuspal deflection was measured in the
same manner as in group 1 and group 2.

Scanning Electron Microscopy (SEM)
Observations

SEM (TM 3000, Hitachi-High Technology, Tokyo,
Japan) was used to examine the filler size and shape
of the tested high- and low-viscosity bulk-fill resins.
A thin coating of gold-palladium alloy was applied in
a sputter coater (SC7620 Mini Sputter Coater,
Emitech, East Sussex, UK) to prevent electrostatic
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Simulated Cuspal Deflection Schematic

Aluminum Block
Machined for MOD Cavity

4.0mm 2.0mm
—

Cavity was treated with universal adhesive
(Schotchbond Universal, 3M ESPE)
followed by manufactures’ instructions

The inside of the cavity
was air-abraded with
50 pm Al,O; powder
and ultrasonically cleaned for
30 seconds in distilled water.

Measurement of L1
High Accuracy Digimatic Microscope
(MDH-25M, Mitsutoyo)

/

Resin composite was
incrementally-filled and light-cured

Resin composite was
ulk-filled and light-cured

~ Measurement of L2 and
calculated cuspal defection (L1-L2)

Simulated
cuspal deflection
(um) =L1-L2

Resin composite was filled
with oblique incremental technique
and light-cured

Figure 2. Schematic drawing of the experimental set-up for simulated cuspal deflection of bulk-fill resins.

charge from accumulating at the sample surface.
The observations were done at an operating voltage
of 15 kV.

Statistical Analysis

Statistical analysis was conducted with a commer-
cial statistical software package (SPSS Statistics 25,
IBM; Armonk, NY, USA). Two-way analysis of
variance with a Tukey post hoc honest significant
difference test was used to analyze the gathered data
for the influence of 1) layering technique and 2) type
of resin with an o level of 0.05.

RESULTS
Cuspal Deflection

The effect of layering techniques on polymerization
shrinkage stresses is shown in Table 2 for high-
viscosity bulk-fill resins and in Table 3 for low-
viscosity bulk-fill resins. Cuspal deflection for the
high-viscosity resins ranged from 11.2 to 18.2 um
with the bulk-fill technique, 10.7 to 15.5 pm with
the horizontal layering technique, and 10.9 to 15.2
pm with the oblique layering technique. The rank
order of cuspal deflection using the bulk-filling
technique was TEB-FB-TNB-QF-EP-BB and that

using the layering technique was TEB-EP-FB-TNB-
QF-BB.

Cuspal deflection for the low-viscosity resins
ranged from 9.2 to 19.8 pm with the bulk-fill
technique, 8.2 to 15.7 pym with the horizontal
layering technique and 8.4 to 16.4 with the oblique
layering technique. The rank order of cuspal deflec-
tion using the bulk-filling technique was SD-FF-TF-
EF-XB-BF and that using the layering techniques
was SD-FF-EF-TF-XB-BF.

The cuspal deflection of BB, EP, and QF in high-
viscosity resins and the cuspal deflection of BF, EF,
and XB in low-viscosity resins were decreased when
the layering techniques were used, unlike those of
other resins.

SEM Observation

Representative SEM observations of tested resins
are shown in Figure 3. The SEM images clearly show
that there are differences in the size and shape of
fillers in the high- and low-viscosity bulk-fill resins.
BB, TEB, TNB, and QF among high-viscosity resins
as well as BF, SD, TF, and XB among low-viscosity
resins showed irregular particles with a broad size
range (<1 to 20 pm). EP and EF showed short E
glass fibers of different diameters and irregular
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Table 1: Composite Resins Used in This Study

Material Type

Material (Code)

Matrix Resin
Composition

Filler Composition

Manufacturer

High-viscosity bulk-fill
resin

Beautifil Bulk (BB)

Bis-GMA, Bis-MPEPP,
UDMA, TEGDMA

Fluoro-silicate glass

Shofu, Kyoto, Japan

EverX Posterior (EP) Bis-GMA, PMMA, Short E-glass fiber filler, GC, Tokyo, Japan
TEGDMA barium glass

Filtek Bulk Fill (FB) Bis-EMA, Bis-GMA, Silica filler, zirconia filler, 3M Oral Care, St Paul,
TEGDMA zirconia/silica cluster filler MN, USA

Quixx Fill Posterior Bis-EMA, UDMA, Strontium-aluminum- Dentsply Sirona, York,

Restorative (QF) TEGDMA sodium-fluoridephosphate- PA, USA

silicate glass

Tetric Evo Ceram Bulk

Bis-EMA, Bis-GMA,

Silanated barium glass

Ivoclar Vivadent,

Low-viscosity bulk-fill
resin

Fill (TEB) UDMA filler Schaan, Liechtenstein
Tetric N Ceram Bulk Bis-EMA, Bis-GMA, Silanated barium glass Ivoclar Vivadent
Fill (TNB) UDMA filler
Beautifil Bulk Flowable Bis-GMA, Bis-MPEPP, Fluoro-silicate glass Shofu
(BF) TEGDMA, UDMA
Ever X Flow (EF) Bis-GMA, PMMA, Short E-glass fiber filler, GC
TEGDMA barium glass
Filtek Fill and Core Bis-GMA, UDMA Silica filler, zirconia filler, 3M Oral Care

Flow (FF)

zirconia/silica cluster filler

SDR Flow-+ (SD)

Bis-EMA, modified
TEGDMA, UDMA

Barium-fluoro-alumino-
silicate glass, strontium-
fluoro-alumino-silicate
glass

Dentsply Sirona

Tetrik Evo Bulk Flow
(TF)

Bis-EMA, Bis-GMA,
UDMA

Silanated barium glass
filler

Ivoclar Vivadent

X-tra Base (XB)

Aliphatic
dimethacrylate, Bis-
EMA

Inorganic fillers

Voco GmbH, Cuxhaven,
Germany

Abbreviations: Bis-EMA, bisphenol A diglycidyl methacrylate ethoxylated; Bis-GMA, bisphenol A diglycidyl methacrylate; Bis-MPEPP, 2,2-Bis(4-
methacryloxypolyethoxyphenyl)propane; PMMA, polymethyl methacrylate; TEGDMA, triethylene glycol dimethacrylate; UDMA, urethane dimethacrylate.

particles of a relatively uniform small size (<1 pm).
The concentration of short E glass fibers in EF was
higher than that in EP. FB and FF showed quite
small (<1 to 5 um) irregular, and spherical particles.

DISCUSSION

Cuspal deflection is one of the accepted indicators of
polymerization shrinkage stress of composite resins

and has been evaluated using devices such as linear
variable differential transformers, direct current
differential transformers, and strain gauges.?? Re-
cently, Tsujimoto and others® developed a cuspal
deflection measurement technique using a digimatic
micrometer. Compared with previously reported
methods, the digimatic micrometer may be a more
accessible and practical approach to measuring
cuspal deflection than use of confocal scanning laser

Table 2:  Cuspal Deflection of High-viscosity Bulk-fill Resins?

High-viscosity Bulk-fill Resin (Code)

Cuspal Deflection (pm)

Bulk-fill Horizontal Layering Oblique Layering
Beautifil Bulk (BB) 17.2 (0.6) aA 15.5 (0.8) aB 15.2 (0.7) aB
EverX Posterior (EP) 18.2 (0.8) aA 11.9 (0.9) bB 12.7 (0.8) bB
Filtek Bulk Fill (FB) 13.3 (0.9) bA 12.3 (0.9) bA 12.8 (0.8) bA
Quixx Fill Posterior Restorative (QF) 14.8 (0.5) cA 14.2 (0.6) cA 14.1 (0.6) cA
Tetric Evo Ceram Bulk Fill (TEB) 11.2 (0.6) dA 10.7 (0.7) dA 10.9 (0.6) dA
Tetric N Ceram Bulk Fill (TNB) 13.5 (0.9) bA 12.5 (1.2) bA 12.6 (1.1) bA

2 Values in parenthesis are standard deviations (n=10). The same lowercase letter in the same vertical column indicates no significant difference (p>0.05). The same
uppercase letter within an individual row indicates no significant difference (p>0.05).
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Table 3: Cuspal Deflection of Low-viscosity Bulk-fill Resins?

Low-viscosity bulk-fill Resin (Code)

Cuspal Deflection (um)

Bulk-fill Horizontal Layering Oblique Layering
Beautifil Bulk Flow (BF) 19.8 (1.0) aA 15.7 (0.9) aB 16.3 (0.9) aA
EverX Flow (EF) 16.3 (1.1) bA 12.1 (0.8) bA 12.3 (0.9) bA
Filteck Fill and Core Flowable Restorative (FF) 11.0 (0.9) cA 10.1 (1.0) cA 10.4 (0.8) cA
SDR Flow-+ (SD) 9.2 (0.8) dA 8.2 (1.1) dA 8.4 (1.2) dA
Tetric Evo Flow Bulk Fill (TF) 14.2 (0.9) eA 13.7 (0.8) eA 13.6 (0.9) eA
X-tra Base (XB) 17.3 (0.7) bA 14.4 (0.8) eB 14.2 (0.9) eB

uppercase letter within an individual row indicates no significant difference (p>0.05).

2 Values in parenthesis are standard deviations (n=10). The same lowercase letter in the same vertical column indicates no significant difference (p>0.05). The same

microscopy and other devices. In this study, a
digimatic micrometer was used to measure cuspal
deflection for high- and low-viscosity bulk-fill resins.

Park and others?® reported results that the cuspal
deflection in the layering technique was shown to be
considerably lower than that for the bulk-fill tech-
nique, and they found no significant difference
between horizontal and oblique layering techniques
using a conventional resin. However, in that study,
the resin used for the bulk-fill technique was a

b CET

Beantifil Bulk 100um  Filtek Bulk Fill N D46 x10k 100um Quix
Creighton University Creighton University Creighton University Creighton University

Tetric Evo Ceram Bulk Fill x1.0k 100 um
Creighton University Creighton University
R y:

conventional resin with a recommended maximum 2-
mm depth of cure. Therefore, the depth of polymer-
ization might not be totally completed in the bulk-fill
specimens, making it more difficult to interpret test
results. Further, as the bulk-fill technique is not
recommended for clinical use with conventional
resins, the clinical application of their results may
not be applicable.

Recently, high- and low-viscosity bulk-fill resins
have been used to expedite the restoration process by

x Fill Posterior

Creighton University

3 5 A ,
Filteck Fill and Core Flowable N D51 x10k 100um SDR Flow+ N D48 x10k 100um Tetric Evo Flow Bulk Fill N D55 x1.0k 100um X-tra Base N D57 x10k 100um
Craighton University Creighton University Creighton University Creighton University

Figure 3. Scanning electron microscopy observations of the surfaces of high- and low-viscosity bulk-fill resins.
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enabling increments up to 4-mm thick to be light-
cured.'®?° The present study compared the influence
of layering techniques on high- and low-viscosity
bulk-fill resins. Bulk-fill resins face no problems
with polymerization in smaller increments to reduce
polymerization shrinkage stress and can be used in
bulk-fill or layering techniques in the clinic, as
appropriate to the situation. Thus, it is clinically
important to determine whether there are reasons to
continue to use layering techniques with bulk-fill
resins. While Park and others®® found a significant
difference in conventional resin composites, it is not
surprising that the present study showed different
behavior in cuspal deflection for bulk-fill resins.

The 12 bulk-fill resins used in this study can be
classified into four groups according to the level of
shrinkage stress produced: 1) high-viscosity bulk-fill
resins with low stress (TEB, FB, QP, and TNB); 2)
high-viscosity bulk-fill resins with high stress (BB
and EP); 3) low-viscosity bulk-fill resins with low
stress (SD, FF, and BB); and 4) low-viscosity bulk-fill
resins with high stress (BF, EF, and XB). A high-
viscosity bulk-fill resin (BB) and a low-viscosity
bulk-fill resin (SF) showed the highest and lowest
values of cuspal deflections, respectively. Although,
within the high- and low-viscosity bulk-fill resins
with low stress, there was no significant difference
(p>0.05) between the value of the cuspal deflection
measured with bulk-filling and that measured with
layering techniques. For high- and low-viscosity
bulk-fill resins with high stress, the difference in
cuspal deflection was significant (p<<0.05). This
suggests that, for low shrinkage stress materials,
advances in material composition are more impor-
tant for reducing polymerization shrinkage stress
than choice of filling techniques. However, this
cannot be said of materials that show high polymer-
ization shrinkage stress.

It is generally accepted that horizontal and oblique
layering techniques improve marginal adaptation
and bond stability of the adhesive interface between
tooth structures and resin.?* Therefore, when filling
a large cavity, the use of small increments horizon-
tally and obliquely was still recommended in one of
the reviews?® so that the polymerization shrinkage
stress could be reduced. Although it is true that all
the tested materials showed decreased values of
cuspal deflection in this study with horizontal and
oblique layering techniques, the values did not show
statistically significant differences in high- and low-
viscosity bulk-fill resins with low stress. Therefore, it
appears that the use of polymerization shrinkage
reduction technology in resins is more important

than layering techniques. This is consistent with
recent systematic reviews.?®2” In those reviews, the
technique protocols of placing material no longer
showed a great contribution to polymerization
shrinkage stress and, indeed, made less difference
than the choice of light-curing method. On the other
hand, modifying the resin matrix made the largest
contribution to minimizing polymerization shrink-
age stress development.

The layering technique for composite resins
increases treatment time and increases the risk of
creating voids and/or other weaknesses within a
restoration.?® Thus, in low polymerization shrink-
age bulk-fill resins, the rationale for using layering
techniques is diminished because the layering
technique has a minimal influence on polymeriza-
tion shrinkage stress. However, this was not true
for all of the bulk-fill resins investigated in the
present study; thus, clinicians need to be familiar
with the properties of the bulk-fill resin in order to
choose the most appropriate procedures. Hayashi
and others®® have shown that bulk-fill resins with
higher rates of polymerization shrinkage may
nevertheless show much lower gap formation than
other resins. This suggests that total polymeriza-
tion shrinkage and stress are not enough informa-
tion to guide selection of an appropriate technique,
and that detailed information about the interaction
between resins and adhesives is necessary. As this
information is not easily available outside the
research literature, the results of this study suggest
that at present it would be safer to continue to use
the layering technique as a significant number of
bulk-fill resins show significantly higher polymer-
ization shrinkage stress without it. Thus, from the
overall results of this study, the null hypothesis
that the layering method would have no influence
on polymerization shrinkage stress, was rejected for
some materials but not for all.

CONCLUSIONS

The results of this study indicate that the effect of
layering techniques on polymerization shrinkage
stress for high- and low-viscosity bulk-fill resins
was material dependent. A decrease in polymeriza-
tion shrinkage stress with layering techniques was
not observed in bulk-fill resins that showed low
cuspal deflection (<15 pum).

Acknowledgements

The authors thank Dr Masao Irie of Okayama University and
Mr Kazuyoshi Shimizu of 3M Oral Care for comments that
greatly improved the manuscript.

$S800B 98] BIA Z0-60-GZ0Z 1€ /woo Aiojoeignd-poid-swd-yiewlsiem-jpd-swiid//:sdny woly papeojumoq



662

Conflict of Interest

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

(Accepted 17 February 2020)

REFERENCES

1.

10.

11.

12.

Alzraikat H, Burrow MF, Maghaireh GA, & Taha NA
(2018) Nanofilled resin composite properties and clinical
performance: A review Operative Dentistry 43(4)
€173-e190.

. Miyazaki M, Tsujimoto A, Tsubota K, Takamizawa T,

Kurokawa H, & Platt JA. (2014) Important compositional
characteristics in the clinical use of adhesive systems
Journal of Oral Science 56(1) 1-9.

. Hosoya Y, Shiraishi T, Odatsu T, Ogata T, Miyazaki M, &

Powers JM (2010) Effects of specular component and
polishing on color of resin composites Journal of Oral
Science 52(4) 599-607.

. Frencken JE, Peters MC, Manton DJ, Leal SC, Gordan

VV, & Eden E (2012) Minimal intervention dentistry for
managing dental caries—A review: Report of a FDI task
group International Dental Journal 62(5) 223-243.

. Tsujimoto A, Nagura Y, Barkmeier WW, Watanabe H,

Johnson WW, Takamizawa T, Latta MA, & Miyazaki M
(2018) Simulated cuspal deflection and flexural properties
of high viscosity bulk-fill and conventional resin compos-
ites Journal of the Mechanical Behavior of Biomedical
Materials 87(November) 111-118.

. da Veiga AM, Cunha AC, Ferreira DM, da Silva Fidalgo

TK, Chianca TK, Reis KR, & Maia LC (2016) Longevity of
direct and indirect resin composite restorations in
permanent posterior teeth: A systematic review and
meta-analysis Journal of Dentistry 54 1-12.

. Borgia E, Baron R, & Borgia JL (2019) Quality and

survival of direct light-activated composite resin restora-
tions in posterior teeth: A 5- to 20-year retrospective
longitudinal study Journal of Prosthodontics 28(1)
€195-e203.

. Kopperud SE, Tveit AB, Gaarden T, Sandvik L, & Espelid

I (2012) Longevity of posterior dental restorations and
reasons for failure. European Journal of Oral. Sciences
120(6) 539-548.

. Davidson CL & Feilzer AJ (1997) Polymerization shrink-

age and polymerization shrinkage stress in polymer-
based restoratives Journal of Dentistry 25(6) 435-440.

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

Mantri SP & Mantri SS (2013) Management of shrinkage
stresses in direct restorative light-cured composites: A
review Journal of Esthetic and Restorative Dentistry
25(5) 305-313.

Soares Cd, Faria-E-Silva AL, Rodrigues MP, Vilela ABF,
Pfeifer CS, Tantbirojn D, & Versluis A (2017) Polymer-
ization shrinkage stress of composite resins and resin

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Operative Dentistry

cements—What do we need to know? Brazilian Oral
Research 31(Supplement 1) e62.

Gongalves F, Kawano Y, & Braga RR (2010) Contraction
stress related to composite inorganic content Dental
Materials 26(7) 704-709.

Satterthwaite JD, Maisuria A, Vogel K, & Watts DC
(2012) Effect of resin-composite filler particle size and
shape on shrinkage-stress Dental Materials 28(6)
609-614.

Braga RR & Ferracane JL (2004) Alternatives in
polymerization contraction stress management Critical
Reviews in Oral Biology and Medicine 15(3) 176-184.

He J, Luo Y, Liu F, & Jia D (2010) Synthesis and
characterization of a new trimethacrylate monomer with
low polymerization shrinkage and its application in
dental restoration materials Journal of Biomaterials
Applications 25(3) 235-249.

Maghaireh GA, Taha NA, & Alzraikat H (2017) The
silorane-based resin composites: A review Operative
Dentistry 42(1) e24-e34.

Jackson RD & Morgan M (2000) The new posterior resins
and a simplified placement technique Journal of the
American Dental Association 131(3) 375-383.

Tsujimoto A, Barkmeier WW, Takamizawa T, Latta MA,
& Miyazaki M (2017) Depth of cure, flexural properties
and volumetric shrinkage of low and high viscosity bulk-
fill giomers and resin composites Dental Materials
Journal 36(2) 205-213.

Tsujimoto A, Barkmeier WW, Takamizawa T, Latta MA,
& Miyazaki M (2016) Mechanical properties, volumetric
shrinkage and depth of cure of short fiber-reinforced resin
composite Dental Materials Journal 35(3) 418-424.

Cara RR, Fleming GdJ, Palin WM, Walmsley AD, & Burke
FJ (2007) Cuspal deflection and microleakage in premolar
teeth restored with resin-based composites with and
without an intermediary flowable layer Journal of
Dentistry 35(6) 482-489.

Kaisarly D & Gezawi ME (2016) Polymerization shrink-
age assessment of dental resin composites: A literature
review Odontology 104(3) 257-270.

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

Nikolaenko SA, Lohbauer U, Roggendorf M, Petschelt A,
Dasch W, & Frankenberger R (2004) Influence of c-factor
and layering technique on microtensile bond strength to
dentin Dental Materials 20(6) 579-585.

Chandrasekhar V, Rudrapati L, Badami V, & Tummala
M (2017) Incremental techniques in direct composite
restoration Journal of Conservative Dentistry 20(6)
386-391.

Miinchow EA, Meereis CTW, de Oliveira da Rosa WL, da
Silva AF, & Piva E (2018) Polymerization shrinkage
stress of resin-based dental materials: A systematic
review and meta-analyses of technique protocol and
photo-activation strategies Journal of the Mechanical
Behavior of Biomedical Materials 82(June) 77-86.

$S800B 98] BIA Z0-60-GZ0Z 1€ /woo Aiojoeignd-poid-swd-yiewlsiem-jpd-swiid//:sdny woly papeojumoq



Tsujimoto & Others: Layering Techniques and Shrinkage Stress 663

27.

28.

Meereis CTW, Miinchow EA, de Oliveira da Rosa WL, da
Silva AF, & Piva E (2018) Polymerization shrinkage
stress of resin-based dental materials: A systematic
review and meta-analyses of composition strategies
Journal of the Mechanical Behavior of Biomedical
Materials 82(June) 268-281.

Pardo Diaz CA, Shimokawa C, Sampaio CS, Freitas AZ, &
Turbino ML (2020) Characterization and comparative

29.

analysis of voids in Class II composite resin restorations
by optical coherence tomography Operative Dentistry
45(1) 71-79.

Hayashi J, Espigares J, Takagaki T, Shimada Y, Tagami
J, Numata T, Chan D, & Sadr A (2019) Real-time in-depth
imaging of gap formation in bulk-fill resin composites
Dental Materials 35(4) 585-596.

$S800B 98] BIA Z0-60-GZ0Z 1€ /woo Aiojoeignd-poid-swd-yiewlsiem-jpd-swiid//:sdny woly papeojumoq



“Operative Dentistry, 2020, 45-6, 664-676

Interfacial Evaluation of CAD/CAM
Resin Inlays on the Cavity Floor
Using Swept-source Optical
Coherence Tomography

S-H Han ¢ Y Shimada ¢ A Sadr ¢ J Tagami ¢ S-E Yang

Clinical Relevance

When a resin nanoceramic inlay is cemented using self-adhesive cement, a universal
dentin adhesive can be applied to the prepared cavity. The application of the adhesive
before self-adhesive cement placement provides similar or better interfacial adaptation

than without the adhesive.

SUMMARY

Purpose: The first objective of this study was
to determine whether the luting material used
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for computer-aided design and computer-aid-
ed manufacture resin nanoceramic inlays af-
fected interfacial adaptation. The second ob-
jective was to investigate whether application
of a universal dentin adhesive before cemen-
tation affected interfacial adaptation. The
final objective was to compare the inlay-side
and dentin-side interfaces in the cement
space.

Methods and Materials: Seventy-four class I
cavities were prepared on extracted human
third molars. Cavities were optically scanned,
and resin nanoceramic inlays were milled
using Lava Ultimate blocks (3M ESPE). For
the control groups, the fabricated inlays were
cemented using Panavia V5 (Kuraray Nori-
take) or FujiCem 2 (GC). For the experimental
groups, the teeth were randomly divided into
groups I and II. Group I contained four sub-
groups using different luting materials; in all
subgroups, the inlays were cemented and dual
cured without pretreatment. Group II con-
tained six subgroups in which inlays were
cemented and dual cured after application of
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a universal dentin adhesive. After thermocy-
cling, interfacial adaptation was measured
using swept-source optical coherence tomog-
raphy (SS-OCT) imaging and statistically com-
pared among groups.

Results: Interfacial adaptation was different
depending on the luting material used (p<0.05).
After application of a universal adhesive, some
subgroups showed improved interfacial adap-
tation (p<0.05). In the comparison of inlay-side
and dentin-side interfaces, no difference was
found in interfacial adaptation (p>0.05).

Conclusions: Interfacial adaptation for resin
nanoceramic inlays differed with luting mate-
rial. For some self-adhesive cements, applica-
tion of a universal adhesive before cementa-
tion improved interfacial adaptation.

INTRODUCTION

Computer-aided design and computer-aided manu-
facturing (CAD/CAM) restorations, using prefabri-
cated blocks, is one of the latest trends in restor-
ative dentistry. As well as ceramic materials,
indirect composite inlays can be milled from
prefabricated composite blocks.! One advantage of
using a composite block is that resin can be less
susceptible than ceramic to chipping during the
milling process.? Glass ceramic materials are stiff
and brittle, making them highly susceptible to
chipping and fracture.®> Resin composite restora-
tions do not cause excessive wear on natural
dentition. In addition, if resin cement is used as
the luting material, the modulus of elasticity of the
cement is similar to that of the composite restora-
tion, which can create a more uniform stress
distribution throughout the teeth compared to
ceramic inlays.*®

The retention of an indirect restoration largely
depends on the adhesive cementation.® Composite
resin cement with a multistep application tech-
nique has been used to bond restorations. The use
of conventional resin cements can improve the
physical properties of an indirect restoration;
however, a multistep application can be technique
sensitive.” Recently, self-adhesive cements (SACs)
that do not require pretreatment of the tooth
surface have been introduced and are gaining
popularity. Their major advantage is simple appli-
cation with little technique sensitivity. SACs have
a characteristic requirement of need for pH
increase: when an SAC is mixed, it has an initially
low pH to demineralize the tooth material. After a

certain amount of time, that initial acidity should
be neutralized to produce a durable cement.

Another current trend in composite restoration is
use of a one-step universal adhesive for dentin
bonding. One-step self-etch universal adhesives
make the bonding procedure simple and fast.
However, they create several problems for composite
restorations.® Moreover, incompatibility problems
between one-step self-etch systems and self-/dual-
cure resin composites have been reported.®!® It is
known that the tertiary amine used as the acceler-
ator in self-/dual-cure composites can be neutralized
by acidic functional monomers.® Despite those
incompatibility issues, the manufacturer of the
nanoceramic block material recommends that its
universal dentin adhesive be applied to both the
restoration and the tooth before cementation. There-
fore, it was questioned whether interfacial adapta-
tion could be improved by applying a universal
adhesive before placing the luting material. If the
universal adhesive is to be applied, a flowable bulk-
fill composite could be used as the luting material. It
was also wondered whether interfacial adaptation
using the flowable bulk-fill composite differed from
that cemented with SACs.

The clinical success of indirect restorations de-
pends on a durable bond to the tooth material.!'2
Several researchers investigated bond strength and
fracture surfaces using light microscopes, scanning
electron microscopes, or transmission electron mi-
croscopy.'®'® In those studies, adhesive, mixed, or
cohesive failure at different locations can imply a
weak or strong interface in a cemented restoration.
However, those studies were performed after inter-
faces had been detached or separated.

Optical coherence tomography (OCT) can be used
to investigate the interfaces inside a restored tooth
and to determine whether a microgap is present.
When light passes through the interface between
two types of media with different refractive indices,
a portion of the light is reflected depending on the
incidence angle and refractive index (n). The
refractive index of air is 1.0 (n), that of water is
1.3, and that of a tooth or resin composite is 1.5-1.6.
If there is a microgap between a tooth and a
restoration, air or water can be present at the
interface. When light transverses the air at the
interface, a different portion of light is reflected,
and the OCT system shows a higher signal
intensity. Swept-source OCT (SS-OCT) is a specific
type of OCT and is known to have high image
resolution and scan speed. Therefore, SS-OCT can

665

$S800B 98] BIA Z0-60-GZ0Z 1€ /woo Aiojoeignd-poid-swd-yiewlsiem-jpd-swiid//:sdny woly papeojumoq



666 Operative Dentistry

Group Il

Thermo—cycling
10,000 times

Cementation
and light-curing

Occlusal Class | cavity Treatment of the tooth
reduction preparation: cavity
3.5 mm in diameter, Group |: no treatment
2 mm in depth and Group |I: Dentin adhe-
Inlay fabrication sive application

Placement of

Image taking:
Specimen onto the vertical cut for 2D
platform of OCT evaluation

S— ——
Inlay 1st image
——

3D evaluation

_ 2nd image
Cement — i
space: 100 um cavily floor S5 6th image
and 7 images ™ 7th image

Image taking: taken at 15 ym  Schematic drawing

horizontal cut for  intervals where horizontal

images were taken

Figure 1. Experimental procedure for this study.

be used to investigate internal interfaces without
damaging the specimen.®

The first objective of this study was to determine
whether there was a difference in interfacial adap-
tation when diverse luting materials were used for
resin nanoceramic inlay cementation. The second
objective was to investigate whether application of a
universal dentin adhesive before placement of the
luting material would improve the interfacial adap-
tation. The final objective of this study was to
compare the two interfaces: inlay-side interface
between the restorative material and the luting
material and dentin-side interface between the tooth
and the luting material.

The null hypotheses tested were as follows: 1)
there is no difference in the interfacial adaptation of
a resin nanoceramic inlay restoration when it is
cemented by different luting materials; 2) when a
resin nanoceramic inlay is cemented with self-
adhesive cement after application of a universal
dentin adhesive, the interfacial adaptation does not
differ from that without pretreatment; and 3) when
SAC is used as the luting material, there is no
difference in interfacial adaptation between the
restorative material and the luting material com-
pared to the tooth and the luting material.

METHODS AND MATERIALS
Specimen Preparation

The setup used in this study is schematically
illustrated in Figure 1. Extracted human third molars,
free of cracks, caries, and restorations, were selected
and stored in a 0.5% chloramine solution at 4°C and
used within two months of extraction. Seventy-four
teeth were chosen with a buccolingual dimension of
10.5 = 0.5 mm. The occlusal surface of each tooth was
flattened with a trimmer and 320-grit SiC abrasive
paper. Round class I cavities were prepared on the
occlusal surface with a flat-end, straight diamond bur
(6837-016, Komet Brasseler, Lemgo, Germany). The
dimensions were 3.5 * 0.2 mm in diameter and 2 *+
0.1 mm in depth. For cutting efficacy, a new bur was
used every five preparations.

CAD/CAM Inlay Fabrication

Each prepared cavity was optically scanned (Medit
Identica hybrid scanner, Medit, Seoul, Korea), and a
virtual inlay was created with 100 um of cement
space (Milling software, Excad v 2.0.0.3). A resin
nanoceramic block (21X19X14 mm) of Lava Ultimate
(A2 HT, 3M ESPE, Neuss, Germany) was used to
fabricate the inlays, which were milled using a
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Roland Inlab milling machine (DWX-51D, Roland
DG, Harmamatsu, Japan).

Groups and Restorative Procedure

For the control-1 group (PV5, n=6), the resin nano-
ceramic inlays were cemented using Panavia V5
(Kuraray Noritake, Tokyo, Japan). The internal
surface of each indirect inlay was air-abraded using
50-um Al;O3 particles 10 mm from the surface and two
bars of (30 psi) pressure until the entire bonding
surface had a matte appearance. After surface treat-
ment, the particles were removed with alcohol,
followed by ultrasonic cleaning in distilled water for
three minutes and air drying. Then, Ceramic Primer
Plus was applied and dried following the manufactur-
er’s instructions. For tooth treatment, the Tooth
Primer in the Panavia V5 kit was applied to the
dentin surface of the tooth cavity. Following the
manufacturer’s instructions, gentle dry air was blasted
for 20 seconds after Tooth Primer application. Equal
amounts of the base and catalyst of Panavia V5 were
mixed and placed into the tooth cavity. After position-
ing the fabricated inlay into the cavity, a load of 0.5 kg
was applied on the inlay surface to allow the extrusion
of excess cement. After a transparent celluloid strip
was placed onto the top of the inlay, light-curing was
performed (1200 mW/cm?, Elipar S10, 3M ESPE, St.
Paul, MN, USA) on the top surface for 40 seconds.

For the control-2 group (FC2, n=6), Fuji Cem 2
(GC, Tokyo, Japan) was used for inlay cementation.
After the same mechanical treatment on the inlay
surface as used for the control-1 group, equal
amounts of Fuji Cem 2 base and catalyst were mixed
and placed into the tooth cavity. After positioning
the inlay, the cement was allowed to set for 10
minutes without light-curing.

For the experimental groups, the teeth were
randomly divided into two groups (groups I and II).
Group I was composed of four subgroups, and the
inlays were cemented without pretreatment. Group
II was composed of six subgroups, and the inlays
were cemented after application of a universal
dentin adhesive. For group I, the fabricated inlay
was cemented without pretreatment. The prepared
teeth and fabricated inlays were randomly assigned
to four subgroups (n=6 per subgroup) according to
luting material. The cementing procedures are
described in Table 1. For group RXU, RelyX U200
(83M ESPE) was used. For group GCL, G-Cem
LinkAce (GC) was used. For groups SC2 and MLS,
SmartCem2 (Dentsply Caulk, Milford, DE, USA) and
Multilink Speed (Ivoclar Vivadent, Schaan, Liech-
tenstein) were used, respectively.

For group II, the fabricated inlay was cemented
after application of a one-step self-etch universal
adhesive, Clearfil Universal Bond Quick (CUB). The
CUB was applied to the internal portion of the inlay
and cavity dentin with a rubbing motion and dried
by blowing mild air onto it until the adhesive did not
move. The teeth and fabricated inlays in group II
were randomly assigned to six subgroups (n=6 teeth
per subgroup). For group RXU, RelyX U200 (3M
ESPE) was used for cementation after CUB had been
applied. For group GCL, G-Cem LinkAce (GC) was
used after CUB treatment. For groups SC2 and
MLS, SmartCem2 (Dentsply Caulk) and Multilink
Speed (Ivoclar Vivadent), respectively, were used in
the same way. For group SDR, the SDR (Smart
Dentin Replacement, Dentsply Caulk) bulk fill
flowable composite was used as the luting material
after CUB treatment. For group VBF, Venus Bulk
Fill flowable composite (Heraeus Kulzer, Dormagen,
Germany) was applied in the same way.

After the luting material was applied, the fabri-
cated inlay was placed. A load of 0.5 kg was applied
on the occlusal surface to allow extrusion of excess
cement. After a transparent celluloid strip was
placed onto the top of the inlay, light-curing was
performed (1200 mW/cm?, Elipar S10, 3M ESPE) on
the top surface for 40 seconds.

Thermocycling Procedure

All specimens were stored in water at room temper-
ature for 24 hours before thermocycling. Then, the
specimens were fatigued with 10,000 thermocycles to
represent approximately one year of clinical func-
tioning.'” The teeth were cycled between water
baths of 5°C and 55°C with a dwell time of 30
seconds and a transfer time of five seconds. After
thermocycling, the specimens were stored in water
at room temperature.

SS-OCT System

The SS-OCT system (IVS-2000, Santec Co., Komaki,
Japan) used in this study was a frequency-domain
OCT system integrating a high-speed frequency. To
sweep the external cavity, the near-infrared spec-
trum was swept from 1260 to 1360 nm, with its
spectral bandwidth centered at 1310 nm, at a scan
rate of 20 kHz. The system has a handheld probe
with a power less than 5 mW. Backscattered light-
carrying information about the microstructure of the
sample was collected, digitized in a time scale, and
analyzed in the Fourier domain to reveal informa-
tion at each location on the x-axis or depth (A-scan).
Combining a series of A-scans along a scan path can
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Table 1: Composition and Application Method for the Materials Used

Code Material Product Manufacturer

Composition

Application Procedure

CUB  Self-etch universal  Clearfil universal  Kuraray Noritake,

Bis-GMA, 10-MDP, HEMA,

After the dentin was dried, the

cement MN, USA

containing phosphoric acid
groups, silanated fillers, initiator,
alkaline fillers

dentin adhesive bond quick Tokyo, Japan hydrophilic amide monomer, filler, adhesive was applied. Then, the
ethanol, water, NaF, photo entire cavity wall was dried by
initiators, chemical polymerization  blowing mild air.
accelerator
PV5 Dual-cure resin Panavia V5 Kuraray Noritake, Paste A: Bis-GMA, TEGDMA, The Tooth Primer was applied,
cement Tokyo, Japan initiators, accelerators, silanated left for 20 seconds, and gently
barium glass filler; Paste B: Bis- air-dried. The mixed paste was
GMA, silanated aluminum oxide placed.
filler, camphorquinone
FC2 RMGI (resin Fuji Cem 2 GC, Tokyo, Japan Paste A: Fluoroaluminosilicate Paste A and paste B were mixed
modified glass glass, HEMA, dimethacrylate, for 10-15 seconds. The cavity
ionomer) cement pigment, initiator; Paste B: wall was coated with the cement.
Polyacrylic acid, silica powder,
initiator
RXU  Self-adhesive RelyX U200 3M ESPE, St Paul, Methacrylate monomers Mixed cement was applied to the

cavity using an auto-mix syringe.

GCL Self-adhesive
cement

G-Cem LinkAce  GC, Tokyo, Japan

Powder: Fluoroaluminosilicate
glass, initiator, pigment; Liquid: 4-
META, phosphoric acid ester
monomer, UDMA

Mixed cement was applied to the
cavity using an auto-mix syringe.

SC2 Self-adhesive
cement

Smart-Cem2 Dentsply Caulk,

Milford, DE, USA

UDMA, di- and tri-methacrylate
resins, fluoroaluminosilicate
glass, initiator, accelerators

Mixed cement was applied to the
cavity using an auto-mix syringe.

MLS Self-adhesive
cement

Multilink Speed Ivoclar Vivadent,
Schaan,

Liechtenstein

Methacrylate monomers
containing phosphoric acid
groups, dimethacrylate, barium
glass, ytterbium trifluoride

Mixed cement was applied to the
cavity using an auto-mix syringe.

SDR  Bulkfill flowable SDR
composite

Dentsply Caulk,
Milford, DE, USA

Modified UDMA, EBPADMA,
TEGDMA, Ba-Al-F-B silicate
glass, St-Al-F silicate glass,
photo-initiator

Flowable composite was applied
to the cavity

VBF Bulk-fill flowable Venus Bulk Fill Heraeus Kulzer,
composite Dormagen,
Germany

UDMA, EBPADMA, Bis-EMA, Ba-
Al-F silicate glass, YbFs, silicon
dioxide

Flowable composite was applied
to the cavity

Abbreviations: Bis-EMA, bisphenol-A polyethylene glycol diether dimethacrylate; Bis-GMA, bisphenol-A diglycidy! ether dimethacrylate; EBPADMA, ethoxylated
bisphenol A dimethacrylate; HEMA, 2-hydroxyethyl methacrylate; TEGDMA, triethylene glycol dimethacrylate; UDMA, urethane dimethacrylate; 4-META, 4-
methacryloyloxyethyl trimellitate anhydride; 10-MDP, 10-methacryloyloxydecyly dihydrogen phosphate.

produce a B-scan. By transforming the raw B-scan
data into grayscale, a cross-sectional image can be
created. Using serial B-scans over an area, the
system produces a 3D image (horizontal cut image
in this experiment). The axial resolution of the OCT
system was 11 um in air, which was equivalent to 7
pm in oral hard tissues and resin composites,
assuming a refractive index of about n = 1.5.

SS-OCT Image Collection and Analysis

Each specimen was positioned on the metal platform
of the OCT system. The surface of the specimen was
dried using an air duster to standardize the surface
conditions. Using the handheld scanning probe
connected to the SS-OCT, the light beam was

projected onto the inlay surface of the specimen
and scanned across the area.

For vertical-cut image collection, the first SS-OCT
image was taken at the center of the restoration. The
light beam was projected onto the bottom surface of
the specimen and scanned across the area. The OCT
probe was set at a fixed distance above the specimen.
The first SS-OCT image of the restoration was taken
parallel to the buccolingual plane of the cavity at the
center of the restoration (Figure 1). After the first
image was taken, the platform holding the specimen
was moved 0.3 mm distally, followed by acquisition
of the second image. The third image was taken after
the platform was positioned at 0.3 mm mesially from
the original center position. These vertical-cut
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cement

Cement

Negative g
control:

Figure 2. SS-OCT images for interfacial adaptation measurement. (a) Representative OCT image of a negative control without luting material: vertical cut.
(b) A negative control image of the cement space: horizontal cut. (c) The first horizontal-cut image with luting material (PV5) in the cement space. The luting
material shows an intensity value similar to that of dentin. The first image was taken parallel to the cavity floor 5 um down from the inlay base. (d) The
second image with PV5 in the cement space. The second image was taken 15 um down from the first image. (e-i) The third, fourth, fifth, sixth, and seventh
images, respectively, which were each taken 15 um down from the previous image. j and k are the same images as in g, which are presented for the
calculation of HB% of image g. (j) The same image as in g with a circle representing the cavity border. (k) The same image as in j processed by
GapAnalyzer. The white dots on image k are brighter pixels that have higher signal intensity than the threshold to indicate a microgap at the cement space.
The signal intensity of the threshold value was determined using the negative control image. On image k, the area of white dots was measured and then
divided by the area of the circle to calculate the interfacial adaptation (HB%). On image k, the HB% was calculated to be 11.9%.

images were used as references and not applied in
the statistical analysis.

For horizontal-cut image collection, the first SS-
OCT image of the restoration was taken parallel to
the cavity floor 5 um below the inlay base. After the
first image was taken, the platform holding the
specimen was moved upward 15 pum, followed by
acquisition of the second image. A total of seven
images were taken in the cement space of each
specimen at 15-um intervals (Figure 1).

To evaluate the resin—tooth interfacial adaptation,
raw OCT data were imported into image analysis
software (Imaged, ver. 1.48, National Institutes of
Health, Bethesda, MD, USA). If air or water was
present at the tooth—restoration interface, part of the

light reflected from the interface was visualized as a
bright spot on the image (Figure 2). The high
brightness (HB%) parameter was defined as the
percentage of brighter pixels with a signal intensity
above the threshold value in the signal intensity
profile’®® and calculated to indicate microgap or
nonadapted area in the cement space (Figure 2k). To
calculate the percentage of pixels brighter than the
threshold, images were processed using GapAnalyz-
er, plug-in software that uses a binarization process
described previously.'®?° Using the seven horizon-
tal-cut cross-sectional images of each specimen, the
mean HB% per sample was calculated. A higher
HB% represents inferior interfacial adaptation in
the cement space.
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Table 2: Mean High Brightness Values (HB%) in Each Group?

Group Control® Experimental Subgroup
PV5 FC2 RXU SM2 MLS Adhesive® Adhesive®
+ SDR + VBF
I: Cementation 10.2 (3.4)a 24.6 (4.6)d 10.7 (3.4) a,b,A 11.1(3.6) ab,A 18.2(4.0)c,B 13.0(3.8) a,b,B
without
pretreatment
IIl: Cementation 10.2 (3.4) a 94 (32)aA 104(29)aA 148(34)c,A 104 (3.0)aA 11.1(3.2)ab 12.9(3.5)b,c
with dentin
adhesive

° The adhesive was CUB.

@ Standard deviations are indicated in parentheses. In each row, values marked by identical lowercase letters are not significantly different (one-way ANOVA and Tukey
test, p>0.05). In each column, values marked by identical uppercase letters are not significantly different (independent t-test, p>0.05).
b The results of PV5 (control-1) for Groups | and Il and FC2 (control-2) for Group | are presented for comparison with other luting materials.

Comparative Analysis of the Inlay-side
Interface and Dentin-side Interface

The CAD/CAM inlay was fabricated with a 100-um
cement space. For inlay-side interfacial adaptation,
which can represent the interface between the inlay
and luting material, the first and second horizontal-
cut images were measured (Figure 1). As explained
earlier, the first image was taken parallel to the
cavity floor 5 pym down from the inlay base (Figure
2c¢). The second image was taken 15 pym down from
the previous image (Figure 2d). The inlay-side
interfacial adaptation was the average HB% of the
first and second images. The dentin-side interfacial
adaptation, which may represent the interface
between the tooth and the luting material, was
calculated as the mean of the sixth and seventh
images. Inlay-side and dentin-side interfacial adap-
tations were calculated for each specimen.

Statistical Analysis

Because the distribution of measurements in each
group was normal (Shapiro-Wilk test, p>0.05),
parametric statistical tests were performed. To test
for homogeneity of variances of the groups, Levenes
test was used (p>0.05). The HB% of the SAC groups

(RXU, GCL, SM2, and MLS) was analyzed using
two-way analysis of variance (ANOVA) to test the
effects of universal adhesive application and luting
material, as well as their interaction. For the
comparison of subgroups in groups I and II, one-
way ANOVA and the Tukey test were performed. To
compare the SAC subgroups between groups I and
II, an independent #-test was used (Table 2). For
analysis of interfacial adaptation at the inlay-side
and dentin-side interfaces, one-way ANOVA and
post hoc Tukey tests were performed (Table 3). All
statistical analyses were conducted using PASW
Statistics 18 software (SPSS for Windows, SPSS, Inc,
Chicago, IL, USA) with the significance level set at
a=0.05.

RESULTS

The interfacial adaptations (HB%) are summarized
in Table 2. The two-way ANOVA showed the
significance of universal adhesive application, the
luting material, and their interaction, at 0.008, less
than 0.001, and 0.036 (p<<0.05), respectively. After
one-way ANOVA and Tukey analysis, interfacial
adaptation was different depending on the luting
material in both groups I and II (Table 2; each row,

Table 3: Mean HB% of control (PV5) and Self-adhesive Cements at the Inlay-side and Dentin-side Interfaces?

Group Control, PV5° Experimental Subgroup
RXU GCL SC2 MLS

|

Inlay-side interface 9.1 (1.6) a,A 9.8 (4.0) a,A 11.7 (4.6) a,A 17.2 (2.0) b,A,B 13.0 (2.4) a,B

Dentin-side interface 11.1 (2.3) a,A 10.6 (2.2) a,A 11.1 (2.5) a,A 19.1 (3.6) b,B 12.6 (4.4) a,AB
I

Inlay-side interface 9.1 (1.6) a,A 11.4 (3.8) a,A 11.0 (2.5) a,A 15.9 (3.0) b,A,B 11.3 (3.3) a,AB

Dentin-side interface 11.1 (2.3) a,b,A 8.3 (2.0) a,A 8.8 (2.1) a,A 14.1 (3.6) b,A 9.1 (2.4) a,A

2 Standard deviations are indicated in parentheses. In each row, values marked by identical lowercase letters are not significantly different (one-way ANOVA, p>0.05).
In each column, values marked by identical uppercase letters are not significantly different (one-way ANOVA, p>0.05).
b The results of PV5 in Groups | and Il are presented for comparison with other subgroups.
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p<0.05). The independent ¢-test showed that appli-
cation of a universal dentin adhesive significantly

improved adaptation in some of the SAC groups
(Table 2; each column, p<<0.05).

In the comparison of inlay-side and dentin-side
interfaces in groups I and II, no different interfacial
adaptation was found (Table 3; p>0.05). In the
comparison of inlay-side interfacial adaptations
between groups I and II, no difference was found
(Table 3; first and third rows, p>0.05). However, a
different adaptation was found at the dentin-side
interface between a subgroup of group I and a
subgroup of group II (Table 3; second and fourth
rows, p<<0.05).

DISCUSSION

The first null hypothesis was rejected because HB%
(internal adaptation) was different depending on
luting material. Some of the SACs showed interfacial
adaptation similar to that of the control group,
whereas other SACs had inferior interfacial adapta-
tion. Thus, SACs’ self-adhesive capacities can be
different by product features.?! SACs have a complex
composition, including methacrylate monomers,
acidic functional monomers, fillers, and initiators
(Table 1). The selection and proportion of each
component may determine the final properties of
the materials.?? The second null hypothesis was
partially rejected because application of a universal
dentin adhesive improved interfacial adaptation, but
only in some subgroups. The third null hypothesis
was accepted because the inlay-side and dentin-side
interfaces showed no difference in interfacial adap-
tation.

SACs are reported to have a limited capacity to
demineralize dentin and have no significant infiltra-
tion more than a micrometer into the dentin.?*
However, some SACs showed interfacial adaptation
comparable to that of conventional resin cement
(Table 2). It was previously reported that RXU can
make cement bind with the calcium in hydroxyapa-
tite due to the phosphate group in its functional
monomer.?* GCL is known to contain two functional
monomers: 4-META (4-methacryloyloxyethyl trimel-
litate anhydride) and a phosphoric-acid ester mono-
mer.?® 4-META can be hydrolyzed to form 4-MET (4-
methacryloxyethyl trimellitic acid), which can have
a chelating reaction with hydroxyapatite.?627 SC2
and MLS had relatively inferior adaptation (Table
2). In other studies, SC2 and MLS showed relatively
low micro-tensile or shear bond strength to dentin
and high pretest failures.?>?®?? One study indicated
that the bonding ability of SACs depends mainly on

the presence of an acid-functionalized monomer.>°

Thus, SACs’ adhesive properties are material de-
pendent and could be related to the composition of
each material ?!%®

SAC manufacturers have challenges to address.
SACs need two opposite characteristics to achieve
stable cementation: hydrophilicity for tooth bonding
and hydrophobicity for resin matrix durability. For
the bonding mechanism, SACs include acidic, hydro-
philic monomers that can chemically interact with
the hydroxyapatite in the tooth. Carboxylic or
phosphoric acid groups in the monomers, which can
show a low pH before reaction, form a complex with
the calcium of hydroxyapatite.?>3! To neutralize this
initially acidic condition, a glass-ionomer concept
was adopted.? The acid-base reaction of the acidic
functional group with the basic inorganic filler in the
cement or the mineralized tooth surface can lead to
neutralization.?® However, some SACs still have low
pH values (less than 4) even two to seven days after
mixing.3"33 This acidity could compromise the
curing of the resin, increase water sorption, and
lower the SAC’s mechanical properties.?*3* Another
problem for SAC bonding can be dependence on the
condition of the bonding substrate.?® SACs showed
different bond durability depending on dentin sur-
face conditions such as moisture and smear layer.?’

Despite the problems with one-step universal
adhesives, application of the universal adhesive
produced similar or better interfacial adaptation
than not using it (Table 2). Applying a universal
adhesive to dentin provides an acidic treatment to
the dentin. In terms of pH, SACs could be applied to
the adhesive-treated surface because the acidic
functional monomer in the SAC has a mechanism
similar to that of a self-etch universal dentin
adhesive.?® When using a universal dentin adhesive
in this study, one reason for the improved adaptation
could be modification of the smear layer on the
dentin surface. The presence of a smear layer has
been recognized as a weak link to dentin.?® It was
reported that mild acidic treatment, which could
remove the superficial, loosely bound fraction of the
smear layer, could enhance adhesion.?® Some SACs
may not be able to modify the smear layer, so an
additional treatment of universal adhesive could
improve interfacial adaptation.

No differences in adaptation were found in the
comparison of the inlay-side and dentin-side inter-
faces in groups I and II (Table 3). Generally, the
dentin-side interface showed inferior adaptation to
the inlay-side; however, no statistically significant
difference was found. For the comparison of the
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inlay-side of group I and that of group II, no
difference was found. It could indicate that universal
adhesive treatment on the resin inlay surface did not
significantly improve adaptation at the inlay-side
interface. It was previously reported that mechanical
treatments such as sandblasting would be the most
determining factor for improving the retention of
indirect composite restorations.??> Another paper
presented that sandblasting Lava Ultimate contrib-
uted most of the bonding, whereas the effects of
other treatments remained unclear.’® In the com-
parison of dentin-side interfaces between groups I
and II, one significant difference was found (Table 3).
It can suggest that a universal adhesive may
improve adhesion to the dentin interface depending
on the luting material.

The horizontal OCT images show the interfacial
debonding pattern in the cement space under the
inlay. The most frequent debonding pattern at the
inlay side was circular along the border of the cavity,
while that at the dentin side was irregular (Figures 3
and 4). The circular pattern can be due to polymer-
ization shrinkage of the luting material toward the
center of the cement space and the relatively even
bond strength on the inlay-side interface. However,
the debonding pattern on the dentin side was
somewhat different and frequently irregular, which
might indicate that bonding to the dentin surface
was not consistent. Several other variables might
also affect interfacial adaptation at the dentin
surface: different characteristics of regional dentin,
different properties of dentin adhesives, surface
defects, air bubbles, phase separation, and a non-
uniform adhesive layer. Those variables could make
the bond strength on the dentin side nonuniform to
produce an irregular debonding pattern.

Drawbacks and limitations should be considered
when the interfacial adaptation is evaluated by the
SS-OCT image. First, SS-OCT has depth limitations.
Even though SS-OCT shows very clear images
within the penetrating depth of the laser, it cannot
be used in deep cavities or with a non-light-
transmitting material such as metal. The imaging
depth of SS-OCT systems had been reported to be in
the range of 2-3 mm.?’ Therefore, the cavity design
for SS-OCT evaluation can be limited depending on
the light penetration capability. The second thing to
consider is the threshold for the gap decision. It
would be ideal to evaluate the images with one signal
intensity threshold. However, defining a SS-OCT
threshold was very complicated because the signal
intensity was affected by the light intensity, scatter-
ing, attenuation, and transmittance properties of the

Operative Dentistry

material.'®! In this experiment, the threshold was
determined after the signal intensity was measured
on the negative control image.

PV5, which is a dual-cure resin cement, was used
as a control. It is claimed that PV5 contains a novel
amine-free redox initiator that makes it possible to
avoid the oxidation of amine. Unlike the previous
version (Panavia F2), PV5 does not contain 10-MDP
in the cement paste, but it is included in the Tooth
Primer. Essentially, 10-MDP is a hydrophilic, acidic
monomer that can lead the cement to a low degree of
conversion. FC2, which was used as a second
reference control, showed much more debonding on
the dentin side than on the inlay side. For the SDR
and VBF groups, a bulk-fill flowable composite
which has no acid—base reaction for polymerization,
was tested as the luting material. Those groups
showed interfacial adaptation comparable to those of
the resin-based cements (Table 2). However, the
debonding pattern was somewhat different and
frequently showed an agglomerated pattern. Bulk-
fill flowable composites do not have self-curing
potential and are fully light dependent, highlighting
the importance of transmitting light through the
whole restorative material.

SACs are known to contain specific components to
prevent the acid-base reaction problem.?® As ex-
plained in the Introduction, the problem with self-/
dual-cure resins is incompatibility between the
residual acidic monomer of the universal dentin
adhesive and the tertiary amine catalyst.® For
SACs, an acid-tolerant oxidant such as cumene
hydroperoxide is included in the acidic part, and a
reductant such as benzoyl thiourea is used in the
nonacidic part.3%3° Adverse acid—base reactions can
also be circumvented by using acid-resistant cata-
lysts such as aryl sulphate salts.®?%*° The sodium
salt of aryl sulfinic acid can react with acidic
monomers to produce phenyl free radicals, which
can initiate the self-curing process of the resin.*°
This acid-tolerant composition can help to lessen the
adverse acidic effects of the universal adhesive.

Immediate light-curing can be important to reduce
adverse effects when using a one-step self-etch
universal adhesive. Studies have shown that light-
curing improved the degree of conversion and bond
strength compared with self-curing alone.*'*3 Photo-
initiators such as camphorquinone (CQ) and diphe-
nyl-(2,4,6-trimethylbenzoyl) phosphine oxide (TPO)
are used in the acidic components of SACs. After acid
contamination, light-curing of resin was inhibited to
a much lower extent than that of self-curing,’
possibly because photo-initiation of free radicals is
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Figure 3. Interfacial horizontal-cut images of group | at the cement space. Row I-1 represents the first image, second image, sixth image, and
seventh image of the control-1 group (PV5). Row I-2 represents the same four images of control-2 group (FC2). Row I-3 represents the same four
images from the RelyX U200 group (RXU). Row I-4 represents the same four images from the G-cem LinkAce group (GCL). Row I-5 represents the
same four images from the Smartcem2 group (SC2). Row I-6 represents the same four images from the Multilink Speed group (MLS).

much faster than that of chemical initiators.** immediately cured, water sorption from the dentinal
Another problem of one-step adhesives is that the tubule increased.***¢ It is thought that immediate
permeable adhesive layer can trigger osmotic fluid light-curing with adequate light should be performed

movement.® When the adhesive layer was not whenever a universal dentin adhesive is applied.
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CONCLUSION

Under the limitations of this study, it can be
concluded that the interfacial adaptation of a resin
nanoceramic inlay restorations were different de-
pending on luting material. For the resin nano-
ceramic inlay cementation, the application of a
universal dentin adhesive before SAC placement
showed similar or better interfacial adaptation than
without the dentin adhesive. When SAC was used as
a luting material without any pretreatment, the
interfacial adaptation of the inlay-side was not
different from that of the dentin-side interface. The
comparison of the interfacial adaptation with the
adhesive and that without the adhesive was per-
formed on the inlay-side and the dentin-side. On the
inlay-side, the interfacial adaptation with the uni-
versal adhesive application was not different from
that without the adhesive. However, on the dentin-
side, the interfacial adaptation with the adhesive
was better in some groups.
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DENTISTRY

Changing the Future of Oral Health

Associate Professor/Professor and Head
Department of Restorative Dentistry
University of Illinois at Chicago

College of Dentistry

The University of Illinois at the Chicago College of Dentistry
mvites applications for a full ime, tenured or non-tenured position
as Associate Professor/Professor and Head of the Department of
Restorative Dentistry. The College is located in one of the most
comprehensive academic health sciences centers in the United
States, with a Cancer Center, Center for Clinical and Translational
Sciences, and Colleges of Medicine, Pharmacy, Nursing, Applied
Health Sciences, Public Health, and Social Work that serve a rich-
ly diverse community.

The successful candidate will provide strong leadership of this
dynamic department by assuring the highest quality of education,
leading a productive clinical enterprise, facilitating faculty mentor-
g and development, promoting a sustainable research program,
participating on the College’s leadership team, and maintaining
college, university, and community-wide collaborations. The De-
partment educates dental students and postgraduate specialty stu-
dents in the discipline of Restorative Dentistry. The Department’s
large graduate program of 20 residents maintain a high level of
clinical activity, embracing contemporary therapies and digital
technologies. The Head oversees a broadly inclusive research
program.

Candidates must have earned a DDS/DMD (or equivalent) de-
gree, be eligible for licensure in Illinois, have significant experience
in dental education, a substantial record of scholarship, extensive
clinical experience, and evidence of effective teaching. Diplomate
status in the American Board of Prosthodontics is desirable. The
preferred candidates will have experience such as leadership in
teaching, mentoring, research, and service with demonstrable

experience In promoting an equitable, inclusive, and diverse
scholarly environment. Academic rank and salary will be com-
mensurate with qualifications and experience.

The position is available in 2021. Confidential review of materi-
als and screening of candidates will be ongoing and will continue
until the position is filled. For fullest consideration, please apply
by December 1, 2020, through the university website at:

https://jobs.uic.edu/job-board/job-details?jobID=136260
(TENURED POSITION) or
https://jobs.uic.edu/job-board/job-details?jobID=136268
(NON-TENURED POSITION)

Applicants should include a cover letter, curriculum vitae, and
the names and contact information of four professional referenc-
es.

Inquiries regarding this position may be addressed to Dr. Brad-
ford Johnson, Search Committee Chairperson (312-996-7514 or
bjohnson@uic.edu).

The University of Illinois at Chicago 1s an Equal Opportunity,
Affirmative Action employer. Minorities, women, veterans and in-
dividuals with disabilities are encouraged to apply.

The University of Illinois may conduct background checks on
all job candidates upon acceptance of a contingent offer. Back-
ground checks will be performed in compliance with the Fair
Credit Reporting Act.

The University of Illinois System requires candidates selected
for hire to disclose any documented finding of sexual misconduct
or sexual harassment and to authorize inquiries to current and for-
mer employers regarding findings of sexual misconduct or sexual
harassment. For more information, visit: https://www.hr.uillinois.
edu/cms/One.aspx?Pportalld=4292& pageld=1411899
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Online Only Articles

On occassion we receive manuscripts that we would like to publish, but do not have the page room to include in
the print journal. For the full article, please go to https://meridian.allenpress.com/operative-dentistry or enter the
provided address ito your address bar.

Time-dependent Microhardness Gradients of Self-adhesive
Resin Cements Under Dual- and Selfcuring Modes
T Geng ® Y Pan ¢ ZZ Liu ® C Yuan ®* P Wang ¢ X Meng
Clinical Relevance: Acid-functional monomers in self-adhesive resin cements may decrease their self-curing polym-
erization ability. Light irradiation optimizes polymerization performance.

https://do1.org/10.2341/19-006-L

Effectiveness of Whitening Strips Use Compared With Supervised
Dental Bleaching: A Systematic Review and Meta-analysis
GRYV da Rosa ® BM Maran ¢ VL Schmitt ¢ AD Loguercio ® A Reis ® FS Naufel
Clinical Relevance: Bleaching performed at home while under the supervision of a dentist provides greater color
alteration compared with whitening strips when evaluated with a spectrophotometer, although the color alteration
was undetectable by unaided human eyes.

https://do1.org/10.2341/19-160-L

Polymerization Stress and Gap Formation of
Self-adhesive, Bulk-fill and Flowable Composite
EL Nakano ® ASC de Souza ® LCC Boaro ® LH Catalani ® RR Braga ¢ F Gongalves
Clinical Relevance: Bulk-fill materials show a similar or better performance than control flowable materials
regarding iterfacial integrity. However, some self-adhesive composites need improvements to achieve compet-
1tive performance.

https://do1.org/10.2341/19-166-L

Clinical Efficacy of Different Dentin Desensitizers
GB Eytiboglu ¢ P Naiboglu
Clinical Relevance: Teethmate Desensitizer, Clinpro White Varnish, Shield Force Plus, and Gluma could be rec-
ommended for treating dentin hypersensitivity in terms of clinical efficacy.

https://dot.org/10.2341/19-258-C

Effect of Tribochemical Coating on Composite Repair Strength

AV Ritter ® T Sulaiman ¢ A Altitinchi ¢ F Baratto-Filho ¢ CC Gonzaga ® GM Correr
Clinical Relevance: Tribochemical treatment of existing composite surfaces is highly effective for composite repair.
‘When repairing an old composite restoration, the clinician should try to use the same composite originally used for
the restoration. If the information about the original restoration is not known, a composite with strong mechanical
properties should be used for the repair restoration.

https://do1.org/10.2341/19-145-L
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