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Management of Amelogenesis
Imperfecta: A 15-Year Case
History of Two Siblings

E Dursun ¢ E Savard ¢ C Vargas ¢ L Loison-Robert
H Cherifi ¢ F Bdeoui « M-M Landru

Clinical Relevance

Restoring amelogenesis imperfecta—affected teeth with composite is a viable medium-term
treatment in young adults and a conservative and esthetic approach that allows for
repairs. Stainless steel crowns may be used to restore deciduous and adult molars.
Adjusting crown molds using a thermoforming procedure and buildup of composite shells is
an interesting technique for restoring affected premolars and canines.

SUMMARY

Objective: Amelogenesis imperfecta (Al) is a
heterogenous genetic disorder that interferes
with normal enamel formation in the absence
of systemic disorders. The patients’ main con-
cerns are caries susceptibility, poor esthetics,
and generalized sensitivity. There is a broad
clinical spectrum, from discolorations to con-
sequent enamel alterations. This case report
describes the 15-year case study and the full-
mouth rehabilitation of two siblings affected
by a hypocalcified Al.
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Clinical Considerations: In these two patients,
conservative care with stainless steel crowns
and direct composite restorations was under-
taken to restore function and esthetics and to
reduce sensitivities in primary and mixed
dentitions. The difficulties in monitoring re-
sulted in severe infectious complications (den-
tal abscess with cutaneous fistula), important
dental defects, and loss of spaces with subse-
quent malocclusion. In the young adult denti-
tion, they were treated by extractions, root
canal therapies, and new restorations: stain-
less steel crowns for permanent molars, direct
composite restorations (with strip crowns) for
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incisors and maxillary canines (to improve the
crown morphology as well as to mask the
discolorations and the malpositions), and ad-
justed composite crown molds using a thermo-
forming procedure for premolars and the
mandibular canines. The main difficulties
were rapid tooth surface loss, bonding to
atypical enamel, developing dentition, long-
term follow-up.

Conclusion: Restoring function and esthetics
in Al-affected patients is a challenge from
primary to adult dentition. Early corrections
are essential to avoid dental damage and for
psychological benefits. This clinical report
highlights the adhesive rehabilitation for an-
terior and premolar areas and the difficulty of
patient follow-up.

INTRODUCTION

Amelogenesis imperfecta (AI) is an inherited and
clinically heterogeneous disorder of tooth develop-
ment that could affect all (or nearly all) primary and
permanent teeth. Its prevalence ranges from 1:700 to
1:14,000, according to the studied population.! Three
types have been described: hypocalcified Al (with
soft and friable enamel), hypoplastic AI (with
normally calcified enamel but deficient in quantity),
and hypomaturation AI (characterized by mottled
enamel, with opaque white to red-brown discolor-
ation).2 Furthermore, several other dental anomalies
have been associated with Al, such as taurodontism,
multiple impacted teeth, congenitally missing teeth,
and malocclusions (open bite or class III).3

Rehabilitation is complex and requires a multidis-
ciplinary approach. The treatment objectives are to

Operative Dentistry

Figure 1. Intraoral views of the initial
situation for the sister in primary
dentition (3 years old) affected with a
hypocalcified form of Al.

Figure 2. Intraoral views of the initial
situation for the brother in primary
dentition (6 years old) affected with a
hypocalcified form of Al.

reduce sensitivity and caries susceptibility, protect
the tooth structure from wear, establish good oral
hygiene habits, and restore esthetics and function to
improve the patient’s quality of life. The multiple
treatment phases last several years, and thus the
patient’s compliance is essential. Different treat-
ment options have been proposed for the manage-
ment of Al-affected teeth: microabrasion, laminate
veneers, composite resin restorations, composite or
ceramic onlays, stainless steel crowns, and metal-
ceramic/all-ceramic crowns.%1°

Nowadays, the treatment approach is rather based
on dental tissue preservation. Recent studies have
successfully used composite restorations,” and some
authors even showed that these offered good long-
term performance in permanent hypomineralized
molars.!! The aim of this article is to report the 15-
year case study of two siblings affected by the
hypocalcified form of hereditary Al.

CASES PRESENTATION
During Primary and Mixed Dentition

Two siblings were referred to the Albert Chenevier
hospital of Créteil in 2000 for the treatment of
discolored and sensitive teeth. Both were diagnosed
with hypocalcified form of hereditary AI (Figures 1
and 2). Neither the parents nor the two eldest
children seemed to be affected.

The 6-year-old brother was treated first with
stainless steel crowns on the primary molars and
composite restorations on the primary maxillary
anteriors using strip crowns (technique described
later in the article; Figure 3). When he was 7 years
old and then 9 years old, he received stainless steel

$S900E 93l} BIA 0€-80-G20Z e /wod Aioyoeignd-poid-swud-yiewlarem-jpd-awnidy/:sdiy wouy papeojumoq



Dursun & Others: Management of Amelogenesis Imperfecta 569

crowns on the first permanent molars and direct
composite restorations on the permanent centrals
(Figure 4). At the age of 11, his maxillary premolars
were covered with composite resin. As for the nearly
3-year-old sister, she showed no cooperation and
thus treatment was not possible until she reached
the age of 5, at which time the primary molars were
restored with stainless steel crowns. When she was
9, a thin layer of composite resin was applied on the
labial surfaces of the permanent maxillary central
incisors (Figure 5). These patients did not show up
for regular follow-up but rather for symptomatic
treatments.

During Permanent Dentition at Adolescence

Case 1: The Sister—In 2013, the 14-year-old girl
presented to the dental clinic, concerned about a chin
fistula. She also complained of persistent tooth
sensitivity to air, water, and brushing, as well as
bad esthetics due to tooth discolorations.

Figure 3. Placement of stainless
steel crowns on the boy’s primary
molars and composite restorations of
the maxillary anterior primary teeth
using strip crowns (6 years old).
Figure 4. Placement of stainless
steel crowns on the boy’s first perma-
nent molars and labial composite
restorations on the permanent inci-
sors (between 7 and 9 years old).
Figure 5. Labial composite restora-
tions of the sister’s permanent maxil-
lary central incisors (5 years old).

Clinical Examination—Extraoral examination
showed a slight facial asymmetry (nose deviation to
the left) and a reduction in the dimension of the
lower facial third. The cutaneous fistula was cen-
tered in the submental area. The 5-mm-wide lesion
had a yellowish crust aspect, surrounded by an
erythematous area (Figure 6). Intraoral examination
revealed a red and swollen gingiva, heavy plaque
deposits, as well as decayed, worn out, and discol-
ored dentition (Figure 7). The old composite resins
were no longer adapted to the gingival margins due
to facial growth. An interincisal midline shift toward
the left was noticed as well as a narrowed maxillary
arch that caused an end-to-end molar relationship.

Radiographic Examination—The periapical radio-
graphs revealed a large periapical radiolucency
related to the mandibular right central incisor,
which turned out to be the origin of the chin fistula.
The bitewings showed several superficial radiolu-
cencies related to the premolars and molars proximal

$S900E 93l} BIA 0€-80-G20Z e /wod Aioyoeignd-poid-swud-yiewlarem-jpd-awnidy/:sdiy wouy papeojumoq



570

Figure 6. Cutaneous fistula on the girl’s chin (14 years old).

areas, except for the second maxillary left molar,
where the cavity was extending deep toward the
pulp. The panoramic radiograph showed the impac-
tion of the two maxillary permanent canines as well
as the developing third molars. Cone beam computed
tomography (CBCT) clarified the extent of the
periapical radiolucency (which was approximately
10 mm wide) and the perforation of the external
cortical bone next to the mandibular right central
incisor. The impacted canines were positioned
oblique and very close to the roots of the lateral
incisors and first premolars (Figure 8).

Treatment Procedures—A treatment plan was
elaborated to eliminate dental infections, reduce
sensitivities, and improve esthetics and masticatory
functions. The first steps were enhancement of oral
hygiene and dental scaling. Endodontic treatment of
the mandibular right central incisor and extraction
of the severely decayed second maxillary left molar
were carried out.

The preparation of the molars was as minimal as
possible, especially on the occlusal surface, in order
to compensate for the reduced vertical dimension.
Stainless steel crowns were sealed using glass
ionomer cement (Ketac Cem Radiopaque, 3M
ESPE, Cergy Pontoise, France; Figure 9). The
anterior teeth (incisors and retained deciduous
canines) were restored in composite resin with
strip crowns (transparent celluloid crown forms,
Pella-ODUS). A slight circumferential preparation
was performed to provide enough space for the strip
crowns and the composite material, as well as to

Operative Dentistry

Figure 7. Intraoral views of the sister’s permanent dentition (14 years
old).

Figure 8. Radiographic images. (a, b) The bitewings reveal several
superficial caries related to mandibular molars and premolars and
deep cavity in the second maxillary left molar. (c) The panoramic
radiograph shows impacted maxillary canines. (d) Large periapical
radiolucent area next to the mandibular right central incisor. (e)
Perforation of the external cortical bone (f). (g) CBCT examinations
showing the impacted maxillary canines, close to the adjacent teeth.

remove the brownish-orange discolored surface
layer, improving esthetic integration. The suitable
size of strip crown was selected and trimmed with
fine scissors to fit the tooth in length and cervical
adaptation. The entire tooth surface was etched
with a 37% phosphoric acid gel (Scotchbond
Universal Etchant, 3M ESPE) for 30 seconds. The
etchant was thoroughly rinsed, and the teeth were
dried and subsequently treated with 5% sodium
hypochlorite (NaOCI) for 1 minute to enhance the
bond strength of the composite. Thin layers of
primer and bonding agent (OptiBond, Kerr, Créteil,
France) were then applied and light cured. The
strip crown was filled with microhybrid composite
resin (Herculite XRV, Kerr), carefully positioned on
the tooth and the excess removed. After light
curing for 80 seconds on each surface, the strip
crown was peeled off with a probe or cut on the
lingual side with a polishing disc if needed.
Particular care was taken in the finishing and
polishing sequence (using fine diamond burs,
polishing discs, silicone cups), especially in the
cervical region to avoid gingival inflammation. This
procedure was repeated at a rate of two contralat-
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eral teeth per treatment session, starting from the
central incisors (Figure 10). Therapeutic absten-
tion was decided regarding the maxillary impacted
canines. Thus, the two deciduous canines were
restored using strip crowns and subsequently
bonded to a wire splint fixed to the palatal surface
of the adjacent teeth. The impacted permanent
teeth were to be followed up regularly.

Given that no suitably sized strip crowns were
available for the premolars and the mandibular
canines, adjusted crown molds were produced using
a thermoforming procedure. The maxillary and
mandibular teeth on the same side were prepared
and full arch impressions were taken. A thick layer
of self-etch adhesive (Adper EasyBond, 3M ESPE)
was applied on the reduced teeth to prevent
sensitivity and protect the dental tissues until the
subsequent appointment, scheduled no more than
two days later. The plaster casts were mounted on a
semiadjustable articulator (Quick Master) and
waxed up. Partial alginate impressions of the wax-
ups were made and poured in plaster for the
subsequent thermoforming procedure. The casts
were trimmed as close as possible to the tooth
crowns. Transparent plastic sheets were heated
and pressed onto the casts using a vacuum thermo-
forming machine (Original Essix 110V). After allow-
ing the thermopressed sheets to cool down for a few

Figure 9. Minimal molar preparation
and placement of stainless steel
crown.

Figure 10. (a) Strip crowns adjusted
on the prepared incisors. (b) Strip
crowns filled with composite resin
positioned on the prepared teeth. (c)
Anterior teeth restored with composite
crowns using the same technique.

minutes, they were removed and trimmed so as to
obtain the crown molds. On the initial model, the
built-up wax was removed and light-cured individual
composite shells were created for each tooth (Figure
11). In the following appointment, the patient’s teeth
were polished to remove the adhesive layer, and the
composite shells were tried in for proper fitting and
contouring and then bonded with flowable composite
(Tetric EvoFlow, Ivoclar Vivadent, Saint-Jorioz,
France) of the same shade. Polishing was performed
as described above, and the occlusion contacts were
verified.

The patient as well as her family were very
satisfied with the treatment outcome (Figure 12).
The dental sensitivity was relieved, and masticato-
ry function, esthetics, and social life were improved.
The patient and her parents were informed that
these treatment options were a good compromise as
a transitional restorative alternative until comple-
tion of bone growth, but once the latter is achieved,
readjustment or replacement of several restorations
will be needed. The patient was monitored at a 3-
month interval for 18 months. The restorations
remained intact with a satisfactory surface quality
and no recurrent caries (Figure 13). The permanent
mandibular right second molar began to erupt. As
for the root canal therapy of the mandibular right
central incisor, the two-dimensional and three-
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dimensional radiographs showed a nearly complete
regression of the radiolucency denoting bone regen-
eration. The chin fistula had completely disap-
peared (Figure 14).

Case 2: The Brother

While treating the young girl in 2013, her 18-year-
old brother was encouraged to make an appointment
for a checkup. He reported the persistence of mild
tooth sensitivity since the last treatments in 2006.

Clinical Examination—Extraoral examination
showed equal facial thirds, but an asymmetry was
attributed to chin deviation to the left. Intraoral
examination revealed heavy calculus deposits asso-
ciated with moderate gingivitis. The second molars
(except for the mandibular right one) were badly
broken down. The stainless steel crown of the first
mandibular left molar and all the composite resto-
rations were no longer adapted to the gingival
margins (Figure 15). The deciduous maxillary right
canine showed high mobility. The absence of the
contralateral canine was compensated for by the
migration of adjacent teeth. Cross-bite on the left
side, lateral infraocclusion on the right side, and
edge-to-edge anterior bite were observable.

Radiographic Examination—The bitewings con-
firmed the maladaptation of the stainless steel crown
on the first mandibular left molar. The periapical
radiographs revealed a well-defined periapical ra-
diolucency related to the maxillary left central
incisor. The panoramic radiograph (Figure 16)
showed the impaction of the two maxillary perma-
nent canines and the mandibular third molars.
According to CBCT sections, the impacted canines
appeared close to the roots of adjacent teeth and

Operative Dentistry

Figure 11. (a) Mandibular canines
and premolar preparations. (b) Wax-
ups on plaster cast. (c) Reduction of
the cast. (d) Crown template obtained
using the thermoforming procedure.
(e) Second individual composite shell
elaboration thanks to wax isolation.

generated internal and external cortical bone fenes-
trations. The third molars were in horizontal
submerged position, in contact with the inferior
alveolar nerve.

Treatment Procedures—Oral hygiene was en-
hanced and dental scaling performed. The maxillary
left central incisor was endodontically treated. The
broken-down second molars were extracted, as well
as the impacted mandibular third molars, which led
to perioperative pain and important postoperative
complications for the mandibular left one (hemor-
rhage, trismus, bruise, and significant edema). The
loose deciduous canine exfoliated by itself.

Regarding the mandibular left molars, the malad-
justed crown was removed, the teeth were minimally
prepared, and two new stainless steel crowns were
simultaneously cemented.

The anterior teeth were restored with composite
resin using strip crowns as described above. The
designed wax-ups highlighted the impossibility of
replacing the exfoliated deciduous canine because of
insufficient space. Thus, it was decided to keep a
narrow gap between the maxillary right lateral and
first premolar. The premolars and the mandibular
canines were restored following the same protocol
described for the sister. Finding compromises for the
buildup of composite restorations despite the maloc-
clusion was challenging as the patient refused any
orthodontic pretreatment.

At the end of the treatment, the patient was
satisfied with the esthetic outcome and felt comfort-
able with his new occlusion. Follow-up was complet-
ed every 3 months for 12 months, during which oral
hygiene motivation was always necessary. Except for
a composite fragment that chipped off the buccal
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surface of the second left maxillary premolar at 7
months, the restorations remained satisfactory.
After full eruption, the left maxillary third molar
received a stainless steel crown (Figure 17).

DISCUSSION
Treatment Choice

Restoring esthetics and function in Al-affected
patients is a challenging and multidisciplinary work
and often requires compromises. Several therapeutic
options were suggested: onlays, preformed stainless
steel crowns, metallic or ceramic crowns for posterior
teeth, and direct/indirect composite restorations,
veneers, and ceramic crowns for anterior teeth. The

Figure 12.  Final intraoral views and
smile photographs of the sister at the
end of the treatment.

Figure 13. |Intraoral views 18
months postoperative.

Figure 14.  Radiographs showing the
reduction of periapical radiolucency
next to the mandibular right central
incisor (a) 6 months after the end-
odontic treatment, (b, c¢) 18 months
after the endodontic treatment, (d)
skin healing of the fistula 6 months
after the endodontic treatment.

treatment plan depends on numerous factors, in-
cluding the type and severity of the enamel defects,
the dentition stage, the hard and soft tissue
development, and the cooperation and socioeconomic
status of the patient.'?

In primary and mixed dentitions, stainless steel
crowns for primary molars and strip crowns or direct
composites for anterior teeth remain efficient resto-
rations and were chosen for the siblings’ case. For
permanent dentition, ceramic crowns and/or veneers
are esthetically the more reliable solutions but are
invasive, expensive, and require mature soft tissue.
The treatment plan for these cases was based on the
periodontal immaturity (which excluded fixed pros-
thodontics), the need of an acceptable esthetic
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appearance (requiring esthetic material), the relief
of tooth sensitivity (indicating coverage of the entire
crown surface), and the lack of financial resources of
the patient’s parents. These considerations led to the
exclusion of ceramic crowns and veneer solutions.
Composite restorations seemed to be a good compro-
mise—esthetic and minimally invasive—as transi-
tional restorations until bone and soft-tissue
maturation. The crown molds for premolars and
mandibular canines were also conservative, esthetic,
functional, easily reparable, and affordable options.
This transitional step allowed confirming the defin-
itive form and shade for future prosthetic treatment.

Many studies reported a higher prevalence of
impactions in Al patients.'®'® In these siblings, the
orthodontic traction of the impacted canines was not

Operative Dentistry

Figure 15. Intraoral views of the
brother’s permanent dentition (18
years old).

Figure 16. Radiographic images. (a,
b) The bitewings show the maladjust-
ment of the stainless steel crown on
the mandibular first left molar. (c)
Periapical radiolucency next to the
maxillary left central incisor. (d) Pan-
oramic radiography showing impact-
ed maxillary canines and mandibular
third molars. (d, e) CBCT examina-
tions of the impacted third molars
showing their contact with the inferior
alveolar nerve.

recommended as it might have led to root resorption
of the adjacent teeth. Thus, these teeth will be
subject to regular follow-ups. Their extraction will
eventually be needed.

Bonding Composite Resin to AT Enamel

The conservative adhesive approach in young pa-
tients is more advantageous than the invasive
prosthetic management.'* In these cases, the bond-
ing steps were difficult to perform because the
siblings showed excessive salivation, and the place-
ment of strip crowns or adjusted crown molds
hindered the use of rubber dam or floss ligatures.
Therefore, they needed to be performed by two
practitioners and a dental assistant. Bonding to Al-
affected enamel is more difficult compared with
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sound enamel, and adhesive restorations display
higher failure rates.'®'” The hypocalcified form of Al
shows higher porosity due to widened interprismatic
spaces and irregular and disorganized prism archi-
tecture.'®2° It also contains a lower mineral content
than sound enamel due to increased retention of
amorphous organic material (enamel proteins) be-
tween the enamel rods.??? The protein content
would be about five times higher than in sound
enamel,?® which would result in significantly lower
bond strength.?*

To overcome this difficulty, it has been suggested
to apply 5% NaOCI on the enamel surface prior to
bonding, in order to remove excess enamel proteins
and enhance bond strength.?*?® However, other
studies indicated that this deproteinization proce-
dure had no significant effect.!”2%27 As AI teeth
frequently exhibit a thin and/or locally disrupted
enamel layer, dentin bonding is generally involved
as well. In the hypocalcified form, the underlying
dentin is hypermineralized and displays a reduced
number of tubules with narrow and partly obliterat-
ed lumen, surrounded by thickened peritubular
dentin.??® This morphological pattern corresponds
to sclerotic dentin, on which bonding is reported to
be less efficient.??3° According to some studies,
dentin pretreatment with NaOCIl would not nega-
tively influence bonding agent effectiveness.?*3!
Thus, it was decided in these cases to apply 5%
NaOCIl on the tooth surface, after phosphoric acid
etching.

Psychological Impact and Follow-up

The management of Al-affected patients requires
the patients’ and parents’ motivation throughout

Figure 17. Intraoral views of the
brother at 11 months postoperative.

the growth period, with successive and long
treatment phases at each dentition stage. The
treatment in permanent dentition lasted seven
months. The regular follow-up was not easy to
obtain, especially for the treatments in primary
and mixed dentition, during which the patients
missed several appointments and many treatment
steps were left out. Finally, in these patients, as
described in most cases,?? the positive psychosocial
impact was noticeable. After the rehabilitation, the
two siblings had become more self-confident and
smiled more.

CONCLUSION

This case report described the 15-year case study
and in particular the recent treatment in perma-
nent dentition of two teenage siblings affected by
the hypocalcified form of Al. They underlined the
challenges encountered from the primary to adult
dentition. The rehabilitation was implemented
with minimal tooth preparation: the permanent
molars were restored with stainless steel crowns
and all other teeth with composite resins. Eighteen
months after the end of the last treatment in
permanent dentition, all of the restorations were
intact (without discoloration or infiltration around
the margins) and the patients were very pleased
with the results. The use of composite as a
conservative treatment option is a viable alterna-
tive in the medium-term treatment of Al-affected
dentition, to restore function and esthetics. Psy-
chological motivation and patient cooperation play
major roles in the advancement and outcome of the
treatment procedures.
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Clinical Evaluation of Genotoxicity
of In-office Bleaching

M Rezende ¢ JL De Geus * AD Loguercio * A Reis ¢ D Kossatz

Clinical Relevance

In-office bleaching with 35% hydrogen peroxide gel was not genotoxic for gingival and lip

tissues during a one month evaluation period.

SUMMARY

Objective: The aim of this study was to evalu-
ate the genotoxicity of in-office bleaching with
35% hydrogen peroxide in epithelial cells from
the gingival and lip tissues.

Methods and Materials: Thirty volunteers with
central incisors shade Al or darker were
selected for this study. The gingival tissue of
the teeth to be bleached was isolated with a
light-polymerized resin dam, and the 35% hy-
drogen peroxide gel was administered during
three 15-minute applications over the course of
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the 45-minute application period. Two bleach-
ing sessions with a one-week interval in be-
tween were performed. Exfoliated oral mucosa
gingival epithelial cells and upper lip lining
were collected at baseline and one month after
the in-office dental bleaching. The scraped
cells were placed on clean glass slides and
smears were prepared. After staining with
Giemsa solution, two blinded examiners per-
formed cell and micronuclei counts under a
100X optical microscope. Tooth sensitivity was
evaluated using the Visual Analogue Scale
(VAS). Shade evaluation was recorded before
and one month after the bleaching treatment
with the value-oriented shade guide Vita
Bleachedguide 3D-MASTER and the spectro-
photometer Vita Easyshade. Data from the
shade guide units and the micronuclei (MN)
frequency were subjected to a Mann-Whitney
test (¢=0.05). The overall difference between
before and one month after the bleaching
treatment (AE and ASGU), absolute risk, and
intensity of tooth sensitivity (TS) were calcu-
lated, as was the 95% confidence interval (CI).

Results: The frequency of MN was not in-
creased after bleaching with 35% hydrogen
peroxide in both study groups (p>0.05). The
absolute risk of TS of the participants was 93%
(95% CI, 79%-98%), with a mean VAS intensity
of 5.7 = 2.9 (95% CI, 4.6-6.8). Meaningful whit-
ening was observed after bleaching. The
change in shade guide units in the Bleached-
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guide 3D-MASTER was 2.3 + 1.4. In terms of
AE, the change in color was 7.7 += 3.5.

Conclusions: The in-office bleaching did not
induce DNA damage to the gingival and lip
tissue during the bleaching period. Although
effective whitening was observed, most of the
participants experienced TS.

INTRODUCTION

In a survey' from a population of 407 adults, about
one-third of participants were not satisfied with
their dental appearance, and tooth color was the
primary reason for this dissatisfaction. In a more
recent study,? the same research group reported that
more than 80% of the group of participants reported
that they wished to have their teeth bleached. This
desire has been responsible for the increase in the
demand for bleaching procedures in dental offices.

Despite the effective results in whitening produced
by bleaching procedures, the profession and the
public have been aware of certain risks related to
dental bleaching, such as tooth sensitivity (T'S) and
gingival irritation.® While the release of free radicals
is capable of converting the complex pigment
molecules from the dental structure into smaller
and less saturated chains®* to attain effective
whitening, these free radicals may also be able to
react with the soft tissue and cause injuries, such as
burns and ulceration.*®

It is known that the DNA of cells exposed to
chemical or physical agents may become damaged. In
this situation, chromosomal fragments called micro-
nuclei (MN) are observed as a result of atypical
mitoses. Depending on the extent of cellular damage,
the consequences may include impairment of the cell
cycle, cell death, and even the formation of a
neoplasm.**!® An increased frequency of chromo-
some breaks has been recently demonstrated to be an
initial event in carcinogenesis, suggesting that these
alterations may play a significant role in assessing
oncogenic risk.'"'? An increased frequency of MN in
exfoliated cells from oral mucosa has traditionally
served as an index for evaluating the genotoxicity of
exposure to various carcinogens, mainly because this
technique is simple, painless, and cheap and has been
used as an adjunct in molecular epidemiology.!®

Although there are several studies in the litera-
ture that have evaluated the genotoxicity of bleach-
ing agents, most of these studies are experimental in
animals, and only a few of them have been conducted
on humans.'®*17 Klaric and others'® analyzed the
genotoxic effect of two hydrogen peroxide (HP)-
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containing bleaching products, HP 28% and 35%, on
oral mucosal cells. The authors concluded that both
preparations demonstrated potential genotoxic ef-
fects. However, the study of De Geus and others!”
found that at-home bleaching with 10% carbamide
peroxide did not induce DNA damage to the gingival
tissue. The results of the study of Almeida and
others'® supported the findings of De Geus and
others!” because after the application of two concen-
trations of carbamide peroxide (10% and 16%), no
difference between the two groups of carbamide
peroxide gels was observed in terms of mutagenic
stress on gingival epithelial cells. This controversy
among studies highlights the need for further
investigations into this issue. Therefore, the aim of
this study was to evaluate an in-office bleaching
process with 35% hydrogen peroxide in terms of its
efficacy, T'S, and genotoxicity in epithelial cells from
the gingival and lip tissues.

The null hypothesis tested was that in-office
dental bleaching with 35% hydrogen peroxide did
not induce DNA damage to the gingival and lip
tissue during the bleaching period.

METHODS AND MATERIALS

This clinical investigation was approved (protocol
172.988) by the Scientific Review Committee and by
the committee for the protection of human subjects of
the local university. This report follows the protocol
established by the CONSORT statement.'® Based on
pre-established criteria, 30 volunteers who searched
for dental bleaching were selected for this study.
This study was performed between November 2013
and March 2014. Two weeks before the bleaching
procedures, all of the volunteers received dental
prophylaxis with pumice and water in a rubber cup
and signed an informed consent form.

Eligibility Criteria

The participants who were included in this clinical
trial were between 18 and 33 years of age and had
good general and oral health. The participants were
required to have six caries-free maxillary anterior
teeth and no periodontal disease. The central incisors
were shade Al or darker, as judged by comparison
with a value-oriented shade guide (Vita Classical, Vita
Zahnfabrik, Bad Séickingen, Germany). Although
patients with baseline tooth color Al or darker are
not often included in clinical trials, as such baseline
color does not leave much ability to measure color
differences using shade guide units, there is great
demand from these patients, who are requesting
bleaching treatments. As the primary outcome of this
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study was not centered on color change, we included
such patients (Al or darker) in this clinical trial.

Participants with anterior restorations or dental
prosthesis, orthodontics apparatus, or severe inter-
nal tooth discoloration (tetracycline stains, fluorosis,
and pulpless teeth) were not included in the study.
Additionally, pregnant/lactating women, partici-
pants with any other pathology that could cause
sensitivity (such as recession, dentin exposure, or
the presence of visible cracks in teeth), smokers,
bruxers, or participants who had previously under-
gone tooth-whitening procedures were also excluded.

Sample Size Calculation

The sample size calculation was based on the
frequency of MN per 1000 cells in adults. In the
pilot study it was observed that the normal frequen-
cy of MN was about 1 = 1.1.1%1%22 Ip order for the
bleaching procedure to be considered safe, it was
expected that we would find a mean difference of not
more than 1.0. Thus, we needed a minimum sample
size of 30 participants with a power of 80% and an
alpha of 5%.

Bleaching Procedure

A lip and cheek retractor (ArcFlex, FGM, Joinville,
Santa Catarina, Brazil) was placed in the partici-
pant’s mouth to avoid the contact of the bleaching gel
with the cheek, lips, and tongue. Then the gingival
tissue of the teeth to be bleached was isolated from
the bleaching agent using a light-polymerized resin
dam (Top Dam, FGM). In every two teeth, the light-
cured gingival barrier was activated for 20 seconds
using a LED light-curing unit (Gnatus, Ribeiréo
Preto, Sdao Paulo, Brazil) set at 1200 mW/cm? The
35% hydrogen peroxide gel (Whiteness HP Maxx,
FGM) was used during three 15-minute applications
over the course of the 45-minute application period.
Two bleaching sessions within a one-week interval
were performed on each patient.

TS Evaluation

The TS was evaluated up to 24 hours using the
Visual Analogue Scale (VAS).6%1723 The partici-
pants were asked to place a line perpendicular to a
10-mm-long line with zero at one end indicating “no
TS” and a 10-mm end indicating “unbearable TS.”
Then the distance (in millimeters) from the zero end
was measured with the aid of a millimeter ruler.
The higher sensitivity score, as reported by the
patient in the first 24 hours after the first and

Operative Dentistry

second tooth-whitening sessions, was used for
estimation purposes.

Patients who had high levels of TS were instructed
to get in touch with the researchers to be examined
and treated with painkillers, anti-inflammatories,
and/or desensitizing topicals.

Color Evaluation

Two calibrated evaluators with a previous agree-
ment of at least 85%, as determined by weighted
kappa statistics, recorded the shade of the maxillary
right central incisor during different time assess-
ments. Shade evaluation was recorded before the
procedure and one month after the bleaching
treatment. The color evaluation was performed with
the value-oriented shade guide Vita Bleachedguide
3D-MASTER (Vita Zahnfabrik). The Vita Bleach-
edguide 3D-MASTER (Vita Zahnfabrik) contains 15
shade tabs with lighter shades and it is already
organized from the highest (OM1) to the lowest (5M3)
value.?* Additionally, an objective color evaluation
was performed with the spectrophotometer Vita
Easyshade (Vita Zahnfabrik).

The measurement area of interest for shade
matching was the middle one-third of the facial
surface of the maxillary central incisor, according to
the American Dental Association guidelines. Color
changes were calculated from the beginning of the
active phase through the individual recall times by
calculating the change in the number of shade guide
units (ASGU), which occurred toward the lighter end
of the value-oriented list of shade tabs. In the event
of disagreements between the examiners during the
shade evaluation, a consensus was reached.

The spectrophotometer measurement with a
silicone guide was determined using the parameters
of the Easyshade device, which indicated the
following values: L*, (a*), and (b*), in which L*
represents the value from 0 (black) to 100 (white)
and a* and b* represent the shade, where a* is the
measurement along the red-green axis and b* is the
measurement along the yellow-blue axis. The color
comparison before and after treatment was given by
differences between the two colors (AE), which were
calculated using the formula AE = [(AL¥)? + (Aa*)?
+ (Ab*)2]1/2.25

Sample Collection for MN

Epithelial cells that were exfoliated from the oral
mucosa gingival and upper lip lining were collected
at baseline and one month after the in-office dental
bleaching. Before the cell collection, the participants
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rinsed their mouths with tap water for one minute.
Subsequently, the cells were scraped with wooden
spatulas from the marginal gingival and upper lip
lining.1720:21:26.27 The gcraped cells were placed on
clean glass slides and smears were prepared. The
smear was dried with a jet of air from a triple syringe
for one minute at a distance of approximately 30 cm,
thus avoiding excessive dehydration of the cells.!”?7

Staining Procedures

The staining protocol was prepared immediately after
the smear collection. Five to six drops of Giemsa stock
solution (Cinética Quimica, Jandira, Sdo Paulo, Brazil)
were applied directly over the slide for two minutes
and then the slides were washed in a container with
tap water (container 1=three to four washes; container
2=two to three washes). The differentiation of the cells
was performed in a third container (1200 mL of tap
water and one drop of glacial acetic acid; Vetec
Quimica Fina Ltda, Duque de Caxias, Rio de Janeiro,
Brazil). After this process, the slide was dried for one
minute in the same manner as described in the sample
collection item. Then three drops of the adhesive
Entellan (Merck KGaA, Darmstadt, Germany) were
applied on the visibly dry slide for cover-glass
positioning. "%’

Evaluation of the Slides

A single researcher performed the microscopic
examination of the cells to avoid inter-examiner
variation. An experienced oral pathologist trained
this examiner. Calibration was made by reading five
slides, randomly selected, from this study sample.
An agreement of at least 80% was required (between
the oral pathologist and the examiner) before
beginning this phase of the study.

At least 1000 cells from each participant were
evaluated during each period with the staining
procedure. Cell counting was performed under an
optical microscope with 100X magnification and,
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> Figure 1. Cells with micronuclei. In
PE it G o both (A) and (B) one can see the

- - ; presence of micronucleus (indicated

@& by an arrows) and the central nucleus
of the cell (indicated with a star).

when MN were found, the magnification was
increased to 400X (Nikon E800, Tokyo, Japan). The
criteria for inclusion in the total cell count were the
following: 1) the cytoplasm was intact and lying
relatively flat; 2) there was little or no overlap with
adjacent cells; 3) there was little or no debris; and 4)
the nucleus was normal and intact, with the nuclear
perimeter smooth and distinct.?®

The parameters for identifying the micronucleus
were as follows: 1) a rounded, smooth perimeter
suggestive of a membrane; 2) less than one-third of
the diameter of the associated nucleus but large
enough to discern shape and color; 3) staining
intensity similar to nucleus; 4) texture similar to
nucleus; 5) same focal plane as nucleus; and 6) an
absence of overlap with or bridge to nucleus (Figure
1).28 Dead or degenerating cells (karyolysis, karyor-
rhexis, nuclear fragmentation) were excluded from
evaluation. Nuclear blebbings (a micronucleus-like
structure connected to the main nucleus by a bridge)
were also not considered.

Statistical Analysis

The data were tabulated using the software SigmaPlot
5.0 for Windows (Systat Software Inc, San Jose, CA,
USA). The Shapiro-Wilk test and the Bartlett test
were used to test the normality and equal variance of
the data. As at least one of these assumptions were not
met, MN data were subjected to the Wilcoxon Signed
Rank test with a level of 95% of confidence. The overall
AE and ASGU, absolute risk, and intensity of TS were
calculated, as was the 95% confidence interval (CI).
Data from TS intensity between bleaching sessions
were compared with the Wilcoxon Signed Rank test
with a level of 95% of confidence.

RESULTS

A total of 104 participants were screened to select 30
participants who met the inclusion criteria. The
distribution of patients according to the baseline
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Table 1: Distribution of the Participants According to the
Baseline Tooth Color of the Vita Classical Scale

Baseline Tooth Color
Al B2 A2 (03] Cc2 A3
No. of patients 8 7 5 3 1 6

tooth color can be seen in Table 1. The mean age of
the participants was 23.5 + 4.8 years, with a range
of 18 to 33 years. Most of the participants were
women (63%). All of the participants attended the
recall visits during the bleaching protocol.

No significant difference was observed in the TS
intensity between the first and second bleaching
sessions (p>0.05) (Table 2). The overall absolute risk
of TS of the participants was 93% (95% CI, 79%-
98%), with a mean VAS intensity of 5.7 = 2.9 (95%
CI, 4.6-6.8). Five patients took an analgesic to
alleviate the bleaching-induced TS (Tylenol, Jans-
sen-Cilag Farmacéutica), and one patient self-ad-
ministered an anti-inflammatory drug (Nimesulida,
Medley, Campinas, Brazil).

Table 3 reports the means and standard deviations
as well as medians and interquartile ranges of SGU,
L*, a* and b* values. Meaningful changes towards
whitening were observed after bleaching (Table 3;
p<0.05). The change in the shade guide units within
the Bleachedguide 3D-MASTER was 2.3 = 1.4. In
terms of AE, the change in color was 7.7 * 3.5. The
frequency of MN was not increased after bleaching
with 35% hydrogen peroxide in both tissues (Table 4;
p>0.50).

DISCUSSION

The authors of this study consider whitening at-home
to be the first option for the treatment of discolored
teeth.2%3! The use of low concentrations of hydrogen
peroxide gel causes less pulp irritation®*®® and can
minimize the risk and intensity of bleaching-induced
TS, being a safer alternative for bleaching purposes.
However, although at-home bleaching has some
advantages over in-office bleaching, there are still
some patients who do not adapt well to the at-home
protocol, as it requires the daily use of a bleaching tray.
Others desire to have a faster outcome and therefore
ask for quicker ways to achieve the same whitening
result. Under these circumstances, in-office bleaching
is usually performed, and, thus, researchers should
conduct further studies about the safety and efficacy of
this protocol.

The present study showed an effective bleaching of
approximately two SGU when evaluated with the
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Table 2: Means and Standard Deviations of Tooth
Sensitivity (TS) Intensity Experienced by
Patients from the First and Second Session to
Different Periods Using Visual Analog Scale
(VAS) Pain Scales?

Periods First Session Second Session
Immediately after 21 x25a 24 +28n
Upto1h 30278 29+ 318
Upto24 h 1.1 £ 20c 19 +29c

@ Means identified with the same letter are statistically similar.

Vita Bleachedguide. This is lower than the change
detected by other authors®*3’ who also used 35%
hydrogen peroxide. The small SGU changes detected
in this study can be attributed to the fact that this
study included patients with lighter teeth (shade A1l
or darker), while the previous ones selected patients
with darker teeth (shade C2 or darker). In a
multivariable regression analysis, from pooled data
of 11 clinical trials of dental bleaching performed by
the same research group, Rezende and others®®
identified a significant relationship between baseline
color in relation to color change estimates, meaning
that the darker the baseline tooth color, the higher
the degree of whitening. Using low-concentrated
whitening strips, Gerlach and Zhou®® observed the
same. They reported that the lighter the baseline
tooth color, the lower the degree of whitening. These
studies corroborate our findings and suggest that
patients with lighter teeth do not respond to the
bleaching regimen as well as patients with darker
teeth, perhaps because of the lower amount of
available substrate for hydrogen peroxide oxidation.

In the present study, we observed a high absolute
risk of bleaching-induced TS that affected 93% of
the patients who reported pain at least once during
the onset of the treatment. This high risk is in
accordance with the findings of previous stud-
ies.84942 Although the etiology of TS is not yet well
understood, it is likely the result of the activation of
nociceptors,*®** which is caused by the inflamma-
tory reaction in the pulp tissue.*®*6 In the face of
the high risk of bleaching TS after in-office
bleaching, clinical alternatives to minimize this
undesirable side effect were the focus of several
investigations. The use of nonsteroidal anti-inflam-
matory drugs,?®*%*7 antioxidants,*® and steroidal
anti-inflammatory drugs?® was not effective in
minimizing this side effect. On the other hand,
topical approaches, such as the application of
potassium nitrate®* or Gluma desensitizer Power-
Gel® (GLU; Heraeus Kulzer, Hanau, Germany),
before in-office bleaching offer good alternatives to

$S900E 98] BIA 0£-80-GZ0Z 18 /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid//:sdiy Wwol) papeojumoc]



Rezende & Others: Genotoxicity of In-office Bleaching

583

Table 3: Means, Standard Deviations (SDs), Medians, and Interquartile Ranges of the Shade Guide Units (SGUs) and L*, a*,
and b* Parameters Before and After Bleaching
Color Parameters Mean += SD Medians and Interquartile Range
Baseline 1 Month Baseline 1 Month

SGU (Bleachedguide) 65+ 1.7 42 + 1.1 6 (5/8) 4 (4/4)
L* 84.4 + 3.9 86.8 + 3.8 84.8 (80.9/86.7) 87.3 (85.6/88.5)
a* —23+12 1912 —2.3(-3.4/-1.6) -1.9 (-2.7/-1.3)
b* 18.8 = 4.3 13.6 = 4.9 18.6 (16.3/21.6) 14.1(10.2/17.4)

significantly reduce the bleaching-induced TS pro-
duced by in-office bleaching.

With regard to the soft gingival tissues, clinicians
can avoid the contact of in-office bleaching gels with
the gingival tissue by applying a light-cured gingival
barrier; however, the hydrogen peroxide often comes
into contact with the oral tissue. This contact causes
burns and ulcerations due to the oxidative stress
induced by the hydrogen peroxide that may ulti-
mately lead to genomic damage,'® which highlights
concerns about the safety of in-office bleaching
protocols.

The frequency of MN in normal oral mucosa is
between 0.5 and 2.0/1000 cells,?°?? which is within
the range we detected in the present study at
baseline and one month post-bleaching. These
findings suggest that the high-concentration hydro-
gen peroxide gel under controlled conditions did not
seem to induce DNA damage to the gingival and lip
tissues when applied in two bleaching sessions
within a one-week interval. Although a higher
concentration of hydrogen peroxide is used in the
in-office bleaching protocol, clinicians can demon-
strate good control of the product application. In
general, the use of light-cured gingival barrier and
the short exposure duration of the product may
compensate for the increased hydrogen peroxide
concentration used in in-office bleaching protocols.

Altogether, this explains why the results of this
study are similar to those involving at-home bleach-
ing, in which bleaching was not associated with an
increased MN frequency.!” On the other hand, the
results of the present study are not in agreement
with the findings of an in-office bleaching study.'®

Table 4: Means and Standard Deviations of the
Micronuclei Frequency (MN) per 1000 Exfoliated
Gingival and Lip Tissues

Before After p-Value?
MN gingival tissue 04 =06A 05*+05a 0.52
MN lip 03 *+05a 04 *+06a 0.50

2 Wilcoxon Signed Rank test, Capital letters indicate statistically similar groups.

Klaric and others'® speculated that the high number
of MN after in-office bleaching could be attributed to
the inadequate polymerization of the gingival light-
curing barrier or even to the failure to promote an
adequate protection to mitigate/eliminate the prob-
lem. Perhaps rubber dam isolation, with protection
of the gingival tissue with petroleum jelly, might
provide a better isolation of the operative field
without the need to use a lip and cheek retractor.

An inadvertent contact of the highly concentrated
bleaching material with the soft tissues of the oral
cavity could induce increased levels of MN in the oral
epithelial cells, as oxygen free radicals released from
peroxides are important etiologic agents in the
development of many pathological conditions.?*-52 This
reinforces the need for caution during in-office bleach-
ing,’® as under controlled in-office conditions, such as
those of the present study, this is not expected to occur.

Additionally, the study of Klaric and others'®
involved samples that were collected only 72 hours
after bleaching. Considering that the oral epithelial
cells turn over every 14 days,>? it is theoretically not
impossible to observe the genotoxic effects of acute
exposure in shorter periods of time. In light of this,
the present study collected samples one month after
bleaching, as this period of time is within the
regeneration cycle of the cells from the gingival
tissue.’* However, in light of these conflicting
results, further clinical trials should focus on this
topic and involve collection of samples at different
time periods in order to investigate this controversy.

One should also mention the limitations of the
current study. Most of the participants in this study
were young adults with light baseline tooth color,
which affects the generalizability of the findings of
the present investigation to the overall population.
Bonassi and others!® compiled data from 5424
subjects with epithelial MN values obtained from
30 laboratories worldwide and concluded that sever-
al conditions may affect the MN frequency; in
particular, age was shown to be highly significant.
Further studies that include young and elderly
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participants should be conducted in this field in
order to prove this hypothesis.

CONCLUSIONS

In-office bleaching with 35% hydrogen peroxide did
not induce DNA damage to the gingival and lip
tissues during the bleaching period. Although effec-
tive whitening was observed, most of the partici-
pants experienced T'S.
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A Prospective Six-Year Clinical
Study Evaluating Reinforced Glass
lonomer Cements with Resin
Coating on Posterior Teeth:
Quo Vadis?

LS Tiirkiin » O Kanik

Clinical Relevance

Despite minor reparable defects, the overall clinical performance of EquiaFil was found to
be excellent even in large posterior class II restorations after a period of six years compared

to Riva SC.

SUMMARY

Objective: The aim of this study was to evalu-
ate the long-term clinical performance of two
encapsulated glass ionomer cements (GICs)
(EquiaFil and Riva SC) covered with two
different coatings (Equia Coat and Fuji Var-
nish) over six years using modified US Public
Health Service (USPHS) criteria.

Methods: Fifty-four patients having class I and
II restorations/caries were included in the
study. A total of 256 restorations were made
with EquiaFil and Riva SC. Equia Coat or Fuji
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Varnish was used randomly on the surface of
the restorations. After cavity preparations, the
teeth were randomly restored with one GIC
and coated with Equia Coat or Fuji Varnish.
The restorations were evaluated at baseline;
six, 12, and 18 months; and six years after
placement using modified USPHS criteria.
Two evaluators checked color match, marginal
discoloration, marginal adaptation, caries for-
mation, anatomical form, postoperative sensi-
tivity, and retention rate, and photographs
were taken at each recall. The results were
evaluated with Pearson chi-square and Mann-
Whitney U-test (p<<0.05).

Results: Thirty-seven patients were evaluated.
There was a significant difference between
EquiaFil and Riva SC regarding retention rate
and color match after six years (p=0.033 and
0.046). When comparing baseline to six years,
the overall success of EquiaFil was better than
Riva SC, having significant problems regard-
ing retention rate and anatomical form
(p=0.016 and 0.031). Class II cavities were
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significantly worse in marginal adaptation,
anatomical form, and retention rate in the
Riva SC groups (p=0.033, 0.015, and 0.007) but
not in the EquiaFil groups. The combination of
the coatings had no effect on the overall
success of the materials.

Conclusions: The EquiaFil system was more
successful than Riva SC regarding color
match, marginal adaptation, anatomic form,
and retention rate after a six-year clinical
evaluation period.

INTRODUCTION

For a few decades, a broad range of restorative
dental materials has been emerging onto the market.
Some of them needed special cavity designs, whereas
others were intended to be used with adhesive
dentistry. More recently, another treatment ap-
proach, minimal invasive dentistry, has gained
popularity, especially in the field of operative
dentistry. Today, restoring a tooth is not the only
objective; it is also important to protect the existing
tooth structures for a long period of time from any
invasive treatment procedures. For that purpose,
besides being esthetically pleasing, the new restor-
ative materials of choice need to have good physical
and mechanical properties and at the same time
induce the remineralization of the tooth. One of the
most popular and effective dental materials belong-
ing to this group is glass ionomer cement (GIC).13

GICs, introduced by Wilson and Kent* in 1972, are
a special group of dental materials having some very
unique properties. They adhere to slightly moist
enamel and dentin without the need for any
adhesive system, they release fluoride and thus have
anticariogenic effects for an extended period of time,
they can absorb and release fluoride from topical
fluoride solutions, they have thermal expansion
similar to enamel, and they are biocompatible with
a low toxicity. This group of materials is also
considered to be “bioactive” due to these unique
features. However, traditional GICs have some
drawbacks, such as low fracture toughness, higher
occlusal wear, and the need to be protected from
initial dehydration and moisture uptake at the early
maturation stage compared to other restorative
materials, such as amalgam and modern resin
composite restorative materials.'®® To avoid prob-
lems in the first 24 hours, copal varnish, light-cured
bonding resins, petroleum jelly, cocoa butter, and
even nail varnish have been used over the years.® It
is presumed that this layer will prevent the
restoration from dehydrating and maintain the all-
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important water balance in the system.® The longer
this protective material is in contact with the
restoration, the smaller the chance that its mechan-
ical properties will decrease.’

In the late 1990s, many improvements and
modifications have been made in GICs to overcome
their disadvantages and to develop a material that
may replace amalgam and that can be used in field
conditions with atraumatic restorative treatment
(ART) techniques.'® However, these GICs exhibited
a wear rate five times higher than amalgam and
three times higher than resin composite materials™*
and were not found very successful in early clinical
studies.'®'® Consequently, their reputation did not
change much, and they were still considered a
semipermanent restorative material for small to
moderate-size class I and II fillings in permanent
teeth.'* A few years later, due to the need for a
cheap, tooth-colored material with easy handling
properties, the development of high-viscosity, encap-
sulated, and packable GICs occurred. These were
introduced to the market claiming superior physical
and mechanical properties and a more translucent
appearance than their predecessors due to the
incorporation of glass particles.!

Early reviews published in 2004 and 2005 on the
clinical performance of highly viscous GICs in
posterior teeth indicated that their annual failure
rate was estimated to be around 8%.'%'¢ Scholtanus
and Huysmans'” published a six-year study in 2007
performed by two dentists in private practice with
116 class II restorations. According to their results,
until 18 months, there were no problems; at the 3.5-
year recall, the survival was 93%; and at six years,
the survival dropped to 60% for the GIC tested. On
the other hand, clinical trials performed with ART
techniques and highly viscous GICs were very
promising. Frencken and others'® performed an
ART study with Fuji IX and Ketec Molar, reporting
a cumulative survival rate of 66.1% for GIC and 57%
for amalgam after 6.3 years. Ersin and others'?
conducted a two-year clinical study with Fuji IX GP
and a packable resin composite on primary molars
restored again with ART and found a survival rate of
96.7% in class I and 76.1% in class II GIC
restorations with no significant difference with the
resin composite tested. A few years later, in 2011,
Burke and others®® evaluated 169 Fuji IX restora-
tions in class I and II cavities placed by three
dentists and found a survival rate of 98% after two
years of follow-up, the main reason for replacement
being fracture.

$S900E 98] BIA 0£-80-GZ0Z 18 /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid//:sdiy Wwol) papeojumoc]



Tlirkiin & Kanik: Clinical Performance of GICs at Six Years 589

Table 1: Description of Materials Used in This Study
Material Type Manufacturer Composition
EquiaFil Conventional glass ionomer cement GC (Tokyo, Japan) Powder: 95% strontium fluoro alumino-silicate
glass, 5% polyacrylic acid
Liquid: 40% aqueous polyacrylic acid
Riva SC Conventional glass ionomer cement SDI (Bayswater, VIC, Powder: Strontium fluoro alumino-silicate glass,
Australia) polyacrylic acid copolymer powders, pigments
Liquid: polyacrylic acid copolymers
Equia Coat Low-viscosity nanofilled GC 40%-50% methyl methacrylate, 10%-15% colloidal
surface coating resin silica, 0.09% camphorquinone, 30%-40% urethane
methacrylate, 1%-5% phosphoric ester monomer
Fuji Varnish Classical varnish GC Isopropyl acetate, acetone, vinyl acetate, vinyl
chloride copolymer, glycerol, resin acid esters

In 2007, a new glass ionomer concept consisting of
a highly viscous encapsulated GIC, Fuji IX GP
Extra (GC, Tokyo, Japan), and a nanofilled light-
cured coating material, G-Coat Plus (GC), named
Equia, was developed.® The changes in the formu-
lation over the traditional GICs included a reduc-
tion in the size of the glass particles in the matrix,
offering improved physical properties and stiffer
syringeable materials that allow some packability
to the material. The G-Coat Plus, with its low
viscosity, can be used as a glaze on the top of the
GICs and resin composites and can adhere to
enamel and dentin as well. Furthermore, the nano-
fillers protect the GIC against abrasive wear that
may occur during the early stage of a few months
until the material becomes fully mature and
resistant to intraoral situations.}'®21:?2 A few years
later, in 2009, this system was renamed EquiaFil
and the coating Equia Coat.

To date, few prospective clinical studies have
compared the long-term clinical performance of
this new restorative system to other dental
materials, these usually being resin composites.
The available published studies derive mainly from
data obtained from retrospective studies, including
many operators of private practices,®?® or are
performed with ART techniques in field conditions
on primary teeth. The authors of this study could
not find any other long-term clinical study com-
paring the clinical performance of encapsulated
GICs between themselves. Furthermore, there are
also no clinical studies comparing the effect of
light-cured coatings to classical varnishes on GIC
restorations.

Therefore, the aim of this study was to evaluate
the long-term clinical performance of two encapsu-
lated GICs (EquiaFil and Riva SC) covered with two
different coatings (Equia Coat and Fuji Varnish)
over six years using modified US Public Health

Service (USPHS) criteria. The null hypothesis of the
study was that after six years, there would be no
difference in the clinical performance of the two
GICs tested for the assessed criteria.

METHODS AND MATERIALS

In this six-year randomized prospective controlled
clinical trial, two encapsulated GIC restorative
materials—EquiaFil and Riva SC (SDI, Bayswater,
VIC, Australia) in combination with two different
coatings (Equia Coat and Fuji Varnish)—were
evaluated. The materials used are described in Table
1.

Patient Recruitment

Patients applying for routine dental care at Ege
University, School of Dentistry, were screened by the
Department of Restorative Dentistry. The inclusion
criteria for the selection of the patients for the study
were as follows: 1) the patient should have good oral
hygiene, 2) the patient has a need for at least two or
more posterior restorations in contact with the
neighbouring tooth and in occlusion with the
antagonist teeth, 3) teeth planned to be restored
should be vital and symptomless, and 4) the cavity
isthmus size should be more than one-third the
intercuspal distance. The exclusion criteria were as
follows: 1) absence of adjacent and antagonist teeth,
2) teeth with periodontal problems, 3) teeth with
preoperative pain or pulpal inflammation, 4) teeth
formerly subjected to direct pulp capping, and 5)
patients having severe systemic diseases, allergies,
or adverse medical histories.

A total of 54 patients satisfying the inclusion
criteria were selected to participate in this clinical
trial. The average age of the patients was 34.6 years
(range 17-55 years). All included patients were
voluntary and signed a written informed consent.
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Table 2: Distribution of the Restorative Material Groups Among Dental Arches and Cavity Classes at the Beginning of the Study
Restorative Materials Maxillar Mandibular Class | Class I Total
Premolar Molar Premolar Molar
EquiaFil + Equia Coat 10 19 10 37 28 44 72
EquiaFil + Fuji Vamish 9 14 11 20 33 21 54
Riva SC + Equia Coat 15 22 7 21 28 40 68
Riva SC + Fuji Varnish 11 29 9 16 35 27 62
Total 45 84 37 94 124 132 256

Restorative Procedures

One experienced dentist placed 124 class I and 132
class II restorations (256 restorations in total). The
distribution of the materials, cavity classes, and
tooth groups are depicted in Table 2. The filling
materials EquiaFil or Riva SC were randomized over
these two cavity groups using a randomization list.

Before treatment, preoperative digital photo-
graphs and periapical radiographs were taken, and
the vitality of the tooth was recorded. Old restora-
tions were removed and the enamel was prepared
using diamond round and fissure burs (Komet, Gebr.
Brasseler GmbH & Co KG, Lemgo, Germany) at high
speed with water cooling. To remove caries, hand
instruments and slow-speed steel burs were used.
Local anesthesia was used only in patients com-
plaining about pain or sensitivity. The isolation of
the cavities was performed with cotton rolls and
high-speed evacuation. For initial caries excava-
tions, a minimal invasive cavity design was used.
The two surface class II cavities were mostly
medium size to large, but none of them involved
any cusps. No beveling was performed in any of the
cavities. A Ca(OH)y cavity liner (Dycal, Dentsply
DeTrey, Konstanz, Germany) was applied where
needed as a limited base material. A sectional matrix
system (Palodent, Dentsply) was used to restore the
class II cavities.

The cavities were restored using a bulk fill method
with one of the encapsulated GICs (EquiaFil or Riva
SC) and covered with a light-cured coating (Equia
Coat) or a classical varnish (Fuji Varnish) according
to the manufacturer’s instructions. The P/L ratios of
the glass ionomers were similar, being 0.40/0.12 for
EquiaFil and 0.45/0.14 for Riva SC.

EquiaFil and Riva SC Restorative Procedures

After the cavity preparations, the dentin and enamel
were conditioned with 20% polyacrylic acid for 10
seconds (Cavity Conditioner, GC) to remove the
smear layer, rinsed thoroughly, and briefly air-dried
without desiccating the surface. Both EquiaFil and

Riva SC capsules were mixed for 10 seconds in a
capsule mixer (Silvermix90, GC) and packed into the
cavities with their respective gun injectors. The
major grooves and fissures were modeled and the
restorations left undisturbed for two minutes for
initial setting according to the manufacturer’s
recommendations. Then the occlusion was checked
with two layers of articulation paper and adjusted
with water-cooled high-speed fine diamond burs
(Komet).

As a last step, the restorations were quickly dried
and covered randomly with one of the coating
materials to be tested. Equia Coat was applied in
one coat with its microbrush and light cured for 20
seconds using a light-curing unit (Bluephase C5,
Ivoclar Vivadent, Liechtenstein), while Fuji Varnish
was applied in two coats and left undisturbed until
setting.

Evaluations and Recall Periods

One week after the restorations were placed, the
patients were recalled, and two independent blinded
clinicians making the baseline evaluations scored
the restorations according to modified USPHS
criteria.!® The criteria evaluated were color match,
marginal discoloration, marginal adaptation, ana-
tomic form, caries development, postoperative sen-
sitivity, and retention loss. The clinicians used
mirrors and probes and took bitewing radiographs
and intraoral digital photographs at baseline, six, 12,
18, and 72 months. If disagreement occurred during
the evaluation stages, the final score decision was
made by consensus of both examiners.

We anticipated that some marginal ridges of class
II restorations might show some chipping during the
course of the study that might not require the
replacement of the entire restoration, only its repair.
Thus, in agreement with the study of Peumans and
others,?* we thought that these restorations should
be scored differently because they were not proper
failures and could be maintained and monitored
throughout the trial. For that purpose, we divided
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Table 3: Modified US Public Health Service (Ryge) Direct Evaluation Criteria

Criteria Inspection Method

Rating Scale

Color match

Visual inspection with a mirror at 18 inches

Alpha: The restoration matches the adjacent tooth structure
in color and translucency.

Bravo: Light mismatch in color, shade, or translucency
between the restoration and the adjacent tooth.

Charlie: The mismatch in color and translucency is outside
the acceptable range of tooth color and translucency.

Marginal discoloration

Visual inspection with a mirror at 18 inches

Alpha: No discoloration anywhere along the margin between
the restoration and the adjacent tooth.

Bravo: Slight discoloration along the margin between the
restoration and the adjacent tooth.

Charlie: The discoloration penetrated along the margin of
the restorative material in a pulpal direction.

Marginal adaptation

Visual inspection with a mirror at 18 inches

Alpha 1: Harmonious outline.

Alpha 2: Marginal gap (max 100 p) with discoloration
(removable).

Bravo: Marginal gap (>100 p) with discoloration
(unremovable).

Charlie: The restoration is fractured or missing.

Anatomical form

Visual inspection with a mirror at 18 inches

Alpha 1: Continuous with existing anatomical form.

Alpha 2: Slightly discontinuous due to some chipping on the
proximal ridge.

Bravo: Discontinuous with existing anatomical form due to
material loss, but proximal contact still present.

Charlie: Proximal contact is lost with ridge fracture.

Caries formation

Visual inspection with a mirror at 18 inches

Alpha: No evidence of caries.
Bravo: Evidence of caries along the margin of the
restoration.

Postoperative sensitivity

Visual inspection with a mirror at 18 inches

Alpha: No evidence of postoperative sensitivity.
Bravo: Sensitivity present.

Retention rate

Visual inspection with a mirror at 18 inches

Alpha 1: Clinically excellent.

Alpha 2: Clinically good with slight deviations from ideal
performance; correction possible without damage of tooth or
restoration.

Bravo: Clinically sufficient with few defects; corrections or
repair of the restoration possible.

Charlie: Restoration is partially missing.

Delta: Restoration is totally missing.

score Alpha into two groups, Al and A2, for marginal
adaptation, anatomic form, and retention rate
criteria, as shown in Table 3.

Statistical Analysis

Statistical analysis was performed with SPSS ver-
sion 13.0 software. To test the performance of the
restorative materials according to USPHS criteria
over the study period and to compare the acceptable
versus unacceptable scores, the Pearson chi-square
test was used. The Mann-Whitney U-test evaluated
the comparison of the different coatings on the
performance of the GIC tested. The level of signifi-
cance was set at «=0.05 for all tests.

RESULTS

Through 18 months, 52 patients with 248 restora-
tions were evaluated. However, after six years, 37

patients and 88 restorations per glass ionomer group
(total of 176 restorations, recall rate 68.75%) were
available for recall. The scores obtained during the
recalls and the distribution of the materials/coating
combinations over the study period are detailed in
Table 4.

In the modified USPHS evaluation criteria, scores
A and Al meant the highest degree of clinical
acceptability, while A2 meant a clinically acceptable
restoration having minor reparable problems. Score
B stood for a clinically acceptable restoration that
did not need replacement but could survive with
some repairs, and scores C/D stood for unacceptable
restorations that needed to be replaced.

None of the patients at any time interval of the
study experienced pain or postoperative sensitivity
from the restored teeth, and no incidence of caries
formation was observed.
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Table 4: US Public Health Service Scores Obtained During the Recall Periods
Criteria Baseline Six Months 12 Months 18 Months Six Years
A1/A2 B C A1/A2 B C A1/A2 B C A1/A2 B Cc A1/A2 B C D
Color match
EG 19 36 7 19 36 7 19 36 7 19 36 19 43 2 0o —
EV 16 36 10 16 36 10 16 36 10 16 36 16 43 0 0o —
RG 0 8 54 0 8 54 0 8 54 0 8 0 30 5 12 —
RV 1 6 55 1 6 55 1 6 55 1 6 1 28 5 8 —
Marginal adaptation
EG 62 0 0 591 2 0 55/4 2 1 53/4 1 53/4 35/0 4 1 —
EV 62 0 0 60/0 1 1 591 1 1 58/1 1 581 43/2 3 0o —
RG 62 0 0 62/0 0 0 59/3 0 0 56/4 1 56/4 39/4 3 3 —
RV 62 0 0 59/3 0 0 56/6 0 0 55/6 1 55/6 30/3 4 2 —
Anatomic form
EG 62 0 0 59/1 2 0 56/3 2 1 53/3 1 53/3 40/1 4 1 —
EV 62 0 0 60/0 1 1 59/1 1 1 58/1 1 581 371 3 1 —
RG 62 0 0 62/0 0 0 60/2 0 0 57/3 1 57/3 43/2 4 4 —
RV 62 0 0 59/3 0 0 56/6 0 0 55/6 1 55/6 28/4 1 2 —
Retention rate
EG 62 0 0 59 3 0 55 6 1 52 5 52 40 3 1 0
EV 62 0 0 60 1 1 59 2 1 58 2 58 41 3 0 o0
RG 62 0 0 62 0 0 58 4 0 55 6 55 37 2 3 1
RV 62 0 0 59 3 0 58 4 0 57 4 57 40 2 2 1
Marginal discoloration
EG 62 0 0 62 0 0 62 0 0 62 0 62 43 0 0o —
EV 62 0 0 61 1 0 61 1 0 61 1 61 43 2 0o —
RG 62 0 0 61 1 0 60 2 0 60 2 60 43 0 0o —
RV 62 0 0 62 0 0 62 0 0 62 0 62 43 2 0o —
Caries formation
EG 62 0o — 62 0o — 62 0o — 62 0 62 44 o — —
EV 62 0o — 62 0o — 62 0o — 62 0 62 44 o — —
RG 62 0o — 62 0o — 62 0o — 62 0 62 44 o — —
RV 62 0o — 62 0o — 62 0o — 62 0 62 44 o — —
Postoperative sensitivity
EG 62 0o — 62 0o — 62 0o — 62 0 62 44 o — —
EV 61 1 — 62 0o — 62 0o — 62 0 62 44 o — —
RG 61 1 — 62 0o — 62 0o — 62 0 62 44 o — —
RV 62 0o — 62 0o — 62 0o — 62 0 62 44 o — —
Abbreviations: EG, EquiaFil + Equia Coat; EV, EquiaFil + Fuji Varnish; RG, Riva SC + Equia Coat; RV, Riva SC + Fuji Varnish.

The resin coating and the varnish applied on all
restorations were worn away in nearly all of the
restorations after six months. However, this was not
seen as a problem, and during the other study
recalls, we could not find any significant difference
or influence of the different coatings on the success
rate of either glass ionomer (p>0.05) (Figure 1).

Regarding the color-match criteria, there was a
significant difference between EquiaFil and Riva SC
in all of the recall periods (p<0.05). After 18 months,
there was a pronounced color mismatch (score C) in

Riva SC coated with Equia Coat (87.1%) and Riva SC
coated with Fuji Varnish (88.7%) compared to both
EquiaFil groups. The color match of both EquiaFil
groups was eight times better than all the Riva SC
groups. The match of these groups was found to be
better after six years, but the significant difference
was maintained (p<0.05).

Compared to baseline, the difference in the
marginal discoloration scores of EquiaFil and Riva
SC groups was not significantly different in any of
the recalls during the six years (p>0.05) (Figure 2).
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Until the 18-month recall, for marginal adapta-
tion, anatomic form, and retention rate, due to the
low number of restorations that had problems in all
the groups, Pearson chi-square could not be per-
formed. All the class I restorations were found to be
perfect, while a total of nine class II restorations had
to be replaced: five cases of EquiaFil + G Coat
(8.1%), two cases of EquiaFil + Fuji Varnish (3.2%),
one case of Riva SC + G Coat (1.6%), and one case of
Riva SC + Fuji Varnish (1.6%). However, at the six-
year recall, the difference was significant for all
three criteria mentioned above for class II restora-
tions between the two main GIC groups regardless of

Figure 2. (Left): Two Riva SC restorations having a color mismatch
and some marginal discolorations after six years. (Right): One
EquiaFil occlusal restoration having an ‘A’ score in all the criteria
after six years.

Figure 1. (a-d): EquiaFil and Riva
SC class Il restorations scored as ‘A’
after six-year recall.

the coating used (p<0.05) (Figure 3). Regarding the
marginal adaptation criteria, in the EquiaFil group,
one restoration had to be replaced (1.1%), while in
the Riva SC group, five cases (5.6%) were scored as
unacceptable (p=0.033). For the anatomic form
criteria, in the EquiaFil group, two restorations
had to be replaced (2.27%), while in the Riva SC
group, six cases (6.81%) were scored as unacceptable
(p=0.015) (Figure 4).

In the retention rate criteria, both partial loss
(score C) and total loss of the restorations (score D)
were considered as failure. In the EquiaFil group,
one restoration had to be replaced (1.13%), while six
had to be repaired. In the Riva SC group, five cases
(5.68%) were scored as partial loss, while two
restorations (2.27%) had to be replaced and were
scored as unacceptable (p=0.007) (Figure 5). The
total failure rate for Riva SC was found to be 7.95%
after six years of clinical service.

DISCUSSION

Clinical evaluations of restorative materials are
essential in order to obtain data on their clinical
performance and in vivo longevity. Clinical trials
with GICs as permanent restorative materials were
conducted mostly on class I cavities,'%?52¢ and there
are limited data showing their performance in class
II cavities. Moreover, in the past, clinical studies on
GICs were performed usually in primary molars and
with ART techniques.'®?”?® The results were mostly
positive; however, the materials were powder/liquid,
and the coatings were usually classical varnishes. In
the past decade, long-term clinical studies on GICs
have been performed on adult patients’ posterior
teeth having small to moderate-size cavities'® with
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Figure 3. (Left): One class Il Riva SC restoration receiving an ‘A2’
score for marginal adaptation and anatomic form and a ‘C’ score for
color match after six years. (Right): One class Il EquiaFil restoration
receiving an ‘A’ score for all the criteria after six years.

Figure 4. (a): Six-year recall of perfect EquiaFil restoration and a ‘B’
score for Riva SC restoration. (b): Six-year recall of an occlusal Riva
SC restoration having a slight color mismatch and a large class Il
EquiafFil restoration being repaired at 18 months and still functioning
at the six-year recall.

better results with reinforced GICs and in small
restorations.’*!7"?3 The present study was per-
formed on adult patients with an average age of
34.6 years and having moderate-size to large class I
and II cavities. Many of the class II cavities had very
large proximal boxes that were beyond the indicated
application of both glass ionomers. This procedure
was an especially great challenge for Riva SC, which
was more clearly indicated for non-—stress-bearing
class II cavities.

According to the American Dental Association, a
material intended to be used in posterior teeth needs
to have a retention rate of at least 90% after 18
months of clinical service to become fully accepted as

Operative Dentistry

a definitive restorative material.?® In our study,
after 18 months, only a few changes were noted in
the evaluated GICs, making both materials suitable
for permanent posterior teeth restorations. However,
at the six-year recall, the difference between the
materials was more pronounced.

Color match was a great problem in conventional
GICs due to the lack of translucency of the material.
However, some reinforced and modern GICs exhibit
a better match with adjacent tooth structures,
partially due to the small glass particles and filled
resin-based coating materials. In our study, both
GICs were reinforced; however, EquiaFil’s color
match was found to be eight times better than Riva
SC after 18 months. The difference was less visible
after six years due to the improvement in translu-
cency over time of the materials as the cements
mature.” To overcome these shade problems, in
2014, the manufacturer of Riva SC launched more
translucent and esthetic shades (T-A2, T-A3, and T-
A3.5).

The applied coatings sealed the restorations in a
thickness of 35-40 p,%° protected the margins, and
created a regular and glossy surface. However, they
disappeared in nearly all cases at the six-month
recall, leaving a slightly rougher surface than the
adjacent enamel. With time, these coatings were lost
by oral mastication wear, but during this time, the
cements are expected to become more resistant to
variation in water balance and fully mature with
maximum mechanical strength.?’ The same findings
were obtained in a study by Miletic and others.??
Lohbauer and others?® conducted an in vitro study to
compare the three-point fracture strength (FS) and
three-body wear of G-Coat Plus—coated and —non-
coated Fuji IX GP Extra samples. According to their
findings, the GIC surface must be resin coated to
improve its mechanical strength and wear resis-
tance. Similarly, Bonifacio and others?’ measured
the FS and wear of coated versus uncoated Fuji IX
GP Extra specimens and concluded that the resin
coating improved the F'S and wear resistance of the
GIC tested. In contrast to these studies, Bagheri and
others®? compared the fracture toughness (FT) by a
four-point bending test of Fuji IX GP Extra and a
resin-modified GIC and found that the FT of the GIC
was not affected by the resin coating.

The absence of failures due to secondary caries
after six years is most likely due to the anticario-
genic effect and fluoride release of the GICs.

Marginal discoloration was moderate and was
seen only in a few cases during the six-year period
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of evaluation. This is probably due to the self-
adhesion of the glass ionomers to tooth structures
without the need of adhesive systems.

Anatomic form, marginal adaptation, and reten-
tion loss are more or less related USPHS criteria
for posterior restorative materials. The loss of
anatomical form of restorations is an indication
of wear and morphological changes, especially in
class II restorations. In the present study, as in
the study of Peumans and others,?* all of the three
criteria were modified for the Alpha score because
of the nature of the GIC. In the original USPHS
criteria, an Alpha score meant that the monitored
restoration was in perfect condition, while a Bravo
score meant that it had some minor problems that
did not affect the performance of the material. In
our study, an Alpha 2 score was added for
marginal adaptation and meant that a marginal
gap less than 100 p was present with a slight
discoloration that could be removed by polishing.
Regarding anatomical form, an Alpha 2 score
meant that the restoration was slightly discontin-
uous due to some chipping on the proximal ridge of
the class II restorations. For the retention loss
criteria, an Alpha 2 score was set mainly for class
II restorations that deviated slightly from ideal
performance and that had minimal material loss
that may be corrected without inducing any
damage to the adjacent tooth structures or the
restoration itself.

In the present study, the evaluated clinical
performance of GIC until 18 months was found to
be excellent without any difference between the

Figure 5. (a): EquiaFil OD restora-
tion receiving a ‘B’ score for anatomic
form and retention rate after six years.
(b): Riva SC restoration being scored
as ‘C’ for marginal adaptation, ana-
tomic form, and retention rate after six
years. (c): Perfect Riva SC restoration
and EquiaFil restoration scored as ‘B’
for anatomic form and ‘A2’ for reten-
tion rate after six years. (d): Riva
restoration scored as ‘C’ for anatomic
form and retention rate after six years.

materials or coating applications.>* However, be-
tween 18 months and six years, the clinical
performance of Riva SC GIC in moderate-size to
large class II restorations was significantly worse
that EquiaFil for marginal adaptation, anatomic
form, and retention loss. Similar to our results,
Scholtanus and others'” found no failure at 18
months in their long-term clinical study evaluating
the previous version of EquiaFil: Fuji IX GP.
However, at six years, the survival rate dropped
to 60%. Our results might be due to the composition
and amount of the strontium fluoro alumino-
silicate glass present in the Riva SC material,
probably being more close to conventional glass
ionomers than to reinforced materials. In addition,
Riva SC was developed for the restoration of only
small and non-stress-bearing class II restorations,
and this could have made it less successful in
moderate-size to large restorations. It is our
opinion that to be able to have long-term successful
results with this material, the cavity size should be
small to moderate, and the width of the proximal
box should not exceed the half of the intercuspal
distance.

In a review performed in 2005 by Hickel and
others'® on primary molar teeth and with conven-
tional GICs, the main reason of failure in class II
restorations was reported to be fracture. Again, in
the study by Frankenberger and others,'* Ketac
Molar covered with Ketac Glaze in class I and II
restorations was evaluated for two years, and they
reported having lost the interproximal contacts in
40% of the class II restorations due to bulk
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fracture, meaning an annual failure of 20%.
However, the dropoff rate was 76%, and this may
have influenced the low performance of the mate-
rial. According to Basso and others,?° the possibil-
ity of achieving durable class II restorations with
GICs is related to the width of the mesial or distal
box of the cavity. Much chipping and some failures
of their 48-month clinical study performed with
Equia were located in the marginal proximal crest
of wider restorations. Similarly, in our study,
marginal chipping and fractures were seen mainly
in large proximal ridges of the class II restorations.
Some of them could be repaired and maintained,
while some had to be replaced. For repairing the
chipping, we performed a retentive slot cavity in
the proximal box of the class II restoration, placed
a sectional matrix, and filled the new cavity with a
fresh glass ionomer capsule to restore the proximal
contact. When the fracture is large and the dentin
is exposed or the proximal contact is totally lost,
the replacement of the filling would be more
appropriate than a repair.

Reinforced restorative GICs are a relatively new
group of material; thus, published long-term clinical
studies with these materials are few. To the authors’
knowledge, there are no long-term clinical studies
comparing the performance of two glass ionomers
and two coating materials. Of the few published
studies, many compared GICs to resin composites
and were mainly retrospective and performed with
more than one operator in general dental practices.
However, carefully designed prospective studies
performed in ideal conditions by a single operator
and evaluated by two independent calibrated clini-
cians are superior to retrospective studies that
provide data that were recorded for other reasons
than research and evaluated by the operator him- or
herself.

In a clinical study comparing EquiaFil and a resin
composite, Gradia Direct Posterior, performed by
Giirgan and others,?® it was found that after four
years, the success rates for class I and class II Gradia
Direct Posterior restorations were 100%, whereas
the failure rate was 7.7% for class II EquiaFil
restorations. No significant change over time was
found for the anatomical form, color match, second-
ary caries, postoperative sensitivity, surface texture,
and retention for either restorative material. There
was also no significant difference between the two
restorative materials in terms of marginal discolor-
ation at any recall period.

Diem and others® reported one of the few

published studies comparing Fuji IX Extra (Equi-

Operative Dentistry

aFil) with and without coating (Equia Coat) and
also a microfine hybrid resin composite in the
restoration of the first premolars of young children
with the ART technique in field conditions. After
three years, the color match of all the restorations
improved, with no differences between the materi-
als. Moderate marginal staining was depicted, and
marginal adaptation loss was minimal for all
restorations. They concluded that Fuji IX GP Extra
with or without the coating showed acceptable
clinical performance compared to the tested resin
composite. Moreover, according to casts obtained
from these restorations, the application of Equia
Coat was found beneficial in reducing the wear of
this GIC in class I restorations. Similar to our
results, they found a rate of 3% of surface chipping
or cracks in the GIC and of 2% in the resin
composite. They concluded that notable marginal
fractures did not become apparent until the third
year in the Fuji IX Extra group.

Friedly and others®® evaluated the performance of
151 Equia restorations in single- and multisurface
posterior restorations for 24 months and found that
large cavities had more volume loss, but all the
restorations were scored as satisfactory at the end of
the study. Khandelwal and others®® evaluated the
EquiaFil system for a period of two years. They
reported 88.8% success in class I restorations and a
perceptible roughness in 11.5% of the restorations
with very few marginal disintegrations. Miletic and
others®? evaluated 45 Equia system restorations in a
one-year pilot study and found that all the restora-
tions were clinically acceptable.

In the present study, the EquiaFil system in both
cavity types exhibited significantly better clinical
outcomes over the observation period of six years
than Riva SC. Therefore, the null hypothesis
formulated at the beginning of the study was
rejected.

Reinforced GICs may be considered as the mate-
rial of the future in restorative dentistry and
minimally invasive dentistry. Their long-term clin-
ical success is making them promising as a perma-
nent restorative material, even in moderate-size
class II restorations. Further developments are
needed to improve their mechanical properties and
extend their indications.

CONCLUSION

The highly viscous reinforced GIC restorative sys-
tem EquiaFil showed acceptable clinical perfor-
mance according to modified USPHS criteria in

$S900E 98] BIA 0£-80-GZ0Z 18 /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid//:sdiy Wwol) papeojumoc]



Tlirkiin & Kanik: Clinical Performance of GICs at Six Years

class I and moderate-size to large class II restora-
tions over a period of six years.
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Clinical Evaluation of Silorane and
Nano-hybrid Resin Composite
Restorations in Class I
Cavities up to 3 Years

F Oztiirk-Bozkurt ¢ T Toz » A Kara-Tuncer ¢« H Géziikara-Bag ¢« M Ozcan

Clinical Relevance

Both nano-hybrid and silorane-based resin composites performed similarly in Class II
restorations for up to three years except for marginal adaptation where silorane-based
composite demonstrated significant marginal deterioration.

SUMMARY

In this study, the clinical performance of a
silorane-based resin composite (SC) vs a nano-
hybrid resin composite (NHC) was evaluated
in Class II cavities. From January 2012 to
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February 2013, a total of 29 patients (eight
men, 21 women; mean age, 24 *= 5 years)
received 29 pairs of restorations using both
SC (Filtek Silorane, 3M ESPE) and NHC (Fil-
tek Z550, 3M ESPE) materials. Patients were
followed until February 2015. One operator
performed all restorations using the corre-
sponding adhesive resins according to the
manufacturers’ instructions. Two calibrated
independent examiners evaluated the resto-
rations at one week, six months, and then
annually using the modified United States
Public Health Service (USPHS) criteria for
anatomic form, marginal adaptation, color
match, surface roughness, marginal discolor-
ation, secondary caries, and postoperative
sensitivity. Changes in the USPHS parame-
ters were analyzed with the McNemar test
(¢=0.05). The mean observation period was
31.2 months. Marginal adaptation was the
only parameter that showed a significant
difference and was worse for SC than NHC
(p=0.012). At the final recall, 17 restorations
from the SC group and five from the NHC
group received a score of 1 (explorer catches).
These scores were significantly different be-
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tween baseline and final recall for SC
(p<0.001) but not for NHC (p>0.05). Both
NHC and SC performed similarly in Class II
restorations up to three years except for
marginal adaptation, for which the latter
demonstrated significant deterioration at the
final recall compared with baseline.

INTRODUCTION

Since their introduction, dental composites have
undergone many structural changes in order to
achieve easier application and better clinical results.
Their low cost, better optical properties, and less
need for preparation made them the first choice of
material for posterior direct restorations as opposed
to other materials.! They also have shown acceptable
prognoses according to some clinical studies.??
However, the longevity of posterior resin restora-
tions remains a matter of concern among clinicians,
given that some other studies reported failures
generally after 5 to 6 years."*® According to these
clinical studies, the most frequently reported defects
and failures are fractures, secondary caries, and
marginal leakage that is often attributed to poly-
merization shrinkage.}*5

Despite many improvements in dental adhesive
technologies, polymerization shrinkage remains a
problem because it is caused by an exchange of van
der Waals forces in shorter covalent bond spaces
during the conversion of monomers into a polymer
network.® Polymerization shrinkage generates
stresses between the tooth and the restoration and
may increase the risk of early failure.® Current
adhesive technologies aim for achieving “low-shrink-
age” materials. With higher filler content and
incorporation of prepolymerized resin fillers, the
absence of low-molecular-weight diluents and the
use of high-molecular-weight monomers, methacry-
late-based resin composite materials present less
polymerization shrinkage.’

Alternative efforts have been made by introducing
an epoxide ring-opening polymerization type of
chemistry.” Siloranes, a new class of ring-opening
monomers, comprise two molecules: siloxane, which
makes the material hydrophobic, and oxirane, with
volumetric shrinkage of 0.99 v0l1%.5° With this low
polymerization shrinkage, the incidence of micro-
leakage, secondary caries, postoperative sensitivity,
and enamel fractures are claimed to decrease.!
Siloranes have clinically acceptable physical, biolog-
ical, and mechanical properties, and the perfor-
mance of such resins is similar'®'® or superior’*!?
to that of methacrylate-based resins.

Operative Dentistry

Although clinical trials are costly and time-
consuming, and prediction of the clinical results on
the basis of a single or multiple in vitro studies may
be desirable,! the overall clinical behavior of resin
restorations is multifactorial and unlikely to be
predicted by either of the methods alone. Because
siloranes are recently introduced adhesive restor-
ative technologies, they have not been evaluated
widely in vivo.'®1" Thus, the objective of this clinical
evaluation was to investigate the longevity of
silorane-based resin composite (SC) vs a methacry-
late-based nano-hybrid resin composite (NHC) for
posterior Class II restorations. The null hypothesis
tested was that there would be no statistically
significant differences between the two resin com-
posite materials.

METHODS AND MATERIALS

The brands, manufacturers, chemical composition,
and batch numbers of the materials used in this
study are listed in Table 1.

Study Design

The Ethics Committee of Istanbul University ap-
proved this clinical study (2012/644-1047). Patients
in need of at least two posterior restorations were
recruited for the study. Inclusion criteria were as
follows: Adults of at least 18 years of age, with good
oral hygiene, having at least two primary approxi-
mal caries in the posterior teeth having an antago-
nist tooth in occlusion, being mentally in a good state
to provide written consent to participate in the
clinical study, and willing to attend the scheduled
follow-up appointments. Exclusion criteria included
no systemic diseases, presence of teeth with severe
periodontal problems, extensive caries that need to
be treated endodontically, and/or composite or
amalgam replacements.

Placement of Restorations

From January 2012 to February 2013, one operator
with experience in adhesive dentistry (more than 18
years since graduation) placed two pairs of restora-
tions in 29 patients (eight men, 21 women; mean age,
24+5 years). Following cavity preparation, the
decision to apply the test or control material was
randomized by tossing a coin; the distribution of
restorations is shown in Table 2.

Isolation of the preparation was achieved with
suction and cotton rolls. When the remaining dentin
thickness was very thin, to perform indirect pulp
capping, calcium hydroxide paste (Dycal, Dentsply
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Table 1: The Brand, Type, Manufacturer, and Chemical Composition of the Main Materials Used in This Study

Brand Type

Manufacturer

Chemical Composition

Silorane Self-etch Primer Dentin primer

3M ESPE AG,
St Paul, MN, USA

Phosphorylated methacrylates, bis-GMA, HEMA,
water, ethanol, silane-treated silica filler, Vitrebond
copolymer, initiators, stabilizers

Silorane Bond Adhesive bond 3M ESPE AG Hydrophobic methacrylates, phosphorylated
methacrylates, TEGDMA, silane-treated silica
filler, initiators, stabilizers

Filtek Silorane Low-shrink resin 3M ESPE AG Organic matrix: 3,4-epoxycyclohexylethylcyclopoly-

composite methylsiloxane, bis-3,4-
epoxycyclohexylethylphenylmethylsilane, yttrium
fluoride, camphorquinone, iodonium salt, initiators,
stabilizers

Ultra-Etch Etching gel Ultradent, 35% phosphoric acid

South Jordan, USA

Adper Single Bond 2 Etch-&-rinse dental 3M ESPE AG bis-GMA, HEMA, dimethacrylates, ethanol, water,
adhesive a novel photoinitiator system, and a methacrylate
functional copolymer of polyacrylic and
polyitaconic acids
Filtek Z550 Resin composite 3M ESPE AG bis-GMA, UDMA, TEGDMA, bis-EMA

Filler: silica, zirconia
Particle size: 0.6 to 10 p
78.5 wt%, 63.3 vol%

Triethylene glycol dimethacrylate; UDMA, Urethane dimethacrylate.

Abbreviations: bis-EMA, Bisphenol A ethoxylated dimethacrylate; bis-GMA, Bisphenol A diglycidyl methacrylate; HEMA, 2-hydroxyethyl methacrylate; TEGDMA,

Caulk, Milford, DE, USA) was placed in the deepest
part and covered with a resin-modified glass
ionomer liner (Glass-Liner, Willmann & Pein
GmbH, Hamburg, Germany) and polymerized.
Silorane Self-Etch Primer (3M ESPE Dental Prod-
ucts, St Paul, MN, USA) was scrubbed on the cavity
walls of the preparation for 15 seconds, gently air-
thinned, and photo-polymerized for 10 seconds with
an LED device (Elipar Free Light, 3M ESPE AG,
Germany; >400 mW/cm?). Silorane Bond was
applied with a brush to the cavity walls, air-
thinned, and photo-polymerized for 10 seconds. SC
(Filtek Silorane, 3M ESPE AG) was then placed
incrementally and photo-polymerized separately for
40 seconds.

The adhesive for the control group was an etch-
and-rinse system. Enamel margins and dentin were
etched simultaneously with 35% phosphoric acid
(Ultra-Etch, Ultradent, South Jordan, UT, USA) for
20 seconds. Following water rinsing for approxi-
mately 10 seconds, the cavity was dried for one to
two seconds to prevent desiccation. Adper Single
Bond 2 (3M ESPE Dental Products) was applied for
15 seconds using a microbrush, gently air-thinned,
and photo-polymerized for 10 seconds. The NHC
(Filtek Z550, 3M ESPE Dental Products) was then
placed in 2-mm thickness incrementally and photo-
polymerized for 40 seconds. All restorations were
finished and polished with abrasive disks (Sof-Lex

Finishing and Polishing Systems, 3M ESPE AG) and
rubber cups (Jiffy Polishers, Ultradent, South Jor-
dan, UT, USA).

Patients were given routine oral hygiene instruc-
tions and asked to contact the clinician if they
perceived any problems with the restored teeth.

Evaluation

Two specialist dentists who were blinded to the
study groups evaluated the restorations. In cases of
differing scores, the observers reevaluated the
restorations and reached a consensus. At baseline
(one week following restoration placement for eval-
uation of postoperative sensitivity), six months, and
for final recall, the restorations were evaluated using
modified United States Public Health Service
(USPHS) criteria'® for the following parameters:
anatomical form, marginal adaptation, color match,
surface roughness, marginal staining, secondary
caries, and postoperative sensitivity (Table 2).

Statistical Analysis

Statistical analysis was performed using SPSS 11.0
software for Windows (SPSS Inc, Chicago, IL, USA).
The McNemar test was used to evaluate the
difference between the two materials. A p-value of
<0.05 was considered to indicate statistical signifi-
cance.
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Table 2: Distribution of Restored Teeth and Restoration
Types in the Maxilla and Mandible

Filtek Silorane Filtek Z550

MO/DO MOD MO/DO MOD

Maxilla

Premolars (n) 6 0 6 1

Molars (n) 7 2 6 1
Mandible

Premolars (n) 2 0 7 0

Molars (n) 9 3 7
Total (N) 24 5 26 3

29 29

Abbreviations: MO/DO, mesioocclusal/distoocclusal; MOD,
mesioocclusodistal.

Operative Dentistry

RESULTS

The distribution of restored teeth and restoration
types in the maxilla and mandible are presented in
Table 2. USPHS evaluation scores for the SC and
NHC groups are provided in Table 3.

All patients (100%) attended the final recall visit.
The mean observation period was 31.2 months.
Indirect pulp capping was performed in nine resto-
rations in the SC group and five in the NHC group.

At baseline, one restoration from each group (one
with indirect pulp capping) was scored as 1 (sensi-
tivity disappeared in one week) for postoperative
sensitivity (Table 4). At baseline and the six months
recall, no statistically significant difference was
observed in any parameter (p>0.05). At the final
recall, the only parameter that showed a significant

Table 3: Modified United States Public Health Service (USPHS) Criteria

Category Score
Acceptable Unacceptable

Criteria

Anatomical form 0

The restoration is continuous with tooth anatomy

1

Slightly undercontoured or overcontoured restoration; marginal ridges slightly
undercontoured, contact slightly open (may be self-correcting); occlusal height
reduced locally

Restoration is undercontoured, dentin or base exposed; contact is faulty, not
self-correcting; occlusal height reduced, occlusion affected

Restoration is missing partially or totally, fracture of tooth, shows traumatic
occlusion; restoration causes pain in tooth or adjacent tissue

Marginal adaptation

Restoration is continuous with existing anatomic form; explorer does not catch

Explorer catches; no crevice is visible into which explorer will penetrate

Crevice at margin, enamel exposed

Obvious crevice at margin; dentin or base exposed

Restoration mobile, fractured, or missing

Color match

Very good color match

Good color match

Slight mismatch in color, shade, or translucency

Obvious mismatch, outside the normal range

Gross mismatch

Surface roughness

Smooth surface

Slightly rough or pitted

Rough, cannot be refinished

Surface deeply pitted, irregular grooves

Marginal discoloration

No discoloration evident

Slight staining, can be polished away

Obvious staining cannot be polished away

Gross staining

Caries

No evidence of caries contiguous with the margin of the restoration

Caries is evident contiguous with the margin of the restoration

Postoperative sensitivity

No sensitivity

Sensitivity lost in one week

Continuous sensitivity
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Table 4:  Summaries of USPHS Evaluations Expressed in Percentage at Baseline and up to Final Recall
Criteria Baseline 6 months Final Recall
SC, n (%) NHC, n (%) SC, n (%) NHC, n (%) SC, n (%) NHC, n (%)

Anatomic form

0 29 (100) 29 (100) 29 (100) 28 (96.55) 27 (93.1) 26 (89.65)
1 0 (0) 0 (0) 0 (0) 1 (3.45) 2 (6.89) 3 (10.35)
2 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

3 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Marginal adaptation

0 29 (100) 29 (100) 28 (96.55) 27 (93.1) 12 (41.38) 24 (82.76)
1 0 (0) 0 (0) 1 (3.45) 2 (6.89) 17 (58.62) 5 (17.24)
2 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

3 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

4 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Color match

0 29 (100) 29 (100) 28 (96.55) 29 (100) 27 (93.1) 28 (96.55)
1 0 (0) 0 (0) 1 (3.45) 0 (0) 2 (6.89) 1 (3.45)
2 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

3 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

4 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Surface roughness

0 29 (100) 29 (100) 28 (96.55) 28 (96.55) 28 (96.55) 25 (86.21)
1 0 (0) 0 (0) 1 (3.45) 1 (3.45) 1 (3.45) 4 (13.79)
2 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

3 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Marginal discoloration

0 29 (100) 29 (100) 28 (96.55) 28 (96.55) 28 (96.55) 26 (89.65)
1 0 (0) 0 (0) 1 (3.45) 1 (3.45) 1 (3.45) 3(10.35)
2 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

3 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Secondary caries

0 29 (100) 29 (100) 29 (100) 29 (100) 29 (100) 29 (100)

1 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Postoperative sensitivity

0 28 (96.55) 28 (96.55) 29 (100) 29 (100) 29 (100) 29 (100)
1 1 (3.45) 1 (3.45) 0 (0) 0 (0) 0 (0) 0 (0)

2 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

difference was marginal adaptation being worse for
SC than NHC (p=0.012). In total, 17 restorations
from the SC and five from the NHC group received a
score of 1 (explorer catches). The scores were
significantly different between baseline and final
recall for the SC group (p<<0.001) but not for the
NHC group (p>0.05).

DISCUSSION

Due to their optical and clinical properties, resin
composites have become the favored restorative
materials for direct posterior restorations, despite

some shortcomings. Advances in material formula-
tions, such as advanced filler morphologies and
contributions in monomer technology are expected
to improve the clinical success of resin composites.®
In this regard, siloranes have been introduced to
dentistry as alternatives to methacrylates due to
their hydrophobicity and decreased polymerization
shrinkage.?%?! The goal in developing siloranes was
to create a material with reduced polymerization
shrinkage and less polymerization stress.'® Limited
clinical studies are available that involve silorane-
based materials. 61722
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In our study, we compared the clinical behavior of
silorane and a conventional methacrylate-based NHC.
Laboratory investigations of silorane have generally
revealed that this material exhibits properties at least
as good as those of methacrylate-based resin compos-
ites.?325 Therefore, the results of our clinical investi-
gation may contribute to knowledge about the clinical
success of siloranes. Both materials tested showed
successful clinical outcomes after 37 months.

A similar clinical study with three years of follow-
up indicated no statistically significant difference in
any parameter between SC and methacrylate-based
composite resins according to the modified USPHS
criteria.?® According to our clinical observations at
the final recalls, only the marginal adaptation
criteria showed a significant difference. Margin-
related problems such as discoloration and chipping
of material were usually observed in recalls up to 24
months, which is considered a medium time frame.2®
In this study, the scores were worse for SC (17
restorations) than NHC (five restorations). The
worse scores for marginal adaptation could have
originated from the degradation of the adhesive
interface as a result of slow hydrolysis. Monomers in
adhesive systems generally absorb water and chem-
icals from the oral environment, which eventually
affects the adhesion and can result in deleterious
effects on marginal adaptation over time.?%27

SC had its own adhesive system and was applied
according to the manufacturer’s instructions. The
primer, including HEMA and bis-GMA, was applied
directly on dentin tissues and photo-polymerized; the
adhesive resin, including TEGDMA, was then
applied and photo-polymerized again for 10 seconds.
The high content of HEMA and water in the self-
etching primer makes the adhesive systems more
hydrophilic, increasing the susceptibility of the
hybrid layer to water absorption and, consequently,
reducing the durability of the adhesion.?® It has
already been shown that HEMA-containing adhesive
systems are most prone to hydrolysis, generally
resulting in a decline in mechanical properties.
However, the application of a hydrophobic bonding
resin decreases this permeability and improves
bonding stability.’’ In addition, it was found that
the mildly acidic (pH=2.7) silorane self-etching
primer caused demineralization of the superficial
dentin, incorporated the smear layer, chemically
bound with calcium in hydroxyapatite,'® and bonded
to tooth tissue more strongly. The worse marginal
adaptation score may not be related only to the
possible degradation of the adhesive system of the
SC over time because the chemical bonding of the

Operative Dentistry

adhesive to tooth tissues improved the adhesion of
the material.

In a five-year clinical observation, the clinical
behavior of three restorative systems were evaluated,
including a SC and a methacrylate-based composite
combined either with an etch-and-rinse or a self-etch
adhesive.?* Deterioration of the marginal adaptation
was observed with all restorative systems, whereas
marginal staining was more frequently seen only
around the restorations performed with self-etch
adhesives for both SC and methacrylate-based com-
posites. It is possible that using the etch-and-rinse
technique could have resulted in more reliable clinical
performance on the basis of the marginal quality of
the restorations. However, Duarte and others®!
concluded in their in vitro study that a SC is
compatible only with its dedicated adhesive. Thus,
the use of well-established different adhesive proto-
cols could not be used with SC. Similarly, in an in
vitro study, silorane exhibited significantly lower
shrinkage forces and better marginal adaptation than
did a methacrylate-based composite.>> The worse
observations for SC in our study differed from their
results. These findings also could be related to the
polishability of SC because for that criterion, one
restoration for SC and four for NHC were scored as 1,
indicating that the polishability of NHC was not
better than that of SC.

Adebayo and others®® showed lower bond strength
with siloranes than with methacrylate-based com-
posites, which also supports our significant differ-
ences for the marginal adaptation criteria. Similar to
our findings, one clinical trial that examined a
methacrylate-based composite resin and silorane in
Class II cavities revealed that the marginal adapta-
tion of the silorane was inferior to that of the
methacrylate-based resin composite, both occlusally
and approximally.’® On the other hand, one other
study found no statistically significant difference in
the clinical performance between the restorative
materials (nano-hybrid, packable, and silorane)
except for marginal adaptation.®* Silorane showed
worse marginal adaptation at the end of their three-
year observations. Similar to the results of previous
studies,>*?° significantly worse scores were obtained
for the marginal integrity of SC than a methacrylate-
based resin composite.

It has also been reported that choosing products
from the same manufacturer will favor chemical
interaction between the resin composite and the
corresponding adhesive system.>® In this clinical
study, NHC (Filtek Z550) was used in combination
with the Adper Single Bond 2, products from the
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same manufacturer (3M ESPE AG). Five restora-
tions received a score of 1 for the marginal
adaptation criteria for NHC, and this result was
better than that for SC. In fact, SC was also applied
with its own adhesive system from the same
manufacturer. Apart from the polishability of the
restorations, the type of adhesive system could be
related to the success of the marginal adaptation
criteria. SC was bonded with a two-step self-etching
adhesive, whereas NHC was applied with a two-step
etch-and-rinse adhesive. The difference in applica-
tion procedures of these adhesive systems could
affect the marginal durability of these restorations
after three years of clinical service.

None of the available clinical studies emphasized
the superiority of SC over methacrylate-based resin
composites with minimum of six months and
maximum of five years evaluation period, despite
the excellent performance reported by the manufac-
turer,16:17:22:30.34.3537 We can conclude that both
restorative materials tested were clinically accept-
able after three years of service. The null hypothesis
was rejected due to the statistically significant
difference in the criterion of marginal adaptation.
Long-term clinical observations are required to fully
assess the performance of this material introduced to
dentistry with promising expectations.

CONCLUSIONS
From this study, the following could be concluded:

1. Both SC and NHC showed acceptable clinical
performance over an evaluation period of three
years for posterior Class II restorations when
used in conjunction with their corresponding
adhesive systems.

2. Significant marginal deterioration was observed
for SC restorations compared with NHC at final
recall.
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Effect of Preparation Depth on the
Marginal and Internal Adaptation of
Computer-aided Design/Computer-
assisted Manufacture Endocrowns

MD Gaintantzopoulou ® HM El-Damanhoury

Clinical Relevance

Computer-aided design/computer-assisted manufacture endocrown restorations have a
clinically acceptable marginal accuracy; however, increasing the intraradicular extension
of the crown may have a reverse effect on the marginal and internal fit of the restorations.

SUMMARY

The aim of the study was to evaluate the effect
of preparation depth and intraradicular ex-
tension on the marginal and internal adapta-
tion of computer-aided design/computer-
assisted manufacture (CAD/CAM) endocrown
restorations. Standardized preparations were
made in resin endodontic tooth models (Nissin
Dental), with an intracoronal preparation
depth of 2 mm (group H2), with extra 1- (group
H3) or 2-mm (group H4) intraradicular exten-
sions in the root canals (n=12). Vita Enamic
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polymer-infiltrated ceramic-network material
endocrowns were fabricated using the CEREC
AC CAD/CAM system and were seated on the
prepared teeth. Specimens were evaluated by
microtomography. Horizontal and vertical to-
mographic sections were recorded and recon-
structed by using the CTSkan software (TView
vl.1, Skyscan).The surface/void volume (S/V) in
the region of interest was calculated. Marginal
gap (MG), absolute marginal discrepancy (MD),
and internal marginal gap were measured at
various measuring locations and calculated in
microscale (um). Marginal and internal dis-
crepancy data (um) were analyzed with non-
parametric Kruskal-Wallis analysis of variance
by ranks with Dunn’s post hoc, whereas S/V
data were analyzed by one-way analysis of
variance and Bonferroni multiple comparisons
(¢=0.05). Significant differences were found in
MG, MD, and internal gap width values be-
tween the groups, with H2 showing the lowest
values from all groups. S/V calculations pre-
sented significant differences between H2 and
the other two groups (H3 and H4) tested, with
H2 again showing the lowest values. Increas-
ing the intraradicular extension of endocrown
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restorations increased the marginal and inter-
nal gap of endocrown restorations.

INTRODUCTION

Endocrowns are considered alternative restorations
for severely damaged endodontically treated poste-
rior teeth.!® Initially proposed by Pissis,* they were
then described by Bindl and Mérmann® as adhesive
restorations consisting of the entire core and crown
as a single unit (ie, monobloc). Endocrowns strictly
follow the rationale of minimally invasive prepara-
tions owing to a decay-oriented concept. They are
anchored to the internal portion of the pulp chamber
and on the cavity margins, thus obtaining macro-
mechanical retention provided by the axial opposing
pulpal walls and micro-retention/chemical bonding
attained with the use of adhesive cementation.®

The precise dimensions of the central intrapulpal
retention cavity are not clearly determined. Espe-
cially in cases of excessive loss of tooth structure,
where only 1- to 2-mm of intact tooth structure above
the dentinoenamel junction is left, the need for
further intraradicular extension might be a prereq-
uisite. The utilization of the available space inside
the pulp chamber adds to the stability and retention
of the restoration.? The deeper the pulp cavity and
resulting intracoronal extension, the greater the
surface area that can be utilized for adhesive
retention and transmission of masticatory forces.®

Endocrown restoration is made available through
computer-aided design/computer-aided manufactur-
ing (CAD/CAM) technology, which provides the
possibility for chairside design and fabrication.
Despite the advantages of in-office CAD/CAM sys-
tems and software, there are limitations in the
optical depth of field of the intraoral scanning
camera.” This may lead to reduced impression
capacity of the crown, pulp chamber, and part of
the canal, with potential discrepancies in marginal
fit and cavity adaptation of the restorations.

Marginal and internal adaptation of indirect
restorations are both very important parameters
that may affect the periodontal status and longevity
of the restorations.® Increased marginal discrepan-
cies are related to increased exposure of the luting
material to the oral environment, leading to chemo-
mechanical degradation of the cement and the
adhesive interface between the tooth structure,
luting agent, and esthetic indirect restoration.’
Internal fit is another key factor related to the
long-term stability of esthetic indirect restorations.
The cement interface has been described as a crack

Operative Dentistry

initiation area.'®!! Increased interfacial space and
resin cement thickness may create increased poly-
merization shrinkage and interfacial stresses, re-
sulting in decreased strength of the tooth-restoration
interface.'®'? A sufficient three-dimensional (3D) fit
of the restoration has been considered mandatory to
obtain maximum mechanical support of all-ceramic
restorations from the tooth structure.'® Intrapulpal
extension of endocrowns may influence the retention
and the adaptation of the restoration.” Presently,
there are limited data available on the marginal
internal adaptation'* and no information about the
effect of the intrapulpal extension on the fit of the
endocrown restorations. Therefore, the intent of the
present study was to evaluate the effect of cavity
preparation depth and intraradicular extension on
the marginal and internal fit and of resin-ceramic
CAD/CAM endocrown restorations. The null hypoth-
esis assumed that there is no statistically significant
difference in marginal and internal fit between the
different intraradicular preparation depths.

METHODS AND MATERIALS
Fabrication of the Master Models

Three acrylic resin first mandibular right molars
(Endodontic Tooth Model) were used as the master
die models for the three tested groups. All endodon-
tic and restorative procedures were done on the same
typodont model (model A12A-200, Nissin Dental,
Kyoto, Japan), so teeth were positioned in the same
position alternately. One experienced operator made
all preparations, took the optical impressions, and
designed the restorations.

Endodontic Procedures

An access cavity was prepared on the mounted tooth
models with a diamond-coated stainless steel bur,
and standardized canal enlargement was performed
with an engine-driven rotary NiTi system (ProTaper,
Dentsply Maillefer, Ballaigues, Switzerland) using a
crown-down technique. Root canals were obturated
with a thermo-plasticized gutta percha (Calamus
Dual, Dentsply Maillefer, Woodinville, WA, USA).
The superior aspect of the gutta-percha material was
removed to 3 mm below the orifice of each canal, and
then flowable resin composite (Filtek Z350XT flow-
able, 3M ESPE, St. Paul, MN, USA) was used to fill
the canals up to the level of the pulp chamber.

Tooth Preparation for Endocrown

The occlusal portion of the three tooth master die
models was trimmed using a model trimmer (3/4 HP
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Figure 1. Diagram of the three types of preparations. Intracoronal
height of the preparation was 2.0 mm (group H2). Intacoronal height of
3 mm with an intraradicular extension of 1 mm (group H3) and a 2.0-
mm intraradicular extension to reach a total intacoronal height of 4 mm
(group H4).

Wet Model Trimmer, Whip Mix Corporation, Louis-
ville, KY, USA) to reach a standardized height of the
internal axial walls of the pulp chamber of approx-
imately 2.0 * 0.2 mm as measured with a Digital
Depth Micrometer (Mitutoyo, Aurora, IL, USA).

Cavity preparations were limited to removal of
undercut areas of the pulp chamber and alignment of
its internal axial walls with an internal taper of 8-10
degrees using a tapered diamond-coated stainless
steel bur with a rounded end (G845KR, Edenta, Au
St. Gallen, Switzerland) held perpendicular to the
pulpal floor. All internal line angles were rounded
and smoothed using the same type of bur. The axial
walls were prepared from the pulpal side to provide
for a standardized cavity wall thickness of 2.0 = 0.2
mm measured with a digital caliper (Mitutoyo,
Aurora, IL, USA).

In one master die model, the intracoronal height of
the preparation was kept at 2.0 mm (group H2). A
standardized intraradicular extension of 1 mm was
performed in the second master die to reach a total
intracoronal height of 3 mm (group H3) and a 2.0-
mm intraradicular extension in the third master die
to reach a total intracoronal height of 4 mm (group
H4; Figure 1). The intraradicular extensions were
done in the three canals of each master die using a
tapered diamond-coated bur with a round edge
(845KR, Edenta).

Endocrown Fabrication

Scanning and designing procedures were repeated
for each restoration, resulting in the fabrication of 12
restorations for each group (n=12, according to pilot
study results and power analysis). Teeth were air-
dried for 10 seconds and evenly covered with
antireflection powder (CEREC Optispray, Sirona,
Bensheim, Germany). The scanning procedure was
done in a standardized way using a digital scanner
(CEREC Bluecam, Sirona) with the tip of the
scanner always resting at the center of the occlusal
surface of the distal adjacent tooth to maintain the
same distance between the camera and the prepared
tooth models in all the scans. Three scans of the
prepared master die were taken for each restoration:
one scan with the camera parallel to the occlusal
surface and two scans at 30 degrees buccally and
lingually to the long axis of the tooth, respectively.

After scanning, contrasting powder was removed
using air-water spray for 20 seconds, and each
master die sample was evaluated under a stereomi-
croscope attached to a digital camera (Zeiss, Ober-
kochen, Germany) for remnants of the contrasting
powder, which had to be vigorously washed out by
water and dried for complete removal. Endocrowns
were designed using a software package (CEREC
3D, version 4.0, Sirona Dental Systems GmbH,
Bensheim, Germany) to have similar occlusal anat-
omy, dimensions, and occluso-gingival height by
using the biogeneric reference option in the software.
The spacer thickness was set to 0 mm both at the
margins and the internal fitting surface of the
crowns. Endocrowns were fabricated from polymer-
infiltrated ceramic network material (Vita Enamic,
Vita Zahnfabrik, Bad Sickingen, Germany) using
the CEREC AC system. Each crown was tried for fit
on the master models.

Microtomography Testing and Statistics

Adaptation of the restorations was investigated by
computerized x-ray microtomography (micro-XCT).
A compact desktop system for nondestructive high-
resolution x-ray microscopy and microtomography
(1072 micro-CT, Skyscan, Kontich, Belgium) was
used to obtain a 3D reconstruction of the inner
microstucture of the object of interest (endocrown
and master die) from 2D x-ray shadow projections.
For all three different groups, the master die was
positioned precisely within the x-ray beam into a
special socket, and the restorations were seated
individually, secured in place, checked for fit, and
scanned. The scanner operated under the following
conditions: W source, 100-KV accelerating voltage,
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Figure 2. Circle with eight diameters positioned equally onto a 2D
sagittal image.

98-uA beam current, 14.16-um pixel size, 180°
rotation at 0.45° step, 1.9-second exposure time per
step, and 1-mm Al filter. Horizontal tomographic
sections were recorded and reconstructed (2D and
3D) by using CT-analyzer software (CTan, Skyscan,
Kontich, Belgium).

For the evaluation of the marginal fit, the
marginal gap (MG) and the absolute marginal
discrepancy (MD) were determined according to the
criteria stated by Holmes and others.'® Measure-
ments of both MG and MD were made at 16 selected

Operative Dentistry

landmarks after computed reconstruction (TView
versionl.1, SkyScan) of eight vertical cuts (jpeg files)
of the scanned specimens. For this reason, a circle
was drawn with eight diameters equally distributed
from each other, at the same image position of every
scanned specimen. One diameter of the circle was
directed from the middle of the buccal and the
lingual surface, whereas another perpendicular to
the latter was directed from the middle of the mesial
and the distal surface. The center of the circle was
placed over the midpoint of the mesio-distal and
bucco-lingual diameter (Figure 2). Therefore, the
number and the orientation of the slices were
standardized for all specimens. Images produced
were transferred to Photoshop CS2 digital image
editing software (Adobe Systems Incorporated, San
Jose, CA, USA) and measurements were performed
under the same magnification using digital image
editing software (Image J software, National Insti-
tute of Health, Bethesda, MD, USA), with a
reduction ratio of the given size of the pixel of
14.16 um (Figure 3a). For each specimen, 16 MG and
16 MD measurements were obtained. All values,
either for overextended or underextended margins,
were gathered as positive values (Figure 3b). For the
analysis of the data, landmarks B, Ba, and Bb, L, La,
and Lb, M, Ma, and Mb, and D, Da, and Db (Figure
2) were merged together as BI, LI, Ml, and DI,
respectively, due to their symmetric location.

Internal adaptation was calculated by measure-
ments taken from nine internal landmarks on each
obtained cross-section: two (C1 and C2) on the
cervical seats (C), oriented in the middle of the
cervical seat; four (A1, A2, A3, and A4), on the axial
walls (A), 400 pm from the axio-cervical and the axio-

Fig 3a

Fig 3b

MG

MD ~

Figure 3. (a) Vertical cut of a coping on the master die showing the measuring locations: MG; MD; cervical seat area C (C1, C2), at the miadpoint of
the cervical seat floor; axial wall A (A1, A4), 400 um pulpal to the axio-cervical line angle; axial wall A (A2, A3), 400 um occlusal to the axio-pulpal line
angle; intrapulpal wall P (P1, P3), the deepest point above the orifice; intrapulpal wall P (P2), the top of the bulkiest intrapulpal floor area. (b) Closer
view of the marginal area MD (the distance between contact point of the tangential lines between prepared and unprepared surface of the master die
near to the margin and the contact point of the tangential lines between the inner and outer surface of the restoration near to the margin and MG (the
distance of the vertical projection of the margin of the die to the inner surface of a hyperextended endocrown or the distance of the vertical projection
of the margin of a hypoextended endocrown to the inner prepared surface of the die).
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Table 1: Mean, SD, and Median Values of the Marginal and Internal Gaps (um) at the Measured Points
N Measuring H2 H3 H4

location Mean (SD) Median 25% 75% Mean (SD) Median 25% 75% Mean (SD) Median 25% 75%
192 MG 40.6 (4.1) 405%* 289 493 489 (13.8) 43.9°® 298 634 594 (9.6) 56.4°* 437 705
192 MD 65.9 (12.1) 46.9%°® 333 805 76.2(12.0) 6182 384 977 776(59) 658" 472 975
192 C (Ct, C2) 150.3 (48.2) 141.5°C 117.6 179.3 169.5 (77.56) 155.2%°¢ 119.0 196.5 161.8 (45.7) 155.1%® 126.9 197.4
384 A (A1, A2, A3, A4) 932 (457) 895%° 595 1259 1137 (57.9) 104.1°® 705 148.3 121.8(79.7) 103.7°C 79.7 1462
288 P (P1, P2, P3) 129.6 (55.5) 122.6°° 85.1 169.2 135.5 (59.5) 129.9%°¢ 992 1621 152.3 (65.5) 150.4°® 105.7 182.9
Within a row, the same lowercase superscript letters show mean values with no statistically significant difference (p>0.05). Within a column, the same uppercase
superscript letters show mean values with no statistically significant difference (p>0.05).

pulpal lines angles, respectively; and three (P1, P2,
and P3) on the intrapulpal wall (P), P1 and P3
oriented on the deepest area of the orifices and P2
oriented in the middle of the bulkiest area of the
intrapulpal wall (Figure 3a). In total, 72 measure-
ments were made for each specimen.

The surface/void volume ratio (S/V) in the region of
interest (ROI) was calculated using special software
(TView, Skyscan). The ROI was set 100 pym from the
margin inside the cavity.

Statistical Analysis

Analysis of the data was performed regarding the
preparation depth and the measured location. All
statistical computations were carried out with the
SigmaPlot (ver. 12.3) software package (Systat
Software, Inc., San Jose, CA, USA). Saphiro-Wilk’s
test and Levene’s test were performed to verify
departures from basic assumptions about variance
and normality. All marginal and internal discrepan-
cy data (um) were analyzed with nonparametric
Kruskal-Wallis analysis of variance by ranks with
Dunn’s post hoc, because normality tests failed. S/V
data were analyzed by one-way analysis of variance
(ANOVA) and Bonferroni multiple comparisons. A
95% (0=0.05) level of significance was used for all
comparisons.

RESULTS

A summary of the results of the descriptive statis-
tical analysis of the marginal and internal discrep-
ancies on the measured areas (MG, MD, C, A, and P)
for all the groups is listed in Table 1.

Overall median MG widths of 40.5, 43.9, and 56.4
pm were revealed for H2, H3, and H4 preparation
depth groups, respectively, all being significantly
different (p<<0.001). No significant difference was
identified within any of the three groups tested in
respect to the different groups of landmarks mea-
sured (Table 2).

The MD evaluation showed significantly lower
(p<0.001) median gap values for H2 compared with
H3 and H4 (Table 1). No significant difference
existed between H3 and H4. Statistically significant
differences were revealed in the various landmarks
tested (p=0.007; Table 3). Within each preparation
depth group, LI, LD, and LM values were lower than
the ones measured at the rest of the landmarks, with
differences not being significant in all cases.

Endocrowns fabricated for the H2 group presented
overextension or underextension of the margin in
30% of the measurements, whereas over- or under-
extended margins were identified in 26.25% and 25%
of the measurements for H3 and H4 groups,

Table 2: Mean, SD, and Median Values of the MG Evaluated in Different Landmarks
N Landmarks H2 H3 H4

(LM) Mean (SD) Median 25% 75% Mean (SD) Median 25% 75% Mean (SD) Median 25% 75%
36 BI(B,Ba, Bb) 426(19.7) 352% 254 575 551(27.3) 49.1° 317 846 60.3(22.8) 56.4° 493  66.5
36 LI(L, La, Lb) 38.0(18.3) 352" 282 378 33.7(8.7) 20.8%° 279 423 584 (43.3) 376" 203 944
36 Ml (M, Ma, Mb) 42.9 (8.6) 38.7% 403 49.3 448(19.8) 433" 254 647 8052(46.9) 81.9° 352 126.1
36 DI (D, Da, Db) 45.7 (8.3) 47.0° 428 493 59.3(21.4) 564" 423 84.6 695 (40.5) 56.4% 475 119.6
12 BD 532 (11.5) 49.8° 446 636 62.3(19.8) 56.6° 458 817 753(14.9) 752% 638  86.9
12 LM 36.8 (12.9) 329* 262 493 58.1(367) 57.8° 266 89.8 40.7(9.1) 423" 317 488
12 BM 292 (10.2) 233* 212 402 31.1(223) 352° 104 500 59.4(7.8) 572% 531  66.9
12 LD 30.6 (7.8) 282" 246 377 521(11.8) 51.7% 412 63.0 51.1(7.7) 564" 426 56.8
Within a column, the same uppercase superscript letters show mean values with no statistically significant difference (p>0.05).
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Table 3: Mean, SD, and Median Values of the Absolute MD Evaluated in Different Landmarks
N Landmark (LM) H2 H3 H4

Mean (SD) Median 25% 75% Mean (SD) Median 25% 75% Mean (SD) Median 25% 75%
3 BI(B,Ba, Bb) 422(272) 352" 254 575 1135(535) 99.6° 581 159.0 71.9(31.9) 658" 517 775
36 LI(L, La, Lb) 58.9 (43.3) 37.6" 292 945 447 (419) 338% 282 429 59.9(39.3) 561 387 91.0
36 M (M, Ma, Mb) 80.5(46.9) 81.9® 352 1261 557 (36.5) 49.3°® 209 650 91.6(53.3) 79.7°% 479 1514
36 DI(D,Da,Db) 99.5(805) 736° 438 191.6 91.3(49.54) 858"° 433 1466 71.9(336) 475" 470 855
12 BD 53.3(11.5) 49.8°® 446 636 106.2(52.1) 927" 588 1602 75.3(149) 752" 638 86.9
12 LM 56.5 (41.3) 423" 282 918 66.6(36.3) 634" 434 982 40.7 (9.0 423" 317 488
12 BM 63.2 (34.1) 73.0° 294 92 75.9 (6.6) 759" 209 1596 148.8(35.7) 134.6% 1263 178.3
12 LD 306(78) 282° 246 377 521(11.8) 517" 412 630 602(16.7) 564" 496 727
Within a column, the same uppercase superscript letters show mean values with no statistically significant difference (p>0.05).

respectively (Table 4). Comparison of MG and MD
values in each group revealed a significant difference
in groups H2 and H3, with MD values being higher
in both cases (p<<0.001).

In the evaluation of internal gaps (Figure 3a), for
the cervical seat measuring points (C1 and C2), there
was no significant difference between the three
tested groups (p=0.258). At the axial measuring
locations (A1, A2, A3, and A4), group H2 exhibited
significantly lower median gap width values com-
pared with the other two groups H3 and H4
(p<0.001). The intrapulpal gap width measured at
three points (P1, P2, and P3) was significantly wider
for H4 compared with H2 (p=0.011). No significant
difference was identified among groups H2 and H3
and among H3 and H4, respectively. Significant
differences existed between the various measured
positions within all groups, with median values
measured in axial walls (A) being significantly lower
than the ones measured in cervical seat (C) and the
intrapulpal floor (P), but significantly higher than
the gap width values measured at the marginal area
(MG and MD), in all preparation groups (»p<<0.001;
Table 1).

S/V calculation (Table 5) showed significant
differences among the three groups. H4 showed
higher mean values (46.99+2.01) than H2
(39.33£3.83) but not significantly different than H3
(44.69+2.89; p=0.005).

Table 4: Percentages of Over- and Underextended
Restorations at the Marginal Area in Different
Preparation Depths Groups

Preparation N Overextension, Underextension, Equal,
type % % %

H2 160 12.5 17.5 70

H3 160 13.75 12.5 73.75

H4 160 6.25 18.75 75

DISCUSSION

The aim of this study was to evaluate the marginal
and internal fit of endocrown restorations with
different intraradicular extension using micro-XCT.
The null hypothesis assuming that there would be no
significant difference between the groups tested
should be rejected.

In the present study, micro-XCT, a nondestructive
evaluation method, was used to investigate the
marginal and internal fit of the endocrowns. In the
literature, a variety of qualitative and quantitative
and destructive and nondestructive methods for
evaluating the marginal and the internal fit have
been applied. Micro-XCT is an alternative technique
for 3D evaluation of precementation space due to the
ability to acquire 3D relationships between struc-
tures of different coefficients of absorption without
sample sectioning or chemical fixation. It allows 2D
and 3D investigation of the MG, the MD, and the
internal fit within the range of a few micrometers at
multiple sites and directions.'®!® Disadvantages of
the technique are radiation artifacts and the low
capacity of discrimination in cases of insufficient
radiographic contrast.’®?® In the current study, to
improve the contrast between the acrylic die and the
resin-ceramic endocrowns, the evaluation procedure
was done without cementation. Moreover, all resto-
rations of each group were seated on the same

Table 5: Mean, SD, and Median Values of the S/V Void

Ratio
Preparation SV
type N Mean (SD)
H2 12 39.33 (3.83) A
H3 12 44.69 (2.89) B
H4 12 46.99 (2.01) B

Within a column, the same uppercase superscript letters show mean values
with no statistically significant difference (p>0.05).
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prepared die, keeping the conditions of the samples
more standardized. Previous studies have concluded
that micro-XCT can be a reliable method for further
evaluation of the marginal and internal fit of indirect
restorations. 16182021

Marginal fit or misfit is defined as a combination
of gap and extension errors. The MD is an angular
combination of the MG and the over- or under-
extension errors.’® Therefore, in the present study,
micro-XCT was used to evaluate the MG and the MD
as well.

In this study, significant differences among the
groups were identified in MG and MD values.
Increase of preparation and intraradicullar exten-
sion of 1 and 2 mm in groups H3 and H4,
respectively, inversely affected marginal fit of the
restorations. There is much controversy in the
literature regarding the clinical acceptable MG
width. Many authors agree that marginal openings
below 120 pm are clinically acceptable,??** whereas
a maximum gap width of 100 um is advocated by
other researchers.?® In the present study, mean and
median MG values for all tested groups could be
considered within the clinically acceptable range.

Many researchers have criticized the marginal
and internal fit of CAD/CAM restorations.?%¢
Continuing developments and improvements in
CAD/CAM technology have led to marginal adapta-
tion competing with that of the laboratory-fabricated
restorations.?” The majority of the studies evaluat-
ing marginal or internal adaptation of esthetic
restorations fabricated from the CAD/CAM systems
have focused on onlay or crown restorations made of
composite or various all-ceramic systems. Therefore,
no direct comparisons of the present results can be
made. Moreover, comparisons with studies reporting
2D measurements made from physical sectioning
should be made with caution. A wide range of
marginal gaps has been reported for CAD/CAM-
fabricated esthetic restorations. The type of the
preparation design,?®?° the impression method, the
CAD/CAM system and the restorative material,®°
and the testing method seem to have an effect on the
marginal and internal adaptation of CAD/CAM-
fabricated indirect restorations. There are only
limited data evaluating marginal and internal
adaptation of endocrown restorations. Cook and
Fasbinder'* evaluated the marginal and internal
adaptation of chairside CAD/CAM IPS Empress
endocrowns on premolars, using different prepara-
tion designs at the marginal area and the internal
line angles. MG width ranged from 49 to 102 um,
which is in accordance to the results of the present

study, whereas the internal gap widths ranged from
139 to 229 um, which is higher than those reported
here (89.5-155.2 um).'* The use of premolars instead
of molars, a different type of restorative material,
and different testing and measuring techniques
between the two studies do not allow for direct
comparisons. The reported mean MGs for CEREC 1
intracoronal restorations range from 191 to 308
um,3!32 whereas for CEREC 2 intracoronal restora-
tions, the values varied from 59 to 121 um.3'33 A
mean MG range of 46-162 pm has been reported for
all ceramic and composite crowns fabricated with
CEREC 3, whereas an MG width of 201 + 78 pm and
up to 116 pm have been shown for Cerec3 and Cerec
3D onlay restorations, respectively.25-28:34-36

The effect of measuring location on the MG and
MD was evaluated in the present study. Differences
of median MG and MD values in the evaluated
landmarks were identified as significant only in a
few cases. Further measurements with additional
samples might be required to draw a more repre-
sentative conclusion. In the literature, a wide range
of marginal space has been described at different
measured locations of various all-ceramic system
restorations.?*3” In a recent clinical study, signifi-
cantly larger MGs were observed at the distal
location of CAD/CAM-fabricated metal-ceramic
crowns in conjunction with intraoral digital impres-
sions.?® The lingual site had a significantly lower
marginal discrepancy than the mesial, distal, and
buccal sites in some other laboratory investiga-
tions.3¢

Internal fit has been advocated as an important
factor in the retention and favorable clinical perfor-
mance of indirect restorations. High bond strength
has been achieved in conjunction with cement
thickness of 50-100 um, but when MG was raised
to 150 pm or more, a significantly higher washout of
the cement was shown.?® Cement space should be
uniform and facilitate seating without compromising
resistance or retention forms.?®

In the present study, S/V void ratio was calculated
instead of evaluating the absolute volume void to
compensate for the 1 mm in depth added intra-
radicularly in each preparation type tested. Accord-
ing to the results, H2 showed significantly lower S/V
than the other two groups, which did not differ
significantly. In addition to S/V ratio, internal fit
was assessed by evaluating the gap width in 72
measuring locations per tooth. In all groups tested,
median values of gap measured at the axial wall (A)
were significantly lower than the pulpal (P) and
cervical floor seat (C) area. Compared with marginal
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discrepancy widths (MG and MD), internal gap
values (A, P, and C) were significantly higher for
all three tested groups. Higher internal gap than
marginal gap values have been reported in studies
evaluating marginal and internal fit of CAD/CAM-
fabricated full coverage or onlay esthetic restora-
tions.2428:35:3940 Tn most cases, internal gap on the
occlusal or pulpal region was presented as higher
than on other regions. Kokubo and others** attri-
buted this difference to the scanning process,
preparation height, luting space, convergence angle,
and variations between CAD/CAM systems.

Scanning process, software design, milling, and
shrinkage effects have an influence on the fitting
accuracy of CAD/CAM restoration. Despite the
significant improvements in CAD/CAM technology
systems, there might be some clinical problems.?%4!
Optical contrasting powder application procedure,
camera misalignment, distance between the camera
and the scanned surface, and imaging walls with
different orientation in relation to the camera are all
possible sources of accuracy problems and dimen-
sional errors.*?43

Although the manufacturer information states
that the CEREC Bluecam has a depth of field up to
15 mm (CEREC AC Operating Manual, Sirona),
which is sufficient to capture deep preparations,
increasing the preparation depth in the current
study negatively affected the accuracy of the cap-
tured image. This effect was clearly manifested in
H4 group, as internal gap values increased signifi-
cantly on the axial and pulpal walls (A and P) that
were moved further away from the prism, but not on
the cervical seats (C1 and C2), which remained at
the same distance from the camera. In addition to
this, the increased thickness of the scanning powder
in the deepest areas of the canals and the corners
could have become a negative input for the optical
scans.**

Questions regarding the efficacy of the systems to
accurately scan in depth and record the pulp
chamber and part of the canals in endocrown
preparations have been raised.** Limited optical
depth of field may result in a blurred image of the
central retention cavity of the endodontic prepara-
tion if the adjacent teeth limit the position of the
camera head. %45

This in vitro study simulates the compromised
situation of extensive loss of tooth structure, which
does not readily allow for the use of the ferrule effect
in crown preparation. CAD/CAM-fabricated endo-
crowns are relatively new treatment modalities, and

Operative Dentistry

information about their long-term clinical perfor-
mance is limited in the literature. High survival
rates for Cerec endocrowns on molars were reported
in two different studies after 5 and 12 years of
evaluation (90.5%), with no significant difference
compared with classic shoulder crowns. Both studies
reported higher risk of failure for endocrowns
fabricated on premolar teeth.*47

Limitations of the present study include the use of
one CAD/CAM system and one restorative material
and the spray used for digitizing the specimens. The
use of other systems or materials might have
resulted in different outcomes. Further research is
proposed to investigate the marginal and cavity
adaptation of endocrowns and the effect of intra-
radicular extension on the retention of endocrowns,
especially in cases of excessive tooth loss, and to
determine whether the results of the current study
have an effect on the long-term clinical performance
of the restorations.

CONCLUSIONS

Within the limitations of the present in vitro study,
the following conclusions can be drawn:

1. Intraradicular extension of the endocrown prep-
aration negatively affected both the marginal
adaptation and the internal fit of the final
restoration.

2. Marginal fit of the three groups tested proved to
be significantly better than internal fit evaluated
by analyzing the internal gap width in various
measuring positions.
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Surface Properties and Color
Stability of Resin-Infiltrated
Enamel Lesions

X Zhao » Y-F Ren

Clinical Relevance

Resin infiltration increases surface hardness of white spot lesions and remains stable
under thermocycling challenges, but its surface polish and color stability may be of concern

when used in the esthetic zone.

SUMMARY

Objectives: To examine the surface topogra-
phies, microhardness, and color stability of
resin-infiltrated enamel lesions before and
after aging challenges in vitro using three-
dimensional laser scanning profilometry, sur-
face microhardness testing, spectrophotome-
try, and scanning electron microscopy.

Methods: Forty human third molars were em-
bedded in epoxy resin, and each tooth was
prepared to have two white spot lesions and
one sound enamel area. One white spot lesion
received resin infiltration and the other was
untreated. Ten specimens were subjected to
thermocycling for 10,000 cycles, 10 specimens
were immersed in coffee solutions, and 10
specimens were placed in water storage. Sur-
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face area roughness (Sa), Vickers microhard-
ness (VHN), and CIE L*a*b* color values were
measured on sound enamel, resin-infiltrated
lesions, and untreated lesions before and after
aging. The surface morphology of resin-infil-
trated lesions was observed after aging under
scanning electron microscopy and compared
with 10 specimens that were not subjected to
aging challenge.

Results: Resin infiltration increased the sur-
face microhardness of the enamel lesions from
89.3 to 212.0 VHN. The surface microhardness
of resin-infiltrated enamel lesions was not
significantly affected by aging. The surface
roughness of resin-infiltrated lesions (0.32-0.37
pm) was greater than that of sound enamel
(0.05-0.06 pm) and untreated lesions (0.12-0.13
pm). Thermocycling and water storage further
increased surface roughness of resin-infiltrat-
ed surfaces. Resin-infiltrated enamel lesions
showed greater discoloration than sound
enamel surfaces. Surface microfissures and
microcracks were observed on resin-infiltrat-
ed enamel lesions after thermocycling.

Conclusions: Surface hardness of enamel le-
sions increased significantly after resin infil-
tration and remained stable following
thermocycling. Surface roughness and color
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stability of resin-infiltrated enamel lesions
were less than ideal and might further deteri-
orate after aging in the oral environment.

INTRODUCTION

Although frequent application of fluoride is often
recommended as the treatment of choice for initial
enamel caries on smooth or proximal surfaces, the
effectiveness of this approach depends strongly on
the patient’s oral hygiene practice and is therefore
not suitable for noncompliant patients. An alterna-
tive therapy to arrest initial caries lesions is
infiltration of the pores and microspaces within
enamel lesions using a low-viscosity liquid resin.!
It has been shown that artificial and natural caries
lesions on smooth, interproximal, and occlusal
surfaces can be successfully infiltrated using this
microinvasive technique.?*

In comparison to fluoride therapy, resin infiltra-
tion was found to result in greater surface hardness
of enamel carious lesions.® Resin infiltration was
effective, at least in the short-term, in arresting both
the smooth surface and interproximal surface enam-
el lesions in randomized and controlled clinical
trials,®® and the procedure was well received by
both the practitioners and the patients.’® As this
technique is relatively new, there is a lack of data on
its long-term outcomes. In a recent study that
followed 45 patients for a period of 12 months, the
infiltrated surface showed excellent marginal adap-
tation but significant discoloration.!' This finding
was further substantiated by an experiment in vitro,
which found that infiltration resin had the highest
staining susceptibility as compared with several
resig—based dental bonding and adhesive materi-
als.

As smooth surface white spot lesions are often
present in the esthetic zone, color stability of resin-
infiltrated surfaces is an important determinant for
long-term success. It is generally accepted that all
resin-based dental materials degrade to some extent
in the oral environment. Water sorption and surface
degradation are considered factors associated with
discoloration of resin-based dental materials.'®* In
addition, polishability and surface roughness con-
tribute significantly to color stability and discolor-
ation of this type of material.'51”

Although discoloration of infiltration resin has
been reported in the aforementioned studies in vivo
and in vitro, the mechanism underlying the color
change remains unclear. In contrast to conventional
resin-based restorative materials, currently avail-

Operative Dentistry

able infiltration resin is composed mainly of hydro-
philic triethyleneglycol-dimethacrylate (TEGDMA).
Infiltration resin has two major differences from the
other resin-based materials: it is an unfilled liquid
resin composed of mostly TEGDMA and it does not
have a polishing step after its application per the
manufacturer’s instructions. TEGDMA is important
for maintaining the extremely low viscosity that
allows penetration of the resin to the demineralized
lesion. But it is well known that TEGDMA has a
high water sorption rate and is prone to discolor-
ation,'®!® and a nonpolished surface may mean a
rougher surface.?’ Aging challenges under thermal
stress might further affect the physical property and
color stability of resin-infiltrated enamel surfaces
and compromise the long-term outcomes. The aim of
the present study was to evaluate the influence of
aging challenge on the physical properties and color
stability of resin-infiltrated enamel surfaces in vitro.

METHODS AND MATERIALS

A total of 40 freshly extracted permanent third
molars were collected from oral surgery and general
dentistry clinics following ethic guidelines from the
authors’ institution. The teeth were cleaned from
soft tissues and stored in a refrigerator in 0.1%
thymol solution for no more than two months before
use.

Sample Preparation

The teeth were sectioned at the cemento-enamel
junction using a high-speed handpiece (TF12, Mani,
Inc., Tochigi, Japan) with water coolant. The crowns
were placed in cylindrical plastic molds (20 mm in
diameter and 20 mm in height) with cusps facing
down on a flat surface and embedded in epoxy resin.
The occlusal surfaces of the embedded crowns were
ground flat with 400-grit waterproof SiC paper
(Softflex, Matador GmbH, Remscheid, Germany)
under water cooling until at least three flat areas
of the enamel, each measuring at least 2 mm X 2
mm, were exposed. The exposed enamel areas were
typically the two buccal cusps and one lingual cusp of
the molar crown (Figure la,b). Exposed enamel
surfaces were then polished in sequence with 800-,
1200-, 2400-, and 4000-grit waterproof SiC paper
using running tap water as a coolant. The prepared
specimens were examined under a stereomicroscope
to verify that the enamel surfaces were exposed,
with absence of cracks or other surface defects. After
preparation, the specimens were stored in 0.1%
thymol solution to avoid dehydration.
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Figure 1. Sample preparation. (a): Occlusal surface of human third
molars were embedded in epoxy resin and ground flat to expose three
areas (A, B, and C) of at least 2 mm X 2 mm enamel. (b): The exposed
enamel areas were typically the two buccal cusps and one lingual
cusp of the molar crown. (c): Two separate white spot lesions (A and
B) were created. (d): One white spot lesion B was treated with the
ICON infiltration resin and one lesion was untreated.

Artificial Enamel Caries Lesions

Of the three exposed enamel surface areas, one
area was covered with acid-resistant nail polish to
serve as a sound enamel control. The other two
areas were left exposed. Artificial lesions were
created within the two exposed enamel areas by
immersing each tooth into a 50-mL aliquot of a Ca/
POy/acetate solution containing 2.0 mmol/L calci-
um, 2.0 mmol/L phosphate, and 0.075 mol/L acetate
maintained at pH 4.5 and a temperature of 37°C for
48 hours. The artificial white spot lesions created
presented depths between 100 and 150 pm and
exhibited optical properties of early-stage caries
lesions.??

The artificial caries model prepared this way has
two separate artificial white spot lesions on the
same specimen and one sound enamel area as
internal control (Figure 1c). The white spot lesion
was identified as an opaque and chalky white area
on the enamel surface in contrast to the semi-
translucent sound enamel.?? Each specimen was
inspected visually to ensure that the white spot
lesions were successfully created on the enamel
surfaces.

619

Resin Infiltration of Enamel Surface Lesions

Of the two lesions on the enamel surface of the
specimen, one was randomly chosen to receive the
ICON (ICON DMG, Hamburg, Germany) resin
infiltration treatment, while the other served as
the control. A computerized simple randomization
scheme was used to select the lesion for treatment
(see Supplementary Materials). The resin infiltra-
tion treatment followed a protocol described in detail
in a previous report (Figure 1d).2® Briefly, the
selected lesion was etched with 37% phosphoric acid
gel (Gluma Etch 35 Gel, Heraeus Kulzer GmbH,
Hanau, Germany) for five seconds, rinsed with air-
water spray for 30 seconds, and air dried for 10
seconds. Pure ethanol was then applied to the lesion
surface for 10 seconds, followed by air drying for
another 10 seconds to render surface desiccation.
The ICON infiltration resin was applied to the
enamel caries lesions for three minutes, and resin
excess was removed with a cotton roll. The resin-
infiltrated surface was then light-cured for 40
seconds. The infiltration resin was applied for a
second time as above for one minute and light cured
for another 40 seconds. After light curing, the resin
surface was polished with 4000-grit aluminum oxide
abrasive paper for 20 seconds.

Thermocycling, Staining Challenge, and Water
Storage

Following resin infiltration treatments, the speci-
mens were randomly divided into the following four
groups using a random list generator: 10 specimens
for thermocylcing challenges, 10 specimens for
staining challenges in coffee at 37°C, 10 specimens
for water storage at 37°C as a control, and 10
specimens for scanning electron microscopy (SEM) to
obtain baseline surface morphology data on resin-
infiltrated enamel lesions.

For the thermocycling group, the specimens were
placed in a thermocycling machine programmed to
perform 10,000 cycles in 180 hours (7 days 12 hours)
between two water baths at temperatures of 5°C and
55°C, respectively, with a dwell time of 30 seconds at
each bath temperature.

For the staining challenge group, the specimens
were immersed in coffee solution prepared with 75 g
instant coffee (Nescafé, Nestlé, Vevey, Switzerland)
in 750 mL boiling water and stored at 37°C for 180
hours. The coffee solution was refreshed every day
for seven days.

For the water storage group, the specimens were
stored in distilled water at 37°C for 180 hours, the
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same duration as the thermocycling and the staining
challenge group.

3D Laser Scanning Microscopy

Specimens in the thermocycling and water storage
group were subjected to surface roughness testing
using a three-dimensional (3D) laser scanning
microscope (VK-X100/X200, Keyence, Osaka, Japan)
at 3000X magnification before and after the aging
challenges. For each area on each specimen, three
different locations (95.7993 X 71.8495 pum? in size)
were randomly chosen and scanned for 3D surface
area profiling. Surface roughness was measured in
average arithmetic roughness (Sa) values. The mean
values of the three measurements for each area were
used as the Sa value.

Surface Microhardness Testing

Surface microhardness of sound enamel, resin-
infiltrated lesions, and untreated lesions on each
specimen in the thermocycling and water storage
group was determined using a Shimadzu microhard-
ness tester (HMV-2T, Shimadzu Corporation, Kyoto,
Japan) with a Vickers diamond indenter. Three
microhardness indentations were performed with
25-g load and 10 seconds dwell time on each area.
The Vickers microhardness (VHN) value for each
specimen was measured before and after thermocy-
cling or water storage. The mean values of the three
indentations for each area were used as the VHN
value.

Spectrophotometry

Specimens in the staining challenge group were
subjected to color measurement using an Olympus
CrystalEye Spectrophotometer (Olympus, Tokyo,
Japan) before and after coffee storage. For each area
on the specimen, three different sites were measured
according to the CIE L*a*b* system, and the mean
values were used as the color of the area.

Scanning Electron Microscopy

To qualitatively assess the surface morphology of
resin-infiltrated lesions before aging challenges,
10 specimens were examined with an SEM
(BCPCAS4800, JEOL, Tokyo, Japan) immediately
following infiltration resin treatment. All speci-
mens were coated with a gold layer approximately
10-nm thick before examination, and the scanning
was operated at 4000X and 20,000X magnifications
with an accelerating voltage of 1.5 kV. All 20
specimens in the thermocycling and the water
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storage groups were also scanned in the same
manner to qualitatively assess the surface mor-
phology of the resin-infiltrated lesions after the
180-hour aging challenges.

Statistical Analysis

The primary outcome measures of the present study
were the changes in the surface roughness of the
resin-infiltrated enamel surfaces following thermo-
cycling challenges. Our pilot testing showed that the
surface roughness of enamel lesions treated with the
ICON infiltrant resin was approximately 0.4 with a
standard deviation of approximately 0.05. We con-
sidered that a 20% difference in surface roughness
was clinically significant as it correlated to an
increase of AE from 2.9 to 3.5.%* It has been shown
that a AE smaller than 3.3 is not clinically
significant.?>?® Based on the effect size of 20%
difference in surface roughness, we needed nine
samples in each group to achieve 90% power at an
alpha level of 0.05. We decided to use 10 specimens
in each group. Surface roughness, microhardness,
and coffee staining data were compared among the
three areas (untreated lesions, resin-infiltrated
lesions, and sound enamel) using analysis of vari-
ance and the post hoc Fisher PLSD test. The surface
roughness and microhardness data were compared
before and after thermocycling or water storage
using paired ¢t tests with Bonferroni corrections.
Data were analyzed using StatView (SAS Institute
Inc., Cary, NC, USA) for two-tailed tests, and a P
value smaller than 0.05 was considered statistically
significant.

RESULTS
Surface Roughness

Representative 3D laser scanning images of sound
enamel, resin-infiltrated lesions, and untreated
lesions are shown in Figure 2. Surface roughness
data before and after thermocycling or water storage
are listed in Tables 1 and 2. Before aging challenges,
the surface roughness of the untreated enamel
lesions was greater than that of the sound enamel
but less than that of resin-infiltrated lesions
(p<0.01; Figure 2; Tables 1 and 2), indicating resin
infiltration increased the surface roughness of the
enamel lesions. Thermocycling and water storage
caused a further increase in surface roughness of the
resin-infiltrated surfaces (p<<0.01) but did not have a
significant impact on the sound enamel and untreat-
ed lesion surfaces (p >0.05; Figure 2; Tables 1 and
2). The average surface roughness (Sa) of the resin-
infiltrated surface increased from 0.373 um to 0.621
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Baseline After thermocycling

Sound enamel

Resin infiltrated lesion

Untreated lesion

Figure 2. Three-dimensional laser
scanning images of sound enamel
(top row), resin-infiltrated lesions
(middle row), and untreated lesions
(bottom row) at baseline (left column),
after thermocycling (center column),
and after water storage (right column).
Surface roughness of resin-infiltrated
lesions are greater than sound enam-
el and untreated lesions and further
increased after thermocycling and
water storage.

After water storage

um after thermocycling for 180 hours. Water storage
had a similar effect on the resin-infiltrated surfaces
but was smaller in magnitude (from 0.317 pm to
0.472 pm on average).

Surface Microhardness

Surface microhardness measured in VHN before and
after thermocycling or water storage is listed in
Tables 3 and 4. Compared with that of sound
enamel, the mean surface microhardness of the
artificial carious lesion was reduced by more than
threefold. Resin infiltration of the enamel lesions
increased the surface microhardness by more than
twofold (p<<0.05; Tables 3 and 4). Surface micro-
hardness of resin-infiltrated enamel lesions de-
creased slightly after thermocycling and water
storage, but this change did not reach the a priori
level of statistical significance (p>0.05).

Surface Staining

The overall color change of the specimens after coffee
storage for all experimental sites is shown in Table 5.
Color changes happened to all experimental sites
(sound enamel, resin-infiltrated lesions, and un-

treated lesions). Resin-infiltrated surfaces showed
significantly higher color alteration (AE=12.7+4.7)
than sound enamel (AE=4.3+0.8) but much less
than untreated lesions (AE=31.1+4.4; p<0.05).
Analysis of L*a*b* values showed that color change
of resin-infiltrated lesions was largely due to
decreased lightness (AL; p<<0.05), while changes in
Aa and Ab were not statistically significant as
compared with the sound enamel (p>0.05). Untreat-
ed lesions showed significant increases in Aa and Ab
values (p<<0.05) in addition to decreased lightness.

Surface Morphology Under SEM

As shown in Figure 3, resin-infiltrated surfaces were
largely intact and uniform before aging challenges
(Figure 3a). Surface microcracks and microfissures
appeared on resin-infiltrated lesions following ther-
mocycling challenges (Figure 3b). Minor changes
could also be observed following water storage but
were much less distinct than those after thermocy-
cling (Figure 3c). At high magnification (20,000X),
hydroxyapatite crystals were shown to be embedded
in the resin matrix to form a relatively uniform and
intact surface (Figure 3d). After aging challenges,
microfissures and microcracks could be observed on

Table 1: Effect of Thermocycling on Surface Roughness (Sa) of Resin-Infiltrated Enamel Lesions (Mean = SD)

Before Thermocycling?®

After Thermocycling? Paired t Test

Sound enamel 0.059+0.004a 0.0630.006a NS
Resin-infiltrated lesion 0.373+0.022b 0.621+0.035b <0.01
Untreated lesion 0.129+0.041c 0.142+0.037c NS
Analysis of variance <0.01 <0.01

2 Different letters in the same column denote statistically significant differences between each other with analysis of variance post hoc tests. NS, not significant.
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Table 2: Effect of Water Storage on Surface Roughness (Sa) of Resin-Infiltrated Enamel Lesions (Mean = SD)?

Before Water Storage

After Water Storage Paired t Test

Sound enamel 0.049+0.008a 0.053+0.011a NS
Resin infiltrated lesion 0.317+0.042b 0.472x0.114b <0.01
Untreated lesion 0.122+0.039¢c 0.134x0.031c NS
Analysis of variance <0.01 <0.01

@ Different letters in the same column denote statistically significant differences between each other with analysis of variance post hoc tests. NS, not significant.

the surfaces, especially after thermocycling (Figure
3e,f).

DISCUSSION

The findings of the present study indicate that resin
infiltration significantly increases the surface micro-
hardness of enamel lesions and remains stable after
thermocycling challenges. However, surface proper-
ties of resin-infiltrated enamel lesions may deterio-
rate with time in the oral environment and result in
an increase in surface roughness and discoloration.
Microcracks may appear on the resin-infiltrated
surfaces after thermocycling challenges, which may
further render the surface vulnerable to staining and
discoloration.

Water sorption and surface degradation caused by
thermocycling may affect the mechanical properties
of resin-based dental materials. Surface microhard-
ness of many resin composites decreased following
thermocycling challenges.?”?® Plasticization of the
resin matrix by water sorption and hydrolytic
breakdown of the resin—filler interface were consid-
ered to be the causes of the reduced surface hardness
of resin composite materials.?® However, the surface
microhardness of resin-infiltrated enamel lesions
was not significantly altered following thermocycling
in the present study. Although the TEGDMA-based
infiltration resin is unfilled and prone to water
sorption and matrix degradation, the microhardness
of the resin-infiltrated surfaces found in the present
study and other studies ranged from 150 to 240 VHN
(median 185 VHN)*>2%2% which is significantly
higher than most of the highly filled resin composites
with a range from 40 to 150 VHN and a median of 72
VHN.?83% Such high surface hardness is obviously

not a function of the resin matrix as polymerized
TEGDMA is the softest (26 VHN) among the resin
polymers used in dental restorative materials.?! The
infiltration resin was designed to penetrate the
porous lesions left after acid etching and to fill the
voids and spaces of the demineralized zone in a white
spot lesion, thus preventing further demineraliza-
tion and lesion progression.3%2 It appears that the
infiltration resin was able to encapsulate the
hydroxyapatite crystals in the white spot lesion
and form a relatively uniform resin-hydroxyapatite
complex (Figure 3a,d) that exhibits high surface
hardness. Although microcracks and microfissures
may occur on the surface of the resin—hydroxyapatite
complex, its surface hardness remained stable
following thermocycling challenges. A stable resin—
hydroxyapatite complex may be the foundation for
clinical success of the resin infiltration technology.

Surface roughness of resin-infiltrated carious
lesions was reported to be as high as 6.9 pym on
average using the ICON infiltration resin,?® which is
considerably higher than the 0.2 pm threshold
generally regarded as acceptable for a restorative
material to resist plaque accumulation.?*3¢ We
found that the average surface roughness of resin-
infiltrated areas was approximately 0.32 um to 0.37
pm immediately after treatments, which was gener-
ally in agreement with that of Mueller and others.3¢
After thermocycling challenge at temperatures be-
tween 5°C and 55°C for 10,000 cycles, simulating
one-year of clinical service,?” the surface roughness
of resin-infiltrated lesions further deteriorated to
0.62 pm on average (Table 2; Figure 2), signifying a
70% increase compared with baseline. Repeated
temperature fluctuations in the oral cavity may

Table 3:  Effect of Thermocycling on Surface Microhardness (VHN) of Resin-Infiltrated Enamel Lesions (Mean + SD)?

Before Thermocycling

After Thermocycling Paired t Test

Sound enamel 315.2+31.9a 320.2+30.7a NS
Resin-infiltrated lesion 212.0£45.6b 202.9+55.2b NS
Untreated lesion 89.3+24.1c 93.4+29.5¢ NS
Analysis of variance <0.01 <0.01

2 Different letters in the same column denote statistically significant differences between each other with analysis of variance post hoc tests. NS, not significant.
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Table 4:  Effect of Water Storage on Surface Microhardness (VHN) of Resin-Infiltrated Enamel Lesions (mean + SD)?

Before Water Storage

After Water Storage Paired t Test

Sound enamel 313.2+25.5a 312.3+17.5a NS
Resin-infiltrated lesion 219.1x25.2b 209.6+35.6b NS
Untreated lesion 93.8+25.6¢ 90.2+23.0c NS
Analysis of variance <0.01 <0.01

@ Different letters in the same column denote statistically significant differences between each other with analysis of variance post hoc tests. NS, not significant.

induce degradation of resin-hydoxyapatite bonds due
to differences in thermal expansion coefficients
between enamel hydroxyapatite and the infiltration
resin.?®3° Thermal stress may also affect the surface
integrity of resin-infiltrated enamel lesions as
indicated by the presence of surface microcracks
and microfissures after thermocycling challenges
(Figure 3). These changes in surface properties
may contribute to staining and discoloration of
resin-infiltrated surfaces. The findings of the present
study are in agreement with recent reports that
ICON resin-infiltrated carious lesions were prone to
discoloration under staining challenges.*%*!

Discoloration of resin-based restorative materi-
als may arrive from intrinsic and/or extrinsic
stains. Intrinsic stain is associated with the
properties of the polymeric networks such as water
sorption and the presence of unreacted methacry-
late in the resin matrix, while extrinsic stain is
caused by external colorants such as those in
beverages and foods.*>** The ICON infiltration
resin is primarily a TEGDMA-based polymer with
high penetration efficiencies.*>*® Compared with
other resin polymers commonly used in dental
materials, such as UDMA and Bis-GMA, TEGDMA
has the highest degree of water sorption owing to
the presence of hydrophilic ether linkages.'®4%47 A
high degree of water sorption has long been linked
to color stability issues and discoloration of resin-
based dental materials.'®*18 On the other hand,
surface roughness was recognized as the most
important extrinsic factor for discoloration of
resin-based dental materials.’®'” Most modern
resin composite materials for esthetic restorations
could achieve a high glossy finish with surface

roughness below the acceptable threshold of 0.2 um
after finishing and polishing.?® Such a high degree
of polishability appears to be difficult to achieve
with the infiltration resin, as its surface roughness
was not improved even after polishing with the Sof-
Lex finishing and polishing system.?® Therefore,
the mechanisms underlying the discoloration of
infiltration resin are likely twofold: one is intrinsi-
cally associated with its primary constituent
TEGDMA, which has a high degree of water
sorption, and the other is extrinsically related to
a less than ideal surface polish that deteriorates
with time in the oral cavity. To ensure long-term
success, further research is warranted to improve
surface polish and esthetic outcomes of resin
infiltration, especially when smooth surface white
spot lesions are involved in the esthetic zone.

As TEGDMA is prone to water sorption and may
absorb twice as much water as compared with Bis-
GMA, TEGDMA-based materials may be more
susceptible to degradation than Bis-GMA- or UD-
MA-based materials.*?*®4° The presence of water in
the resin matrix may increase internal stress,
leading to microcracking.’® It was also shown that
water sorption by TEGDMA increases with the
elevation of temperatures,*® which in combination
with the thermal expansion and contraction effects
of temperature fluctuation may further affect the
integrity of the TEGDMA-based infiltration resin.
The surface microcracks and microfissures observed
on the resin-infiltrated lesions in the present study
may be a result of such internal and thermal stresses
due to water sorption and thermal expansion and
contraction.

Table 5: Effect of Staining Challenge on Surface Color Change of Resin-Infiltrated Enamel Lesions (Mean=SD)

AL Aa Ab AE
Sound enamel —3.0£0.8a 0.7+0.4a 2.9+0.7a 4.3+0.8a
Resin-infiltrated lesion —9.7+3.5b 1.7£1.7a 6.4+5.8a 12.7£4.7b
Untreated lesion —25.3+4.9c 5.5+2.6¢ 16.2+5.1c 31.1+4.4c
Analysis of variance <0.01 <0.01 <0.01 <0.01
2 Different letters in the same column denote statistically significant differences with analysis of variance post hoc tests.
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Figure 3. Scanning electron micros-
copy images of resin-infiltrated le-
sions. Top row, at 4000X: (a):
immediately after resin infiltration;
(b): after thermocycling; (c): after
water storage. Bottom row, at
20,000X : (d): immediately after resin
infiltration; e: microfissures after ther-
mocycling; f: microcracks after ther-
mocycling.

CONCLUSION

Within the limitations of this study, we conclude
that the surface hardness of resin-infiltrated enamel
lesions was high and remained stable following the
thermocycling challenges. Surface roughness and
color stability of resin-infiltrated enamel lesions was
less than ideal and might further deteriorate after
aging in the oral environment. Surface microcracks
and microfissures could occur on the surface of the
resin-hydroxyapatite complex after aging challeng-
es. These changes may render the resin-infiltrated
areas susceptible to discoloration.
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An In Situ Study of the Influence of
Staining Beverages on Color
Alteration of Bleached Teeth
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Clinical Relevance

Although overall tooth color change was not affected at the end of at-home bleach
treatment, consumption of staining beverages should be avoided since important color

dimensions are altered.

SUMMARY

The aim of this study was to evaluate overall
color change in bovine tooth fragments sub-
mitted to dental bleaching treatment per-
formed simultaneously with the ingestion of
beverages containing dyes. For this purpose,
tooth fragments assembled into intraoral de-
vices were submitted to at-home dental
bleaching using 10% carbamide peroxide
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(CP) for 14 days and to immersion in staining
beverages for 10 minutes daily. The specimens
were divided into the following study groups
according to bleaching treatment and stain-
ing substance (n=12): G I (negative control):
no bleaching + distilled water; G II (positive
control): bleaching + distilled water; G III:
bleaching + coffee; and G IV: bleaching +
grape juice. Twelve volunteers used the de-
vice continually, except during meals, oral
hygiene, dental bleaching, and pigment chal-
lenge. Color readings were performed using a
spectrophotometer both before the bleaching
treatment and after each treatment week. The
results were submitted to the normality test.
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The data obtained were submitted to analysis
of variance and the Tukey or Kruskal-Wallis
and Dunn tests (¢=0.05). All bleached groups
showed similar AE results at the end of treat-
ment. Staining beverages generated negative
AL mean values, and the lowest result was
obtained in the treatment with coffee after 14
days. The Aa values in the groups that re-
ceived treatment with staining beverages
were higher when compared to the control
groups. Dental bleaching associated with the
consumption of staining substances may not
affect overall tooth color change by the end of
the treatment, although the consumption of
staining substances did influence the differ-
ent color dimensions.

INTRODUCTION

Several factors can alter the esthetics of a smile,
including changes in the shape, texture, position,
and color of teeth. The color and the appearance of
teeth involve complex phenomena that are influ-
enced by the type of ambient light, light scattering,
translucency, opacity, and brightness of the sub-
strate.?

Many esthetic treatments have been proposed
seeking to improve dental esthetics; however, dental
bleaching has gained great popularity by presenting
itself as a conservative and effective technique.!?
The at-home bleaching technique is the most
frequently used treatment for vital teeth due to its
efficacy and biosafety and is considered the gold
standard treatment among the different bleaching
therapies.* It is known, however, that dental
bleaching products change, although usually tempo-
rarily, the microhardness, surface roughness, and
enamel surface morphology, increasing tooth poros-
ity.>® Thus, many professionals and manufacturers
recommend that patients avoid eating pigment-rich
foods during bleaching in order to avoid compromis-
ing the esthetic results.”!!

Despite the occurrence of these alterations in the
enamel, studies have not been conclusive about the
increased risk of pigmentation during bleaching,'?
especially considering that most of these investiga-
tions have not taken into account the challenging
conditions of the oral environment.

In situ studies represent an intermediate step
between laboratory experiments and clinical trials.
In situ studies can more accurately examine the
biological influences and protective effects of saliva
under experimental conditions.®'® Therefore, in-

Operative Dentistry

traoral models provide a clinical reality approach
while preserving the sensitivity of laboratory
models since the analysis can be carried out outside
the oral cavity, using sensitive and accurate
methods.°

Furthermore, few studies regarding the evalua-
tion of the effects of bleaching have considered the
three color dimensions separately, the value (AL),
the amount of red and green (Aa), and the amount of
yellow and blue (Ab).>'%!* These color parameters
are related to human eye color perception and
participate in the calculation of the overall change
in tooth color (AE), representing an important factor
in obtaining the final result.’?

Since limited information regarding overall
change in tooth color using the in situ study design
is available and these effects have not been thor-
oughly investigated, the aim of this in situ study was
to evaluate the different aspects of overall color
change in bovine teeth exposed to staining beverages
after undergoing dental bleaching using 10% car-
bamide peroxide. The tested null hypotheses were 1)
that staining beverages do not interfere with the AE
at the end of the bleaching treatment and 2) that
staining beverages do not interfere in the three color
dimensions, the value (AL), the amount of red and
green (Aa), and the amount of yellow and blue (Ab) of
the bleached specimens at the end of treatment.

METHODS AND MATERIALS
Volunteer Selection

This crossover, randomized, and double-blind in situ
study was carried out in accordance with the ethical
standards of the committee responsible for human
experimentation and with the Helsinki Declaration
and was approved by the institutional Research and
Ethics Committee (03731512.0.0000.5420). Twelve
volunteers were selected after anamnesis and clin-
ical exams. The exclusion criteria were use of
removable prosthesis, smokers, expectant mothers,
mothers who were breast-feeding, use of drugs that
affect salivary flow (antidepressants, narcotics, and
diuretics), presence of decayed teeth, periodontal
disease, and digestive disorders. Following selection,
the volunteers received oral and written information
regarding the study and, after agreeing to partici-
pate, signed an informed consent statement. Subse-
quently, they received oral hygiene instructions, a
list of guidelines, and a case for storing their devices
during meals.

The subjects were also instructed to wear a
removable palatine intraoral device for 14 consecu-
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Figure 1. Intraoral device containing three niches to assemble the
experimental samples.

tive days. Three bovine tooth samples were embed-
ded into each experimental device, one for each
study group (n=12). The bleaching treatments and
the pigment challenges were performed daily and
outside of the oral cavity.

Specimen Preparation

Thirty-six permanent bovine teeth from 24- and 30-
month-old steers were selected. The experimental
units (enamel/dentin discs) were obtained from
bovine incisors. The 4.7-mm-diameter discs were
obtained from the middle third of the buccal surface
of the teeth. Those that presented with cracks,
enamel stains, morphological crown alterations,
and/or excessive wear on the incisal edge were
excluded. The selected teeth were mechanically
cleaned using a scalpel blade, followed by prophy-
laxis with pumice and water. Afterward, the dentin
surface was wet-ground using fine (#400) and extra
fine (#600) aluminum oxide sandpaper (T469-SF-
Noton, Saint-Gobam Abrasivos Ltd, Sdo Paulo,
Brazil), until 1.0 mm (*+0.2 mm) of enamel and 1.0
mm of dentin remained. Thereafter, the dentin
tissue was impermeabilized with the application of
two coats of clear nail polish (Risqué, NIASI, Sao
Paulo, Brazil) so that only the enamel maintained
contact with the staining substances.

Intraoral Device

After volunteer selection, impressions were made
and working models fabricated. The intraoral palatal
devices were made using acrylic resin (Jet, Artigos
Odontolégicos Classico Ltd, Sdo Paulo, Brazil)

containing three niches of 5 X 5 X 4 mm to hold the
experimental samples (Figure 1). The specimens
were sterilized in ethylene oxide and randomly
placed in the intraoral devices using sticky wax
(Kota Ind. e Com. Ltd, Sido Paulo, Brazil) and
positioned 2 mm below the surface of the resin.
They were carefully handled to prevent lateral
cracks between the block and the wax. A polyethyl-
ene screen was fixed in the acrylic covering the
specimens to keep the bleaching agent on the enamel
samples during treatment.

Experimental Groups

The study groups were divided according to the
bleaching treatment and the staining procedure.
Before carrying out the experimental procedures, the
pH of each product was measured with a previously
calibrated digital pH meter (Crison Instruments SA,
Barcelona, Spain).

In G I (negative control), no bleaching agent was
used, and the samples were immersed in 1 mL of
distilled water. In G II (positive control), the
volunteers were instructed to deposit 0.04 mL of
the 10% carbamide peroxide bleaching product
Whiteness Perfect (FGM Produtos Odontolégicos
Ltd, Santa Catarina, Brazil) on specimens placed
in the intraoral device, with the bleaching product
remaining in contact with the enamel for 4 hours for
each of the 14 days. Bleaching treatment was
performed inside the oral cavity, and, following the
product application, the specimens were washed in
running water. After 1 hour, the samples were
immersed in 1 mL of distilled water. In G III (coffee)
and IV (grape juice), bleaching treatment using the
10% carbamide peroxide was performed as described
for G II. After 1 hour, the volunteers took the device
to the researcher for samples to be exposed to the
staining beverages. Specimens exposed to coffee (G
ITI) were immersed in 1 mL of coffee infusion at room
temperature. The infusion was obtained using 8 g of
Nescafe (Nestle SA, Vevay, Switzerland; pH 5.21)
dissolved in 50 mL of purified water. Specimens
exposed to grape juice (G IV) were immersed in 1 mL
of industrialized grape juice at room temperature
(Del Valle Mais, Coca-Cola Company, Rio de Janeiro,
Brazil; pH 2.59).

For pigment treatments, the samples were care-
fully removed from the intraoral device and exposed
to the appropriate staining beverages for 10 minutes
daily. After exposure to these substances, the
samples received prophylaxis, were rewashed and
repositioned in the intraoral device (Figure 1).
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Table 1:  Mean Values (SD) of AE in the Different Experimental Conditions and Evaluation Times?

Evaluation Times G | (Negative Control) G Il (Positive Control) G Il (Coffee) G IV (Grape Juice)
TO 0.00 (0.0) Ba 0.00 (0.0) Ba 0.00 (0.0) Ba 0.00 (0.0) Ba
T1 1.26 (0.7) Ac 4.26 (1.6) Aa 3.41 (1.8) Aab 2.23 (1.3) Abc
T2 1.96 (0.9) Ab 5.53 (2.5) Aa 4.93 (2.4) Aa 4.22 (2.2) Aab

2 Means followed by different letters (uppercase in vertical, lowercase in horizontal) represent significant difference according to statistical analysis (p<0.05). One-way
analysis of variance and Tukey test were used when comparing evaluation times in positive control and when comparing groups within T2. Kruskal-Wallis and Dunn

tests were used for other comparisons.

Spectrophotometry Analysis

Before each measurement, the specimens were
submitted to prophylaxis with a Robinson-type
brush to remove excess dye and other impurities
that could interfere with the color measurement.
Three color measurements were performed at each
analysis, using an ultraviolet-visible reflection spec-
trophotometer (model UV-2450, Shimadzu Corpora-
tion, Kyoto, Japan). Arithmetic means were used to
perform the statistical analysis.

The spectrophotometer used the CIE L*a*b* color
model, established by the Commission Internacio-
nale de I’Eclairage (CIE; International Commission
on Illumination), which allows for the specification of
color perceptions in three-dimensional models. Read-
ings were taken on the buccal surface of the
specimens. The axial “L” indicates the color value
and extends from 0 (black) to 100 (perfect white).
The coordinate “a” represents the amount of red
(positive values) and green (negative values), while
the coordinate “b” is the amount of yellow (positive
value) and blue (negative values). The system CIE
L*a*b* calculates the AE between two points using
the formula AE = [(AL)® + (Aa)® + (Ab)®*]"2. Readings
were performed before the start of the bleaching
treatment and after the pigment application on the
seventh day (T1) and the 14th day (T2) of 10% CP
application. All baseline parameters had means and
standard deviations as follows: L = 67.90 (1.99); a =
—1.95 (0.16), and b = 3.56 (0.42).

Statistical Analysis

The results were submitted to the normality test
(Shapiro-Wilk). Analysis of variance and Tukey tests

were used for AE positive control, AL negative
control, and grape juice when comparing evaluation
times within the same group. Similar analyses were
performed for Ab in T1 and for AE, AL, and Ab in T2
when comparing groups within the same evaluation
time. Other comparisons did not pass the normality
test; therefore, the Kruskal-Wallis and Dunn tests
were used. All analyses were performed at a 5%
significance level using SigmaPlot 12.0 statistics
software.

RESULTS

The statistical analysis showed that the study
groups presented considerable differences in AE
after the first week (T1). All groups presented a
continuing increase in the mean value of AE but
without differences between T1 and T2. The com-
parison performed between groups showed that, at
the seventh day of treatment (T'1), the group exposed
to grape juice and the negative control group (G IV
and G I) had lower AE when compared to the positive
control group exposed to distilled water and the
group exposed to coffee (G II and G III). However, all
bleached groups (G II, G III, and G IV) showed
similar results at the end of treatment (T2). In
general, the positive control had the highest mean
AE values, unlike the negative control, which
presented the lowest mean values until the end of
the treatment (Table 1).

When analyzing the AL values, Table 2 shows that
the bleached groups had similar results to the group
that did not receive the bleaching treatment (G I)
after the seventh day of treatment (T1). On the other
hand, the positive control group (G II) showed the

Table 2: Mean Values (SD) of AL in the Different Experimental Conditions and Evaluation Times?

Evaluation Times G | (Negative Control) G Il (Positive Control) G Ill (Coffee) G IV (Grape Juice)
TO 0.00 (0.0) ABa 0.00 (0.0) Ba 0.00 (0.0) Aa 0.00 (0.0) Aa
T 0.51 (0.7) Aab 4.73 (4.1) Aa —1.90 (2.8) Bb 0.19 (2.1) ABb
T2 —0.80 (1.2) Bb 4.59 (3.6) Aa —3.13 (3.5) Bb —2.51 (3.1) Bb

2 Means followed by different letters (uppercase in vertical, lowercase in horizontal) represent significant difference according to statistical analysis (p<0.05). One-way
analysis of variance and Tukey test were used when comparing evaluation times in negative control and grape juice, and when comparing groups within T2. Kruskal-
Wallis and Dunn tests were used for other comparisons.
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Table 3: Mean Values (SD) of Aa in the Different Experimental Conditions and Evaluation Times?

Evaluation Times G | (Negative Control) G Il (Positive Control) G lll (Coffee) G IV (Grape Juice)
T0 0.00 (0.0) Ba 0.00 (0.0) Ba 0.00 (0.0) Ba 0.00 (0.0) Ba
T1 0.35 (0.2) Ac 0.13 (0.5) ABc 1.35 (0.3) Aab 0.96 (0.2) Ab
T2 0.58 (0.2) Abc 0.42 (0.3) Ac 1.93 (0.3) Aa 1.26 (0.5) Aab

Wallis and Dunn tests were used for all comparisons.

2 Means followed by different letters (uppercase in vertical, lowercase in horizontal) represent significant difference according to statistical analysis (p<0.05). Kruskal-

highest luminescence values (AL) at T2. It was also
noted that the pigment treatments generated nega-
tive AL mean values and that the lowest value
obtained in the treatment was with coffee at T2.

Table 3 shows that the negative and positive
control groups had statistically similar Aa values
throughout the study. All groups presented a
continuing increase in mean value of Aa but without
differences between T1 and T2. It was also verified
that the Aa values in the groups receiving treatment
with staining beverages (G III and G IV) were higher
when compared to the control groups (G I and G II).

Table 4 indicates that there were no statistically
significant differences in Ab between the evaluation
times for all groups.

DISCUSSION

In the present study, bovine teeth were used, as they
are easy to obtain and standardize. Bovine teeth
have been commonly used in laboratory research
since they have low variations of experimental
responses due to their uniform composition and are
similar to human teeth with respect to morphology
and histology.'®

The recommendation to avoid foods rich in dyes
when undergoing bleaching procedures is routine
among dental professionals and manufacturers, even
though the evidence of the effect of such foods is
based on in vitro studies.®!® In the present study,
the in situ experimental design was used to account
for both the effect of bleaching products and of
staining beverages and the action of saliva and
thermal/chemical variations in the oral cavity. As
such, it was possible to reproduce similar conditions
to those found in patients that perform the bleaching

treatment, and the current results most likely
approximate the potential results that would be
observed in a clinical setting.'®

The overall tooth color change results showed that
the exposure of dental fragments to grape juice
during at-home dental bleaching resulted in a AE
that was different from the group that received only
the bleaching treatment after seven days. However,
all of the bleached study groups presented similar
color alterations at the final stage of treatment,
accepting the first hypothesis of the study. Similar
results were recently reported by Matis and others,*!
who noted that, based on data obtained in previous
clinical trials, dark beverages do not negatively
influence the overall tooth color change final values.
Despite this result, it is been suggested that
bleached teeth may be susceptible to staining after
whitening treatment.'® It is also worth mentioning
that some studies have indicated that the acidic pH
of pigment solutions promotes a loss of mineral in
tooth structure,'®'7? favoring the penetration of these
solutions into the demineralized structure, thus
influencing the overall tooth color change during
the bleaching treatment.

Although clinical trials show that at-home dental
bleaching requires 15 to 21 days to achieve the best
overall tooth color change, AE values obtained in G
IT from T2 were the same as those observed in
studies that performed longer treatments.'®2° It is
possible that the present results were obtained
faster (in seven days) because of the dimensions of
the experimental samples, which were tapered
(preserving 1.5 mm of dentin) so that they could be
placed into intraoral devices, causing minimal
discomfort for the volunteers. It is important to note

Table 4:  Mean Values (SD) of Ab in the Different Experimental Conditions and Evaluation Times?

Evaluation Times G | (Negative Control) G Il (Positive Control) G Il (Coffee) G IV (Grape Juice)
TO 0.00 (0.0) Aa 0.00 (0.0) Aa 0.00 (0.0) Aa 0.00 (0.0) Aa
T1 0.39 (1.1) Aa —0.68 (1.5) Aa 0.22 (1.3) Aa —0.63 (1.1) Aa
T2 —0.03 (1.6) Aa —1.18 (1.4) Aa 0.49 (2.2) Aa —0.63 (2.4) Aa

2 Means followed by different letters (uppercase in vertical, lowercase in horizontal) represent significant difference according to statistical analysis (p<0.05). One-way
analysis of variance and Tukey test were used when comparing groups within T1 and T2. Kruskal-Wallis and Dunn tests were used for other comparisons.
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that in clinical studies, the dentin, which supposedly
houses most of the chromophore molecules, presents
considerably greater thickness, making overall tooth
color changes easier to observe even after 15 days of
treatment. 8192122

With the aim for an accurate analysis of the
overall tooth color changes promoted by the bleach-
ing treatment and the staining substances, three
color dimensions were also analyzed—AL, Aa, and
Ab—since dental bleaching outcome is characterized
mainly by alterations in these values.?>?* G II was
found to have a higher value (AL) when compared to
G III and G IV at all evaluation times. These results
corroborate the findings of Attin and others,® who
demonstrated that bleached specimens simulta-
neously pigmented with black tea had a darker
appearance than the specimens that were only
bleached. These data suggest that the use of staining
beverages during dental bleaching may darken or
delay the desired esthetic result.

A previous report affirms that beverages/foods
that are not considered part of a white diet do not
negatively affect the bleaching process.'* However,
the present research used the exact bleaching agent
methodology and staining substances from the
above-mentioned study, simulating a more intense
consumption of these beverages.

The Aa analysis showed that specimens treated
with coffee and grape juice presented a more reddish
color than those from G I and G II due to the dye
used in these substances, indicating that the
bleaching treatment was not fully effective in
breaking down the pigment molecules from these
beverages.

On the other hand, negative values were obtained
for G I, G II, and G IV for Ab, indicating that they
became less yellow, indicating that the bleaching
agent was able to bind with the pigments and break
their complex chains, making the samples more
blue.?-25

In general, the CIE L*a*b* analyses indicated that
beverages with a high potential for pigmentation did
in fact influence the color of the experimental
samples submitted to bleaching, allowing us to reject
the second null hypothesis.

All of these observations related to the assessment
of color indicate that the isolated study of AE is not
sufficient when analyzing the effectiveness of bleach-
ing therapies in cases where substances with
antagonistic effects (bleaching substances and pig-
ments) are used; the study of AE should be
complemented by analyses of Aa, Ab, and AL. The

Operative Dentistry

analyses of these data show that the staining
substances may affect the outcome of the bleaching
treatment.

The present study may contribute to the under-
standing of the mechanisms of pigmentation during
bleaching procedures, although further studies con-
sidering some important factors that influence the
dental esthetics, such as fluorescence, glow, and
other optical properties, are needed to effectively
analyze these effects.

CONCLUSION

Under the experimental conditions of this clinical
study, it can be concluded that dental bleaching
associated with the consumption of staining sub-
stances may not affect overall tooth color change by
the end of the treatment, although the consumption
of staining substances did influence the different
color dimensions.
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Influence of Finishing and Polishing
Techniques and Abrasion on
Transmittance and Roughness of
Composite Resins

PMA Carneiro * TM Ramos ¢ CS de Azevedo * E de Lima
SHJ de Souza ¢ ML Turbino ¢ PF Cesar « AB Matos

Clinical Relevance

Clinicians can choose any of the finishing and polishing systems tested without
compromising the light transmittance of the final restoration.

SUMMARY

The aim of this study was to evaluate the
influence of finishing and polishing systems
and toothbrush abrasion on transmittance (T)
and surface roughness (Ra) of three composite
resins (Filtek Z350 XT, Tetric N-Ceram, and IPS
Empress Direct). Eighteen resin disks (10 mm
diameter X 2 mm thick) finished by polyester
strips had initial surface smoothness recorded,
representing phase 1 (P1). Specimens were
divided into three groups (n=6) according to
the finishing/polishing instrument used (One-
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Gloss, TopGloss, and Sof-Lex) to compose phase
2 samples (P2). Then specimens were subjected
to 514 cycles of toothbrush simulation using a
toothpaste slurry, with a constant load applied
to soft bristles, and were then washed (phase
3=P3). After each phase, the specimens were
examined by an optical profiler and spectro-
photometer to measure Ra and T. Data were
analyzed by analysis of variance, Tukey and
Pearson tests. T values were statistically influ-
enced by composite resin (p=0.000) and phase
of measurement (p=0.000) factors, while the
finishing/polishing system used (p=0.741) did
not affect T. On the other hand, Ra values were
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statistically affected by the factor finishing/
polishing system (p=0.000), but not by compos-
ite resin (p=0.100) and phase of measurement
(p=0.451). Tetric N-Ceram and Empress Direct
presented higher values of roughness when
polished by OneGloss, while TopGloss and Sof-
Lex showed a lower roughness. It can be
concluded that composite resins transmitted
more light after dental abrasion. Transmittance
of composite resins was not modified by the
distinct roughness created by finishing/polish-
ing instruments.

INTRODUCTION

The surface quality of restorations is considered a
key factor for clinical success. A smooth surface
increases the lifetime of composite resin restora-
tions, optimizing their esthetic appearance and
reducing plaque accumulation and surface pigmen-
tation.! In this context, the finishing and polishing
techniques used are important steps to guarantee
long-lasting restorations.??

The literature shows numerous reports evidencing
a wide range of finishing and polishing instruments
available for clinicians, such as multilaminated
drills, diamond-impregnated rotary instruments,
rubber or silicone disks and wheels, and carbide-
and aluminum oxide—based abrasive disks.* There is
no consensus in the literature about which instru-
ment is the most suitable for each type of composite
resin; the restorations are classified by filler parti-
cles® as microfilled, microhybrid, or nanohybrid.®

In addition to surface smoothness, esthetic and
chromatic characteristics of dental restorations may
also be influenced by illumination conditions and
optical properties of the restorative material, such as
transmittance, light scattering, fluorescence, and
opalescence.”® Transmittance, for example, refers
to the transmission of light through a body and may
occur with different levels of absorption and scatter-
ing within the material.'® The transmittance of the
human tooth is higher at the incisal edge, especially
in young patients with relatively intact enamel.
Thus, the restoration of young teeth is difficult to
achieve because of the original optical properties.
The filler content of a composite resin is an
important factor affecting the transmittance of the
final restoration. In addition, the amount, size, and
shape of the filler particles directly affect the light
scattering ability of the composite resin.!!

Both surface texture and optical properties are
affected by degradation between the organic matrix

and the filler, wear of the filler particles, and
weakening of the adhesion between the organic
matrix and inorganic filler.'> The literature'®*
proves that the action of toothbrushes and the use
of abrasive toothpastes result in significant wear of
the restoration, with consequent increased surface
roughness. Even when excellent finishing and
polishing procedures are carried out and the resto-
ration surface is very smooth, it is important to
remember that the wear rate of restorative materials
submitted to tooth brushing is not similar to that of
dental enamel.'® There are several previous
works'*1%17 showing the effect of tooth brushing
on the surface roughness of restorative materials,
but there are no reports concerning the effect of
surface roughness on light transmittance and the
final esthetic quality of composite resin restorations.

From a clinical standpoint, it is important to
understand whether the changes caused by brush-
ing can affect the optical properties and the
roughness of different composite resins polished
by different finishing and polishing systems.
Hence, the aim of this study was to evaluate the
transmittance and surface roughness of three
different composite resins as a function of the type
of finishing/polishing system used and the phase of
measurement of these properties (before or after
polishing and brushing).

METHODS AND MATERIALS

Eighteen disk-shaped specimens (10 mm diameter X
2 mm thick) of each composite resin (Table 1) were
prepared using a polypropylene matrix. The com-
posite resin was inserted in one single portion,
covered with a polyester strip, and photoactivated
(Radii-Cal, SDI, Bayswater, Australia; intensity of
800 mW/cm?) for 40 seconds. The surface smoothness
promoted by a polyester strip represented phase 1
(P1). All specimens were stored in distilled water at
37°C for 24 hours.

A 10 X 4 mm square area was delimited on disk
surfaces. The disks of each composite resin were
subdivided (n=6) according to the type of finishing
and polishing system used (Table 2): OneGloss
(Shofu Inc, Kyoto, Japan), TopGloss (EDENTA, St.
Gallen, Switzerland), and Sof-Lex (3M ESPE, St
Paul, MN, USA). The polished specimens were
stored in distilled water at 37°C for seven days,
representing phase 2 (P2).

Toothbrush simulation was carried out using a
tooth brushing machine (MSE-ELQUIP, Séo Carlos,
SP, Brazil) equipped with 10 toothbrushes with soft
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Table 1:  Materials Used in the Study

Composite/Lot No. Manufacturer Type Shape Filler Content
Filtek® Supreme XT/N367731) 3M ESPE, St Paul, Nanofilled Translucent Nonagglomerated/nonaggregated,
MN, USA (CT) 75 nm silica nanofiller
Agglomerate silica nanocluster
(0.6-1.4 um)

72.5% by weight

Schaan, Liechtenstein

Tetric® N-Ceram/R27050 Ivoclar Vivadent AG, Nanohybrid Translucent Barium glass, ytterbium trifluoride,
Schaan, Liechtenstein (T) mixed oxide, and copolymers
(0.04-3 pm)
80%-81% by weight
IPS Empress® Direct/R47920 Ivoclar Vivadent AG, Nanohybrid Translucent Barium glass, ytterbium trifluoride,

(Trans 30) mixed oxide, silicon dioxide, and
copolymers (0.04-3 um)

75%-79% by weight

nylon bristles (Oral B 30, Procter & Gamble, Sao
Paulo, SP, Brazil) (Figure 1B) and a toothpaste
slurry in a proportion of 1:2 by weight (90 g of
Colgate Maxima Protecdo Anti-Caries® [Colgate-
Palmolive, Osasco, SP, Brazil] + 180 mL of distilled
water). Taking into account that an individual
brushes his teeth twice a day for one minute each
time, the machine was calibrated to perform 257
cycles per minute for two minutes, comprising a total
of 514 cycles. One cycle corresponded to the full
movement (back and forth) of the toothbrush. A
constant load of 200g was applied to the active tips of
the brushes’ bristles. Brushes were replaced after
each 514 cycles, and the samples were randomly
brushed. After brushing, specimens were abundant-
ly washed in running tap water, representing phase
3 (P3).

After each of the three phases, specimens were
examined in an optical profilometer (Proscan 2100,
Scantron, Venture Way, Tauton, UK) and with a
spectrophotometer (CM-3700d, Konica Minolta, Ai-
chi Prefecture, Japan) for determination of the
surface roughness (Ra) and total transmittance (T),
respectively.

Measurement of Surface Roughness

Surface roughness measurements were performed
with an optical profilometer (2100, Scantron, Ven-
ture Way). Scanning areas were limited to 1 mm? in
the center of each specimen with the use of a S11/03
sensor. At the X axis, 1000 steps of 0.001 mm were
used, while at the Y axis, five steps were used, with a
pitch of 0.2 mm. The mean values for Ra were
obtained from each experimental group using spe-
cific software (Proscan Application software, version
2.0.17).

Measurement of Light Transmittance

The transmittance is given by the ratio (%) of
intensity of the incident light and the light trans-
mitted by the specimen for each wavelength. After
storage in water, specimens were evaluated by the
spectrophotometer Cintra 10 UV-Visible Spectrome-
ter (GBC, Braeside, VIC, Australia). Measurements
were made every 5 nm in the wavelength range from
400 to 700 nm, corresponding to the visible light
spectrum of the human eye. For each specimen,
three readings were recorded at different places and
the obtained values were averaged. The numerical
values (percentage) of transmittance in each wave-

Table 2: Composition and Application Time of Finishing and Polishing Systems Used in this Study

Finishing and Polishing Manufacturer

Material/Lot No.

Material Time Application Time, s

OneGloss (0G)/281091 Shofu Inc, Kyoto, Japan Aluminum oxide one-step finisher 15
and polisher
TopGloss (TG)/Y09.001 EDENTA Ag, AU, SG, Switzerland Diamond-impregnated 15

micropolisher

Sof-Lex (SL)/1227200585 3M ESPE, St Paul, MN, USA

Aluminum oxide—coated disks 15 for each disk

(coarse, medium, fine, superfine)
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Figure 1. Representative roughness images from composite Z350 XT: (A) Phase 1—Surface smoothness promoted by Mylar strip. (B, C, D) Phase
2—Surface smoothness promoted by different finishing and polishing systems: OneGloss, TopGloss, and Sof-Lex, respectively. (E, F, G) Phase 3—
Surface smoothness after tooth brushing of the specimens.

length were initially stored as a file on the
spectrophotometer software and transferred to Mi-
crosoft Excel (Microsoft Excel, version 2007, Micro-
soft, Seattle, USA) for statistical analysis.

Statistical Analysis

A power analysis was performed using the software
Minitab version 16 (Minitab Inc., State College,
Pennsylvania) assuming a general full factorial
design involving the main factors, an alpha value
of 0.05, six specimens per group, and a global
standard deviation of 1.71 for transmittance and of
0.48 for roughness. The test resulted in power of
100%. Two-way analysis of variance was used to
evaluate both roughness and transmittance data.
Means were compared by Tukey test (¢=0.05), and
regression analysis was used to investigate whether
there was a correlation between transmittance and
surface roughness values (2=0.05).

RESULTS
Light Transmittance

Table 3 shows the mean values of transmittance
obtained for the composite resin specimens used in
the study, as a function of the finishing/polishing
system and the measurement phase.

The results showed that there was no effect of
the polishing system on the total transmittance of
the specimens, regardless of the composite resin
evaluated. However, the measurement phase sig-

nificantly affected the transmittance of the speci-
mens.

Statistical differences were observed among the
different phases for all composite resins evaluated
(p=0.01). For Tetric N-Ceram and Empress Direct,
the effect of the measurement phase on transmit-
tance was the same, since the mean values of phases
1 and 2 were similar; however, for these materials,
transmittance measurements made after phase 3
were significantly higher in relation to those mea-
sures after the two other phases. For Z350 XT, the
effect of measurement phase on T was significant. It
was observed that after phase 2, the T mean value
significantly decreased in relation to the values
obtained after phase 1. Also, after phase 3, there
was a significant increase in T in relation to the
values obtained after phases 1 and 2.

Surface Roughness

Table 4 shows the Ra mean values for composite
resins used in the current study, as a function of the
finishing/polishing system and measurement phase.
Figures 1, 2, and 3 show the roughness patterns of
experimental groups.

Tetric N-Ceram and Empress Direct did not have
their roughness affected by the measurement phase.
Only Z350 XT was affected by measurement phase,
as its roughness decreased significantly after phase
2 in relation to the measurement made after phase 1.
The roughness of Z350 XT after phase 3 was similar
to that obtained after phase 2.
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Table 3: Mean Values and Standard Deviations of Total
Transmittance (%)?
oG TG SL Mean
(OneGloss) (TopGloss) (Sof-Lex)
Composite Z350 XT
P1 46.8+0.9 46.2+1.5 46.4+15  465°
P2 40.1+0.7 39.9+1.8 39.2+2.9 397 ¢
P3 54.8+1.4 56.6+0.8 56.0+1.3  55.8%
Mean 47.23 2 47.57 2 47.20 2
Composite Tetric N-Ceram
P1 22.4+0.8 22.2+0.7 21.6+0.6 2218
P2 20.6+1.5 20.1+0.5 20.4+0.6 2045
P3 27.4+1.0 271*+1.2 27.1+0.6 2724
Mean 23.47 % 23.13 2 23.03 @
Composite Empress Direct
P1 34.5+0.9 36.3+1.4 35724  355°
P2 33.3+1.6 329+1.6 31.8+3.2 32768
P3 43.4+3.1 44.1+1.6 44.2+3.8 4394
Mean 37.07 2 37.77 2 37.23 ¢
Abbreviations: P1, phase 1; P2, phase 2; P3, phase 3.
2 Distinct superscript letters indicate statistically significant differences.
Capital letters refer to differences between lines, and lowercase letters
refer to the differences between columns.

The regression analysis showed no correlation
between light transmittance and the surface rough-
ness for the three materials tested: Z350 XT
(p=0.538), Tetric N-Ceram (p=0.334), and Empress
Direct (p=0.875).

DISCUSSION

The hypothesis that the different finishing and
polishing systems tested in this study would influ-
ence the total transmittance of the composite resins
studied was rejected because regardless of the type
of composite resin used (nanohybrid or nanofilled),
all polishing systems resulted in the same level of
light transmission. According to Lee,'! one of the
main components of a dental composite resin that is
able to significantly affect its translucency is the
inorganic filler. Therefore, it is possible to infer that
the small variation in the inorganic content of the
three composite resins used (52% to 59% in volume)
might have been responsible in part for the similar-
ity observed in terms of optical behavior as a
function of the polishing system. These results have
a clinical impact, since they indicate that the
clinician can choose any of the tested finishing and
polishing systems without compromising the light
transmission of the final restoration. In addition, the
clinician may choose the most appropriate polisher
geometry to polish the different anatomic regions of
the restoration.

Operative Dentistry

Table 4: Mean Values and Standard Deviations of
Surface Roughness (um)?
oG TG SL Mean
(OneGloss) (TopGloss) (Sof-Lex)
Composite Z350 XT
P1 121 =090 0.86 = 0.31 1.12 = 0.94 1.06 A
P2 126 +071 052+022 060+048 079°
P3 1.06 =034 035x012 072+046 0718
Mean 1.18 2 0.58 2 0.812
Composite Tetric N-Ceram
P1 0.82 + 048 0.89*+024 070=*037 080"
P2 128 =046 0.70 = 0.21 051 +023 0834
P3 112+ 024 051 +017 055+028 0734
Mean 1.07 2 0.70° 0.59 °
Composite Empress Direct
P1 1.29 = 0.71 0.89 + 048 0.69 =060 096"
P2 154 =058 0.92 = 0.81 048 * 023 098"
P3 155 =055 0.95=*054 0.60 = 0.33 1.034
Mean 1.46 @ 0.92° 0.59 °
Abbreviations: P1, phase 1; P2, phase 2; P3, phase 3.
@ Distinct superscript letters indicate statistically significant differences.
Capital letters refer to differences between lines, and lowercase letters
refer to the differences between columns.

The hypothesis that the different measurement
phases could affect the transmittance of the speci-
mens was accepted. In the case of Z350 XT, the
highest transmittance observed for the first mea-
surement (control, P1) in relation to the second
measurement (after polishing, P2) is probably due to
the use of the Mylar strip during polymerization of
the material. The use of such a strip results in an
extremely glossy surface, with reduced light scatter-
ing. For this material there was also a significant
reduction in roughness after P2, which appears to be
related to the lower transmittance observed after the
polishing procedure.

For Tetric N-Ceram and Empress Direct, the
transmittance was not affected by the polishing
procedure. This finding may be explained by the fact
that the microstructures of these two composite
resins are significantly different from that of Z350
XT. While the microstructure of Z350 XT consists
exclusively of nanoparticles of silica (20 nm) and
zirconia (4 to 11 nm), Tetric N-Ceram and Empress
Direct contain glass and barium fillers and are
considered nanohybrid composites, with particle
sizes ranging from 40 nm up to 3 pm. A previous
study'® demonstrated that direct transmittance of
composite resins strongly depends on the composi-
tion of the material, particularly the type and size of
inorganic particles. Furthermore, it is known that
the difference between the refractive index of the
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Figure 2. Representative roughness images from composite Tetric N-Ceram: (A) Phase 1—Surface smoothness promoted by Mylar strip. (B, C, D)
Phase 2—Surface smoothness promoted by different finishing and polishing systems: OneGloss, TopGloss, and Sof-Lex, respectively. (E, F, G)

Phase 3—Surface smoothness after tooth brushing of the specimens.

organic matrix and that of the filler influences the
final optical properties of the composite resins.®

After toothbrush abrasion (P3), all composite
resins tested showed significant increases in trans-
mittance. A decrease in transmittance was expected
after toothbrush abrasion because theoretically this
type of abrasion adds scratches and irregularities to
the surface, resulting in greater light scattering and
thus lower transmittance. In fact, a previous study'2
showed that resin specimens aged in water had their

transmittance reduced as the result of an increase in
their opacity. Considering that the toothbrush
abrasion carried out in the current investigation is
a type of aging protocol, one could expect that the
same increase in opacity would occur for the
composite resins tested. One possible explanation
for the observed increase in transmittance after
brushing is the reduction of approximately 1 pm in
the thickness of the specimens after they were
submitted to the brushing protocol. There is a strong

Figure 3. Representative roughness images from composite Empress Direct: (A) Phase 1—Surface smoothness promoted by Mylar strip. (B, C, D)
Phase 2—Surface smoothness promoted by different finishing and polishing systems: OneGloss, TopGloss, and Sof-Lex, respectively. (E, F, G)
Phase 3—Surface smoothness after tooth brushing of the specimens.
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correlation between the thickness of the specimen
and its transmittance, such that the greater the
thickness, the lower the transmittance of light due to
the increased scattering within the material struc-
ture.'® From a clinical point of view, these results
suggest that with time the daily brushing procedure
may result in increased translucency of resin
composite restorations, which may represent an
undesirable shade mismatch for the restoration. To
minimize this problem, a layering technique can be
used to produce the restoration. In this way, more
opaque colors may be used in deeper regions to
decrease the impact of the increased translucency of
the surface layer on the final shade of the restora-
tion.2°

Regarding roughness data, it was observed that
the Z350 XT resin was not affected by the type of
polishing system. As mentioned earlier, the micro-
structure of this material contains nanometric
particles and clusters that responded similarly to
the action of the different polishing systems used in
this study. The literature®"?? showed that the ability
to obtain smoother surfaces in composite resins is
related to the filler size.

The interaction of the composite resins Tetric N-
Ceram and Empress Direct with the polishing
system OneGloss resulted in greater surface rough-
ness values compared to the other two polishing
systems. OneGloss is composed of a tip impregnated
with aluminum oxide particles. These results are in
agreement with those of other studies®®?* indicating
that aluminum oxide disk systems promote smoother
surfaces compared to impregnated abrasive tips. The
duration of the finishing/polishing procedures may
justify the higher surface roughness values observed
after application of OneGloss. This system is applied
to the material surface for only 15 seconds, while the
Sof-Lex system, which has a similar composition, is
applied for total time of 60 seconds as a result of the
sequential application of disks with different abra-
siveness. Sof-Lex and TopGloss systems resulted in
similar roughness results for Empress Direct and
Tetric N-Ceram, which is in accordance with the
findings of other studies®?® showing that silicon
diamond tips can achieve surface roughness results
similar to those obtained with disks.

The results of this study indicate that there was no
correlation between surface roughness and light
transmittance for the materials studied. This result
may be related to the fact that the specimens used in
the current investigation were relatively thick (2
mm). Based on the results of this study, it is possible
to conclude that knowing the microstructure of the

Operative Dentistry

composite resin restorative materials and the fea-
tures of the polishing system is key to predicting the
behavior of the restoration in terms of transmittance
and roughness. The surface roughness of the
restorative materials tested in this study was not
affected by tooth brushing abrasion, which may be
considered a positive result from the clinical stand-
point.

CONCLUSIONS

Based on the results of this study, it can be concluded
that

1. Regardless of the type of composite resin used
(nanohybrid or nanofilled), all polishing systems
resulted in the same final level of light transmis-
sion;

2. On the other hand, both polishing and toothbrush
abrasion affected the transmittance of the com-
posite resins evaluated; however, these results
varied according to the composite microstructure;

3. Neither nanohybrid composite had its roughness
affected by polishing or tooth brushing;

4. However, for the nanofilled composite, roughness
significantly decreased after polishing and was
kept at the same level after tooth brushing.
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Bacterial Colonization in the
Marginal Region of Ceramic
Restorations: Effects of
Different Cement Removal
Methods and Polishing

SMB Pereira ¢ LC Anami ¢ CA Pereira ¢ ROA Souza ¢ KZ Kantorski
MA Bottino « AOC Jorge * LF Valandro

Clinical Relevance

The polishing of the ceramic-dentin marginal region rather than excess cement removal
techniques reduces significantly the surface roughness. This procedure has an effect in
bacterial adhesion, especially when the excess cement is removed with a microbrush.

SUMMARY

This study evaluated the effects of excess ce-
ment removal techniques, with or without
subsequent polishing, on biofilm formation
and micromorphology in the marginal region
of the tooth/restoration. From bovine teeth, 96
dentin blocks (4 X 8 X 2 mm) were produced,
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molded, and reproduced in type IV gypsum, on
which 96 pressed ceramic blocks (Vita PM9,
Vita Zahnfabrik; 4 X 8 X 2 mm) were produced
via the lost wax technique. The dentin blocks
and their respective ceramic blocks were ce-
mented with a self-adhesive resin cement (Re-
lyX U200, 3M ESPE), and cement excess was
removed from the margin using four different
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techniques, followed or not by polishing with
silicone rubber tips: MBr, removal with micro-
brush and photoactivation; MBr-Pol, MBr +
polishing; Br, removal with brush and photoac-
tivation; Br-Pol, Br + polishing; Photo-Expl, 5
seconds of initial photoactivation, removal with
explorer, and final curing; Photo-Expl-Pol, Pho-
to-Expl + polishing; Photo-SB, 5 seconds of
initial photoactivation, removal with scalpel,
and final curing; and Photo-SB-Pol, Photo-SB +
polishing. After 24 hours, the roughness in the
marginal region was analyzed using a profil-
ometer (three measurements on each sample).
Micromorphological analyses of the region
were performed by stereomicroscope and scan-
ning electron microscopy (SEM). Then the sam-
ples were contaminated with sucrose broth
standardized suspension with S#reptococcus
mutans, Staphylococcus aureus, and Candida
albicans and incubated for a period of 48 hours.
The samples were quantitatively analyzed for
bacterial adherence in the marginal region by
confocal laser scanning microscopy and count-
ing of colony-forming units (CFUs/mL) and
qualitatively analyzed using SEM. Roughness
data (Ra) were submitted to two-way analysis of
variance, Tukey test at a confidence level of
95%, and Student ¢-tests. CFU, biomass, and
biothickness data were analyzed by Kruskal-
Wallis, Mann-Whitney, and Dunn tests. The
removing technique statistically influenced Ra
(MBr, p=0.0019; Br, p=0.002; Photo-Expl,
p=0.0262; Photo-SB, p=0.0196) when comparing
the polished and unpolished groups. The MBr
and MBr-Pol technique differed significantly
for CFU/mL values (p=0.010). There was no
significant difference in the amounts of bio-
mass and biothickness comparing polished and
unpolished groups and when all groups were
compared (p>0.05). Different morphological
patterns were observed (more regular surface
for polished groups). We conclude that margin
polishing after cementation of feldspar/pressed
ceramic restorations is decisive for achieving
smoother surfaces, as the excess cement around
the edges can increase the surface roughness in
these areas, influencing bacterial adhesion.

INTRODUCTION

In recent years, adhesively cemented ceramic resto-
rations, such as inlays/onlays and veneers, have
been used as the main approach for minimally
invasive esthetic restorations in anterior and poste-

rior teeth. However, its clinical success is related,
among other factors, to the quality of tooth restora-
tion.! Factors such as marginal misfit,?2 surface
irregularities,® and cement excess®* may favor the
accumulation of microorganisms,® compromising
restoration clinical longevity.

The cement retained on the tooth surface can
promote plaque accumulation, leading to gingivitis
and radicular surface demineralization.* In the case
of the implant/prosthetic restoration interface, ex-
cess cement has a clinical impact, resulting in peri-
implantation bone loss and bleeding on probing and
resulting in implant loss.” !

Excess cement on the tooth-restoration interface
promotes bacteria adhesion due to the presence of
surface irregularities.® Biofilm establishment in that
area promotes periodontal tissues and peri-implant
inflammation, compromising esthetics.'®'® At the
same time, biofilm can also promote a deleterious
effect on the bond strength between the tooth and
the restoration.*1”

Due to esthetic contingencies, preparation mar-
gins are commonly positioned at the intrasulcular
level hindering access to proper excess cement
removal. Consequently, a more favorable environ-
ment promoting the deleterious effects of biofilm can
be seen.'®?

Considering the surface roughness effect on
microbial adhesion and retention,'®?32632 various
excess cement removal protocols for tooth restora-
tion>*3% and implant-restoration interfaces®! have
been investigated. Anami and others® found that the
morphology of the tooth-ceramic interface, according
to different protocols of excess cement removal,
influenced the in vitro adhesion of Streptococcus
mutans.

However, polishing-associated evidence of differ-
ent effects of cement removal methods on the
morphology of ceramic restoration margins, rough-
ness, and bacterial colonization is scarce. As is
known, the polishing of ceramic and polymeric
surfaces is performed for surface smoothing by light
surface abrasion, which might impact bacterial
adherence.

Considering the aforementioned premises, the
research questions for this study were the following:
Do different resin-cement excess removal techniques
affect marginal region morphology and in wvitro
biofilm formation? Does marginal polishing have an
effect on surface roughness and in vitro biofilm
formation after excess cement removal?
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Thus, the objective of this study was to assess
whether the resin-cement excess removal methods in
the marginal area between tooth and ceramic
restorations, with or without polishing of the margin
region, have an effect on surface roughness and in
vitro biofilm formation.

METHODS AND MATERIALS
Obtaining Tooth Samples

Ninety-six dentin blocks were obtained from freshly
extracted bovine incisors. The teeth were cleaned
with periodontal curettes, Robinson brushes, and
pumice. Crowns were removed under constant
cooling using diamond discs (EDENTA, Au, Switzer-
land) mounted in a handpiece. The buccal surface
was ground with silicon carbide paper (#100)
adapted to a polishing device (METASERV 3000,
Buehler, Lake Bluff, IL, USA) until an 8 X 4-mm
area of dentin had been exposed. Then the dentin
was cut into a block of 2-mm thickness. The smear
layer was standardized by grinding with silicone
carbide paper (#600) under constant cooling.>+3% The
final dimensions of 8 X 4 X 2 mm were verified with a
digital caliper (Mitutoyo, Sdo Paulo, Brazil). The
blocks remained immersed in distilled water in an
oven (Orion 502, Fanem, Séo Paulo, Brazil) at 37°C
until the time of the cementation procedure.

Obtaining Ceramic Samples

In order to enable proper positioning of the ceramic
blocks on the dentin surface during cementation, two
1-mm-deep cavities (guides) were made with a
spherical diamond bur (EDENTA) on a 4 X 8-mm
surface of each dentin block. These guides were
made with an adapted device to standardize depth
and the insertion axis.

The marked dentin surface of each specimen was
molded with impression material (Express, 3M
ESPE, St Paul, MN, USA) and a model in plaster
type IV (Durone, Dentsply, Petrépolis, Brazil) was
obtained on which a wax-up was performed for each
specimen with dimensions similar to its respective
dentin block. Prior to waxing, VITA In-Ceram
interspace varnish (Vita Zahnfabrik, Bad Sédckingen,
Germany) was applied on dye surfaces, except in
marginal areas, to facilitate fitting between blocks.

Ceramic blocks were produced by the lost-wax
casting technique, followed by ceramic material
injection. For this, the waxing was included in
investment, and the ceramic (PM9, Vita Zahnfabrik)
was pressure injected (Vita Vacumat 6000 MP, Vita
Zanhfabrik) following the manufacturer’s instruc-

Operative Dentistry

Table 1: Experimental Design, Considering Two Study
Factors (Cement Removal Technique and
Polishing: Presence/Absence) (n=12)

Groups (Codes) Study Factors

Cement Removal Technique Polishing®

MBr Microbrush:° —

MBr-Pol Excess removal with microbrush With*
and photoactivation

Br Brush:® —

Br-Pol Excess removal with brush and With*
photoactivation

Photo-Expl Photoactivation and explorer: —

Photo-Expl-Pol Photoactivation for 5 s, excess With*
removal with explorer

Photo-SB Photoactivation and scalpel —
blade:

Photo-SB-Pol Photoactivation for 5 s, excess With*

removal with scalpel blade #12

@ Polishing with silicon rubber tips (Shofu, San Marcos, CA, USA).
b Microbrush (KG Sorensen, Cotia, Brazil).
¢ Brush (Kota, Cotia, Brazil).

tion. Ceramic samples were removed from coating
with the aid of sandblasting.

The corresponding ceramic and dentin blocks were
simultaneously polished with silicon carbide paper
(#400, #600, #800, #1200, #1500) through a polishing
machine (Metaserv 3000, Buehler) under constant
cooling. The cementation surfaces of both blocks
were not polished. All ceramic blocks were submitted
to ultrasonic cleaning in isopropyl alcohol for five
minutes (Vitasonic, Vita Zanhfabrik).

Ceramic and tooth blocks were analyzed by a
stereomicroscope (10X/50X, Discovery V20, Zeiss,
Gottingen, Germany) to ensure the absence of
bubbles. Ninety-six sets of ceramic/dentin samples
were counted and randomly distributed into eight
groups (Table 1) using a specific Internet-based tool
(www.randomizer.org), considering two study factors
(n=12): excess cement removal technique (in four
levels) and polishing (in two levels). The
experimental unit of this study was the ceramic/
dentin interface.

Cementation of Samples

Dentin blocks were cleaned with pumice and water,
and excess water was removed with air jets without
drying of the dentin. Ceramic blocks were cleansed
with isopropyl alcohol ultrasonic bath for 480
seconds; surfaces were etched with 10% hydrofluoric
acid for 60 seconds, washed, and air jet dried. Silane
agent (Ceramic Primer, SM/ESPE) was applied and
air jet dried for five seconds.
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Self-adhesive resin cement (RelyX U200, 3M
ESPE) was used according to the manufacturer’s
recommendations. The cement was dispensed and
applied with the aid of a plastic spatula on the
ceramic surface, and it was positioned on its
respective dentin block. A 750-g vertical load was
used to correctly position the blocks during curing.
The excess of resin-cement was removed according to
the techniques described in Table 1 (Figure 1).

Microbrushes and brushes were passed through
the marginal region in one direction to remove the
remaining excess cement (one microbrush/brush for
each specimen). The brush was perpendicularly
positioned to the cementation line to prevent the
input of bristles onto the cementation line and the
formation of grooves in the region. The explorer and
scalpel blade were used in one lever movement to
displace excess cement. Polishing was carried out in
dry conditions.

Each side of the set was photoactivated for 40
seconds, and after five minutes at room temperature,
the cemented blocks were stored in distilled water at
37°C for 24 hours.

Surface Roughness

Quantitative analysis of surface roughness was
performed with a contact profilometer (SJ 400,
Mitutoyo, Tokyo, Japan). The samples were posi-
tioned with the interfacial area, perpendicular to the
tip, which performed three measurements (about 1-
mm distance between measurements) following a 3-
mm path on each sample. Mean values of roughness
arithmetic average (Ra, in um) were obtained for
each sample.

Sterilization

All samples were sterilized by gamma radiation. For
this, they were individually wrapped in hot sealed
surgical-type paper. The Embrarad Company (Cotia,
Brazil) is authorized by ANVISA (Brazilian Health
Surveillance Agency, Sdo Paulo, Brazil) and ISO

Figure 1. Photos show cement re-
moval using microbrush (A), brush
(B), and blade (C) from the marginal
region.

9001 certified and performed the sterilization pro-
cess with a gamma radiation camera (cobalt 60) at 20
kGy for six hours.

Morphological Analysis by Scanning Electron
Microscopy

One sample of each group was evaluated by scanning
electron microscopy (SEM) under 300X magnifica-
tion (Inspect S50, FEI Company, Brno, Czech
Republic) for marginal quality characterization.
The samples were fixed in the sampler with a
double-sided carbon adhesive tape (SPI, West Ches-
ter, PA, USA). The top surface was coated with gold-
palladium alloy (Polaron SC 7620 Sputter Coater,
Quorum Technologies, Newhaven, UK) (time: 130 s;
10-15 mA current; 130 mTorr vacuum; plating rate:
3.5 nm/min; Pd-Au layer: about 80 A). The SEM was
operated at 20 kV.

Biofilm Analysis

Biofilms were formed according to the following
methodology: standardized suspensions were pre-
pared using standard strains of Candida albicans
(ATCC 18804), Staphylococcus aureus (ATCC 6538),
and S. mutans (ATCC 35688). The C. albicans
strains were subcultured onto Sabouraud dextrose
agar (Difco, Detroit, MI, USA). The strains of S.
aureus and S. mutans were picked in brain heart
infusion agar (BHI) (Brain Heart Infusion, Difco).
The microorganisms were incubated in a bacterio-
logical incubator at 37°C for 24 hours. All tests with
S. mutans strains were incubated in a bacteriological
oven under microaerophilic conditions (5% CO,).
After the incubation period, microorganism colonies
were suspended in sterile saline solution (0.9%
NaCl) and set in a spectrophotometer (B 582,
Micronal, Sdo Paulo, Brazil) for obtaining a stan-
dardized suspension containing 10° cells/mL. The
parameters of optical density and wavelength were,
respectively, 0.284 and 530 nm for C. albicans, 0.374
and 490 nm for S. aureus, and 0.620 and 398 nm for
S. mutans.
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Table 2: Mean, Standard Deviation, Confidence Interval, Tukey Test Groups, and Student t-Test Results for Ra Data (um) for the
Experimental Groups?

Cement Removal Technique Ra (pm)
Polishing p-Value®
Absence® Presence (Pol)®
MBr 45 * 2.2 (2.90-6.16) a 1.8 = 0.6 (1.37-2.26) A 0.0019
Br 46 + 1.7 (3.38-5.92) a 1.7 £ 0.7 (1.27-2.31) A 0.0002
Photo-Expl 3.9 + 1.2 (3.12-4.86) ab 2.5 + 1.3 (1.63-3.56) A 0.0262
Photo-SB 2.7 = 1.0 (2.06-3.50) bc 1.8 £ 0.4 (1.55-2.21) A 0.0196

2 One-way analysis of variance and Tukey tests.

9 Student t-test; p<0.05 indicates statistically different means.

b Different lowercase letters indicate statistically significant differences (p<0.05) in the absence of polishing.
¢ Different capital letters indicate statistically significant differences (p<0.05) in the presence of polishing.

For biofilm formation, the broth proposed by
Gybbons and Nygaard®® was used, which is com-
posed of 20 g trypticase, 2 g NaCl, 3 g KobHPOy, 2 g
KH2P04, 1 g KzCOg, 120 mg MgSO4, 15 mg MDSO4,
and 50 g CgHgO; g, dissolved in 1000 mL of distilled
water. The broth was sterilized by autoclaving at
121°C for 15 minutes. The sterilized specimens were
placed in the first row of 24-well plates (Costar
Corning, Corning, NY, USA) with the aid of a sterile
tweezers, and 0.1 mL of each microbial suspension
was inoculated in each well of the plate for the
formation of the multispecies (heterotypic) biofilm.
The plates were incubated in a bacteriological
incubator maintained at 37°C for 48 hours.

CFU Counting (CFU/mL)—In order to remove the
nonadherent microbial cells, 2 mL of broth were
substituted by 2 mL of sterile saline solution in each
well, and the plate was stirred for five minutes with
an orbital shaker (Solab, Piracicaba, Brazil).

The CFU count was performed on 10 samples of
each group. For this, specimens were individually
placed in falcon tubes containing 10 mL of sterile
saline solution and then homogenized for 30 seconds
using a 50 W power ultrasonic homogenizer (Sono-
plus HD 2200, Electronic Bandelin, Berlin, Ger-

many). The obtained microbial suspension had 10!
dilution factor, and new decimal dilutions were
performed (1072, 1073, 107, 107°°) in sterile saline
solution; 0.1-mL aliquots of each dilution were
placed into duplicate Petri dishes with selective
media for each microorganism as follows: 1) C.
albicans in Sabouraud dextrose agar with 50 mg/L
of chloramphenicol (Union Chemicals, Sdo Paulo,
Brazil), 2) S. aureus in NaCl BHI agar (Difco), and 3)
S. mutans in Mitis Salivarius agar (Difco) plus 0.2
IU/mL of bacitracin (Chemical Union, Sdo Paulo,
Brazil) and 15% sucrose. The plates were incubated
at 37°C for 48 hours, and the plates containing from
30 to 300 colonies were counted for the CFU number.

Since samples were contaminated by a biofilm
composed of three microorganisms (S. mutans, C.
albicans, and S. aureus), for each sample, the
definitive CFU/mL value was obtained by summing
each individual CFU/mL value. Moreover, due to
data variation, CFU/mL values were converted into
log1o.

Biofilm Analysis Using SEM—Sixteen samples
were fixed using the following protocol: immersion in
glutaraldehyde solution at 2.5% (for 1 hour) and
subsequent dehydration through a series of passages

Values for the Experimental Groups

Table 3: Mean, Standard Deviation, Confidence Interval, Dunn Test Groups, and Mann-Whitney Test Results of CFU/mL logo

Cement Removal Technique

CFU/mL log+o

Polishing p-Value®
Absence? Presence (Pol)®
MBr 9.35 = 0.19 (9.21-9.49) ab 9.16 = 0.09 (9.09-9.24) A 0.010
Br 9.21 + 0.17 (9.08-9.34) b 9.25 *+ 0.11 (9.16-9.33) A 0.424
Photo-Expl 9.33 = 0.12 (9.23-9.42) ab 9.30 = 0.16 (9.18-9.41) AB 0.725
Photo-SB 9.57 = 0.37 (9.31-9.84) a 9.46 = 0.09 (9.39-9.53) B 0.896

2 Comparison between unpolished groups using Kruskal-Wallis and Dunn tests: different lowercase letters indicate statistically significant differences.
b Comparison between polished groups using the Kruskal-Wallis and Dunn tests: different capital letters indicate statistically significant differences.
¢ Comparison between absence and presence of polishing of each cement removal technique using Mann-Whitney test: p<0.05 indicates statistical difference.
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Figure 2. Box-whisker plots of the CFU/mL log;, for the different experimental groups. The means are represented by +, and the medians are
represented by the central line. The boxes represent the interquartile ranges. Groups that are statistically significant are denoted by * (Mann-Whitney

test).

with an ethanol concentration increase (50%, 70%,
80%, 90%, and 95% for 20 minutes and 100% for 1
hour).

Samples were gold coated, and SEM (4000X) was
operated as previously described. A descriptive
analysis of the material formed on the samples was
performed.

Biofilm Analysis by Laser Scanning Confocal
Microscopy—Ten samples from each experimental

group were removed from the culture medium with
heterotypic biofilm and then placed on a glass slide
with the aid of a sterile tweezers. The Live/Dead
Light BAC Bacterial Viability and Counting Kit
(Molecular Probes, Eugene, OR, USA) was used for

bacterial population viability monitoring, as de-
scribed by Anami and others.?

The contaminated surface of each specimen was
analyzed by laser scanning confocal microscopy
(LSCM) (LSM 510 META, Zeiss). COMSTAT soft-
ware was used to characterize the biofilm in terms of
mean thickness (um) and biovolume (pm?®/pm?).

Data Analysis

After confirming normality assumptions, the rough-
ness data were analyzed by two-way analysis of
variance and Tukey and Student ¢-tests with a
significance level of 95%. CFU/mL log;y, mean
thickness, and biovolume were analyzed by nonpara-
metric tests (Kruskal-Wallis, Dunn, and Mann-

Experimental Groups

Table 4: Mean, Standard Deviation, Confidence Interval, and Mann-Whitney Test Results of Biovolume Values (um>/um?) for the

Cement Removal Technique Biovolume
Polishing p-Value®
Absence? Presence (Pol)®
MBr 0.027 + 0.030 (0.01-0.052) 0.021 + 0.035 (—0.006-0.048) p=0.3176
Br 0.006 + 0.010 (—0.06-0.019) 0.023 + 0.034 (—0.005-0.050) p=0.4103
Photo-Expl 0.047 + 0.095 (—0.05-0.14) 0.015 + 0.027 (—0.007-0.037) p=0.9038
Photo-SB 0.036 + 0.063 (—0.00-0.76) 0.020 + 0.024 (0.001-0.038) p=0.7859

abe No statistically significant difference was detected.
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the Experimental Groups

Table 5: Mean, Standard Deviation, Confidence Interval, and Mann-Whitney Test Results of Biofilm Thickness Values (um) for

Cement Removal Technique

Biofilm Thickness

Polishing p-Value®

Absence? Presence (Pol)®
MBr 0.060 + 0.080 (—0.001-0.120 0.042 + 0.074 (—0.011-0.094) p=0.2179
Pi 0.003 + 0.004 (—0.003-0.008 0.050 + 0.093 (—0.028-0.127) p=0.6848
Photo-Expl 0.005 + 0.005 (—0.000-0.009 0.052 + 0.092 (—0.025-0.128) p=0.5869
Photo-SB 0.103 + 0.166 (—0.015-0.221 0.096 + 0.171 (—0.035-0.227) p=0.9047

abe No statistically significant difference was detected.

Whitney) with significance level of 95% (Statistix
8.0, Analytical Software Inc., Tallahassee, FL, USA).

RESULTS
Surface Roughness

The mean and standard deviation data of surface
roughness in the experimental groups are shown in
Table 2.

Regardless of the cement removal technique,
polishing reduced the surface roughness significant-
ly (Table 2). In the absence of polishing, the
photoactivation prior to cement removal reduced
surface roughness values, particularly when the
blade was used to remove the cement. No difference
was observed between the cement removal tech-
niques when the polishing was performed (Table 2).

CFU/mL logm

The mean and standard deviation data of CFU/mL
logio in experimental groups are shown in Table 3.

Medians and interquartile ranges for CFU/mL logq
are shown in Figure 2.

In the absence of polishing, a statistically signif-
icant difference was observed only between Br and
Photo-SB groups. When polishing was carried out,
cement removal by microbrush or brush resulted in
lower biofilm accumulation compared to the blade
removal technique. The polishing reduced the counts
of CFU/mL for the MBr group (MBr vs MBr-Pol)
significantly but had no influence on the other excess
cement removal techniques (Table 3).

Biovolume and Biofilm Thickness

The mean and standard deviation data of biovolume
and biofilm thickness in the experimental groups are
shown in Tables 4 and 5, respectively. Medians and
interquartile ranges of biovolume and biofilm thick-
ness data are shown in Figures 3 and 4, respectively.

Biovolume and biofilm thickness were not influ-
enced by the applied cement removal technique

] o ] Figure 3. Graph of median and
Biovolume Biofilm thickness interquartile ranges for biovolume
0.3 0.6 values for experimental groups.

] =] Figure 4. Graph of median and
interquartile ranges for biofilm thick-
ness values for experimental groups.
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Figure 5.  Stereomicroscopic (A-H) (20x) and SEM (a-h) images (500X ) of the marginal region for excess cement removal methods: MBr (A, a), MBr-
Pol (B, b), Br (C, c), Br-Pol (D, d), Photo-Expl (E, e), Photo-Expl-Pol (F, f), Photo-SB (G, g), Photo-SB-Pol (H, h).

(p=0.389 and p=0.249, respectively) or by the
polishing (p=0.950 and p=0.723, respectively).

Micromorphological Analysis

The surface characteristics of the region/ceramic
interface after the application of different excess
cement removal techniques are presented in Figure 5.

The cement had overlaid the tooth and ceramic
surface in the marginal region in all groups. In
polished samples, the remaining cement appeared to
be smoother and with a less rough appearance,
especially in the MBr-Pol and Br-Pol groups com-

pared with the unpolished MBr and Br groups
(Figure 5Aa,Bb,Cc,Dd). In the margin, resulting
from the Photo-Expl and Photo-SB techniques, small
irregularities concentrated near the marginal line
region were observed (Figure 5Ee,Gg). Grooves are
still visible in the enamel (Figure 5H).

Biofilm Analysis by SEM

Figure 6 shows representative micrographs of the
heterotypic biofilm on the samples. After 48 hours of
in vitro biofilm formation, significant adhesion and
the presence of colonies of S. mutans, C. albicans,
and S. aureus were noted regarding the experimen-
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tal groups. The time of biofilm formation (48 hours)
was not enough to recover the surface of specimens
with microorganism colonies.

Biofilm Analysis by LSCM

Figure 7 shows representative LSCM images of the
formed biofilm on samples. The three types of
microorganisms were found (S. mutans, S. aureus,
and C. albicans). Green points in the images
correspond to “live” microorganisms and red points
to “dead” microorganisms. In Figure 7AB, it is
possible to observe a balance between live and dead
microorganisms. Figure 7C,D shows mainly dead
microorganisms. These models of biofilm presenta-
tion were observed in all experimental groups.

DISCUSSION

This study showed that polishing ceramic and tooth
marginal areas provides a significantly smoother
surface regardless of the applied cement removal
technique. Thus, polishing the margins after cemen-
tation is more important than the selected cement
removal technique.

Operative Dentistry

Figure 6. Representative micro-
graphs (4000 ) of the biofilm formed
on samples in the Pi-Pol (A), Pi- Pol
(B), Photo-Expl-Pol (B), and Photo-Bi-
Pol (C) groups.

Considering the microbiological analysis, polish-
ing significantly reduced the CFU/mL counts for the
MBr group (MBr vs MBr-Pol) but had no influence
on other excess cement removal techniques. In the
LSCM analyses of biofilm thickness and biovolume,
no difference was observed between groups despite
polishing.

Taking into account the experiments without
polishing, photoactivation prior to cement removal
reduced surface roughness, particularly when the
blade was used over the microbrush or brush. This
result probably occurred because the prior five
seconds of photoactivation provided partial cement
polymerization and possibly facilitated explorer and
blade excess removal before final photoactivation.
This was evidenced by the stereomicroscope micro-
graphs (Figure 5), through which it was observed
that prior photoactivation, associated with explorer
or blade to cement removal, resulted in a smoother
surface, from a topographical point of view, in all
tooth/cement/ceramic regions.

Considering the polishing experiments, the ste-
reomicroscopic micrographs demonstrated that the
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residual cement was present on the tooth and the
ceramic for the microbrush or brush techniques. This
did not occur when prior photoactivation was carried
out. However, the subsequent polishing provided
similar roughness between the techniques despite
the presence of residual cement. Contrasting the
results of this study, Anami and others® demonstrat-
ed that polishing, subsequent to cement removal,
promoted an increase in surface roughness. The
divergent findings may be related to the type of
abrasive material for polishing, which can abrade
the surface differently, making it rougher or smooth-
er. We used the proper polishing silicone tips
indicated for margin restoration.

In the microbial culture analysis, statistical
differences were observed between the testing
groups (Table 3). In the absence of polishing, the
Br group presented a statistically lower number of
the CFU/mL logio than the SB group. However, the
Br group showed higher surface roughness values
than the SB group. This finding shows that other

Figure 7. Representative micro-
graphs of the biofilm formed on the
samples in Br-Pol (A) and Photo-Expl-
Pol (B-D) groups; the presence of the
three types of microorganisms can be
verified.

factors besides surface roughness affect bacterial
adhesion.

Importantly, polishing significantly reduced
roughness values but did not affect the reduction in
microbial adhesion. This can be explained by the fact
that biofilm formation time (48 hours) is a rather
long time for the roughness effect on microbial
adhesion to take place and because of other factors
that have an influence on biofilm formation, apart
from roughness, such as the material’s surface free
energy.?” Undoubtedly, surface roughness has an
effect on initial microorganism adherence. Irregular-
ities increase the available adhesion area and protect
bacteria from regulatory and control mechanisms of
the oral microbiota.?” Accordingly, biofilm may
exhibit more rapid maturation in these areas.?”°
In addition, evidence that microorganisms remain in
surface irregularities despite tooth brushing were
presented.*! Thus, considering frequent subgingival
positioning of the tooth-cement-ceramic margin and
that microorganism retention in surface irregulari-
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ties is greater, smoother margins may have a clinical
impact favoring restoration longevity.

The LSCM images allied with the Constat and
Matlab programs can be useful in the quantitative
analysis'®3142 of biofilm formed on the material and
provides, among other things, biovolume and biofilm
thickness. For biovolume and biofilm thickness
values, it was observed that cement removal tech-
niques were statistically similar in both polishing
conditions (absence and presence). When comparing
the influence of polishing in each technique, no
significant difference was observed. Using LSCM,
Brentel and others'? observed differences among the
groups and positive correlations between surface
roughness/biovolume and roughness/biofilm thick-
ness.

From the SEM and LSCM qualitative analy-
ses,>181943 the presence of the three microorgan-
isms (S. mutans, S. aureus, and C. albicans) showed
similar behavior of adhesion for the different
techniques.

In conclusion, a well-polished surface is important
for biofilm formation and definitive esthetic results.
Thus, after the excess cement removal technique,
polishing has a great importance when considering
the evaluated materials and techniques. Clinical
trials and/or in situ studies could be conducted to
assess the clinical behavior of various cement
removal techniques and polishing conditions in the
marginal region.

CONCLUSIONS

* Marginal surface polishing has a significant
influence on surface roughness for all of the
cement removal techniques.

¢ The microbrush polishing technique significantly
reduced the CFU/mL log;g values compared with
the unpolished condition, although it has not been
relevant to other techniques.
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Filler Content, Surface
Microhardness, and Rheological
Properties of Various Flowable
Resin Composites

S Jager ¢ R Balthazard ¢ A Dahoun ¢ E Mortier

Clinical Relevance Statement

Using a flowable resin composite with high filler content, high initial surface microhard-
ness, low viscosity, and good spreadability may be a satisfactory clinical compromise
between mechanical properties and ease of use for the restoration of low-volume cavities.

SUMMARY

Objectives: The objectives of this study were to
determine the filler content, the surface micro-
hardness (at baseline and after immersion in
water for 2 years), and the rheological proper-
ties of various flowable resin composites.

Methods: Three flowable resin composites
(Grandioso Heavy Flow [GHF], Grandio Flow
[GRF1], Filtek Supreme XTE Flow [XTE]), one
pit and fissure sealant resin composite (Clin-
Pro [CLI]), and three experimental flowable
resin composites with the same matrix and a
variable filler content (EXPA, EXPB, EXPC)
were tested. The filler content was determined
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by calcination. The Vickers surface microhard-
ness was determined after polymerization and
then after immersion in distilled water at 37°C
for 7, 60, 180, 360, and 720 days. The rheological
measurements were performed using a dynam-
ic shear rheometer.

Results: The determined filler contents dif-
fered from the manufacturers’ data for all the
materials. The materials with the highest filler
content presented the highest microhardness,
but filler content did not appear to be the only
influencing parameter. With respect to the
values recorded after photopolymerization,
the values were maintained or increased after
720 days compared with the initial microhard-
ness values, except for GHF. For the values
measured after immersion for 7 days, an in-
crease in microhardness was observed for all
the materials over time. All the materials were
non-Newtonian, with shear-thinning behavior.
At all the shear speeds, GRF presented a lower
viscosity to GHF and XTE.

Conclusions: GRF presented a low viscosity
before photopolymerization, associated with
high filler content, thereby providing a good
compromise between spreadability and me-
chanical properties after photopolymerization.

$S900E 98] BIA 0£-80-GZ0Z 18 /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid//:sdiy Wwol) papeojumoc]



656

INTRODUCTION

Preventive dentistry, adhesive dentistry, and ul-
traconservative dentistry have all developed signif-
icantly in recent decades and are now an integral
part of the treatment arsenal available to practi-
tioners. In the past 15 or so years, the emergence of
flowable resin composites has further expanded the
range of options available to dentists.’® The
relative ease of use of these low-viscosity resins,
their capacity to spread and take shape in small
occlusal or cervical cavities, as well as their ability
to penetrate into pits and fissures mean that they
have been adopted by numerous dental practition-
ers.3 Inside the warm, moist environment of the
mouth, materials which are subject to abrasion and
numerous mechanical stresses, particularly flexion
and compression, need to meet a broad range of
specifications to ensure long-term clinical success.
From this point of view, in vitro study of the
physical and mechanical properties of materials is
essential since it helps evaluate the capacity of
materials to meet said specifications. One of the
most useful properties to assess is the surface
microhardness because this is closely correlated
with resistance to compression and resistance to
abrasion,®® parameters that are particularly im-
portant, especially when the materials are used in
low thicknesses, as is frequently the case for low-
viscosity “flowable” resin composites. For the latter,
it is important to specify that to make a resin
composite flowable, manufacturers can primarily
intervene on two levels. The first option consists of
increasing the proportion of viscosity-lowering
monomers to counter the high viscosity of high-
molecular-weight monomers such as bisphenol A
glycidyl dimethacrylate (Bis-GMA). These viscosity-
lowering monomers are small, low molecular weight
aliphatic monomers; triethylene glycol dimethacry-
late (TEGDMA) is very frequently used for this
purpose, for example. The second option consists of
reducing the filler content in terms of volume
compared with the matrix volume. Obviously, the
two options can be employed simultaneously to
varying degrees. These specific composition char-
acteristics will therefore influence the initial vis-
cosity of these resin composites, as well as their
physical and mechanical properties once they are
photopolymerized.

The literature available concerning the micro-
hardness of resin composites is relatively abundant,
but the study protocols used are highly variable,
making comparison between them difficult.'®1® In
addition, to date, no study has described the
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evolution of microhardness after more than 6
months of immersion in a medium simulating the
oral cavity, meaning that its long-term evolution
has been little reported. Furthermore, the notion of
resin viscosity remains somewhat vague, with the
term flowable simply an indication used by manu-
facturers to cover a group of nonetheless very
different materials.

The objectives of our study were as follows: 1) to
determine the filler content of various flowable resin
composites, 2) to determine the initial surface
microhardness, 3) to monitor the evolution in surface
microhardness following immersion in distilled wa-
ter for 2 years, and finally, 4) to determine the
rheological properties of various flowable resin
composites. To perform this study, three commer-
cially available flowable resin composites and one
ultra-flowable resin pit and fissure sealant, along
with three experimental flowable resin composites,
were used.

METHODS AND MATERIALS

The compositions of the products used are presented
in Table 1. Three flowable resin composites (Grandio
Flow and GrandioSo Heavy Flow, Voco, Cuhaven,
Germany; Filtek Supreme XTE flow, 3M ESPE
Dental Products, St Paul, MN, USA), one ultra-
flowable resin pit and fissure sealant material
(Clinpro Sealant, 3M ESPE Dental Products), and
three experimental flowable resin composites with
the same matrix and a variable filler content were
used. The experimental resin composites were
manufactured at our request by Voco. The decision
to include experimental materials among the mate-
rials studied was guided by a desire to exclude the
“matrix” parameter to record the influence of the
filler content alone. The decision to include an ultra-
flowable pit and fissure sealant resin among the
materials studied was guided by a desire to record
the potential impact of the absence of fillers, since
ClinPro (CLI) is described as unfilled by the
manufacturer.

In total, 56 disc-shaped specimens were prepared,;
eight disks of each material were made. The samples
were prepared using a Teflon mold (15 mm in
diameter by 1 mm in thickness). For each sample,
the material was injected into the mold using an
applicator nozzle, remaining in contact with one wall
of the mold to minimize air inclusion. A glass slide
with a thickness of 1.10 mm was then firmly applied
and held on the mold using a clamp to compress the
material and eliminate any excess. Polymerization
was performed using a light-emitting diode lamp
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Table 1: Materials Used in This Study
Code Material (Manufacturer) Main Components Shade Batch No.
GHF Grandio So Heavy Flow Monomers: Bis-GMA, Bis-EMA, TEGDMA A3 1234322
(Voco D-27457 Cuxhafen Fillers: (83 wt.% = 68 vol.%): glass ceramic (average particle size: 1
Germany) um), functionalized SiO2 nanoparticles (from 20 to 40 nm)
GRF Grandio Flow (Voco D-27457 Monomers: Bis-GMA, HEDMA, TEGDMA A3 1233159
Cuxhafen Germany) Fillers: (80.2 wt.% = 65.7 vol.% ): nano-hybrid inorganic fillers
XTE Filtek Supreme XTE Flow Monomers: Bis-GMA, TEGDMA, Procrylat resins A3 N412976
(3M/ESPE Dental Products St Fillers: (65 wt.% =46 vol.%): ytterbium trifluoride (from 0.1 to 5.0 um),
Paul, MI, USA) nonagglomerated/nonaggregated surface modified 20-nm silica fillers,
nonagglomerated/nonaggregated surface-modified 75-nm silica fillers,
surface-modified aggregated zirconia/silica fillers (composed of 20-nm
and 4- to 11-nm zirconia particles with an average cluster particle size
of 0.6 to 10 um)
CLI Clinpro Sealant (3M/ESPE Monomers: Bis-GMA, TEGDMA — N401833
Dental Products, St Paul, MI, Fillers: unfilled
USA)
EXPA Experimental RBC (Voco D- Monomers: Bis-GMA (33wt.%), UDMA (33 wt.%), TEGDMA(33 wt.%) A3 —
27457, Cuxhafen, Germany) Fillers: (65 wt.%): silanized glass, silica (7 pm)
EXPB Experimental RBC (Voco D- Monomers: Bis-GMA (33wt.%), UDMA (33 wt.%), TEGDMA(33 wt.%) A3 —
27457, Cuxhafen, Germany) Fillers: (55 wt.%): silanized glass, silica (7 pm)
EXPC Experimental RBC (Voco D- Monomers: Bis-GMA (33 wt.%), UDMA (33 wt.%), TEGDMA (33 wt.%) A3 —
27457, Cuxhafen, Germany) Fillers: (45 wt.%): silanized glass, silica (7 pm)
Abbreviations: Bis-EMA, ethoxylated bisphenol-A glycol dimethacrylate; Bis-GMA, bisphenol-A glycidylmethacrylate; HEDMA, hexanediol dimethacrylate; RBC, resin-
based composite; TEGDMA, triethyleneglycol dimethacrylate; UDMA, urethane dimethacrylate.

(Elipar Freelight 2, 3SM ESPE Dental Products). The
light tip was first directed over the center of the
sample for 40 seconds and then irradiated eight
peripheral overlapping sectors for 20 seconds each.
The samples were then carefully removed from the
molds. The side opposite the one already photo-
polymerized was also exposed in the same way. Each
sample was thus photopolymerized for a total of 400
seconds. Excess material was carefully removed
using a scalpel blade.

Determination of the Filler Content Mass by
Calcination

Three samples of each of the materials taken using
the protocol described previously were weighed on a
precision balance (Précisa, XB220A, Dietikon, Swit-
zerland) to determine their initial mass. The samples
were then placed in a chamber furnace with a power
of 10 kW? (Nabertherm, LH30/14, Lilienthal, Ger-
many) and heated to a temperature of 900°C for one
hour. They were gradually returned to room tem-
perature simply by stopping the heating cycle.
Calcining the materials led to elimination of the
resin matrix, leaving only the fillers in the form of an
agglomerated residual powder. The calcination res-
idue was then weighed. The filler content by mass,
as a percentage, was determined using the formula
(residue mass/initial mass of samples before calcina-
tion) X 100.

Microhardness Assessment

Five samples of each of the materials prepared using
the protocol described above were tested. The initial
microhardness of the samples was determined
immediately after preparation using a microhard-
ness tester (Matsuzawa MXT 50, Matsuzawa Seiki
Co Ltd, Tokyo, Japan). A 200-g weight was applied
for 20 seconds to the side to be polymerized first
through the glass slide. The diagonals of the square
imprint left by the diamond pyramid tip were
measured after positioning cursors on a monitor
(Ryokosha Co Ltd, Tokyo, Japan) coupled to the
indentation hardness meter, with a magnification of
400X. The Vickers microhardness was obtained
using the following formula: VHN = (1854.4 X W)/
d? (where VHN is the Vickers hardness number
expressed in kg/mm?, W is the weight in g, and d is
the length of the diagonal in pm). Three measure-
ments at different randomly selected points were
performed per sample. After measurement, the
samples were immediately stored in distilled water
and placed in an oven at 37°C (Firlabo, Meyzieu,
France). After 7 days, 60 days (2 months), 180 days
(6 months), 360 days (1 year), and 720 days (2 years),
each sample was briefly rinsed with distilled water,
carefully wiped using absorbent paper, and left in air
for 15 seconds before the microhardness was tested
again at three different randomly chosen points, all
on the same side. The distilled water storage
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Table 2:  Filler Content by Mass as a Percentage for the
Different Materials Tested

Material Wit.% (SD)
GHF 78.6 (0.1)
GRF 77.3 (0.1)
XTE 58.9 (0.2)
cu 26.5 (0.8)
EXPA 63.1 (1.6)
EXPB 53.7 (0.2)
EXPC 43.6 (0.1)

medium was changed every 15 days for two years.
The results were statistically analyzed using Krus-
kal-Wallis tests followed by paired multiple compar-
isons (Bonferroni adjustment; «=0.05).

Rheological Properties

A dynamic shear rheometer (Physica MCR 301,
Anton Paar GmbH, Graz, Austria) connected to a
temperature control system (TC30, Anton Paar
GmbH) was used to determine the rheological
properties of the materials tested. A parallel plate
viscometer module with a diameter of 25 mm was
used. The gap between the plates was 1 mm. The
temperature in the chamber was controlled at 23°C.
Given the thixotropic behavior of resin composites, a
preshear test was performed at a speed of 1 s ! over
360° before a sweep test at a constant frequency of
0.1 rad.s ! for 7200 seconds. Then the sweep test was
performed at an angular frequency of 100 to 0.01
rad.s™?, making it possible to determine, due to
sinusoidal strain, the viscosity (Pa.s) and the elastic
storage modulus G’ (Pa) as a function of the shear
frequency imposed.

RESULTS

The results of the determination of the filler content
using the calcination method are presented in Table
2. The filler contents can be ranked in decreasing
order as follows: Grandioso Heavy Flow (GHF),

Operative Dentistry

Grandio Flow (GRF), Filtek Supreme XTE Flow
(XTE), and CLI for the commercially available
materials and EXPA, EXPB, and EXPC for the
experimental materials.

The results for determination of microhardness
are presented in Tables 3 and 4. Before immersion,
the commercially available materials tested present-
ed significantly different microhardnesses
(p<0.0001), with, in decreasing order, GHF, GRF,
XTE, then CLI. For GHF and GRF, a significant
decrease in the values was observed after seven days
of immersion (p<<0.0001), which is not the case for
XTE and CLI. After 2 years of immersion, CLI and
XTE present, on average, hardness values that are
significantly higher than the initial values
(p<0.0001), whereas GRF presents average hard-
ness values that are not significantly different from
the initial values and GHF presents average values
that are significantly lower than the initial values
(p<<0.0001).

Irrespective of the immersion time, the experi-
mental materials tested presented significantly
different microhardness (p<<0.0001), with, in de-
creasing order, EXPA, EXPB, and EXPC. After two
years of immersion, the three experimental materi-
als presented, on average, hardness values that were
significantly higher than the initial values
(p<<0.0001).

The curves for complex viscosity and storage
modulus as a function of shear frequency for the
commercially available materials tested are present-
ed in Figures 1 and 2; those for the experimental
materials tested are presented in Figures 3 and 4.
For all materials, the viscosity decreased as the
shear frequency increased. Irrespective of the shear
frequency, the viscosity can be ranked in decreasing
order as follows: GHF, GRF, XTE, and CLI for the
commercially available materials and EXPA, EXPB,
and EXPC for the experimental materials. For all
the materials, the storage modulus increased as the
frequency increased. Irrespective of the shear fre-

Table 3: Evolution of Vickers Microhardness Mean Values (Standard Deviation) for the Different Commercially Available
Materials Tested as a Function of Their Immersion Time in Distilled Water?

Material Immediately Postcure Immersion Time

Jo J7 J60 J120 J180 J360 J720
GHF 68.0% (1.9) 58.0%% (1.7) 61.7%C (1.1) 62.9°C (1.6) 62.7°C (1.27) 63.5%C (2.6) 63.3%C (1.4)
GRF 45.2°% (2.3) 40.9°® (1.4) 41.8°* (1.0) 42.0°* (1.3) 42.37°* (1.1) 42.4° (1.0) 43.5°* (1.3)
XTE 36.3°* (2.0) 37.9°A (1.2) 38.6°" (1.0) 39.9°A (1.4) 38.9°* (0.8) 41.0°® (0.6) 41.7°® (0.7)
CLI 9.5% (0.6) 9.5° (0.5) 10.4% (0.2) 10.9°B (0.3) 10.9%® (0.2) 11.6°C (0.1) 12.3°C (0.2)

statistically different.

2 In each column, results with the same superscript lowercase letter are not statistically different. In each row, results with the same superscript uppercase letter are not
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Table 4:  Evolution of Vickers Microhardness Mean Values (Standard Deviation) for the Different Experimental Materials Tested
as a Function of Their Immersion Time in Distilled Water?

Material Immediately Postcure Immersion Time

Jo J7 J60 J120 J180 J360 J720
EXPA 32.2%A (1.3) 31.3%4(0.8) 34.8%8 (0.6) 34.4%8 (0.7) 34.128 (0.7) 34.8%8 (1.0) 34.7%8 (0.4)
EXPB 23.6 (0.8) 24.4°* (1.2) 24.6°* (0.3) 25.6°* (0.6) 25.2°4 (0.3) 26.0°% (0.4) 27.2°€ (0.3)
EXPC 18.9°* (0.6) 19.3°* (0.4) 21.5% (0.3) 21.5°® (0.5) 21.6°® (0.5) 21.6°® (0.3) 22.3°C (0.3)

2 In each column, results with the same superscript lowercase letter are not statistically different. In each row, results with the same superscript uppercase letter are not

statistically different.

quency, the storage modulus can be ranked in
decreasing order as follows: XTE, GHF, GRF, and
CLI for the commercially available materials and
EXPA, EXPB, and EXPC for the experimental
materials.

DISCUSSION

It is widely accepted that the higher the filler
content of a resin composite, the better its mechan-
ical behavior and, consequently, the greater the
potential durability of the restoration made using
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said resin composite.’®® As a result, the filler
content is sometimes highlighted by manufacturers
as a commercial argument, and resin composites
with a very high filler content have emerged.'®'?
But to make a resin composite more flowable, one of
the methods commonly used by manufacturers
consists in reducing the filler content, thereby
potentially affecting its mechanical properties.
Nonetheless, resin composites described as both
flowable and having high filler content have ap-
peared on the market.

Our values for filler content by weight do indeed
indicate high values for GHF and GRF, of 78.6% and
77.3%, respectively. It is no surprise that, in
contrast, CLI, intended as a pit and fissure sealant
only, presents the lowest filler content, at 26.5 wt.%.

The values obtained in our study do not entirely
match the data supplied by manufacturers. Yet the
calcination method used here, with heating to 900°C
for one hour, effectively eliminates the organic
portion of resin composites and appears to be a
validated method, like thermogravimetric analysis,
for determination of filler content.?*** The difference
in value can probably be explained by the fact that
manufacturers assess the filler content after silani-
zation of the fillers. Silanization, which is essential
for coupling between fillers and the matrix, involves
industrial processes specific to each manufacturer,
and the silane quantity used, as well as the
thickness of the silane layer coating the fillers,
depend on the methods used. If it is taken into
account by the manufacturer when assessing the
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filler mass, this silane quantity increases the values,
while, since it is eliminated during calcination, it is
not taken into account in the measurements per-
formed in our study. Similarly, the combination of
small-sized mineral fillers in a prepolymerized resin
matrix for the purposes of forming clusters of fillers
with a higher diameter may explain the differences
between our values and the manufacturer’s data. In
fact, the organic part of these fillers will be
eliminated during calcination, whereas the mineral
part will persist.?! This destruction of the organic
fraction of the fillers probably largely explains the
difference in the values observed for XTE, described
as containing 20 nm silica and 4 to 11 nm zirconia
fillers grouped into clusters of 0.6 to 10 um. For CLI,
we determined a filler content of approximately 26
wt%. Surprisingly, the instructions for use accom-
panying CLI describe it as unfilled. However, oddly,
the technical product profile available on request
from the manufacturer specifies the presence of
silanized amorphous silica fillers of 0.016 pm at a
concentration of 6%, with no mass or volume
indication relative to these data. It should be noted
that the presence of TiOg, which gives the material a
white color after photopolymerization and is resis-
tant to temperatures of 900°C, can also increase the
mass of the residue after calcination, in line with the
difference in values that exists between our mea-
surements and the manufacturer’s data. It therefore
appears that, due to a lack of standardization in
filler content determination methods, the values
communicated by manufacturers should be regarded
with a certain degree of caution.

Because it is a good indirect indicator of the
mechanical performance of materials, surface micro-
hardness is regularly used in studies.'® In our study,
the results obtained before immersion in distilled
water for each of our materials—either commercially
available or experimental—are consistent with the
literature: the higher the filler content of a resin
composite, the higher its surface microhardness.?? It
is no surprise that EXPA, with a filler content of 65
wt%, has the highest initial hardness of the
experimental materials. Nor is it surprising that
CLI, a material with an indication limited to pit and
fissure sealing and with very low filler content,
presents an initial surface microhardness that is
about seven times lower than GHF, the material
with the highest filler content in our study. Howev-
er, given the nonlinear relationship observed be-
tween it and the values obtained, the filler content
parameter alone is not the only explanation. For
example, GHF and GRF, which have almost the

same filler contents, present significant differences
in terms of surface microhardness. This can probably
be explained by the nature and proportion of the
monomers included in the polymer network. The
degree of cross-link density and the three-dimen-
sional complexity appear to be factors with a major
influence on the mechanical behavior of the polymer
network.?®> Hence, small aliphatic monomers, such
as TEGDMA, promote the formation of dense
molecular networks;?* BisGMA potentially leads to
a lower conversion rate and a lower cross-link
density,?>?% but, conversely, due to its intrinsically
rigid molecular structure and capacity to form
hydrogen bonds between the monomers, it appears
to be a pillar that supports the three-dimensional
configuration of the polymer structure.?>?” BisEMA,
which is devoid of hydroxyl radicals but has a high
molecular weight, potentially reduces the cross-link
density of the polymer.?* The BisGMA/TEGDMA
combination, due to the presence of three ether
bonds on the latter, appears to have a synergistic
effect that increases the polymer network density.?’
Each monomer and each group therefore involves
different properties and different molecular archi-
tectures.??® But the absence of data supplied by
manufacturers concerning the exact proportions of
the different monomers makes interpretation of the
current results complicated. What mainly emerges is
that the filler content—even when very high—is not,
in itself, the only parameter affecting the hardness of
the material.

Our measurements carried out on experimental
materials also demonstrate that there is no linear
relationship between the filler content and the initial
microhardness. Yet these three materials present
the same matrix composition in terms of nature and
composition. This means that another factor must be
involved. At equivalent volume, the higher the filler
content of a material, the greater the proportion of
matrix bound to the fillers. This matrix in contact
with the fillers probably does not have the same
mechanical properties as the matrix resin not in
contact with the fillers. A matrix region doubtless
exists with optimized mechanical properties ensur-
ing a transition between the hard filler and the
softer matrix.’® The lower the filler content of the
material, the less it will present this optimized
matrix zone, relatively speaking, helping to explain
the absence of a proportional relationship between
the filler content and microhardness.

In our study, it is observed that immersion in
distilled water at 37°C leads to variations in the
microhardness values of the materials tested. Fol-

$S900E 98] BIA 0£-80-GZ0Z 18 /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid//:sdiy Wwol) papeojumoc]



662

lowing the long-term immersion of the materials in
distilled water at 37°C, two phenomena generating
opposite consequences in terms of microhardness are
liable to occur. Initially, the water molecules will
have a plasticizing effect, inserting themselves
between the polymer network chains. The resin
matrix will then swell, and the frictional forces
between the chains will decrease.?® Furthermore,
tensile stresses are generated at the resin-filler
interfaces, straining the bonds in the inorganic
component and increasing the frictional forces
between filler and matrix resin, facilitating pull out
of fillers.'®3° Conversely, storage of the samples at
37°C can promote new monomer conversions or
additional postcuring cross-linking reactions in the
resin phase over time.>'*® In terms of microhard-
ness, these two phenomena have completely oppos-
ing consequences, with water promoting a reduction
while heat promotes an increase: the variations in
values recorded at the different immersion time
points are the complex result of various interacting
factors. It is essential to note that the postpolyme-
rization induced by the rise in temperature is
dependent on the conversion rate initially obtained
before immersion and the three-dimensional struc-
ture of the polymer network. Indeed, for postpolyme-
rization to occur, there needs to be the possibility of
movement for nonsaturated chains. Hence, the
higher the initial conversion rate, the less postpoly-
merization will occur.3*35 The high initial hardness
associated with a high filler content is also a factor
that may potentially restrict molecular mobility
within the polymer network initially developed.'®
Thus, for example, a marked reduction in micro-
hardness values is clearly observed following one
week of immersion for GHF and GRF, whereas that
is not the case for XTE or CLI. In addition, in a
recent study,?® the extremely high conversion rate
for GRF immediately after photopolymerization was
demonstrated, in line with our observations. For the
experimental materials, the potential impact of a
high filler content on molecular mobility can also be
observed in view of the values recorded for EXPA
compared with EXPB and EXPC. For these materi-
als with the highest filler content, it can therefore be
seen that the effect of water is more dominant than
the effect of temperature. It should also be high-
lighted that, at an equivalent matrix volume, a filled
material has been shown to be capable of absorbing
more water than an unfilled material due to the
capillary penetration routes offered by the silanized
interfaces between the fillers and the matrix, which
are liable to become hydrolyzed, thus transporting
and holding water.?’

Operative Dentistry

Over time, compared with the values measured
after one week of immersion, a relatively steady
increase in microhardness is observed for all the
materials. For GHF, for which the values were
initially significantly reduced after one week of
immersion, the potential mobility of the chains and
the formation of new bonds are not sufficient to
compensate for the effect of the water and restore
postpolymerization microhardness values. After two
years, the values for GRF and EXPA are close to the
initial postpolymerization values. For the materials
with a lower filler content—XTE and CLI or EXPB
and EXPC—after two years of immersion, the
possibility of forming new bonds between the
molecular chains has become more important than
the effect of water.

To date, no other study has monitored the micro-
hardness of materials over such a long period. For
our materials and in our experimental conditions,
microhardness values are shown to be maintained,
or even increased, after two years compared with
initial values, except in the case of GHF, indirectly
reflecting preservation of the mechanical properties
in the medium term. Obviously, the superimposition
and interdependence of the various factors influenc-
ing microhardness make interpretation of the results
complicated. However, it appears that a very high
initial microhardness, combined with a high filler
content, is not an adequate guarantee to protect
against the detrimental effects of water in terms of
plasticization.

It is important to specify that in our protocol, the
samples are photopolymerized for a total of 400
seconds, with 200 seconds of light exposure per
surface. This method probably optimized the con-
version rate compared with the photopolymerization
usually performed in clinical situations and restricts
the possibilities of postpolymerization.®® Conversely,
the distilled water chosen as the immersion medium
here is known to cause polymer structure changes
similar to those found with artificial saliva,??%° but
less marked than with ethanol,!®!® coffee, or
sweetened fizzy drinks, for example.'®4!

With respect to the rheological properties, it can be
noted that, before photopolymerization, all the
materials tested in our study are non-Newtonian
fluids (ie, they present a nonconstant viscosity that
depends on the shear applied). In addition, for all the
materials, a reduction in said apparent viscosity is
observed, with an increase in the velocity gradient
(increase in angular frequency): they therefore
present shear-thinning behavior. This can probably
be explained by a progressive alignment of the
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molecules in the thickness of the material under the
effect of the shear rate, promoting their relative slip.
A second potential explanation is a change in the
structure of the material as a result of rupture of the
Van der Waals bonds joining nonphotopolymerized
monomers. The nature and proportion of the various
monomers obviously play an important role in
viscosity. BisGMA, with its two hydroxyl radicals
per molecule, increases the viscosity of monomer
mixtures, promoting the formation of hydrogen
bonds between the monomers.2” Therefore, a mix-
ture of monomers containing BisEMA, a molecule
with an identical structure to BisGMA except for the
hydroxyl groups that have been substituted, pre-
sents a lower viscosity than a mixture of BisGMA.%®
The low density of molecular stacking due to the
intrinsic structure of BisGMA and the resulting high
free volume also contribute to the higher viscosity of
monomer mixtures containing a high proportion of
BisGMA.28 Conversely, TEGDMA, a small molecule
with no aromatic cycle or hydroxyl radicals, helps
lower the viscosity of monomer mixtures.

Examination of the results obtained for our
experimental materials, with equivalent filler and
matrix types, indicates the influence of filler con-
tents on rheological behavior: here, the higher the
material’s filler content, the more viscous it is,
irrespective of the shear rate. The results for CLI,
with its low filler content in comparison to the other
commercially available materials, are also in line
with this. However, examination of the results for
GRF, GHF, and XTE clearly reveals the impact of
other parameters apart from filler content alone, in
view of the absence of correlation between the latter
and rheological behavior. The type and shape of
fillers, along with the quality of silanization, prob-
ably have a greater influence here than the filler
content itself, which would therefore be consistent
with the observations of a recent study.*? Examina-
tion of Figures 1 and 2 shows that, excluding CLI,
GRF has the lowest viscosity at all the frequencies
and the lowest storage modulus at all the frequen-
cies, with, nonetheless, a steep slope at said low
frequencies: these data reflect its excellent spread-
ability inside small cavities or in pits and fissures,
whereas it presents a filler content by mass that is
almost 20% higher than that of XTE (data not
presented: calculation of the slopes of the curves at
low frequencies clearly indicates the steepest slope
for GRF). In other words, its low viscosity was not
obtained to the detriment of its filler content. GRF
therefore offers what appears to be a very interesting
compromise between a low viscosity and a low elastic

behavior at low shear frequencies and high filler
content.

It nonetheless remains true that the spreadability
of a material in a small cavity is subject to influences
other than viscosity alone: surface tension after
etching of dental tissues and the adhesive system
used also play a role.*?

CONCLUSION

For the materials tested, with the limitations related
to the experimental conditions and the number of
samples prepared, it appears that:

¢ The filler content values communicated by manu-
facturers have to be regarded with a certain
amount of caution.

The surface microhardness of materials seems to be
affected by numerous interdependent factors, one
of the main ones appearing to be the filler content;
however, at equivalent filler contents, the polymer
structure appears to be important.

¢ An immersion period of two years in distilled water
at 37°C seems to have variable effects on the
surface microhardness of the materials; a very high
initial microhardness, combined with a high filler
content is probably not an adequate guarantee to
protect against the detrimental effects of water in
terms of plasticization.

A low viscosity and a low elastic behavior at low
shear frequency before photopolymerization can be
combined with a high filler content, thereby
appearing to offer a satisfactory compromise
between the spreadability of the material and its
microhardness after photopolymerization.
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Premolar Axial Wall Height Effect on
CAD/CAM Crown Retention

C Gillette * R Buck * N DuVall « S Cushen ¢« M Wajdowicz * H Roberts

Clinical Relevance

Although not applicable for all clinical situations, CAD/CAM adhesive technology may
compensate for shorter occlusogingival axial wall height in premolar full-coverage, all-

ceramic restorations.

SUMMARY

Objective: To evaluate the significance of re-
duced axial wall height on retention of adhe-
sively luted, all-ceramic, lithium disilicate
premolar computer-aided design/computer-
aided manufacturing (CAD/CAM) crowns
based on preparations with a near ideal total
occlusal convergence of 10°.

Methods: Forty-eight recently extracted premo-
lars were randomly divided into four groups
(n=12). Each group received all-ceramic CAD/
CAM crown preparations featuring axial wall
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heights of 0, 1, 2, and 3 mm, respectively, all with
a 10° total occlusal convergence. Scanned prep-
arations were fitted with lithium disilicate all-
ceramic crowns that were luted with a self-
etching resin cement. Specimens were tested to
failure at a 45° angle to the tooth long axis with
failure load converted to megapascals (MPa)
based on the measured bonding surface area.
Mean data were analyzed using analysis of
variance/Tukey’s post hoc test («=0.05).

Results: Lithium disilicate crowns adhesively
luted on preparations with 0 axial wall height
demonstrated significantly less failure resis-
tance compared with the crowns luted on prep-
arations with axial wall heights of 1 to 3 mm.
There was no failure stress difference between
preparations with 1 to 3 mm axial wall height.

Conclusions: Under conditions of this study,
adhesively luted lithium disilicate bicuspid
crowns with a total occlusal convergence of
10° demonstrated similar failure resistance
independent of axial wall height of 1 to 3 mm.
This study provides some evidence that adhe-
sion combined with an ideal total occlusal
convergence may compensate for reduced ax-
ial wall height.

INTRODUCTION

Full-coverage restorations, either metal or ceramic,
have tooth preparation guidelines that include
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degree of total occlusal convergence (TOC), axial
wall height, and specific intracoronal features.!?
Specifically, a 3 mm occlusocervical (OC) axial wall
height is recommended for adequate retention of
premolar crowns.® These guidelines were formulat-
ed in the era of aqueous-based luting agents before
the advent of resin cements. At that time, full-
coverage restorations relied largely on preparation
retention and resistance features as aqueous-based
cements could only provide macromechanical reten-
tion by filling the space between the restoration
intaglio surface and the prepared tooth surface. The
increased clinical use of all-ceramic full-coverage
restorations provided the impetus for the develop-
ment of adhesively bonded resin cements that are
touted to provide macro- and micromechanical
retention as well as chemical bonding to selected
materials.*® Finish lines, intracoronal features, and
TOC degree are preparation elements that the
clinician usually has significant control over. How-
ever, the axial wall may be compromised due to
disease or trauma and ideal axial wall heights may
not be within the clinician’s control, especially in
situations where crown-lengthening surgery is not
feasible. The purpose of this study was to evaluate if
adhesion technology can compensate for reduced
axial wall height in premolar all-ceramic crowns
luted to preparations containing a 10° TOC. The null
hypothesis was that there would be no difference in
failure stress between preparations containing 0, 1,
2, or 3 mm axial wall height.

METHODS AND MATERIALS

Human premolar teeth that contained no restora-
tions or caries were used in this study. All teeth,
collected and used under the guidance of the local
Institutional Review Board, were obtained from local
oral and maxillofacial surgery clinics and had been
removed per routine clinical indications for ortho-
dontic expediency.

Forty-eight freshly extracted premolar teeth were
randomly assigned to one of four groups (n=12) with
the occlusal surfaces removed to 1 mm below the
marginal ridge with a slow-speed, water-cooled
diamond saw (Buehler, Lake Bluff, IL, USA). The
sectioned teeth were then mounted in autopolymeriz-
ing denture base methyl-methacrylate resin (Dia-
mond D, Keystone Industries, Cherry Hill, NJ, USA).
Preparations were accomplished following manufac-
turer’s recommendations for lithium disilicate all-
ceramic crowns (IPS e.max CAD, Ivoclar Vivadent,
Ambherst NY, USA) by a single operator using a high-
speed electric dental handpiece (EA-51LT, Adec,

Newburg, OR, USA) equipped with a diamond bur
(8845KR.31.025, Brassler USA, Savannah, GA, USA)
under continuous water coolant spray. Preparation
features and TOC of 10° was standardized as much as
possible with the handpiece placed in a fixed lathe
arrangement. Teeth in the four groups received
occlusal reduction resulting in OC preparation
heights of 0, 1, 2, and 3 mm, respectively. The 0 mm
axial wall height group received a buccal lingual
groove preparation featuring the approximate width
and half depth of a no. 8 round bur across the total
occlusal surface. This feature was required to allow
the correct restoration alignment to the preparation,
and the orientation of this groove was designed not to
add resistance features to the preparation as it was
parallel to the testing force vectors. All preparations
underwent final review and any necessary refinement
by a board-certified prosthodontist. The prepared
tooth surface area was then measured using a
digital recording microscope (KH-7700, Hirox USA,
Hackensack, NJ, USA) that allowed for the
determination of bonding surface area.

The specimens were restored by one operator using
a computer-aided design/computer-aided manufactur-
ing (CAD/CAM) acquisition device (Cerec AC, version
4.2.4.72301/Cerec MC XL, Sirona Dental Systems,
Charlotte, NC, USA) according to the manufacturer’s
instructions and/or recommendations. All specimens
were scanned using a standardized template to allow
the establishment of suitable clinically relevant
restoration contours. The occlusal table was
established at the same height regardless of axial
wall height and had an occlusal thickness not less
than 2 mm. The restorations were milled from a
lithium disilicate ceramic material (IPS e.max CAD)
followed by crystallization and glaze (IPS e.max CAD
Crystall Glaze Spray, Ivoclar-Vivadent) following the
manufacturer’s protocol in a dental laboratory
ceramic furnace (Programat P700, Ivoclar-Vivadent).

The milled restorations were adjusted and seated
to the preparations using a disclosing agent (Oc-
clude, Pascal International, Bellevue, WA, USA),
after which the restoration was steam cleaned and
dried. The restoration’s intaglio surface was then
prepared with a 5% hydrofluoric acid-etch solution
(IPS Ceramic Etching Gel, Ivoclar-Vivadent) for 20
seconds, rinsed with water spray, and dried with oil-
free compressed air. A coat of silane agent (Mono-
bond Plus, Ivoclar Vivadent) was applied to the
etched surface using a monobrush following manu-
facturer’s instructions. After 60 seconds of reaction
time, the silane agent was air-dried using oil-free
compressed air.
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Table 1: Mean Failure Load (N) and Stress (MPa) (n=12)?

Mean Preparation Failure Failure
Axial Wall Height (mm) Load (N) Stress (MPa)
0 148.3 (70.1) A 289 (1.1) A
1 374.8 (150.9) B 6.35 (2.5) B
2 499.7 (117.5) BC 7.16 (1.6) B
3 622.4 (142.1) C 752 (1.7) B

& Groups identified with same letter are statistically similar within each
column (Tukey, 0.=0.05)

The tooth surface was prepared for cementation by
cleaning with a pumice and water slurry, rinsed, and
dried using oil-free compressed air. A self-adhesive
resin cement (RelyX Unicem, 3M ESPE, St Paul,
MN, USA) was placed into the intaglio surface of the
ceramic restoration and then seated on the prepara-
tion using digital finger pressure. Restorations were
tack cured for 1 second using a visible light curing
unit (Bluphase G2, Ivoclar Vivadent). After the
excess cement was removed, the restoration was
light cured at the buccal, lingual, and proximal
marginal areas for a total of 80 seconds. The
specimens were stored under dark conditions at
37°C = 1°C and 98% =* 1% humidity.

Twenty-four hours after cementation, each speci-
men was placed into a vise fixture on a universal
testing machine (RT-5, MTS Corporation, Eden
Prairie, MN, USA) with the long axis of the tooth
at a 45° angle to the vertical axis of the testing
fixture. The testing fixture consisted of a 3 mm-
diameter hardened, stainless steel piston with a 0.5-
m radius of curvature as described by Kelly and
others.® Specimens were loaded on the facial cusps at
a rate of 0.5 mm per minute until failure; failure load
was recorded in Newtons with a resultant failure
stress calculated based on preparation surface area.
Failure mode for each specimen was determined by
visual examination under 20X magnification (KH-
7700, Hirox USA) as well as microtomography
(MicroCT) (Skyscan 1172, Bruker MicroCT, Kontich,
Belgium) at a resolution of 13.6 pym using 100 kV
energy with a 0.4° step size. Individual images were
combined into a three-dimensional (3D) image using
recombination software (nRecon, Bruker MicroCT)
and analyzed with a volume-rendering 3D software
(CTVox, Bruker MicroCT).

Mean failure load and stress were first evaluated
using the Shapiro-Wilk test and Bartlett’s test to
ascertain normal distribution and homogenous var-
iance of the data. Analysis of variance identified a
difference within the groups followed by the Tukey’s
post hoc test. Statistical analysis was performed with

Operative Dentistry

Table 2: Failure Mode Analysis

Failure Mode Occlusocervical Axial Wall Height

0 mm 1 mm 2 mm 3 mm
Cohesive ceramic 0 0 1 4
Adhesive crown/ 12 12 2 2
tooth material
Tooth fracture 0 0 9 6

a computer-based program (SPSS 20, IBM SPSS,
Chicago, IL, USA) with a 95% level of confidence
(¢=0.05).

RESULTS

The failure results are listed in Table 1. When based
on failure load, the preparations with 3 mm axial
preparation height exhibited significantly greater
failure resistance than the preparations containing 0
and 1 mm axial wall heights. There was no
difference in failure load between the 2 and 3 mm
axial wall height groups. When bonded surface area
was taken into consideration, there was no signifi-
cant difference in the failure stress between prepa-
rations of 1, 2, and 3 mm axial height.

The failure analysis mode results can be seen in
Table 2.

All restorations in the 0 and 1 mm axial height
preparation groups experienced restoration debond-
ing without any tooth or crown material failure. The
major failure mode for the 2 and 3 mm axial height
preparation groups was root fracture that did not
involve the tooth preparation.

DISCUSSION

Proponents of CAD/CAM dentistry anecdotally pro-
mote that adhesive technology may compensate for
loss of preparation features required when luting
castings with aqueous-based cements. This current
study attempted to evaluate whether the adhesion
involved with all-ceramic premolar CAD/CAM res-
torations could compensate for loss of OC axial wall
height using a standardized TOC angle of 10°. This
could identify possible advantages in clinical situa-
tions where tooth structure loss might alleviate the
need for elective endodontic or surgical periodontal
procedures to gain adequate tooth structure for a
full-coverage restoration.

The tooth preparations were standardized as
much as possible with one operator using a lathe-
type arrangement. The TOC of 10° was chosen as
Goodacre and others' recommend a TOC between

$S900E 98] BIA 0£-80-GZ0Z 18 /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid//:sdiy Wwol) papeojumoc]



Gillette & Others: Premolar Axial Wall Height CAD CAM Retention 669

Table 3: Mean Tooth Preparation Parameters (n=12)
Group Axial Wall Total Surface
(Axial Wall Height (mm) Occlusocervical Area (mm?)

Height) Convergence (°)

0 mm - - 50.2 (18.5)
1 mm 1.16 (0.07) 10.3 (0.8) 61.0 (8.33)
2 mm 2.10 (0.05) 9.61 (0.51) 71.0 (13.56)
3 mm 3.1 (0.04) 10.19 (0.9) 83.1 (6.22)

10° and 20°; those authors concluded that TOCs <10°
are rarely clinically achieved. The mean preparation
parameters are listed in Table 3.

The use of a digital recording microscope (KH
7700, Hirox USA) allowed the confirmation of tooth
preparation parameters that also allowed the mea-
surement of preparation surface area that could be
available for adhesive bonding.

The total preparation convergence was deter-
mined by taking the mean of the four convergence
measurements (facial/lingual, mesial/distal). Un-
der the conditions of this study, TOC convergence
was standardized at 10°. The surface area determi-
nation allowed the calculation of failure stress,
which is uncommon in the dental scientific litera-
ture and may compensate for the disparities in
tooth size inherent with the usual failure load
reporting. Preparation surface area within the 2
and 3 mm groups was similar to that reported in an
evaluation of preparation stone dies in a commer-
cial dental laboratory.” Preparation surface area
within each group was fairly consistent, as covari-
ance ranged from 7% to 18% among the prepara-
tions that contained axial wall height. The surface
area variability increased within the 0 mm axial
wall height group, as surface area was largely
dependent on tooth size. Failure load results found
that the 3 mm preparation axial wall height was
found to be significantly greater not only than the 0
mm group but also the 1 mm axial wall height
group. Failure stress determination contrasted the
more traditional failure load results in that no
difference in failure stress was noted between OC
preparation heights of 1, 2, and 3 mm, and all three
were significantly greater than the preparations
with no axial wall height. Failure stress, which is
based on preparation surface area, may normalize
failure load results, but more evaluation is incum-
bent in this area before definitive judgments can be
proffered. Regardless of analysis, the null hypoth-
esis was rejected. The results should be considered
with the understanding that the preparation TOC

of 10° in this study may be considered very
conservative and may not be routinely achieved in
the clinical environment.® Furthermore, it should
be noted that all OC axial wall height preparations
demonstrated failure loads greater than that
reported for the normal human bite strength,®°
and follow-up fatigue load/stress studies are
planned.

Failure mode analysis revealed that mode of
failure depended largely on the preparation axial
wall height. The 0 and 1 mm OC axial wall height
groups failed predominately by adhesive failure of
the resin cement with occasional minor reparable
tooth material fracture. One-third of the OC 3 mm
axial wall height group displayed cohesive ceramic
fracture, but tooth fracture was the leading failure
mode of both the 2 and 3 mm OC axial wall height
groups. Microtomographic analysis found that these
fractures were mostly initiated near the lingual
margins and the base of the lingual preparation wall
(Figures 1 and 2).

This study is one of the first to evaluate the effect
of premolar OC axial wall height using CAD/CAM
adhesive technology. Ersu and others'! found that
OC axial wall height affected zirconia coping
retention, which led them to reinforce the philosophy
that for preparations with <3 mm of OC axial wall
height consideration should be given to endodontic
therapy with post and core fabrication to gain
additional retention and resistance features. How-
ever, that study differs from the present work in that
stainless steel copings served as the foundation
preparation material. Leong and others,'? in their
study involving maxillary premolars, found no
difference in fatigue strength between 2 and 3 mm
OC axial wall heights when a resin luting agent was
used, even with a 20° TOC. The failure loads in this
study were lower than those reported by Attia and
Kern,'®1* who studied two other leucite-reinforced
ceramics in two separate studies. However, the
conditions of their research applied forces along the
specimen long axis, and preparation parameters
were more conservative; they used a 5 mm OC axial
wall height with an even more conservative TOC of
6°.1314 Lastly, failure loads of this study are also less
than that reported by Good and others'® who also
used a TOC of 6° and an earlier leucite-reinforced
ceramic. Although the failure loads may seem to be
less than those in other reports, the authors
maintain that the conditions of the present study
may more closely represent those encountered in
clinical practice.
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CONCLUSIONS

Under the conditions of this study, premolars
restored with adhesively luted, CAD/CAM fabricat-
ed, lithium disilicate crowns based on a 10° TOC
displayed similar failure stress resistance with OC
axial wall heights of 1, 2, and 3 mm. This study
provides some evidence that adhesion may compen-
sate for less than ideal axial wall height in all-
ceramic premolar preparations with a conservative
total occlusal convergence.
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Figure 1. MicroCT image slice
showing 3-mm occlusocervical axial
height failure.
Figure 2. MicroCT image slice
showing 2-mm occlusocervical axial
height failure.
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Letter To The Editor

Dear Editor,

We read with great interest the following man-
uscripts published in the Operative Dentistry:
Carvalho LD, Bernardon JK, Bruzi G, Andrada
MAC & Vieira LCC (2013) Hypoplastic enamel
treatment in permanent anterior teeth of a child
38(4) 363-368 and Reston EG, Corba DV, Ruschel
K, Tovo MF & Barbosa AN (2011) Conservative
approach for esthetic treatment of enamel hypo-
plasia 36(3) 340-343. We want to personally thank
the authors for writing such great clinical papers.
While they are generally well written case reports,
we have concerns about this articles that needs to
be addressed.

1. We disagree with the diagnostic provided by
both authors. Developmental defects of enamel are
classified in quantitative (hypoplasia) or qualitative
(diffuses/demarcated opacities) alterations, based on
their macroscopic appearance.! Disturbances during
the maturation stage of amelogenesis result in
opacities and the defect involving an alteration in
the translucency, vary in degree. Hypoplasia results
of disturbances during the secretion stage of amelo-
genesis and the defect is associated with a reduced
localized thickness.!? Therefore, the figures in the
manuscripts show an enamel with demarcated
opacities, not a hipoplastic enamel.

2. Our suggestion is to revise the differential
diagnosis. The presented images may characterize a
condition known as Molar-Incisor Hipomineraliza-
tion (MIH), a genetic alteration related to distur-
bances in the maturation stage of enamel®, not
considered in the cited case reports. MIH is a
qualitative defect of enamel that affects permanent
first molars, with or without the involvement of
permanent incisors*. The defects range from white-
yellow or yellow-brown demarcated opacities to
hypomineralised desintegrated enamel*.

We hope these considerations will be addressed.
Sincerely,

Marina de Deus Moura de Lima, Heloisa Clara
Santos Sousa & Lucia de Ftima Almeida de Deus
Moura
Department of Pathology and Dentistry Clinic,
School od Dentistry, Universidade Federal do
Piaui - UFPI, Teresina, Brazil

1. Federation Dental International (1992) A review of the

developmental defects of enamel index (DDE Index) -
Commission on Oral Health, Research & Epidemiology:

Report of an FDI Working Group International Dental
Journal 42 411-426.

2. Hu JC, Chun YH, Al Hazzazzi T & Simmer JP (2007)
Enamel formation and amelogenesis imperfecta Cells
Tissues Organs 186(1) 78-85.

3. Vieira AR & Kup E (2016) On the Etiology of Molar-Incisor
Hypomineralization Caries Research 50(2) 166-169.

4. Weerheijm KL, Jalevik B & Alaluusua S (2001) Molar-
incisor hypomineralisation Caries Research 35 390-391.

Response from the Authors

Dear Editor Dr. Platt and Doctors Marina de Deus
Moura de Lima, Heloisa Clara Santos Sousa & Lucia
de Fatima Almeida de Deus Moura,

I would like to thank the interest and suggestions
on our manuscript, published in 2013, entitled
“Hypoplastic enamel treatment in permanent ante-
rior teeth of a child “(1)

The diagnosis provided for the clinical case
reported was based on the characteristics of the
lesions on the teeth submitted to the treatment,
considering mainly the origin of the lesion (trauma of
the deciduous teeth during the enamel mineraliza-
tion of the permanent teeth) and following other
published papers showing similar lesions. (2,3)
However, we have to agree with some of the
considerations suggested: in the case reported, the
alterations were qualitative and affected basically
the degree of opacity. Considering there was no
structure loss and according to the Developmental
Defects of Enamel (DDE) index, should be classified
as demarcated opacities instead of hypoplastic spots.
(4-6)

Even with the possibility of a misdiagnosis, it was
clear that was not a case of Molar-incisor Hypomi-
neralization (MIH) as suggested (7-9), once the
lesions etiology was detected in the patient medi-
cal-dental history (trauma) and clinical evaluation,
which showed that the molars were not affected.

We also would like to clarify that, even if the
stains had received a different classification, the
treatment conducted to the altered enamel, with
previous dental bleaching for the reduction of the
brownish characteristic of the lesions, in function of
the lesions depth, followed by the composite
restoration, would be kept, considering that “es-
thetic” was the determinant factor for the decision
of restoring the teeth.
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Based on that, we are sure this discussion will be
able to contribute to an improvement in the scientific
approach of the paper.

Sincerely,

Dr. Luana Dutra de Carvalho and co-authors

1. Carvalho LD, Bernardon JK, Bruzi G, Andrada M a. C,
Vieira LCC. Hypoplastic enamel treatment in permanent
anterior teeth of a child. Oper Dent. 2013 Aug;38(4):363-8.
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Dear Editor Dr Platt,

First of all, we thank our colleagues, Dr Marina de
Deus Moura de Lima, Dr Heloisa Clara Santos
Sousa, and Dr Licia de Fatima Almeida de Deus
Moura, for their interest and qualified comments on
our paper (1).

In response to their comments, we hereby offer
clarifications as follows.

1. Even though the scope of our study was to
describe a minimally invasive technique for the
removal of intrinsic enamel stains and enamel
discoloration, the terminology used to describe the
clinical findings is in line with the relevant litera-
ture. The references quoted by the readers in their
letter and in our original paper clearly use the same
terms to describe the clinical features of the
developmental defects addressed in the case report.

Figure 1 shows the anterior teeth (incisors and
canines), evidencing a defect associated with reduced
localized thickness, characterizing hypoplasia. Even
though tooth # 9 shows a greater area of diffuse
opacity, we chose to classify both this tooth and tooth
# 8 as presenting hypoplasia, because this pathology
was the most relevant one in that situation (2,3).

Hypoplasia is shown in detail and enlarged in
Figure 1, as can also be seen in the original report.

2. With regard to the differential diagnosis of
molar-incisor hypomineralization (MIH) for our case,
we highlight the unequivocal involvement of the
canine (tooth # 6) in the process behind the systemic
abnormalities that affected tooth development.

Figure 1. Areas with hypoplastic charac-
teristics in the patient’s anterior teeth.
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There are very rare indications in the literature
suggesting that canines could be involved in cases of
MIH (4), as the processes of matrix apposition and
mineralization in molars, incisors, and canines are
not totally simultaneous. We believe that, in our
case, canine involvement rules out the diagnosis of
MIH.

Still regarding this differential diagnosis, when
searching the PubMed database using the keywords
molar incisor hypomineralization and MIH, we
found that 75% of the papers available are dated
2010 or later. This fact, combined with the other
arguments here presented, may suggest that at the
time of publication of our original report (2011), the
diagnosis of MIH was restricted to very specific
cases, and therefore this condition was not included
in the literature review conducted at the time. Still,
it is relevant to note that the technique described in
our report is one option among the treatment
possibilities applicable to MIH (5).

Finally, while we acknowledge the importance of a
standardized nomenclature for defects resulting
from odontogenic abnormalities, it is important to
mention that it was not the primary objective of the
study to detail the etiology of the case. The
conciseness required when writing case reports also
contributed to our focus on the treatment technique
described.

Operative Dentistry

EG Reston

DDS, MSD, PhD, School of Dentistry, Professor
and Head of the Graduate Program, Lutheran
University of Brazil, Canoas, Brazil

MF Tovo

DDS, MSD, PhD, School of Dentistry, Associate
Professor, Lutheran University of Brazil, Canoas,
Brazil
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Departments

Faculty Positions

CARIOLOGY AND OPERATIVE DENTIST
Department of Cariology and Comprehensive
Care

NEW YORK UNIVERSITY COLLEGE OF
DENTISTRY

The New York University College of Dentistry,
Department of Cariology and Comprehensive Care,
seeks full time tenure track or non-tenure depending
on qualifications and history of research and teaching
experience in Cariology and Operative Dentistry.
Applicants must possess either a dental degree, or
Ph.D., or both and should have a proven track record in
funded research; and should be published with a record
oflectures and seminars presented both nationally and
internationally. Responsibilities include; research and
teaching at the undergraduate and graduate level.
Salary and benefits are highly competitive. Academic
rank will be commensurate with experience. Individ-
uals with a NY State dental license will be eligible to
participate in our faculty practice.

Please submit a letter of interest along with
current curriculum vitae to Mark S. Wolff, DDS,
Ph.D., Professor and Chairman, Department of
Cariology and Comprehensive Care, New York
University College of Dentistry, 345 East 24th
Street, 10 Floor, New York, NY 10010-4086. NYU
appreciates all responses, but can only respond to
qualified applicants.

NYU is an Equal Opportunity/Affirmative Action
Employer.

College of Dental Medicine - Illinois [CDMI]:
Research Faculty Position

Introduction: Midwestern University, initially
founded in 1900, is a healthcare educational

institution offering professional doctoral degrees
in osteopathic medicine, dentistry, pharmacy and
other health sciences programs on its two (2)
campuses in Illinois and Arizona. The Midwestern
University College of Dental Medicine — Illinois
(CDMI) is located on our Downers Grove / Illinois
Campus with 105 acres boasting innovative facili-
ties, nestled serenely in a wooded setting 25 miles
west of downtown Chicago. The total enrolment of
the University is over 6,000 students with approx-
imately 550 full time faculty dedicated to providing
inter-professional education and the development
of leaders in a humanistic and scholarly environ-
ment.

Position Description: CDMI is seeking applica-
tions for a full-time, tenure-track, faculty position
with a focus on Dental Research at the rank of
Assistant or Associate Professor. This full-time
faculty member will take a lead role in developing
and fostering research endeavors among the faculty
and students at CDMI. The faculty member will
participate in the pre doctoral dental program,
mentor faculty members and dental students in their
research endeavors, and conduct an active research
program. It is expected that the selected candidate
will also establish an externally funded research
program in educational, basic science or clinical
research. The faculty member will be responsible for
application of expertise in innovative ways that
benefit collaborators from the campus, the communi-
ty and improves research productivity. All faculty at
CDMI are expected to participate in the teaching
mission of Midwestern University, to participate in
scholarly activity and to demonstrate commitment to
service in the larger community.

Qualifications: Candidates must possess a PhD or
equivalent degree and an established record of
extramural funding with quality scholarly and
research productivity in the field of craniofacial,
oral, dental, and/or related research. Preference will
be given to candidates with a DDS or DMD degree.

The successful candidate will be an individual
with excellent communication and interpersonal
skills, with the ability to engage newer, clinical
faculty in the realm of dental research.

Academic rank and salary will be commensurate
with training and experience.

Interested individuals should submit a letter of
application and interest, curriculum vitae, and three
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professional references, plus a one- to two-page
summary of a research plan that includes the
engagement of clinical faculty, to:

College of Dental Medicine - Illinois
Midwestern University

Attention: Dr. Bruno Jham

555, 31 Street, Auditorium Building 594
Downers Grove, IL 60515

Email: bjham@midwestern.edu

Operative Dentistry

Applications can also be made on-line at www.
midwestern.edu.

Midwestern University is an Equal Opportu-
nity/Affirmative Action employer that does not
discriminate against an employee or applicant
based upon race, color, religion, gender, na-
tional origin, disability, or veterans status, in
accord with 41 C.F.R. 60-1.4(a), 250.5(a),
300.5(a) and 741.5(a).
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Clinical Relevance: Saline solution or sodium hypochlorite associated with ultrasonic activation seems to be an
adequate solution for root canal cleaning before fiber post cementation. Chelating agents may cause decreased bond
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doi: http:/dx.doi.org/10.2341/15-260-L

Degradation Potential of Bulk Versus Incrementally Applied and Indirect Composites: Color, Microhardness,
and Surface Deterioration

M El Gezawi * D Kaisarly « H Al-Saleh * A ArRejaie * F Al-Harbi « KH Kunzelmann
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Effect of Intracanal Irrigants on
Bond Strength of Fiber Posts
Cemented With a Self-adhesive
Resin Cement

MS Barreto * RA Rosa » VG Seballos « E Machado
LF Valandro « OB Kaizer ¢ MVR So ¢ CAS Bier

Clinical Relevance

Saline solution or sodium hypochlorite associated with ultrasonic activation seems to be an
adequate solution for root canal cleaning before fiber post cementation. Chelating agents
may cause decreased bond strengths when cementing with self-adhesive resin cement.

SUMMARY

Objective: The aim of this study was to evalu-
ate the effect of five intracanal irrigants on
bond strength of fiber posts cemented with
newer self-adhesive resin cement.

Methods: A total of 60 extracted, single-rooted
human premolars, sectioned at 14 mm, were
prepared with the ProTaper Universal system
with a size F3 instrument and filled with an F3
master cone and AH Plus. The root canal filling

Mirela Sangoi Barreto, DDS, MSD, private practitioner, Santa
Maria, Brazil

Ricardo Abreu da Rosa, DDS, MSD, PhD, private practitioner,
Santa Maria, Brazil

Vivian Ghem Seballos, DDS, MSD, graduate student in Oral
Sciences (Prosthodontics), Faculty of Odontology, Federal
University of Santa Maria, Santa Maria, Brazil

Eduardo Machado, DDS, MSD, private practitioner, Santa
Maria, Brazil

*Luiz Felipe Valandro, MSD, PhD, associate professor, Graduate
Program in Oral Science (Prosthodontics), Faculty of Odontol-
ogy, Federal University of Santa Maria, Santa Maria, Brazil

Osvaldo Bazzan Kaizer, MSD, PhD, adjunct professor, Graduate
Program in Oral Science (Prosthodontics), Faculty of Odontol-
ogy, Federal University of Santa Maria, Santa Maria, Brazil

was partially removed, leaving 4 mm of apical
gutta-percha. Specimens were randomly as-
signed to five groups (n=12), according to the
solution used for dentin surface treatment
before fiber post cementation, as follows:
EDTA 17% (EDTA); QMix (QM); SmearClear
(SC); 2.5% sodium hypochlorite (NaOCl), and
0.9% saline solution (SS). Ultrasonic activation
was performed (three times, 20 seconds each),
and root canals were dried with paper points.
Fiber posts were cemented with RelyX U200. In
one specimen per group, rhodamine B dye was
mixed with RelyX U200 to provide adequate
fluorescence for confocal laser scanning mi-
croscopy (CLSM) assessment. Specimens were

Marcus Vinicius Reis S6, MSD, PhD, adjunct professor, Graduate
Program in Dentistry (Endodontic), Faculty of Odontology,
Federal University of Rio Grande do Sul, Porto Alegre, Brazil
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Maria, Brazil
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transversally sectioned and three slices were
obtained, one for each root third. Next, a push-
out test was performed. A stereomicroscope
and CLSM were used to analyze the failure
modes and to illustrate the pattern of infiltra-
tion of RelyX U200 into dentinal tubules,
respectively. Bond strength means were calcu-
lated, and analysis of variance and Bonferroni
tests were used for statistical analysis.

Results: SS showed the highest mean bond
strength values (11.5+5.3), superior to QM
(5.1+3.1) and SC (5.1+3.3). NaOCl presented
intermediary bond strength values (9.7+5.0),
similar to EDTA (7.7+2.9) and SS. QM and SC
showed the lowest mean bond strength
(p<0.05). Adhesive failures between cement/
dentin were predominant (53.9%).

Conclusion: SS and NaOCl associated with
ultrasonic activation seem to be adequate
solutions for root canal cleaning before fiber
post cementation with self-adhesive resin ce-
ment, whereas chelating solutions, such as
EDTA, QM, and SC, cause a decrease in bond
strength.

INTRODUCTION

Endodontically treated teeth may exhibit pro-
nounced coronal destruction, and the amount of
residual coronal dentin can influence the clinical
survival of posts and restorations.! The minimally
invasive approach of associating adhesive tech-
niques and posts with similar mechanical character-
istics to dentin seems to contribute to a better
clinical prognosis for endodontically treated teeth.-?
A direct relationship between fracture resistance
and the amount of remaining tooth structure have
been reported.? Some studies? have shown that the
presence of substantial remaining coronal tooth
structure reduces the risk of failure. Due to this
fact, fiber post cementation is a viable alternative to
restore weakened teeth.

Glass fiber posts were introduced as an alternative
to cast metal posts, because glass fiber presents
mechanical properties similar to dentin,*® such as
elastic moduli, which improves the distribution of
functional loads to the root canal, instead of
concentrating it, when compared with cast posts,’
which might affect the risk and type of root
fracture.® Several other factors led to the use of
glass fiber posts, such as esthetic advantages, low
costs, and being a simpler and less time-consuming
technique.®

Operative Dentistry

In terms of fiber post cementation, self-adhesive
resin cements, such as RelyX U200 and RelyX U100
(3M ESPE, St Paul, MN, USA), have been intro-
duced to reduce the sensitivity of pretreatment steps
and to prevent application errors of cementation
procedures. This factor may increase bond strength,
as compared with a conventional three-step system.’
According to Rodrigues and others'® and Amaral and
others,!! self-adhesive resin cements are equally
effective alternatives to conventional resin cement.

Ideally, a post cement system will provide a tight
seal impermeable to oral bacteria; however, debond-
ing failures have been reported.* Several variables
may be associated with these failures, such as the
action of irrigant solutions on dentin collagen
(sodium hypochlorite [NaOCIl], hydrogen peroxide,
chlorhexidine [CHX]); the peculiar conditions of root
canal dentin and the type of agent used to condition
the substrate; the polymerization stress of resin
cement; and the chemical and physical properties of
the posts.'?

To enable satisfactory adhesion of posts to root
dentin, the smear layer has to be removed.'® It
consists of an agglomeration of dentin, irrigant
solutions, and organic tissues poorly adhered to the
root canal walls.'* The smear layer is able to hinder
penetration and adaptation of self-adhesive resin
sealers inside dentinal tubules,'® which may de-
crease bond strength.

In this sense, chelating solutions play an impor-
tant role in removing debris and the smear layer.'?
Ethylenediaminetetraacetic acid 17% (EDTA) is the
most widely used chelating solution because it
enables dissolution of the inorganic portion of dentin
and the smear layer.'® On the other hand, EDTA can
cause erosion of root canal dentin'” and presents
reduced antimicrobial action.'®

With the aim of increasing antimicrobial activity
without producing dentin erosion, new irrigants
have been proposed. EDTA-based formulations have
been developed as final-rinse solutions, such as
SmearClear (SC) and QMix (QM)." SC (SybronEn-
do, West Collins, Orange, CA, USA) presents EDTA
and cetrimide in its formulation, whereas QM
(Dentsply Tulsa Dental, Tulsa, OK, USA) contains
EDTA, CHX, and a surfactant agent. This one-step
final rinse is supposed to combine the antimicrobial
and substantivity properties of CHX with the smear-
layer-removing properties of EDTA.2°

Despite the reported literature, few studies have
evaluated the effect of irrigating and chelating
solutions on bond strength to root dentin. Moreover,
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information related to fiber posts cemented with
RelyX U200 is still limited. Therefore, the main goal
of this ex vivo study was to evaluate the effect of
different, ultrasonically activated intracanal irrigants
on the bond strength between root dentin and fiber
posts cemented with self-adhesive resin cement.

The null hypothesis tested was that different
irrigant solutions would have no influence on the
bond strength.

METHODS AND MATERIALS
Experimental Design

First, the sample size was calculated, using the
BioEstat 5.0 program (Fundacdo Mamiraua, Belém,
Brazil), considering parameters that were based on
Rosa and others:?! minimum difference between
groups of 1.65 MPa; standard deviation of 1.1 MPa;
power of 80%; for five treatments. The program
recommended 12 samples per group as the sample
size.

Roots (N=60) were randomly allocated (http:/www.
random.org) to five groups (n=12), considering one
factor (irrigant solutions) at five levels. The main
outcome was push-out bond strength and the
experimental unit was the root. The operators were
blinded to the applications of intracanal solutions, post
cementations, push-out tests, and failure analyses.

Tooth Selection

This study was submitted to and approved by the
Ethical Committee of the Federal University of
Santa Maria (No. 855,457). A total of 60 single-
rooted human mandibular premolars with similar
dimensions were selected and stored in a 0.9% saline
solution at 4°C until use. Periapical radiographs
were performed to confirm the presence of one root
canal. All roots were observed at 8X magnification
with a stereomicroscope (Zeiss Stemi SV6; Carl
Zeiss, Jena, Germany) to exclude those with external
cracks, incomplete root formation, root resorption, or
coronal root canal diameter greater than 2 mm, as
measured with a digital caliper (Starrett 727;
Starrett, Itu, Brazil).

Specimens were decoronated at the cervical root
third to standardize a remaining root length of 14
mm, using a diamond blade (Komet, Santo André,
SP, Brazil) under cool water.

Root Canal Preparation

Canal patency was established with a size 10 K-file
(Dentsply Maillefer, Chemin du Verger, Ballaigues,

Switzerland), followed by PathFile 1, 2, and 3
(Dentsply Maillefer) instruments. The working
length was set at 1 mm from the apex. Root canals
were prepared by using the ProTaper Universal
System (Dentsply Maillefer). Initially, the cervical
and middle portions of the roots were prepared by
using S1, SX, and S2 instruments. Later, S1, S2, F1,
F2, and F3 files were sequentially used for all of the
working lengths. Each canal was irrigated with 2 mL
of a freshly prepared 2.5% NaOCI (Asfer, Sdo Paulo,
Brazil) between each instrument change. Specimens
were irrigated with 5 mL of 17% EDTA (Biodina-
mica, Ibipord, Brazil) for three minutes and subse-
quently rinsed with 2 mL of NaOCI. Next, they were
dried by using size 30 paper points (Dentsply
Maillefer).

Root Canal Filling

AH Plus (Dentsply Maillefer) was mixed according to
the manufacturer’s instructions and placed in work-
ing length by using a 400-rpm lentulo spiral
(Dentsply Maillefer) for five seconds. The single-
cone technique was performed by using F3 (Dentsply
Maillefer) main gutta-percha cones, coated with
sealer and placed into root canals to the working
length. The excess gutta-percha in the coronal
portion was removed with a flame-heated plugger,
and the access cavity was sealed with Filtek Z350
(3M ESPE) composite resin. Roots were stored for
one week at 37°C and 100% humidity to allow the
sealers to set.

Post Space Preparation

Root canal filling was partially removed using sizes
1, 2, 3, and 4 Largo drills (Dentsply Malleifer),
alternating with 0.9% saline solution irrigation, in
10 mm length, leaving 4 mm of apical gutta-percha.
Post space preparation was completed using the
Exacto Transliucido Angelus N2 (Angelus, Londrina,
Brazil) bur at 10 mm. Periapical radiographs were
performed to confirm removal of the root filling.

Apical root portions were included in a chemically
cured acrylic resin (Dencrilay Dencril, Pirassunun-
ga, Brazil) block. The specimens were fixed on a
surveyor, with the long axes of the teeth and the
resin block parallel to each other and perpendicular
to the ground.

Irrigation Protocols

As mentioned, specimens were randomly assigned to
five groups (n=12), according to final flushing after
post space preparation, as follows: EDTA (EDTA
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17%); QM (QMix); SC (SmearClear); NaOCl (2.5%
NaOCl), and SS (0.9% saline solution).

EDTA, QM, SC, NaOCl, and SS were delivered
into root canals using Ultradent syringes (Ultradent
Products Inc, South Jordan, UT, USA) and 30G
EndoEzeTip needles (Ultradent Products Inc).

The irrigation protocols for all experimental and
control groups were as follows: 1) root canals were
rinsed with 1 mL of the corresponding irrigant; 2)
ultrasonic activation with a size 20/0.1 ultrasonic tip
(Capelli e Fabris Ind, Santa Rosa do Viterbo, Brazil),
attached to an NAC Plus ultrasonic device (Adiel
LTDA, Sao Paulo, Brazil) was performed for 20
seconds, without touching root canal walls. This
procedure was repeated twice and the irrigant was
renewed;?? 3) a final continuous irrigation with 2 mL
of 0.9% saline solution was performed in all groups.

Specimens were dried with paper points. Exacto
Translicido N2 (Angelus) glass fiber posts were
cleaned with ethyl alcohol 70%, coated with silane
(Angelus) and put out to dry for five minutes, until
solvent evaporation.

Rhodamine B dye in a ratio of 0.1%%® was mixed
with RelyX U200 (3M ESPE) in one specimen per
group, to provide the fluorescence that enabled
CLSM assessment. This procedure allowed the
illustration of the patterns of self-adhesive resin
cement distribution into the dentinal tubules.

RelyX U200 was mixed according to the manufac-
turer’s specification, inserted into the root canal
using Automix tips (3M ESPE), and immediately
after, the fiber post was inserted by manual
pressure. The cement was light-cured for 40 seconds
using a previously calibrated LED light-curing unit
(Radii Cal; SDI, Melbourne, Australia), maintaining
the light guide tip of the light-curing unit placed
perpendicular to the post. A single operator per-
formed all procedures. The coronal access was sealed
with composite resin (Filtek Z350; 3M ESPE). Roots
were stored for one week at 37°C.

Sample Preparation for CLSM Analysis

To illustrate the pattern of distribution of RelyX
U200 inside dentinal tubules of each group, one
specimen per group was prepared for CLSM.

A cutting machine (Extec Labcut 1010, Enfield,
CT, USA) was used for sectioning transversally the
roots, providing three slices, one for each root third.
For CLSM assessment, surfaces were polished with
Arotec paste (Arotec, Cotia, Brazil) to eliminate
dentin debris generated during the cutting proce-

Operative Dentistry

dures. The coronal surface of one sample per group
was examined with the Olympus FluoView Confocal
Laser 1000 Microscope (Olympus Corporation, To-
kyo, Japan). The absorption and emission wave-
lengths for rhodamine B were 540 nm and 494 nm,
respectively. Dentin samples were analyzed using
the 10X oil lens.

Push-out Test

The first cervical slice (approximately 1 mm thick)
was discarded due to excess cement, which could
influence the adhesive resistance. Three other slices
per specimen (thickness: 2+0.3 mm) were obtained.
Each slice was positioned on a metallic device with a
central opening (#=3 mm) larger than the canal
diameter. The most coronal portion of the specimen
was placed downward. For the push-out test, a
metallic cylinder (@ extremity=0.8 mm) induced a
load on the post in an apical to coronal direction,
without applying any pressure on the cement and/or
dentin.

The push-out test was performed in a universal
testing machine (Emic DL-2000; Emic, Sao Jose dos
Pinhais, Brazil) at a speed of 1 mm/min. Bond
strength values (o) in MPa were obtained as follows:
o = f/a, where f = load for specimen rupture (N) and
a = bonded area (mm?). To determine the bonded
interface area, this formula was used: A = 2ng (R! +
R?), where n = 3.14, g = slant height, R' = smaller
base radius, and R? = larger base radius. To
determine the slant height, the following calculation
was used: g2 = (h? + [R%Z — R'1?), where h = section
height. R' and R? were obtained by measuring the
internal diameters of the smaller and larger base,
respectively, which corresponded to the internal
diameter between the root canal walls. The diame-
ters and h were measured using a digital caliper
(Starrett 727, Starrett).>?*

Failure Mode Analysis

Dentin slices were analyzed first in a stereomicro-
scope (Zeiss Stemi SV6), and some samples were
selected for scanning electron microscopy (JEOL
6060, JEOL, Tokyo, Japan) in order to categorize
and illustrate the failure modes, respectively. The
failure modes were categorized as follows: Ac/d =
predominant adhesive at cement/dentin interface
failure; Ac/p = predominant adhesive at cement/post
interface failure; CC = cement cohesive failure; DC
= dentin cohesive failure; PC = post cohesive failure.
Specimens presenting cohesive fracture of the fiber
post or dentin were excluded from the study given
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Table 1:  Mean of Bond Strength Values and Failure Modes Distribution After Push-Out Test for the Irrigants Used Prior to the
Post Cementation
Groups Bond Strength Failure
Ac/d Ac/p DC PC CcC Total

SS 115532 19 4 13 — — 36
NaOCl 97 +50% 18 8 10 — — 36
QM 51+31° 16 15 5 — — 36
SC 51+33° 18 6 12 — — 36
EDTA 7729 26 2 8 — — 36

Total 97 (53.9%) 35 (19.5%) 48 (26.6%) 0 (0%) 0 (0%) 180 (100%)
Abbreviations: Ac/d, predominant adhesive at cement/dentin interface failure; Ac/p, predominant adhesive at cement/post interface failure; CC, cement cohesive
failure; DC, dentin cohesive failure; NaOCI, sodium hypochlorite; PC = post cohesive failure; QM, QuickMix; SC, SmearClear; SS, 0.9% saline solution.
* Different superscript letters identify statistically significant differences at the p < 0.05 level.

that these types of failures did not represent real
push-out bond strength.

Data Analysis

The « test was used to analyze the intraexaminer
agreement regarding failure modes. The mean of
bond strength distribution was checked with the
Shapiro-Wilk test. One-way analysis of variance
(ANOVA) and Bonferroni tests (SPSS 12.0; SPSS
Inc., Chicago, IL, USA) were used for statistical
analysis. The significance level was set at 5%.

RESULTS

The « value was 0.84. After the push-out test, some
dentin cohesive failures were observed and those
specimens were excluded from the bond strength
calculations.

One-way ANOVA revealed a significant difference
among the groups (p=0.0009). SS showed the
highest mean bond strength values, superior to QM
and SC (p<0.05). NaOCl presented intermediary
bond strength values, similar to EDTA and SS
(p>0.05). QM and SC showed the lowest mean bond
strength (p<<0.05) (Table 1).

Table 1 also presents failure mode distribution.
Adhesive failures between cement/dentin (Ac/d)
were predominant (53.9%), followed by adhesive
failures between cement/post (Ac/p) (19.5%), where-
as dentin cohesive (DC) failures represented 26.6%
of the specimens. Post cohesive failures (PC) and
cement cohesive failures (CC) were not observed.
Figure 1 represents the failure modes.

Figure 2 shows the penetration patterns of RelyX
U200 into dentinal tubules. Images A (EDTA), C
(NaOCl), and E (SS) showed the penetration of
RelyX U200 into dentinal tubules. SS presented the
most homogeneous penetration into dentinal tu-

bules, along the entire perimeter of the root canal.
Images B (QM) and D (SC) showed RelyX U200
limited to the root canal perimeter and not in the
dentinal tubules.

DISCUSSION

This investigation indicated that the tested intra-
canal irrigants promoted different push-out bond
strengths; thus, the null hypothesis was rejected.
Higher means of bond strength were found for the SS
and NaOCl groups, whereas SC and QMix presented
the lowest means and EDTA presented intermediary
mean values.

This study tested the RelyX U200 resin cement,
and the manufacturer recommends the use of NaOCl
flushing prior to fiber post cementation; however,
the criteria used for choosing this irrigant is not
clear. At the moment, no study supports this
indication, nor is the NaOCI concentration clear.

It is known that NaOCIl acts upon organic
components of the dentin and improves the penetra-
tion of monomers into the dentinal structure.?®
However, NaOCl presents the potential for collagen
degradation, which could affect bond strength to root
dentin.'? A negative correlation was found between
dentin exposure time to NaOCl and bond strength.?®
Zhang and others?’ stated that a long period of
dentin exposure to a high concentration of NaOCl is
able to reduce the bond strength and could result in
root fracture. However, in this study the high bond
strength values achieved in the NaOCl group may be
explained because an intermediary concentration
was used (2.5%) just for 60 seconds, contributing to
root canal cleaning, reversing possible bond strength
loss caused by chelating solutions used during root
canal treatment, not resulting in collagen degrada-
tion.
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Figure 1. Scanning electron microscopy photomicrographs of fiber post/self-adhesive resin cement and self-adhesive resin cement/root dentin
interfaces. Failure modes are illustrated as follows: (A): Dentin cohesive (DC) failure (50X). (B): Predominant adhesive at cement/dentin (Ac/d) failure
(50X). (C): Predominant adhesive at cement/post interface (Ac/p) failure (150X%).

Saline solution presents no antimicrobial and
chelating properties. In endodontics, it is frequently
associated with CHX 2% gel, for root canal prepara-
tion. SS is not able to dissolve organic tissue;
however, its ultrasonic activation resulted in higher
bond strength values. Such results are also associ-
ated with a nondeleterious effect of SS over root
dentin. The cleaning efficacy of passive ultrasonic
irrigation (PUI) implies the effective removal of
dentin debris, microorganisms (planktonic or in
biofilm), and organic tissue from the root canal.??
The cleaning effect of PUI associated with SS can be
attributed to cavitation and microstreaming effects
of PUI to root canal walls.?? In this sense, PUI was
used to enhance the irrigating and chelating poten-

tial of the solutions, exposing dentinal tubules for
cement penetration, which could contribute to
higher bond strength values. When self-adhesive
resin cement is used, a chelating solution plays an
important role in smear layer removal,?® given that
no previous acid etching is indicated in the resin
cementation technique. This acid etching in a
conventional three-step system is responsible for
smear layer removal. Rodrigues and others'® ob-
served that 37% phosphoric acid etching prior to self-
adhesive resin cement did not improve the bond
strength values.

Chelating agents are widely used in endodontic
routines, especially EDTA. It is in a salt obtained

Figure 2. Qualitative analysis under
CLSM (10X) of self-adhesive resin
cement penetration into dentin tu-
bules. (A): EDTA; (B): QM; (C):
NaOClI; (D): SC; (E): SS. Red: RelyX
U200 stained with rhodamine 0.1%.
Note that in B and D, the self-
adhesive resin cement is confined to
the root canal perimeter with absence
of tubule penetration.
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from a weak acid that promotes chelation of dentin
calcium ions. In an alkaline pH, EDTA selectively
removes the hydroxyapatite and noncollagenous
protein.'® On the other hand, the adhesive proper-
ties of RelyX U200 depend on a chemical interaction
between its acidic monomers and the amount of
calcium hydroxyapatite presented in root dentin,
providing micromechanical retention.'®!! Therefore,
excessive removal of calcium hydroxyapatite is
deleterious for the bond strength of self-adhesive
resin cements to root dentin. Intermediary bond
strength values were achieved in the EDTA group in
this study, contrasting with the findings of Gu and
others.?® These authors stated that EDTA effectively
removed the smear layer and increased the bond
strength when compared with NaOCl and SS.
However, Gu and others?® activated the EDTA
manually for 60 seconds. In the current study, the
use of chelating solutions during root canal treat-
ment associated with ultrasonic activation as a
dentin pretreatment may lead to dentin erosion
and may explain the bond strength reduction.

According to the manufacturer’s brochure, QM is a
proprietary blend of 2% CHX, EDTA, and a surfac-
tant. SC, in turn, contains EDTA, cetrimide, and a
special surfactant. Cetrimide presents low detergent
capacity and high antimicrobial activity. The pres-
ence of a surfactant aims to enhance the wettability
of the irrigant, enabling penetration into root canal
anfractuosities. However; Ulusoy and others?®
showed that the presence of surfactants in SC did
not improve its efficiency in removing the smear
layer. In addition, information related to the influ-
ence of SC and QM as irrigants on bond strength of
fiber post to root dentin is still poor. An interaction
among the three different substances in the formu-
lations of SC and QM and, as mentioned, the
presence of EDTA in the formulation, may be
responsible for the lower bond strength values
obtained in these groups.

In endodontics, CLSM is used to determine the
degree of adaptation and penetration of the root
canal filling to dentin walls and into dentinal
tubules, respectively.'’® Rhodamine dye must be
incorporated with cement in a ratio of 0.1%. It did
not interfere with the physical-chemical proprieties
of endodontic sealers®®3°; however, it is not clear
whether this dye is able to affect the behavior of
resin cements used in fiber post cementation. In this
study, CLSM was used to illustrate the penetration
pattern of self-adhesive resin cement into dentinal
tubules. Figure 2 shows that SS, NaOCl, and EDTA
presented self-adhesive resin penetration into den-

tinal tubules. In the QM and SC groups, resin
cement remained restricted to root canal space.
Considering bond strength and CLSM findings, it
can be stated that groups presenting self-adhesive
resin penetration into dentinal tubules resulted in
higher bond strength values. For instance, SS
showed more evident and homogeneous penetration
of resin cement into dentinal tubules and also
resulted in the greatest bond values. However, as a
limitation, just one specimen per group was pre-
pared for CLSM; this finding is suggestive but not
conclusive. More studies have to be conducted to
establish the relationship between depth-continuity
of self-adhesive resin cement penetration and bond
strength outcomes.

When new products are investigated, in wvitro
mechanical tests should be conducted to examine
experimental variables and test behavioral condi-
tions. Thus, push-out tests are recommended to
determine the bond strength of fiber posts to root
dentin®' because they are able to distribute stress
more homogeneously; produce less variability in
mechanical testing results, fewer pretest failures,
and lower standard deviation.??

Predominant failures of bonding occur at the
cement-dentin interface, which represents a critical
interface.®® In the current study, adhesive failure
between cement/dentin (Ac/d) was predominant
(53.9%), as expected, followed by adhesive failure
between cement/post (Ac/p) (19.5%). Dentin cohesive
(DC) failures represent 26.6% of the specimens.
Bonding to root canal dentin might be a challenge
due to the anatomy of the root, handling character-
istics of the adhesive systems, and adhesive proce-
dures.” In a root canal, the factor cavity
configuration is critical, increasing the stress poly-
merization of resin cements.?! The force of polymer-
ization shrinkage into a root canal may be greater
than the adhesion of the cement to dentin, resulting
in gaps that affect the adhesive interface and may
compromise the restoration longevity.3*

Some limitations of this current study can be
depicted as follows: no aging condition (mechanical
or thermal cycling) was performed on the tooth with
crown restoration, which could depict more realistic
clinical behavior. Also, a control group without PUI
was not performed. Thus, the isolated action of PUI
cannot be stated.

CONCLUSIONS

SS and NaOCl1 2.5% associated with PUI promoted
the highest bond strength values of RelyX U200.
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However, intracanal chelating solutions, such as
EDTA, QM, and SC, decreased the bond strength of
RelyX U200.
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Multidisciplinary Treatment of
Complicated Crown-Root Fractures:
A Case Study

IL Stojanac ¢ BV Bajkin ¢ MT Premovic « BD Ramic ¢ LM Petrovic

Clinical Relevance

The present clinical report describes the successful therapeutic treatment of complicated
crown-root fractures and demonstrates the necessity of a multidisciplinary approach

during the therapy of traumatized teeth.

SUMMARY

Traumatic dental injuries usually occur among
children and adolescents, with maxillary cen-
tral incisors as the most often affected teeth.
Complicated crown-root fractures are particu-
larly challenging for esthetic and functional
rehabilitation and often require a multidisci-
plinary approach. A 21-year-old male patient
came to the Dental Clinic due to fractured
maxillary incisors caused by trauma during a
sporting activity. Clinical examination re-
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vealed horizontal fractures of teeth 7, 8, and
9, initiating in the labial cervical third and
extending subgingivally on the palate, with
exposed pulp tissues. On provisional reposi-
tioning and splinting the fragments, root canal
treatment was performed. Definitive reposi-
tioning was accomplished by raising a full-
thickness gingival flap, using fiber-reinforced
composite posts, by an endodontist and an oral
surgeon. Reattachment was accomplished un-
der surgical conditions to ensure precise posi-
tioning of fragments by exposing the palatal
aspect of the fracture lines and providing a dry
operating field. Definitive composite resin ve-
neers were performed after seven days.

PURPOSE

The etiology of traumatic dental injuries (TDIs)
includes oral, environmental, and human factors
that are additionally divided into intentional and
unintentional.! Thirteen to 39% of all dental injuries
are sports related, with males traumatized twice as
often as females. The exposed position of upper
central incisors in the dental arch makes them the
most frequently traumatized teeth in both primary
and permanent dentitions.>® Basketball players are
very susceptible to TDIs because of the frequent
hand or elbow contact with other players.* A study
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by Kumamoto® showed that the highest incidence of
orofacial injuries created during sports activities was
observed in basketball, baseball and unorganized
football when athletes didn’t wear mouthguards.
Wearing a custom-made mouthguard can help
prevent orofacial sport-related injuries and provide
significant protection if an injury occurs.

TDIs have a great influence on a patient’s quality
of life since they cause esthetic, functional, and
phonetic problems. Psychosocial aspects of the
patient are particularly noticed if the fractured teeth
are visible. Therefore, TDI requires rapid reaction of
the patient and the therapist in order to achieve the
best treatment option in the least traumatic way.
Complete rehabilitation of traumatized teeth often
requires a multidisciplinary approach, which can
include oral and maxillofacial surgeons, endodon-
tists, pediatric dentists, orthodontists, prosthodon-
tists, and periodontists.

Crown-root fractures involve enamel, dentin, and
cementum; occur below the gingival margin; and are
classified as complicated and uncomplicated according
to the pulp tissue involvement.! The unstable position
of the fractured coronal fragment, loss of tooth vitality,
invasion of biological width, and problems fitting
fragments together make definitive restorations of
crown-root fractures difficult and challenging.®”

The management of dental trauma has to be
planned carefully, including a detailed history of
the patient and careful clinical and radiological
examination. The correct diagnosis and most suit-
able treatment options for the patient include factors
such as the type, direction, and intensity of the
trauma; involvement of the pulp tissue or biological
width; stage of root growth; mobility of the tooth;
diastasis of the fragments; and the knowledge and
skills of the dentist.®”

The following clinical report describes the man-
agement of complicated crown-root fractures, includ-
ing endodontic treatment, surgically raising a full-
thickness gingival flap, adhesive reattachment of
fragments using fiber-reinforced composite posts,
and esthetic veneering of fractured teeth.

DESCRIPTION OF TECHNIQUE

A 21-year-old male patient was referred to the
Dental Clinic of Vojvodina due to intense pain of
fractured teeth caused by trauma during a basket-
ball game the day before.

A maxillofacial surgeon examined the patient,
performed debridement of the wounds, determined
that there were no fractures to the facial bones,
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prescribed antibiotic therapy, and referred the
patient to the Department of Restorative Dentistry
and Endodontics.

A clinical examination revealed horizontal frac-
tures of the maxillary right lateral incisor and both
maxillary central incisors, labially in the cervical
third and extending subgingivally on the palate,
with exposed pulp tissue (Figure 1). The crown
fragments were highly mobile but still in place, fixed
slightly on the palatal side by periodontal ligament
fibers, while the root fragments were stationary and
stable. Adjacent teeth had no sign of trauma.
Radiographs confirmed the presence of horizontal
fractures for teeth 7, 8, and 9 (Figure 2).

On presenting all treatment options, to include both
risks and benefits, the patient opted for reattachment
of the fragments using glass fiber posts under surgical
conditions. At first, the fragments were temporarily
repositioned and splinted using a composite-resin
splint, from teeth 6 to 11, to stabilize the position of
the teeth and facilitate root canal treatment (Figure 3).
On cleaning and shaping (ProTaper, Dentsply, Maille-
fer, Switzerland), the canals were treated with calcium
hydroxide for seven days. Definitive obturation was
performed using gutta-percha points and AH plus
sealer (Dentsply DeTrey, Konstanz, Germany) (Figure
4). The patient was instructed on oral hygiene
maintenance and nutrition.

Considering that the fracture lines on the palatal
aspect were deeply subgingival, definitive reposi-
tioning of fragments was performed two days later
after raising a full-thickness gingival flap, a proce-
dure that was performed by an endodontist and an
oral surgeon. The envelope flap was elevated from
the canine to the canine both buccally and palatally.
The subgingival palatal fracture lines were exposed
in this manner to control bleeding and ensure
precise fragment repositioning. The crown frag-
ments were gently separated from the periodontal
tissue and cleaned. The previously prepared access
cavities were extended to ensure a straight-line
passage of posts. The fragments were fitted once
more to ensure adaptation, followed by immersion of
the fragments in a saline solution in order to keep
them moist and prevent dehydration (Figure 5).

The post space was prepared using a Largo Peeso
Reamer and Precision Drill for the X-Post No. 3,
reduced to an adequate length, and cleaned with
alcohol (Dentsply Post&Core System, Dentsply De-
Trey). The canal spaces and surrounding tooth issue,
as well as the crown fragments, were etched, rinsed,
and dried in order to be prepared for the reattachment
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Figure 1. Intraoral view of the patient.
Figure 2. Preoperative retroalveolar radiograph of fractured teeth.

procedures. An XP Bond/SCA mixture was applied into
the canal, the X-post, and the surfaces of the fractured
fragments and gently dried, followed by application of
Core-X flow into the canal. The post was set and
stabilized, the crown fragment was repositioned, and
the entire unit was light cured for 40 seconds from each
side (Radii Plus, SDI, Bayswater, Australia). The same
procedure was repeated for the adjacent teeth. Sterile

Operative Dentistry

Figure 3. (a): Temporarily repositioned and splinted teeth. (b):

Prepared access cavities for root canal treatments.
Figure 4. (a): Retroalveolar radiograph on working length determi-
nation. (b, ¢): Definitive root canal tretaments.

gauze was placed beneath the flap with additional
suction used to achieve a dry operating field. On
completion of the reattachment procedure, the flap
was repositioned, fixed, and sutured using black-silk
suture 3-0 (Figure 6).

Preparation for composite resin veneers was kept
strictly in enamel except at the fracture line area,
where the preparation was deeper. The teeth were
etched with 37% phosphoric acid for 20 seconds
(Super Etch, SDI) and thoroughly rinsed and dried,
and the dentin bonding agent (Stae, SDI) was
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Figure 5. Separated and cleaned coronal fractured fragments.
Figure 6. Repositioned and sutured lifted gingival flap and tempo-
rarily made composite resin veneers.

Figure 7.  Clinical view on complete treatment.

applied and light cured for 10 seconds. Nanohybrid
composite resin (Ice, SDI), shade A2, was applied,
contoured for a natural look, and polymerized for 20
seconds for each layer. Removal of the excess of
material in the area of the gingival sulcus was
performed using a No. 3 10-blade SafeEnd series
carbide finishing bur (SS White Burs, Inc, Lake-
wood, NJ, USA) with a noncutting tip, designed to
trim without damaging the gingival tissue. The
remaining area was finished and polished with a
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No. 7 10-blade and a No.7 20-blade SafeEnd series
carbide bur, respectively (SS White Burs). After
seven days, the sutures were removed, composite
resin veneers were checked, and additional polishing
was performed (Figure 7).

On completion of the restorative procedures, the
patient was instructed on the importance of main-
taining adequate oral hygiene, implementation of
precautions, and the necessity of using a mouth-
guard during sports activity. The patient had no
complaints at follow-up examinations.

Seven months later, the patient was referred to
the Dental Clinic due to fractured previously
restored teeth 8 and 9, which again occurred during
a basketball game. Tooth 7 had no sign of trauma
(Figures 8 and 9). Considering that the patient did
not heed instructions about necessity of wearing a
mouthguard, two previously reconstructed teeth
were indicated for extraction.

POTENTIAL PROBLEMS

The esthetic, functional, and biological rehabilitation
of traumatic injured teeth is a real challenge for
every dentist, often requiring an interdisciplinary/
multidisciplinary approach. Various treatment mo-
dalities have been proposed for crown-root fractures:
coronal fragment removal followed by prosthetic
restoration, fragment reattachment, gingivectomy
and osteotomy (crown lengthening), orthodontic
extrusion of a root fragment, forced surgical extru-
sion, and extraction followed by implants or fixed
partial denture.'®!’ Techniques that shorten and
simplify treatment, that provide natural-looking
restorations, and that ensure long-term success
rates are preferred.'?

The reattachment procedure is not convenient if
the fracture line is positioned subgingivally, a dry
operating field is difficult to achieve, and the whole
treatment can be finished unsuccessfully. Therefore,
the reattachment procedures in the present case
were performed after raising a full-thickness gingi-
val flap, under surgical conditions, in order to expose
the fracture line, control bleeding, and ensure the
precise repositioning of fragments.

Periodontal structures should be preserved as
much as possible; therefore, repositioning must be
done gently and atraumatically in order to provide
desirable wound healing and acceptable biological
restorations. Complications such as gingival inflam-
mation, clinical attachment loss, and bone loss are
frequent, especially in patients who do not comply
with instructions given by the therapist.'3
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Figure 8. Intraoral view of the fractured previously reattached dental
structures.
Figure 9.  Extraoral view of the fractured previously reattached dental
structures.

Treatments of choice for converting subgingival
fractures into supragingival fractures include some
of the following treatment options. Gingivectomy
and osteotomy (crown lengthening) are simple and
rapid procedures, but they are not indicated in
esthetic areas.’*'® Orthodontic extrusion is favor-
able for maintaining periodontal health and pre-
serves the crown-root ratio, but the procedure is time
consuming, requiring five weeks to achieve 2-3 mm
of extrusion and a retention period of about 8-10
weeks. 117 Surgical extrusion of the tooth is a less
time consuming procedure, but there is a risk of root
resorption and compromising the integrity of the
periodontal ligament.'*

During the reattachment of separated fragments,
they should be kept out of the mouth for as little time
as possible so that they can remain moist and
prevent dehydration; in this way, they maintain an
adequate bond strength and their original esthetic
appearance.’® In the present case, the fractured

Operative Dentistry

fragments were preserved in a saline solution until
reattachment (approximately 10 minutes), which
was necessary to prepare and set the posts.

SUMMARY OF ADVANTAGES
AND DISADVANTAGES

Advances in the development of adhesive materials
and restorative techniques have made the selection
of reattachment procedure the most preferred treat-
ment option for tooth fracture whenever the coronal
tooth fragment is intact and available and precise
repositioning between fragments is possible. Al-
though technically sensitive, the reattachment pro-
cedure has significant advantages: it is a
conservative approach and a rapid procedure, it
immediately restores the natural appearance and
function of the tooth, and it results in positive
emotional and social responses from the patient.”?

Tooth-colored glass fiber posts were used to fix the
tooth fragments, enhance retention, and strengthen
the remaining tooth structure. Glass fiber posts were
chosen to reinforce the fractured teeth due to their
excellent esthetics, ability to bond to tooth structure,
stiffness and elasticity similar to dentin, high
durability, and fracture resistance.'®2°

Composite resin veneers were used to strengthen
the area of the fracture line and make the teeth
esthetically pleasing. A thin layer of composite resin
was applied, respecting the original tooth form and
color and providing natural-looking restorations.
Minimally invasive direct composite restorations
are more preferable than more extensive indirect
restorations.

The present clinical report describes the successful
therapeutic treatment of complicated crown-root
fractures and demonstrates the necessity of using a
multidisciplinary approach during the therapy of
traumatized teeth. Additionally, it emphasizes the
importance of wearing a mouthguard during sports
activity in order to prevent TDIs as well as preserve
previously reattached dental structures.
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Relined Fiberglass Post: Effect of
Luting Length, Resin Cement, and
Cyclic Loading on the Bond to
Weakened Root Dentin

NC de Souza * ML Marcondes * DFF da Silva ¢« GA Borges * LH Burnett Junior « AM Spohr

Clinical Relevance

Under mechanical stresses, the luting length is important for the retention of relined
fiberglass posts luted to weakened roots with conventional or self-adhesive resin cements.

SUMMARY

This study evaluated the effects of luting
length of the post, the resin cement, and cyclic
loading on pull-out bond strength of fiberglass
posts relined with composite resin in weak-
ened roots. The canals of 80 bovine incisors
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were endodontically treated and weakened
with diamond burs. The teeth were randomly
divided into eight groups (n=10) according to
the luting procedures of the relined fiberglass
post (RFP): In groups 1, 2, 3, and 4, the RFPs
were luted with RelyX ARC, and in groups 5, 6,
7, and 8 they were luted with RelyX U200. In
groups 1, 3, 5, and 7, the RFPs were luted at a
length of 5 mm, and in groups 2, 4, 6, and 8 they
were luted at a length of 10 mm. Specimens
from groups 3, 4, 7, and 8 were submitted to
cyclic loading. Specimens were subjected to a
pull-out bond strength test in a universal
testing machine. The results (MPa) were ana-
lyzed by three-way analysis of variance and
the Tukey post hoc test (2=0.05). Six human
upper anterior teeth were used to analyze the
bond interface by confocal laser scanning
microscopy (CLSM). The pull-out bond
strength of RFPs luted with RelyX U200 was
statistically higher than that of RelyX ARC.
Cyclic loading influenced the bond strength
only for the luting length of 5 mm. CLSM
analysis revealed the formation of resin ce-
ment tags for both materials. Luting length is
an important factor in retaining RFPs in
weakened roots when they are subjected to
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cyclic loading, and RelyX U200 resulted in
greater bond strengths to the root canal in
comparison with RelyX ARC.

INTRODUCTION

Fiberglass posts have a modulus of elasticity close to
that of the remaining tooth structure and distribute
the stress more evenly over the tooth in comparison
with conventional cast post-core systems, thus
reducing the risk of root fractures.!? Prefabricated
fiberglass posts do not always adapt perfectly to the
root canals, and with compromised frictional reten-
tion, the cement is the only thing responsible for
retention. Debonding of the post is the main reason
for the failure of teeth that are restored with
fiberglass posts.>* Thus, one of the techniques
proposed is to use fiberglass posts relined with
composite resin, especially for the treatment of large
root canals.?

Among the factors that determine the degree of
post retention, the selection of the luting agent has
been widely studied, and resin cements have shown
positive results with respect to their mechanical
properties and adhesive capacities.®’ Among the
many resins that are available, the self-adhesive
resin cements RelyX U100 and RelyX U200 have
been shown to have greater bond strength values to
root dentin compared with other materials.®® How-
ever, many dentists still use resin cements requiring
an adhesive system.

Another factor that may influence the retention of
fiberglass posts is the length at which they are luted.
Adhesion to the root canal walls is more difficult in
the apical third as a result of the difficulty involved
in controlling moisture and the ability to effectively
cure the adhesive/resin cement.'®!! As a solution to
this problem, luting posts at shorter lengths into the
canal has been proposed to eliminate the problem of
polymerization at the apical region.'?> A recent
study'® has shown promising data for fiberglass
posts luted with resin cements up to 5 mm deep into
the canal. However, little is known about the
performance of relined fiberglass posts luted with
different resin cements in different lengths of luting
after mechanical cycling, justifying additional stud-
ies to evaluate these issues.

Therefore, the aim of the study was to evaluate the
pull-out bond strength between relined fiberglass
posts and root dentin using two different luting
lengths and two different resin cements with and
without cyclic loading. The dentin-resin interface
was also assessed by confocal laser scanning micros-

copy (CLSM). This study was conducted using the
following null hypotheses: 1) the luting length, 2) the
resin cement, and 3) and the cyclic loading do not
influence the pull-out bond strength between the
relined fiberglass post and weakened root dentin.

METHODS AND MATERIALS

Eighty permanent bovine incisors, extracted at the
age of two years, with similar root sizes and lengths
were selected. The teeth were cleaned of gross debris
and stored in distilled water at 4°C. The water was
changed every week, and the teeth were used within
three months. The crowns of the bovine incisors were
removed below the cemento-enamel junction with a
low-speed diamond disc, and the roots were trimmed
to a length of 16 mm. A step-back preparation
technique was used for the endodontic treatment.
The teeth were instrumented at a working length of
1 mm from the apex to a #55 master apical file. A
step-back technique was performed with stainless-
steel K-files #60 to #80 and Gates Gliden drills #4 to
#5. All enlargement procedures were followed by
irrigation with a 2.5% sodium hypochlorite solution.
The prepared root canals were filled with gutta-
percha cones using the lateral condensation tech-
nique and Sealer-26 resin sealer (Dentsply, Petrop-
olis, RJ, Brazil). After the endodontic treatment, the
roots were stored at 100% relative humidity at 37°C
for 48 hours, and the teeth were randomly divided in
eight groups (n=10) (Figure 1).

The gutta-percha was removed with a heated
Rhein instrument until it reached the set length of
5 mm (groups 1, 3, 5, and 7) or 10 mm (groups 2, 4, 6,
and 8). To obtain standardized weakened canals,
they were enlarged using a Largo drill #5 and high-
speed conical diamond burs #4138 (larger and
smaller diameter of 1.8 mm and 1.2 mm, respective-
ly) and #4137 (larger and smaller diameter of 2.5 mm
and 1.8 mm, respectively) (KG Sorensen, Sao Paulo,
SP, Brazil) with water irrigation to a predetermined
length (5 or 10 mm) that was controlled with silicone
stops. The roots were embedded in a metallic
cylinder with self-cured acrylic resin.

The fiberglass posts n.3 (Reforpost; Angelus,
Londrina, Brazil) were etched with 37% phosphoric
acid for 15 seconds, followed by silane application
(Angelus, Londrina, PR, Brazil). A layer of the bond
adhesive Scotchbond Multi-Purpose (3M ESPE, St
Paul, MN, USA) was applied and light-cured for 20
seconds. The posts were then covered with composite
resin Z350 (3M ESPE, St Paul, MN, USA) and
inserted into the root canals that were previously
lubricated with hydrosoluble gel (K-Y gel, Johnson &
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| Weakened mmf; govineiﬂciw’ l Figure 1. Schematic diagram of the
n experimental groups and the sample
size according to the resin cement,
cyclic fatigue loading, and luting
e
n=40 n=40
| Without cyclic loading With cyclic loading ’ Without cyclic loading With cyclic loading
n=20 n=20 n=20 n=20
G1-Luting length G2-Luling length | | G3-Luting length | | G4-Luting length G5-Luting length | | G6-Luting length | | G7-Luting length G8-Luting length

Smmin=10 10mm/n=10 Smm/n=10 10mm/n=10 5mm/n=10

10 mm/n=10

Emm/n=10 10mm/n=10

Johnson, Sdo José dos Campos, SP, Brazil), light-
cured for 20 seconds with the curing unit Radii Cal
(SDI, Australia) with light intensity of 1000 mW/
cm?, removed from the canal, and light-cured again
for 20 seconds. The canals were rinsed for 30 seconds
to remove the hydrosoluble gel, followed by drying
with absorbing paper points. The resin cements used
in the present study and the luting procedures are
described in Table 1. In groups 1, 2, 3, and 4, the
relined fiberglass posts were luted with RelyX ARC,
and in groups 5, 6, 7, and 8 they were luted with
RelyX U200. In each relined post, a small notch was
made in the composite resin of the coronal portion
with a diamond bur to adapt the plunger of the
mechanical cycling machine to the specimen.

The same luting procedures were performed for
the two luting lengths, and the samples were stored
at 100% relative humidity at 37°C for 24 hours.
Specimens from groups 3, 4, 7, and 8 were first
submitted to cyclic loading of 50 N at 45° using
1,000,000 cycles at 1 Hz in distilled water,'* followed
by the pull-out test. Specimens from groups 1, 2, 5,
and 6 were subjected only to the pull-out test.

The pull-out test was performed at a cross-head
speed of 0.5 mm/min using a universal testing
machine (EMIC, Séo José dos Campos, PR, Brazil)
with a 500-N cell load. The force required to dislodge
each relined post was recorded in Kgf and converted
to MPa using the following calculation:

A=n(R+r)\/h2+ R +r)?

where A denotes area, R indicates the larger radius
of diamond bur 4137, r indicates the smaller radius
of diamond bur #4137, and A indicates height.

Statistical analysis was performed by applying a
three-way analysis of variance followed by the Tukey
post hoc test at a 95% confidence level.

For the CLSM analysis, six human maxillary
anterior single-rooted teeth were obtained after
approval was obtained from the ethics committee
(30904114.4.0000.5336). After disinfection with 0.5%
chloramine for 48 hours, the crowns were removed
with a diamond disc, and the length of the roots was
standardized to 15 mm long. The endodontic treat-
ment, the weakening of the roots at the 10-mm
length, and the method for relining the fiberglass
post were the same as those described for bovine
teeth. Luting with RelyX ARC and RelyX U200 was
performed in three teeth for each of the resin
cements, as described in Table 1. Fluorescein
isothiocyanate—dextran (Sigma Aldrich, St Louis,
MO, USA) was incorporated into each bottle of Adper
Scotchbond Multi-Purpose Plus adhesive system
(activator, primer, and catalyst) (40 mg/mL). The
dye was mixed directly into the supplied bottle using
a mixing device (Vortex Machine, Scientific Indus-
tries, New York, NY, USA) for two hours to
completely dissolve the dye. Rhodamine B (Sigma)
was added to the base resin cement paste and mixed
to obtain a paste of uniform shade (0.32 mg/mg).'?
After luting and storage in water at 37°C for 24
hours, 1-mm-thick slices were cut from the apical,
middle, and cervical thirds of the root using a
diamond disc mounted in a low-speed laboratory
cutting machine (Labcut 1010, Extec Corp, London,
UK) under cooling. The sections were stored in dark
containers and then observed under the CLSM. The
CLSM images (LSM 5, Zeiss, Jena, Germany) were
obtained in dual fluorescence mode using 20X, 40X,
and 63X objectives. An argon laser at 488 nm and
He-Ne laser at 543 nm provided excitation energies.
The sizes of the recorded images were 187 X 187 um?
with a resolution of 1024 X 1024 pixels.

RESULTS

Analysis of variance showed that the resin cement
(p=0.0001) and cyclic loading (p=0.0001) had a

$S900E 98] BIA 0£-80-GZ0Z 18 /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid//:sdiy Wwol) papeojumoc]



de Souza & Others: Bond of Relined Fiberglass Post to Dentin

el77

Table 1:  Chemical Composition and Bonding Procedures for the Luting Resin Cements Investigated in the Present Study

Resin Cement/
Manufacturer

Composition

Adhesive
Strategy Curing

Dentin Pretreatment

Luting Agent
Application

RelyX ARC/3M ESPE,
St Paul, MN, USA

Paste A: Bis-GMA,
TEGDMA, zirconia
silica, pigments,
amines and
photoinitiator system;
Paste B: Bis-GMA,
TEGDMA, zirconia
silica, benzoyl peroxide

Conventional dual-cure
resin cement

The canal walls were
etched with 35%
phosphoric acid for 15
s, rinsed for 15 s, and
gently air-dried. Excess
water was removed
from the canal with

absorbent paper points.

The Scotchbond
Multipurpose Plus
Activator was applied
into the root canal with
a microbrush of
compatible size and
air-dried for 5 s.
Afterward, the
Scotchbond
Multipurpose Plus
Primer, followed by
Catalyst, were applied
and air-dried.

The dual-cured resin
cement RelyX ARC
was mixed and placed
over the relined post,
which was inserted into
the root canal with light
pressure. The excess
luting material was
removed and light-
cured for 40 s on the
occlusal surface with a
Radii curing light.

RelyX U200/3M ESPE,
St Paul, MN, USA

Base paste: glass
powder treated with
silane, 2-propenoic
acid, 2-methyl 1,1’-(1-
[hydroxymetil]-1,2-
ethanodlyl) ester
dimethacrylate,
TEGDMA, silica-treated
silane, glass fiber,
sodium persulfate and
per-3,5,5-trimethyl
hexanoate t-butyl;
Catalyst paste: glass
powder treated with
silane, substitute
dimethacrylate, silica-
treated silane, sodium
p-toluenesulfonate, 1-
benzyl-5-phenyl-acid
barium, calcium, 1,12-
dodecane
dimethacrylate, calcium
hydroxide, and titanium
dioxide

Self-adhesive resin
cement

The root canal was
rinsed with water;
Excess water was
removed from the
canal with absorbent
paper points.

The mixing tip with
endo tip was attached
on RelyX U200
Automix syringe.
Application of RelyX
U200 Automix cement
directly into the root
canal. The relined
posts were inserted,
excess cement was
removed, and the
remaining cement
cured for 40 s on the
occlusal surface with a
Radii curing light.

Abbreviations: Bis-GMA, bisphenol A glycidyl ether dimethacrylate; TEGDMA, triethylene glycol dimethacrylate.

significant effect on the pull-out bond strength, while
the luting length was not significant (p=0.328). The
interaction between cyclic loading and luting length
was significant (p=0.0001). However, the interaction
between resin cement and cyclic loading (p=0.123),
the interaction between the resin cement and luting
length (p=0.301), and the interaction among all
three factors (p=0.225) were not significant. Com-
parisons using the Tukey test are shown in Tables 2
and 3. The mean pull-out bond strength for RelyX
U200 (6.47 MPa) was significantly greater than that
of RelyX ARC (5.51 MPa) (p<0.05). For a luting

length of 5 mm, the pull-out bond strength of the
specimens without cyclic loading (6.98 MPa) was
statistically superior to that of the specimens with
cyclic loading (4.78 MPa) (p<0.05). For a length of 10
mm, there was no significant difference between the
specimens without (6.17 MPa) and with (6.03 MPa)
cyclic loading.

In the CLSM images, the formation of adhesive
tags and resin cement tags for RelyX ARC (Figure 2)
was observed, and resin cement tags for RelyX U200
(Figure 3) were visible. The resin cement tags in both
were visible in the cervical and middle thirds of the
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Table 2:  Pull-out Bond Strength Means (MPa) and
Standard Deviations Between the Resin

Cements?
Resin Cement n Mean Standard Deviation
RelyX U200 40 6.47 A 1.34
RelyX ARC 40 5518 1.18

2 Different letters indicate statistically different means according to Tukey
test (p<<0.05).

root canals. Hybrid layer formation was observed in
the cervical (Figure 2b), middle, and apical thirds for
RelyX ARC.

DISCUSSION

The first null hypothesis was rejected because the
pull-out bond strength for RelyX U200 was signifi-
cantly greater than that for RelyX ARC. Other
studies'®!” have also shown better results for self-
adhesive resin cements compared to conventional
resin cements.

The RelyX U200 is a self-adhesive resin cement,
which eliminates the need for an adhesive system.
The bond mechanism of this resin cement to dentin
appears to be more chemical than micromechanical
in nature. This bond is established by the specific
multifunctional phosphoric-acid methacrylates,
which are ionized at the time of mixing and react
with the hydroxyapatite in the mineralized tissues
of the tooth.'® At the beginning of the reaction, the
resin cement has a very low pH.!” During the
polymerization reaction, the acidic monomers in-
teract with the fillers in the resin cement and with
the hydroxyapatite in the tooth, neutralizing the
reaction and raising the pH. The water that is
formed in this neutralization reaction contributes
to the cement’s initial hydrophilicity, which pro-
vides improved adaptation to the tooth structure
and moisture tolerance.’’ Subsequently, water is
reused by the acidic functional groups during the
cement reaction with ion-releasing basic filler
particles, resulting in a hydrophobic matrix.2°
Despite the low pH, the interaction with root
dentin is superficial, and no evident hybrid layer
is observed.?!

The resin cement RelyX ARC needs an adhesive
system, which is responsible for the bond to the
root dentin. In the present study, the Scotchbond
Multipurpose Plus adhesive system was used in
the sequence (etching with phosphoric acid, acti-
vator, primer, and catalyst) to make the adhesive a
dual material, allowing for self-cure polymeriza-
tion in regions not irradiated by the LED unit.??

Operative Dentistry

Table 3: Pull-out Bond Strength Means (MPa) and
Standard Deviations Between the Different
Luting Lengths Without and With Cyclic Fatigue

Loading®
Luting Length Cyclic Fatigue n Mean Standard
mm Loading Deviation
5 Without 20 6.98a 1.18
With 20 4.78 B 1.32
10 Without 20 6.17 A 0.88
With 20 6.03a 0.99

@ Different letters indicate statistically different means according to Tukey
test (p<<0.05).

The bond mechanism of this adhesive system to
dentin functions through the formation of a hybrid
layer.?® Because there are several operative steps
for using this system, there is greater technical
sensitivity compared to that associated with self-
adhesive resin cements. However, the bond
strength difference between the RelyX U200 and
RelyX ARC was 0.96 MPa in the present study,
and it is questionable whether this difference is
clinically significant.

The relined fiberglass post decreases the thickness
of the resin cement in the root canal and exerts
pressure on the adaptation of resin cement against
the dentinal walls.?*?® As a result of the thixotropic
behavior of RelyX U200, the application of pressure
decreases its viscosity and improves its adaptation to
the cavity walls.?® Consequently, the formation of
resin cement tags in the cervical and middle thirds of
the root canal can be observed in CLSM images. For
RelyX ARC, there was penetration of both the
adhesive and the resin cement into the dentinal
tubules, forming adhesive tags and resin cement
tags. It can be speculated that the luting pressure
generated by the relined post pushes the resin
cement and the adhesive against the walls of the
canal, favoring penetration into the dentinal tu-
bules. In addition, CLSM images demonstrated
hybrid layer formation of the green-labeled adhesive
in the cervical, middle, and apical thirds. Similar
images of the hybrid layer were obtained in another
study?®’ when an etch-and-rinse adhesive system was
applied in the root canal.

The null hypothesis that the luting length does
not affect the pull-out bond strength was accepted
because this factor was not significant. The luting
of the post at the 5-mm length allows the LED
light to reach the resin cement more effectively,
resulting in a greater degree of conversion and,
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consequently, better mechanical properties of the
resin cement. Furthermore, there is better pene-
tration of the cement into the root canals at
shorter lengths, thus minimizing the formation of

Figure 3. CLSM image of the interface between the relined
fiberglass post and root dentin using RelyX U200. Red color: resin
cement. RI: relined fiberglass post; De: dentin. (a) Cervical third (20X);
(b) middle third (20X); (c) apical third (20X); (d) higher magnification
(63X) of the middle third demonstrates the penetration of the resin
cement into the dentinal tubules forming resin tags (arrows).

Figure 2. CLSM image of the inter-
face between a relined fiberglass post
and root dentin using RelyX ARC
resin cement. Green color: Adper
Scotchbond Multi-Purpose Plus Ad-
hesive (activator, primer, and cata-
lyst). Red color: resin cement RelyX
ARC. RI: relined fiberglass post; De:
dentin. (a) Cervical third (20X); (b)
cervical third (40X) showing the
hybrid layer formation of the green-
labeled adhesive (arrows); (c) middle
third (20X ); (d) apical third (20X ); (e)
higher magnification (63x) of the
middle third showing the presence of
tags from both the adhesive system
and the resin cement. Penetration into
the dentinal tubules is identified by
the arrows.

bubbles or voids and better controlling the mois-
ture of the substrate.'?®

In the present study, the interaction between the
luting length and cyclic loading was significant. The
relined fiberglass posts with a length of 5 mm had
weaker bond strength after cyclic loading. Therefore,
cyclic loading accelerated the degradation of the
bond between the resin cement and the root dentin
at the 5-mm length. However, it is important to note
that there was no failure of luting during cyclic
loading, regardless of the luting length. This prob-
ably occurred because of the juxtaposition of the
relined fiberglass post to the root dentin, favoring
the formation of a thinner resin cement film.
Moreover, the fiberglass post and the composite
resin have a modulus of elasticity that is close to that
of dentin (18 to 20 GPa), so the forces applied to the
dental structure are dissipated throughout the
fiberglass post.?? For the 10-mm luting length, there
was no significant difference in the pull-out bond
strength between specimens with and without cyclic
loading, suggesting greater clinical performance of
treatments using relined fiberglass posts in weak-
ened roots with 10-mm luting lengths. It has been
demonstrated®® that sliding friction contributes
significantly to fiberglass post retention in root
canals, with sliding friction being directly propor-
tional to the contact area.

The third null hypothesis was rejected because
cyclic loading influenced the pull-out bond strength
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of relined fiberglass posts to root dentin. The
interface between the restorative material and the
tooth structure can undergo degradation over time
as a result of hydrolysis, temperature changes, and
crack propagation when the restoration is retained
mechanically.’* The hostile environment simulated
in cyclic loading can lead to catastrophic failure of
the restoration over time.?! Cyclic loading in a wet
environment is an aging method that simulates
clinical conditions, predicting the clinical behavior of
materials or restorative techniques in the oral
environment.?! For dental evaluations, the mini-
mum number of 10° cycles, which simulates one year
in service, should be applied to restorations when the
desire is to approximate the performance of a
material relative to clinically relevant service.'* As
the cyclic loading was applied directly on the relined
fiberglass post, because there was no restoration, the
load of 50 N was selected, which corresponds to
approximately half of the maximal bite force for the
anterior dentition.?%33

The pull-out bond strength test was conducted
because it is the only feasible method of evaluating
the influence of different luting lengths. Studies
indicate the pull-out test as the in vitro test that is
able to assess precisely the bond strength between
the fiberglass post and the root dentin, because this
test better distributes the stresses in the post-dentin
interface, being a reliable test.>* The use of bovine
teeth in the pull-out test is justified because of
difficulty in obtaining a large number of anterior
human teeth and because of the morphological and
histological resemblance to human teeth of bovine
teeth.?® However, a few human teeth were used for
the CLSM analysis. CLSM is a method that allows
samples to be studied without vacuum in a humid
environment, and this method allows visualizing
different components through the use of dyes. In the
present study, two dyes, rhodamine B and fluores-
cein, were used because they have different charac-
teristics.>®**” Rhodamine B is a molecule added to the
resin cement, and Fluorescein is added to the
adhesive system components (activator, primer,
and catalyst).?® The same proportion (0.1%) was
used for both dyes. Bitter and others®® showed that
fluorescein inserted into the adhesive showed up
without diffusing into the red caused by rhodamine
B in resin cements, marking a clear distinction
between the dyes.

As a result of the limitations of in vitro studies,
randomized clinical trials are necessary to generate
better evidence on luting protocols with relined
fiberglass posts.

Operative Dentistry

CONCLUSIONS

In accordance with the results obtained in this
study, it was concluded that

* The luting length is an important factor in
retaining relined fiberglass posts in weakened
roots when subjected to cyclic loading;

¢ The self-adhesive resin cement RelyX U200 result-
ed in greater bond strengths to the root canal in
comparison with the conventional resin cement
RelyX ARC; and

¢ Resin cement tags were formed in the cervical and
middle thirds of the root canals when relined
fiberglass posts were luted with RelyX ARC and
RelyX U200.
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Influence of the Compliance and
Layering Method on the Wall
Deflection of Simulated Cavities in
Bulk-fill Composite Restoration

Y-J Kim ¢ R Kim ¢ JL Ferracane ¢ I-B Lee

Clinical Relevance

Both conventional and bulk-fill composites showed lower wall deflection when incremen-
tally filled. Restoration by bulk filling with high viscous bulk-fill composites cannot achieve
the reduction in the wall deflection of simulated cavities comparable to those obtained with
incremental layering of conventional universal composites.

SUMMARY

The aim of this study was to investigate the
effects of the layering method and compliance
on the wall deflection of simulated cavities in
bulk-fill and conventional composite restora-
tions and to examine the relationships between
the wall deflection and the polymerization
shrinkage, flexural modulus, and polymeriza-
tion shrinkage stress of composites. Six light-
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cured composites were used in this study. Two
of these were conventional methacrylate-based
composites (Filtek Z250 and Filtek Z350 XT
Flowable [Z350F]), whereas four were bulk-fill
composites (SonicFill, Tetric N-Ceram Bulk-
Fill, SureFil SDR Flow [SDR], and Filtek Bulk-
Fill). One hundred eighty aluminum molds
simulating a mesio-occluso-distal cavity (6
Wx8 Lx4 D mm) were prepared and classified
into three groups with mold wall thicknesses of
1, 2, and 3 mm. Each group was further subdi-
vided according to the composite layering
method (bulk or incremental layering). Linear
variable differential transformer probes were
used to measure the mold wall deflection of
each composite (n=5) over a period of 2000
seconds (33.3 minutes). The polymerization
shrinkage, flexural modulus, and polymeriza-
tion shrinkage stress of the six composites were
also measured. All groups with bulk filling
exhibited significantly higher deflection com-
pared with groups with incremental layering.
The deflection decreased as mold wall thick-
ness increased. The highest and lowest poly-
merization shrinkage stresses were recorded
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for Z350F (5.07 MPa) and SDR (1.70 MPa),
respectively. The correlation between polymer-
ization shrinkage and the mold wall deflection
decreased with increasing wall thickness. On
the other hand, the correlation between flexur-
al modulus and the mold wall deflection in-
creased with increasing wall thickness. For all
groups, wall deflection correlated strongly with
polymerization shrinkage stress.

INTRODUCTION

The polymerization shrinkage stress of dental
composites may compromise the bond integrity
and cause enamel cracking and cusp deflection.’
Therefore, minimizing polymerization shrinkage
stress of composites is still a major challenge for
dental clinicians when placing composite restora-
tions.

Incremental layering can reduce the effects of the
configuration-factor, thereby allowing more flow of
the composite from the free surface, which also
reduces the volume of composite being cured,
maximizes the degree of conversion, and increases
the adaptation to cavity walls.2* Although incre-
mental layering does have apparent benefits, the
process of multiple layering and curing is time
consuming; moreover, the effectiveness of this
strategy in reducing polymerization shrinkage stress
and cusp deflection has been questioned.’® However,
a number of studies have reported considerably
reduced cusp deflection by using incremental layer-
ing compared with bulk filling.*91°

To predict polymerization shrinkage stress in the
clinical situation, experiments must be designed in a
way that mimics the tooth/composite interface.!
Cusp deflections are well described to be closely
related with polymerization shrinkage stress.!?
Moreover, cusp deflections have been extensively
investigated using a variety of techniques and
instruments, including the strain gage'® and the
linear variable differential transformer (LVDT)
methods.”

Cusp compliance is an important factor that
affects cusp deflection. Compliance is defined as a
change in dimension of a system to unit force and
has opposite meaning to stiffness. Thus, to obtain
clinically relevant results, cusp compliance should be
similar to that observed in clinical situations.
Several studies have reported that teeth with
cavities exhibit relatively high compliance.®*?
The stress values measured in low compliance
systems have ranged from 4 to 25 MPa,31618

Operative Dentistry

whereas values obtained in high compliance systems
have barely exceeded 5 MPa.1%20

In this study, aluminum blocks with a differing
thickness of mold wall were used for reducing the
substrate variation. The elastic modulus of alumi-
num is 68.5 GPa, which is within the range of tooth
enamel (84.1 GPa) and dentin (18.5 GPa).!? In a
previous study, the cusp compliance of natural teeth
with mesio-occluso-distal (MOD) cavities (1.5 W X 2
Dand 3 W X 2 D mm) was 2.96 and 3.32 um/N,
respectively, which is about three to four times more
than that of aluminum blocks.?! Therefore, although
the aluminum block does not exactly replicate the
natural tooth, this experimental design enables the
investigation of the cusp deflection under the
conditions with minimized variables.

Recently, many bulk-fill composites have been
introduced as alternatives to conventional compos-
ites. These composites are intended to be placed and
bulk-cured in one increment, up to 4 to 5 mm in
depth, either with or without a superficial capping
layer. The rheological properties of these composites
can be varied by modifying the filler content,
monomer type, or by adding modulators to slow the
polymerization rate.?>?* However, little information
is available regarding the polymerization kinetics of
these composites. Moreover, no study to date has
investigated the effect of cusp compliance and
layering method on cusp deflection of bulk-fill
composite materials or the relationship between
cusp deflection and the polymerization shrinkage
kinetics of these composites.

The aim of this study was to investigate the effects
of the layering method and compliance on the wall
deflections of simulated cavities in bulk-fill vs
conventional composite restorations. In addition,
the relationships between the wall deflection and
the polymerization shrinkage, flexural modulus, and
polymerization shrinkage stress of various compos-
ites were also examined.

METHODS AND MATERIALS
Materials

Six light-cured composites were examined in this
study. Each composite was categorized as conven-
tional or bulk-fill and high-viscosity or low-viscosity
(flowable) composite according to its use and
viscosity. Two were conventional methacrylate-
based composites, a high-viscosity (Filtek Z250
[Z250]) and a flowable (Filtek Z350 XT Flowable
[Z350F]) composite. The four bulk-fill composites
included two high-viscosity composites (SonicFill
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Table 1: Brand Name, Type, Composition, and Manufacturer of Each Composite Used in This Study

Composite (code, Type
shade, batch no.)

Composition

Manufacturer

Filtek Z250 (2250, CH

A2, N482264) particles (82 wt%/60 vol%)

Bis-GMA, Bis-EMA, TEGDMA, UDMA 0.01-3.5 pm Zt/silica

3M ESPE, St. Paul, MN, USA

SonicFill (SF, A2, B, H Bis-GMA, TEGDMA, EBPDMA, silica, glass, oxide (83.5 wt%/69 Kerr, Orange, CA, USA

5026722) vol%)

Tetric N-Ceram B, H Bis-GMA, UDMA Ba-glass filler, ytterbium trifluoride, Mixed oxide Ivoclar Vivadent, Schaan, Liechtenstein
Bulk-Fill (TNB, IVA, prepolymer (79-81 wt%/-)

S09719)

Filtek Z350 XT C,F Bis-GMA, Bis-EMA, TEGDMA 5-20 nm Zr/silica nano-particles, 0.6- 3M ESPE, St. Paul, MN, USA
Flowable (Z350F, 1.4 um nano-clusters (65 wt%/-)

A2, N50234)

SureFil SDR Flow B, F*
(SDR, Universal
shade, 130630)

Si glass (68 wt%/45 vol%)

Modified UDMA, TEGDMA, EBPDMA Ba-Al-F-B-Si glass, St-Al-F-

Dentsply, Konstanz, Germany

Filtek Bulk-Fill B, F*
Flowable (FB, A2,
N540884)

trifluoride (64.5 wt%/42.5 vol%)

Bis-GMA, UDMA, Bis-EMA, Procrylat resins Zr/silica, ytterbium

3M ESPE, St. Paul, MN, USA

dimethacrylate.

Abbreviations: B, bulk-fill; Bis-EMA, bisphenol-A polyethylene glycol diether dimethacrylate; Bis-GMA, bisphenol-A diglycidy! ether dimethacrylate; C, conventional
composite; EBPDMA, ethoxylated bisphenol-A-dimethacrylate; F, flowable; H, high-viscosity; TEGDMA, triethylene glycol dimethacrylate; UDMA, urethane

* Bulk-fill composites requiring a 2-mm capping layer as recommended by manufacturers.

[SFl/Tetric N-Ceram Bulk-Fill [TNB]) and two
flowable composites (SureFil SDR Flow [SDRIJ/
Filtek Bulk-Fill [FB]). The brand names, types,
compositions, and manufacturers of the composites
are listed in Table 1. An LED light unit (Elipar S10,
3M ESPE, St. Paul, MN, USA) was used for curing;
the light irradiance exiting the tip (9.9 mm in
diameter) was 1200 mW/cm?.

Measurement of Deflection of Aluminum Mold
Wall

One hundred eighty aluminum molds simulating an
MOD cavity (6 WX 8 L X4 D mm) were prepared and
allocated into three groups with varying thicknesses
of the wall of aluminum mold (1, 2, and 3 mm; Figure
1A). The inside wall of each cavity was air abraded
with 50 um Al;O3 powder, rinsed with water, and air
dried. Then, the inside of the cavity was coated twice

C LvpT Curing Light  composite

Figure 1. (A) Dimensions (mm) of
aluminum blocks with varying mold
wall thicknesses: left, 1 mm; center, 2
mm; right, 3 mm. (B) Acrylic cap
placed over the aluminum block. (C)
Instrument for measuring mold wall
deflection.
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with a metal primer (Z-Prime Plus, Bisco, Schaum-
burg, IL, USA) and dried. A thin layer of Scotchbond
Multipurpose Adhesive (3M ESPE) was applied and
light cured for 10 seconds.

An acrylic cap (Figure 1B) with two notches on the
top of the lateral wall was fabricated and placed on
top of the aluminum block to prevent the composite
from being pushed out of the mold during layering.
The acrylic cap was also used to place the LVDT
probes precisely 1 mm below the upper surface of
mold wall through the notches of the acrylic cap. The
inner surface of the acrylic cap was lubricated with
petroleum jelly to prevent the composite from
adhering. The required weight of composite to fill
the aluminum mold was calculated from the density
of the composite and the volume of the mold, and the
appropriate amount of composite was weighed before
use.

The groups with different mold wall thickness
were further subdivided according to composite
layering method (bulk vs incremental layering).
Before mounting the specimen in the mold wall
deflection measurement instrument, the composite
for bulk filling or the first layer of incremental filling
was placed in the mold. In the bulk-filling group, the
composite was light cured from the upper surface for
20 seconds, the mesially tilted upper side for 20
seconds, the distally tilted upper side for 20 seconds,
and again the upper surface for 20 seconds (total 80
seconds to be consistent with the energy delivery for
the incremental layering group). For the incremental
layering group, the composite was filled in four
horizontal increments approximately 1 mm thick.
Each layer was light cured from the upper surface
for 20 seconds (total 80 seconds) for maximum
polymerization to minimize possible bias that could
be caused by incomplete curing of composites. Five
aluminum blocks were allocated for each subgroup
(bulk or incremental) of each composite.

The displacement of the mold wall was measured
in real time at 25 * 0.5°C throughout the curing
process using two LVDT probes (AX-1, Solartron
Metrology, West Sussex, United Kingdom), each
with a sensitivity exceeding 0.1 um over a range of
+*1 mm (Figure 1C). The displacement values
measured by the two LVDT probes were stored on
a computer using a data acquisition board (PCI-
6024, National Instruments, Austin, TX, USA) and
software (LabVIEW, National Instruments). Mea-
surement of mold wall deflection was initiated 20
seconds prior to light irradiation to obtain a baseline
and continued for up to 2000 seconds (33.3 minutes),
at a rate of 2 data points/s. The displacements of both
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Figure 2. (A) Instrument for measuring polymerization shrinkage
using the modified bonded disc method. (B) Specimen preparation.

sides were added to obtain the total amount of
deflection (n=>5).

Measurement of Axial Polymerization
Shrinkage

Axial polymerization shrinkage was measured with
the modified bonded disc method (Figure 2).2°
Briefly, the designated amount of composite was
pressed between a slide glass and a flexible cover
glass (Marienfeld-Superior, Lauda-Konigshofen,
Germany). A metal wire spacer was used to make
0.5-mm-thick specimens. The tip of an LVDT probe
was placed on the cover glass at the center of the
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Figure 3. Instrument for measuring
polymerization shrinkage stress using
a voice coil motor with feedback
mechanism.

disc-shaped composite specimen; this point was set
to zero. Baseline data were obtained for 10 seconds
and then the curing light was turned on for 40
seconds. The axial shrinkage data were stored on a
computer at a rate of 10 data points/s for 600 seconds
(n=5). The thickness of the light-cured specimen was
measured using a micrometer. The axial polymeri-
zation shrinkage (%) was calculated using the
following equation:

Axial polymerization shrinkage(%)
100 X shrinkage
(cured specimen thickness + final shrinkage)

The shrinkage rate (%/s) and time at the peak
shrinkage rate (seconds) were also obtained.

Measurement of Flexural Modulus

Bar-shaped specimens were generated by compress-
ing the composite between a Teflon mold (3 W X 3 T X
30 L mm) and a slide glass. The specimens were
divided into five parts and light cured with overlap-
ping exposures of 40 seconds each (total 200
seconds). The cured specimens were polished and
stored in dry conditions for 1 day in the dark at room
temperature (25+1°C). The width and thickness of
each specimen was measured with a micrometer;
flexural modulus was measured using the three
point bending method with a universal testing

machine (LF Plus, Lloyd Instruments, West Sussex,
United Kingdom) at a crosshead speed of 0.5 mm/
min (supporting span length=20 mm; n=5).

Measurement of Polymerization Shrinkage
Stress

A custom-made instrument with a voice coil motor
(MGV52-20-0.5, Akribis Systems, Singapore) was
used to measure the polymerization shrinkage stress
(Figure 3). Briefly, a slide glass was fixed to a
movable stage, which was connected to the voice coil
motor. Another slide glass was fixed to an immobile
stage on the opposite side of the motor. As the
composite between the two slide glasses contracted
due to polymerization, the slide fixed to the movable
voice coil motor was pulled to the opposite slide,
which was fixed on the immobile stage. This
deviation was then detected by the linear encoder.
Immediately, a servo amplifier provided electrical
current to the voice coil motor to offset this deviation.
Therefore, the distance between the two slide glasses
was maintained. This feedback mechanism contin-
ued, with the servo electrical current staying
proportional to the polymerization shrinkage stress.
Calibration analysis revealed a linear relationship
between the shrinkage force and the servo current.

The end surfaces of two 1-mm-thick slide glasses
were sandblasted with 50-uym Al,Os particles and
covered with adhesive tape. A 2-mm-wide window
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was created on the taped surface, thus exposing the
glass surface, which was treated with silane (Mono-
bond S, Ivoclar Vivadent, Schaan, Liechtenstein)
and a bonding agent (Scotchbond Multipurpose
Adhesive, 3M ESPE) and light cured for 10 seconds.
The two slide glasses were aligned 3 mm apart from
one another and then fixed on the movable and
immobile stages of the instrument. The volume of
the composite specimen between the two slide
glasses was 6 mm?. After the composite was placed
between the slides, baseline data were obtained for
10 seconds, and the composite was irradiated with a
curing light for 40 seconds. Measurements were
made for each composite, at a rate of 10 data points/
s, for 10 minutes (n=>5).

Measurement of the Compliance of Aluminum
Mold Wall

The aluminum block was fixed on a metal base and a
weight loaded on the block 0.5 mm from the tip of the
mold (Figure 4). Additional weight was applied onto
the mold wall in increments of 1 to 5 kg. The mold
wall displacements were measured using an LVDT
probe, and the compliances were obtained from the
measured load-displacement curves (n=3).

Statistical Analysis

Data were analyzed using SPSS software (version
21.0). Multiple-way analysis of variance (ANOVA)
and Tukey’s post hoc test were used to compare the
deflection groups. The polymerization shrinkage,
flexural modulus, and polymerization shrinkage
stress of the composites were compared using one-
way ANOVA and Tukey’s post hoc tests. Pearson’s
correlation analysis was conducted to investigate the
relationships between deflection and the polymeri-
zation shrinkage, flexural modulus, and polymeriza-
tion shrinkage stress of the composites. All tests
were conducted at o=0.05.

RESULTS
Mold Wall Deflection

The mold wall deflections of Z250 fillings of different
thicknesses and layering methods as a function of
time are shown in Figure 5. The majority of the
deflection was observed within 500 seconds and
gradually increased thereafter. The deflection oc-
curred in a stepwise manner in the incremental
layering group; moreover, deflection decreased
slightly at the initiation of each period of light
curing and increased thereafter. The mean deflec-
tions (micrometers) at 2000 seconds (33.3 minutes)
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Figure 4. Instrument for measuring the compliance of the aluminum
blocks.

for each composite are presented in Table 2. The
highest and lowest deflections were obtained using
Z350F bulk filling/1-mm mold wall thickness (51.0
um) and SDR incremental layering/3-mm mold wall
thickness (3.8 um), respectively. The deflection
(micrometers) and reduction (%) from bulk to
incremental layering for each subgroup are present-
ed in Figure 6. Mold wall thickness, layering
method, and composite brand all yielded statistically
significant differences (p<<0.05) in the deflection. All
groups with bulk filling exhibited significantly
higher deflection compared with groups with incre-
mental layering (p<<0.05). Deflection decreased with
increasing mold wall thickness (p<<0.05).

Axial Polymerization Shrinkage

The Z350F composite demonstrated the highest
polymerization shrinkage (3.52%), followed by FB
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Figure 5. The deflection (um) of the
2250 composite with varying mold
wall thicknesses and layering meth-
ods as a function of time.
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(3.17%), SDR (2.88%), Z250 (2.18%), and TNB (2.11%),
whereas SF showed the lowest shrinkage (2.08%;
Table 3). No significant differences were observed
between Z250, TNB, and SF with respect to polymer-
ization shrinkage (p>0.05). The polymerization
shrinkage rates (%/s) and times at the peak shrinkage
rate are shown in Table 3. The maximum rate of
polymerization shrinkage was highest for SDR (0.64
%/s) and lowest for SF (0.34 %/s). The time at the peak
shrinkage rate (seconds) was longest (2.11 seconds) for
Z350F and shortest (1.11 seconds) for TNB.

Flexural Modulus

The flexural modulus (GPa) of each composite is
presented in Table 3. Z250 showed the highest
flexural modulus (9.20 GPa), followed by SF, TNB,
7Z350F, SDR, and FB (4.63 GPa). With the exception
of Z350F and SDR (p=0.888), the composites
exhibited significantly different flexural modulus
values (p<0.05).

Polymerization Shrinkage Stress

The highest and lowest polymerization shrinkage
stresses were recorded for Z350F (5.07 MPa) and
SDR (1.70 MPa), respectively (Table 3). No signifi-
cant differences were observed between Z250, TNB,
and SF (p>0.05).

Compliance of Aluminum Mold Wall

The mold wall compliances with 1-, 2-, and 3-mm
thicknesses were 0.81, 0.22, and 0.13 um/N, respec-

tively. The compliance decreased with increasing
mold wall thickness.

Correlation Analysis

The correlation analysis results are presented in
Table 4. For the 1-mm-thick mold, the deflection and
polymerization shrinkage showed strong and mod-
erate correlations in bulk (r=0.706) and incremental
layering (r=0.446) groups, respectively. Meanwhile,
for the 3-mm-thick mold, the deflection and flexural
modulus were moderately correlated (r=0.376) in the
bulk-filling group. The correlation between polymer-
ization shrinkage and the deflection decreased as
mold wall thickness increased. On the other hand,
the correlation between flexural modulus and de-
flection increased with increasing mold wall thick-
ness. The deflection for all groups correlated strongly
with the polymerization shrinkage stress (r=0.785-
0.969) and the product of shrinkage and modulus
(r=0.657-0.780).

DISCUSSION

In this study, deflection was successfully simulated
via micromechanical bonding of the composite to an
aluminum block with a simulated cavity. Micro-
mechanical bond strength of the composite to the
aluminum surface was sufficient to produce measur-
able deflection as detected by LVDT probes. This
idea is further supported by the lack of debonding
spikes in the deflection curves. Therefore, our
experimental design effectively simulated cusp de-
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Table 2:  Mean Deflection (um) for Each Group at 2000 Seconds (33.3 Minutes)
Composite Layering method Aluminum mold wall thickness
1 mm 2 mm 3 mm
Deflection, pm

Filtek Z250 Bulk 35.6 (1.2)B2 19.0 (0.6)B° 13.4 (2.0)B4
Incremental 28.4 (0.9)°P® 14.2 (0.7)°¢ 8.1 (0.8)°°

SonicFill Bulk 31.0 (0.6)°° 19.5 (1.7)B° 12.7 (1.4)B¢
Incremental 26.6 (1.9)°° 13.6 (1.2)°¢ 9.4 (0.7)%*

Tetric N-Ceram Bulk-Fill Bulk 27.2 (0.7)° 14.2 (0.7)°° 8.7 (0.7)°¢
Incremental 23.1 (0.8)E° 7.3 (0.5)P¢ 4.6 (0.1)P"

Filtek Z350 XT Flowable Bulk 51.0 (2.2)72 27.6 (2.0)A° 15.9 (1.1)A
Incremental 48.2 (1.2)7 21.0 (1.7)B¢ 11.8 (0.3)B°

SureFil SDR Flow Bulk 28.4 (1.5)°P2 10.8 (1.1)P° 4.8 (0.2)P°
Incremental 15.1 (0.6)F° 7.0 (0.8)P¢ 3.8 (0.3)P*

Filtek Bulk-Fill Flowable Bulk 36.3 (2.0)82 14.2 (1.3)°° 9.5 (0.3)°¢
Incremental 23.4 (0.8)5° 8.9 (0.7)>E4 4.8 (0.8)P°

Identical uppercase letters: no significant difference among groups of the same wall thickness (p>0.05). Identical lowercase letters: no significant difference among

groups of the same composite (p>0.05). Numbers in parentheses are standard deviations (n=>5).

flection without the variability associated with
natural teeth.

Bulk-fill composites can be classified into two
types according to their viscosity and delivery
method. Some low-viscosity bulk-fill composites
(SDR and FB) necessitate a 2-mm capping layer
with a conventional hybrid composite because of
their low filler content and decreased abrasion
resistance.?? Another group of bulk-fill composites
having high viscosity and filler content (SF and
TNB) showed mechanical strength comparable to
hybrid conventional composite, so they do not need
to be capped with an additional layer.

The present study compared the polymerization
shrinkage and related properties of four bulk-fill
composites with those of two conventional compos-
ites. The polymerization shrinkages of flowable
composites (Z350F, SDR, and FB) were higher than
those of high-viscosity composites (Z250, SF, and
TNB). However, the flexural modulus values of the
composites exhibited the opposite trend as for
polymerization shrinkage. These are expected based
on the difference in filler amount.

Shrinkage stress can be directly influenced by
instrument compliance.?® In the shrinkage stress
measuring system used in this study, the dimen-
sional change of the composite specimen during
polymerization was not measured at the very end of
each glass slide, so it could be considered that this
system was not fully rigid. Therefore, the use of a
feedback mechanism minimized the compliance of
the instrument, but did not totally eliminate it.

Polymerization shrinkage stress, as determined by
both polymerization shrinkage and flexural modu-
lus, showed complex results. Z350F exhibited the
highest shrinkage stress value because it showed the
highest shrinkage strain. Furthermore, Z250 showed
the second highest shrinkage stress, perhaps be-
cause it had the highest flexural modulus. The bulk-
fill flowable composites (SDR and FB) exhibited
lower polymerization shrinkage stress due to their
lower flexural modulus values, even though they
exhibited higher polymerization shrinkage than the
bulk-fill high-viscosity composites.?3?* In contrast to
the Z350F conventional flowable composite, the SDR
contains the patented, modified urethane dimetha-
crylate monomer (849 g/mol). This monomer has a
relatively high molecular weight, resulting in re-
duced polymerization shrinkage and stress by
decreasing the number of reactive sites per unit
volume. Meanwhile, FB excluded the monomer
TEGDMA (286 g/mol), which has approximately half
the molecular weight of the commonly added
dimethacrylates such as Bis-GMA (512 g/mol).?’

The polymerization shrinkage stress of each bulk-
fill composite varied according to the viscosity of the
material. The bulk-fill flowable composites (SDR and
FB) exhibited lower polymerization shrinkage stress
compared with the high-viscosity bulk-fill compos-
ites (SF and TNB). These results could be explained
by the differences in filler loading, which result in
different rheological properties. In the present study,
a positive correlation between the flexural modulus
and filler fraction was observed. The filler fractions
of the bulk-fill composites according to the manufac-
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turer’s information are as follows: SF (83.5 wt%/69
vol%), TNB (79-81wt%/-), SDR (68.0 wt%/45 vol%),
and FB (64.5 wt%/42.5 vol%); as expected, this order
corresponds with that of the flexural modulus
values.'®

The deflection curves demonstrated slight reduc-
tions when the curing light was turned on, due to the
thermal expansion effect created by the heat from
the curing light (Figure 5). After the light curing
unit was turned off, this expansion was counteracted
by the ongoing polymerization shrinkage. In the bulk
filling group, the thermal expansion effect could be
observed only at the beginning of the final light
curing, however, in the incremental layering group,
four definite reductions in deflection due to thermal
expansion effects could be clearly observed.*

Mold wall deflection decreased as wall thickness
increased (compliance decreased) in all composite

groups. However, considering the stiffness (inverse
of compliance) of the wall, the thicker mold wall
produced the higher stress. Incremental layering
significantly reduced deflection compared with bulk
filling for both conventional and bulk-fill composites
(Table 2). These findings are in agreement with
previous studies.**!° However, another study mea-
sured cusp deflection by using different curing
techniques in natural teeth filled with conventional
(Filtek Supreme Plus, 3M ESPE: bulk and incre-
mental curing) or bulk-fill composites (X-tra fil,
VOCO: bulk, incremental, and bulk/transtooth-illu-
mination curing) and reported contradictory re-
sults.?® The authors found no difference in cusp
deflection between filling techniques within the
same materials. These contradictory results may be
due to that they used very thin cusp thickness with
high compliance.

Table 3: Polymerization Shrinkage (%), Maximum Shrinkage Rate (%/s), Time at Peak Shrinkage Rate (s), Flexural Modulus
(GPa), and Polymerization Shrinkage Stress (MPa) of each Composite
Composite Polymerization Maximum Time at peak Flexural Polymerization
shrinkage, % shrinkage rate, %/s shrinkage rate, s modulus, GPa shrinkage stress, MPa

Filtek Z250 2.18 (0.06)¢ 0.35 (0.02) 1.56 (0.06)° 9.20 (0.21)2 2.88 (0.13)°
SonicFill 2.08 (0.07)¢ 0.34 (0.02) 1.79 (0.41)2P° 7.97 (0.44)° 2.73 (0.10)°
Tetric N-Ceram 2.11 (0.02)¢ 0.44 (0.03)° 1.11 (0.11)¢ 6.68 (0.25)° 2.82 (0.13)°
Filtek Z350 XT Flowable 3.52 (0.04)* 0.64 (0.02)* 2.11 (0.07)? 5.79 (0.11)¢ 5.07 (0.42)2
SureFil SDR 2.88 (0.13)° 0.64 (0.01)2 1.67 (0.08)>° 5.62 (0.20)¢ 1.70 (0.16)°
Filtek Bulk-Fill 3.17 (0.03)° 0.52 (0.05)° 1.94 (0.08)2° 4.63 (0.18)° 2.28 (0.19)°
Identical superscript letters signify that no significant differences were observed among the designated materials within a single column (p>0.05). Numbers in
parentheses are standard deviations (n=>5).
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Shrinkage Stress of Composites

Table 4: Correlations Between the Deflection and the Polymerization Shrinkage, Flexural Modulus, and Polymerization

Measured variables Polymerization shrinkage stress Deflection
1 mm 2 mm 3 mm
Bulk Incremental Bulk Incremental Bulk Incremental
Polymerization shrinkage 0.393* 0.706** 0.446* 0.282 0.328 0.099 0.17
Flexural modulus 0.033 —0.186 0.048 0.227 0.234 0.376* 0.341
Shrinkage X modulus 0.602** 0.661 ** 0.678** 0.71** 0.78** 0.657** 0.727 **
Polymerization shrinkage stress 1 0.832 ** 0.969* 0.885™" 0.868*" 0.785™" 0.817 **

Numbers are Pearson’s correlation coefficients (‘p<<0.05; *p<0.01).

The six composites used in this study can be
classified into three groups according to the level of
shrinkage stress they produced: conventional flow-
able with high stress (Z350F), high viscous bulk-fill
(SF and TNB) and conventional (Z250) with moder-
ate stress, and bulk-fill flowable with low stress
(SDR and FB). Conventional flowable (Z350F) and
bulk-fill flowable (SDR) composites showed the
highest and lowest deflections, respectively. On the
other hand, both bulk-fill (SF and TNB) and
conventional (Z250) composites with moderate
stress, which are of high viscosity, exhibited compa-
rable deflections.

Within the composites with moderate stress, the
deflection by bulk filling with either TNB or SF was
equal to (p>0.05) or higher than (p<0.05) that by
incremental layering with the conventional compos-
ite (Z250; Table 2). Therefore, bulk filling of a high
viscosity bulk-fill composite with moderate stress
does not appear to offer any advantages over
incremental layering of a high viscosity conventional
composite with moderate stress. Interestingly, TNB
always exhibited the lowest deflection among the
three composites with moderate stress because of its
lowest flexural modulus, even though the three
composites exhibited similar polymerization shrink-
ages.

Unlike the moderate stress groups with high
viscosity, bulk filling of bulk-fill flowable composites
with low stress (SDR and FB) yielded lower
deflections than incremental layering of convention-
al flowable composites with high stress (Z350F).
Despite its low flexural modulus, greater deflection
was always observed with FB compared with SDR.
This finding may be due to the significantly higher
polymerization shrinkage and stress of FB.

The reduction (%) of deflection from bulk to
incremental layering was largest for SDR (46.8%),
TNB (48.4%), and FB (49.6%) for mold wall thick-
nesses of 1, 2, and 3 mm, respectively (Figure 6).

Thus, bulk-fill composites were more effective in
reducing mold wall deflection by incremental layer-
ing compared with conventional composites. The
reduction of deflection achieved with incremental
layering increased as mold wall thickness increased
for 7250, Z350F, and FB. Moreover, with the
exception of SDR, all composites showed greater
reduction of deflection by incremental layering in 3-
mm-thick mold wall compared with 1-mm-thick mold
wall. In general, reduction of deflection by incre-
mental layering was enhanced in thick mold walls
(low compliance; Figure 6). In addition, as the mold
wall thickness increased from 1 to 3 mm, the
deflection by flowable composites with low modulus
decreased more than in high-viscosity composites
(Table 2).

The correlation between polymerization shrink-
age and mold wall deflection decreased with
increasing mold wall thickness. On the other hand,
the correlation between flexural modulus and
deflection increased with increasing mold wall
thickness (Table 4). This result is supported by a
previous study of the effect of instrument compli-
ance on polymerization shrinkage stress,?® which
found that shrinkage strain was the major factor in
determining stress when instrument compliance
was high, whereas shrinkage strain and modulus
played equal roles in determining the polymeriza-
tion shrinkage stress when instrument compliance
was restricted. In clinical situations, composites
with high shrinkage are likely to produce greater
cusp deflection in high compliance cavities, such as
a large MOD cavity. In contrast, both the elastic
modulus and shrinkage determine the polymeriza-
tion shrinkage stress in low compliance cavities
such as an occlusal cavity.

CONCLUSION

Both conventional and bulk-fill composites showed
lower mold wall deflection when incrementally filled.
As the mold wall thickness increased, the effect of
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incremental layering on the reduction in mold wall
deflection was enhanced. In addition, restoration by
bulk filling with high viscous bulk-fill composites
with moderate stress did not achieve reduction in
wall deflection comparable to those obtained with
incremental layering with conventional universal
composites. When the compliance was high, poly-
merization shrinkage was the main factor that
influenced deflection. In lower compliance cavities,
both the flexural modulus and the polymerization
shrinkage determined the deflection.
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Degradation Potential of Bulk
Versus Incrementally Applied and
Indirect Composites: Color,
Microhardness, and
Surface Deterioration

M El Gezawi * D Kaisarly « H Al-Saleh ¢ A ArRejaie ¢ F Al-Harbi « KH Kunzelmann

Clinical Relevance

Covering bulk fills with silorane-based composites might be a better practice for delaying

surface degradation.

SUMMARY

This study investigated the color stability and
microhardness of five composites exposed to
four beverages with different pH values. Com-
posite discs were produced (n=10); Filtek Z250
(3M ESPE) and Filtek P90 (3M ESPE) were
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applied in two layers (2 mm, 20 seconds), and
Tetric N-Ceram Bulk Fill (TetricBF, Ivoclar
Vivadent) and SonicFill (Kerr) were applied in
bulk (4 mm) and then light cured (40 seconds,
Ortholux-LED, 1600 mW/cm?). Indirect compos-
ite Sinfony (3M ESPE) was applied in two
layers (2 mm) and cured (Visio system, 3M
ESPE). The specimens were polished and test-
ed for color stability; AE was calculated using
spectrophotometer readings. Vickers micro-
hardness (50 g, dwell time=45 seconds) was
assessed on the top and bottom surfaces at
baseline, 40 days of storage, subsequent repol-
ishing, and 60 days of immersion in distilled
water (pH=7.0), Coca-Cola (pH=2.3), orange
juice (pH=3.75), or anise (pH=8.5) using scan-
ning electron microscopy (SEM). The materials
had similar AE values (40 days, p>0.05), but
TetricBF had a significantly greater AE than
P90 or SF (40 days). The AE was less for P90
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and TetricBF than for Z250, SonicFill, and
Sinfony (60 days). Repolishing and further
immersion significantly affected the AE
(p<0.05) except for P90. All composites had
significantly different top vs bottom baseline
microhardnesses. This was insignificant for
the Z250/water, P90/orange juice (40 days),
and Sinfony groups (40 and 60 days). Immer-
sion produced variable time-dependent deteri-
oration of microhardness in all groups.
Multivariate repeated measures analysis of
variance with post hoc Bonferroni tests were
used to compare the results. AE and micro-
hardness changes were significantly inversely
correlated at 40 days, but this relationship was
insignificant at 60 days (Pearson test). SEM
showed degradation (40 days) that worsened
(60 days). Bulk-fill composites differ regarding
color-stability and top-to-bottom microhard-
ness changes compared with those of other
composites. P90 showed better surface degra-
dation resistance. In conclusion, bulk-fill com-
posites are not promising alternatives to
incremental and indirect composites regard-
ing biodegradation.

INTRODUCTION

Exposure to the oral environment, including a
number of beverages, can induce different models
of physical or chemical degradation in the structure
of resin composite restorations, adversely affecting
surface integrity and color stability.'™®

Many researchers have studied physical degrada-
tion evidenced by material loss or uptake as a result
of sorption, extraction, dissolution, and mineraliza-
tion, accompanied by physical changes, such as
softening, stress cracking, and fatigue fracture. Less
research has been conducted on the chemical
degradation of resin composites. Bourbial® stated
that chemical degradation might be oxidative,
thermolytic, photolytic, radiolytic, or solvolytic in
nature, of which solvolysis by hydrolytic degradation
was the most frequently studied.

The chemistry, structural composition, and degree
of conversion of composites play a major role in the
material’s mechanical, biological, and physical prop-
erties, including water sorption, hydrophilicity, and
wear resistance, having consequences on clear surface
integrity and color stability.* The degree of conversion
of the resin matrix depends on the polymerization
system and the curing condition. The layering
technique for the placement of light-cured resin
composites has been used to ensure uniform optimum

Operative Dentistry

properties at varying depths of the material. The
depth of cure is a function of the material composition
and the curing light parameters.>®11:1? Measuring
the microhardness at the top and bottom of the
material is one of the methods used to assess the cure
depth and hence the material performance.?*611

Color match and translucency, surface luster,
roughness, and staining are among the criteria for
clinically ranking and identifying whether repairs
are possible vs whether the composite must be
remade.”'® Extrinsic discoloration of the resin
composite can be caused by the adsorption of
colorants from food and beverages. Surface rough-
ness due to wear and chemical degradation can
adversely affect color stability and surface gloss,
leading to extrinsic discoloration.'* However, bulk
discoloration is related to the resin matrix, filler
particles, and photoinitiators.2

The extraoral high-intensity light curing of
indirect composites is advocated in order to achieve
a high degree of polymerization with optimum
material properties, including a greater resistance
to intrinsic discoloration.''® Indirect resin compos-
ites are used to overcome the deficiencies of direct
composites with different curing techniques and
modifications in the resin matrix and inorganic
filler content.'®

Recently, bulk-fill composites have been intro-
duced to improve the performance and shorten the
clinical procedure of composite application. This
group of materials allows for the placement of a 4-
6-mm-thick increment relative to the conventional
fill composite with a maximum increment thickness
of 2 mm. These materials incorporate modifications
in the resin matrix and photoinitiator chemistry, as
well as filler particle technology, with a diversity of
reports regarding their clinical performance, physi-
cal and mechanical properties, and degradation
potential. In the study of bulk-fill composites, there
is a high level of concern regarding the depth of the
cure and the development of polymerization contrac-
tion stresses.'®!7

The silorane resin matrix that polymerizes by ring
opening has been employed to reduce polymerization
contraction and contraction stresses without com-
promising the mechanical properties. Due to the
hydrophobic siloxane backbone, silorane-based com-
posites were reported to have lower water sorption
than experimental ormocer- and methacrylate-based
composites.*512

The literature indicates that storage for 40 and 60
days is considered to be an extensive testing
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period.'®1® Because polishing is crucial in determin-
ing surface luster and color, aging by immersion in
different beverages followed by repolishing has been
considerably studied to relate the results to the
influence of extrinsic vs intrinsic discoloration.®2°
However, the resistance of the repolished surface to
future degradation on further exposure to staining
beverages present in the common diet has not been
previously studied.

The objective of this study was to assess the
influence of the immersion of composite discs in
common beverages and repolishing followed by
further immersion on the color stability, microhard-
ness, and surface micromorphology. The effect was
studied in bulk vs incremental dimethacrylate-
based and silorane-based composites as well as in
indirect polyfunctional-resin-matrix composites in-
dicating their relative degradation potential. The
null hypothesis was that bulk-fill composites be-
have similarly to incremental and indirect compos-
ites regarding their color, stability, and
microhardness and that repolishing followed by
further immersion does not improve color stability
nor microhardness.

METHODS AND MATERIALS

Five composite materials were used for the fabrica-
tion of composite discs: Filtek Z250, coded as “Z250”
(B3M ESPE, St Paul, MN, USA), used as a control,
and silorane-based composite Filtek P90, coded as
“P90” (3M ESPE), were applied in two increments of
2 mm each.?! Bulk-fill composites included Tetric N-
Ceram Bulk Fill, coded as “TetricBF” (Ivoclar
Vivadent, Schaan, Liechtenstein), and SonicFill
(Kerr, Orange, CA, USA),2! in addition to the
indirect resin composite Sinfony (3M ESPE), as
shown in Table 1. Custom-made molds of 7 mm in
diameter and 4 mm in depth made from custom-
made polyvinyl-siloxane impression material (Ex-
press STD Putty, 3M ESPE) were used in the
preparation of 45 discs of each composite material
with a total of 225 composite discs. An overview of
the study outline is displayed in Figure 1.

For Z250 and P90, two subsequent horizontal
increments of 2 mm each were inserted using a
plastic instrument and light cured for 20 seconds
using a high-intensity LED light-curing device of
1600 mW/cm? (Ortholux, 3M Unitek Orthodontic
Products, Monrovia, CA, USA) with a wavelength of
430-480 nm and a peak at 455 = 10 nm. A
radiometer (Bluephase Meter, Ivoclar Vivadent)
was used to read the power output of the curing
unit immediately after each respective use. Light

curing of the superficial layer was carried out after
pressing the surface using a Mylar strip with a glass
slide cover. The tip of the light guide was kept in
contact with the glass slide (1.2-mm thickness) in
order to maintain a constant distance from the
specimen. The bulk-fill composites, TetricBF and
SonicFill, were inserted in bulk (4 mm) and light
cured for 40 seconds. Sinfony indirect composite was
applied in two successive horizontal layers (2 mm),
and each layer was preliminarily light cured for 15
seconds using an In-lab light curing device (Visio
Alfa Light Curing Unit, 3M ESPE). A final 14-
minute cure (Visio Beta Vario Light Curing Unit, 3SM
ESPE) was performed per the manufacturer’s in-
structions.%-16:22

A V-shaped notch was cut at the edge of the top
side of each sample with a diamond inverted cone to
visually identify the top side. The specimens were
stored in distilled water in darkness for 24 hours at
37°C.""

After 24 hours, the specimens were polished with
12.7-mm aluminum oxide discs (Sof-Lex, 3M ESPE)
in order of decreasing grit size. Each size was used
for 10 seconds at 10,000 rpm for coarse and medium
discs and at 30,000 rpm for fine and superfine discs
using an electric hand piece (K4, KaVo, Leutkirch,
Germany).?> The specimen was moistened with
water before polishing with each disc. The polishing
was performed by one investigator.

From each composite material, one specimen was
randomly selected for scanning electron microscopy
(SEM) at baseline. The remaining 44 specimens of
each composite material were then divided into four
groups (n=11) according to the immersion medium:
distilled water (Al-Kawther Industries Co Ltd,
Jeddah, Saudi Arabia), pH = 7.0; Coca-Cola (Coca-
Cola Bottling Company of Saudi Arabia, Riyadh,
Saudi Arabia), pH = 2.3; orange juice (Nada Fresh
Orange Juice, Al-Khobar, Saudi Arabia), pH = 3.75;
or anise (Aniseed, Alattar, Damascus, Syria), pH =
8.5. The anise was prepared by adding three teabags
of anise to 100 mL of boiling water and soaking for
five minutes, followed by cooling. The pH values of
the immersion media were measured by a pH meter
(Model 215, Denver Instrument, Bohemia, NY, USA)
before immersion, and the media was replaced with
fresh samples every 24 hours.

Before immersion in the respective media, 10
specimens of each group were tested for color and
microhardness at baseline, while the eleventh
specimen of each group was randomly selected only
for SEM after 40 days of immersion. Color and
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Table 1:  Materials Used in This Study and Their Composition

Material Classification

Composition

Batch Number

Manufacturer

Filtek 2250 Methacrylate-based microhybrid

Dimethacrylate (Bis-EMA)

composite

Urethane dimethacrylate (UDMA)

Bisphenol A diglycidyl ether
dimethacrylate (Bis-GMA)

Triethylene glycol dimethacrylate
(TEGDMA)

Silica

Zirconia

Pigments

Camphorquinone initiator system

N479326

3M ESPE

Filtek P90 Silorane-based microhybrid composite

Silorane

Quartz

Yttrium fluoride

Pigments

Initiator system

N281586

3M ESPE

Tetric N-Ceram Bulk Fill Nano-optimized resin composite
(dimethacrylate)

Barium aluminum silicate glass filler of a
mean particle size of 0.4-0.7 pm;
ytterbium fluoride and mixed oxides of a
mean particle size of 160- 200 nm;
Ivocerin, a germanium-based initiator
and a special shrinkage stress reliever

R65898

Ivoclar Vivadent

SonicFill Sonic-activated resin composite (Bis-

GMA, TEGDMA, Bis-EMA, SIMA)

83.5 wt% filler content

4252654

Kerr

Sinfony Mixture of aliphatic and cycloaliphatic

monomers with no TEGDMA or Bis-

Borosilicate glass, quartz, silica (50-1
nm)

GMA

45% by volume

Camphorquinone initiator

492345

3M ESPE

Vickers microhardness measurements and SEM
images were taken at baseline and 40 and 60 days
after immersion in the media.

Color Stability

The color was measured by one investigator using a
spectrophotometer (Color-Eye 7000A, Gretag Mac-
beth LLC, New Windsor, NY, USA) according to the
Commission International de 1’Eclairage L*a*b*
color system against a white background. Color
measurements were performed for each specimen
twice, and the average was calculated and used for
the analysis.?* Measurements were performed at
baseline (n=10 per study group), then the speci-
mens were stored in the different immersion media
for 40 days. After 40 days, each specimen was
removed from the storage media, rinsed with
distilled water, and dried with absorbent paper
before the second color testing. Each specimen was
repolished using the same polishing procedure
previously described. Afterward, the specimens
were stored in the respective media for 20 more
days and before a final test.'® The magnitude of the

total color difference, which is represented by a
single number (AE), was determined using the
formula AE = [(AL*)*+(Aa*)?+(Ab*)*]"2 after 40
and 60 days of immersion. Values of AE > 3.3 were
considered clinically unacceptable.'®

Vickers Microhardness Testing

After the color measurements were taken, the tops
and bottoms of the same specimens were measured
for Vickers microhardness. The surfaces were dried
and positioned under the indenter of a microhard-
ness tester (Micromet 6040, Buehler, Lake Bluff, IL,
USA), and a load of 50 g was applied through the
indenter with a dwell time of 45 seconds.?*2% After
each measurement, the specimen was immersed in
the respective medium in a separate and numbered
vial. Microhardness values were measured at base-
line, after 40 days before the repolishing procedure,
and after 60 days of immersion. Color and micro-
hardness measurements were recorded and analyzed
using each respective specimen’s own values at the
different study levels.
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Fig 1

Composite discs were
fabricated of 5 materials

1. Filtek Z250

2. Filtek P90

Applied in two increments

2 mm each, light-cured 20 s

Specimens and testing sequence

Total of 225 composite discs were fabricated and
after 24 h specimens were polished

N

At baseline
N=1 for each

ﬁ restorative material
employed for SEM

3. Tetric N-Ceram Bulk Fill

4. SonicFill

Applied in bulk 4 mm,

light-cured 40 s

SEM
N=1 per group

-

—

5. Sinfony

At baseline
color and microhardness measurements were obtained
N=11 per group (10 for color & microhardness m.; 1 for SEM)

| Distilled water, pH=7 l

Specimens were
immersed in four
beverages (total 220)

Coca-Cola, pH=2.3

Orange juice, pH=3.75 |

7N

| After 40 days |
N=11 per group

Anise, pH=8.5 |

for color measurement,

followed by microhardness measurement,

followed by repolishing and immersion in beverages for
further 20 days

Applied in two increments
2 mm each,

(indirect composite) —

Top surface:
color & microhardness
measurements & SEM

N=10 per group

After 60 days

In-lab cured (Visio System)

ﬁ o

—p

Diameter 7 mm

Bottom surface:
microhardness
measurement only

N=10 per group for color measurement,
Followed by microhardness measurement

Then one sample was taken for SEM after 60 days

Figure 1. Study overview.

SEM

The specimens were examined using a scanning
electron microscope (Inspect S50, FEI, Hillsboro, OR,
USA) at 500X magnification to detect the surface
microtopography of each material and changes due
to storage in the immersion media.2’"?° At baseline,
only one specimen of each restorative material was
examined. After 40 days of immersion, the previous-
ly assigned specimen for SEM per each study group
was examined and discarded and not used for
microhardness or color-stability analysis. After 60
days of immersion, after the color and microhardness
assessments, one specimen per group was randomly
selected for SEM. Before scanning, the specimens
were gold sputtered using the Q150R Rotary-
Pumped Sputter Coater (Quorum Technologies,
Ashford, UK).

Statistical Analysis

The AE color-stability results and the microhardness
measurements were presented as mean and stan-
dard deviation values. Data were analyzed using the
multivariate repeated measures analysis of variance

(ANOVA) with the post hoc Bonferroni test for paired
comparison of the materials and solutions in addi-
tion to the comparison of materials within each
solution.?°3? Moreover, the univariate ANOVA was
used to compare the color-stability results AE of each
material at 40 vs 60 days and for the comparison of
top vs bottom microhardness values at each study
interval.'32 The level of significance was 0.05 for all
statistical analyses. The Pearson correlation test
was performed to detect any correlation between
color changes (AE) and microhardness changes (AD).
Statistical data analysis was performed in IBM
SPSS Statistics 22.0.

RESULTS
Color Stability

The mean values and standard deviations of the AE
values and statistically significant differences be-
tween the materials within one beverage category
and paired comparison of materials at 40 and 60
days are presented in Table 2. After 40 days of
immersion in distilled water, Z250 was the only
material to undergo clinically unacceptable changes
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Table 2:  Color-Stability Results AE Mean Values and Standard Deviation (SD) of All Groups and Statistically Significant
Differences Between Materials Within One Beverage Category and Paired Comparison?
Solution Material Mean + SD AE at 40 Days Mean + SD AE at 60 Days
Distilled water 7250 3.9 + 0.8 291 3.2 + 0.8 2bd1
P90 2.6 + 0.6 Pod! 2.4 + 0.9 2becl
TetricBF 22+ 0.6 ! 1.7 = 1.1 bl
SonicFill 3.1 + 0.4 aba1 3.7 +0.2392
Sinfony 2.9 + 0.7 bodd 2.6 + 0.7 &P
Coca-Cola 2250 42 + 26 3P 45+ 283P1
P90 3.0+ 0.6 26+ 0.8
TetricBF 6.0 = 1.6 1 54 +1.9°
SonicFill 3.1+072 3.4 + 0.8 201
Sinfony 5.3 + 0.6 ' 3.9 + 0.93°P2
Orange juice 7250 3.8 + 0.5 201 42+ 05301
P90 41 + 0.9 b1 34+ 1627
TetricBF 5.7 + 1.6 Pod! 5.0 + 1.4 2p1
SonicFill 42 + 15 3abct 4.4 +1283p1
Sinfony 6.4 + 1.3 %91 59 + 1201
Anise 2250 6.3 +2321 9.9 + 2.8 2?2
P90 47 = 1.13b1 43 + 1,054
TetricBF 4.8 + 0.9 01 35 = 1.4 92
SonicFill 37 +12°1 7.0 = 2.6 ©92
Sinfony 55 + 1.7 b1 5.6 + 1.2 bedl
Paired comparison of 7250 45+ 203 55 + 3,33¢2
materials P90 36+ 1.1°" 32+ 130"
TetricBF 47 + 203 3.9 +20P¢2
SonicFill 35+ 1,101 4.6 = 2,0 %°2
Sinfony 50+ 1.7 45 + 17 %02
2 Significant differences between materials within one beverage category in each column are marked by different letters for the Bonferroni test at p < 0.05; significant
differences between each material at 40 vs 60 days within one row are displayed by different numbers at p < 0.05.

in color (AE>3.3). Immersion in Coca-Cola showed
clinically unacceptable color changes for all compos-
ites except for P90 and SonicFill. When the test
materials were stored in orange juice or anise, all
showed clinically unacceptable color changes. After
60 days of immersion in distilled water, only Sonic-
Fill had an unacceptable color change, while storage
in Coca-Cola resulted in acceptable color changes for
P90 only. On storage in orange juice or anise, all
materials showed clinically unacceptable color
changes.

Paired comparisons showed variation of color
changes in response to polishing and further immer-
sion between materials with significant deteriora-
tion of Z250 and SonicFill and significant
improvement of TetricBF and Sinfony. P90 was the
only material with insignificant differences in color
changes between 40 and 60 days and a clinically
acceptable value of AE < 3.3 after 60 days. The
paired comparison of AE displayed that P90 had
significantly less color change than TetricBF after 40

days and showed less color change than SonicFill
after 60 days.

The results of color-stability paired comparisons
based on beverages at 40 and 60 days are displayed
in Table 3. Distilled water differed significantly from
the other beverages (p<<0.05), whereas the effect was
insignificant between Coca-Cola, orange juice, and
anise after 40 days of immersion. After 60 days,
immersion in Coca-Cola and orange juice led to
significantly greater color deterioration than water
but significantly less than anise. Distilled water had
the least deteriorating effect, while anise had the
worst. For the color-stability results, there was a
statistically significant interaction between the
material and the solution (p<<0.001) according to
the repeated measures ANOVA.

Vickers Microhardness

Mean microhardness values and standard deviations
of the top and bottom surfaces as well as paired
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Table 3: Results of Color-Stability Paired Comparisons
Based on Beverages?®

Time Period
At 40 days Anise, orange juice, Coca-Cola > distilled water

At 60 days Anise > orange juice, Coca-Cola > distilled water

2> indicates clinical significance with the post hoc Bonferroni test at
p<0.05.

Beverage

comparison at baseline and 40 and 60 days are
presented in Table 4 in addition to the comparison of
the top vs the bottom surface of each material at
each study interval. There was a statistically
significant deterioration in the top and bottom
microhardness of all materials on aging regardless
of the immersion medium. This was clear at 40 days
with a significantly greater deterioration at 60 days.
At baseline, the top surfaces showed a statistically
significant higher microhardness than the bottom
surfaces of all materials. This significant difference
continued after 40 and 60 days in many groups,
while in other groups it was only insignificant.

Comparisons of the top vs the bottom surfaces
reveal that at baseline, the bottom surfaces of all
specimens had statistically significant lower micro-
hardness than the top surfaces (p<<0.05). After 40
days of immersion, there was a deterioration in all of
the top and bottom microhardness results. Signifi-
cantly lower microhardness values of the bottom
surfaces compared to the top surfaces were obtained
in all materials except for Z250 in distilled water,
P90 in orange juice, and Sinfony in all beverages.
After repolishing and immersion for 20 more days,
all materials demonstrated further microhardness
deterioration of both surfaces. The microhardness of
the bottom surfaces was significantly lower than
that of the top surfaces in all groups except for
Sinfony in all beverages.

The results of the microhardness paired compar-
isons based on materials are displayed in Table 5.
Paired comparisons showed that at baseline, Z250
had the best statistically significant results com-
pared to the other materials, while Sinfony had the
worst. After 40 days, Z250 and P90 were not
significantly different in microhardness, but both
showed significantly greater microhardness com-
pared to other materials. At 60 days, P90 showed
significantly higher microhardness than other ma-
terials with least deterioration. According to the
repeated measures ANOVA, there was a statistically
significant interaction between the material and the
solution (p<<0.001) for the microhardness results.

SEM

The topographical analysis of specimens using the
SEM images shows areas of degradation, material
dislodgment, and erosion that varied in amount and
extension between the materials. These degradation
patterns were obvious after 40 days and progressed
at 60 days of immersion in the different beverages,
as shown in Figure 2. P90 underwent the least
degradation.

Correlation Between (AE) and (AD)

After immersion in the beverages for 40 days, there
was a strong inverse correlation between color
change (AE) and microhardness change (AD)
(p=0.003). However, after 60 days of immersion,
there was a weak inverse correlation between AE
and AD (p=0.936), as shown in Figure 3.

DISCUSSION

In vitro comparisons of the color stability and
microhardness of materials have been used as a tool
for predicting their degradability, especially when
supported by microtopographic analysis at different
levels of assessment.'*!! Despite the ample amount
of research indicating the clear effect of immersion in
common beverages on the color-stability and surface
properties of resin composite, few studies have
compared the effect of variation in these properties
relative to different composition and application
techniques, especially for the new group of bulk-fill
composites. 131418

Our study protocol lacked simulation of other
factors, such as thermal cycling and the role of
saliva and bacteria. The effect of repolishing and
toothbrushing after immersion in different media
on color stability was previously studied and was
found to reduce staining and improve discoloration,
as it removes the surface layer of pigments or
absorbed stains of about 40 microns.'*'%29:33 The
effectiveness of repolishing in reducing stains and
improving discoloration is related to the staining
depth of the respective composite, its composition,
degradability, and absorbability of water and
stains.®® Exposure of composites to beverages
following repolishing is a normal consequence and
addresses the reliability and longevity of improve-
ment and can lead to a better understanding of
composite degradation potential relative to the
individual material composition.?* Although imme-
diate testing after repolishing is informative and
might confirm previous findings on the effect of
repolishing, it was felt that testing after further

$S900E 98] BIA 0£-80-GZ0Z 18 /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid//:sdiy Wwol) papeojumoc]



€202

Operative Dentistry

Table 4: Mean Values and Standard Deviation (SD) of the Vickers Microhardness of the Different Groups?
Solution Material Mean *+ SD Mean + SD
Microhardness at Baseline Microhardness at 40 Days
Top Bottom Top vs Top Bottom Top vs
Bottom Bottom
Distilled water 7250 109.8 + 1.8% 89.9 + 1.3 + 81.4 + 3.32 78.3 + 5.7 -
P90 97.2 + 1.9° 83.8 + 3.6° + 89.3 + 4.1° 83.1 = 3.0° +
TetricBF 89.4 + 2.5° 73.3 = 3.7° + 79.0 + 3.32 69.1 + 2.2° +
SonicFill 96.1 + 3.9° 84.3 + 4.2° + 88.7 + 4.3° 81.6 + 3.32° +
Sinfony 432 + 519 36.6 + 4.9° + 28.4 + 3.9° 275 *+ 4.7° -
Coca-Cola 7250 105.8 * 2.5' 96.6 + 1.9° + 82.9 = 2.2 78.3 = 4.7' +
P90 98.6 + 3.09 85.2 = 5.29 + 89.4 + 4.69 71.8 = 3.69 +
TetricBF 87.1 = 34" 742 + 31" + 83.0 + 3.8"" 71.8 * 4.29 +
SonicFill 97.9 = 4.59 84.8 + 3.99 + 87.7 + 3.4 69.8 = 5.09 +
Sinfony 448 + 5.2 38.8 = 3.6 + 276 * 4.1 246 = 3.9" -
Orange juice 7250 112.1 + 5.1 89.6 + 4.9 + 94.3 + 4.3 75.6 = 4.5% +
P90 95.1 + 4.3™ 88.9 + 4.8 + 85.7 = 3.9™ 85.9 + 4.1™ -
TetricBF 88.9 + 2.7" 78.2 = 3.3™ + 77.2 = 3.5" 73.5 + 2.3%" +
SonicFill 94.8 + 3.8™ 815 + 2.6™ + 89.3 + 4.3<m 69.8 + 4.6" +
Sinfony 48.1 = 3.6° 39.9 + 29" + 28.2 + 4.0° 25.9 + 4.0° -
Anise 7250 98.7 = 4.29 84.1 + 4.49 + 93.1 + 4.19 82.3 + 4.99 +
P90 91.2 + 5.2 83.8 = 4.79 + 90.9 + 5.29 80.9 + 3.79 +
TetricBF 87.9 + 47" 74.3 + 3.8" + 82.1 + 4.0 71.3 = 3.6" +
SonicFill 93.1 + 3.49' 81.1 + 4.49 + 83.0 = 3.5 71.9 = 4.2 +
Sinfony 47.9 + 3.2° 39.7 * 4.6° + 26.1 = 3.0° 24.7 + 4.4° —
@ Significant differences between materials within one beverage category in each column are marked by different letters for the Bonferroni test atp < 0.05; “+” denotes
a statistically significant difference, while “—” stands for no difference atp < 0.05 in each material in one row at each study interval; significant differences between the
study intervals within one material in one row of the paired comparison are displayed by different numbers for the Bonferroni test at p < 0.05.

immersion following repolishing would provide a
more descriptive image predicting the clinical
reliability and material behavior.

Immersion times of 40 days followed by 20 more

days were chosen according to Domingos and
others,>* who found that the most significant color
changes take place at 60 days followed by 30 days of
immersion. Moreover, the microhardness of materi-
als immersed in coffee and Coca-Cola remained
stable up to the seven-day measurement but de-
creased at the 30-day record and dropped more at
the 60-day evaluation.'®

The polishing technique employed in our study
using Sof-Lex discs was found to provide the

Table 5:  Results of Microhardness Paired Comparisons
Based on Materials?

Time Period Material

At baseline Z250 > P90, SonicFill > TetricBF > Sinfony
At 40 days P90, 2250 > SonicFill > TetricBF > Sinfony
At 60 days P90 > SonicFill, Z250 > TetricBF > Sinfony

2> ndicates clinical significance with the post hoc Bonferroni test at
(0<0.05).

smoothest surface compared to other testing tech-
niques.?®3® Our light-curing procedure for bulk-fill
composites for 40 seconds at high light intensity
(1600 mW/cm?) was chosen to obtain maximum color

stability and greater microhardness.'%-36:37

Although restorations in the oral cavity are
exposed to a variety of dietary colorants, as well
as to a dynamic rather than a static exposure to
beverages, most studies comprise exposing discs of
the restorative material to one single coloring
medium.!? Our results showed variations in color
stability among the test composites with varying
levels of significance. Similar to our findings, Ren
and others' observed that composites may have
different affinities for diverse dietary colorants,
possibly due to the difference in polarity between
resin polymers and colorants. Composites of a
resin matrix with similar polarity to yellow
colorants may facilitate the absorption of the
water, colored fluids, and yellow colorants into
the organic phase of the material. Thus, modifying
resin polymer polarities can improve resistance to
staining.
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Table 4: Extended.
Solution Mean + SD Mean + SD Microhardness
Microhardness at 60 Days Paired Comparison (Top and Bottom)
Top Bottom Top vs At Baseline At 40 Days At 60 Days
Bottom
Distilled water 716 = 4.5° 65.4 = 3.4° + 99.8 + 10.3' 79.8 * 4.8° 68.5 = 5.0°
84.5 + 3.4° 789 = 3.2° + 90.5 *+ 7.4 86.6 = 4.5 817 = 4.32
735 + 3.7° 62.8 + 4.2° + 81.4 + 8.8 740 + 5.7° 68.1 = 6.7°
81.5 + 4.3° 747 + 3.9° + 90.2 + 7.5 85.1 + 522 781 = 53°
26.9 + 4.0° 248 + 2.9° - 39.9 + 5.9' 26.6 + 4.12 25.8 + 3.6
Coca-Cola 735 * 4.8/9 68.4 + 55 + 101.2 + 5.2 80.6 + 4.32 71.0 £ 5.7°
79.3 + 559 67.1 = 5.7'9 + 91.9 + 8.0 80.6 + 9.87 732 = 8.3°
65.8 + 5.3M 58.5 = 5.2" + 80.6 + 7.3 77.4 * 6.9 62.1 + 6.3°
67.2 + 4.3 61.3 = 3.09" + 914 + 7.8' 78.8 = 10.0° 64.3 + 4.7°
244 + 42 221 + 3.4 - 418 + 4.8 26.6 + 4.22 23.3 + 3.9
Orange juice 71.4 + 36% 65.9 + 3.9¢ + 100.9 + 12,5 84.9 + 10.52 68.6 = 4.6°
832 + 2.1M 744 + 25™ + 92.0 + 5.5 85.8 + 3.9° 78.8 = 5.0°
72.8 + 2.9 68.1 = 3.3¢ + 83.6 + 6.2 75.4 *+ 3.4? 705 + 3.9°
80.8 + 4.5M 66.8 = 4.0 + 88.2 + 7.5 79.6 + 10.92 73.8 + 8.3%
23.1 + 33" 21.8 + 3.1" - 44,0 + 5.3 27.0 + 4.12 224 + 32°
Anise 82.5 + 5,09 736 * 549 + 91.4 * 85! 87.7 = 7.0 78.1 * 6.82
84.1 + 3.19 70.7 * 4.89" + 87.5 * 6.2 85.9 * 6.8' 77.4 = 7.9°
79.1 + 429 60.1 * 3.9° + 81.1 = 8.1 76.7 * 6.6 69.6 + 10.52
79.6 = 3.69 67.1 + 3.8" + 87.1 = 7.2 775 * 6.82 734 + 7.32
235 + 4.9 21.3 + 5.1 - 438 + 5.7 254 + 372 22.4 + 5,02

On immersion in water, most materials had
clinically acceptable color changes (AE<3.3), which
is similar to Schneider and others,* where 30 days of
immersion in distilled water yielded clinically ac-
ceptable color changes and silorane- and ormocer-
based materials did not produce higher color stabil-
ity than the dimethacrylates. Additionally, silorane-
based materials exhibited lower water solubility and
lower hardness reductions than dimethacrylate-
based composites, which is consistent with our
microhardness results.

In this study, bulk-fill composites had similar color
stability to Z250 after 40 days, which is similar to
Tiba and others.®® The better color stability of
silorane-based P90 over TetricBF after 40 days and
SonicFill after 60 days may confirm previous
observations by Kang and others,?® which may be
related to the reduced hydrophilicity of silorane-
based composites.*

Previous studies indicated that repolishing after
staining reduces the AE value due to the removal of
extrinsic stains.'® However, our results indicate that
repolishing followed by immersion had a varying
effect on the color, possibly due to the variations in
the organic matrix, polymer network density, filler

loading, photoinitiator chemistry, and degree of
conversion, which have a deciding influence on
material properties, such as hydrophilicity, water
sorption, adsorption, and dissolution potential and
hence on the development of intrinsic or extrinsic
staining, 14363943

We analyzed the overall color change AE as an
indication of degradation potential***° since bulk-fill
composites are more translucent and esthetically
inferior than other composites.*® However, analyz-
ing the respective L*a*b values, which indicate the
individual changes in lightness/darkness (L), red/
green (a), and yellow/blue (b) scales, would have
possibly provided more elaborative information
about each composite. It might be more important
to focus on the changes of surface reflectance of the
material after staining than analyzing the color
coordinate spaces to explain a range of staining
effects on restorative materials.*®

The effect of different immersion media compared
to distilled water on color stability found in this
study is similar to the findings of Kang and others®®
and Lepri and Palma-Dibb.!* The significant deteri-
oration of microhardness on the top and bottom
surfaces after aging may be related to a gradual
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Figure 2. SEM images (500x) of the various composites at baseline and 40 and 60 days of immersion in various beverages. The most prominent

areas of degradation in the selected samples are presented.

Figure 3. The correlation between the AE and AD. After 40 days of immersion, there was a strong inverse correlation between color change (AE)
and microhardness change (AD), while after 60 days of immersion, there was a weak inverse correlation between AE and AD.

time-dependent degradation of the resin composite
structure, which can be attributed to the hydrolysis
of the ester groups in the resin matrix.*” Further
water sorption may decrease the durability of
composites by expanding and plasticizing the organ-
ic matrix as well as by hydrolyzing the silane bonds

between the fillers and the organic matrix.'®

The presence of metallic ions such as zinc, barium,
and strontium in fillers and radiopacifiers that are
electropositive changes the silica network as they
react with water, leading to charge balance changes.
Therefore, hydroxyl ions increase and break the
siloxane bonds inside the silica network, resulting in
autocatalytic surface degradation, which might
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explain the progression of surface softening with
aging, 274748

The current study showed that at baseline, the
bottom surface Vickers microhardness measures
were significantly lower than those of the tops in
all materials, similar to the findings of Jang and
others*® Our baseline results showed that the bottom
microhardness exceeded 80% of that of the top
surfaces in the SonicFill and TetricBF, which might
be related to the use of the high-intensity LED
curing unit. This is in line with the findings of
Alshali and others.?°

Bulk-fill materials incorporate modifications in
the organic matrix and filler content, leading to
higher translucency and reduced opacity with great-
er curing light transmission. Furthermore, they
incorporate photoinitiators, such as Ivocerin in
TetricBF, that yield more initiating radicals per
molecule initiator than camphorquinone, leading to
adequate cure depths at increased thicknesses.?”*?

After 40 and 60 days, many groups maintained a
significant difference between top and bottom micro-
hardness values, indicating a consistent equivalent
softening of the two surfaces. Others showed more
deterioration in the top than the bottom surfaces.
Our specimens were dropped to the floor of the
beverage containers; thus, the top surface was more
directly exposed to the beverage than the bottom.
Nevertheless, the softening potential of a beverage is
related to the compositional variations of the
materials regarding the nature of the resin matrix
and hydrophilicity, cross-linking density and the
porosity of the network, the nature of the filler
system, and the quality of the matrix/filler interface
as well as the photoinitiators.3%**51:52 Furthermore,
after light curing, dark polymerization, unpolymer-
ized monomer conversion, and/or additional cross-
linking reactions continue up to one week.3%51:53 Al]
of these factors vary between materials and influ-
ence the final respective material and specific
surface degradation.'!:3%-51:53 Therefore, it is recom-
mended to suspend specimens rather than dropping
them to the floor of the beverage container.%*

Our results indicate that the initial proximity of
the top surface to the curing light constitutes only
one factor in the behavior of the material regarding
surface microhardness on aging. Our findings sup-
port the multifactorial and complex nature of the
degradation process.*?52 Although repolishing has
removed a softened surface layer, yet further
immersion produced a more detrimental effect on
microhardness denoting the progressive nature of

the degradation process extending deeper in the
structure.?3-°1:55

SEM shows that the progressive deterioration in
microhardness is related to the structural degrada-
tion of the material after immersion in different
beverages, which progresses with aging.?” This is
similar to the findings of Martos and others,*® who
identified marked surface porosity and roughness in
composite specimens following wet storage. The
relatively superior degradation resistance pattern
of P90 is similar to the findings of Schneider and
others* and could be due to the lower hydrophilicity
of the silorane-based resin matrix with a likely
better resistance to hydrolytic degradation.® P90
seems to be more resistant to degradation, as
observed by SEM and the microhardness as well as
the color change results. Therefore, it is recommend-
ed to cover bulk-fill composites with silorane-based
composite in order to delay surface degradation,
which is in line with previous recommendations by
Leprince and others*® and Sunbul and others.*?

The change in the Pearson correlation test
between the AE and AD from strongly correlated at
40 days to weakly correlated at 60 days may indicate
that repolishing followed by further immersion
influences this correlation. This is in partial harmo-
ny with the findings of Soares-Geraldo and others,?*
who reported a significant positive correlation
between the AE and AD and showed that not all
color alterations were associated with surface deg-
radation.

The findings of this study partially confirmed the
null hypothesis that bulk-fill composites behave
similarly to incremental and indirect composites
regarding the effect of immersion in common
beverages and repolishing followed by further im-
mersion on color stability as well as microhardness.
Future investigations should be directed toward
combining oral environmental factors in addition to
considering the depth of the individual influences of
organic matrix, pigments, photoinitiator systems,
and fillers in studying the degradability of this group
of materials and the adverse consequences on their
esthetic, physical, and mechanical qualities.?®

CONCLUSIONS

Under the circumstances of the current investiga-
tion, it can be concluded that beverages of different
pH values have a deteriorating effect on the color
stability and microhardness of various formulations
of resin composites. Immersion in beverages for 40
days produced variable deteriorations in color in
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bulk-fill as well as incremental and indirect compos-
ites. Repolishing followed by immersion improved
discoloration of TetricBF and Sinfony composites but
deteriorated discoloration of Z250 and SonicFill
composites. The effect of repolishing and further
immersion is material dependent. Immersion in
beverages produced progressive but variable pat-
terns of deteriorations in the top and bottom micro-
hardness of bulk-fill, incremental, and indirect resin
composites. Degradability in terms of discoloration,
deterioration in microhardness, and surface micro-
morphology is a complex multifactorial process
influenced by material composition and application
technique. Although color changes have a strong
correlation with microhardness changes on immer-
sion in beverages, repolishing followed by further
immersion weakens such a correlation. P90 is more
resistant to surface degradation than bulk-fill com-
posites.
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