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ABSTRACT

Objective: The aim of this study is to evaluate the effect of dentin
surface treatments with citric, tartaric, phosphoric, and boric acids on
the bonding strength of monolithic zirconia.

Materials and Methods: A hundred human molar teeth were randomly
divided into subsets (n=10) based on acid treatment modalities and
thermocycling procedure. Monolithic zirconia superstructures were
fabricated using CAD/CAM system in the final dimensions of 7 mm in
diameter and 3 mm in thickness. After application of acid treatments to
dentin surface, shear bond strength test was performed to assess the
effectiveness of surface modifications that were also examined using a
scanning electron microscope.

Results: The study groups were ranked respectively as (citric
acid>tartaric acid>phosphoric acid>boric acid>control) for the set of
groups without thermocycling and (citric acid>tartaric acid) and
(phosphoric acid>boric acid>control) for the set of thermocycling
groups (p<0.05) based on highest value. The bonding strength of
tartaric acid group was not significantly different from the bonding
strength of phosphoric acid group (p>0.05).

Conclusions: In both procedures with and without thermal cycling;
based on order of efficacy, citric, tartaric, phosphoric, and boric acids
were more effective in improving the shear bond strength between
monolithic zirconia and dentin surface. The thermal cycling procedure
decreased the bonding strength in all the groups.

Keywords: Boric acid, citric acid, phosphoric acids, zirconium oxide,
dentin, shear strength.
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Effect of Acid Treatments on Bonding of Monolithic Zirconia

INTRODUCTION

Zirconia is preferred by clinicians over recent years
in dentistry. As a result of the introduction of
computer-aided design and computer aided
manufacturing (CAD/CAM) technology to dental
laboratories and clinics, the use of zirconia material
for the production of prosthesis has rapidly
increased.! This material provides good success in
prosthetic rehabilitation because of its advantages
including  biocompatibility,  high  fracture
toughness, and esthetic properties.?® Thus, the use
of zirconia material has led to high mechanical
strength and good esthetic outcome for patients.
Veneering of zirconia frameworks is a
conventional method used by the dental
technicians.* With this technique, veneered
zirconia provides natural appearing because of its
white color but chipping or delamination of the
feldspathic porcelain layer over the zirconia
framework is the most common complication of
this restoration.® Therefore, full-contour zirconia
has been presented as an alternative to
conventionally veneered zirconia.

Monolithic zirconia enables to produce high
strength prosthesis with reasonable esthetic results,
time and cost as a new alternative dental prosthetic
treatment. In addition, due to the use of anatomic
contour  zirconia, major complication of
conventionally veneered zirconia has been
eliminated.® Monolithic zirconia restorations have
a higher fracture strength when compared to the
maximal occlusal forces (383.6 in women - 545.7
N in men) in the posterior location of the mouth.’®
For the long-term success of monolithic zirconia
restoration in posterior region of the mouth,
minimum occlusal thickness should be 0.7 mm for
implant-supported restorations and 0.5 mm for
tooth-supported restorations to endure the chewing
forces.2® This is an important advantage in the
clinical situations including limited interarch
distance, the need for preservation of tooth
structure, and inadequate clinical crown length.°

Sufficient bonding strength between zirconia
material and dentin surface is an important matter
for successful functioning of a ceramic
restoration.!! For the luting of zirconia restorations,
resin cements are preferred for their advantageous

mechanical and adhesive features compared to
conventional cements. Providing a strong bonding
with resin cement depends on chemical type of
bonding and micromechanical retention to the
material surface.’® In the literature, researchers
have aimed to improve retention of zirconia crowns
with the surface treatment of zirconia with
grinding, sandblasting, airborne-particle abrasion,
acid and laser etching, silanization, or a
combination of these methods.>*® On the other
hand, modification of dentin surfaces may improve
the bonding strength of zirconina ceramics.*® Data
about the efficacy of acid treatments in terms of
improving the bonding strength between dentin
surface and zirconia are limited.

Retention of monolithic zirconia to abutment
teeth should be adequate to withstand the
masticatory forces especially in the case of reduced
clinical crown length.r” However, there is still no
consensus on the improving bonding strength
between monolithic zirconia and dentin surface if
there is a reduced clinical crown length. The aim of
this study was to evaluate the effect of dentin
treatments with citric, tartaric, phosphoric and
boric acids on the bonding strength of monolithic
zirconia. The null hypothesis was that the shear
bond strength of the monolithic zirconia that was
bonded to dentin surface after surface
modifications with citric, tartaric, phosphoric and
boric acids would not be altered by acid etching
process.

MATERIAL AND METHODS

The study was approved by the Committee on
Human Research of (No: 2016-12/11). A hundred
human permanent mandibular molar teeth extracted
due to clinical reasons were used in this study. Teeth
were free of restoration, caries, and cracks. After
having been scraped of any residual tissue tags, they
were kept at +4°C in 0.9% saline solution during the
whole study. Occlusal enamel of each molar tooth
was separated into the crowns parallel to the
occlusal surface and middle-dentin surface was
exposed with a precision low-speed diamond saw
(Isomet 1000, Buehler, Lake Buff, IL, USA). The
part of the teeth including the roots was fixed with
autopolymerizing acrylic resin (Meliodent, Heraeus
Kulzer, Wehrheim, Germany) to form 2.5 cm high
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and 1.5 cm diameter cylinders. Roughness of dentin with a pilot study because of limited information in
surfaces was standardized with 600-800 and 1200 the literature. For each acid surface treatment
grit waterproof polishing papers. modality, 3 acid concentrations (5%, 10%, 15%)

were applied to dentin surface at 5 application times
(5, 10, 15, 20, 25 s). For every acid agent, 3 pilot
groups were selected according to stereomicroscope
evaluation of pore structures. In order to determine
the optimal concentration and application time,
shear bond strength test was performed using
universal test device (LF Plus, Lloyd Instruments,
Fareham, England) in selected 3 pilot groups. Thus,
for every acid surface treatment modality, the
optimal concentration and application time were
determined after statistical analysis of the data

In this study, we determined the optimal obtained from the pilot groups (Table 1).
concentration and application time of acid agents

Monolithic zirconia (Katana, Noritake Dental
Supply Co. Ltd., Aichi, Japan) superstructures
were fabricated using CAD/CAM system (DC40,
Yenadent, Ankara, Turkey) in the final dimensions
of 7 mm in diameter and 3 mm in thickness in
accordance with the 1SO 11405 standard. The
specimens were sintered to full density in a high-
temperature furnace (Protherm; B&D Dental
Origin  Milling, USA) according to the
manufacturer’s instructions.

Table 1. Concentration and application time of acid treatments.

Groups Concentration (%) Application Time (s)

Boric Acid 5 20

Phosphoric Acid 32 15

Tartaric Acid 15 15

Citric Acid 10 25

The examined teeth were divided into two Citric Acid: Dentin surfaces were roughened with

sets, one of which was subject to thermocycling 10% citric acid solution (Merck&Co., Inc., NJ,
(n=50). Each set was divided randomly into five USA) with burnishing movement using a sponge
subgroups according to acid treatment modality: no for 25 s. The specimens were rinsed for 20 s and
treatment (control), boric, phosphoric, tartaric, and dried with oil-free compressed air for 10 s.

citric acids (n=10). After surface modifications, a self-adhesive

Control Group: No treatment resin cement (Panavia SA, Kuraray, Osaka, Japan)
was used for the cementation of monolithic
zirconia crowns to dentin surfaces. Constant hand
pressure was applied by one operator to zirconia
specimens during the cementation. Excess resin
cement was initially removed from the periphery of
the zirconia specimen with an explorer and light
cured with a LED curing unit (Smartlite, Dentsply,

Boric Acid Group: A 5% boric acid solution
(Multicell; Wisent, Inc., Quebec, Canada) was
prepared and applied to dentin surfaces with
burnishing movement using a sponge for 20 s. The
specimens were rinsed for 20 s and dried with oil-
free compressed air for 10 s.

Phosphoric Acid: Commercially available 32% York, USA) for totally 100 s from 5 different
phosphoric acid gel (Scotchbond  Universal directions. Before the application of shear bond
Etchant; 3M ESPE Dental Products, MN, USA) strength test, half of the specimens were stored in
was applied to dentin surface for 15 s. The the aqueous incubation (Nuve BM 302; Nuve San.,
specimens were rinsed for 20 s and dried with oil- Ankara, Turkey) at 37°C for 24 hours and the other
free compressed air for 10 s. half was thermocycled (GM, Gokceler Mechanical,
Tartaric Acid: A 15% tartaric acid solution Sivas, Turkey) for 3000 cycles in 5°C and 55°C
(Merck&Co., Inc., NJ, USA) was applied to dentin water baths with a dwell time for 30 s.

surface with burnishing movement using a sponge The specimens were placed in a universal
for 15 s. The specimens were rinsed for 20 s and testing machine (Lloyd LF Plus, Ametek Inc, Lloyd
dried with oil-free compressed air for 10 s. Instruments, Leicester, UK) without drying
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immediately after the specimens were removed from
the distilled water and the shear bond strength was
performed at a crosshead speed of 1 mm/min until
failure. The shear force was recorded in Newtons
(N) and calculated in MPa by considering the cross-
sectional area of the monolithic zirconia. The mean
and standard deviation were calculated for different
groups. The specimens were evaluated using a
scanning electron microscope (SEM) (Tescan Mira
3, Brno, Czech Republic) at x5000 magnification
after shear bond test to examine how the zirconia
specimen detached and how acid treatments
produced irregularity on the dentin surface.

Statistical Analysis

The data of shear bond strength were analyzed with
two-way ANOVA followed by the Tukey test for
pairwise comparisons. Data are presented as the mean
plus or minus standard deviation (SD). Differences
were considered significant at level of 0.05.

RESULTS

Table 1 shows the optimal concentration and
application time for every acid surface treatment
modality which determined after statistical analysis
of the data obtained from the pilot groups.

Figure 1 shows the values of shear bond
strength between monolithic zirconia and dentin
surface treated with boric, phosphoric, tartaric, and
citric acids.
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Figure 1. Figure 1. Values of shear bond strength between monolithic
zirconia and dentin surface treated with boric, phosphoric, tartaric and
citric acids. Data were expressed as mean (midline) and SD
(whiskers). aP<0.05, citric acid with thermocycling vs. citric acid
without thermocycling. bP<0.05, boric acid with thermocycling vs.
boric acid without thermocycling. cP<0.05, phosphoric acid with
thermocycling vs. phosphoric acid without thermocycling. dP<0.05,
boric acid with thermocycling vs. boric acid without thermocycling.
eP<0.05, control group with thermocycling vs. control group without
thermocycling. fP<0.05, citric acid vs. other groups with
thermocycling. gP<0.05, tartaric acid vs. boric and control groups with
thermocycling. hP<0.05, phosphoric acid vs. boric and control groups
with thermocycling. iP<0.05, boric acid vs. control group with
thermocycling. jP<0.05, citric acid vs. other groups without
thermocycling. kP<0.05, tartaric acid vs. phosphoric, boric, and
control groups without thermocycling. 1P<0.05, phosphoric acid vs.

boric and control groups without thermocycling. mP<0.05, boric acid
vs. control group without thermocycling.

ANOVA and t tests revealed that the bonding
strengths of the specimens were significantly
different. First, the effect of thermal cycling
procedure was compared in all the groups. In all the
groups, application of thermocycling procedure
provided a significant decrease in the bonding
strength between monolithic zirconia and dentin
surface (p<0.05). In the set of thermocycling group,
the bonding strength was significantly higher in the
citric acid than the other groups (p<0.05). The
bonding strength of tartaric acid was significantly
higher compared to the boric and control groups
(p<0.05). The phosphoric acid had significantly
higher bond strength compared to boric and control
groups (p<0.05). The bonding strength of boric
acid was significantly higher than that of control
group (p<0.05). Although the bonding strength of
tartaric acid was higher than the bonding strength
of the phosphoric acid, this difference was not
statistically significant (p>0.05).

In the set of the groups without thermocycling,
it was significantly higher in the citric acid than the
other groups (p<0.05). The tartaric acid had
significantly higher bonding strength compared to
phosphoric, boric and control groups (p<0.05). The
bonding strength of phosphoric acid was
significantly higher in the boric and control groups
(p<0.05). The boric acid provided a significant
increase in the bonding strength compared to
control group (p<0.05) (Table 2).
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Table 2. Shear bond strength values (MPa) for all samples

Groups No Thermal Cycling Thermal Cycling
Mean Standard deviation Mean Standard deviation
Control 2.9078 0.109 2.5942 0.097
Boric Acid 4.407° 0.204 3.953b 0.140
Phosphoric Acid 4.838° 0.221 4.465° 0.154
Tartaric Acid 5.7244 0.238 4.637° 0.165
Citric Acid 6.062¢ 0.255 5.613¢ 0.227
*Different lower case letter represents statistical significant among groups, verified by one-way ANOVA and Tukey’s test (p<0.05).
Figures 2 showed the surface morphology of The SEM images showed that the pore structures

representative dentin after different treatments
observed by a SEM.

with regular and deep edges were observed in the
citric acid group (%10 for 25 s). In tartaric acid
group (15% for 15 s), the pore diameters were
smaller than the pores caused by citric acid. It is
observed that the pore structures in the phosphoric
acid group (32% for 15 s) had irregular edges than
the citric acid and they formed with less frequent
intervals. In boric acid group (%5 for 20 s), it was
observed that the pore diameters were highly
smaller, shallow and irregularly distributed than
the other acids. In all the groups, it was seen that
cements filled in the pore cavities after the SBS
test.

DISCUSSION

The results support the rejection of the null
hypothesis because all acid treatments significantly
increased the bonding strength between monolithic
zirconia and dentin surface. This study revealed
that (1) thermal cycling procedure decreased the
bonding strength in all the groups; (2) application
of acid treatments to dentin surface increased
bonding strength values; (3) in both procedures
with and without thermal cycling; based on order
of efficacy, citric, tartaric, phosphoric, and boric
acids were more effective in improving the shear
bond strength between monolithic zirconia and
dentin surface; (4) the most favorable results in
bonding strength measurements were obtained
with citric acid solution; (5) boric acid provided
less success among the acid agents.

Citric acid has been used for many years in
root surface treatment applications in
periodontology field and in the disinfections of root
canals applications in endodontics field.'8° Citric
acid is a convenient agent for surface treatments
Figure 2. Scannig electron microscope images of dentin surfaces due to its erosive characterzo; hOWGVEI‘, the number
treated by boric, phosphoric, tartaric, and citric acids. of surface treatment studies in prosthodontics field
is limited in the literature. Ravikumar et al.
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evaluated the bonding strength of AH Plus Sealer
to root dentin surface treated with EDTA, maleic
acid, citric acid and MTAD agent, it was
determined that the post-irrigation bonding
strength values were not significantly different
between citric acid and EDTA groups.?* Akisue et
al-, compared the shear bond strength of four resin-
based sealers to dentin treated with citric acid
solution or Er:YAG irradiation. They concluded
that RealSeal and 15% citric acid solution achieved
the best results regarding the sealer and
pretreatment used.?? Kameyama et al., evaluated
the effect of aqueous solutions of 10% citric acid
(10-0) or 10% citric acid/3% ferric chloride (10-3)
on resin bonding to dentin following irradiation
with an Er:YAG laser. They examined that ferric
chloride included in an aqueous solution of 10%
citric acid (10-3) was effective in acid treatment for
bonding 4-META/MMA-TBB resin and dentine.
They concluded that ferric chloride in citric acid
prevented the denaturing of collagen and prevented
the collapse of demineralized collagen network. It
is also known that collapse of demineralized
collagen was similar between 10-3 and 10-0.%
Demiryurek et al., evaluated the effects of different
surface treatments on the bond strength of a fiber
post to dentin. They calculated that irrigation with
10% citric acid increased the push-out bonding
strength values 4 times than the control group.? In
the present study, 10% citric acid treatment for 25
s on the dentin surface achieved the highest
bonding strength value. This situation can be
explained by the formation of regular and smooth
pore structures on the dentin surface by the citric
acid treatment and the attachment of the resin
cement on the pore structure.

Tartaric acid is incorporated into glass
ionomer cements in order to control the setting
characteristics and provide easy mixing.® The
tartaric acid mainly occurs mainly in wine and
grapes and this acid is deemed to be extremely
erosive to dental hard tissues.® Fu et al.,
investigated the interfacial interaction of tartaric
acid with hydroxyapatite and enamel. The authors
concluded that the enamel etched with tartaric acid
mainly revealed decalcification of the periphery of
the enamel rods. Etching of enamel tissue for 30 s

may be appropriate for resin-to-enamel bonding via
micro-retentive interlocking. Therefore, tartaric
acid might be used as an etchant and functional
ingredient in self-etching primers.?” In the present
study, the application of 15% tartaric acid agent on
the dentin surface for 15 s increased the bonding
strength values than the bonding strength values of
the control group.

Application of phosphoric acid to dentin
surface provides further exposure of dentin tubules
and this is beneficial for the penetration of
monomer of resin cement.?® Juloski et al., assessed
the effect of preliminary phosphoric acid-etching
on shear bond strength (SBS) to enamel and dentin
of a self-adhering restorative composite and of a
new self-etch adhesive used in combination with
the proprietary flowable composite. The authors
concluded that phosphoric acid treatment of the
substrate before applying Vertise Flow or
OptiBond XTR did not significantly change their
adhesion potential to enamel and dentin. In their
study, SEM observations showed that phosphoric
acid pretreatment did not change the etching
pattern of self-etching adhesives but just increased
the depth of etching.?® Poggio et al., compared the
bond strength of different universal adhesives
under three testing conditions; when no
pretreatment was applied, after 37% phosphoric
acid etching and after glycine application. They
suggested that acceptable bond strength values
could be obtained with no dentin pretreatment
regardless the adhesive system used in reduced
sensitivity technique conditions. They also
suggested that acid pretreatment should be
localized only to enamel.*®

Alaghehmand et al., determined the micro-
shear bond strength of composite resin on
superficial and deep dentin after conditioning with
phosphoric acid and Erbium-Doped Yttrium
Aluminum Garnet (Er:YAG) laser. They suggested
that laser treatment of dentin surfaces negatively
affected the bond strength compared to acid
etching. The authors noted that this controversy
might be partly due to the heterogeneity of methods
for dentin conditioning via laser.®! Davari et al.,
investigated the shear bond strength of an etch-and-
rinse adhesive system to dentin surfaces following
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Er:YAG laser and/or phosphoric acid etching.
They concluded that phosphoric acid etching was
still an effective dentin pretreatment technique for
composite resin restorations® In the present study,
application of 32% phosphoric acid for 15 s to
dentin surface improved the bonding strength of
monolithic zirconia specimens but citric and
tartaric acids provided more favorable results. This
situation may be associated with the fact that citric
and tartaric acids more effectively regulated dentin
tubules by protecting the hybrid layer on the dentin
surface.

Boric acid (BA) is a weak, inorganic acid used
in clinical and industrial applications.®® In dental
field, boric acid is used as cavity disinfectant agent
because of bacteriostatic and fungistatic
properties.® In the literature, the use of boric acid
in “surface treatment” studies is limited. Ercan et
al. evaluated the effect of ozone, chlorhexidine and
boric acid on shear bond strength between tooth
dentin and composite buildups. They suggested
that chlorhexidine and boric acid significantly
decreased the strength of the bond, and there was
significant difference between the shear bond
values.® Although application of 5% boric acid for
25 s was increased the bonding strength compared
to no treatment group in our study, other acids were
more successful in terms of enhancing bonding
quaility between zirconia and dentin surfaces. This
may be due to less-invasive characteristic of boric
acid. This characteristic was also observed in SEM
observations which pore diameters were smaller
and shallow.

Thermal  cycling  procedure  allows
understanding the effect of thermal stresses on
bonded interfaces of restorative materials. With
this procedure, in vivo process can be simulated in
laboratory conditions.® In present study, thermal
cycling procedure was negatively effect to the
bonding strength of monolithic zirconia specimens
cemented to the dentin surface. Mechanical
stresses originated from thermal changes may be
affect bonding quality in bonding interfaces.

The authors of the present study are aware that
the data of the current trial have to be interpreted
within its limitations. For modification of the
dentin surface, we used phosphoric acid in gel

form. It is known that application of solution form
of the agent is more effective than gel form.®
Nevertheless, the data of the present study should
be supported by clinical studies as decreasing in
debonding rate of monolithic zirconia crowns can
be adequately experienced in oral environment.
Further studies maybe helpful to determine the
effect of their different concentrations to optimize
the potential merit of citric acid for use before the
cementation.

In conclusion, the surface treatment by the
means of applied acid treatments produces positive
changes in the surface morphology of dentin
surfaces. The main idea of the present study was to
include different acid surface treatments including
citric, tartaric, phosphoric and boric acids, and
investigation if the bond strength between
monolithic zircoina and dentin surface would be
affected by different specifications of these acid
agents. Current experiments supported that
application of citric, tartaric, phosphoric, and boric
acids on the dentin surface can increase the shear
bond strength between monolithic zirconia and
dentin surface. In addition, to the best of the
authors’ knowledge, there has been no study
examining the effect of these acid treatments on the
bonding of monolithic zirconia crowns in the same
laboratory settings, and the current experiments
provided in vitro data about the preferring the
appropriate acid treatment for cementation of these
crowns.

CONCLUSIONS
Based on the limitations of present study, the
following conclusions may be drawn:

1. Application of acid treatments is effective to
increase bonding strength between monolithic
zirconia and dentin surface.

2. The thermal cycling procedure decreased the
bonding strength in all the groups.

3. In both procedures with and without thermal
cycling; based on order of efficacy, citric, tartaric,
phosphoric, and boric acids were more effective in
improving the shear bond strength between
monolithic zirconia and dentin surface.
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4. Treatment with 10% citric acid of dentin surface
for 25 s is suggested cementation process of
monolithic zirconia restorations.
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Monolitik Zirkonya Materyalinin Dentine Baglanma
Dayanimi Uzerine Farkh Tiir Asit Yiizey
Uygulamalarimin Etkilerinin Arastiridlmast

0z

Amacg: Bu ¢alismanmin amaci, dentin yiizeyine uygulanan
sitrik, tartarik, fosforik ve borik asit uygulamasinin,
monolitik zirkonyamn baglanma dayanimina etkisini
arastirmaktir. Gere¢ ve Yontemler: Bu calismada, 100
adet insan disi rastgele segcim yontemiyle asit uygulama
prosediirleri ve termal yorgunluk islemlerine gore alt
gruplara  ayrildi - (n=10).  Monolitik  zirkonya
restorasyonlar, CAD/CAM sistemi kullanilarak 3 mm
kalinliginda ve 7 mm ¢apinda tiretildi. Dentin ytizeylerine
asit uygulamast isleminin ardindan, uygulanan asitlerin
etkinligini degerlendirmek iizere makaslama baglanti
dayanim testi uygulandi. Yiizey modifikasyonlari taramali
elektron mikroskobu yardmmiyla incelendi. Bulgular:
Calisma gruplar, termal yorgunluk uygulanmayan
gruplar igin (sitrik asit> tartarik asit> fosforik asit>
borik asit> kontrol) ve termal yorgunluk uygulanan
gruplar igin (sitrik asit> tartarik asit) ve (fosforik asit>
borik asit> kontrol) en yiiksek baglanma degerine gore
swralandr  (p<0,05). Termal yorgunluk uygulanan
gruplarda; tartarik asit grubu ile fosforik asit grubu
arasinda baglanti dayamim degerlerinde istatistiksel
olarak anlamlilik saptanamadi (p>0,05). Sonu¢: Termal
yorgunluk iceren ve icermeyen her iki prosediirde;
etkinlik sirasina gore sitrik, tartarik, fosforik ve borik asit
uygulamasi, monolitik zirkonya ile dentin arasindaki
baglanti dayamnun arttirmada daha basarili olmustur.
Termal yorgunluk uygulamast tiim gruplarda baglanma

dayanmnun azaltmigtir.
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ABSTRACT

Objectives: The aim of this study is to evaluate and compare the bond
strength and micro-leakage of three different universal adhesive
systems applied in self-etch mode to dentin.

Materials and Methods: To evaluate bond strength, the mid-coronal
dentin surfaces of forty-five human molar teeth were exposed and
randomly assigned into three groups according to the following
adhesive application: Single Bond Universal (3M ESPE), Optibond
XTR (Kerr), and Tokuyama Universal (Tokuyama Dental) (n=15). The
shear bond strength test was performed after composite build-up. Then,
the fractured surfaces were evaluated using a scanning electron
microscope (SEM). To evaluate micro-leakage, facial class V cavities
were prepared to forty-five human premolars and randomly assigned
into identical three experimental groups described above (n=15). After
composite resin restoration of cavities, the specimens were thermo-
cycled for 500 cycles and then immersed in basic fuchsine, sectioned,
and examined under a stereo-microscope. Data were evaluated using
one-way ANOVA, Tukey’s, Chi-square and Mann Whitney U tests.

Results: Among the adhesives, the highest bond strength was achieved
in Optibond XTR, while Tokuyama Universal showed the lowest bond
strength values (p<0.05). In micro-leakage results, no significant
difference was reported in occlusal margins among groups. In gingival
margins, Optibond XTR showed less leakage compared to Tokuyama
and Single Bond Universal (p<0.05).

Conclusions: The study findings indicated that two-step universal
adhesive system is more successful than one-step universal adhesive
systems in bonding to dentin. Considering that bonding plays a major
role in the longevity of the restoration, it can be said that the use of two-
step universal adhesive systems in dentin can give more successful
results.

Keywords: Adhesive systems, dentin bond strength, micro-leakage.

Original research

DENTIN BOND STRENGTH AND MICROLEAKAGE COMPARISON OF
THREE DIFFERENT UNIVERSAL ADHESIVES

@ *Seda Ozkanoglu!
© Emine Giilsah Goktolga Akin?

ORCID IDs of the authors:
S.0. 0000-0001-7451-5013
E.G.G.A. 0000-0001-9183-4032

! Department of Restorative Dentistry, Faculty
of Dentistry, Erzincan Binali Yildirim
University, Erzincan, Turkey.

2Department of Restorative Dentistry, Faculty
of Dentistry, Sakarya University, Sakarya,
Turkey.

: 02.06.2020
1 27.11.2020

Received
Accepted

How to Cite: Goktolga Akin EG, Ozkanoglu S. Dentin Bond Strength and Microleakage Comparison of Three Different Universal Adhesives. Cumhuriyet Dent J 2021;24:1:

10-20.
*Corresponding Author:

Department of Restorative Dentistry, Faculty of Dentistry, Erzincan Binali Yildirim University, Erzincan, Turkey

Phone: +90 531 577 21 97 E-mail: sedaozkanoglul@gmail.com

10


mailto:sedaozkanoglu1@gmail.com
https://orcid.org/0000-0001-7451-5013
https://orcid.org/0000-0001-9183-4032

Comparison of Different Universal Adhesive Systems

INTRODUCTION

Owing to the growing patient demand for esthetic
restorations and the application of more
conservative cavity preparations, direct composite
resin materials have become widespread in recent
years. There is a direct relation between the success
of composite restorations and the effectiveness of
the adhesive system used.’

Nowadays, adhesive systems are categorized
according to their different characteristics. In etch-
and-rinse systems, which are among the subgroups
of classification according application mode, 30-
40% concentration of orthophosphoric acid is
applied as a separate step. In this way, collagen is
exposed by removing the smear layer completely.
The applied resin then flows into the tubules of
dentin and polymerizes by entering between the
collagen fibers to provide a basis for the hybrid
layer. Inthe clinical environment, it is better to use
etch-and-rinse systems with “wet bonding”
technique.? However, it is not practically possible
to leave the dentin moist while drying the enamel
and then to determine whether the dentin is
sufficiently moist. The problem of dentin
moistness, which reduces the spread of adhesive
resin between collagen fibrils, has been eliminated
with  self-etch adhesive systems. Self-etch
adhesives are systems that etching and primer
application steps are applied simultaneously to
enamel and dentin, and do not need a separate
etching and rinsing step. However, the acids in
self-etching adhesive are not as strong as
phosphoric acid. Therefore, they constitute weak
enamel bonding and long-term restorations show
gaps in the enamel edges.® To solve this problem,
roughening the enamel edges of the cavity with
ortho phosphoric acid before applying self-etch
adhesives is recommended.* In clinical use, etching
the edges of the enamel without overflowing into
the dentin is difficult.

Recently, studies aimed to eliminate the
disadvantages of multi-step bonding procedures

11

and to ease clinical use have resulted in products
called “universal” or “multi-mode”.®> This system
provides clinician with many options during use.
Thanks to these adhesive systems, the clinician can
use etch-and-rinse, self-etch and selective-etch
techniques together. This enables the clinician to
choose the desired system using an adhesive agent
in different situations.

This in vitro study aimed to compare the bond
strengths and micro-leakage values of three
different universal adhesive systems applied in the
self-etch mode to dentin. The null hypothesis was
that there are no differences between the universal
adhesive systems in terms of bond strength and
micro-leakage.

MATERIALS AND METHODS

The study was approved by the Non-Interventional
Clinical Research Ethics Committee of Sivas
Cumhuriyet University under approval number
2018-01/30.

A total of extracted 90 permanent human
molar (45) and premolar (45) teeth were used in the
study. The extracted teeth were stored in the 2.5%
sodium hypochlorite (NaOCI) solution and then in
distilled water at room temperature.

Shear Bond Strength (SBS) Test Procedure

For the SBS tests, 45 molars were buried in a
silicon mold using self-curing acrylic (IMICRYL
Dental, Konya, Turkey). The occlusal thirds of
molars were separated with using a water-cooled
diamond saw (IsoMet 1000, Buehler, USA). The
exposed dentin surfaces were ground with 600 grid
silicon carbide abrasive papers and prepared
samples were divided randomly into three groups
(n=15); Single Bond Universal (3M ESPE, St.
Paul, MN, USA), Optibond XTR (Kerr, Orange,
CA, USA) and Tokuyama Universal (Tokuyama
Dental, Japan). AIll information about tested
adhesive systems are presented in Table 1.
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Table 1. Chemical compositions and application procedures of the tested adhesives.

Adhesive/Manufecturer pH

Composition

Application procedure

Single Bond Universal

(3M ESPE, USA)

Optibond XTR
(Kerr, USA)

10-MDP phosphate monomer,
Vitrebond copolymer, HEMA,

2.7 BISGMA, dimethacrylate resins
filler, silane, initiators, ethanol,
water

Primer: GPDM, HEMA,

Dimethacrylate, CQ, water, ethanol,

acetone.
2.4  Adhesive: Bis-GMA, HEMA,

trifunctional monomer, ethanol, CQ,

barium glass filler, fluoride-
containing filler, nano-filler.

1. Apply adhesive to tooth surface by
scrubbing action for 20 s.

2. Dry the adhesive for 5s.

3. Light cure for 10 s.

1. Apply the self-etch primer using a
micro brush with a scrubbing motion
for 20 s.

2. Air thinning for 5 s.

3. Shake the adhesive briefly.

4. Apply the adhesive using a light
brushing motion for 15 s and air thin
for5s.

5. Light cure for 10 s.

Primer A: Acetone, 3D-SR

monomer, MTU-6, Bis-GMA,
TEGDMA, HEMA
Primer B: Acetone, isopropyl
alcohol, water, borate catalyst,

Tokuyama Universal

(Tokuyama Dental, Japan) 2.2

1. Mix by dropping one drop of
bottles A and B. Scrub to surface
with agitation for 20 s.

2. Air thinning for 5's.

peroxide, silane bonding agent

MDP: 10-methacryloyloxy-decyl-dihydrogen-phosphate; HEMA:-hydroxyethyl methacrylate; BIS-GMA: bisphenol-A-diglycidyl methacrylate;

GPDM: glycero-phosphate dimethacrylate; CQ:

camphorquinone;

3D-SR:

three dimensional surface-reinforcing monomer; MTU-6: 6-

methacryloyloxyhexyl 2-thiouracil-5-carboxylate; TEGDMA: triethyleneglycol dimethacrylate.

All of adhesive agents applied in accordance with
the manufacturer’s -instructions and polymerized
with a LED-curing light (Valo Cordless, Ultradent,
South  Jordan, USA) for 10 s. A
cylindrical plastic tube (4x3 mm) was placed on
exposed dentin surface where the adhesive had
been applied. Composite resin (Estelite Sigma
Quick, Tokuyama, Japan) was built-up and
polymerized for 40 s. Then, SBS test was
performed using a universal testing machine at
0.5mm/min (LLOYD Instruments, Ametek Inc.
England). Obtaind fractured specimens were
examined on a stereo-microscope (Nikon SMZ800,
Tokyo, Japan) under 25x magnification. The
failure modes (cohesive, adhesive, and mixed)
were identified for each specimen. After
examination of all samples with the stereo-
microscope, fractured surfaces were evaluated in
detail on SEM analysis (TESCAN MIRAS3, Brno,
Czech Republic).

Micro-leakage Test Procedure

Class V cavity preparations (4x3x2 mm) without
bevels were prepared on the facial surfaces of the
45 premolars with diamond burs underwater
cooling. The gingival margin was 1 mm below the
cemento-enamel junction. The teeth were then
randomly divided into the specified groups as in the
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bond strength test procedure (n=15). After the
bonding agents were applied according to the
manufacturer’s instructionspolymerized with the
same dental light device for 10 s. All cavities were
restored with composite resin. The restorations
were then finished and polished (Astropol, lvoclar
Vivadent, USA) under water cooling. After the
specimens stored in distilled water for 24 h,
thermocycling procedure were applied. This
procedure was done with 500 times between 5-55
°C and 30 s of dwell time. The entire surface of
specimens of which root apex were closed using
sticky wax was applied two layers of nail varnish
starting at a distance of 1 mm from the margins.
The samples were kept in 0.5% basic fuchsine at
room temperature. Samples removed from solution
after 24 hours were rinsed under water. Occlusal
(enamel) and gingival (cementum) margins of
samples that are divided into two parts as mesio-
distally using a low-speed diamond disc were
evaluated with a stereo-microscope at 40x
magnification. The dye infiltration was observed
according to the following classification. ®

0: No infiltration;
1: Dye infiltration at 1/3 of cavity walls;
2: Dye infiltration at 2/3 of cavity walls;
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3: Dye infiltration entire or more than 2/3 of the
cavity walls;

4: Infiltration involving axial wall.

Statistical Analysis

Data analysis was carried out using SPSS version
22.0 (SPSS Inc., Chicago, IL, USA). One-way
ANOVA complemented by post hoc Tukey Test
were used for inter-group comparison. The data

obtained by counting were assessed by using Chi-
square and Mann-Whitney U tests. The value of
0.05 was accepted as statistical significance.

RESULTS

Shear Bond Strength

Values obtained from shear bond strength test and
distribution of the fracture modes are given in
Table 2 and Table 3, respectively.

Table 2. The maximum, minimum, mean shear bond strength values (Mpa) and standard deviation (SD) of the tested

adhesive systems.

Adhesive system N Minimum Maximum Mean + SD
(Mpa) (Mpa) (Mpa)
Single Bond Universal 15 9.23 16.97 1266+ 252
Optibond XTR 15 13.53 21.67 18.57+23"
Tokuyama Universal 15 4.01 8.33 55+1.3¢
abe: \alues with the different superscript letters are significantly different. (p<0.05).
Table 3. Distribution of the fracture modes after shear bond strength (SBS) testing.
Fracture mode
Adhesive system Adhesive Dentin cohesive Compqsne Mixed
cohesive
Single Bond Universal 3 5 2 5
Optibond XTR - - 2 13
Tokuyama Universal 14 - 1 -

When the groups are analyzed with one-way
variance analysis, the differences were statistically
significant (p=0.001). As a result of multiple
comparisons between adhesive systems, it was
observed that Optibond XTR showed significantly
the highest bond strength (p=0.001), while
Tokuyama Universal showed significantly the
lowest (p=0.001. In the fracture surface analysis,
Single Bond Universal showed more cohesive
fractures, Optibond XTR had more mixed
fractures, and Tokuyama Universal had more
adhesive fractures (Table 3).

SEM photographs of the fracture surfaces of
the groups are presented in Figure 1.
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Figure 1. Mixed failure SEM micrograph of Single Bond Universal
(A) at 500x (a) magnification.
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a

Figure 2. Mixed failure SEM micrograph of Single Bond Universal Figure 5. Adhesive failure SEM micrograph of Tokuyama Universal
(A) at 2000x (b) magnification. (C) at 500x (a) magnification.

Figure 3. Cohesive failure SEM micrograph of Optibond XTR (B) at Figure 6. Adhesive failure SEM micrograph of Tokuyama Universal
500x (a) magnification. (C) at 2000x (b) magnification.

When the fracture surface of the Single Bond
Universal was examined under the SEM, the
composite cohesive region, the dentin cohesive
region (where the tubules can be clearly seen) and
the adhesive layer were observed. In the fractured
specimens of Optibond XTR, the composite
cohesive region and the dentin surface where the
tubules were not clearly visible were observed.
Sealed dentin surfaces with detectable adhesive
agent and composite residues were visible. When
the fracture surface of Tokuyama Universal was
examined with the SEM, dentin tubules and
adhesive residues appeared to be indistinct.

Microleakage
The occlusal and gingival microleakage scores of the
universal adhesive systems are shown in Table 4.

Figure 4. Cohesive failure SEM micrograph of Optibond XTR (B)
at 2000x (b) magnification.

14



Comparison of Different Universal Adhesive Systems

Table 4. Occlusal and gingival microleakage scores.

Adhesive system

Microleakage scores

0 1 2 3 4

Single Bond occlusal 10 3 0 0

Universal gingival 7 4 . . .

. occlusal 14 0 1 0 0
Optibond XTR

gingival 10 4 0 0 1

Tokuyama occlusal 8 4 1 ) 0

Universal gingival 4 ) . ) .

When comparison was made between the mean
microleakage scores of different materials at the
occlusal margins, Optibond XTR exhibited the
least microleakage and Tokuyama Universal
showed the most. However, there were no
statistically significant differences in microleakage
of the occlusal margins between the groups
(p>0.05). When comparison was made between
mean microleakage scores of different materials,
Optibond XTR exhibited the least microleakage
and Tokuyama Universal exhibited the most
microleakage at the gingival margins. Intragroup
comparisons revealed that there was a statistically

significant difference in microleakage between
Optibond XTR and Tokuyama Universal adhesive
systems (p=0.006). In the evaluation made
separately for the occlusal and gingival
microleakage, while there was no statistically
significant difference between the samples of
Single Bond Universal and Optibond XTR groups
for both regions (p>0.05), Tokuyama Universal
showed more microleakage in the gingival than
occlusal. (p=0.02) (p<0.05). Also, all adhesives
showed more leakage in the gingival than occlusal
margins (Table 5).

Table 5. Statistical values of microleakage levels in occlusal and gingival margins.

Adhesive system N Mean + SD _ Median .
(minimum-maximum)
Single Bond Universal 15 4667 +0.74 2 0.00(0.00-2.00)
Occlusal Optibond XTR 15 .1333+£0.51°2 0.00(0.00-2.00)
Tokuyama Universal 15 .8000+1.08 2 0.00(0.00-3.00)
Single Bond Universal 15 11333+ 145 %® 1.00(0.00-4.00)
Gingival Optibond XTR 15 5333+ 1.06° 0.00(0.00-4.00)
Tokuyama Universal 15 2.2667+1.75° 3.00(0.00-4.00)

ab: Values with the different superscript letters are significantly different. (p<0.05).

DISCUSSION

Although the production of adhesion systems
recently introduced as “universal” adhesives are an
exciting step for the development of adhesive
dentistry, it remains unclear whether they are
suitable for all adhesive procedures. In this study,
Optibond XTR showed the highest bonding
strength and lowest microleakage values while
Tokuyama Universal showed the lowest bonding
strength and highest microleakage values.
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Therefore, the null hypothesis of the study was
rejected.

Optibond XTR is a two-step universal
adhesive system developed to increase the
acidification capacity of the primer. This system
has a moderate self-etching primer (pH = 1.6). The
primer contains glycerol phosphate dimethacrylate
(GPDM) as the monomer and water, ethanol and
acetone as the solvent. Shortly after the primer of
the adhesive system is applied, the acetone
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evaporates and the concentration of water and
GPDM increases. Due to the increase in GPDM
and water concentration, the pH of the primer
initially decreases from 2.4 to 1.6.7® Increased
acidity of the primer increases the depth of
demineralization in dentin. It has been reported that
increasing the depth of demineralization in dentin
provides better bonding.®*! The high bond strength
of Optibond XTR can be attributed to strong
demineralization and micromechanical locking due
to its strong acidity. Also, the fact that GPDM in
the Optibond XTR has two polymerizable groups
forms a stronger polymerization network and may
tend to react more strongly with adhesives and
other monomers in the restorative material. This
may explain the high bonding performance. Juloski
et al.’? examined the bond strength of different
adhesive systems used etch-and-rinse and self-etch
modes on enamel and dentin. They concluded that
Optibond XTR used in self-etch mode gave similar
results to etch-and-rinse adhesive systems.
Meharry et al.*® compared the shear bond strength
of nine different adhesive systems. They reported
that Optibond XTR gave high bonding values.

Single Bond Universal is a one-step universal
adhesive system with monomer containing
methacryloyloxyethyl  dihydrogen  phosphate
(MDP). MDP is a monomer that can acidify enamel
and dentin and chemically bond with calcium (Ca)
in hydroxyapatite (HAp). This ionic bond of MDP
with HAp is highly resistant to hydrolytic
degradation. Therefore, chemical bonding between
MDP and HAp have critical importance in
maintaining the stability of the adhesive layer.'4®
In addition, more than 50% of the polyalkenoic
acid copolymer contained in Single Bond
Universal except MDP can be bond with HAp.
Munoz et al.!” showed that Single Bond Universal
had a lower conversion degree than other groups in
their studies comparing the bonding efficiency of
eight adhesive systems to dentin. They reported
that this is because Vitrebond's high molecular
weight prevents monomer convergence during
polymerization. They also reported that Vitrebond
reduced the bonding strength of the MDP
monomer, resulting in low bonding strength.
Takamizawa et al.’® compared the effectiveness of
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various smear layers in dental hard tissues on the
fatigue strength and shear bond strength of four
different bonding systems. They found that two-
step adhesive systems are more successful than
one-step adhesive systems regardless of the smear
layers and reported that Single Bond Universal has
lower bond strength than Optibond XTR. Michaud
et al.’® examined the bond strength in various
etching proctocols of three different adhesive
systems. They concluded that when applied in self-
etch, Single Bond Universal gave lower bonding
values than Optibond XTR in dentin.

In study, Single Bond Universal showed lower
bond performance values compared to Optibond
XTR. The cause for this, it may be shown that the
adhesive system has polyalkenoic acid copolymer
in addition to its ultra-mild acidity. It has been
explained that the high molecular weight
polyalkenoic acid copolymer competes with the
MDP monomer to bond with HAp and prevents
monomer convergence. '8 20

Yoshihara et al.?2 examined the molecular
interaction of two different solutions containing
GPDM and MDP with the dentin surface using
transmission electron microscopy (TEM). They
reported that the monomer interaction difference
with HAp was clearly visible at the dentin
interface. According to the study results, initially,
chemical bonding occurs between the Ca of the
HAp and the acids (Stage 1). The first bonding
stage is accompanied by the dissolution of
phosphate and hydroxide ions from HAp to reach
electron neutrality. Whether the monomer will
remain bonded (stage 2, adhesion route) or de-
bonded along with an abundant decalcification
(stage 2, decalcification route) is affected by the
stability of the monomer-Ca formation. GPDM-Ca
salt is less stable than MDP-Ca salt. GPDM
basically follows the decalcification route, while
MDP-Ca follows the adhesion route.?* Thus, it was
observed that a submicron HAp-rich hybrid layer
without obvious collagen exposure formed in the
MDP-based adhesive system while GPDM-based
adhesive system is formed a thicker and HAp-poor
hybrid layer with visible collagen exposure.?

The current consensus regarding the studies is
that chemical interactions provide more benefits
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from abrasion in bonding to dentin.*#24 The
different bonding performances shown by Single
Bond Universal and Optibond XTR can be
explained by the chemical composition of the
monomers. Although Optibond XTR with GPDM
monomer follows the decalcification route, its high
bonding values can be attributed to the fact that it
has two methacrylate groups and forms a stronger
polymer network than the MDP monomer.

The Tokuyama Universal adhesive system
demonstrated the lowest bond strength values
between all universal adhesive systems. Tokuyama
Universal is a chemically polymerized two-
component, one-step universal adhesive system.
Regarding this newly developed universal adhesive
system, Katsumata et al?® examined the
microtensile bond strength of different universal
adhesive systems using various restorative
materials and concluded that Single Bond
Universal showed higher values than Tokuyama
Universal, although there was no statistical
difference in microtensile bonding values.
Similarly, Single Bond Universal showed higher
bonding values than Tokuyama Universal in this
study. Although Tokuyama Universal has mild
acidity, its low bond strength compared to Single
Bond Universal, which has ultra-mild acidity, can
be attributed to its interactions with HAp
depending on polymerization types and monomer
differences. The absence of statistical differences
between the two adhesive systems maybe the result
of using different bond strength tests and
restorative materials.

When the fracture types of the groups were
examined, a certain relationship was found
between bond strength values and fracture type. It
was seen that the cohesive fracture type was found
more in the adhesive systems with high bonding
values, while the adhesive fracture type was more
present in the adhesive systems with low bonding
values. Available data are compatible with
previous studies.?®?

Currently, there is no consensus on which type
of adhesive system reduces microleakage. The one-
step adhesive systems produced today have not
achieved the success of conventional multi-step
adhesive systems. There are several reasons why
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these systems failure. One-step self-etch systems
are highly hydrophilic even after polymerization
and so they act as semi-permeable membranes.
These systems have a high solvent concentration.
This makes it difficult to obtain a sufficient
thickness of resin layers and to remove residual
solvent. One-step self-etch adhesives tend to
evaporate the solvent so the membranes become
permeable after polymerization.® During the
evaporation of the solvent contained in the one-step
systems, the monomer/water ratio can also vary. In
later periods, hydrophilic areas and water-filled
tunnels (so-called ‘water trees’) are formed that
allow the water movement in the substrate.?® In
addition, in this adhesive systems, the hybrid layer
thickness is thinner compared to multi-step
adhesive systems.2®3! This layer is inhibited by
oxygen and causes poor polymerization, which is
one of the important factors of microleakage.

In the study, Single Bond Universal, which is
a one-step universal adhesive system, gave higher
microleakage values than the Optibond XTR
group, which is a two-step system. Single Bond
Universal's inability to acidify enamel and
dentin/cement due to its ultra-mild acid primer
resulting in incomplete hybridization may explain
more microleakage. Also, hybrid layer formation
that arises from high hydrophilicity and solvent
ratio in one-step adhesives can be considered the
cause of high microleakage. The polyalkenoic acid
copolymer contained in Single Bond Universal
competes with the MDP monomer to bond to Ca in
HAp. This prevents the convergence of monomers
during polymerization due to the high molecular
weight, resulting in high microleakage values by
affecting the adhesive bond.

In the study, Optibond XTR showed low
microleakage values compared to other groups.
Rengo et al.® compared the leakage resistance
between different adhesive systems and stated that
Optibond XTR used in self-etch mode gave results
comparable to Optibond FL, a three-step adhesive
system. Sadeghi et al.®® examinated the
microleakage values of four different adhesive
systems and reported that Optibond XTR applied
in self-etch mode gave lower microleakage values
than other groups. In parallel with previous studies,
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the reason for the less microleakage of the
Optibond XTR can shown to be a two-step
adhesive with a moderate acidic primer that makes
a strong chemical bond.

When the microleakage results of adhesive
systems were evaluated, the highest microleakage
values were observed in the Tokuyama Universal
group. Further studies are needed to examine why
the formulation of Tokuyama Universal leads to
more microleakage. To our knowledge, there is no
study comparing the data obtained from self-etch
application of Tokuyama Universal published in
full text in the relevant literature.

In the evaluation cavity margins of the tested
adhesives, it was seen that the amount of leakage at
the gingival margins of all three adhesive groups
was more than at the occlusal margins. In many
studies examining the leakage values of restorative
materials, it has been reported that gingival
margins have more microleakage than occlusal
margins. 33

According to the studies, the microleakage
variation between enamel and dentin/ cementum
margins is multifactorial and depend on issues such
as the hypermineralization and collagen fibrillary
network, organic component of the dentin, tubular
fluids movement, dentin tubule orientation, the
interaction of acidic primers with the smear layer
and  demineralization and  hybrid layer
formation.3*° Furthermore, the fact that solvents in
the adhesive resin react differently with varying
dentin moisture can be shown as the cause of
microleakage differences between the adhesive
resins.* In this study, cavity are limited in two
separate  tooth regions as enamel and
dentin/cementum. That the dentin/cementum-
composite thermal expansion coefficient is higher
than the difference between enamel-composite may
be the cause of high leakage in the gingival margin.

The main limitation of this present study was
that long-term clinical follow-up was not
investigated, because it is difficult to perform in a
standardized manner and is time-consuming. In
vitro tests are frequently used to assess properties
and quality of dental materials and technical
procedures. Because of the limitation of the
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methods of investigation using shear strength and
dye penetration, further investigations are needed,
especially regarding the dentin bonding when
universal adhesives are used. Another limitation of
this study was the low number of observations. A
higher number of observations could show minor
changes among the products and highlight further
significant differences.

CONCLUSIONS

The results demonstrated that one-step universal
adhesive systems did not show bond strength and
leakage resistance that was as good as the two-step
universal adhesive system. Optibond XTR showed
better bonding performance in comparison with
other universal adhesives; while Tokuyama
Universal showed the worst performance between
all adhesive systems. Starting from the study, it can
be said that two-step universal adhesive systems
are preferable in dentin due to their success in
bonding performance and microleakage. In vivo
research is necessary to evaluate the long-term
clinical success of universal adhesive systems.
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Uc¢ Farkl Universal Adeziv Sistemin Dentine
Makaslama Baglanma Dayanimlarinin ve
Mikrosizinti Degerlerinin Karsilagtirilmast

oz

Amacg: Bu calismanmin amaci, self-etch modda kullanilan
ti¢ farkli tiniversal adeziv sistemin dentine olan baglanma
mikrosizintis

dayanmimini  ve degerlendirmek  ve

karsilastirmaktir. Gere¢ ve Yontemler: Baglanma
dayanmmuni degerlendirmek igin, 45 adet ¢ekilmis insan
molar diglerinin orta koronal dentin yiizeyleri a¢iga
ctkartildi, hazirlanan disler adeziv sistemler uygulanmak
tizere rastgele 3 gruba ayrildi: Single Bond Universal
(3M ESPE), Optibond XTR (Kerr) ve Tokuyama
Universal (Tokuyama Dental) (n=15). Kompozit rezin
orneklere  makaslama

yerlestirilmesinin  ardindan

baglanma dayammu testi uygulandi. Kirilan orneklerin
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kopma yiizeyleri taramalr elektron mikroskobunda
incelendi. M,ikrosizintiyi degerlendirmek i¢in, 45 adet
cekilmis insan premolar dislerinin bukkal yiizeylerinde
Swnif V kaviteler hazirlandi. Hazirlanan dislere baglanma
dayaniminda belirtilen gruplarda oldugu gibi ayni adeziv
sistemler uyguland (n=15). Kaviteler kompozit rezin ile
restore edildi ve ornekler 500 devir termal siklusa tabi
tutuldu. Ardindan bazik fuksinde bekletilen érnekler ikiye
ayrildi ve kesit yiizeyleri stereomikroskop altinda
incelendi. Veriler tek yonlii ANOVA, Tukey, Ki-kare ve
Mann Whitney U testleri kullamlarak analiz edildi.
Bulgular:  Calismada  kullanilan —adeziv  sistemler
arasinda en yiiksek baglanma dayanimi Optibond
XTR de gériiliirken, en diisiik baglanma dayammi ise
Tokuyama Universal’de gozlendi. (p<0,05). Mikrosizint:
degerleri incelendiginde ise, okluzal kenarlarda gruplar
arasinda anlaml bir farklilik goriilmezken; gingival
kenarlarda Optibond XTR 'nin, Tokuyama Universal den
anlamly derecede daha az sizinti gosterdigi goriildii.

(p<0,05)

baglanmada iki asamali universal adeziv systemin tek

Sonucglar:  Calisma  bulgular,  dentine
asamali universal adeziv sistemlerden daha basarili
oldugunu gostermistir. Baglanmanin restorasyonun uzun
omiirliiliigiinde major bir rol oynadigi diisiiniildiigiinde,
dentinde iki asamali universal adeziv sistemlerinin
sonuglar  verebilecegi

Adeziv sistemler,

daha basarl
Anahtar kelimeler:

kullaniminin
soylenebilir.

dentine baglanma dayanimi, mikrosizinti.
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ABSTRACT

Purpose: The aim of this study was to evaluate the effects of finishing
and polishing (F/P) techniques on resin restorative materials’ surface
roughness and microhardness.

Materials and methods: A total of 168 specimens were prepared using
compomer, resin composite, and giomer, and subjected to F/P and F/P
was performed using Sof-Lex Discs, Sof-Lex Spiral Wheels, and
Enamel Plus Shiny. No F/P was performed in the control group. Surface
roughness and microhardness were measured. Data were analyzed
using one-way ANOVA, two independent samples t-test, and Kruskal-
Wallis test. The correlations between parameters was investigated using
Pearson’s correlation test (p<<0.05).

Results: Enamel Plus Shiny and the control group were not
significantly different in terms of surface roughness. For Sof-Lex Disc,
Dyract XP resulted in a significantly higher surface roughness. For Sof-
Lex Spiral Wheels, Filtek™ Bulk Fill resulted in a statistically
significant lower surface roughness (p<0.05). In terms of
microhardness, Beautifil 1l resulted in a significantly higher
microhardness in the Sof-Lex Disc group (p<0.05). In the control group,
Dyract XP resulted in a significantly lower microhardness compared to
Filtek™ Bulk Fill and Beautifil 1. Sof-Lex Spiral Wheels and Enamel
Plus Shiny had statistically different microhardness results. Surface
roughness and microhardness values were positively correlated for
Filtek™ Bulk Fill and negatively correlated for Dyract XP and Beautifil
.

Conclusions: Proper F/P procedures are essential for aesthetics and
longevity of restorations. Within the limits of our study, it has been
concluded that the effects of the F/P process depend on both the
material and technique used for finishing and polishing, and the
restorative material.

Keywords: Dental finishing, dental polishing, dentistry, operative,
dental materials.
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Effect of Finishing and Polishing on Surface Propeties

INTRODUCTION
The surface characteristics of resin composite
restoratives are defined as one of the most
prominent factors determining the clinical
success.r® The presence of surface irregularities
can influence appearance, plaque accumulation,
surface discoloration, gingival inflammation,
discomfort, and treatment outcomes, including
mechanical weakness and aesthetic properties.?

Proper finishing of restorations is desirable
not only for aesthetic considerations but also for
oral health.»#58 Finishing and polishing are
required to improve both surface roughness and
microhardness for a successful restoration.*>#1°

Resin restorative materials are affected by the
flexibility of finishing and polishing materials, as
well as the hardness and size of the abrasive
particles.’™® Abrasive polishing discs are usually
produced by covering a polymer or plastic surface
with aluminum oxide particles.581%4 Polishing is
performed using thick-grained followed by finer-
grained discs.2® Abrasive-impregnated polishing
brushes are available in different shapes (pointed,
wheel-shaped, cup-shaped) and with polymer
strings, so that they can effectively reach fissures
and interproximal regions.® The effectiveness of
pastes containing diamond and aluminum oxide for
polishing resin materials have been indicated in
studies.®1® Using pastes can vyield results very
similar to the natural appearance of the teeth and
increases the surface roughness.®

Increased microhardness can improve the
fracture toughness and wear resistance of the
restoration'®!’, and prevents the deformation under
various forces.*® Filler particle size and ratio of the
particles within the material affect the
microhardness of a restorative material. 121719

There is no consensus regarding which
polishing and finishing system is more
effective.*%?° Furthermore, there are only a few
studies that evaluate the correlation of surface
roughness and microhardness?-%, and the existing
studies have not definitively concluded whether the
change in surface properties occur due to the
finishing and polishing techniques and/or the
characteristics of the material 12222

Hence, the aim of this study was to evaluate
the effects of various finishing and polishing
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techniques on the surface roughness and
microhardness of the resin restorative materials
used in pediatric dentistry.

The null hypothesis was “Ho: Various
finishing and polishing techniques do not affect the
surface roughness and microhardness of the resin
restorative materials used in pediatric dentistry”.
MATERIALS AND METHODS
Before starting the study, power analysis was
performed to determine the required sample size
for a maximum error of 20%, 5% type 1 error and
95% power for roughness and microhardness
assessments, and at least 7 discs were required. All
specimens were prepared and finished by the same
researcher strictly following the manufacturer's
instructions to reduce variability.

A total of 168 samples were prepared
according to the manufacturer’s instructions using
standard plexiglass molds (5-mm diameter, 2-mm-
thick) using three resin restorative materials. A2-
shade resin restorative materials were shown in
Table 1. Mylar strips (SNA, Universal Strips,
Germany) were placed and lightly pressed against
the specimens using 1 mm-thick glass slides on
both surfaces to prevent air bubble formation and
to obtain a leveled surface.
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Table 1. The resin restorative materials.

Weight/
Materials Contents Type 9f Volgme of Par'tlcle Color Producing
Material Filler Size Company
Particles
Urethan dimethacrylate
(UDMA), Dimethacrylate
modified carboxylic acid
(TCB resin), camphorquinone,
Ethyl-4-dimethylamino
Dentsply/De
benzoate, butyl hydroxy 0 o Average:
Dyract XP toluene (BHT), UV stabilizer, Compomer %73/ %47 0.8 um A2 Trey Konstanz,
. . . Germany
Strontium-alumino-sodium-
phosphorus Silicate glass,
silicon dioxide, strontium
ureide, iron oxide and titanium
oxide pigments
. Bis-GMA, UDMA, 1,12- . 0 i 3 M ESPE
Bulk W dodecan-DMA, BisEMA, Composite  wsoaol X0 A2 GmbH Seefeld,
Zirconia and Silica fillers e K USA
Bis-GMA (bisphenol A
glycidyl ether dimethacrylate),
Beautifil TEGDMA (triethylene glycol . %83.3/ i Shofu Inc.
1 dimethyacrylate), Giomer %68.6 0.01-5um A2 Kyoto,

Aluminofloro borosilicate
glass, camphorquinone

The light density of the LED light-curing unit (3M
ESPE Elipar S10 1790 mW/cm?) was measured
using a radiometer (HILUX Curing Light Meter,
Benlioglu;  Ankara, Turkey) before each
polymerization to confirm that the device had the
required light intensity. After polymerization, all
Table 2. The finishing and polishing techniques.

samples were stored in distilled water at 37 °C for
24 hours.

7 specimens from each group were allocated
as controls and received no finishing and polishing
technique. The finishing and polishing techniques
used in the study are presented in Table 2.

Finishing and Polishing
Techniques

Composition

Producing Company

Tungsten Carbide Burs

Sof-Lex® Disc
Sof-Lex Spiral Wheels ; .
aluminum oxide
Enamel Plus Shiny

Shiny A goat hairbrush

Shiny B goat hairbrush

Shiny C

12-bladed tungsten carbide bur

Aluminum oxide-coated abrasive discs

Abrasive wheels that are impregnated with

Abrasives containing 1-micron diamond paste +

Carbide Burs, Kerr

3M ESPE, St. Paul, MN,
USA
3M ESPE, St. Paul, MN,
USA

Abrasives containing 3-micron diamond paste +

Micerium S., Avegno, Italy

Aluminum oxide paste + the felt brush

For the experimental groups, the specimens were
finished using a high-speed handpiece under water-
cooling and tungsten carbide burs, all in the same
direction parallel to the surface. Subsequently, the
samples were randomly divided into groups of 7,
treated with three different polishing techniques
according to the manufacturer’s instructions.
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Low-speed handpiece at 20000 rpm was used
for finishing and polishing procedure and each
finishing and polishing material was replaced after
one use.

Discs (Sof-Lex® Disc, 3M ESPE, St. Paul, MN,
USA), spiral wheels (Sof-Lex Spiral Wheels) or
brushes (Enamel Plus Shiny, Micerium S., Avegno,
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Italy) used for polishing were applied with the same
pressure according to the manufacturer's instructions.
Moreover, for standardization, all finishing and
polishing agents were applied for 15 seconds, after
which each sample was washed with air-water spray
for 10 seconds and dried for 5 seconds.

Surface roughness was measured with a
profilometer (Perthometer M2 Profilometer, Mahr,
Germany). Three measurements from different
sites were made for each specimen, and the average
value (Ra) was used for statistical analysis.

Vickers microhardness number (VHN) was
evaluated using a microhardness  tester
(Zwick/Roell ZHV 10, Germany). During Vickers
hardness measurement, a 200 g load was applied
for 17 seconds. Three measurements from
different sites were made for each specimen, and
microhardness was calculated accordingly.

The Kolmogorov-Smirnov goodness-of-fit
test was used to decide which hypothesis testing
would be used for each obtained data set. Surface
roughness values of the resin composite restorative
materials were normally distributed; thus, the
independent samples t-test was used. The one-way
ANOVA (Analysis of Variance) test was used for
intergroup comparison. The Kruskal-Wallis Test
was used for to compare the groups in terms of
microhardness (p<0.05). The data conformed to
normal distribution was normally distributed,
therefore, Pearson’s correlation test was used to
investigate any correlations between the different
finishing and polishing techniques and the surface
roughness and microhardness values of the applied
resin restoratives materials (p<0.05).

RESULTS
The means and standard deviations of surface
roughness (Ra: um) are listed in Table 3.

Table 3. The means and standard deviations Surface Roughness Values of Resin Composite Restorative Materials
According to Finishing and Polishing Techniques (Ra: um) (mean = SD)

Finishing and Polishing

Techniques n Dyract XP Filtek™ Bulk Fill Beautifil 11
Control Group 7 0.062 (£0.015) A2 0.067 (+0.012) A 0.056 (+0.012) A
Sof-Lex Disc 7 0.279 (£0.167) B2 0.123 (£0.025) B 0.244 (£0.085) PAB
Sof-Lex Spiral Wheels 7 0.210 (£0.072) B2 0.135 (£0.031) ©B 0.236 (£0.048) A
Enamel Plus Shiny 7 0.161 (x0.66) B2 0.131 (£0.032) A 0.193 (£0.045) b4

p<0.05

Different lower-case letters in the same column
indicate a significant difference.

Different upper-case letters in the same row
indicate a significant difference.

The surface roughness obtained after using
Sof-Lex Disc was significantly higher for Dyract
XP compared to Filtek™ Bulk Fill (p<0.05). In the
Sof-Lex Disc group, surface roughness result of
Beautifil 11 was not significantly different than the
remaining two materials. The surface roughness
obtained after using Sof-Lex Spiral Wheels was
significantly lower for Filtek™ Bulk Fill than the
remaining two materials (p<0.05). It was
determined that the control and Enamel Plus Shiny
group displayed the lowest surface roughness
values on the restorative materials used in this
study and there was no statistically difference
between the two.
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Microhardness values of the resin restorative
materials according to the used finishing and
polishing techniques are presented in Table 4.
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Table 4. The Microhardness Values of the Resin Restorative Materials According to the
Finishing and Polishing Methods (VHN) (Mean + SD).
Finishing and Polishing Techniques n Dyract XP Filtek™ Bulk Fill Beautifil 11
Control Group 7 84.2%A (+2.041) 92.1%8 (+0.187) 97.4% (+£5.521)
Sof-Lex Disc 7 126.7°A (£4.036) 137.4%4 (£11.024) 188.1°8 (£16.448)
Sof-Lex Spiral Wheels 7 147.5% (£3.155) 138.7°8 (£4.091) 173.2°C (£14.790)
Enamel Plus Shiny 7 143.5%4 (£7.939) 104.8° (£7.904) 203.3°¢ (£3.987)

p<0.05

Different lower-case letters in the same column
indicate a significant difference.
Different upper-case letters in the same row
indicate a significant difference.
In the control group, the microhardness value of
Dyract XP was significantly lower compared to
Filtek™ Bulk Fill and Beautifil 1l (p<0.05). In the
Sof-Lex Disc group, the microhardness value of
Beautifil 11 was significantly higher compared to
the remaining two materials (p<0.05). In the Sof-
Lex Spiral and Enamel Plus Shiny groups, the
resulting microhardness values of the different
resin restorative materials were significantly
different (p<0.05) and were in the following order:
Beautifil 11> Dyract XP> Filtek™ Bulk Fill.
Correlation analysis results of surface
roughness and microhardness values are presented
in Figure 1.

The Distribution of the Correlation Values of Surface Roughness and Microhardness
Measurements

@ g o
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Figure 1. The distribution of correlation values between the surface
roughness and microhardness values of the resin restorative materials
according to the finishing and polishing techniques.

Surface roughness and microhardness values
were positively correlated for Filtek™ Bulk Fill
and negatively correlated for Dyract XP and
Beautifil I1.

DISCUSSION

In clinical practice, the finishing of resin restorative
materials under a Mylar strip results in the lowest
surface roughness.24812142224 The jnijtial surface
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obtained by using a Mylar strip is an unstable and
resin free surface, rich in organic matrix and
monomers.2® Therefore, this layer should be
removed through finishing and polishing
prOCEdure.l4'20’22'25’26

In our study, the control group had the
smoothest surface and significantly lower surface
roughness compared to the Sof-Lex Disc and Sof-
Lex Spiral Wheels groups (p<0.05). However, the
control and Enamel Plus Shiny groups were not
statistically significantly different. For dental
Mmaterials, surface roughness below 0,2 pm
significantly reduced the possibility of bacterial
adhesion.?” Thus, it is recommended that the Ra
values should be lower than 0.2 um to prevent
bacteria accumulation in the mouth.?2728 It should
be noted that surface roughness in the Enamel Plus
Shiny group was below the indicated threshold.

In the Sof-Lex Disc and Sof-Lex Spiral
Wheels groups, the surface roughness of Dyract XP
was significantly higher (Ra: 0.279 pm, 0.210 pm)
compared to Filtek™ Bulk Fill (Ra: 0.123 um,
0.135 um). Ryba et al.?® indicated that resins with
larger particles result in rougher surfaces after
finishing and polishing. When the ratio of the
organic matrix is smaller than filler particles, it is
easier for the particles to come loose. Hence, resins
with smaller particles are easier to polish.*
Considering the particle sizes of Dyract XP (0.8
um) and Filtek™ Bulk Fill (0.01- 4.5 pm), our
results are consistent with the notion that surface
roughness is associated with the size of filler
particles.

In the Sof-Lex Disc group, surface roughness
was statistically different between Filtek™ Bulk
Fill and Dyract XP. However, surface roughness
was not statistically different between Beautifil 11
and the other two materials. This finding could be
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ascribed to the shape and abrasive properties of the
finishing and polishing techniques and the size of
the filler particles of the restorative materials.

Sof-Lex Spiral Wheels used with Filtek™
Bulk Fill had a statistically significantly smoother
(p<0.05) surface compared to the other techniques.
The content and size of the filler particles of the
resin restorative materials play an important role in
the success of the finishing/polishing and longevity
of the restoration.®

The evaluation of the effectiveness of the
finishing/polishing  techniques  require  the
definition of the surface roughness, and
determining the microhardness values using
surface hardness tests, which is one of the most
important factors that determine the clinical
application and success of the material>>18192L |t js
also reported that when resin composite materials
are polymerized using a transparent band under
pressure, the ratio of particles decreases and the
ratio of the resin increases on the surface, thus
reducing microhardness.?! Therefore, finishing and
polishing techniques are critical and should be
applied to improve the chemical stability of the
material, the mechanical surface properties, and to
remove the resin-rich surface layer.?0:21.2

Every restorative material has a different
microhardness value as the chemical composition
and filler content affect physical properties.?131718
The materials with higher filler content have higher
microhardness values.?”° The filler weight ratios
of the used restorative materials were as follows:
83.3% for Beautifil Il, 73% for Dyract XP, and
64,5% for Filtek™ Bulk Fill 3233

In the control group, the microhardness of
Dyract XP (84.2 VHN) was significantly lower
(p<0.05) than Filtek™ Bulk Fill (92.1 VHN) and
Beautifil 11 (97.4 VHN). We ascribe this result to
the differences in the polymer matrix, rather than
particle content and amount.

In the Sof-Lex Disc group, the microhardness
of Beautifil 1l (188.1 VHN) was significantly
higher than the other two materials (p<0.05). We
ascribe this difference to the relatively higher filler
content of the Beautifil Il. Indeed, the literature
indicates that microhardness is positively
correlated with the filler content of the material.*"3
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In the Sof-Lex Spiral group, the
microhardness of the three resin restorative
materials were significantly different and in the
following order: Beautifil 11> Dyract XP> Filtek™
Bulk Fill. This result could be explained by the
filler content of the materials. The literature
indicates that resin composite materials with a
higher filler content have higher hardness values
compared to the resin materials without fillers.*

In the Enamel Plus Shiny group, the
microhardness of the three resin restorative
materials were significantly different and in the
following order: Beautifil 11> Dyract XP> Filtek™.
Enamel Plus Shiny contains aluminum oxide
particles together with diamond particles as
abrasives. The filler content of the Filtek™ Bulk
Fill is lower than the other two materials, and the
diamond particles are more abrasive than
aluminum oxide particles. Consequently, more
filler particles were removed from the surface of
the Filtek™ Bulk Fill, and thus surface
microhardness was lower.

There are heterogeneous components that
influence the surface roughness and microhardness
values of resin composite materials.'’'®* However,
it is accepted that finishing/polishing techniques
are effective in improving surface hardness.>?

The in vitro studies have concluded that
surface roughness and microhardness properties of
restorative materials were correlated.?® Tjan and
Chan.Z indicated that there was a direct correlation
between surface roughness and microhardness and
that the highest surface roughness values were
found together with the highest microhardness
values. Erdemir et al.?? reported that the high
surface roughness values were associated with high
microhardness values in tooth-colored restorative
materials.

The microhardness evaluation should be done
on a smooth surface.?* Even though we found that
the surfaces that were finished with the Mylar Strip
(i.e. the control group) had the smoothest surfaces,
this layer must be removed since due to poor
surface properties and higher organic content.

According to the results of the present study,
there was a positive correlation between the surface
roughness and the microhardness values of
Filtek™ Bulk Fill after finishing and polishing. In
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contrast, this correlation was negative for Dyract
XP and Beautifil Il. Our results are consistent with
the literature. 202!

The positive correlation determined for
Filtek™ Bulk Fill indicates that the final obtained
surface is smoother due to the smaller size of the
filler particles within the material and that the
microhardness values are lower because the filling
content is lower.

The purpose of finishing and polishing is to
obtain a more resistant and stable surface from the
resin materials. However, this is not always
possible due to the resin composite materials’
different filler particles, particle sizes, and different
hardness values associated with filler particles and
the matrix, as was observed in the present study.
CONCLUSIONS
Our null hypothesis “Ho” was rejected as all resin
restorative materials yielded different results for
different finishing and polishing techniques due to
their specific physical and mechanical properties.
In this context, it is not possible to say that a
finishing and polishing technique that yields the
best surface properties for a specific material may
do so when applied to a different material. It seems
that the ideal finishing and polishing techniques
should be chosen according to the properties of
resin restorative materials. Bulk fill composite
resins eliminate incremental technique and reduce
chair time in children, and when used with Enamel
Plus Shiny, the resulting smooth surface properties
will be useful in terms of pediatric dentistry in the
clinical setting.
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Hangi Bitirme Ve Parlatma Teknigi Yiizey

Piiriizliiliigii Ve Mikrosertlik Icin Daha Efektiftir?
0z
Amag: Bitirme ve parlatma (F/P) tekniklerinin kompozit
rezin restorasyon materyallerinin yiizey puiriizliiliigii ve
mikro sertligi iizerindeki etkilerini degerlendirilerek
materyal icin en ideal yiizey ozelligi olusturan bitirme
ve parlatma tekniginin arastiriimasidir. Gereg ve

Yontemler: Pleksiglas kalpplar kullanilarak 168 ornek
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hazirlamak i¢in kompomer, kompozit rezin ve giomer
kullanildi ve ornekler F/P tekniklerine tabi tutuldu.
Kontrol Grubunda F/P yapilmadi. F/P icin; Sof-Lex
Disk; Sof-LexTM Spiral Lastikler ve Enamel Plus Shiny
kullanildi. Yiizey piiriizliiliigii ve mikro sertlik degerleri
ol¢iildii. Veriler tek yonlii ANOVA, iki bagimsiz érnek t-
testi, Kruskal Wallis kullanilarak analiz edildi ve iki
korelasyon Pearson

parametre  arasindaki

korelasyon testi kullanildi (p<0,05). Bulgular: Elde

icin

edilen veriler dogrultusunda yiizey piiriizliiliik degerler
karsilastirildiginda; Enamel Plus Shiny ile kontrol
grubu arasinda istatistiksel olarak anlamli  fark
bulgulanmad:. Sof-Lex Disk kullanildiginda Dyract XP
grubunda, yiizey piiriizliiliigiiniin anlaml derecede daha
viiksek oldugu tespit edildi (p<0,05). Sof-Lex Spiral
Lastikler  kullamildiginda, FiltekTM  Bulk  Fill’in
istatistiksel olarak anlamli derecede daha diisiik yiizey
puiriizliiliigii degeri gosterdigi bulgulandr (p <0,05).
Mikrosertlik  degerlerinde  ise  Sof-Lex  Disk
kullanildiginda;  Beautifil Il ye ait mikrosertlik
degerlerinin anlamli olarak daha yiiksek oldugu tespit
edildi (p <0,05), kontrol grubu i¢in ise Dyract XP nin,
FiltekTM Bulk Fill ve Beautifil Il ile karsilastiridiginda
mikrosertlik degerinin en diisiik deger gosterdigi
bulgulandi. Sof-Lex Spiral Lastikler ve Enamel Plus
Shiny

degerleri

icin, restoratif materyallerin  mikrosertlik

arasinda  istatistiksel  olarak  anlamh
farkhiliklar gozlenmistiv. Yiizey piiriizliliigii ve mikro
sertlik arasindaki korelasyon ise; FiltekTM Bulk Fill
materyalinde pozitif korelasyona sahipken; Dyract XP
ve Beautifil 11 materyallerinde negatif korelasyona
sahiptir. Sonuclar: Uygun F/P prosediirleri, restoratif
materyaller icin estetik ve uzun omirliiliigii arttiran
gerekli adimlardir. Caliymamizin sinirlart dahilinde, en
ideal bitirme ve parlatma tekniginin kullanilan rezin
icerikli restoratif materyalin ozelliklerine bagh olarak
degiskenlik gosterdigi, F/P tekniklerinin etkilerinin hem
bitirme ve parlatma teknigine hem de restoratif
materyale bagh oldugu sonucuna varinmigtir. Anahtar
Kelimeler: Dis parlatma, dental materyaller, bitirme ve
parlatma materyalleri.
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ABSTRACT

Objectives: Bone remodelling of the cranium determines the
enlargement of the maxillary sinuses. The process involves the
resorption of the internal walls of the maxillary sinus that slightly
exceed the growth of the maxilla. During this process, bone deposition
occurs at the medial border of the nasal cavity as does simultaneous
resorption of the lateral wall of the nasal cavity. Very few studies have
investigated the correlation between the growth of the maxillary
sinuses with changes in the dimensions of the nasal aperture.
Therefore, the present study aimed to determine, compare and
correlate the three-dimensional morphometric parameters of the
maxillary sinus and nasal apertures in a study population from the
states of Karnataka and Kerala in India, to utilize the data for the
purpose of individual identification, sexual dimorphism or any other
application in the field of forensic facial reconstruction and/or human
identification.

Materials and Methods: This pilot study analysed the measurements
of the morphometric landmarks of the maxillary sinus and the nasal
aperture of 20 subjects, ranging in age from 18 to 30.

Results: The Morphometric parameters of the maxillary sinus and the
nasal aperture were seen to be statistically significant in a few of the
groups, and these findings can be applied to evaluate sexual
dimorphism.

Conclusions: The maxillary sinuses remain intact even though the
skull and other bones of the cranium may be severely disfigured in
victims that are incinerated or that have experienced external trauma.
Morphometric measurements, such as width, depth and height which
were used to investigate the accuracy and reliability of the maxillary
sinuses, can also be used for sex estimation. These dimensions can be
correlated with the measurements of the nasal aperture, which will
also provide an insight into the development of the cranium.
Moreover, these measurements are important anthropometric
parameters for classifying the race and sex of an individual whose
identity is unknown.

Key words: maxillary sinus, nasal cavity, forensic, facial,

reconstruction, morphometric measurements.
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Maxillary Sinus and Nasal Aperture as Aid to Human Identification

INTRODUCTION

Maxillary sinuses play an important role in
victims whose bodies have been incinerated but
reported to stay intact even in severely disfigured
and incinerated skulls.! The morphometric
measurements that are used to estimate the indices
of the maxillary sinus parameters are the width,
depth and height of the maxillary sinuses; these
can also be used for sex estimation and other
forensic applications.? The shapes and sizes of the
human nose vary with ethnicity, and these have a
direct impact on facial appearance. Nasal
parameters are important for anthropometry, and
they can be applied for classifying the race and
sex of an individual whose identity is unknown.
Hence, we conducted this study to determine and
correlate the morphometric measurements of the
nasal cavity and the maxillary sinus using Cone
Beam Computed Tomography (CBCT) in subjects
from the states of Karnataka and Kerala in India.
The results can be applied to estimate the sex of
individuals whose identity is unknown in the
population under study.

MATERIALS AND METHODS

CBCT data of 20 subjects from the states of
Karnataka and Kerala in India were collected from
the Department of Oral Medicine and Radiology.
CBCT data acquisition was done using ProMax
3D Mid (Planmeca, Helsinki, Finland). The

Table 1. Comparison between gender

standard protocol was used: Full field of view 200
x 170 cm; voxel size 400 mm; exposure time 4.7
seconds. Hard tissue and soft tissue landmarks of
the nose were marked, and morphometric
measurements were obtained using NEMOCEPH
3D-the exclusive Cephalometric and Orthodontic
Analysis software of Nemostudio: The Digital
Medical Company. The parameters were analysed
as per the stated objectives of the study. The
subjects included in the study ranged in age
between 18 and 30; they had no congenital
anomalies/syndromes,  oro-facial  pathologies,
orthodontic correction, history of trauma, surgical
intervention or exposure to radiotherapy.

Ethical clearance was obtained from the
Institutional Review Board, dated 20.11.2018.
Informed consent and subject information sheets
were obtained from all the subjects that who
participated in the study.

STATISTICAL ANALYSIS METHOD

The mean, standard deviation and standard error,
along with the confidence interval of the
craniometric (skull) and capulometric (soft tissue)
measurements of the nasal aperture and maxillary
sinus, were documented. The comparison of
various measurements of the nose the maxillary
sinuses between the sexes (Table 1) and the two
states (Table 2) was done by using the student t-
test.

95% Confidence

Sex N Mean b Di?f/leer?e?]ce | ng}i:‘:‘/:l rle?lfctehe t df  p-value
Lower Upper
Height . Rioht S O ¥ 068 718 174 18 0.10(NS)
MS T S O - 009 566 217 18  0.04*
Widin . Right A gggg ‘31:2421 0.33 346 412 018 18 0.86(NS)
MS Left 2 o 0% % o 311 484 046 18 0.65(NS)
pepth- Right 2 23% 31‘113 216 095 528 146 18 0.16(NS)
MS Left 3 182 gg:i? g:gé 2.06 023 435 189 18 0.08(NS)
L et % 1:2 %%Eé zéé 481 224 737 393 18  0.001*
width o 0 28 2% 1 057 348 151 18 0.15(NS)

Independent sample t test

*p<0.05 Statistically Significant p>0.05 Non Significant, NS
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Table 2. Comparison between states

95% Confidence
Statee N Mean SD D ifl\:leeraeﬂce I nl'cjei;}/:\rle(r)]fc';he t df p-value

Lower  Upper
Height ROt : 18 gggg éég -0.99 513 314 ;18 062NS)
"MS et : 18 gg% g:g; -0.98 401 204 g 18 050(NS)
Wign . Rignt 210 27189 49 1,01 469 267 i 18  057(NS)
MS Left >0 B Ay 11,90 571 190 . 18 03I(NS)
Depth - Right y 10 ales 2d 2,06 512 100 5, 18  O17(NS)
MS Left : 18 gg;g g:gg 119 358 119 . 18 03L(NS)
" Height % ig gg%i %éé 271 586 045 g0 18  0.09(NS)
Width 5 10 2483 240 -1.78 -3.69 0.14 1_;;5 18  0.07(NS)

Independent sample t test
The association between the categorical variables
was determined using the Chi-square test. A p
value <0.05 was considered to be statistically
significant. Data were analysed using statistical
SPSS software.

RESULTS

This paper presents the morphometric parameters
of the maxillary sinuses and the nasal apertures of
patients that were obtained from the analysis of

Table 3. Comparison between states in each gender

*p<0.05 Statistically Significant

p>0.05 Non Significant, NS
the CBCT images derived from the subjects from
the states of Karnataka and Kerala.

Descriptive statistics

For this pilot study, the data submitted for
statistical analysis consisted of the morphometric
parameter results for 8 male and 12 female
subjects (2 males from Karnataka and 6 from
Kerala; and 8 females from Karnataka and 4 from
Kerala,, respectively) (Table 3 and Table 4).

95% Confidence

Sex State N Mean SD Difl\;leeraer;ce InE)e il;}/:rlec;]fcghe t df p-value
Lower  Upper

o o T IEL T me ew g o e
M er ) 2 N8B o0 853 442 Lo 6 047(NS)
wign.  Right 2 2 298 58T g7 901 1045 018 6  086(NS)

1 M e ] 2 33T 138 900 1175 032 6  0.76(NS)
. L S EE R au an w6 oen
MS Left - g jﬂg g:éi 1239 701 224 L 6 025(NS)
" Height % é zzg% z:g% -3.09 1109 491 5, 6  038(NS)

width 1o 2282 22 o4 685 154 L 6 O17(NS)

Height. Right ;o8 uIs 2 1.70 226 566 096 10 0.36(NS)

2 M w7 8 BB 20 147 232 525 086 10 041(NS)
Wli\‘jtsh ©oRight 2O gg; ggz -2.05 690 280 g, 10 037(NS)
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28.10

3.56

Left 2 2 2809 3% 369 818 080 5. 10 0.10(NS)
Depth- gt ; j géé gég -0.88 534 358 o, 10 O67(NS)
MS© w0 5 3800 20 0.65 273 402 043 10 0.68(NS)
" Height % Z %g% ig% 0.27 158 211 033 10 0.75(NS)
width 2§ o3 290 s 354 204 Lo 10 OS6(NS)
Independent sample t test *p<0.05 Statistically Significant p>0.05 Non Significant, NS
Table 4. Comparison between gender in each state
95% Confidence
State Sex N Mean SD e '”E)ei;}’:‘r'e?]fc‘;he t df p-value
Lower Upper
Height. Riht ; g gi% ;gg 118 291 528 067 8 052(NS)
MS Left o o 5050 2% os4 389 558 041 8 069(NS)
wign.  Right 32 235 30T s 614 925 047 8 065(NS)
1 MS Left o o o2 T2 33 452 1079 094 8 037(NS)
Depth - ROt ; g g;ﬁ é:ii 0.65 495 625 027 8 0.80(NS)
MS Left 2 g gggg géé 0.05 460 470 003 8 0.98(NS)
. Height % § %gég zg; 2.40 027 508 207 8 0.07(NS)
width 2 2230 22 029 336 279 5, 8 083(NS)
Height. Right oo S Set amo 341 1318 136 8 021(NS)
MS Left 5 o 9% 33 4y 052 925 206 8 007(NS)
widgth.  Right 3 ° ggg; ;‘gi 122 713 470 . 8  065(NS)
) MS Left gi’?g ‘Z‘g; 194 791 404 Lo 8 0.48(NS)
pepth-  Right D ST 316 753 094 8 037(NS)
MS Left o o 2 23 309 029 646 211 8 007(NS)
et % E ‘g‘é% ggé 5.76 057 1095 256 8  0.03*
width 3 0 298 2% 162 194 517 105 8 032(NS)
Independent sample t test *p<0.05 Statistically Significant p>0.05 Non Significant, NS

Comparison between of the two states

Of the two states, the subjects from Karnataka had
the have highest mean  morphometric
measurements for most of the parameters, except
for Width — maxillary sinus (MS): Right, Width —
MS: Left among the males. The mean Height —

MS: Right, Height — MS: Left, Depth — MS:

left

and nasal aperture (NA): Height was observed to
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be higher among the females than the males for
the subjects from Kerala (Table 3).

Sexual dimorphism of the parameters in both of
the states

The male subjects from Karnataka had higher
mean values than the females for all the
parameters except NA: Width, which was higher
among the females. The male subjects from
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Kerala also had higher mean values than the (Table 4). The correlation between the NA and
females for all the parameters except Width — MS: MS variables according to gender and state
Right and Width — MS: Left (Table 3). showed a significant p value between the

parameters Width — NA of the females subjects
from Karnataka and Height — MS of Left side
(Table 5).

The correlation between gender in each state
showed a significant p value for NA: Height
between the sexes of the subjects from Kerala

Table 5. Correlation between nasal aperture and maxillary sinus variables according to gender and state.

State  Sex Height - MS Width - MS Depth - MS
Right Left Right Left Right Left
Height - NA r -1.00 -1.00 -1.00 -1.00 -1.00 -1.00
1 p-value . . . . . .
Width - NA r -1.00 -1.00 -1.00 -1.00 -1.00 -1.00
1 p-value . . . . . .
Height - NA r 0.30 -0.04 0.24 0.25 -0.22 0.15
5 p-value  0.47(NS) 0.93(NS) 0.57(NS)  0.56(NS)  0.60(NS)  0.72(NS)
Width - NA r -0.32 -0.75 0.37 0.28 0.05 0.39
p-value  0.45(NS) 0.03* 0.37(NS)  0.50(NS)  0.91(NS)  0.34(NS)
Height - NA r -0.57 -0.59 -0.59 -0.37 -0.74 -0.72
1 p-value  0.24(NS)  0.22(NS)  0.22(NS)  0.47(NS)  0.09(NS)  0.11(NS)
Width - NA r 0.42 0.45 0.35 0.27 0.24 0.34
5 p-value  0.41(NS) 0.37(NS) 0.50(NS) 0.60(NS) 0.65(NS)  0.52(NS)
Height - NA r -0.08 -0.55 -0.48 -0.58 0.14 -0.75
) p-value  0.92(NS) 0.45(NS) 0.52(NS) 0.42(NS) 0.86(NS)  0.25(NS)
Width - NA r -0.44 0.28 -0.58 0.93 -0.31 -0.06
p-value  0.56(NS) 0.72(NS)  0.42(NS)  0.07(NS)  0.69(NS)  0.94(NS)
Pearsons correlation test *p<0.05 Statistically Significant p>0.05 Non Significant, NS
The correlation between the NA and MS variables MS of the Left side in the subjects from
in each state showed a statistically significant p Karnataka (Table 6).

value with respect to Width - NA and Height —
Table 6. Correlation between nasal aperture and maxillary sinus variables in each state.

State Height - MS Width - MS Depth - MS
Right Left Right Left Right Left
Height - NA r 0.21 -0.03 -0.02 -0.002 -0.23 -0.06
1 p-value  0.57(NS) 0.93(NS)  0.95(NS)  0.99(NS)  0.53(NS)  0.86(NS)
Width - NA r -0.38 -0.74 0.05 -0.10 -0.10 0.19
p-value 0.28(NS) .02* 0.88(NS) 0.78(NS) 0.78(NS) 0.61(NS)
Height - NA r -0.04 0.06 -0.53 -0.45 -0.17 -0.006
2 p-value 0.91(NS) 0.88(NS) 0.11(NS) 0.19(NS) 0.64(NS) 0.99(NS)
Width - NA r 0.26 0.49 0.01 0.31 0.10 0.33
p-value 0.48(NS) 0.15(NS) 0.98(NS) 0.39(NS) 0.78(NS) 0.35(NS)
Pearsons correlation test *p<0.05 Statistically Significant p>0.05 Non Significant, NS

The cCorrelation between the NA and MS

variables in both genders showed no statistically

significant results between the groups (Table 7).

Table 7. Correlation between nasal aperture and maxillary sinus variables in each gender.

Sex Height - MS Width - MS Depth - MS
Right Left Right Left Right Left
Height - NA r -0.46 -0.43 -0.61 -0.46 -0.55 -0.45
1 p-value  0.25(NS)  0.29(NS)  0.11(NS)  0.25(NS)  0.16(NS)  0.26(NS)
Width - NA r 0.37 0.43 0.02 -0.10 0.24 0.33
p-value  0.37(NS)  0.29(NS)  0.96(NS)  0.81(NS)  057(NS)  0.43(NS)
Height - NA r 0.13 -0.19 0.02 -0.05 -0.09 -0.12
) p-value  0.68(NS)  055(NS)  0.96(NS)  0.87(NS)  0.78(NS)  0.70(NS)
Width - NA r -0.42 -0.31 0.12 0.49 -0.09 0.17
p-value 0.18(NS) 0.32(NS) 0.72(NS) 0.11(NS) 0.79(NS) 0.59(NS)
Pearsons correlation test *p<0.05 Statistically Significant p>0.05 Non Significant, NS
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DISCUSSION

As an individual grows, adaptive changes in
human nasal aperture morphology directly affect
the maxillary sinus morphology. Various
populations present with different ethnicities,
racial changes and exposures to different climates,
which directly affect the osteometric morphology
of the human skeleton.® To date, very few studies
have investigated the correlation between the
nasal/piriform aperture morphology and the
maxillary sinus morphology. These variations in
morphology can be used for sexual dimorphism
and forensic identification.

In the present study, statistical analysis was
done by calculating the mean and standard
deviation measurements of both the nasal
apertures and maxillary sinuses, which were
calculated and correlated. In this paper, we
discuss the parameters that showed statistically
significant results when correlated between the
groups.

Different  populations  exhibit  various
osteometric morphological patterns of sexual
dimorphism, as documented in several studies.*®
In our study, mean morphometric measurements
were higher in the subjects from the state of
Karnataka in reference to all of the parameters in
both states, except for Width — MS: Right and
Width — MS: Left among the males. The Height —
MS: Right, Height — MS: Left, Depth — MS: left
and NA: Height was observed to be higher in the
female subjects from Kerala in comparison to the
male subjects from that state.

The male subjects from Karnataka had higher
mean values than the female subjects for all the
parameters except NA: Width, which was higher
among the females. The male subjects from
Kerala also had higher mean values than the
females from that state for all the parameters,
except the MS Width: Right and MS Width: Left.
Similar findings were reported by Banik, who
found that the mean values of craniometric
characteristics were higher in male skulls than in
female skulls among a West Bengal population.’
Tambawala et al. showed statistically significantly
lower values for both the left and right MS among
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females in relation to the MS dimensions.® Sexual
dimorphism has been studied with piriform
apertures in various populations.®°

Facial features based on the parameters of the
skull aid in forensic facial reconstruction.
Strapasson evaluated the relationships between
alar cartilage, piriform aperture, nose morphology
and facial typology.!! That study’s findings
showed that nasal width was associated with
decreased width of the piriform aperture, the
skeletal vertical pattern of the face, sex and age.
The results of our study are in partial agreement
with those results (Tables 4-7). The study by
Strapasson  suggested that forensic facial
guidelines can be improved by establishing a
correlation between the alar cartilages and the
biological profile characteristics of a given
population. Very few studies in the literature have
investigated this topic in this context. Hence, we
conducted this pilot study to establish a
correlation that could be wused for sexual
dimorphism, individual identification and as a
guide for forensic facial reconstruction.

CONCLUSIONS

This study has shown that the dimensions of MS
and NA in the population from the states of
Karnataka and Kerala in India may be used to
estimate sex. The measurements may also be used
for ethnic differentiation during human
identification and provide data for forensic facial
reconstruction. Consequently, it is recommended
that a future study be conducted with a larger
sample size to derive an equation so the data may
be used to determine an individual’s sex and aid
in forensic identification and facial reconstruction.
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ABSTRACT

Objectives:The aim of this in vitro study was to evaluate the effects of
different repair protocols and artificial aging on the shear bond strength
(SBS) of a composite to polymer-infiltrated ceramic network (PICN).

Materials and methods: A total of 120 PICN (Vita Enamic, Vita
Zahnfabrik) specimens were prepared, artificially aged (5000 thermal cycles
between 5°C-55°C), and assigned to 5 repair protocols: (1)TS: tribochemical
silica coating (Rocatec Soft; 3M ESPE)+Single Bond Universal (SBU; 3M
ESPE) (2)ES: etching with hydrofluoric acid (HF; Bisco)+SBU
(3)EU:HF+Ultradent Porcelain Repair (UPRS; Ultradent Products Inc.)
(4)GU: grinding with diamond bur (G)+UPRS (5)Gl:G+lvoclar Vivadent
Ceramic Repair (Ivoclar Vivadent). All specimens received a composite resin
cylinder (Clearfil Majesty Esthetic,Kuraray) formed with a silicone mold
(4mm diameter, 2mm height) to simulate repair. Then, 2 subgroups were
composed according to the artificial aging procedures as baseline and aging
(5000 thermal cycles between 5°C-55°C) (n=12). The SBS tests were
performed by using a universal testing machine. Failure types were classified
as cohesive failure in PICN, cohesive failure in composite, adhesive,and
mixed. The SBS data were analyzed with 1-way ANOVA, factorial ANOVA,
LSD, and Duncan tests (0=0.05). Failure modes were calculated as a
percentage for each group.

Results:The baseline results showed that the mean SBS values for ES and
GU were higher than TS (p<0.05). Considering artificially aged groups, ES
showed higher SBS than EU and GU (p<0.05). SBS values for ES, EU, and
GU groups decreased significantly after the artificial aging procedure
compared to baseline (p<0.05). At baseline, the dominant failure mode was
cohesive in PICN for all groups and no adhesive failures were observed for
ES and GU groups. However, after aging, the only group that did not show
adhesive failure was ES.

Conclusions: Considering the time-efficiency and effectiveness, etching with
HF followed by Single Bond Universal application can be recommended as
the intraoral repair protocol for PICN.

Keywords: CAD/CAM, dental restoration repair, shear strength, composite
resins.
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Bond Strength of Repair Protocols to a Hybrid-Ceramic

INTRODUCTION

The use of computer-aided design and computer-
aided manufacturing (CAD/CAM) has become a
popular treatment option with a wide range of
materials available for this technology.! Among
these materials, glass-matrix ceramics are highly

preferred due to their improved esthetic
appearance,  biocompatibility, and  color
stability.>® However, disadvantages include

abrasive effect on opposing dentition, brittleness,
and susceptibility to cracks or fractures.®>® The
CAD/CAM hybrid ceramic blocks are developed
with the idea of combining favorable
characteristics of ceramics and composites.®’
Hybrid ceramic restorations have flexural
properties similar to dentine and they are more
flexible and less brittle than ceramic materials.*®-
1A recent material, Vita Enamic, is a hybrid
ceramic composed of an organic polymer of 14%
which penetrates into the inorganic feldspathic
ceramic matrix of 86%.3 Thus, Vita Enamic is
called as polymer-infiltrated ceramic network
(PICN) hybrid material.5*2

Despite the advantages of shock absorption
and decreased crack propagation as a result of the
combination of crystalline matrix and polymeric
material, PICN materials still present a low elastic
modulus and biaxial strength.3%113 Therefore,
fracture of a PICN restoration can be encountered
in clinical practice due to parafunctional habits,
aging, and trauma.'* Considering the replacement
cost and the possibility of sound tooth structure
loss or pulpal trauma, intraoral repair of these
restorations may be preferred over
replacement.”*>% Moreover, intraoral repair can
be advantageous considering reduced chair time
for both patient and dentist.**

Various intraoral repair systems have been
developed to enhance the functionality of the
restoration.” The choice of the most appropriate
system that would provide a certain outcome can
be complicated for the clinician.”!” Those systems
differ in terms of the surface treatments and
adhesive agent used which improve the bond
strength between the restorative material and
composite resin for repair.>® Surface treatments
include grinding with a diamond bur’, etching
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with hydrofluoric or phosphoric acid in different
concentrations®®'®, and air-abrasion with alumina
particles or tribochemical silica coating.®!? The
success and maintenance of the repaired
restoration may vary according to the repair
system or protocol used.?®'%2° Surface grinding
followed by the application of a universal
adhesive was advised by Silva et al.® for the
repair of Vita Enamic restorations. On the other
hand, a recent study suggested hydrofluoric acid
(HF) etching and silanization.? Furthermore, the
bond strength of the repair composite to PICN
restoration may be influenced after a period of
intraoral service.”?°

Restorations may fail after aging in a humid
oral environment.” Also, the repair potential of the
material may alter with aging conditions which
may cause some alterations on the surfaces of
restorative materials.>** Clinical service is
simulated artificially in in vitro studies with
storage in water, acids or artificial saliva”?, and
thermal cycling alone”** or in combination with
loading.'* After a certain artificial aging period,
the bond strength of repair composite to
restorations can be evaluated by using macro or
micro techniques of shear and tensile tests.2791214
The previous studies have commonly used the
shear bond strength (SBS) test because it is an
easy and reliable method.? Also, due to its
widespread use, comparing the results with a wide
range of in vitro studies is more feasible.

The best repair protocol to treat a fractured or
chipped PICN restoration is still controversial.
The aim of this study, therefore, was to investigate
the effects of five different repair protocols and
artificial aging on the shear bond strength (SBS)
of composite implemented on the PICN material.
The null hypothesis was that different repair
protocols and artificial aging would not influence
the SBS values.

MATERIALS AND METHODS

The design of this research was approved by the
Clinical Research Ethics Committee of Ankara
University Faculty of Dentistry, Turkey (2020-
11/03).
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Specimen Preparation

Materials used in this study are presented in Table 1.

Table 1. Materials used in this study

Brand

Chemical Composition

Manufacturer

Vita Enamic (Polymer
infiltrated ceramic)

Single Bond Universal

Rocatec Soft

Porcelain Etchant

Ultradent Porcelain Repair
System

Ceramic Repair N System
Kit

Clearfil Majesty Esthetic
Composite

Ceramic Network (86 wt%): SiO2 (58-63%), Al203
(20-23%), Na20 (9-11%), K20 (4-6%), B203 (0,5-
2%), ZrO2 (< 1%), CaO (< 1%)

Polymer Network (14 wt%): UDMA, TEGDMA
10-methacryloyloxydecyl dihydrogen phosphate (MDP)
monomer, Dimethacrylate resins, HEMA, Vitrebond
copolymer, Filler, Ethanol, Water, Initiators, Silane

High-purity aluminium oxide 30 um, modified with
silica (SiOy)

4% Hydrofluoric acid

Ultradent porcelain etch: 9% Hydrofluoric acid,
Ultradent silane: 8% Methacryloxypropyl-
trimethoxysilane, Isopropyl alcohol, Acetic acid
Peak Universal Bond: 7.5% Ethyl alcohol, 0.2%
Chlorhexidine, Methacrylic acid, 2-HEMA

Monobond Plus: Adhesive monomers (4%), Ethanol
(96%)

Heliobond: Bis-GMA and tri-ethylene glycol
dimethacrylate (99 wt.%), initiators and stabilizers
(<1%).

Silanated barium glass filler (average: 0.7 pm), Pre-
polymerized organic filler including nano filler, Bis-
phenol A diglycidylmethacrylate (Bis-GMA),
Hydrophobic aromatic dimethacrylate, dI-
Camphorquinone, Initiators, Accelerators, Pigments,
Others

VITA Zahnfabrik, Bad
Sackingen, Germany

3M ESPE, St. Paul, MN,
USA

3M ESPE, St. Paul, MN,
USA

Bisco Inc., Schaumburg, IL,
USA

Ultradent Products, South
Jordan, UT, USA

lvoclar Vivadent AG,
Schaan, Liechtenstien

Kuraray, Tokyo, Japan

PICN CAD/CAM blocks

Zahnfabrik, Bad Sackingen,

(Vita Enamic, Vita
Germany) were

Westerham,

Germany)
parameters: thermal application between 5°C and

with the following

sectioned under continuous water cooling by
using a low-speed diamond saw (Micracut 201,
Metkon, Turkey) and 120 specimens with 1,5 mm
thickness were obtained. All specimens were
embedded in self-curing acrylic (Integra, Birlesik
Group Dental, Ankara, Turkey). Then, the
surfaces of the specimens were grounded with
600, 800, and 1000 grit silicon carbide papers for
30 seconds to standardize the surfaces. Afterward,
the specimens were ultrasonically cleaned in
distilled water for 5 min. Artificial aging was
applied on all specimens by using a thermocycler
(THE-1100, SD Mechatronik, Feldkirchen-

55°C, 30 seconds dwelling time, and 5000 cycles.
Aged specimens were randomly allocated into 5
groups (n=24) according to the repair protocol
performed on the PICN surface: 1) TS:
tribochemical  silica  coating-Single  Bond
Universal 2) ES: etching with HF-Single Bond
Universal 3) EU: etching with HF-Ultradent
Porcelain Repair System 4) GU: grinding with
diamond bur-Ultradent Porcelain Repair System
5) GI: grinding with diamond bur-lvoclar
Vivadent Ceramic Repair System. Test groups
and repair protocols are described in Table 2.
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Table 2. Test groups, abbreviations, and application protocols used in the present study.

Test group

Group abbreviations

Application protocol

Tribochemical silica
coating & Single
Bond Universal

Etch & Single Bond
Universal

Etch & Ultradent
Porcelain Repair
System

Grinding &
Ultradent Porcelain
Repair System

Grinding & lvoclar
Vivadent Ceramic
Repair System

TS

ES

EU

GU

Gl

- Air abrasion with Rocatec soft for 10 sec at a distance of 10 mm
with 2 bar pressure

- Ultrasonic cleaning for 5 minutes in alcohol

- Single Bond Universal application for 1 min

- Bisco Porcelain Etchant application for 5 min
- Rinsing with a water spray for 10 sec/ air-drying for 5 sec
- Single Bond Universal application for 1 min

- Porcelain Etch application for 90 sec

- Rinsing with a water spray for 10 sec/ air-drying for 5 sec

- Application of %37 phosphoric acid for 5 sec

- Rinsing with a water spray for 10 sec/ air-drying for 5 sec

- Ultradent silane application, allowed to evaporate for 1 min and
dried

- Peak Universal Bond applied for 10 sec

-Surface grinding with a coarse diamond bur (181 pum grit)
-Application of the EU protocol

- Surface grinding with a coarse diamond bur (181 pm grit)

- Monobond plus application and allowing to react for 60 sec then
drying with air

- Heliobond application and thinned with air

Surface treatments and porcelain repair systems
were applied in line with the manufacturers’
recommendations.

Polymerization of the bonding agents in all
groups was performed with a light-emitting diode
(LED) curing unit (Bluephase 20i, Ivoclar
Vivadent, Schaan, Liechtenstein) at 1200 m\W/cm?
for 10 seconds. The specimens treated with
different surface conditioning protocols were
repaired by using a composite resin (Clearfil
Majesty Esthetic, Kuraray, Tokyo, Japan) applied
in cylindrical silicone molds (diameter: 4 mm;
height: 2 mm). LED curing was implemented on
composite cylinders for 20 seconds. Afterward,
the specimens were immersed in distilled water at
37°C for 24 hours.

Half of the specimens from each group were
subjected to SBS test immediately (Baseline
groups), while the other half were aged for 5000
thermal cycles between 5°C and 55°C with a
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dwelling time of 30 seconds before SBS testing
(Aging groups) to simulate a period of intraoral
service after the repair (n = 12).

SBS Test

A computer-controlled universal testing machine
(Lloyd Instruments, Fareham Hants, England)
with 1 mm/min crosshead speed was used to
perform the SBS tests. The maximum load at
failure was recorded in Newtons (N). The SBS
value in megapascals (MPa) for each specimen
was calculated by dividing the SBS in N by the
adhesive surface area (mm?).

Failure Mode Analysis

A stereomicroscope (M3Z, Leica Microsystems,
Wetzlar, Germany) was used to determine the
failure mode for each debonded specimen. Failure
modes classified under 25x magnification were as
follows: 1) cohesive failure in the PICN, 2)
cohesive failure in the composite, 3) adhesive
failure at the PICN-composite interface, 4) mixed
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failure (a combination of adhesive and cohesive
failures). Recorded failure modes were calculated
as a percentage for each group.

Statistical Analysis

One-way ANOVA and Duncan’s multiple
comparison tests were used to compare the SBS
data for different surface treatment protocols.
Factorial analysis of variance (ANOVA) and post-
hoc least significant difference (LSD) tests were

Table 3. One-way ANOVA results for SBS tests

used to determine significant differences between
the SBS values of each surface treatment protocol
before and after artificial aging (baseline vs aging)
(a 0.05). All the statistical analyzes were
performed by wusing R v.3.5.3 (Microsoft
Corporation, Redmond, WA, USA).

RESULTS
The ANOVA results are shown in Tables 3 and 4.

Aging procedure Effect Sum of df Mean F P Value
squares squares
Between Groups 266.560 4 66.640 3.258 .018
Baseline Within Groups 1125.072 55 20.456
Total 1391.632 59
Between Groups 164.442 4 41.111 3.053 .024
Aging Within Groups 740.554 55 13.465
Total 904.996 59
Table 4. Factorial ANOVA results for SBS tests.
Effect Sum of squares df Mean squares F P Value
Intercept 22108.08 1 22108.08 1303.524 0.000
Repair protocol 255.454 4 63.86 3.765 0.007
Aging procedure 165.85 1 165.85 9.779 0.002
Repair protocol * Aging procedure 175.54 4 43.89 2.588 0.041
Error 1865.63 110 16.96

One-way ANOVA demonstrated that different
surface treatment protocols influenced the SBS
results for both baseline (p=0.018) and aging
(p=0.024) groups (Table 3). Considering baseline
results, the mean SBSs for ES and GU groups
were not significantly different from each other
(p>0.05) but were higher than that for the TS

group (p<0.05). EU and GI showed comparable
mean SBS results with all groups and with each
other (p>0.05). After aging, SBS for the ES group
was found out to be higher than the EU and GU
groups (p<0.05) which demonstrated comparable
results (p>0.05). TS and GI demonstrated similar
SBS values with all groups (p>0.05) (Table 5).

Table 5. Means (%, in MPa) and standard deviations (SD) of shear bond strength tests for each group

Baseline Aging
Surface treatment protocol % +SD 2 +SD
TS 112+ 3.2 Ba 12.82 +4.05 ABa
ES 17.15+4.43 Aa 15.02+ 2.8 Ab
EU 14.1 £5.42 ABa 10.36 £+ 3.3 Bb
GU 16.6 5 Aa 10.9+£4.95 Bb
Gl 14.69+ 4.2 ABa 12.89 +2.87 ABa

*Means followed by different uppercase in the same column and lowercase in the same line indicate a statistically significant difference (p<0.05).
**TS, tribochemical silica coating & Single Bond Universal; ES, etch & Single Bond Universal; EU, etch & Ultradent Porcelain Repair System; GU,
grinding & Ultradent Porcelain Repair System; Gl, grinding & Ivoclar Vivadent Ceramic Repair System.
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Factorial ANOVA showed that the interaction
between the repair protocol and aging procedure
was significant (p=0.041), indicating that the SBS
result of a particular repair protocol differed
significantly with regard to artificial aging (Table
4). Mean SBS values for ES, EU, and GU decreased
significantly after aging (p<0.05). However, TS and
Gl groups showed comparable SBS results before
and after aging (p>0.05) (Table 5).

Figure 1 shows the failure type distrubition
for the test groups.

100%
90%
80% — — ——
70%
60%
50%
40%
30%
20%
10%

0%

Ts ES EU GU Gl Ts ES ‘ EU GU Gl

B Cohesive failure in PICN

B Cohesive failure in composite
B Adhesive

@ Mixed

BASELINE AGING

Figure 1. Distribution of the failure modes for each repair protocol
before and after artificial aging.

*PICN: Polymer-infiltrated ceramic network; TS, tribochemical
silica coating & Single Bond Universal; ES, etch & Single Bond
Universal; EU, etch & Ultradent Porcelain Repair System; GU,
grinding & Ultradent Porcelain Repair System; GI, grinding &
Ivoclar Vivadent Ceramic Repair System.

Cohesive failure in PICN was dominant for all
surface treatment protocols at baseline. ES
showed the highest cohesive failure in PICN
among groups (83%). After the aging procedure,
ES demonstrated mostly cohesive failure in PICN
(58%) while half of the specimens of TS, GU, and
Gl groups showed cohesive failure in PICN. No
adhesive failures were observed for ES neither at
the baseline nor after the aging process. Also, GU
did not show any adhesive failures at baseline.
However, the TS, EU, and GU groups failed up to
25% adhesively after aging.

DISCUSSION

Small fractures or chippings of hybrid CAD/CAM
restorations that occur during the intraoral service
can be repaired chairside to allow for extended
clinical use. Thus, a strong bond should be
ensured between the restoration and repair
composite. The bond strength of the composite to
the restoration surface may vary according to
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repair protocols and intraoral aging.”?%?2 This
study applied 5 different repair protocols on the
surface of an aged PICN material and SBS of the
repair composite was evaluated before and after
artificial aging. Based on the present results, SBS
differed significantly with regard to the repair
protocol used and aging procedure. Therefore, the
null hypothesis should be rejected.

The success and longevity of the repaired
restoration may be influenced by various factors
including the CAD/CAM restorative material,?
composite material used for repair,?! and surface
conditioning  procedures.”!’ In this study,
CAD/CAM material (PICN) and composite resin
used for the repair were standardized to evaluate
the effect of different repair protocols on SBS and
their durability after the aging procedure. The
PICN material was aged (5000 thermal cycles)
before the application of surface treatments as the
thermocycling aging has a significant influence on
the repair strength due to the degradation of the
microstructure. =2

In the present study, regarding baseline
results before the artificial aging, HF etching
followed by Single Bond Universal application
showed higher SBS than tribochemical air
abrasion. This finding is consistent with the
results of some studies;"® however, contradicts
others suggesting similar bond strengths for HF
etching and tribochemical silica coating.'?*°
Etching with HF causes dissolution of silica in the
glassy phase of the PICN material, producing a
porous micro-retentive surface with high
energy.?>?® Tribochemical air abrasion with 30-
um silica-coated alumina roughens the surface
and enhances silica content on the surface,
producing silicatization.?”®  Campos et al.?’
demonstrated better micromechanical interaction
and higher surface roughness of PICN material for
HF etching compared to tribochemical air
abrasion. On the other hand, tribochemical air
abrasion was found to be more effective than HF
on the materials with higher resin content?’-2
Since PICN is composed of 86% ceramic and
14% resin, HF treatment can be expected to
present better repair bond strength for this type of
material.?®
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After artificial aging, tribochemical air
abrasion represented a stable bond; however, the
SBS of the composite applied on the surfaces
treated with Ultradent Porcelain Repair System
and with HF etching followed by Single Bond
Universal application decreased significantly. In
line with our findings, Silva et al.® reported a
durable bond for tribochemical air abrasion but
indicated a decrease in SBS when the PICN
surfaces were treated with grinding, HF etching,
and Single Bond Universal application. The
authors attributed the decrease in bond strength to
the tendency for hydrolysis in the MDP content of
the adhesive materials during the aging protocol.
Water can penetrate small spaces between
polymers or functional groups owing to its small
molecular size and high molar concentration,
leading to a degradation in adhesive properties.?’
Considering tribochemical air abrasion, it can be
assumed that additional silicatization provided by
silica-coated alumina particles may have
promoted the chemical interaction between the
repair composite and PICN material.?’

The ceramic repair systems used in the
present study (Ultradent and lvoclar Vivadent)
represented similar SBS results for both aged and
nonaged groups consistent with the findings
reported by Ustun et al.? This was not surprising
considering that both systems require similar
multi-steps including grinding with a diamond bur
or acid etching, silanization, and adhesive
application. The manufacturer recommended
grinding with a diamond bur prior to HF etching
for the Ultradent Porcelain Repair System.
However, grinding did not significantly improve
the SBS neither for non-aged nor for aged
specimens. The time-efficiency is of importance
in clinical practice and each additional step
prolongs the treatment.*® Therefore, when using
the Ultradent system for PICN repair, grinding
with a diamond bur may be considered as a
redundant step.

The bond strength of HF etched and Single
Bond Universal applicated group (ES) was
comparable with both ceramic repair systems
before aging and was better than the Ultradent
Porcelain Repair System after the aging
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procedure. Universal adhesives are simplified
systems that contain some or all of the bonding
components in a single bottle.3® Single Bond
Universal unifies both silane and bonding agent in
an individual unit. The use of universal adhesives
in clinical practice not only reduces the
complexity of application procedures but also
provides ease of practice for the clinicians®%
Furthermore, ES repair protocol provided an
adequate repair bond strength within the range of
15 to 25 MPa for both before and after the aging
procedure (17.15 + 4.43 MPa and 15.02 + 2.8
MPa, respectively).” Single Bond Universal
diverges from the other adhesives used in this
study by the MDP monomer in its content. The
MDP is a bifunctional monomer capable of
bonding to both oxides and methacrylate
monomers on the surface of the PICN.® The
increased bond strength values for Single Bond
Universal was reported in the previous studies and
was attributed to the combined effects of MDP
monomer, silane, and Vitrebond copolymer.1®28:31
The first step of the ES protocol is the HF etching
which reacts with silicon dioxide, dissolves the
glassy phase of the PICN surface, and results in an
increased surface energy of the ceramic.®® The
phosphoric acid groups of MDP monomer in the
Single bond Universal infiltrates into the micro-
irregularities composed by the HF application in
the ceramic network.® It can be assumed that the
enhanced bond strength obtained with ES repair
protocol was stemmed from the MDP content.
Therefore, when intraoral repair of the PICN
material is required, clinicians may choose to etch
with HF followed by a silane-containing universal
adhesive application as the surface treatment
instead of multi-step repair systems considering
the time-efficiency and effectiveness of this
protocol.

Cohesive and mixed failures indicate high
bond strength; however, adhesive failure can be
associated with poor bond strength.3* The groups
showed lower SBS results (TS before and after
aging, and EU-GU after aging) demonstrated an
adhesive failure rate of 25% while the ES group
which showed high SBS results for both aging
protocols failed cohesively in PICN dominantly.
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Therefore, it can be suggested that in the present
study, the findings of the stereomicroscobic
analysis supported the SBS testing.

One limitation of this study was the lacking
of a control group. A group considered as control
with no surface treatment was performed but most
of the specimens failed pre-test, therefore
implementing the SBS test was not feasible.
Another limitation of this study was that the
macro-SBS test was used to evaluate the bond
strength. The macro-bond strength tests were
reported to result in the overestimation of the
bond strengths.®® Therefore, the present results
should be interpreted with caution. Also, a single
aging procedure (5000 thermal cycles) without
any cyclic loading was applied. Repair protocols
tested in this study may be varied with different
combinations of adhesive  systems and
composites. Future studies should investigate the
effects of the diversified repair and the aging
protocols combined with cyclic loading conditions
on the repair bond strength of composite to PICN
material.

CONCLUSIONS
Within the limitations of this study, the following
conclusions can be drawn:

1. At the baseline, ES and GU enhanced the
bond strength of repair composite to PICN
compared to TS repair protocol.

2. After aging, the ES repair protocol provided
better repair bond strength than either repair
protocols involved Ultradent Porcelain Repair
System.

3. TS and GI repair protocols showed more
stable bond strengths compared to other protocols
after the aging procedure. Although affected
negatively by the aging procedure, SBS of ES was
higher than both groups, yet not significant.

4. Repair of the PICN with ES protocol
demonstrated SBS values within the acceptable
clinical range both before and after the aging
procedure.
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Farkli Onarim Protokollerinin ve Yapay
Yaslandirmanin Kompozitin Polimer-Infiltre Seramik
Ag Materyaline Baglanma Kuvvetine Etkisi

0z
Amag¢: Bu Sfarkl

yapay  yaslandirmanin

¢allsmanzn amaci, onarim

PICN
malzemesinin onariminda kullanilan kompozitin kayma
baglanti (SBS)
degerlendirmektir. Gere¢ ve Yéontemler: Toplam 120
PICN (Vita Enamic, Vita Zahnfabrik) numunesi
hazirlandi, yapay olarak yaslandirildi (5°C ile 55°C

protokollerinin  ve

dayanimi tizerindeki  etkisini

arasinda 5000 termal dongii) ve 5 onarim protokoliine
gore gruplandi: (1) TS: tribokimyasal silika kaplama
(Rocatec Soft; 3M ESPE)+Single Bond Universal
(SBU; 3M ESPE) (2) ES: hidroflorik asit ile

ptiriizlendirme (HF, Bisco)+SBU (3) EU: HF
+Ultradent  Porselen  Onarum  Sistemi  (UPRS;
Ultradent Products Inc.) (4) GU: elmas frezle

asindirma (G)+UPRS (5) GI: G +Ivoclar Vivadent
(lvoclar Vivadent AG).

Onarmmi simiile etmek amacwyla tiim érneklere silikon

Seramik Onarim Sistemi

bir kalppla (4 mm ¢ap, 2 mm yiikseklik) olusturulmus
kompozit silindirler (Clearfil Majesty Esthetic,
Kuraray) uygulandi. Daha sonra yapay yaslandirma
prosediiriine gére baslangi¢ ve yaslandirma (5 ° C ile
55 ° C arasinda 5000 termal déngii) olarak 2 alt grup
olusturuldu (n = 12). SBS testleri universal test cihazi
kullanmlarak gerceklestirildi. Basarisizlik tipleri PICN
icinde koheziv, kompozit iginde koheziv, adeziv ve
karisik olarak simiflandirildi. SBS verileri istatistiksel
olarak tek yonlii ANOVA, faktéryel ANOVA, LSD ve
Duncan testleri ile analiz edildi. (a=0.05) Basarisizlik
tipleri icin yiizde olarak hesapland:.
Bulgular: ES ve GU igin
ortalama SBS degerlerinin TS'den daha yiiksek
(p<0.05).
yaslandirilmis gruplara bakildiginda ES grubu EU ve
GU'dan daha yiiksek SBS gosterdi (p<0.05). ES, EU ve
GU gruplart icin SBS degerleri, suni yaslandirmadan

her grup
Baslangic  sonuglari,
gosterdi olarak

oldugunu Yapay

sonra baglangica gére dnemli él¢iide azaldr (p<0.05).
Baslangicta, dominant basarisizlik modu tiim gruplar
igcin PICN iginde kohezifti ve ES ve GU gruplart igin
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adezif basarisizlik  gézlenmedi. Bununla  birlikte,
yaslandirmadan sonra adezif basarisizlik géstermeyen
tek grup ES idi. Sonuglar: Zaman verimliligi ve
etkinlik goz oniine alimdiginda, HF ile asindirmanin
ardindan Single Bond Universal uygulamasi PICN i¢in
agiz i¢i onarum protokolii olarak onerilebilir. Anahtar
Kelimeler: CAD/CAM, dental restorasyon onarimi,

kayma mukavemeti, bilesik rezinler.
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ABSTRACT
Objectives: To compare the effects of two different treatment
approaches on cephalometric measurements and arch widths.

Materials and Methods: The retrospective study evaluated pre- and
post-treatment cephalometric radiograms and dental models of 45
patients with Class | malocclusions and moderate-severe dental tooth
size arch length discrepancies that underwent extraction or
nonextraction treatment between 2015 and 2020. Group | (n=22 [9
female, 13 male]; mean age, 18.0 + 1.68 years) was treated with the
Damon Q bracket system and Group Il (n=23 [11 female, 12 male];
mean age, 17.9 £ 1.34 years) was treated with the conventional MBT
bracket system. Pre- and post-treatment lateral cephalometric
radiograms were obtained and arch widths were measured for each
subject. Paired samples t-test was used to evaluate the treatment
changes within each group. To compare the changes between groups,
independent samples t-test was performed.

Results: No significant change was detected in the sagittal and vertical
skeletal parameters in both groups (p>0.05). The upper and lower
incisors proclined significantly in Group I (p<0.01) and the mandibular
incisors retroclined significantly in Group Il (p<0.05). The lips
protruded significantly and the upper lip thickness decreased
significantly in Group | (p<0.01), whereas no significant difference was
observed in Group Il (p>0.05). All the transversal dimensions increased
significantly in Group | (p<0.01), while only the intermolar distances
decreased significantly in Group Il (p<0.01).

Conclusions: Both treatment methods provided significantly different
outcomes with regard to soft tissue parameters and arch widths.

Key words: Extraction, nonextraction, orthodontics.
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A Comparison of Extraction and Nonextraction Treatments

INTRODUCTION

The tooth size arch length discrepancies are
commonly encountered malocclusion in dental
practice.»? This problem can be treated by two
approaches during permanent dentition: extraction
and nonextraction treatment. Over the last century,
however, the decision to extract permanent teeth in
cases with tooth size arch length discrepancies
have remained a controversial issue due to
aesthetic concerns.®

Extraction of premolar teeth for orthodontic
reasons is widely performed to achieve ideal
levelling of incisor teeth and to ensure a high-
standard orthodontic finishing and long-term
stability.* However, nonextraction treatment has
become highly popular particularly in the presence
of condylar displacement, dark buccal corridors,

concave profile, and suboptimal mandibular
growth concerns.>®
Nonextraction treatment eliminates the

irregularities via transversal expansion of arches
and proclination of incisors.”® The Damon self-
ligating bracket system (Ormco, Glendora,
California, USA) is a nonextraction treatment that
has been shown to be superior to conventional
bracket systems due to its production of low force
and low friction. Additionally, this system has also
been shown to provide several advantages
including increased patient comfort during
treatment, fewer visits to the orthodontist, shorter
treatment times, less need for extraction, and better
results in terms of both occlusal and facial
aesthetics.%1!

Studies comparing the effects of extraction and
nonextraction treatments on the arch widths, contrary
to popular belief, have revealed that premolar
extraction methods lead to no significant decrease in
the intercanine distance compared to nonextraction
methods.® Moreover, it has also been shown that the
Damon bracket system can achieve a significant
expansion in buccal segments in nonextraction
treatments.®212 On the other hand, while some of the
studies comparing the Damon bracket system and
conventional bracket systems in patients undergoing
nonextraction treatment found significant differences
in intermolar distances®**, some others found no
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significant differences between the bracket systems
with regard to intermolar distance.**16

To our knowledge, there has been no study
comparing the cephalometric and arch width
parameters in patients treated with a nonextraction
approach using the Damon bracket system and with
an extraction approach using the MBT system,
particularly in borderline cases. The retrospective
study was designed to compare cephalometric
measurements in borderline patients with Class |
malocclusions and moderate-severe tooth size arch
length discrepancies who were treated with these
two treatment approaches and to analyze the effects
of these measurements on dental arches. The null
hypothesis is that there are significant differences
between two approaches with regard to their
cephalometric and dental arc measurements.

MATERIALS AND METHODS

The retrospective study evaluated pre- and post-
treatment cephalometric radiograms and dental
models of patients that underwent extraction or
nonextraction treatment in Adiyaman University
School of Dentistry Orthodontics Department
between 2015 and 2020. An approval was obtained
from Adiyaman University Noninterventional
Clinical Research Ethics Committee (Approval
No: 2019/8-6).

Power analysis was performed using
GPOWER statistical software (Ver. 3.1 Franz Faul,
Universitit Kiel, Kiel, Germany), in which the
minimum number of samples was determined as 34
based on an alpha level of 0.05, a power of 0.80,
and an effect size of 0.87 considering the mean
PAR score after treatment was 3.5 £ 3.19 in four
first premolar extraction group and 1.4+ 1.14 in the
nonextraction group derived from ileri et al.'’ To
increase the power of the study, a total of 45
patients were included in the analysis.

To create a comparable dataset, the treatment
records of each patient were re-examined to identify
treatment procedures and only those treated with the
same procedure were analyzed. The pretreatment
inclusion and selection criteria for the nonextraction
group were as follows; skeletal Class | malocclusion
(ANB [A point, nasion, B point], 0-5°), angle Class I
malocclusion, age in the permanent dentition period,
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a minimum of 5-mm maxillary and mandibular tooth
size arch length discrepancies according to Hayes-
Nance analysis, absence of systemic diseases,
absence of missing permanent teeth or congenitally
absent teeth, absence of prior orthodontic treatment,
and not using any additional appliance (miniscrew,
Herbst appliance, lip bumper appliance, headgear, or
distalization device), during the treatment, using the
Damon Q bracket system (Ormco, California, USA)
(0.022-inch bracket slot size) and bonding brackets in
the upper and lower arches to the level of seventh
teeth (Figure 1), finishing the treatment by
performing dental levelling and alignment with
0.19"x0.25" stainless steel archwires.

Figure 1. Nonextraction treatment with the Damon bracket system.
The nonextraction group consisted of 22 patients (9
female, 13 male; mean age, 18.0 £ 1.68 years).

The patients who fulfilled the following
pretreatment inclusion and selection criteria were
included in the extraction group; skeletal Class I
malocclusion, angle Class | malocclusion, age in
the permanent dentition period, a minimum of 5-
mm maxillary and mandibular tooth size arch
length discrepancies according to Hayes-Nance
analysis, absence of systemic diseases, absence of
missing permanent teeth or congenitally absent
teeth, absence of prior orthodontic treatment, and
not using any additional appliance, during the
treatment, extraction of the four first premolars and
applying the MBT bracket system (Mini Master
Series; American Orthodontics, Sheboygan, WI,
USA) and bonding brackets in the upper and lower
arches to the level of seventh teeth (Figure 2),
achieving the dental levelling and alignment with
0.014", 0.016", 0.016"x0.022" and 0.017"x0.022"
Nickel titanium archwires, performing the canine
distalization with moderate anchorage using
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0.17"x0.22" stainless steel archwires, and

finalizing the treatment by applying the finishing
procedures after performing incisor consolidation.
The extraction group consisted of 23 patients (11
female, 12 male; mean age, 17.9 + 1.34 years).

Figure 2.FBLTFI r').remolar extraction with the MBT bracket system.

Cephalometric radiograms along with extra-
and intra-oral images and plaster models were
obtained both before (T1) and after the treatment
(T2) by the same operator using the same
cephalostat.  Digital lateral  cephalometric
radiograms were obtained by the same operator
using a Planmeca EC Proline PM 2002 Panoramic
Dental X-ray Unit. The exposure values were set at
68-74 kV, 5 mA, and with an exposure time of 0.5
s. The receptor-source distance was fixed at 150
cm. The rate of radiographic magnification was
adjusted to 1.1 and all the digital cephalometric
radiograms were obtained in a standing position
with the teeth in centric occlusion and the subject’s
head positioned with Frankfurt's horizontal plane
parallel to the ground, with the cephalostat ear-rods
adjusted to hold the head in natural head position.

All the scanned images were processed by the
same operator using Dolphin Imaging Version 10.5
(Dolphin Imaging, Chatsworth, California, USA)
(Figure 3).
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S: Sella

N: Nasion

A: Subspinale

B: Supramentale

ANS: Spina Nasalis Anterior

PNS: Spina Nasalis Posterior

Go: Gonon

Gn: Gnathion

Pr: Pronasale

Cm: Collumella

UL: Labrale superius

LL: Labrale inferius

B': Soft tissue B point

Pg': Soft tissue Pogonion

E: Ricketts esthetic plane
Figure 3. Cephalometric angular and linear measurements used in the
study. 1. SNA®, angle formed by S-N and N-A planes; 2. SNB®, angle
formed by S-N and N-B planes; 3. ANB®, angle formed by N-A and
N-B planes; 4. SN/GoGn®, angle formed by S-N and Go-Gn planes; 5.
U1/PP (°), angle formed by Ul plane and ANS-PNS plane; 6. IMPA
(°), angle formed by L1 plane and Go-Gn plane; UL-E (mm), the
distance between UL point and Pr-Pg’ (E) plane; LL-E (mm), the
distance between LL point and Pr-Pg’ (E) plane; 9. Nasolabial angle,
angle formed by Cm-Sn and Sn-UL planes; 10. Mentolabial angle,
angle formed by LL-B’ and B’-Pg’ planes; 11. UL thickness, the
distance between the most facial point of the maxillary incisor and UL
point and 12. LL thickness, the distance between the most facial point

of the mandibular incisor and LL point.

Maxillary and mandibular tooth size arch length
discrepancies were assessed on pretreatment dental
casts using Hayes-Nance analysis. Crowding was
categorized according to the Little's'® irregularity
index [ideal alignment (0-0.9 mm), minimal (1-3.9
mm), moderate (4-6.9 mm), severe (7-9.9 mm),
extreme (more than 10 mm)]. Measurements of
pre- and post-treatment dental models were
performed by the same operator using a digital
caliper (Mitutoyo, Tokyo, Japan). Additionally,
intercanine and intermolar width were also
measured to assess the transversal changes induced
by the treatment (Figure 4).

Figure 4. Measurement of maxillary and mandibular intercanine and
intermolar distances on dental casts. U3-U3: the distance between the
tips of the left and right upper canines; U6-U6: the distance between
the most supero-palatal points of distolingual grooves of the left and
right upper first molars; L3-L3: the distance between the tips of the
left and right lower canines; L6-L6: the distance between the most
supero-lingual points of lingual grooves of the left and right lower first
molars.
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Three weeks after the first measurements, 20
randomly selected cephalometric radiograms were
redrawn and the model measurements were
repeated to assess interrater reliability. In these
measurements, the reliability coefficient was close
to 1.00 (range, 0.92-0.99).

Statistical analysis

Data were analyzed using SPSS 22.0 (IBM Corp.
released 2013. IBM SPSS Statistics for Windows,
Version 22.0, Armonk, NY: IBM Corp.).
Descriptives were expressed as mean + standard
deviation (SD). Normal distribution of data was
determined using Kolmogorov-Smirnov test. Two
independent variables with normal distribution
were compared using Paired-Samples t-test and
variables nonnormal distribution were compared
using Mann-Whiney U test. Interrater reliability
was assessed using Intraclass Correlation
Coefficient (ICC). A p value of <0.05 was
considered significant.

RESULTS

Mean pretreatment maxillary tooth size arch length
discrepancies were 7.70 + 0.61 mm in the
extraction group and 6.80 £ 0.34 mm in the
nonextraction  group. In  contrast, mean
pretreatment mandibular tooth size arch length
discrepancies were 7.30 £ 1.1 mm in the extraction
group and 5.70 = 0.36 mm in the nonextraction
group. No significant difference was found
between the two groups with regard to pretreatment
tooth size arch length discrepancy values (p>0.05).

Table 1 presents the comparison of baseline
cephalometric measurements in both groups.
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Table 1. Baseline descriptives and comparison of differences between the groups.

Extraction Nonextraction Overall P value
Mean SD Mean SD
Age (years) 17.90 1.34 18.00 1.68 0.187
Skeletal cephalometric parameters
SNA (°) 79.80 0.72 82.85 0.65 0.019*
SNB (°) 75.80 0.71 80.05 0.61 0.001***
ANB (°) 4.40 0.46 2.65 0.44 0.040*
SN/GoGn (°) 38.00 1.21 32.80 1.19 0.002**
Dental cephalometric parameters
UL/PP (°) 109.30 4.98 111.40 1.43 0.674
IMPA (°) 89.5 1.43 83.55 1.48 0.153
Soft tissue cephalometric parameters
UL-E (mm) -1.40 0.48 -3.30 0.40 0.035*
LL-E (mm) -1.10 0.51 -1.40 0.36 0.006**
Nasolabial angle 111.40 1.23 104.80 3.74 0.004**
Mentolabial angle 138.00 2.13 127.50 2.03 0.006**
UL thickness 10.60 0.41 12.50 0.45 0.004**
LL thickness 10.30 0.34 12.05 0.32 0.001%**
Dental cast parameters
Overjet (mm) 3.50 0.38 3.50 0.43 0.699
Overbite (mm) 2.50 0.32 3.10 0.42 0.202
U3-U3 (mm) 33.50 0.57 34.7 0.64 0.420
U6-U6 (mm) 43.00 0.50 46.2 0.64 0.001***
L3-L3(mm) 25.50 0.37 25.8 0.51 0.892
L6-L6 (mm) 38.4 0.47 41.05 0.60 0.005**
Maxillary TSALD -7.70 0.61 -6.80 0.34 0.187
Mandibular TSALD -7.30 1.01 -5.70 0.36 0.382

P: test result, SD: Standard deviation, mm: millimeter, TSASD: tooth size arch length discrepancies, *: P<0.05, **: P<0.01, ***: P<0.01.

A ssignificant difference was found between the two
groups with regard to skeletal and soft tissue
measurements (p<0.05 for both), while no
significant difference was observed with regard to
dental measurements (p>0.05). Moreover, a
significant difference was found between the two
groups with regard to maxillary and mandibular

intercanine measurements (p<0.05 for both),
whereas no significant difference was observed in
terms of interdental measurements (p>0.05).

Table 2 presents pre- and post-treatment
cephalometric measurements and their changes in
both groups.

Table 2. Descriptive values and comparison of variables at pretreatment and posttreatment periods.

Extraction Nonextraction
Pretreatment Posttreatment p Pretreatment Posttreatment p
Mean+SD Mean+SD
Skeletal cephalometric parameters
SNA° 79.80+072 79.30+0.92 0.420 82.85+0.65 83.05+0.65 0.783
SNB° 75.8+0.71 76.00+0.77 0.438 80.05+0.61 80.15+0.71 0.845
ANB° 4.40+0.46 3.90+0.37 0.721 2.65+0.44 2.55+0.38 0.341
SN/GoGn® 38.00+1.21 37.50+1.25 0.073 32.80+1.19 32.10+1.18 0.357
Dental cephalometric parameters
U1/PP° 109.30+4.98 107.6+4.37 0.064 111.40+1.43 118.65+1.42 0.01**
IMPA° 89.5+1.43 86.7+1.64 0.016* 83.55+1.48 93.85+1.69 0.01**
Soft tissue cephalometric parameters
UL-E (mm) -1.40+0.48 -3.00+0.49 0.001*** -3.30+0.40 -2.70+0.38 0.01**
LL-E (mm) -0.10+0.51 -0.90+0.48 0.011* -1.40+0.36 0.10+0.36 0.004**
Nasolabial angle 111.40+1.23 111.40+1.83 0.513 104.80+3.74 98.80+2.50 0.300
Mentolabial angle 138.00+2.13 134.00+2.52 0.833 127.50+2.03 127.30+1.99 0.385
UL thickness 10.60+0.41 11.70+0.45 0.135 12.50+0.45 10.85+0.46 0.01**
LL thickness 10.30+0.34 10.10+0.31 0.738 12.05+0.32 11.30+0.41 0.229
Dental cast parameters
Overjet (mm) 3.50+0.38 2.40+0.14 0.088 3.50+0.43 2.45+0.11 0.070
Overbite (mm) 2.504+0.32 2.40+0.15 0.273 3.10+0.42 2.10+0.12 0.093
U3-U3 (mm) 33.50+0.57 35.00+0.44 0.012* 34.7+0.64 37.3+0.51 0.01**
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U6-uU6 (mm) 43.00+0.50 41.9+0.33 0.001*** 46.2+0.64 48.0+0.59 0.01**
L3-L3 (mm) 25.50+0.37 26.90+0.27 0.095 25.8+0.51 28.2. £0.41 0.01**
L6-L6 (mm) 38.4+0.47 37.3+0.54 0.009** 41.05+0.60 42.10+0.43 0.01**

P: test result, SD: Standard deviation, mm: millimeter, *: P<0.05, **: P<0.01; ***: P<0.001.

In the group treated with Damon Q system, no
significant change was observed between pre- and
post-treatment skeletal measurements (p>0.05). The
proclination of upper and lower incisors was
statistically significant (p<0.05 for both), while the
reduction in the overjet and overbite was statistically
insignificant (p>0.05). On the other hand, the lower
and upper lips significantly moved anteriorly
(p<0.01), no significant change occurred in
nasolabial and mentolabial angles (p>0.05), the

Although the retroclination of the lower incisors
was statistically significant (p<0.05), no significant
change was observed in the upper incisor angles
(p>0.05). Similarly, no significant change was
observed in overjet and overbite (p>0.05 for both).
Both the lower and upper lips significantly moved
posteriorly (p<0.05 for both), while no significant
change was detected in the nasolabial and
mentolabial angles and in the lower and upper lip
thickness (p>0.05 for all). In model measurements,

upper lip thickness decreased significantly (p<0.01), the maxillary intercanine distance increased
and no significant change occurred in the lower lip significantly  (p<0.05), the maxillary and
thickness (p>0.05). Moreover, a significant increase mandibular intermolar  distances  decreased

was observed in interdental distances in both
maxillary and mandibular molars (p<0.01 for both).

In the group treated with the MBT bracket
system with four premolar extraction, no
significant change was observed between pre- and
post-treatment skeletal measurements (p>0.05).

significantly (p<0.05), and no significant change
was observed in the mandibular intercanine
distance (p>0.05).

Table 3 presents the changes detected in both
groups.

Table 3. Treatment changes descriptive statistics of parameters and significance values between groups.

Extraction

Nonextraction

Mean SD Mean SD P value
Skeletal cephalometric parameters
SNA®° 0.60 0.64 0.50 0.54 0.685
SNB° 2.00 0.75 2.00 0.75 0.460
ANB° -0.30 0.44 0.15 0.29 0.733
SN/GoGn® -2.50 0.65 -0.60 0.45 0.666
Dental cephalometric parameters
U1/PP° -0.10 6.63 6.80 0.37 0.001***
IMPA° -1.90 1.15 5.75 1.30 0.001***
Soft tissue cephalometric parameters
UL-E (mm) -1.80 0.44 1.00 0.21 0.001***
LL-E (mm) -1.80 0.56 1.10 0.25 0.001***
Nasolabial angle -1.00 2.66 -6.45 -4.16 0.001***
Mentolabial angle 2.00 2.09 -2.50 2.00 0.725
UL thickness 0.40 0.87 -1.40 0.19 0.001***
LL thickness 0.20 0.34 -0.55 0.45 0.224
Dental cast parameters
Overjet (mm) -1.10 0.44 -0.80 0.40 0.856
Overbite (mm) -0.30 0.46 -0.55 0.38 0.053
U3-U3 (mm) 1.8 0.62 2.25 0.41 0.666
U6-U6 (mm) -0.80 0.60 1.60 0.69 0.001***
L3-L3 (mm) 1.60 0.69 2.20 0.32 0.012*
L6-L6 (mm) 0.00 0.55 1.05 0.35 0.001***

P: test result, SD: Standard deviation, mm: millimeter, *: P<0.05, **: P<0.01, ***: P<0.01.

No significant difference was found between the
two groups with regard to the changes in skeletal
measurements (p>0.05). A significant difference
was found with regard to the changes in the lower
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and upper incisor angles (p<0.001) while no
significant change was found with regard to the
changes in overjet and overbite (p>0.05). A
significant difference was found between the two
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groups with regard to the changes in upper and
lower lip position, nasolabial angle, and upper lip
thickness (p<0.05 for all), whereas no significant
difference was observed with regard to the changes
in mentolabial angle and lower lip thickness
(p>0.05 for both). In model measurements, no
significant difference was found between the two
groups with regard to the maxillary intercanine
distance (p>0.05), while significant difference was
found in terms of the changes in other maxillary
and mandibular interdental distances (p<0.05).

DISCUSSION

Tweed?® claimed that the leveling and alignment of
the teeth should be above the basal bone and leaded
a new trend involving orthodontic treatment with
tooth extraction against the previous idea® of
enlarging dental arches. Similar to the previous
idea, in the 1990s, Dwight Damon developed the
Damon system, which includes a passive self-
ligating bracket design and broader super elastic
archwires, based on the thesis that low friction and
light forces produce more biologically stable
results.’® The Damon philosophy states that
biologically friendly light forces expands posterior
parts of dental arches and reduce the need for tooth
extraction to dissolve crowding.'* When tooth
extraction is inevitable, it is important to minimize
the torque loss after incisor retraction.
McLaughlin, Bennett, and Trevisi introduced the
MBT prescription in 1997 and became very
popular system among orthodontists. This
prescription contained the following differences
compared to others; greater palatal root inclination
values at maxillary central incisor brackets (17
degrees), greater palatal root inclination values at
maxillary lateral incisor brackets. (10 degrees),
greater lingual crown inclination values at
mandibular incisor brackets (—6 degrees) and
reduced tip values in the maxillary canine brackets
(8 degrees). Researchers reported that the greater
palatal root inclination values in the maxillary
incisors improve the appearance of teeth with
reduced torque values especially in cases with
tooth extraction.? In the literature, the effects of
these two very popular prescriptions in treatments
with and without extraction have not yet been
compared. Therefore, the present study
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retrospectively evaluated pre- and post-treatment
changes in cephalometric and dental model
measurements between patients that were treated
with an extraction approach using the conventional
MBT bracket system and patients that were treated
with a nonextraction approach using a self-ligating
Damon bracket system.

An analysis of pretreatment measurements of
both groups indicated that there are a number of
factors taken into consideration when deciding
whether to extract or retain premolar teeth,
including soft tissue profile of the subject, the SNA
(Sella-Nasion-point A angle) and SNB (Sella-
Nasion-point B angle) angles that show the sagittal
position of the maxilla and mandible with respect
to the cranial base, and he SN-GoGn angle that is
used to assess the vertical skeletal pattern. In the
group that underwent four premolar extraction, the
lips of the subjects were more protrusive and both
the maxilla and mandible were located in more
anterior positions when compared to the cranial
base and also had a higher vertical angle while no
significant differences were found between
pretreatment inclinations of upper and lower
incisors. Similarly, previous studies also indicated
that the extraction of premolars and the retraction
of the anterior segment in subjects with protrusive
lips contribute to the improvement of lip profile
through the retraction of lips.??% In contrast,
Erdinc et al.?* showed significantly more
protrusive and proclined incisors between
extraction and nonextraction groups at the
beginning of the study, while Basciftci et al.®
reported no significant differences in the positions
of incisors were observed between the extraction
and nonextraction Class | groups before treatment
in agreement with our findings. The discrepancies
in these outcomes may be related to the differences
in inclusion criteria between studies.

In our study, no significant change was
observed in cephalometric skeletal measurements
in both groups, which could be attributed to the fact
that the treatment remained at the dental level and
the patients included in the study had not
completed their growth and development. This
finding was consistent with the findings reported
by Basciftci and Usiimez?® and Basgiftci et al.?
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On the other hand, a significant increase was
detected in the upper and lower incisor angles in
the dental cephalometric measurements of the
nonextraction group. This finding was consistent
with the findings presented by previous studies
reporting on the Damon bracket system.162628 |n
the extraction group, however, the mandibular
incisors retroclined significantly (p<0.05) while no
significant difference was observed in maxillary
incisors (p>0.05), which implicates that the
anterior tooth size arch length discrepancies were
eliminated by moderate anchorage and no effective
upper incisor consolidation was performed to
reduce dental angles. These findings were
consistent with those reported by Finnoy et al.?®
and Erding et al.?*, while they contradicted those
reported by Zierhut et al.*® and Bascift¢i et al.?®
This contradiction could be attributed to the use of
different space closure techniques at the beginning
of the treatment in the extraction group and to the
different levels of tooth size arch length
discrepancies in the studies. On the other hand,
both overjet and overbite did not change
significantly in both groups. This finding could be
ascribed to the treatment mechanics administered
in both groups (implementation of moderate
anchorage in the extraction group and the
expansion of arches with the Damon Q bracket
system). Although this finding was consistent with
the findings presented by Atik and Ciger®?” who
performed a nonextraction treatment with the
Damon bracket system, it was inconsistent with the
findings presented by Basciftci and Usiimez?® who
found a significant reduction in overjet in Class |
patients. This contradiction could be associated
with the differences in subjects’ pretreatment
overjet values and the implementation of different
treatment mechanics in the studies.

The treatment approaches performed in our
study expectedly had different effects on the lip
profiles of the subjects. In the nonextraction group,
the lips moved significantly anteriorly due to the
marked proclination of both the upper and lower
teeth, which specifically led to a significant
reduction in the upper lip thickness. In contrast,
Basciftci et al.?® reported that only the lower lip
significantly moved anteriorly in their patients. This
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difference could be related to the level of maxillary
tooth size arch length discrepancies at the beginning
of the treatment. Nevertheless, in our extraction
group, both the lower and upper lips significantly
moved posteriorly while no significant change was
observed in lip thickness and angles.

In our study, the maxillary intercanine distance
increased significantly in the group treated with an
extraction approach using the conventional MBT
bracket system. Meaningfully, an increase in the
distance between the canines that are moved
posteriorly following distalization with wide arches
and arch forms is an expected outcome and this
outcome was consistent with the findings presented
by Aksu and Kocadereli and Kim and Gianelly.? In
contrast, the maxillary and mandibular intermolar
distances decreased significantly, which could be
associated with the movement of these molars
towards the mesial segment as a result of moderate
anchorage. This finding was consistent with the
findings presented by Kim and Gianelly?®, while it
was inconsistent with those presented by Aksu and
Kocadereli.! On the other hand, no significant change
occurred in the mandibular intercanine distance
despite the use of wide arches, which is highly
important for the avoidance of post-treatment relapse.
This finding contradicted the findings presented by
Kim and Gianelly® and Aksu and Kocadereli*, which
could be attributed to the difference in the widths of
arches used in the studies.

In the group treated with a nonextraction
approach using the Damon bracket system, the
interdental distance between all the maxillary and
mandibular molars increased significantly. This
finding confirmed the commonly known
hypothesis that the Damon bracket system is useful
for expanding the arches during the treatment and
was consistent with the findings presented by Atik
and Ciger?, Vajaria et al.?8, and Basgiftci et al.?
Nevertheless, the increase in mandibular
intercanine distance can be alarming particularly
for treatment stability.?

Although no significant difference was found
between the two groups with regard to maxillary
intercanine distance, both treatment approaches
were found to provide similar outcomes with
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regard to maxillary intercanine distance through
the use of wide arches.

Our study was limited since baseline skeletal
and soft tissue measurements of both groups were
significantly different from each other and only
short-term effect of these treatments were
evaluated in the study. Additionally, no evaluation
was performed for the total duration of treatment
for the patients. Further longitudinal studies are
needed to provide a more robust comparison of
changes induced by these treatment approaches by
standardizing the cephalometric parameters and to
investigate post-treatment relapse in the subjects.
Moreover, further studies may involve different
age groups and larger sample sizes and may
compare these approaches with other techniques
such as miniscrew-assisted treatment.

CONCLUSIONS

Both treatment methods provided significantly
different outcomes with regard to cephalometric
parameters except skeletal values, mentolabial
angle and lower lip thickness and dental model
parameters except overjet, overbite and maxillary
intercanine  distances. These two different
treatment approaches showed opposite effects on
the lips, mandibular incisor inclinations and
intermolar widths. Accordingly, when selecting the
treatment, these differences as well as the position
of incisors, transversal dimensions of the dental
arches and the lip profiles of the subjects should be
taken into consideration.
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Cekimli ve Cekimsiz Ortodontik Tedavilerin
Sefalometrik Yapilar ve Ark Genislikleri Uzerine
Etkilerinin Karsilagtirilmast

0z

Amag: Iki farkli tedavi yaklagimimn sefalometrik
etkilerini
Smf 1
malokliizyona sahip ve orta-siddetli ¢aprasikligr bulunan
45 bireyin sefalometrik radyografileri ve dental modelleri

Olciimler ve ark geniglikleri iizerindeki

karstlastirmaktir.  Gere¢ ve Yontemler:

elde edilmigtir. Bireyler ¢ekim yapilmayan (birinci) ve
dort premolar ¢ekimli (ikinci) olmak iizere iki gruba

ayridmistir. Birinci grup, Damon Q sistemi ile tedavi
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goren 22 hastadan (9 kiz, 13 erkek ortalama yas 18.0 +
1.68) olusmakta iken ikinci grup konvansiyonel MBT
braket sistemi ile tedavi edilen 23 hastadan (11 kiz, 12
erkek yas ortalamasi: 17.9 + 1.34) olusmaktadir.
Hastalarin tedavi oncesi ve sonrasi lateral sefalometrik
radyografileri ve ark  genislikleri ol¢iiliip
karsuastirilmistiv. Her gruptaki tedavi degisikliklerini
degerlendirmek eslestirilmis ~ ornekler  t-testi
kullanild:.
karsilastirmak i¢in bagimsiz drnekler t-testi yapildl.

Bulgular: Her iki grupta da tedavi ile sagital ve vertikal

icin

Gruplar arasindaki degisiklikleri

iskeletsel degerlerde istatistiksel olarak anlamli bir
degisiklik goriilmemistir (p>0,05). Ust ve alt kesici
dislerde birinci grupta anlamli proklinasyon gézlenirken
(p<0,01); ikinci grupta mandibular diglerde anlaml
(p<0,05) retroklinasyon bulunmustur. Dudaklarn birinci
grupta belirgin olarak protriize oldugu ve iist dudagin
inceldigi  gozlenmis (p<0,01), ancak ikinci grupta
istatistiksel olarak anlamli bir degisiklik gozlenmemistir
(p>0,05). Birinci grupta tiim transvers dental model
olciimlerinde anlamli (p<0,01) artis tespit edilmis, ancak
ikinci grupta sadece intermolar genisliklerde anlaml bir
azalma gozlenmistir (p<0,01). Sonug: Iki tedavi yontemi
dental ve yumusak dokular ile ark genislikleri iizerine
birbirine zit ve anlaml etkiler gostermistir. Anahtar

Kelimeler: Cekimli, ¢ekimsiz, ortodonti.
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ABSTRACT

Objectives: The present study aims to evaluate the effects of different
concentrations of ethylenediamine tetraacetic acid (EDTA) on smear layer
removal in primary teeth by using scanning electron microscopy (SEM).

Materials and Methods: The present study was performed with 28 extracted
upper primary incisors assigned into four main groups (n=7) as 5%, 10% and
17% EDTA, and 1% sodium hypochlorite (NaOCI). The root canal surfaces
(coronal, middle and apical) were scanned by SEM and scores of smear layer
removal were recorded and compared after the root canal irrigation procedures.
The results were analyzed using Kruskal-Wallis, Friedman and Dunn tests.

Results: In all the root portions, although EDTA groups removed the smear
layer more effectively than NaOCI, a statistically significant difference was
observed between 17% EDTA and 1% NaOCI only in middle third (p <0.05).
Also, smear layer was removed more effectively in coronal than apical in most
of the groups (10% EDTA, 17% EDTA and 1% NaOCI) (p <0.05). Erosive
defects were seenin 10% EDTA and 17% EDTA groups, mostly in 17% EDTA
group. These findings were not detected in 5% EDTA and 1% NaOCI group.

Conclusions: It is possible to recommend the use of 5% EDTA irrigation
solution in root canal treatment of primary teeth due to its similar smear layer
removal efficacy with NaOCI and high concentration EDTA groups, low
erosive potential and low concentration for periapical safety.

Keywords: EDTA, root canal irrigants, smear layer.
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Smear Layer Removal of Different EDTA Solutions

INTRODUCTION

The root canal treatment process of primary teeth
with necrotic or irreversibly inflamed pulp are
quite important to avoid the consequences of the
dental infection. The success of root canal
treatment involving the instrumentation, irrigation
and obturation of the root canal system, depends on
the chemo-mechanical debridement and effective
removal of infective microorganisms in root
canals.'®

Smear layer formed during root canal
instrumentation is a composite tissue containing
dentin, necrotic and viable tissue residues,
odontoblastic remnants and bacteria.>”® The smear
layer reduces the permeability of dentin by
penetrating into the dentinal tubules,>® inhibits the
effects of antibacterial agents, the seal of the root
canal filling and complete removal of
microorganisms in root canal.®1%1 Therefore, an
important factor that increases the success of root
canal treatment is the removal of the smear
layer,256.10

Especially in primary teeth, the smear layer
removal is as important as mechanical
instrumentation.>!? The presence of inaccessible
areas such as ramifications, lateral and accessory
canals or morphological variations in the root
canals especially in primary molar teeth increases
the need for chemical debridement. 881215
Moreover, the inability to provide an effective
obturation and lateral condensation in root canals
due to increase the diameter of apical foramen with
the physiological root resorption especially in the
apical portion of the roots, highlight effective
smear layer removal for long-term success.®*?

Numerous different irrigation solutions/
protocols are used in primary tooth pulpectomies
for smear layer removal.b81316  Sodium
hypochlorite (NaOCI) is frequently used due to its
potent antibacterial, antiviral and antifungal effects
and necrotic/organic tissue dissolving ability.
However, although NaOCI dissolves the organic
part of the smear layer, it is reported that it has a
limited effect in removing the inorganic part.’
Ethylenediamine tetraacetic acid (EDTA), which is
a chelator agent, removes the especially inorganic
part of the smear layer in root canal irrigation,

however, it has been known that its antibacterial
effect is limited. Also, the prolonged exposure of
EDTA with the root canal walls results in excessive
removal of peritubular and intratubular dentin,
therefore, the combined use of NaOCI and EDTA
agents is recommended for both antibacterial effect
and effective smear layer removal 268

In permanent teeth, EDTA is mostly used in
17% concentration in irrigation protocols.
However, differences in water and organic content
and hardness of the structure of primary tooth
dentin require the use of different EDTA
concentrations.>>%4 Even lower concentrations
than those used in permanent teeth cause erosive
defects and excessive removal of dentine in
primary tooth root dentin.?%6 Although the
researches investigating the use of 10% to 17%
EDTA, there is no certain protocol that has been
proven for the use of EDTA in primary teeth and
evidence-based long-term  clinical  results.
Morever, sufficient detected information is not
available for the concentrations of <10% EDTA.
Therefore, in the present study, it is aimed to
evaluate the effects of different concentrations of
EDTA as final irrigation solution on smear layer
removal in primary root canals under in-vitro
conditions.

MATERIALS AND METHODS

Ethical Approval and Statements

Ethical approval for the presented study was
provided by the Clinical Research Ethics
Committee of Ankara University, Faculty of
Dentistry (approval decision number: 11/04,
decision date: 14.10.2020). Wherefore the
extracted human primary teeth were used in this
study, written and verbal consents was obtained
from child patients and their parents. The principles
of the Declaration of Helsinki were followed in the
study. Also, the presented study has followed the
Checklist for Reporting In-vitro Studies (CRIS)
guidelines for in-vitro studies as discussed in the
2014 concept note by Krithikadatta et al.'’

Sample Size Calculation and Including/
Excluding Criteria

The statistical power analysis was carried out to
determine the sample size for this in-vitro study.
For the determination the differences between the
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study groups (effect size: 0.70) indicated that a
minimum of 28 deciduous incisor teeth were
required to detect a significant difference (80%
power and 5% type | error). In this study, 28 upper
primary incisor teeth extracted due to extent dental
caries and periapical lesion, dento-alveolar
abscess, non-restorable crown structure or dento-
alveolar trauma were used. Considering the
including criteria for the presented study, teeth
were selected to be as single rooted, without root
anomalies, root resorption level not more than one
third of the total root length (on the basis of Kramer
and Ireland®®) and apical foramen size not larger
than the #50 K file diameter. In addition, root
fractures, cracks, macro calcifications, internal root
resorption or root canal obliteration were examined
with a stereomicroscope and the teeth containing
mentioned conditions were excluded from the
study procedures.

Tooth Storing Procedures

The organic debris, PDL residues and remnants on
the outer root surfaces of the teeth included in the
study were removed using 2.5% NaOCI solution and
periodontal curette and washed under tap water.
Then, teeth were kept in 0.9% Physiological Saline
(PS) solution until the procedures of the study.

Study Procedures

The teeth prepared as mentioned above were
embedded in wax blocks as the roots to be remain
inside to carry out the study procedures. Afterwards,
the endodontic access cavity was prepared using
high speed fissure burs. The coronal pulp tissue and
residues were removed using a sharp excavator and
slow speed round burs and the pulp chamber was
irrigated with saline solution. The pulp tissue in root
canal was removed using an appropriate size barbed
broach and the root canals were irrigated with PS to
remove tissue residues. The working length for each
tooth was determined on periapical radiography as
to be 2 mm shorter than the root apex using a #15 K-
file (G-star Medical Co., Ltd., Guangdong, China).
The root canal instrumentation was performed using
#15 to 45 K-files. Between each file and at the end
of all instrumentation (final irrigation), the root
canals were irrigated with different irrigation
protocols. The root canal irrigation procedures were
performed with 27 gauged needle tip attached to 2
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ml dental syringe (Ayset Medical Products, Adana,
Turkey). The needle was placed into root canal to be
2 mm shorter than the working length and the canals
were irrigated with appropriate finger pressure.

Determination of the Study Groups

28 teeth prepared for the study were randomly
assigned to 4 different groups (n=7) and irrigation
procedures for each group are given below.

Group 1- 5% EDTA Group: Between each file,
the canals were irrigated with 10 ml of 1% NaOCI.
5% concentration of EDTA was used as the final
irrigation solution and the canals were irrigated
with 10 ml of 5% EDTA for 1 min. after all
instrumentation procedures. Finally, the canals
were dried with paper points between NaOCI and
EDTA solutions.

Group 2- 10% EDTA Group: Between each file,
the canals were irrigated with 10 ml of 1% NaOCI.
10% concentration of EDTA was used as the final
irrigation solution and the canals were irrigated
with 10 ml of 10% EDTA for 1 min. after all
instrumentation procedures. Finally, the canals
were dried with paper points between NaOCI and
EDTA solutions.

Group 3- 17% EDTA Group: Between each file,
the canals were irrigated with 10 ml of 1% NaOCI.
17% concentration of EDTA was used as the final
irrigation solution and the canals were irrigated
with 10 ml of 17% EDTA for 1 min. after all
instrumentation procedures. Finally, the canals
were dried with paper points between NaOCI and
EDTA solutions.

Group 4- 1% NaOCI Group (Control Group):
Between each file, the canals were irrigated with
10 ml of 1% NaOCI. 1% concentration of NaOCI
was used as the final irrigation solution and the
canals were irrigated with 10 ml of 1% NaOCI for
1 min. after all instrumentation procedures. Finally,
the canals were dried with paper points.

SEM Analysis and Scoring the Samples

The amount of removal of the smear layer was
evaluated and scored using the SEM (Carl Zeiss,
Gemini SEM 500-71-08, Germany) in the present
study. Prior to SEM analysis, the roots were removed
from wax blocks and divided into two halves
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mesiodistally along the longitudinal axis using a
chisel and mallet. For SEM analysis, each specimen
was dehydrated in 25%, 50%, 75%, and 90% ethanol
series for 25 min, and finally 100% ethanol for 60
min. The samples were point-dried and mounted on
aluminum stubs. Subsequently, the specimens were
sputter-coated with 135 A0 thickness gold-palladium
particles. Each specimen was evaluated in 3 sections
along the inner coronal, middle third and apical root
surfaces. In the evaluation, it was important that the
images were at the same magnification (x3.5K). The
photos of the SEM images were scored blindly at 1-
week intervals by the same researcher who was not
aware of which sample belonged to which study
groups. The assessment of what amount the smear
layer was removed was made on the basis of the
following criteria:®®

Score 0: absence of the smear layer (majority of
dentinal tubules open)

Score 1: Moderate presence of the smear layer and
outline of tubules partially visible (majority of the
dentinal tubules partially obliterated)

Score 2: presence of abundant smear layer
(majority of the dentinal tubules complete
obliterated)

Statistical Analysis

Intra-examiner validity (for 1-week interval) was
assessed by Kappa statistics. Kappa value was 0.9,
demonstrating good reliability. The differences
between groups were analyzed with Kruskal-
Wallis test, and the differences between coronal-
middle-apical third of the roots were analyzed with
Friedman test. Binary comparisons were
performed with Dunn's test. The statistical
significance level was considered as %5.

RESULTS

According to statistical comparisons, in coronal
and apical region of the roots, there was no
statistically significant difference between all the
groups, while 17% EDTA group was statistically
significantly superior compared to 1% NaOCI
group in the middle third (p=0,016) (Table 1,
Figure 2 to 4).

Table 1: SEM evaluation scores and the median values of all the groups in coronal, middle and apical third of the roots.

Irrigation Groups Coronal Third Middle Third Apical Third p
5% EDTA Group 0[0-1] 1[0-1] 1[0-2] 0.104 -
10% EDTA Group 0[0-1] 0[0-1] 1[0-2] 0.006  Coronal-Apical: p<0.05
17% EDTA Group 0[0-0] 0[0-1] 1[0-2] 0.039  Coronal-Apical: p<0.05
1% NaOCI Group 1[0-1] 1[0-2] 2[1-2] 0.035  Coronal-Apical: p<0.05
p 0.061 0.016 0.068
i Group 3-Group i
4: p<0.05

_-i

Flgre 2: SEM |maes of the coronal third for Grou (a) (Score 0)
and middle third for Group 2 (b) (Score 0). Note the erosive defects
and peritubular dentin removal around the tubules in the second image

Figure 3: SEM images of the coronal third for Group 3 (a) (Score 0)
and middle third for Group 2 (b) (Score 1). Note the severe erosive
defects and excessive intra/peritubular dentin in the first image
(arrows).

|gure 4: S |mes of the apical thlr for Grup (a) (Score 2)
and middle third for Group 4 (b) (Score 1). Note the unsufficiently
removed smear layer in the first image.

According to the scoring values obtained with the
evaluation of the SEM images, the scores of the
EDTA irrigation groups (Groups 1, 2 and 3) were
found to be lower than the NaOCI group, indicating
that EDTA groups removed the smear layer more
effectively (Table 1, Figure 1) in all root thirds.
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Scores Mean * SD
—

5% EDTA 10% EDTA 17% EDTA 1% NaOCl
Group Group Group Group

Figure 1: The distribution of SEM evaluation scores of all the groups
in coronal, middle and apical third of the roots.

In the evaluation of the root surfaces, the
smear layer was more effectively removed in
coronal third compared to apical third with the
statistically significant difference in 10% EDTA
group, 17% EDTA group and 1% NaOCI group
(p=0.006, p=0.039, p=0.035, respectively) (Table
1, Figure 2 to 4).

Additionally, erosiv defects, excessive
intertubular and peritubular dentin removal was
mostly seen in 10% and 17% EDTA group (Figure
2b and 3a) (more in 17%). However, mentioned
defects were not observed in 5% EDTA and 1%
NaOCI group. Also, erosive defects were mostly
found in the coronal and middle thirds, and not
detected in apical third.

DISCUSSION

The removal of the smear layer in root canals of the
primary teeth is an important factor that increases the
final success of the treatment.2>"141° Because the
smear layer obliterates the dentinal tubules and
creates a barrier between canal system and dentin
surfaces, it negatively affects the adaptation of canal
sealers and the effectiveness of irrigants and
medicaments.!*1® The success of pulpectomies
applied with smear layer removal has also been
confirmed in clinical studies. It was reported that
pulpectomy of primary teeth with smear layer
removal showed higher success rates at the end of the
follow-up period in clinical trials.”*° In addition to the
disadvantages of the smear layer, accessory canals in
primary roots and the physiological root resorption
process cause the unsuccess conditions in endodontic
treatment.1*2%-22  Moreover, the difficulties of
accessing these areas such as mentioned anatomical
variations, ramifications, lateral branches and
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incomplete seal of the antibacterial filling material
increase the need for removal of this layer, especially
in primary molar teeth which have more narrow and
divergent root canals.>58* Therefore, it was aimed to
evaluate the effects of different irrigation materials on
smear layer removal in primary teeth in this study.

NaOCIl is the most commonly used irrigation
solution in pediatric endodontic treatments.22%2
NaOCI, which acts by disrupting many vital functions
in microbial cells, is a potent antimicrobial agent even
when used at 0.5% concentration. Although the use
of NaOCI appears to be in the range of 1-5%
concentration?, it is toxic in case of its extruding into
periapical tissues. Especially due to the risk of
damaging the permanent tooth follicle, peripheral
tissues and oral mucosa?* it is mostly recommended
to use 1% concentration in primary teeth.> However,
due to its limited effects in smear layer removal, it has
been suggested that NaOCI should be combined with
EDTA.282324 EDTA, which effectively removes the
inorganic part of the smear layer, may cause the
excessive removal of the peritubular and intratubular
dentin and erosive defects as a result of prolonged
exposure with the dentinal surfaces.26826 Although
17% concentrations of EDTA are also used in some
primary teeth studies,>*#% it was also observed the
use of 10% and 14% forms.>>6 Also, the erosive
potential of even 10% EDTA in addition to 17%
concentrations has been determined in primary
teeth.2® Indeed, Demirel et al.® reported that the safer
acids/irrigation protocols should be used due to
erosive effects of EDTA even with 10% use.
Therefore, in this study, it was aimed to investigate
the uses of EDTA at concentrations less than 17% and
10%.

In the literature, there is limited information
about the use of EDTA <10% diluations in primary
teeth. Therefore, in this study, in addition to 17%
and 10% EDTA, 5% EDTA was also included to
the study procedures, with the prediction that the
use of <10% EDTA will reduce the erosive defects
and offer the clinician safety use.

It is known that the root canal morphology are
quite variable especially in primary molars, and exist
numerous ramifications, accessory and lateral canals
and branches.1#?02227 In order to ensure that the
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mentioned variations do not affect the results and to
provide the standardization, the use of single rooted
upper primary incisors was preferred in the present
study. In addition, the increasing opening/widening
of apical foramen with physiological root resorption?®
and the inaccessibility problems to apical region are
observed in primary teeth.2°® These conditions of the
apical region create differences in smear layer
removal efficiency in apical third. Therefore, as in the
other studies2®191623 the internal root surfaces were
evaluated in 3 separate sections as coronal, middle
third and apical in the present study.

As a result of the present study, in coronal third
of the roots, the statistically significant differences
were not found between all the irrigation groups.
However, EDTA groups was found to be more
effective than NaOCI in smear layer removal
according to smear removal scores. Hariharan et al.?
reported that 10% EDTA+5.25% NaOCI removed
the smear layer more effectively than 5.25% NaOCI.
Similarly, Demirel et al.® reported that 10% EDTA
+ 1% NaOCI group was superior than 1% NaOCl in
smear layer removal. However, the authors reported
that the statistical difference was observed in
coronal third, in contrast to the present study. Also,
Ximenes et al. %, stated that there was no statistical
difference between 17% EDTA+1% NaOCI
irrigation and 1% NaOCI in coronal third similar to
present study. However, authors emphasized that
17% EDTA+1% NaOCI solution could not remove
the smear layer effectively and the dentinal tubules
were not always visible. On the other hand, EDTA
solutions causes erosive defects in inner dentinal
surfaces of the roots.?® Hariharan et al.? reported that
in 10% EDTA+5.25% NaOClI irrigation, erosion of
peritubular dentin, and break down in intertubular
dentin and conjugation of dentinal tubules were
detected in coronal thirds. Similarly, Demirel et al.®
reported that erosive defects were observed in
coronal third in 10% EDTA+1% NaOCI protocol. In
the present study, erosive defects were observed in
10% and 17% EDTA groups, more in 17% in
coronal third. However, erosive defects or excessive
removal of intra/peritubular dentin were not
observed in 5% EDTA and 1% NaOCI groups.
Therefore, based on obtained results, It is possible to
recommend the use of 5% EDTA, which is as
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effective as NaOCI and other EDTA groups in terms
of smear removal efficiency and which might
considered to be safer due to its less erosive defects
potential on the root surfaces.

In the middle third of the roots, 17% EDTA
group was superior than 1% NaOCI with statistical
significance in smear layer removal (p<0.05). On
the other hand, EDTA groups was found to be more
effective than NaOCI according to smear layer
removal scores. Hariharan et al.? and Demirel et
al.5 reported that the use of 10% EDTA+5.25%
NaOCI and 10% EDTA+1% NaOCI, respectively,
removed the smear layer more effectively than
single use of NaOCI in the middle third. Also,
Toyota et al.® reported that 14% EDTA removed
the smear layer more effectively than 5% NaOCl in
middle third. Similar to the coronal third, erosive
defects and excessive removal of inter/peritubular
dentin were most observed in 17% EDTA and 10%
EDTA groups (more in 17%), respectively, but not
observed in 5% EDTA and %1 NaOCI groups in
the present study. Toyota et al.®> reported that
severe erosion of the intertubular and peritubular
dentin was detected in the use of 14% EDTA in
middle third. The authors also reported that erosive
defects were increased by the ultrasonic
equipments which the irrigation solution was
activated for to be more effective to the dentin
surfaces. However, Pitoni et al.® reported that 17%
EDTA+1% NaOCI removed the smear layer more
effectively than 1% NaOCI, but not emphasized
that any signs of erosion on the root surfaces.
Hariharan et al.? and Demirel et al.® reported that
the findings of the erosive defects were observed in
the middle third as in the coronal, in 10%
EDTA+5.25% NaOCI and 10% EDTA+1% NaOCI
irrigations, respectively. As with the coronal third,
it is possible to recommend the use of 5% EDTA,
which is as effective as NaOCI and other EDTA
groups in terms of smear removal efficiency and is
safer due to its less erosive defects potential.

In apical thirds, although EDTA groups
removed the smear layer more effectively than
NaOCl, no statistically significant difference was
observed between the groups. In other studies
mentioned above?®, it has been stated that EDTA
solutions have more effective scores than NaOCI in
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smear layer removal. Similar to the findings of this
study, Toyota et al.’ reported that although the
findings related more effective smear removal
scores in the use of 14% EDTA, significant
difference was not observed between 14% EDTA
and 5% NaOCI at apical third. In this study, it was
observed that the smear layer removal scores were
higher (lower smear layer removal efficiency) in
apical thirds in all irrigation groups. This finding
was attributed to irrigation agent did not reach the
apical, since the needle tip was positioned 2 mm
more coronally than the apex and the solution was
applied with the limited pressure due to avoiding the
extrusion into periapical area. Moreover, no erosive
defect or excessive dentin removal was found in
apical, which was attributed to the inaccessibility of
the irrigation solution to the apical dentinal walls for
above-mentioned reasons, regardless of the
irrigation material. In apical third, it may be
beneficial to recommend the use of 5% EDTA due
to avoiding the extrusion of the material into
periapical tissues and providing periapical safety.

The another finding of this study is that the
removal efficiency of the smear layer in apical third
was significantly lower compared to coronal third in
use of 1% NaOCI, 10% and 17% EDTA groups.
Lower smear layer removal efficiency has been
attributed to reaching problems of the irrigants to
apical region, therefore, the use of special needles
(with lateral opening) or ultrasonic irrigation
systems that provide better access to the apical can
be recommended.® In this regard, it has been
reported that ultrasonic generators are more
effective than conventional needle irrigations.?®
Toyota et al.® reported that the use of ultrasonic
equipment in 14% EDTA irrigation resulted in
statistical difference in smear layer removal efficacy
in the apical portion of the primary teeth. However,
the authors also reported that the erosive defects
were increased by using an ultrasonic generator.

Additionally, there are more organic materials
and water in dentin structure of primary teeth than in
permanent teeth, resulting in decreasing of
hardness.® Therefore, dentin structure of primary
teeth is more reactive to chemical irrigants and
medicaments than permanent teeth dentin.>*° These
mentioned differences cause the smear layer to be
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removed more easily in primary teeth than
permanent teeth. However, this increases the
possibility of erosive potential risk in the root dentin
of primary teeth.® In this regard, it has been reported
that dentinal loss caused by erosion weakens the root
structure even in permanent teeth, therefore, all the
care should be taken in the use of EDTA in primary
teeth.>2%31 Moreover, it will be safer to use lower
concentrations of irrigants, due to their toxic effects
in case of extrusion to the periapical area and erosive
potentials on dentinal surfaces as the concentrations
of irrigants increase. On the other hand, considering
the toxicity of the irrigation materials, the use of
EDTA is more appropriate option than preferring
NaOCI. Indeed, Botton et al.®? reported that in
primary teeth pulpectomies, even a high EDTA
concentration such as 17% EDTA+1% NaOCI
provides more cell viability and lower toxicity than
1% NaOCI. Therefore, based on both the results of
this study and the conditions discussed above, it may
be more appropriate to recommend the use of EDTA
in primary teeth dentin due to the fact less toxicity
compared to NaOCI and its superior efficacy in
smear removal. However, due to the destructive
erosive effect of the increasing concentrations of
EDTA on root canal dentin and the potential risk of
toxicity, especially due to increasing apical opening
due to physiological root resorption process in
primary teeth, the use of 5% EDTA -which removes
the smear layer with the same efficacy compared to
other higher EDTA concentrations and has less
erosive potential- may be recommended.

CONCLUSIONS

Within the limitations of the present in-vitro study,
it is possible to recommend “5% EDTA+1%
NaOCI” protocol in primary teeth pulpectomies
due to smear layer removal performance as
effectively as other EDTA solution groups.
Moreever, this irrigation protocol should be
preferred due to less erosive defect in root dentin
surface compared to high concentrations of EDTA
groups and due to its safety use because of its low
concentration in case of extrusion to the periapical
area. In addition, further clinical studies are
required to verify the results obtained in the present
study and investigate the effectiveness of special
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needles and ultrasonic systems to increase the
reaching of irrigants to apical region.
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Siit Dislerinde Farkli EDTA Konsantrasyonlarinin
Smear Tabakasini Uzaklastirma Etkinligi: Bir SEM
Calismast

0z
Amag¢:  Bu  ¢alisma  farklh  konsantrasyonlardaki
etilendiamin tetraasetik asitin (EDTA), siit dislerinde
smear tabakasmin uzaklagtiridmasina olan etkilerini
tarama elektron mikroskopu (TEM) ile degerlendirmeyi
amacglamaktadir. Gereg ve Yontemler: Bu calisma 28 adet
cekilmiy tist siit kesici dis ile gerceklestirilmis ve bu digler
%05, %10, %17 EDTA ve %1 sodyum hipoklorit (NaOCI)
olacak sekilde dort ana gruba (n=7) atanmistir. Kok kanal
irrigasyon prosediirlerinin ardindan, kok kanal yiizeyleri
(koronal, orta ve apikal) SEM ile taranmis ve smear
tabakasi  uzaklastwrma  skorlart  kaydedilmis  ve
karsilastiridnustir. Sonuclar Kruskal-Wallis, Friedman ve
Dunn testleri kullanilarak analiz edilmistir. Bulgular: Tiim
kok boliimlerinde, EDTA gruplarimin smear tabakasini
NaOCl’den daha efektif uzaklastirmasina ragmen, sadece
ortaticliide %17 EDTA ile %1 NaOCl arasinda istatistiksel
anlaml fark gozlenmigtir (p<0,05). Smear tabakasi, bir¢ok
grupta (%10 EDTA, %17 EDTA ve %1 NaOCI) koronalde
apikale gore daha efektif uzaklastrimistir (p<0,05).
Eroziv defektler en cok %17 EDTA, daha az olarak da %10
EDTA grubunda goriilmiis ve bu bulgulara %5 EDTA ve
%1 NaOCl gruplarinda saptanmamistir. Sonug¢: Smear
NaOCl  ve  yiiksek

konsantrasyondaki EDTA gruplart ile benzer etkinlik

tabakast  uzaklastiriimasinda,
sunmast, diistik eroziv potansiyeli ve periapikal giivenlik
icin diisiik konsantrasyonu nedeniyle siit disi kanal
tedavilerinde irrigasyon soliisyonu olarak %5 EDTA
kullamimumi onermek miimkiindiir.  Anahtar Kelimeler:

EDTA, kék kanali sulayicilari, smear tabakast.
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ABSTRACT

Objectives: This clinical study aims to evaluate the clinical
performance of indirect class Il restorations made using three different
CAD/CAM blocks.

Materials and Methods: A total of 60 indirect class Il restorations
were performed in 41 patients using Cerasmart (GC Dental Products
Europe, Leuven, Belgium) composite, IPS e.max CAD (lvoclar
Vivadent, Schaan, Liechtenstein) ceramic and Vita Enamic (Vita
Zahnfabrik, Bad Sackingen, Germany) hybrid blocks. The restorations
were evaluated for 13 different criteria using modified FDI criteria at
the end of one week, six months, and one year. Data were analyzed
using the Chi-square, Fischer and Mc Nemar tests.

Results: Vita Enamic indirect restorations showed a statistically
significant difference in terms of color matching criteria from
Cerasmart and IPS e.max CAD using groups in all follow-up periods
(p<0.05). There was no significant difference between the groups in
terms of other criteria (p>0.05).

Conclusion: Cerasmart and IPS e.max CAD restorations showed better
color matching than Vita Enamic restorations.

Keywords: indirect

restoration.

CAD/CAM, ceramic block, hybrid block,
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Restoration of Material Losses Occurring in Teeth as a Result of Caries or Broken Fillings Using Different Block

INTRODUCTION

The demand for posterior aesthetic restorations as
an alternative to amalgam has been increasing for
the last 25 years.! Today, numerous different
techniques are used in the construction of posterior
restorations?, and the most commonly used
techniques are direct composite restorations.
However, when direct composite restorations are
used in the posterior region; abrasion, fracture,
polymerization shrinkage due to the deterioration
of the edge compatibility, followed by
microleakage, secondary caries and postoperative
sensitivity are disadvantages.® In order to prevent
these problems, inlay/onlay techniques have been
developed by using metal, composite or ceramic
materials.?

If a cavity is large enough to be
contraindicated in direct restorative techniques and
an aesthetic restoration is considered; composite,
ceramic, and hybrid indirect restorations are
indicated. Since these restorations are prepared
outside the mouth, the polymerization shrinkage is
no longer a problem. Occlusal anatomy and
proximal contact can be established more
successfully. Besides, they have better physical
properties than direct composite restorations
because they are prepared under more ideal
conditions.!

The restoration of modern materials with
traditional production techniques has not shown
sufficient clinical success, leading to the
development of new production techniques. The
most modern system used today is the CAD/CAM
system (computer-aided design/computer-aided
manufacturing).* The CAD/CAM system used in
the clinic provide clinicans with a choice of
different restorative materials to suit their cases.’®
Industrially manufactured standard-manufactured
scrapable CAD/CAM blocks can be composite,
ceramic, or a hybrid structure that includes some
properties of both materials.®

Different methods such as the FDI evaluation
system, the CDA evaluation system, and the
USPHS evaluation system can be used for clinical
evaluation of indirect restorations.” The USPHS
criteria have three rating scores, while the FDI has
five scores, which makes FDI assessments more
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sensitive.®. FDI criteria were approved by the
scientific committee of the FDI World Dental
Federation in 2007 as criteria and classification,
and in 2008 they were accepted as the standard
criteria for the evaluation of restorative materials or
operative techniques as clinical research. The use
of FDI criteria in clinical cases can be modified in
terms of criteria and scoring, thus FDI criteria offer
different options to researchers.®

In the literature, there are in-vitro studies
investigating the physical and mechanical
properties of CAD/CAM blocks of different
structures, while studies evaluating the clinical
performance of these materials are not sufficient.
Therefore, in the present study, we aim to evaluate
the one-year clinical performance of indirect class
Il restorations made of Cerasmart composite block,
IPS e.max CAD ceramic block and Vita Enamic
hybrid blocks and by using modified FDI criteria.
The null hypothesis of this study is that there would
be no significant differences in the clinical
performance among the indirect restorations made
with these three different blocks.

MATERIALS AND METHODS

Study Design

The study was approved by the Erciyes University
Clinical Research Ethics Committee, Turkey
(Decision No: 2017/452). The study design was a
controlled randomized clinical trial and was
registered at www.clinicaltrials.in.th (TCTR
identification No. TCTR20191212002), and this
study follows CONSORT guidelines. The
registration of the records of all patients (n=41)
who had received indirect restorations (n=60) from
a total of 800 patients were made during the period
in February 2018 to August 2018. Patients selected
from ordinary patients who were referred to the
dental clinic of the Department of Restorative
Dentistry, Erciyes University, and were treated by
a dentist with experience of restorative dentistry.
The randomization of restorative materials was
done using a table of random numbers.l® The
indication for treatment was the replacement of
failed restorations or primary caries class Il
preparations on premolar and molar teeth. A list of
the inclusion and exclusion criteria adopted in the
study is provided in (Table 1).
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Table 1. List of inclusion and exclusion criteria

Inclusion criteria

Exclusion criteria

Vital teeth

Absence of clinical signs and symptoms of periapical
pathology

The presence of teeth in the proximal contact of the
restoration

Teeth being in occlusion to antagonistic teeth
Patients who agreed to attend regular checks

Non-vital teeth

Patients with parafunctional habits

Teeth with cusp loss

Teeth subjected to direct pulp-capping
Severe periodontal problems

All patients were males and females at least 18
years of age with regular oral hygiene. The
flowchart for patient selection and treatment
protocol is given in Figure 1.

Assessed for eligibility
(Np=800)
Excluded (Np=759)
~patients did not meet all of the inclusion
criteria

-patients did not accept to come for
follow up visits

Cerasmart IPS ¢.max CAD Vita Enamic
(Np=14,Nr=20) (Np=14, Ne=20) Np=13,Nr=20) BASELINE
[ { {
Cerasmart IPS e.max CAD Vita Enamic :
‘ @¥p=14,N=20) } [ @¥p=14, N=20) ’ [ ¥p=13, Ni=20) } SRS

I I I
‘ Cerasmart }[ IPS ¢.max CAD ][ Vita Enamic
(Np=14,Nr=20) (Np=14, Nr=20) (Np=13, Nr=20)
Figure 1. Study Flowchart, Np: number of patients, Nr: number of
restorations
Patients were informed about the need for good
gingival health and were educated in effective
plague control. Both preoperative and post-
operative photographs were taken for each patient
in order to evaluate changes in appearance (Fig. 2-
4). Gingival bleeding indexes of all patients were
evaluated.!!

J 12 MONTHS

Fig. 2 (a) A maxillary left first molar, with caries recurrence on an
occlusal amalgam restoration (b) Bite-wing radiograph of the
maxillary left first molar (c) 1 year follow-up of cerasmart indirect
restoration (d) Bite-wing radiography of cerasmart indirect restoration
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occlusal amalgam restoration (b) Bite-wing radiograph of the
maxillary right first molar (c) 1 year follow-up of IPS e.max indirect
restoration (d) Bite-wing radiography of IPS e.max indirect restoration

c R T d

Fig. 4 (a) A mandibular left second premolar and first molar, with
caries recurrence on an occlusal composite restoration (b) Bite-wing
radiograph of the mandibular left second premolar and first molar (c)
1 year follow-up of Vita Enamic indirect restoration (d) Bite-wing
radiography of Vita Enamic indirect restoration

Tooth Preparation

Materials, manufacturers, chemical compositions,
and batch numbers of main materials used in this
study are listed in Table 2. Since the restoration of
vital teeth was planned, treatment was started with
the removal of the old restorative material and/or

the caries under local anesthesia.
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Table 2. Restorative materials used in study

Material Manufacturer Compositions Batch number
SiO; (57-80%), Li»O (11-19%), K20 (0- 13%),
IPS e.max Ivoclar Vivadent (Schaan, P20s (0.5-11%), ZrO; (0-8%), ZnO (0- 8%), \W36995
CAD Liechtenstein) Al>O3 (0-5%), MgO (0-5%), oxide pigments (0-
6%)
. Bis-MEPP, UDMA, DMA, weight %71 silika (20
Cerasmart GC (Leuven, Belgium) nm), baryum cam (300 nm) nano partikiilleri 1411041
Ceramic: SiO; (58-63%), Al,O3 (20-23%), Na,O
. . Vita-Zahnfabrik (Bad (6-11%), K»0O (4-6%), B2O3 (0.5-2%), CaO
Vita Enamic Sackingen, Germany) (<1%), ZrO2 (<1%), 61280
Polymer: UDMA, TEGDMA
. Ultradent (Cologne, Etanol, 3-trimetoksipropil metakrilat,10-MDP
Silan Germany) (MDP), siilfid metakrilat BG3TD
Base paste: fiberglass, phosphoric acid
RelyX U200 3M ESPE (St. Paul, MN, methacrylate esters, TEGDMA, silano treated 3324998
USA) s .
silica and sodium persulfate.
The monomer matrix consists of methacrylates
. . (by weight) 36.3%).
Telio CS Ivoclar _Vlvadent _(Schaan, Dispersed silicon dioxide and copolymers (62% W98823
Onlay Liechtenstein)

by weight. Fluoride (1500) ppm), catalysts,

stabilizers and pigments (0.6% by weight)

All walls of the cavity were prepared using onlay
bur (Frank Dental GmbH, Gmund, Germany) at an
angle of 6-10° with the long axis of the tooth.
Internal angles were smoothed to reduce the stress
concentration, and contacts at the marginal ridge
were avoided. The preparation of margins were not
bevelled but prepared as butt joint form. A light-
curing composite filling material (i-FLOW; i-
dental, Siauliai, Lithuania) was then used to block
out defectrelated undercuts and to maintain a
standardized preparation protocol.

After the preparation of the retraction cord
(AtriaPak, Seoul, South Korea) was placed in the
gingival sulcus to remove the gum from the cavity.
Impressions were made using a silicone impression
material (Heavy and Light Body Zetaplus,
Zhermack, Bovazeccihino, Italy) using an
individually designed impression tray. Temporary
restorations were then made chairside using a
photopolymerized resin composite material (Telio
CS Onlay, IvoclarVivadent, Schaan, Liechtenstein).

Laboratory Operations

After the measurements were sent to the laboratory,
the Dentalwings (DWOS, Montreal, Canada) the
device was scanned. The scanned measurements
were transferred to a computer, and restorations
were designed in exoCAD program. Designed
restorations were transferred to Dentaswiss DS1300
(Biodenta Swiss, Berneck, Switzerland) and milled
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from the blocks placed in the device. One dental
technician fabricated all indirect restorations.

Indirect ceramic restorations were obtained
by milling only IPS e.max CAD blocks in the
CAD/CAM device are present in the blue/purple
precrystallized phase at this stage while being
crystallized for 10 minutes at 850 ° C in the
Programat EP 5010 (lvoclar Vivadent, Schaan,
Liechtenstein), the furnace in the laboratory.
Finally, a glaze layer was applied.

Placements of the Indirect Restorations

Before permanent restorations were placed in teeth,
the temporary filling material was removed from
the tooth and the cavity was cleaned with alcohol.
Each type of material was treated in accordance
with the manufacturers’ instructions before the
cementation. The internal surfaces IPS e.max CAD
and Vita Enamic restorations were etched with
9.5% hydrofluoric acid (Porcelain Etch, Ultradent,
South Jordan, UT, USA) and Cerasmart
restorations were abraded with 50 um aluminium
oxide (KaVo, Biberach, Germany), using an
intraoral sandblasting device (KaVo RONDOflex
plus 360, Biberach, Germany). The tip of the micro
etcher was kept 5 cm away from the surfaces and
applied for 10 s at 2.0 bar pressure.'? Restorations
were subsequently rinsed under running water to
remove the debris (20 s), cleaned in an ultrasonic
device (2 mins), and air-dried.



Restoration of Material Losses Occurring in Teeth as a Result of Caries or Broken Fillings Using Different Block

All restorations were treated with a silane
coupling agent (Ultradent, South Jordan, UT, USA)
for 60 seconds and air-dried. Each tooth was isolated
with a cotton roll and saliva suction device, there was
no need to use a rubber dam. Also, the cavity was
isolated with the help of the sectional matrix
(Standard matrix, Palodent, Dentsply, York, PA,
USA) and wedge. Then, phosphoric acid was applied
to enamel surfaces for 30 seconds washed, and dried.

All indirect restorations were cemented by a
self-adhesive resin cement (RelyX U200, 3M
ESPE, St. Paul, MN, USA). The light-curing
operation was made (VALO, Ultradent, South
Jordan, UT, USA) for 40 seconds from each aspect
of the restoration.

Centric and eccentric occlusal contacts were
adjusted with diamond finishing burs before Soflex
spiral disks (3M ESPE; St Paul, MN, USA).
Overhangs were removed and polished in the same
way, proximally with interdental polishing strips
(GC Epitex strips, Leuven, Belgium).

Evaluation of Restorations

Indirect restorations were evaluated by an
experienced dentist after one week, six months and
one year. Bite-wing radiographs and photographs
were taken from restored teeth in each control
session. Modified FDI criteria were used to
evaluate restorations.® There were three evaluation
categories (aesthetics, function and biological). A

blinded and calibrated experienced dentist
performed follow-up evaluation.

Statistical Analysis

The distribution of variables was measured by the
Kolmogorov Smirnov test. The Chi-Square test was
used for the analysis of independent qualitative data
and the Fischer test was used when the Chi-Square
test conditions were not met. The McNemar test was
used to evaluate the secondary qualitative data. The
SPSS 22.0 program was used in the analyses.

RESULTS

A total of 41 patients (27 females, 14 males) aged
18-47 years (mean 29,27 + 9,14) participated in the
study. In 41 patients, 21 premolars (mandible 9,
maksilla 12), 39 molar (mandible 22, maksilla 17)
indirect restorations were applied to a total of 60
teeth. When the gingival index was evaluated, eight
patients had bleeding and 33 patients had no
bleeding. All patients were evaluated at one week,
six months and one year.

At the end of one year, clinical failure was
seen in one restoration due to the periodontal
response in the Vita Enamic group. The success
rate of Cerasmart and IPS e.max CAD indirect
restorations after 12 months was 100%, while that
of Vita Enamic restorations was 95%. The results
for baseline and follow-up evaluation are
summarized in Table 3.

Table 3. Results of the clinical evaluation at baseline and after 6 and 1 year

Cerasmart IPS e.max CAD Vita Enamic
Baseline 6 months 1 year Baseline 6 months 1 year Baseline 6 months 1 year
1/2/3/4/5 1/2/3/4/5 1/2/3/4/5 1/2/3/4/5 1/2/3/4/5 1/2/3/4/5 1/2/3/4/5 1/2/3/4/5 1/2/3/4/5
Surface gloss 20/0/0/0/0  20/0/0/0/0  20/0/0/0/0 20/0/0/0/0  20/0/0/0/0  20/0/0/0/0 20/0/0/0/0  20/0/0/0/0  20/0/0/0/0
2 gloss. 20/0/0/0/0  20/0/0/0/0  20/0/0/0/0 20/0/0/0/0  20/0/0/0/0  20/0/0/0/0 20/0/0/0/0  20/0/0/0/0  20/0/0/0/0
T SU(fa_ce/margmaI
i S‘Cti'lr;'r”r%atch 20/0/0/0/0a  20/0/0/0/0x  20/0/0/0/0ct 20/0/0/0/0a  20/0/0/0/0x  19/1/0/0/0c  6/14/0/0/0°  6/14/0/0/0Y  8/12/0/0/0P
N 20/0/0/0/0  20/0/0/0/0  20/0/0/0/0 20/0/0/0/0  20/0/0/0/0  20/0/0/0/0 20/0/0/0/0  20/0/0/0/0  20/0/0/0/0
Anatomic form
= Fractures and retention 20/0/0/0/0  20/0/0/0/0  20/0/0/0/0 20/0/0/0/0  20/0/0/0/0  19/1/0/0/0 20/0/0/0/0  20/0/0/0/0  20/0/0/0/0
c loss
'% Marginal adaption 20/0/0/0/0  20/0/0/0/0  20/0/0/0/0 20/0/0/0/0  20/0/0/0/0  17/1/2/0/0 20/0/0/0/0  20/0/0/0/0  19/1/0/0/0
S Wear 20/0/0/0/0  20/0/0/0/0  20/0/0/0/0 20/0/0/0/0  20/0/0/0/0  20/0/0/0/0 20/0/0/0/0  20/0/0/0/0  20/0/0/0/0
© Contact point 20/0/0/0/0  20/0/0/0/0  20/0/0/0/0 20/0/0/0/0  20/0/0/0/0  20/0/0/0/0 20/0/0/0/0  20/0/0/0/0  20/0/0/0/0
Patient satisfaction 20/0/0/0/0  20/0/0/0/0  20/0/0/0/0 20/0/0/0/0  20/0/0/0/0  20/0/0/0/0 20/0/0/0/0  20/0/0/0/0  20/0/0/0/0
— Postoperative 20/0/0/0/0  20/0/0/0/0  20/0/0/0/0 20/0/0/0/0  20/0/0/0/0  19/1/0/0/0 20/0/0/0/0  20/0/0/0/0  20/0/0/0/0
8 hypersensitivity
_8’ Caries/erosion/ 20/0/0/0/0  20/0/0/0/0  20/0/0/0/0 20/0/0/0/0  20/0/0/0/0  20/0/0/0/0 20/0/0/0/0  20/0/0/0/0  20/0/0/0/0
t% abfraction 20/0/0/0/0  20/0/0/0/0  20/0/0/0/0 20/0/0/0/0  20/0/0/0/0  20/0/0/0/0
Tooth integrity 20/0/0/0/0  20/0/0/0/0  20/0/0/0/0
Periodontal response 20/0/0/0/0  19/0/1/0/0  18/0/1/1/0 20/0/0/0/0  20/0/0/0/0  18/0/2/0/0 20/0/0/0/0  20/0/0/0/0  17/1/2/0/0

a, b : Evaluation of baseline comparisons of Cerasmart, IPS e.max CAD and Vita Enamic restorations
X, y : Evaluation of 6 months comparisons of Cerasmart, IPS e.max CAD and Vita Enamic restorations
a, B : Evaluation of 12 months comparisons of Cerasmart, IPS e.max CAD and Vita Enamic restorations

70



Avei B, et al.

Esthetic Characteristics

There were no changes for the surface gloss,
surface/marginal staining, and anatomic form
criteria at the follow-up evaluation, compared to
the baseline evaluation (p>0.05). In the IPS e.max
CAD group, one restoration had reduction for
criteria color match from clinically excellent
(category 1) to clinically good (category 2) at 12-
month evaluation. In the Vita Enamic group, 14
indirect restorations after one week and six months
and 12 indirect restorations after one year were
evaluated as clinically good (category 2). The Vita
Enamic group was significantly different from
other groups in all follow-up periods (p<0.05).

Functional Characteristics

There was no change for marginal adaptation, wear
and contact point criteria at the follow-up
evaluation, compared to the baseline evaluation
(p>0.05). In the IPS e.max CAD group, one
restoration showed fracture and retention loss and
evaluated as clinically good (category 2) in the
follow-up evaluation.

Biological Characteristics

At the follow-up evaluation, 100% of the patients
were satisfied with their restorations (category 1).
At twelve months follow-up evaluation revealed a
small amount of post-op hypersensitivity for a
short time (category 2) in one restoration in the IPS
e.max CAD group. There was no recurrence of
initial pathologies, like caries, erosion, or abrasion
at the follow-up evaluation (category 1). There was
no change for tooth integrity criteria at follow-up
evaluation, compared to the baseline evaluation. At
one year evaluation, one restoration in the
Cerasmart group was scored as '4', one restoration
as '3', two restorations in the IPS e.max CAD group
were ‘3" and two restorations in the Vita Enamic
group were '3'. Since the score '4' required
treatment, the patient was referred to the
periodontology clinic (p>0.05).

DISCUSSION

In this study, one-year clinical performances of
indirect restorations to posterior vital teeth using
three different CAD/CAM blocks (Cerasmart, IPS
e.max CAD, Vita Enamic) with different contents
were evaluated, and no statistically significant
difference was found except for color matching.
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Therefore, our initial hypothesis was partially
accepted.

Nowadays, increasing demands for aesthetic
restorations, many discussions on possible side
effects of dental amalgam, and problems
(polymerization shrinkage, microleakage and
secondary caries) with the use of composite resins
for extensive restorations in posterior teeth have
led to an increased interest in indirect posterior
teeth restoration.®® Ozakar-Ilday et al.** performed
three year follow-up study of 60 direct and indirect
composite restorations and found that indirect
restorations showed better clinical results than
direct restorations. As seen in clinical studies,
indirect restorations in the posterior region showed
higher success than direct restorations. Therefore,
in our study, we preferred to perform indirect
restorations to posterior teeth with class Il cavities
that require restoration.

Indirect restorations can be produced in
different ways. Conventional indirect restorations
include many procedures such as measuring,
occlusal recording, preparing a working model
from plaster, shaping wax or restorative materials,
waxing, and firing. Besides, dental CAD/CAM
systems for indirect restorations have shown rapid
progress and now are used worldwide.”®
CAD/CAM systems are advantageous in that
restorations, for instance they can be performed in
a single session.'® Hickel and Manhart!’ reviewed
annual failure rates of posterior restorations in the
dental literature and reported this rate as 0-11.8%
for conventional composite indirect restorations, 0-
4.4% for CAD/CAM indirect restorations.

The increase in the aesthetic expectations of
patients have led to the development of full ceramic
restorations as well as the development of other
metal-free dental materials with different
mechanical and optical properties used with
CAD/CAM. Ceramic and hybrid blocks are used in
CAD/CAM  systems. In  recent  years,
manufacturers have introduced the CAD/CAM
material group called “hybrid ceramics” with the
claim that they reflect the positive properties of
ceramic and composite materials. In various
studies, it is emphasized that these materials having
ceramic and polymer double web structures can be
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processed more efficiently, are less brittle, and
provide better edge compatibility.’® Nowadays,
hybrid nano ceramic and resin infiltrated ceramic
materials are available on the market.'° Della Bona
et al.?® reported that Vita Enamic’s(a polymer
infiltrated ceramic structure material) mechanical
properties, which has been used in the study, were
average of ceramic and composite materials.
Awada et al.?® compared Vita Enamic, Lava
Ultimate, Cerasmart, IPS Empress CAD, Vita
Block Mark 11, and Paradigm MZ100 CAD/CAM
blocks' mechanical properties (bending modulus,
bending strength, and flexibility modulus) and the
edge compatibility. In general, they stated that
polymer-based materials outperform ceramic
materials in bending tests. In the study, it was stated
that the difference observed between the materials
in terms of elastic properties was the resin
component and the resin component was found to
help reduce the brittleness of the material. For these
reasons mentioned above, we preferred to use
ceramic and hybrid blocks to compare the clinical
behavior of different CAD/CAM blocks in our
study.

In the present study, self-adhesive resin
cement RelyX U200 was used in cementation of 60
indirect restorations and no cement-induced failure
was observed. Similar to our study, Azevedo et
al.?2 42 adhered indirect restorations with self-
adhesive cement for one year and reported that
there was no failure at the end of one year. In
contrast in a study by Kim et al.?® two self-
adhesive cement compared with traditional resin
cement and traditional resin cement has shown
higher bond strength than self-adhesive resin
cements. The reason for this difference may appear
due to the application of acid to enamel before
applying self-adhesive resin cement.?*

In clinical follow-up studies, as well as how
the restorations are performed, the criteria
according to which the restorations are evaluated
are critical. In a study evaluating restorations of
primary teeth, FDI criteria and 'United States
Public Health Service' (USPHS) criteria (known as
RYGE criteria), found that the FDI criteria give
more accurate results in determining the
differences for evaluation of composite resin
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restorations made in primary teeth.® In another
study, 36-month evaluations of Scotchbond
Universal adhesive were made according to FDI
and modified USPHS criteria, and it was found that
FDI criteria were more sensitive in detecting small
changes.®

There was no statistically significant
difference between the groups (surface gloss,
surface/marginal coloring, anatomical form)
except the color matching of the esthetic criteria in
our study. Stawarczyk et al.?® compared
translucency values in experimental groups with
Vita Enamic and Cerasmart materials and found
lower translucency values of the Vita Enamic
group. This is because Vita Enamic has a large
particle size and a large number. In another study
using different blocks (CELTRA Duo, Vita
Enamic, IPS Empress, Lava Ultimate, IPS e.max
CAD, Vita Mark II), Vita Enamic (VITA
Zahnfabrik) showed the lowest translucency
values. This is due to fact that Vita Enamic
contained higher amounts of Al,O3 (about 20-23%
by weight) than other blocks.? In our study, we
associated the reason for low color matching in the
Vita Enamic group with the above results.

In short-term clinical follow-up studies, the
most common cause of failure was reported as
restoration fracture and retention loss.?® In our
study, there was no loss of retention, and one
fracture occurred in the restoration. Tagtekin et
al.?” reported that there was a loss of retention in
one restoration after 35 inlay/onlay ceramic
restorations on canal-treated teeth that took 6
months of work. They cemented the same
restoration again and there was no restoration loss
occurred at the end of two years. In the one of the
IPS e.max CAD restorations performed in our
follow-up study, only fracture requiring correction
was observed, which was attributed to the fine
finishing of the restoration in that area, and groups
were found to be 100% successful.

Indirect restorations to provide an ideal
marginal adaptation leads to a less gingival
irritation and also less cements dissolution.?®
Therefore, the possibility of microleakage and
plague accumulation decreases, the likelihood of
encountering unwanted conditions such as
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secondary caries, periodontal disease,
postoperative sensitivity and marginal
discoloration also decreases.?®? Hayashi et al.*, as
a result of clinical follow-up of 45 inlay
restorations using traditional bakable ceramics,
observed marginal adaptation of five restorations at
the end of two years and six restorations at the end
of four years. They reported that marginal
adaptation was impaired in a total of 11 restorations
(24%) at the end of eight years of control. On the
contrary when the restorations performed within
the scope of our study which were evaluated in
terms of marginal adaptation criteria, after 12
months controls, the Cerasmart group showed
100% success, and acceptable disturbances were
seen in three restorations in the E.max group and
one restoration in the Vita Enamic group.

Patient satisfaction results were excellent at 12
months of clinical follow-up of all restoration
groups. These results show that CAD/CAM
restorations are more satisfactory for the patient.
Despite the problem of color matching in Vita
Enamic restorations, high patient satisfaction
suggests that patients do not have high esthetic
expectations in posterior restorations.

It is not uncommon for patients who undergo
adhesive restorative procedures to experience
postoperative sensitivity. Sjogren et al.*! used Vita
Mark | and Vita Mark Il in their study using
CAD/CAM ceramics reported post-operative
sensitivity in 10 of 72 patients. Fasbinder et al.*
reported that they had mild postoperative
sensitivity in 92% of Vita Mark Il onlays in 13% of
them at the end of one week and in 4% of them at
the end of the second week, but that no patient had
postoperative sensitivity at the end of one month.
Our study showed similarity with the literature in
terms of post-operative sensitivity and when the
teeth we restored were evaluated in terms of post-
operative sensitivity. One restoration in the IPS
e.max CAD group showed slight sensitivity in one
week controls, while no restoration sensitivity was
observed in the Cerasmart and Vita Enamic groups.
No restoration sensitivity was observed in the six
month and 12-month controls and all groups were
considered 100% successful. The high success rate
may be related to our attention to study protocols
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while preparing the cavity and to the low sensitivity
potential of self-adhesive resin systems.

Secondary caries is one of the most important
reasons for the failure of dental restorations and has
a role in about half of all operative dental
procedures performed in adults.®* In some indirect
restoration studies using a CAD/CAM system and
followed in different periods, they reported that
none of the restorations had secondary caries.® As
seen in the studies, the risk of secondary caries
formation is very low in CAD/CAM restorations.
This can be attributed to the fact that the
restorations can be made fully compatible with the
cavity and the restorations do not have the risk of
polymerization shrinkage. Secondary caries
formation was not observed in any of the restored
teeth in our study.

Tooth integrity weakening as a result of a
fracture in healthy teeth under functional forces is
rarely seen, but the loss of material created in the
cavity preparation weakens the tooth and causes
the tendency to break.*® St-Georges et al.* reported
that 59% of the teeth were weakened when
extensive MOD restorations were performed in
premolar teeth, and studies have reported an
increase in the brittleness of endodontic treated
teeth.®” In the scope of our study, tooth integrity
was not observed in any of the restored teeth. In
this case, we think that preparing cavities with a
tooth wall thickness of at least 2 mm and choosing
vital teeth may have an effect.

The periodontal response, in which the
compatibility of the restorations with the
surrounding tissues is evaluated, plays a vital role
in the continuation of the clinical success of the
restoration for a long time. Zimmerman's one-year
CAD / CAM indirect clinical study showed no
signs of gingivitis in forty-eight restorations: 1" had
a minimum plaque '2' in 10 restorations, and two
restorations scored '3' according to FDI
evaluation.® In our study, at 12 months, one
restoration had '4' in the Cerasmart group, one
restoration '3, two restorations '3' in the IPS e.max
CAD group, and two restorations ‘3" in the Vita
Enamic group. Since the score '4' indicated the
necessity of treatment, the patient was referred to
the periodontology clinic. It has been learned that
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this patient was pregnant, and we think that
hormonal changes during pregnancy and less
sensitivity to oral hygiene may create such a
condition.

CONCLUSIONS

This study shows that CAD/CAM onlay
restorations made of porcelain, composite and
hybrid blocks have a high clinical success rate after
12 months. Vita Enamic restorations showed
significantly lower color matching than Cerasmart
and IPS e.max CAD restorations. A more extended
clinical evaluation period is required to produce
more results.

ACKNOWLEDGEMENT

This project was supported by Erciyes University,
Scientific Research Projects Department (TDH-
2017-7813).

CONFLICT OF INTEREST
The authors declare that they have no conflict of
interest.

REFERENCES
1. Van Dijken JW, Héglund-Aberg C, Olofsson A.
Fired ceramic inlays: a 6-year follow up. J Dent
1998;26:219-225.

2. Burke E, Qualtrough A. Aesthetic inlays: composite
or ceramic? Br Dent J 1994;176:53-60.

3. Ferrari M, Vichi A, Feilzer AJ. Materials and luting
cements for indirect restorations. In Adv Oper Dent,
challenges to the future, chapter 2001:8. 95-107.

4. Duret F, Blouin J-L, Duret B. CAD-CAM in
dentistry. J Am Dent Assoc 1988;117:715-720.

5. Lambert H, Durand J-C, Jacquot B, Fages M. Dental
biomaterials for chairside CAD/CAM: State of the art. J
Adv Prosthodont 2017;9:486-495.

6. Bindl A, Liithy H, Mérmann WH. Strength and
fracture pattern of monolithic CAD/CAM-generated
posterior crowns. Dent Mater 2006;22:29-36.

7. Chabouis HF, Faugeron VS, Attal J-P. Clinical
efficacy of composite versus ceramic inlays and onlays:
a systematic review. Dent Mater 2013;29:1209-1218.

8. Loguercio AD, De Paula EA, Hass V, Luque-
Martinez 1, Reis A, Perdigdo J. A new universal

74

simplified adhesive: 36-month randomized double-blind
clinical trial. J Dent 2015;43:1083-1092.

9. Hickel R, Peschke A, Tyas M, Mjor I, Bayne S,
Peters M, et al. FDI World Dental Federation: clinical
criteria for the evaluation of direct and indirect
restorations—update and clinical examples. Clin Oral
Investig 2010;14:349-366.

10.Kim J, Shin W. How to do random allocation
(randomization). Clin Orthop Surg 2014;6:103-1009.

11. Loe H. The Gingival Index, the Plaque Index and the
Retention Index  Systems. J  Periodontol
1967;38:Suppl:610-616.

12.D'Arcangelo C, Vanini L. Effect of three surface
treatments on the adhesive properties of indirect
composite restorations. J Adhes Dent 2007;9:319-326

13.Boushell LW, Ritter AV. Ceramic inlays: a case
presentation and lessons learned from the literature. J
Esthet Restor Dent 2009;21:77-87.

14. Ozakar-llday N, Zorba YO, Yildiz M, Erdem V,
Seven N, Demirbuga S. Three-year clinical performance
of two indirect composite inlays compared to direct
composite restorations. Med Oral Patol Oral Cir Bucal
2013;18:e521-528.

15.Ishii N, Maseki T, Nara Y. Bonding state of metal-
free CAD/CAM onlay restoration after cyclic loading
with and without immediate dentin sealing. Dent Mater
J 2017;36:357-367.

16. Collares K, Corréa MB, Laske M, Kramer E, Reiss
B, Moraes RR, et al. A practice-based research network
on the survival of ceramic inlay/onlay restorations. Dent
Mater 2016;32:687-694.

17.Hickel R, Manhart J. Longevity of restorations in
posterior teeth and reasons for failure. J Adhes Dent
2001;3:45-64.

18. Spitznagel FA, Horvath SD, Guess PC, Blatz MB.
Resin bond to indirect composite and new
ceramic/polymer materials: a review of the literature. J
Esthet Restor Dent 2014;26:382-393.

19. Koizumi H, Saiki O, Nogawa H, Hiraba H, Okazaki
T, Matsumura H. Surface roughness and gloss of current
CAD/CAM resin composites before and after
toothbrush abrasion. Dent Mater J 2015;34:881-887.



Avei B, et al.

20.Della Bona A, Corazza PH, Zhang Y.
Characterization of a polymer-infiltrated ceramic-
network material. Dent Mater 2014;30:564-569.

21. Awada A, Nathanson D. Mechanical properties of
resin-ceramic CAD/CAM restorative materials. J
Prosthet Dent 2015;114:587-593.

22.Azevedo CGS, De Goes MF, Ambrosano GMB,
Chan DC. 1-Year clinical study of indirect resin
composite restorations luted with a self-adhesive resin
cement: effect of enamel etching. Braz Dent J
2012;23:97-103.

23.Kim J-Y, Cho G-Y, Roh B-D, Shin Y. Effect of
curing mode on shear bond strength of self-adhesive
cement to composite blocks. Materials 2016;9:210.

24.Baader K, Hiller K-A, Buchalla W, Schmalz G,
Federlin M. Self-adhesive Luting of Partial Ceramic
Crowns: Selective Enamel Etching Leads to Higher
Survival after 6.5 Years In Vivo. J Adhes Dent
2016;18:69-79.

25. Stawarczyk B, Liebermann A, Eichberger M, Giith
J-F. Evaluation of mechanical and optical behavior of
current  esthetic  dental restorative CAD/CAM
composites. J Mech Behav Biomed Mater 2016;55:1-11.

26.van Dijken JW, Hasselrot L. A prospective 15-year
evaluation of extensive dentin—enamel-bonded pressed
ceramic coverages. Dent Mater 2010;26:929-939.

27. Tagtekin D, Ozyéney G, Yanikoglu F. Two-year
clinical evaluation of IPS Empress Il ceramic
onlays/inlays. Oper Dent 2009;34:369-378.

28.Huang Z, Zhang L, Zhu J, Zhang X. Clinical
marginal and internal fit of metal ceramic crowns
fabricated with a selective laser melting technology. J
Prosthet Dent 2015;113:623-627.

29. Lefever D, Gregor L, Bortolotto T, Krejci.
Supragingival relocation of subgingivally located
margins for adhesive inlays/onlays with different
materials. J Adhes Dent 2012;14:561-567.

75

30. Hayashi M, Tsuchitani Y, Kawamura Y, Miura M,
Takeshige F, Ebisu S. Eight-year clinical evaluation of
fired ceramic inlays. Oper Dent 2000;25:473-481.

31.Sjogren G, Bergman M, Molin M, Bessing C. A
clinical examination of ceramic (Cerec) inlays. Acta
Odontol Scand 1992;50:171-178.

32.Fashinder D, Lampe K, Dennison J, Peters M,
Nematollahi K. Clinical performance of CAD/CAM
generated ceramic onlays. J Dent Res 1999;78:444.

33.Mjor 1A, Toffentti F. Secondary caries: A literature
review with case reports. Quintessence Int 2000;31:165-
179.

34.Lu T, Peng L, Xiong F, Lin XY, Zhang P, Lin ZT, et
al. A 3-year clinical evaluation of endodontically treated
posterior teeth restored with two different materials
using the CEREC AC chair-side system. J Prosthet Dent
2018;119:363-368.

35. Miller A, Long J, Miller B, Cole J. Comparison of the
fracture strengths of ceramometal crowns versus several
all-ceramic crowns. J Prosthet Dent 1992;68:38-41.

36. St-Georges AJ, Sturdevant JR, Swift Jr EJ,
Thompson JY. Fracture resistance of prepared teeth
restored with bonded inlay restorations. J Prosthet Dent
2003;89:551-557.

37.Ricketts D, Bartlett DW. Advanced Operative
Dentistry E-Book: A Practical Approach. Elsevier
Health Sciences 2011.

38.Zimmermann M, Koller C, Mehl A, Hickel R.
Indirect zirconia-reinforced lithium silicate ceramic
CAD/CAM restorations: Preliminary clinical results
after 12 months. Quintessence Int 2017;48:19-25.



Cumhuriyet Dental Journal: 2021; 24(1)
e-ISSN 2146-2852

Do0i:10.7126/cumud;j.824880

ABSTRACT

Objectives: The aim of the present study was to evaluate the level of
knowledge of general dental practitioners (GDPs) and dental specialists
(DSs) about the management of Traumatic Dental Injuries (TDIs).

Materials and methods: A total of 199 participants from three cities
in Turkey completed the online questionnaires. The first section of the
guestionnaire consisted of personal information about the dentists,
while the second section consisted of multiple-choice questions
regarding their knowledge of managing different types of TDIs in
children. The data were statistically analyzed using the Chi-square test
or Fisher’s test and Mann-Whitney U test or Kruskal Wallis test. The
level significance was taken as 0.05 in all tests.

Results: The gquestionnaires were completed by 145 GDPs and 54 DSs.
In total, 29.1% of the participants (58) had less than 3 years of
experience, 20.6% (41) had between 3 and 6 years of experience, 16.1%
(32) had between 7 and 10 years of experience, 14.1% (28) had between
11 and 15 years of experience, 8% (16) had between 16 and 20 years of
experience, and 12.1% (24) had more than 20 years of experience in
clinical practice. Dentists with fewer years of experience (<10 years)
were more knowledgeable than those with more years of experience
(p=0.001). Moreover, DSs were more knowledgeable than GDPs
(p=0.002).

Conclusions: Our findings revealed a moderate level of knowledge
about TDI management among dental practitioners. These findings
highlight the need to improve dentists’ knowledge about TDI treatment
protocols.
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Knowledge of Dentists” about Traumatic Dental Injuries

INTRODUCTION

Traumatic dental injuries (TDIs) are recognized as
a serious and significant public health problem. In
particular, their frequency and associated economic
burden could affect the patients’ quality of life.}?
Dental injuries could range from simple crown
fractures to avulsion. A few important
interventions after dental injuries (especially in
patients with complicated crown fractures and
avulsion) can significantly affect the prognosis.® In
patients with TDIs, the prognosis could vary
depending on the period elapsed, type of trauma,
degree of mobility or luxation of the tooth, fracture
location, the state of root development and the age
of the patient.*

Inadequate treatment planning following TDIs
may result in psychological problems, pain and loss
of function. In particular, accurate diagnosis and
treatment planning are crucial in patients with
avulsion injuries.>” To minimize complications
and enhance treatment outcomes, immediate and
appropriate treatment management is often
required. Therefore, for the management of TDIs,
it is important that the level of knowledge of dental
clinicians is sufficient and updated.?°

The International Association of Dental
Traumatology (IADT) is a professional
organization whose mission is to promote optimal
prevention, diagnosis, treatment, and follow-up
services in the field of TDIs through interaction
with dental and medical colleagues, the general
public, and interested parties in education, sports,
industry, public service, and governmental agencies
across the globe. The IADT guidelines also
offer recommendations for the diagnosis and
treatment of specific TDIs and should assist
dentists and patients in decision making and in
providing the best care effectively and efficiently.™

Dental literature regarding TDIs reveals a low
level of knowledge among dentists across the
world regarding protocols for the emergency
management of TDIs.*%*? Cmar et al.® found
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limited knowledge among Turkish dentists about
the management of TDIs regarding the splinting
time for avulsed teeth and the treatment approach
for complicated crown fractures. Similarly, a recent
study revealed a low level of knowledge about
TDIs among dentists in Turkey.* Limited studies
have assessed the knowledge level of Turkish
dentists about TDIs based on their specialization
status and experience. The aim of this cross-
sectional study was to evaluate the knowledge level
of general dental practitioners (GDPs) and dental
specialists (DSs) from three cities in Turkey about
the emergency management of TDIs.

MATERIAL AND METHODS

Study design and target population

This cross-sectional study was conducted from
April to October 2019. The participants were
dentists working at university clinics and public
and private practice clinics. An online
guestionnaire was sent to the dentists in Adana,
Kahramanmaras, and Mersin provinces, Turkey,
whose contact information was obtained through e-
mail or mobile phone. Ethical approval for the
study was obtained from the Ethics committee for
Non Invasive Researches, Faculty of Medicine,
Cukurova University (ID: 86/35).

Data collection

The survey questions were modeled on a
previously published study®. The questionnaire
form was sent to a Turkish language expert in terms
of linguistic validity and the form was finalized. A
brief explanation of the purpose of the survey was
provided on the first page of this questionnaire, and
it was emphasized that participation was voluntary
and that no individual dentist could be identified.
The survey was divided into two sections. The first
section consisted of six demographic questions,
and the second section consisted of 12 multiple-
choice questions (Table 1) regarding the participants’
knowledge about emergency management of TDIs.
A few participants submitted incompletely filled
forms; therefore, they were excluded from the
study.
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Table 1. Questions regarding the emergency management of TDIs

1.If an intruded primary maxillary anterior tooth has been
displaced toward the labial bone plate,

a. the tooth is left for spontaneous repositioning
b. the tooth is immediately extracted
¢. do not know

2.If an immature permanent maxillary tooth has been
intruded, the tooth should be...

a left alone for spontaneous repositioning
b. repositioned orthodontically

c. repositioned surgically

d. extracted immediately

e. do not know

3.If a mature permanent maxillary tooth has been
extruded, the tooth should be immediately repositioned
and stabilised using a...

a rigid splint for 4 weeks

b. rigid splint for 2 weeks

¢. semi-rigid splint for 2 weeks in conjunction with root
canal treatment

d. semi-rigid splint for 2 weeks in conjunction with root
canal treatment if pulp necrosis has occurred

4.What type of splint should be used for extruded
permanent incisors?

a. semi-rigid with nylon wire
b. stainless steel wire

C. composite resin

d. other

5.1f a patient with an immature permanent maxillary tooth
injury with pinpoint pulp exposure came to the clinic
within 3 hours after the trauma, the treatment procedure
would be...

a. do not treat but follow up
b. pulp capping

c. partial pulpotomy

d. cervical pulpotomy

e. pulpectomy

f. do not know

6.1f a patient with an immature permanent maxillary tooth
injury with large pulp exposure came to the clinic more
than 24 hours after the trauma, the treatment procedure
would be...

a do not treat but follow up
b. pulp capping

c. partial pulpotomy

d. cervical pulpotomy

e. pulpectomy

f. do not know

7.1f a patient with a mature permanent maxillary tooth
injury with large pulp exposure came to the clinic more
than 24 hours after trauma, the treatment procedure would
be...

a. do not treat but follow up
b. pulp capping

c. partial pulpotomy

d. cervical pulpotomy

e. pulpectomy

8.Which of the following storage media are suitable for
the storage of an avulsed tooth?

a ice

b. tap water

C. paper tissue

d. fresh milk

€. patient’s mouth

9.If the patient comes to the clinic with in 60 min after
trauma, before replantation, the immature avulsed tooth
should be...

a rinsed with tap water

b. cleaned with any type of solution
c. left unwashed

d. kept in doxcycline for 5 min

e. scrubbed gently

f. kept in fluoride solution for 20 min
g. do not know

10.If the patient came to the clinic more than 60 min after
trauma, for what period do you indicate the use of a splint
for a mature avulsed tooth?

a. no splint
b.2 weeks

c. 4 weeks

d. 2 months

e. 24 hours

f. do not know

11.After replantation, do you prescribe antibiotic therapy?

a. yes, tetracycline (>12 years old)
b. yes, penicillin
¢. No

12.Should avulsed primary teeth be replanted?

a.yes
b.no

"Correct answers are written in bold.
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The first section of the survey was used to
determine the socio-demographic and professional
profiles of the participants (gender, age, and years
of dental practice experience, practice type, and
education level). The second section of the survey
consisted of questions regarding the emergency
management of TDIs. The questions were
associated with the following topics concerning
TDIs.315

- The emergency management of intrusive and
extrusive luxation injuries (Q1-Q4)

- The emergency management of complicated
crown fractures in immature and mature permanent
teeth (Q5-Q7)

- The emergency management of avulsion injuries
(Q8-Q12)

The accuracy of the answers was determined
on the basis of evidence from the current dental
trauma guidelines proposed by the IADT.*® The
knowledge level of the participants was determined
using a scoring system (0-12); one point was
assigned for one correct answer. The categorization
of knowledge levels according to the total scores
received by participants was made as follows; 0-4
scores were described as low, 4-8 scores were
described as moderate and 8-12 scores were
described as high levels of knowledge.

Statistical analysis
After the collection of data, the raw data were
entered in statistical Package for the IBM SPSS

Table 2. Demographic characteristics of participants

Version 23 software (New York, USA).
Descriptive statistics were used to summarize the
demographic information. Pearson’s chi-squared
test or Fisher’s test was used to identify the
correlation among gender, age, practice type,
education level, and years of dental practice
experience. Mann Whitney U test was used to
compare continuous measurements between
groups, and Kruskal Wallis test was used for more
than two variable comparisons. The level
significance was taken as 0.05 in all tests.

RESULTS

Demographic distribution of participants

From a total of 980, 199 (approximately 20.3%)
participants answered the survey. Of the total
participants, 113 participants (56.8%) were female,
and 86 (43.2%) were male. The majority of
participants (61.8%) were between 25 and 35 years
old. 29.1% had 1-3years experience, 20.6% had
between 3-6 years, 16.1% had between 7-10 years,
14.1% had 11-15 years, 8% had between 16-20
years and 12.1% had more than 20 years clinical
experience. The distribution of participants
according to the institutions they work in showed
that 44.7% of participants work in public hospitals
and 37.2% work in private practice. The percentage
distribution of the participants in terms of their
years of experience, age, and gender is summarized
in Table 2.

n %
Age
<25 34 17.1
25-35 123 61.8
36-45 27 13.6
46< 15 7.5
Gender
Male 86 43.2
Female 113 56.8
Years of experience
1-3 58 29.1
3-6 41 20.6
7-10 32 16.1
11-15 28 14.1
16-20 16 8.0
>20 24 12.1

n=sample size, %= percentage.
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Of the total 199 participants, 145 were GDPs and
54 were DSs. The majority of participants had no
post-graduate degree (72.9%). The specialty areas
of DSs were Endodontics (5.5%), Prosthodontics
(5.5%), Orthodontics (5%), Pediatric dentistry (4%),

Table 3. Professional characteristics of the participants

Oral and maxillofacial surgery (3.5%), Periodontics
(2%) and Restorative dentistry (1.5%), respectively.
The professional characteristics of all participants
are shown in Table 3.

n %
Main practices
Public 89 44.7
Private 74 37.2
University 30 15.1
not specified 6 3.0
Specialization
No 145 72.9
Yes 54 27.1
Profession
General dental practice 145 72.9
Oral and maxillofacial surgery 7 35
Pediatric dentistry 4.0
Periodontics 4 2.0
Endodontics 11 55
Orthodontics 10 5.0
Prosthodontics 11 55
Restorative dentistry 3 15

n=sample size, %= percentage.

Knowledge of Emergency Management of
Traumatic Dental Injures

Question 2 (treatment about intruded immature
permanent teeth) and Question 7 (treatment
procedure about a complicated crown fracture in
mature teeth) had the highest rate of correct
answers (69.8% and 83.4%, respectively). In

contrast, Question 6 (treatment procedure about a
complicated crown fracture in immature teeth) and
Question 10 (splint time for a mature avulsed tooth)
had the lowest rate of correct answers (30.7% and
38.2%, respectively). The percentage distribution
of all participants’ answers regarding the
management of TDI is shown in Table 4.

Table 4. Percentage distribution of all participant’s answers about emergency management of the TDI

Questions n %
Q.1

The tooth is immediately extracted 94 47.2
The tooth is left for spontaneous repositioning 94 47.2
Do not know 11 55
Q.2

repositioned surgically 17 8.5
extracted immediately 3 1.5
left alone for spontaneous repositioning 139 69.8
repositioned orthodontically 34 17.1
Do not know 6 3.0
Q.3

rigid splint for 2 weeks 6 3.0
semi-rigid splint for 2 weeks with root canal treatment if pulp necrosis has occurred 118 59.3
semi-rigid splint for 2 weeks with root canal treatment 62 31.2
rigid splint for 4 weeks 13 6.5
Q4

composite resin 42 211
semi-rigid with nylon wire 111 55.8
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stainless steel wire

other

Q5

pulp capping
pulpectomy

cervical pulpotomy

do not treat but follow up
do not know

Q.6

partial pulpotomy

pulp capping
pulpectomy

cervical pulpotomy

do not treat but follow up
do not know

Q.7

partial pulpotomy

pulp capping
pulpectomy

cervical pulpotomy

do not treat but follow up
do not know

Q.8

ice

patient’s mouth

paper tissue

fresh milk

Q.9

kept in fluoride solution for 20 min
kept in doxcycline for 5 min
cleaned with any type of solution
rinsed with tap water
scrubbed gently

left unwashed

do not know

Q.10

2 months

2 weeks

24 hours

4 weeks

no splint

do not know

Q.11

yes. tetracycline

yes. tetracycline (>12 years old)
no

Q.12

no

yes

37 18.6
9 4.5
115 57.8
12 6.0
58 29.1
9 4.5
5 2.5
61 30.7
11 5.5
68 34.2
48 241
4 2.0
7 3.5
10 5.0
1 0.5
166 83.4
8 4.0
7 3.5
7 3.5
3 15
72 36.2
1 0.5
123 61.8
25 12.6
119 59.8
5 2.5
11 5.5
5 2.5
15 7.5
19 9.5
10 5.0
76 38.2
2 1.0
91 45.7
5 2.5
15 7.5
86 43.2
86 43.2
27 13.6
180 90.5
19 9.5

Q= question, n=sample size, %= percentage.

Comparing the numbers of correct answers to the
guestions among those who are GDP and DSs, the
median value for correct answers for the GDPs is 7
(between 3-11 correct answers) and for the DSs is
9 (between 4-12 correct answers). It was found that
there was a statistically significant difference in the
mean correct answers given to the questions
between those who were GDPs and DSs (p=0.002).
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When we compared the correct answers to the
guestions between DSs and GDPs, it was found
that DSs had higher correct answers in Questions 4
and 8. This difference was also found to be
statistically significant (p=0.036 and p=0.014,
respectively). The distribution of the number of
correct answers according to the specialist status is
shown in Table 5 and Table 6.
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Table 5. The number of correct answers according to the specialist status

n Median
(Min-Max)
specialization
no 145 7 (3-11) p=0.002
yes 54 9 (4-12)

*Statistically significant at p<0.05, n=sample size Min=minimum, Max=maximum.

Table 6. Distribution of the number of correct answers according to the specialist status

GDP DS
(n=145) (n=54)
N % N % p

Q1

correct 63 43.4 31 57.4 0.110

Q2

correct 96 66.2 43 79.6 0.082

Q3

correct 86 59.3 32 59.3 1.000

Q4

correct 74 51.0 37 68.5 0.036

Q5

correct 81 55.9 34 63.0 0.421

Q6

correct 43 29.7 18 33.3 0.609

Q7

correct 123 84.8 43 79.6 0.396

Q8

correct 82 56.6 41 75.9 0.014

Q9

correct 86 59.3 33 61.1 0.872

Q10

correct 66 455 25 46.3 1.000

Q1

correct 123 84.8 49 90.7 0.356

Q12

correct 128 88.3 52 96.3 0.107
*Statistically significant at p<0.05, Q= question, n=sample size, GDP= general dental practitioner, DS= dental specialist.
When we compared the numbers of correct of experience, had a moderate knowledge level (6
answers to the questions according to the clinical correct answers) when compared with their
experience of dentists, it was found that dentists younger colleagues. This difference was found to
with <10 years’ experience had the highest rate of be statistically different (p=0.001). The number of
correct answers compared to other dentists (8 correct answers according to clinical experience is
correct answers). The dentists who had 16-20 years shown in Table 7.
Table 7. The number of correct answers according to the years of experience

n Median
(Min-Max)

clinical experience

<3 58 8 (4-11)

3-6 41 8 (4-11)

7-10 32 8 (5-12) _

11-15 28 7 (4-10) p=0.001

16-20 16 6 (4-10)

20< 24 6 (3-10)
*Statistically significant at p<0.05, n=sample size, Min= minimum, Max=maximum.
DISCUSSION among dentists in three cities of the Mediterranean
The present study examined knowledge of TDIs, region in Turkey. In this study, the mean
patient enrollment, and management regarding the knowledge score of GDPs was 7 and of DSs was 9
IADT Guidelines for the management of TDIs for 12 questions about emergency management of
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TDIs. It was observed that there was a significant
difference between the knowledge score of DSs
and GDPs (p=0.002). A recently published study
reported that an average of 5.87 correct answer was
given by Brazilian dentists about TDIs and that
specialist dentists, such as endodontists and
pediatric dentists, had the highest knowledge level
of TDIs.} Hu et al.®® reported that dental trauma
knowledge level of endodontists was higher than
the GDPs in Brazil. Zafar et al.?® found that the
knowledge level about emergency management of
tooth avulsion was significantly associated with the
specialty of practice. Another study showed that
specialists’ knowledge level about emergency
management of TDIs was higher than GDPs.?
Similar results were also reported in a study among
German GDPs.? Our results are comparable to the
above studies with similar findings that knowledge
about TDIs is in the moderate range. Less
knowledge of TDIs may be explained by a lack of
interest by clinicians regarding this topic because
of the low incidence of experiencing trauma cases
in their practice.

Dentists” professional education level, place
of work and years of experience are crucial
indicators of knowledge concerning the treatment
of TDIs. In 2020, a study showed that the
knowledge level of more experienced dentists was
low in Turkey.?? Similarly, another study reported
that more new graduates knew the answers to most
of the questions.? In this study, the dentists with
fewer years of experience (<10 years) were more
knowledgeable (8 out of 12 questions) than dentists
with more than 10 years of experience (6 out of 12
guestions). This difference among dentists with
different years of experience, based on the mean
knowledge of TDIs, may be related to updated
dental education and in part, by younger dentists
having easier access to academic websites for
research, such as IADT guidelines. These findings
supported the findings of previously published
reports evaluating the knowledge level in different
countries.?2425

Different treatment alternatives have been
suggested for the management of intruded
permanent incisors, such as spontaneous re-
eruption, orthodontic extrusion, and surgical
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repositioning. The general consensus is that
spontaneous re-eruption has been suggested for
immature permanent teeth.?6:2 In the present study,
47.2% of dentists said they would leave intrusively
luxated primary teeth for  spontaneous
repositioning, and 69.8% of dentists said that they
would prefer to leave intrusively Iluxated
permanent teeth to spontaneously erupt.

In the present study, 59.3% of participants
stated that they would immediately perform
corrective repositioning and provide a splint in
conjunction with root canal treatment if pulp
necrosis had occurred. Cmar et al.'® reported that
50% of dentists responded that they would prefer a
similar treatment approach. Similarly, another
study reported that 47% of the dentists responded
that they would base their decision more frequently
on the result of a pulp test for extrusive and lateral
injuries in their survey.?® Comparing the
percentage of correct answers to the questionnaire
among DSs and GDPs regarding intrusive injuries
of primary and permanent teeth, there was no
significant difference between the correct answers
of GDPs and DSs regarding luxation traumatic
injuries (p>0.005). A higher proportion of the
participants showed inadequate knowledge of the
treatment of intrusion and extrusion luxation
injuries.

Comparing the percentage of correct answers
to the questionnaire among DSs and GDPs
regarding the type of splint material, there was a
significant difference between the correct answers
of GDPs and DSs (p=0.036). 68.5% of DSs and
51% of GDPs would provide a semi-rigid splint
with nylon wire material. Cinar et al."* reported that
DSs were also more aware than GDPs regarding
splinting time and material for mature extruded
permanent incisors teeth.

The prognosis of complicated crown fracture
appears to depend on the extent to which the pulp
is exposed and the stage of root development at the
time of injury.® In mature and immature
permanent teeth, if the amount of pulp exposure is
small and treated within 24 hours, pulp capping has
been suggested as the preferred treatment
approach.®® A partial pulpotomy is indicated if the
amount of pulp exposure is large, if the pulp has
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been open to bacterial contamination or if too much
time has elapsed after the injury.?3! In the present
study, 57.8% of the participants preferred pulp
capping a pin-point pulp exposure of an immature
complicated crown fractured incisor as the correct
answer. In contrast, 30.7% of participants preferred
partial pulpotomy as the treatment for immature,
complicated crown fractured incisors with large
pulp exposure. Buldur and Kaplan reported that
only 30.9% of their participants gave the correct
answer.', Alyasi et al.®? showed that only 33.1%
of the participants answered this question correctly
regarding the management of complicated crown
fracture in immature teeth. According to these
findings, the participants’ knowledge of the
emergency dental treatment of complicated crown
fracture with pulp exposure was unsatisfactory.

Pulpectomy should be performed to preserve
the tooth if the pulp becomes necrotic in cases of
complicated crown fractured incisors with
complete root formation.® In the present study, the
majority of participants (83.4%) stated that they
would immediately perform root canal treatment
(pulpectomy) for this type of injury if there were
closed apices with large pulp exposure more than
24 hours after trauma. Cinar et al.*® showed that
81.2% of participants would prefer root canal
treatment, while Kostopoulu and Duggal® found
that 78% of GDPs would perform pulpotomy for a
complicated crown fractured with a large exposure
and open apex. Comparing the percentage of
correct answers to the questions among DSs and
GDPs regarding the type of complicated crown
fracture with pulp exposure, there was no
significant difference between the correct answers
of GDPs and DSs (p>0.005).

The prognosis of avulsed teeth depends on
whether appropriate emergency management
procedures  were  performed.’  Immediate
replantation is the most appropriate treatment for
avulsed teeth. When immediate replantation is not
possible, the use of a storage medium, extra-oral
time, and the management of avulsed teeth are
important for long term prognosis. Several studies
have reported that fresh milk is superior to saliva
as a storage medium.®** Zhao and Gong®® reported
that most dentists preferred saliva or saline solution
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as a storage medium. In the present study, 61.8%
of participants preferred milk as a storage medium
for an avulsed tooth and 36.2% of the participants
chose the patient's mouth (saliva) as the storage
medium. Cinar et al.®® found that 63% of their
participants preferred milk as storage, and Cohenca
et al.? reported that 53.6% of their participants
identified milk as a storage medium for avulsed
teeth. In this study, there was a significant
difference between the responses of GDPs and DSs
regarding the storage medium of an avulsed tooth
(p=0.014). While 75.9% of DSs chose fresh milk,
56.6% of GDPs chose fresh milk as the storage
medium.

Doxycycline  has  anti-bacterial, anti-
inflammatory effects and it could improve the
prognosis and enhance the revascularization of
avulsed teeth with an open apex.®” Shaul et al.®
stated that the use of root conditioning with
doxycycline in avulsed teeth with closed apex
resulted in complete healing at 16 months after the
tooth replantation. Cinar et al.™® reported that
39.6% of dentists preferred doxycycline. In the
present study, 59.8% of the participants stated they
would place the avulsed teeth with an open apex in
a doxycycline solution.

The technique of splinting should ensure
physiological movement of an avulsed tooth after
the replantation and during the healing period.
IADT guidelines recommend flexible splinting (2
weeks) for avulsed teeth with closed apex if the
extraoral drying time is longer than 60 minutes.®
In the present study, a low rate of the participants
(38.2%) chose the 2 weeks splinting period for
mature avulsed teeth. Kostopoulu and Duggal®®
reported that 10-30% of the dentists preferred a 2-
week splinting time. According to these findings,
the participants' knowledge of the splinting time for
an avulsed tooth was unsatisfactory.

The use of an antibiotic is effective in
preventing a bacterial invasion of the pulp and
inflammatory resorption after the replantation of an
avulsed tooth.¥ The IADT guideline also
recommends the administration of systemic
antibiotics, such as penicillin or doxycycline.® In
the present study, the majority of the participants
(96.4%) preferred antibiotics in cases of avulsion
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injuries. Similarly, a higher rate of all participants
(90.5%) presented the correct answer regarding the
replantation of avulsed primary teeth. A previous
study has also reported that 83% of the dentists
were unwilling to replant primary teeth.'?

CONCLUSIONS

Based on our findings, the level of Turkish general
dental practitioners’ knowledge about the
management of TDIs was found to be moderate and
also it could be concluded that postgraduate
continuing education programs need to improve
their knowledge about the management of TDIs.
Furthermore, the awareness of dentists should be
raised regarding the availability of the Turkish
version of the IADT guideline, which was updated
in 2020 (www.iadt-dentaltrauma.org), as well as
the mobile phone application (Tooth SOS).
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Tiirkiye’nin Bir Bolgesindeki Dis Hekimlerinin
Travmatik Dental Yaralanmalarin Yénetimi

Konusunda Bilgi Seviyesi: Kesitsel Bir Calisma
0z
Amag¢: Bu c¢alismamin  amaci  travmatik  dental
yaralanmalarin (TDY) yonetimi konusunda genel dis
hekimleri (GDH) ve uzman dis hekimlerinin (UDH) bilgi
seviyelerini degerlendirmektir. Gere¢ ve Yontemler:
Calismaya  Tiirkiye deki
anketleri dolduran toplam 199 katilimci dahil edildi.

Anketin ilk boliimii dis hekimlerinin kisisel bilgilerini

tic sehrinden elektronik

icerirken, ikinci boliim dis hekimlerinin ¢ocuklarda
cesitli dental travma tiplerinin yénetimindeki bilgi

diizeyleri ile ilgili ¢oktan se¢meli sorulardan
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olusturuldu. Elde edilen sonuglarin istatistiksel analizi
Ki-kare testi ya da Fisher’s test ve Mann-Whitney U test
ya da Kruskal Wallis testi kullanilarak yapid. Tiim
testler i¢in anlamlilik diizeyi 0.05 olarak alind.
Bulgular: Anketler 145 GDH ve 54 UDH tarafindan
tamamlandr. Tiim katilimcilarm  %29,1’inin (58) 3
yildan daha az, %20,6’simin (41) 3-6 yil arasi,
%16, ’inin (32) 7-10 yil arasi, %14,1 inin (28) 11-15 yil
arast, %8 ’inin (16) 16-20 yil arasi ve %121 inin (24)
ise 20 yildan daha fazla klinik tecriibesi vardi. Daha
fazla klinik tecriibeye sahip dis hekimlerine gore daha
az klinik tecriibeye sahip (10 yildan az) dis hekimlerinin
bilgi diizeyinin daha fazla oldugu bulundu (p=0,001).
Ayrica, UDH nin bilgi diizeyi GDH ’nin bilgi diizeyinden
daha fazlaydi (p=0,002).
TDY’in yonetiminde dis hekimlerinin bilgi diizeyinin

Tartisma: Bulgularimiz

orta seviyede oldugunu ortaya ¢ikarmistir. Bu sonuglar
IDY lardaki hakkinda  dig

hekimlerinin bilgi seviyesinin gelistirilmesi gerektigini

tedavi  protokolleri
vurgulamaktadwr. Anahtar Kelimeler: Davranis, dental
travma, acil, bilgi diizeyi.
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ABSTRACT

Purpose: To evaluate the effect of two second generation LED Light
curing units and a third-generation polywave LED Ligth curing unit at
three different irradiation durations on surface microhardness and
detpth of cure of nano-hybrid composite resin material.

Materials and Methods: Elipar™ S10, Elipar™ Deep Cure-S, VALO
Cordless, was evaluated at 10s, 20s, 40s curing periods in this study.
A nano-hybrid composite Filtek™ Z550 that contains camphorquinone
as photoinitiator is used as test material. For microhardness test ninety
6 mm diameter, 4 mm deep cylindrical composite blocks in teflon
molds were prepared. For each light source at each application times
10 specimen were prepared (n=10) and tested. Also ninety, 4 mm
diameter, 6 mm deep cylindrical composite specimens in a split
aluminum mold polymerized with three different light sources at three
different durations (n=10) were tested for depth of cure measurement.
Data were analyzed statistically by SPSS (Ver: 22.0) one-way
ANOVA and multiple comparisons were performed by Tukey’s post-
hoc test. A p-value less than 0.05 was considered statistically
significant.

Results: The values of cure depth were found significantly higher at
40 seconds of irradiation time for all light sources used (p<0.05).
Elipar Deep Cure-S showed the higher top surface microhardness at
40s polymerization (p<0.05)

Conclusions: All light devices used in the study provided adequate
polymerization of the nano-hybrid composite at all application
durations in this study. The highest polymerization depth and
microhardness values were achieved at 40 sec. polymerization time
for all LCUs.

Keywords: Light Curing Unit, Depth of Cure, Micro-Hardness, Deep
Cure-S.
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Influence of Led Curing-Units On Depth Of Cure and Micro-Hardness

INTRODUCTION

Light activated composite resin restorations have
become the most preferred restorative materials in
the past decade due to their good esthetic
properties,  mercury-free  contents, allow
conservative cavity preparation, reinforce of
remaining tooth structure, easy application, low
cost and low technical sensitivity requirement.>?
Another main advantage is that the working time
can be controlled by the operator.® More than two
hundred and sixty million resin-based composite
restorations are made every year worldwide.* And
several studies have reported that the median
longevity of posterior resin-based composite
(RBC) restorations, is approximately six years.>®
Secondary caries and bulk fractures have been
shown as the two common causes of failures.>’
Both this failures may be the result of inadequate
photo-polymerization of the RBC. Inadequately
photo-cured RBC will exhibit lower degree of
conversion which is lead to adverse effects on
physical properties and bond strength to
preparation walls of RBC restorations.?®
Therefore to avoid these negativities the optimum
curing conditions should be provided such as
choosing correct light exposure time and
irradiance level, precise positioning tip of the light
curing unit (LCU) and curing with sufficient
energy at correct wavelengths.

The irradiation with the LCU has an
important effect on surface hardness and depth of
polymerization.!® Today there are various LCUs
working on different physical principles such as
guartz-tungsten-halogen (QTH) bulbs, laser,
plasma arc lights, and light emitting diodes
(LEDs). Led LCUs has became standard in
modern dentistry at the present time due to they
have low heat outputs, do not require cooling fan,
can be used cordless and they are lighter and
smaller.t*'2 |n addition the LED lights efficiency
of conversion of electrical energy to curing energy
is higher than conventional halogen lamps.t314

Camphorquinone is the most common
photoinitiator in the content of RBCs which has
absorbtion spectrum of approximately 460-470
nm. LED LCUs provides adequate curing of these
composites. Nevertheless some RBCs contain
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alternative photoinitiators are most sensitive to the
lower wavelengths of light below 420 nm, such as
diphenyl  (2,4,6-trimethylbenzoyl)  phosphine
oxide (TPO).’®* Today, different light devices
are offered for use with different modes that
provide higher light output powers. Manufacturers
claim that these modes of application provide
adequate polymerization in a shorter time.

Surface hardness test has been used in many
studies since it is a good indicator of the degree of
conversion of composites resin. There is a strong
positive correlation between microhardness value
and the monomer conversion degree. Depth of
cure (DoC) measurement is one another reliably
and widely used test to assess the relative degree
of cure of RBCs.Y” According to the ISO 4049
standards DoC of composite resins can be
evaluated with placing resin into a 4 mm diameter
6 mm depth of a stainless steel mold.® After light
polymerization, the uncured composite is removed
with a plastic spatula, and the height of the
remaining composite is divided in half to
determine the DoC.8

The aim of the study was to investigate the
effect of two second generation LED LCUs and a
third-generation polywave LED LCU at three
different irradiation durations on surface
microhardness and detpth of cure of nano-hybrid
composite resin material. The null hypothesis
tested was that different light curing devices and
different curing periods do not affect
polymerization depth and surface hardness.

MATERIALS AND METHODS

Ethics approval

Ethical approval was obtained from the Local
Ethics Committee of the Sivas Cumhuriyet
University, Sivas, Turkey (ID: 2021-02/55).

Restorative Materials and light curing units

Three different LED LCUs investigated in this
study. Selected LCU’s for resin polymerization
were two second generation LED LCUs (Elipar™
S10 and Elipar™ Deep Cure-S; 3M ESPE, St.
Paul, MN, USA) and a third-generation LED LCU
(VALO Cordless; ULTRADENT, St Louis, MO,
USA). A nano-hybrid composite resin (Filtek™
Z550) used as the restorative material. (Tablo 1,2)
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Table 1. Restorative material used

Dental resin - % Filler Lot
composite Manufacturer Type (Shade) Composition Wt/Vo Number
Nanohybrid Bis-GMA, UDMA, Bis-EMA,
. 3M ESPE, resin composite, PEGDMA and TEGDMA
Filtek 2550 St. Paul, MN, USA light-cured, Filler: Zirconia/silica, silica 82/68 N751485
universal (A2) Partical size: 0.6 - 10 p
Table 2. Light Curing Units used in study.
LCU Manufacturer Irradiance stated by , Peak Wavelength
manufacturer (mW/cm?) (nm)
. 3M ESPE, St Paul
™ ! ! -

Elipar™S10 MN, USA 1200 430-480

. 3M ESPE, St Paul

™ _ ' ' -

Elipar™ Deep Cure-S MN, USA 1470 430-480
VALO Cordless Ultradent 1400 395-480
Microhardness measurement compressed with mylar strip and glass slide from
Teflon molds with a circular shaped hole (6 mm bottom and top to achieve a flat surface. Then the
diameter, 4 mm deep) was used to prepare resin was photo-polymerized as in groups. Dept of
samples for microhardness test. After teflon molds cure of the composite resin was determined using
placed on a mylar strip and glass slide, composite a standardized technique (ISO 4049:2000).1¢
resin was placed in the molds as it will be two Immediately  after  resin  polymerization,
layers. Molds was covered and compressed with specimens removed from the mold and uncured
another mylar strip and glass slide to provide a material from the bottom scraped away with a
flat and smooth surface before polymerization. plastic spatula. Remaining height of cylinder
Three main groups were formed according to the measured via electronic micrometer to an
light source used: Groupl(Valo): VALO Cordless accuracy of +£0.01 mm and results divided by two.

at 1000 mW/cm2, Group 2(Elipar S10): Elipar™
S10 at 1200 mW/cm2, Group 3(Deep Cure-S):
Elipar™ Deep Cure-S at 1470 mW/cm2 (N=30).
All LCUs used at their standart modes. LED
sources was used at three different time intervals
(10s, 20s, 30s) as a subgroup (n=10).
Polymerization performed with the tip of the light

Statistical analysis

The obtained data were analyzed by SPSS (Ver:
22.0) using one-way ANOVA and multiple
comparisons were performed by Tukey’s post-
hoc test. A p-value less than 0.05 was considered
statistically significant.

guide 0.5 mm from the surface of composite resin. RESULTS

Following the polymerization Vickers When each light source was evaluated within
microhardness test (Shimadzu HMV; Shimadzu itself, the difference between the average
Corporation, Tokyo, Japan), was performed at the polymerization depths was not found to be
top (depth=0 mm) and bottom (depth=4 mm) statistically significant at all application periods
surfaces of each specimen (three indentations for (10s, 20s, 40s). Deep Cure-S showed highest
each specimen), at a 50-g load for 15 seconds. polymerization depth at 40 s.

Depth of cure measurement Comparison of light sources according to
According to the LCUs, three main groups (N=30) application periods showed that there was no
and for each time period (10s, 20s, 40s) three statistical difference between the light sources
subgroups  (n=10) were formed as in during the application period of 20 seconds, and
microhardness test. A half split aluminum mold 40 s however there was a difference between the
with a circular shaped hole (4 mm diameter, 6 mm Valo and the other light sources at 10 second.
deep) was used for depth of cure measurement. The highest polymerization depth values were
Restorative material was placed into the mold and observed in Deep Cure-S group at all application

times. (Table 3)
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Table 3. Depth of cure means and standard deviations of groups according to irradiation times.

Gruplar EO S EO S f’o S
X+SS X+SS X=+SS
Valo 1.849+0.121A2 2.002+0.167A2 2.516+0.072A0 F=69.1 p=0.001*
Elipar S10 2.042+0.116B2 2.217+0.16472 2.678+0.202AP F=38.39 p=0.001*
Deep cure-S 2.078+0.09382 2.153+0.245%2 2.699+0.177A0 F=34.82 p=0.001*
F=12.27 p=0.001* F=3.60 p=0.058 F=3.87 p=0.063

In each column, groups with the same capital superscripts are not significantly different and in each row, groups with the same lower case superscripts
are not significantly different (p > 0.05).

For each light source, mean top surface found in Deep Cure-S group at 40s. When the
microhardness values at 40s was found higer than light sources were compared according to the
20s and 10s. However only in Deep Cure-S group duration of application, no statistically difference
20s, 40s microhardness values were significantly was observed between the light sources in all
higher than 10s. The highest surface hardness was application periods. (Table 4)
Table 4. Top (0 mm) surface microhardness means and standard deviations of groups according to irradiation times

Gruolar 10s 20s 40s

P XSS Xtss X+Sss
Valo 98.937+5.02142 98.712+4.606"2 98.875+7.088A2 F=0.001 p=0.994
Elipar S10 96.850+4.415A2 96.175+5.132A2 99.300+2.931A2 F=1.33 p=0.295
Deep cure-S 94.387+7.170A2 104.075+5.539Ap 106.037+6.215AP F=6.29 p=0.011*
F=1.29 p=0.295 F=4.99 p=0.506 F=13.97 p=0.054

In each column, groups with the same capital superscripts are not significantly different and in each row, groups with the same lower case superscripts
are not significantly different (p > 0.05).

According to bottom surface microhardness examination of light sources according to the
values in Valo and Elipar S10 groups examined duration of application, there was statistically
after 20s and 40s curing, microhardness values difference between the light sources in the 40s
were significantly higher than 10s curing duration. period, but no statistically difference between the
The highest bottom surface hardness value was light sources at the 10s and 20s. (Table 5)

found in Deep Cure-S group at 40s. As aresult of

Table 5. Bottom (4 mm) surface microhardness means and standard deviations of groups according to irradiation times

Gruolar 10s 20s 40s

P X£sS XEss X=Ess

Valo 83.437+6.166°2 90.275+4.715AP 92.262+5.2694P p53758§*

Elipar $10 86.1375,773A2 937874535240 04.11243.171A0 Ejg'ggg*

Deep cure-S 86.13743.38142 95.150:£5.262A0 104.52545.1218¢ Ejg%g;
F=0.70 p=0.506 F=1.92 p=0.506 F=16.37 p=0.001*

In each column, groups with the same capital superscripts are not significantly different and in each row, groups with the same lower case superscripts
are not significantly different (p > 0.05).

Bottom and top surface hardnesses of the groups to be statistically insignificant. Mean hardness
were compared within each application period and values of lower and upper surface of all other
the results showed that the mean surface hardness groups were found to be statistically significant.
values of the bottom and top surface of S10 group (Table 6)

at 20s and Deep Cure-S group at 40s were found
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Table 6. Microhardness means and standard deviations of top (0 mm) and bottom (4 mm) surfaces of groups according

to irradiation times.

Irradiation time/

Groups detpth (mm) Means Standart deviation

VALO 10s/4mm 83.4375° 6.16695 t=7.90
10s/0mm 98.9375° 5.02165 P=0.001*
20s/4mm 90.275° 4.71525 t=7.20
20s/0mm 98.7125° 4.60665 P=0.001*
40s/4mm 92.2625° 5.26957 t=3.44
40s/0mm 98.875" 7.08877 P=0.011*

Elipar S10 10s/4mm 86.1375° 5.77307 t=4.49
10s/0mm 96.85° 4.41523 P=0.003*
20s/4mm 93.7875° 5.35255 t=0.86
20s/0mm 96.175° 5.13218 P=0.415
40s/4mm 94.1125° 3.17105 t=2 74
40s/0mm 96.321° 2.9316 P=0.029

Deep Cure-S 10s/4mm 86.1375% 3.38186 t=3.05
10s/0mm 94.3875° 7.17026 P=0.015*
20s/4mm 95.15% 5.26254 t=3.60
20s/0mm 104.075" 5.53966 P=0.009*
40s/4mm 104.525° 5.12187 t=0.71
40s/0mm 106.0375? 6.2154 P=0.496

The same lower case superscripts in each column indicate no statistically significant difference between groups.

P values in the last column indicate t-test’s results.
*P< 0.05.

DISCUSSION

Adequate polymerization is one of the main
important factors influencing the physical and
mechanical properties of composite resins. Degree
of conversion and depth of cure analyzes are
important tools to estimate the physical and
mechanical properties of composite resin
restorations.®®  Microhardness evaluation at
specific depths is a widely used method to
determine the depth of polymerization of resin-
based restorative materials. For adequate
polymerization depth, it is recommended that the
bottom surface hardness is about 80% of the upper
surface hardness value.?* 2!

Also another standardized technique defined
by ISO 4049 standard has been used determining
of cure depth. The 1SO 4049 standard evaluates
DOC by placing composite resin into a 6 mm
deep and 4 mm diameter opening of a split
stainless steel mold. Immediately after light
polymerization, the uncured resin material is
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removed with a plastic spatula, the height of the
remaining composite is divided in half. These
values recorded as the 1SO depth of cure must be
higher than 1.5 mm.18 22

The irradiation time is very important for
optimum polymerization of the resin at increased
depth, although there is no major factor in the
polymerization at the surface.?® Time-saving
applications are an ongoing request for restorative
practices and significant improvements in
technology of LED light sources allow shorter
clinical application times.*?* Some recent studies
have emphasized the potential of these LED
curing lights to reduce the irradiation time without
a significant loss in the mechanical properties of
the RBCs.2%

In  this  study, microhardness  and
polymerization depths of a camphorquinone
photo-initiator containing resin-based composite
material that photo polymerized with two different
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second generation and a third generation LED
light sources at three different irradiation times
were evaluated.

The null hypothesis was partially rejected
because there are significant differences between
the light curing periods in terms of polymerization
depth and surface hardness however the top
surface hardness values of Valo and S10 groups
has showed no statistically changes at 10s and 20s
light curing periods (p>0.05). And also
DeepCureS-40s subgroup has showed
significantly higher top and bottom surface
hardness values than other LCUs (p<0.05).

Although all the LCUs perform adequate
polymerization depth according to ISO 4049
depth of cure measurement (scraping test) at the
10 s irradiation time, VALO group showed
statistically lower polymerization depth values
than the other groups (p<0.05). This difference
may be due to using VALO Cordless at 1000
mW/cm? output power so three light sources has a
1.2x-1.47x difference in the emitted power
depending on the brand of LCU. In addition
VALO has a different structural design of tip than
the other light sources that may lead less
polymerization at 10 s.

In a study evaluating the effects of Elipar
DeepCure-S and Valo LCUs on the amount of
residual monomer released from different
composites; the amount of residual monomer
released from composites polymerized with the
Elipar DeepCure-S light device was found to be
less than the groups polymerized with the Valo
light device, similar to our study.® In another
study investigating the effect of LCUs on the
bonding strength in the repair of different
composites with bulk-fill composites, the Elipar
DeepCure-S provided better bonding strength than
the Valo light device, and this was attributed to
the Elipar DeepCure-S light device providing
better polymerization at the bottom of the
composite.?’

All light curing units used in the study has
provided significantly high polymerization depths
at 40 second compared to 10 and 20 seconds
(p<0.05). This can be explained by prolonged
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curing times allow the formation of additional
cross-links in higher depths of restorative material
and lead to a more homogeneous polymer
network.X® In addition, although shortened light
curing durations provide sufficient
polymerization, radiant exposure of the restorative
material at 40 s light curing mode will be more
than shorten curing times.?* Altough there is a
slightly difference of output powers of LCUs
there was no statistically significant difference
was found between the DoC values when
comparing the depth of polymerization of the
LCUs at the 20s and 40s periods. This has shown
that the increased polymerization time can
compensate the output power difference between
the LCUs at used parameters.

When the surface microhardness values were
compared, there was no difference in
microhardness between the irradiation times in the
Valo and Elipars S10 groups, while an increase in
the exposure times of 20 and 40 seconds was
observed in the Deep Cure-S group. This result
can be explained by the fact that the energy output
power of the Deep Cure S device is higher than
the other devices (1470 nm/cm2) and different
optical tip design. Differences in tip area can
causea large effect on the calculated radiation.6 28

The bottom microhardness results of the
groups showed that 20s and 40s irradiation values
are higher than 10s groups in all devices.
However, in the Deep Cure-S group, there is no
statistically significant difference between the
surface and bottom microhardness values of the
nanohybrid composite at 40s irradiation time. This
can be explaned that light beam profile of Deep
Cure-S deeper and more homegenous then the
other light sources used.6:2

CONCLUSIONS

All light sources used in this study provide
adequate polymerization of the nanohybrid
composite which includes camphorquinone as a
photoinitiator in all application time mods. The
highest polymerization depth and microhardness
values were achieved with 40 sec. polymerization
time for all LCUs and Deep Cures S light devive
provided statisticaly same microharnes values
between top an bottom surfaces at 40s.
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Infective Endocarditis Prophylaxis

INTRODUCTION

Although infective endocarditis (IE) is a form of
endocarditis usually caused by bacteria, other
microorganisms may also be involved. Annual
incidence ranges from 3 to 9 cases per 100,000 of
the population, based on results reported in
developed countries.! IE affects newborns,
infants, children, young adults, and pregnant
women, and the incidence increases after the age
of 30, exceeding 10 per 100,000 over the age of
50.2 The clinical picture of IE is not specific and
includes high fever, weakness, weight loss,
shortness of breath, new or changed heart
murmurs, and skin rash. Although findings such
as Roth spots in the eyes and Osler nodes and
Janeway lesions on the skin can be seen rarely in
young children, extracardiac symptoms such as
septic  embolization and  thromboembolic
complications are common in young people.?

Because of the significant mortality and
morbidity associated with increased IE, the first
guideline was published in 1955 by the American
Heart Association (AHA). To prevent IE,
prophylactic administration of antibiotics is
generally considered appropriate in patients with
predisposing cardiac conditions who have
undergone  invasive  procedures  causing
bacteraemia.* AP recommendations changed over
time. Before 2007, AHA guidelines recommended
AP for those who underwent invasive dental
treatments considered to be high or intermediate
risk for IE. In AHA and European guidelines
published after 2007, it was reported that it should
be given only to people at high risk.*’ However,
in 2008, the UK's National Institute of Health and
Clinical Excellence (NICE) guidelines took a
more radical decision, recommending
discontinuation of AP for all patients undergoing
dental and other invasive procedures.® The
decision to AP restrictions or to cease altogether is
mainly based on the absence of placebo
randomized controlled trial results to determine
assessments on the effectiveness and cost of AP.
Other reasons include the emergence of bacterial
resistance strains and the risk of drug side
effects.”®
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However, a trend towards an increased
incidence of IE was reported in some studies done
in the UK after the 2008 NICE guidelines and in
the US and Germany following the
implementation of the 2007 and 2009 guidelines.
This suggests that invasive dental procedures may
be effective in the development of IE.1%!2 The
purpose of this review is to evaluate the change in
the incidence of IE after guideline revisions since
2007 and the -current antibiotic prophylaxis
approach in dentistry.

METHOD
This review was prepared in accordance with the
PRISMA statement.

Focus question; What is the result of the
guideline changes after 2007 for AP of IE before
invasive dental procedures in high-risk patients?

Search strategy; The systematic way was
performed to look up for relevant information
through several kinds of literature and search
engines with great concern to main question. This
investigation was accomplished in December
2019 and applauded with new information until
April 2020. A web search was conducted with
terms and/or different combinations (infective
endocarditis, antbiotic prophylaxis, dentistry,
guideline, incidence) through search engines such
as PubMed, Ovid Medline, Clinical key, Google
Scholar and Google.

Inclusion criteria; Articles, review, meta-
analysis, randomised controlled trial, publications
carried out on human subjects from offcial
organisation and guidelines relased within 13
years from 2007 to 2020 with English Language.

Exclusion criteria; Articles that involved the
different clinical applications of AP excluding
dental treatments and case reports

Review articles; Articles were categorized into
two main groups (free and restricted). Free-ones
have been downloaded directly by the URLs
generated from the database. The restricted group
has been downloaded by the institutional access of
the Sivas Cumbhuriyet University library. Even
though some articles didn't match the main idea,
they have been reviewed again and decided to be
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either relevant or irrelevant. The reference was
checked to identify any studies that haven’t been
covered by electronic searches.

Epidemiology, Risk factors and Microbiology of
Infective Endocarditis

IE is the fourth leading infectious cause of death
worldwide, following sepsis, pneumonia and
intra-abdominal abscesses? with the incidence of
3-9 cases per 100.000 people.! The incidence of
IE varies significantly by countries and regions.™
This may be sourced from genetic tendency, poor
dental hygiene, immunologically host
susceptibility, congenital and rheumatic heart
disease, intravenous drug usage, degenerative or
prosthetic valve disease, intracardiac devices,
adherence of guideline rules and development
state of countries. However, it is reported that
50% IE cases has not cardiac valvular lesion
before.™

IE is an acute disease with a relatively high
mortality rate and often characterized by
Staphylococcus aureus infection. Given the
antimicrobial resistance of Staphylococcus aureus,
including vancomycin, this pathogen, which may
be a potentially fatal infection source, is of
concern.’®

The incidence study of IE has not been
conducted in Turkey, but it may be suggested to
be higher. Because high-risk groups have frequent
presence of predisposing cardiac disorders and
higher rates of nosocomial bacteraemia. But,
unlike developed countries IE more often seen in
young population in Turkey.'* A evalution of
epidemiological characteristics of IE cases in
Turkey and the USA and Europe is seen in Table
1.

Table 1: Evalution of epidemiological and clinical characteristics of patients with infective endocarditis in Turkey and

USA/Europe!®
Feature Turkey USA/ Europe
Age, years (mean) 47 61
Male (%) 60 65
Predisposing conditions (%)
Acute rheumatic fever 37 1.85
Prosthetic valve 28 10-30
Intravenous drug use 24
Cardiac implantable electronic device 15
Chronic hemodialysis 13
Causative microorganisms (%)
Staphylococcus auerus 21 32
Viridans streptococci 19 18
Coagulase negative staphylococci 10 11
Enterococcus spp. 9 11
Brucella spp. -
Blood culture negative (%) 37 8
Nosocomial endocarditis (%) 25 25
Mortality (%) 24 19

The microbiology of IE has changed over
time, and staphylococci, often associated with
healthcare contact and invasive procedures, have
surpassed streptococci as the most common cause
of the disease.’” The most common causative
bacteria are Staphylococcus aureus, streptococci,
coagulase-negative staphylococci, and
enterococci, both in Turkey and USA/Europe
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(Table 1). Gram-negative bacilli and fungi are
generally causative pathogens of healthcare-
associated IE. For patients who have been
implanted with an intracardiac prosthetic device
such as a prosthetic heart valve in the last decade,
Mycobacterium chimaera is a possible pathogen
for IE.* Also, it is thought that the collagen
binding protein of Streptococcus mutans that is
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the cause of dental caries, may be one of the
potential important factors associated with the
pathogenesis of IE.1®

Pathogenesis and Infective
Endocarditis

Normal healthy endocardium lining of the heart
naturally is resitant to colonization by bacteria to
adhere to the these surfaces. However, once
endothelial injury occurs via turbulent flow of
blood such as through a stenotic valve or
congenital lesion, prosthetic heart valve, previous
history of endocartditis, or may be provoked by
electrodes, catheters, or repeated intravenous
injections by drug users. These make release of
inflammatory substances, including cytokines and
other tissue factors, lead to platelet and fibrin-rich
thrombus formation, which serves as a nidus for
bacterial infection called nonbacterial thrombotic
endocarditis (NBTE). Mucosal surfaces of the
body are populated by endogenous microflora and
damage to these surfaces (caused by dental or
medical procedures or daily activities such as
chewing or brushing) creates a pathway for
microbes to enter the bloodstream. When bacteria
are introduced into the bloodstream by this way,
they can adhere to the platelet-fibrin thrombus and
replicate within the NBTE. Bacteria also stimulate
further fibrin and platelet deposition and
endothelial injury, leading to formation of a
vegatation. Complication and progression of the
vegatation cause impaired valve function, valve
perforation, abscess formation, chordal rupture,
conduction system involvement, embolization and
heart failure.”1®

Mortality  of

In Turkey, the mortality rate in patients with
IE is higher than in developed countries and is
close to 30%.% It is doubtless that mortality rates
can be reduced by eliminating the lack of
knowledge of the physicians who follow these
patients and by establishing and implementing
standard diagnosis and treatment protocols.
Moreover, the role of dentists in preventing this
disease should not be forgotten.

The Impact of Changing Antibiotic Prophylaxis
Guidelines after 2007-2008

The guidelines suggesting AP for prevention of IE
are based on three main observation; 1-
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bacteraemia has been accepted as a reason of IE,
2- Viridans group streptococi (VGS) can be cause
serious bacteremia and, 3- these microorganism
are susceptible to commonly used antibiotics. But,
there was no placebo randomized controlled trial
evidence to support the efficacy of AP and their
assesment of the lack of cost effectiveness and
other reasons include developing of bacterial
resistance strains and risk of adverse drug
reactions.”®

Due to the paradigm change that started in
the guidelines on AP in 2007, some researchers
have tried to investigate the effect of this change
on the incidence of endocarditis. After the
implementation of the new guidelines, some
studies did not show an increase in the incidence
of IE#?% although other studies have raised
concerns about the increased incidence of IE.%%-
122627 After complete AP cessation in England
with NICE guideline in 2008, the incidence of IE
significantly increased within 5 years. Therefore,
they made a subtle change in 2016 to indicate that
AP shouldn’t be "routinely" recommended for
dental procedures.?® Because daily activities such
as regular tooth brushing can cause recurrent
bacteraemia from the oral flora, which almost
certainly poses a greater risk of IE than a single
dental procedure.®

In the studies dealing with VGS which is
commonly accepted as a indicator of oral cavity
etiology of IE, Bizmarck et al.?® reported a
significant increase in IE caused by VGS for ages
10 to 17 after guideline changes, but no impact on
IE incidence comparing pre & post guideline in
US in the period 2001-2012. Another study*
from US in period of 2000 to 2011 reported
significantly increase in IE incidence caused by
streptococci. Also, it was reported an increase
from Netherland in the years from 2005 to 2011.2
However, there were no change or increase about
VGS in the etiology of IE in other studies
involving the impact of guideline changes.?-2%30-32
Rheumatic heart disease caused by streptococci
and acute rheumatic fever are important public
health concerns worldwide, and there is still a
significant burden of disease, especially in
developing  countries.®®  Most  paediatric
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cardiologists have encountered children with
bicuspid aortic valve affected by IE, due to VGS,
who showed a clinical course similar to that of
high-risk patients and resulted in increased need
for surgery. In the light of these data, Zegri-Reiriz
et al.* reported that these patients should be
considered as "high risk " group and should be
treated under AP administration. However, all of
the researches after guideline changes contain one
or more shortcomings of the following: Small
sample size, short follow-up time, subpopulation
researches with different risk factors, or exposure
to invasive dental treatments compared to the
general population, difficulties in accurately
identifying IE caused by oral VGS and lack of
data on AP administration. So, it is difficult to
shown any causal link between restriction of AP
and incidence of IE from any one or a
combination of these studies. However, Dayer et
al. stated that the evidence was taken as a whole,
and that it was impossible to exclude the
possibility of AP's influence, albeit small. In
addition, there are serious concerns about the
development of antibiotic resistance (AR) and
increasing healthcare costs. But AP is low-priced
and the recommended doses of antibiotics are
likely to minimise the development of AR. In
other words AP, especially amoxicillin, appears to
be safe.®>%

The American Academy of Pediatric
Dentistry has published guidelines stating that it is
preferable to complete all dental treatments before
starting immunosuppressive therapy in patients
who will be treated with immunosuppressive
and/or radiation therapy. Also stated that elective
dental care should not be performed during the
period of immunity suppression.®” The neutrophil
count can guide the decision to necessity AP
during dental treatments. It was recommended to
consider AP in patients with absolute neutrophil
counts between 1000-2000/mm?® according to
AHA guidelines. If the patient's neutrophil count
is less than 1000/mm3, dental treatments should
be delayed or it is recommended to discuss
necessity of AP with the medical team before
continuing  treatment.®  Also, chlorhexidine
mouthwash alone should not be recommended as
a prophylaxis against IE to patients at risk of IE
undergoing dental procedures.®

According to current guidelines, intermediate
and low risk patients should probably avoid AP
for dental procedures that involve manipulation of
the gingiva or periapical region of the teeth or
involve perforation of the oral mucosa. But, AP is
strongly recommended in high risk patients
undergoing medical procedures with bacteraemia.
The recommended regimen for AP is shown in
Table 2.

Table 2: Current guidelines on antibiotic prophylaxis to prevent infective endocarditis (IE)*

2007 AHA Guidelines

2015 NICE Guidelines with
2016 Amendment

2015 ESC Guidelines

Those Recommended for Antibiotic Prophylaxis Cover

Those at highest risk of an adverse Those at highest risk of IE
undergoing a high-risk procedure

outcome from IE

Antibiotic ~ prophylaxis  against
infective  endocarditis is  not
recommended routinely for people
undergoing  dental [or  other]
procedures. (‘routinely’ added 2016)

Those at Highest Risk of Adverse
Outcome from IE

Those at Highest-Risk of IE

Those At Risk of Developing IE

o Prosthetic cardiac valve or
prosthetic material used for valve

e Previous IE

e Unrepaired cyanotic CHD,
including palliative shunts and
conduits of IE
o Completely repaired congenital
heart defect with prosthetic material

ePatients with any prosthetic
valve, including a transcatheter
repair valve, or those in whom any
prosthetic material was used for
cardiac valve repair

ePatients with a previous episode  palliated structural conditions, but

eAny type of cyanotic CHD
eAny type of CHD repaired with  septal defect or fully repaired patent

e Acquired valvular heart disease
with stenosis or regurgitation

¢ Valve replacement

o Structural congenital heart disease,
including surgically corrected or

excluding isolated atrial septal
defect, fully repaired ventricular
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or device, whether placed by surgery
or catheter intervention during the
first 6 months after the procedure

¢ Repaired CHD with residual defects
at the site or adjacent to the site of a
prosthetic patch

o Cardiac transplantation recipients
who develop valvulopathy

a prosthetic material, whether
placed surgically or by
percutaneous techniques, up to 6
months after the procedure or
lifelong if residual shunt or
valvular regurgitation remains
after the procedure

ductus arteriosus, and closure devices
that are judged to be endothelialised
e Previous infective endocarditis

o Hypertrophic cardiomyopathy.

Moderate/Intermediate-Risk

ePatients with a previous history
of rheumatic fever

ePatients with any other form of
native valve disease (including:
bicuspid aortic valve, MVP and
calcific aortic stenosis)

ePatients with unrepaired
congenital anomalies of the heart
valves

High-Risk Procedures for which Antibiotic Prophylaxis Should Be Considered

o All dental procedures that involve
manipulation of the gingival

tissue or the periapical region of

teeth or perforation of the oral
mucosa*.

e Procedures on respiratory tract

or infected skin, skin structures

or musculoskeletal tissue

Antibiotic prophylaxis should
only be considered for dental
procedures requiring
manipulation of the gingival or
periapical region of the teeth or
perforation of the oral mucosa*.

Advice not given

Recommended Antibiotic Prophylaxis Regimen (for those not allergic to penicillin)

Amoxicillin 2g orally 30-60 mins
before the procedure**

Amoxicillin 2g orally 30-60
mins before the procedure**

Advice not given

Recommended Antibiotic Prophylaxis Regimen for those Allergic to Penicillin

Clindamycin 600mg orally 30-60
mins before the procedure**

Clindamycin 600mg orally 30-60
mins before the procedure**

Advice not given

However, some dental procedures do not require
AP. Examples of these are routine anesthetic
injections into non-infected tissues, dental x-ray,
placement of removable prosthesis or orthodontic
appliances, adjustment of orthodontic appliances
and placement of orthodontic brackets. Also, the
dentists should emphasise the importance of
maintaining good oral health to patients. For
optimal oral health, moderate-risk patients are
recommended to be examined once a year, while
high-risk patients should receive professional
dental care twice a years.®

CONCLUSIONS

Consequently, dentists may not always aware of
the IE risk in their patients because of unavailable
medical ~ documentation  and insufficient
anamnesis. From the legal framework, a
collaboration with cardiologist and follow up
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current guidelines is important to achive the goal
of IE prevention in dentistry.
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Enfektif endokardit (EE), yiiksek morbidite ve
mortaliteye sahip onemli bir kalp hastaligidir. Mevcut
kilavuzlar, yiiksek EE riski olan bireylere antibiyotik
profilaksisini (AP) onermektedir. Bu yiiksek riskli
hastalar, EE geg¢misi, biyolojik veya mekanik prostetik
kapak veya cerrahi olarak olusturulmus sistemik veya
pulmoner kanal/ sant olan hastalari icerir. AP'nin
kisitlanmasi, antibiyotik direnci ve giinliik bakteremi
insidanst ile ilgili artan kavrayisla ilgili endigelerden
Bir¢ok AP'yi

kisitlamanmin EE insidansi tizerindeki etkisini incelemis

kaynaklanmaktadir. arastirmaci,
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ve farkli sonuglar bulmustur. Bu ¢alismalar cogunlukla
AP'nin
degisim

oldugundan,  arastirmacilar
EE

arasinda nedensel bir baglanti kuramadilar. Konu

gozlemsel
stmwrlandwrilmast  ile insidansindaki
randomize-kontrollii ¢calismalarla netlesene kadar, dis
hekimleri AP ile ilgili giincellemeler icin periyodik

olarak kilavuzlar: ziyaret etmelidir.
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Case Report

ABSTRACT

Restoration of crown-root fractures with the involvement of
supracrestal attached tissues represents difficulties for clinicians, as
these types of fractures require a multidisciplinary approach for
adequate treatment and successful prognosis. Depending on the
location of the fracture, different treatment approaches, such as
periodontal crown lengthening procedures, rapid orthodontic or
surgical root extrusion or tooth extraction followed by fragment
reattachment, direct composite restorations, veneers, and crown
restorations, have been indicated.

This case report describes the management and long-term follow-up of
the reattachment of a crown-root fracture using unidirectional fiber
reinforcement after periodontal crown lengthening. Clinical and
radiographic examinations of the reattached tooth after 7 years revealed
favourable functional, physiological, and aesthetic outcomes and
healthy surrounding periodontal structures, showing the success of the
multidisciplinary treatment approach.

Keywords: Dental

reattachment.

trauma, complicated crown-root fracture,

A MULTIDISCIPLINARY APPROACH FOR THE RESTORATION OF A
CROWN-ROOT FRACTURE WITH THE INVOLVEMENT OF
SUPRACRESTAL ATTACHED TISSUES A CASE REPORT WITH A 7-YEAR
FOLLOW-UP

( Esra Can?
Burcu Dikicit
& Gokser Cakar?

ORCID IDs of the authors:

E.C. 0000-0003-3585-4949
B.D. 0000-0003-3944-4840
G.C. 0000-0002-8766-8120

! Department of Restorative Dentistry, Faculty
of Dentistry, Yeditepe University, Istanbul,
Turkey.
2 Department of Periodontology, Altmbas
University, Faculty of Dentistry Istanbul,
Turkey.

Received : 30.09.2020

Accepted 1 20.12.2020

How to Cite: Can E, Dikici B, Cakar G. A Multidisciplinary Approach for the Restoration of a Crown-Root Fracture with the Involvement of Supracrestal Attached Tissues

A Case Report aith A 7-Year Follow-Up. Cumhuriyet Dent J 2021;24:1:105-112.
*Corresponding Author:

Department of Restorative Dentistry, Yeditepe University, Faculty of Dentistry, Bagdat Cad. No: 238, Géztepe, istanbul, Turkey.

Phone: +90 216 363 60 44 Fax: +90 216 363 62 11

105

E-mail: esracansay@yahoo.com


mailto:esracansay@yahoo.com
https://orcid.org/0000-0002-0641-0831
https://orcid.org/0000-0002-3301-9651
https://orcid.org/0000-0002-9150-4997

Long-Term Follow-Up of a Crown-Root Fracture Treatment

INTRODUCTION

Dentoalveolar traumas are mainly caused by
falling, fighting, sports, and car accidents and
usually affect maxillary anterior teeth.%? Crown
fractures have been documented to account for up
to 92% of all traumatic injuries in permanent
dentition®; however, the incidence of crown-root
fractures is reported to be approximately 5%.*
Restorative treatment of crown-root fractures is
difficult due to inaccessible subgingival fracture
margins and the complex nature of the injury.® The
fracture line level, the length of the remaining root
segment, and the presence and condition of the
tooth fragment determine the type of treatment.’
Therefore, depending on the location of the
fracture, different treatment approaches, such as
periodontal crown lengthening procedures, rapid
orthodontic or surgical root extrusion or tooth
extraction followed by fragment reattachment,
direct composite restorations, veneers, and crown
restoration, have been indicated. Among these
treatment approaches, priority should always be
given to the reattachment procedure when the
crown fragment after trauma is relatively intact and
adapts well to the remaining tooth structure.®®
Reattachment is the most conservative treatment
option for various restorative techniques and also
offers colour, morphology and translucency
matches, surface texture, and wear of the incisal
edge at the same rate as the adjacent teeth.
Moreover, it results in a positive psychological
response in the patient and offers a reduction in the
treatment costs.”® Clinical success has been
reported for the reattachment of tooth fragments
using resin composites or cements with/without
fiber reinforcement.0

With the development of adhesive systems
and resin-based materials, during the treatment of
crown fractures, the support of a post system
placed into the root canal is not always mandatory.
However, when the fracture involves more than
two-thirds of the crown or when the patient exhibits
a large overjet and/or parafunctional habits, post-
placement should be considered.®'?!? Fiber-
reinforced composites have been introduced at the
beginning of the '90s and offer several advantages,
such as aesthetics, reliable bonding to enamel and
dentin, and a modulus of elasticity similar to that of
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dentin. Materials that have an elastic modulus
similar to dentin (18.6 GPa) may enhance the
clinical longevity of restorations®*, as they reveal a
more balanced stress distribution under functional
forces.®®

The present case describes the successful
multidisciplinary treatment of a complicated
crown-root fracture of a maxillary central incisor
with the involvement of supracrestal attached
tissues over a 7-year follow-up period.

CASE REPORT
A 30-year-old female was referred to the
Department of Restorative Dentistry with a
fractured maxillary right incisor that was splinted
after a car accident one week previously (Figure 1).

Fgae=s

e
Figure 1: Initial situation of the crown-root fracture.

Clinical and radiographic examinations revealed
that the tooth had a complicated crown-root
fracture extending subgingivally at the buccal side
and a loose palatal splint with inflammatory
periodontal tissues due to heavy plaque

accumulation (Figure 2).

Figure 2: Palatal view revealed a loose splint with inflammatory
periodontal tissues due to heavy plague accumulation.

The tooth fragment was still attached by a soft
tissue junction around the buccal aspect. The
treatment alternatives were discussed with the
patient, and upon agreeing on the reattachment of
the crown fragment to the remnant tooth, informed
consent was obtained from the patient.
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Following local anaesthesia with 2% lidocaine
and 1:80,000 epinephrine, the crown-root fragment
(Figures 3, 4) was removed with minimal force
from its soft tissue attachment and was stored in a
physiological saline solution until the reattachment
procedure.

Figure 3: Buccal view of the detached crown-root fragment.

Figure 4: Palatal view of the detached crown-root fragment

As the fracture was subgingivally located and
extended apically to the bone crest, open flap
surgery with osseous resection was performed. For
the open flap procedure, an internal bevel incision
was made at the buccal and palatal aspects of the
involved tooth, and the incision was extended
horizontally on each side. Then, a sulcular incision
was made for gingival tissue removal. Following
the reflection of the full-thickness mucoperiosteal
flap, the distance between the fracture line and the
alveolar bone crest was measured to be
approximately 1 mm, violating the supracrestal
attached tissues (Figure 5).

Figure 5: The distance between the fracture line and the alveolar bone
is approximately 1 mm, violating the supracrestal attached tissues.
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After osseous resection with a low-speed
handpiece using copious amounts of saline
irrigation was performed to remove and recontour
the bone until a 3-mm distance between the bone
crest and the fracture line (Figure 6), the base
material in the pulp chamber was carefully
removed with a high-speed air turbine.

Figure 6: Recoourin ofth o until there was a 3-mm distance
between the bone crest and the fracture line.

Meanwhile, the tooth fragment was cleaned from
all residual soft tissue and base material and was
checked for its close adaptation to the tooth
structure for reattachment. As freehand fragment
alignment could be problematic, a thermoplastic
stent was attached to the fragment during the
checking and reattachment procedures (Figures 7,
8).

Figure 7: Attachment of a thermoplastic stent to the crown-root
fragment for checking and reattachment procedures.

Figure 8: Removal all residual soft tissue and base material to expose
enamel and dentin.
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Then, a haemostatic agent (ViscoStat;
Ultradent) was applied around the remnant root,
which was followed by a self-etching primer
application (Clearfil SE Bond Primer; Kuraray) for
20 seconds on the dentin surfaces. The enamel
margins of the crown fragment were etched with
phosphoric acid (K etchant; Kuraray, Japan) for 30
seconds, rinsed thoroughly with water and dried,
whereas the self-etching primer (Clearfil SE Bond;
Kuraray, Japan) was applied for 20 seconds on dentin
and air-dried. Then, Clearfil SE Bond adhesive
(Clearfil SE Bond Adhesive; Kuraray, Japan) was
applied on both the enamel and dentin surfaces of the
crown fragment and on the dentin of the remnant root
and polymerized for 10 seconds using an LED light-
curing unit with an intensity of 650 mW/cm2
(Bluephase; Ivoclar Vivadent, Schaan,
Liechtenstein). A thin layer of a flowable composite
(Clearfil Majesty Flow; Kuraray, Japan) was applied
to the remnant root canal without polymerization, and
a unidirectional preimpregnated fiber (EverStick
C&B; GC) was pressed into the unpolymerized
flowable composite (Figure 9).

Figure 9: Applicati f aunidirectional preimpregnte fiber into the
unpolymerized flowable composite on the root fragment.

A micro-hybrid composite (G-aenial anterior; GC)
was applied to the crown fragment, and then the
fragment was placed on the fracture site and
carefully aligned. After checking the smoothness
of the margins, the composite was polymerized
through the attached tooth for 60 seconds from both
the facial and palatal sites (Figure 10).

Figure 10: Re-attachment of the crown-root fragment.
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The surgical flaps were then closed with simple
interrupted sutures (Figure 11).

Figure 11: Closure of the sugicalfaps with simple interrupted
sutures.

Thereafter, the occlusion was checked and
finishing and polishing procedures were
accomplished using fine burs (Acurata G+K
Manhardt Dental 544#018) and polishing rubber
(Enhance/PoGo, Dentsply).

Postoperatively, the patient was instructed to
follow a soft diet and avoid brushing or biting in
the operated area for 1 week. An antibiotic
(amoxicillin-clavulanate, 1000 mg, twice a day for
5 days), analgesic (naproxen sodium, 550 mg,
every 8 hours, as necessary) and mouth rinse
(chlorhexidine gluconate 0.2%, twice a day for 4
weeks) were prescribed to prevent infection and
pain. Sutures were removed after 1 week, and the
patient was recalled every week for 1 month. A soft
toothbrush was suggested with a roll technique.
The clinical situation of the reattached tooth was
confirmed by clinical assessments at 1 (Figures 12,
13), 2 (Figures 14, 15), 5 (Figures 16, 17) and 7
years (Figures 18, 19, 20, 21).

Figures 12 and 13:~6Iinical situation of the reattached tooth at 1 year.



Can E, et al.

109

Figures 14 and 15; Figures 16 and 17; Figures 18, 19, 20, and 21:
The clinical situation of the reattached crown-root fragment at 1 year,
2 years, 5 years and 7 years, respectively.

DISCUSSION

For the treatment of traumatized teeth, several
factors, such as the extent and pattern of fracture,
pulpal involvement, stage of root development,
alveolar bone fracture, involvement of supracrestal
attached tissues, soft tissue injuries, fractured tooth
fragment, occlusion and aesthetic properties,
should be considered.*®” Regarding complicated
crown-root fractures, there are several proposed
treatment options, including periodontal crown
lengthening surgery with open flap and osseous
resection and orthodontic or surgical extrusion,
which are followed by reattachment of the
fractured tooth fragment, direct composite
restorations, veneers, or crown restorations.®1°

Surgical crown lengthening and orthodontic or
surgical extrusion of the remaining root are the most
preferred methods for the re-establishment of
supracrestal attached tissues. However, all of the
described techniques have both advantages and
disadvantages. Orthodontic or surgical extrusion
will shorten the root length?®®, while crown
lengthening may create aesthetic problems.?*?? In
the present case, the fracture line was above the
alveolar bone crest but extended subgingivally on
the buccal aspect. Additionally, as the patient had
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limited time and an almost 1:1 width to length ratio
in her maxillary teeth, open flap surgery with
osseous resection was preferred. The first treatment
option for the rehabilitation of a crown fracture
should be reattachment when the crown fragment is
retrieved following the trauma, is relatively intact,
and adapts well to the remaining tooth structures.”#?
Reattachment is the most conservative treatment
option for various restorative techniques, as it offers
colour, morphology and translucency matches,
surface texture, and wear of the incisal edge at the
same rate as the adjacent teeth. Reattachment of
fractured incisal fragments using new-generation
adhesive systems is considered to be effective
against shear stresses, comparable with intact
teeth.24%  Moreover, it results in a positive
psychological response in the patient and offers a
reduction in the treatment costs.”® The limitation of
this technique is principally due to the involvement
of supracrestal attached tissue, which is defined as
the sum of the epithelial and connective tissue
attachment lengths.® Whenever this occurs, flap
surgery with minimal osteotomy and osteoplasty
was suggested to convert the subgingival fracture
surface to supragingival’ and to create a space for
supracrestal attached tissues. It has been shown that
adhesive fragment reattachment in periodontally
healthy teeth had no detrimental impact on
periodontal health over a time course of 2 years.?
However, the potential threat to tooth survival
following crown-root fracture and subsequent
restoration with a post-core-supported crown is
higher due to the subsequent fractures emanating
from the root canal.?®

The prognosis of the reattached tooth depends
on the fitness, contour, and surface finish of the
subgingival restoration, which may increase plagque
retention.2?° Moreover, patient cooperation and
maintenance of oral hygiene also affect the long-
term prognosis of the restored tooth.* In the
present case, the patient did not strictly follow the
oral hygiene instructions, especially around the
reattached tooth, and as a result, mild gingival
inflammation was still evident even after the 1-year
follow-up (Figure 12, 13). During the follow-up
period, even though full-mouth plaque control was
optimal, substantial plaque accumulation was also

110

observed around the treated tooth due to the
patient’s fear of dislocation of the restored tooth.
However, there were no unfavourable soft tissue
reactions other than mild gingival inflammation
throughout the follow-up period (Figures 12, 14,
16).

Based on the results of in vitro studies, the
internal dentin groove technique generated the
highest bond strength recovery in the reattached
teeth; however, this value did not exceed 60% of
an intact tooth’s strength.3! Conversely, removal of
the pulp dentin from the fragment before bonding
showed a greater increase in fracture strength.323
It has been stated that there was no significant
difference between the retention of a flexible fiber-
bundle post system and a rigid prefabricated fiber
post system.3* However, glass fiber posts that are
shorter than the clinical crown length demonstrated
root fracture under a significantly lower loading
force.™ Therefore, in this case, a prefabricated fiber
post was avoided, and an individual fiber-bundle
structure was inserted into the pulp chamber to
enhance fragment attachment and to create an
intermediate structure between the dentin and the
luting composite that resists functional forces. The
physical properties of fiber-reinforced composites
are dependent on the type of matrix, the type of
fiber, the fiber distribution, the fiber/matrix ratio
and the diameter and length of the fibers.®
EverStick C&B, with an elastic modulus of 27
GPa, is composed of unidirectional continuous Bis-
GMA- and PMMA-impregnated glass fiber, that
are 1.5 mm in diameter and have 4000 individual
glass fibers.3® Unidirectional preimpregnated fiber
was preferred to increase retention of the crown
fragment to the remnant tooth and to distribute
homogeneous stress along the root. This approach
has been reported in the literature and provides a
conservative and aesthetic treatment strategy.®’
However, randomized controlled clinical trials
with long-term follow-up periods are necessary to
substantiate the efficacy of the treatment.

CONCLUSIONS

The present case represents the management and
long-term success of a reattached crown-root
fragment along with unidirectional fiber
reinforcement after surgical crown lengthening.
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Clinical and radiographic examinations of the
reattached tooth after 7 years revealed favourable
functional, physiological, and aesthetic outcomes
and healthy surrounding periodontal structures,
showing the success of the multidisciplinary
treatment  approach. However, randomized
controlled clinical trials with long-term follow-up
periods are necessary to substantiate the efficacy of
this type of treatment.
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Suprakrestal bag dokusunu icine alan kuron-kok
kiriklart dogru tedavi ve basarili bir prognoz igin
multidisipliner  tedavi  yaklasimi  gerektirdiginden
klinisyenleri oldukca zorlamaktadwr. Bu tip komplike
kuron  kwriklarimin  tedavi  alternatifleri  kirigin
lokalizasyonuna gére: periodontal kuron boyu uzatma,
ortodontik olarak kok boyunun uzatilmast veya digin
kirik parcasinin gekimini takiben fragman reatasmant,
direkt kompozit restorasyonlari, vener restorasyonlart
Bu olgu sunumu,

komplike kuron-kok kirigimin periodontal kuron boyu

veya kuron restorasyonlaridir.

uzatma iglemi sonrasinda  fiberle giiclendirilmis
kompozitle reatasmanint ve bu tedavinin uzun donem
takibini anlatmaktadir. Reatasman yapilan digin 1, 2, 5
ve 7 yillik klinik ve radyografik takibi, disin saglikl
periodontal dokular ile birlikte fonksiyonel, fizyolojik ve
estetik oldugunu ve multidisipliner tedavi yaklagiminin
basarilh oldugunu gostermektedir. Anahtar kelimeler:

Travma, komplike kuron-kok kirigi, reatasman.
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ABSTRACT

Regenerative endodontic treatment (RET) is a biologically-based
treatment approach aimed at providing root development and
improving the prognosis of teeth. The purpose of this case series was to
evaluate the clinical and radiological results of RET using platelet-rich
fibrin (PRF) in 4 immature teeth with necrotic pulps. At the end of a 18-
24-month follow-up, no clinical symptoms were recorded. Apical
closure was observed in 3 of the 4 teeth. All of the preoperative
periapical lesions were healed. However, a calcified tissue formed in
the middle third of the root in one case diagnosed with chronic apical
periodontitis at the 3-month follow-up. PRF was successful as a
scaffold and can be recommended for revascularization protocol of
necrotic immature teeth. However, the prognosis of tooth can be
attributed to many factors such as the duration of pulp necrosis,
pretreatment status of the periapical region, and the viability of living
tissues.

Keywords: Immature teeth, platelet-rich fibrin, pulp necrosis, pulp
regeneration, scaffold.
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INTRODUCTION

Regenerative endodontic treatment is a series of
procedures aimed at restoring the function of
dentin, root, and pulp-dentin complex damaged by
trauma or caries by the transplantation or the
stimulation of stem cells into the root canal.>?
Galler! reported the advantages of regenerative
endodontic treatments over calcium hydroxide
apexification and MTA apexification as (i)
immuno-response and interstitial tissue pressure
against invading bacteria and toxins, (ii) pain
perception as a warning system, (iii) completion of
root formation in young patients to strengthen thin
dentine walls and prevent long-term complications,
and (iv) the restoration of sound periradicular
tissues.

Regenerative endodontic treatment includes
the procedures of disinfecting the root canal,
formation of a suitable tissue scaffold, providing
support for the newly formed tissues, and sealing
the root canal with a biomaterial.**

Tissue scaffold formation is achieved by
inducing bleeding into the root canal in current
regenerative endodontic treatment procedures.*
However, the procedure may have certain
drawbacks such as failure to initiate bleeding or
inadequate bleeding in the root canal. Another
disadvantage of apical bleeding is the injury of the
periapical tissues during the push and pull motion
of the file.>" Recent studies have reported that the
use of autologous fibrin matrices (Platelet-rich
plasma-PRP, Platelet-rich fibrin-PRF) as a tissue
scaffold produced promising results in clinical and
radiological examination.®812 Platelet concentrates
are blood-derived products in which the platelets
are concentrated in a limited volume of plasma.’®
Although the blood clot contains more stem cells
as it is obtained by bleeding the periapical tissues,
there are more healing factors in matrices such as
PRP and PRF.1%¥ PRF is prepared by the
centrifugation of venous blood for once without the
need for an anticoagulant material.®* As it contains
more immune cells than blood clot and PRP, PRF
is reported to be more efficient in controlling the
infection.'®*®* Moreover, compared to PRP, the
slower release of growth factors of PRF is
congruous to the healing pattern of pulp-dentin
complex.2® However, there is a limited number of
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cases in the literature in which PRF is used as a
tissue scaffold. %1418

The purpose of this case series is to present the
long-term follow-up of regenerative endodontic
treatments using PRF tissue scaffold in four
necrotic immature permanent teeth.

CASE REPORTS
Case report 1

An 8-year-old male patient with night pain was
referred to the Department of Pediatric Dentistry.
The patient had no significant medical history.
Dental anamnesis revealed that he had fell down at
school 4 days earlier, fracturing right maxillary
incisor tooth. The tooth was restored in a clinic a
day after the trauma; however, it was reported that
spontaneous pain started the same night. The
clinical examination revealed a composite resin
restoration in the tooth (Figure 1a).

Figure 1a: Preoperative view of Case 1

There was positive response to percussion and
palpation, and lingering pain response to electric
(Digitest; Parkell, Farmingdale, NY, USA) and
cold sensitivity tests (Chloraethyl, Wehr, Baden,
Germany). Periodontal probing was within normal
limits. Radiographic examination revealed an
immature root with an open apex but no evidence
of periapical rarefaction. (Figure 1b).

%ﬁ@ 1b: Preoperative radiograph showing incompletely developed
apex.
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The tooth was diagnosed with acute apical
periodontitis.

After informing the patient and his parents
about the treatment modalities, regenerative
endodontic treatment using PRF scaffold was
planned. The American  Association  of
Endodontists protocol was used as described
below. Following the application of local
anesthesia (2% lidocaine containing 1:100,000
epinephrine), the tooth was isolated with a rubber
dam and the access cavity was prepared. The root
canal was irrigated gently with 20 mL 1.5% sodium
hypochlorite (NaOCI) solution followed by 20 mL
sterile saline. The root canal was then dried with
paper points. Equal proportions of ciprofloxacin
(Cipro  Biofarma, Istanbul, Turkey) and
metronidazole (Flagyl Eczacibasi, Istanbul, Turkey)
were ground and mixed with sterile saline to form
a paste with a concentration of 0.1 mg/ml. This
antibiotic paste was placed in the root canal below
the cementoenamel junction by using a dental
syringe. The access cavity was temporarily sealed
with a sterile cotton pellet and restorative glass
ionomer cement (lonofil, Voco, Cuxhaven,
Germany). After 3 weeks, the patient was
asymptomatic. The tooth was anesthetized using
mepivacaine  without vasoconstrictor.  After
applying a rubber dam, the access cavity was
reopened, the antibiotic mixture was removed by
irrigation with 20 mL sterile saline, 20 mL 17%
EDTA following by 5mL sterile saline and the root
canal was dried with paper points.

For the PRF preparation, 10 mL of the
patient’s venous blood was collected in sterile
tubes. The tubes were centrifuged for 10 minutes
with a speed of 3,000 rpm. The fibrin matrix
formed after centrifugation was taken from the tube
and placed up to 2-3 mm apical of the
cementoenamel junction with the help of a
handpiece. The access cavity was then sealed with
Biodentin (Septodont, Saint Maur des Faussés,
France) and the tooth was permanently restored
with reinforced glass ionomer cement (Ketac ™
Molar Easymix, 3M ESPE, Seefeld, Germany) and
composite resin (Clearfil Majesty, Kuraray, Japan)
(Figure 1c).
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Figure 1c: The immediate post-treatment periapical radiograph

The patient was followed up regularly (Figure 1d-
h). In the clinical and radiological controls, no
symptoms were recorded, the periodontium was
radiographically normal and apical closure was
observed at the 18th month control. The patient is
scheduled for further follow-up.

# 3-12-month fc*iradlographs

Figure 1h: At the 18-month follow-up, apical closure was evident
Case Report 2

A 9-year-old girl consulted to the Department of
Pediatric Dentistry with the complaint of swelling
in gums and pain. She had no significant medical
history. The patient had a bicycle accident a year
earlier, fracturing Tooth #11 which was restored 3
times in different dental clinics in one year.
Intraoral examination revealed abscess formation
in the gum and positive response in percussion and

palpation at Tooth #11 (Figure 2a).

Figure 2a: Preoperative view of Case 2 showing an abscess formation
in the gum of Tooth #11

Radiographic examination revealed the presence of
a large periapical lesion with an immature root and
an open apex (Figure 2b). The tooth was diagnosed
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with acute apical abscess.

Figure 2b: Preoperative radiograph of Tooth #11 revealed the
presence of a large periapical lesion with an immature root and an open
apex

The patient and her parents were informed
about treatment options and revascularization was
planned by using PRF tissue scaffold. At first
appointment, the access cavity was prepared, pus
flow was provided through the root canal and the
intraoral abscess was drained through the gum
pocket. The root canal was irrigated with sterile
saline and the tooth was sealed with a cotton pellet
and Cavit (3M ESPE, Seefeld, Germany). The
patient was recalled 2 days later and it was
observed that the drainage of pus from the root
canal stopped. The revascularization protocol was

erformed as specified in Case 1 (Figure 2c).

Figure 2c-g: 3-12-month follow-up radiographs

The patient was followed up regularly after the
treatment (Figure 2d-h).

Figure 2h: At 18 months, complete healing of the periapical lesion
can be appreciated, however no apical closure was observed.

Although the tooth functioned asymptomatically
and radiographic healing at periapical lesion was
present at the 12th month, apical closure has not
been observed at the end of the 18th month. The
patient's follow-up is still ongoing.

Case Report 3

A 9-year-old girl was referred to our clinic due to a
fracture of the filling in the anterior tooth. The
patient had no significant medical history. Her right
maxillary incisor tooth was fractured in a bike
accident 6 months earlier and the tooth was
restored in a private clinic. Intraoral examination
revealed that there were residues of pulp capping
material on Tooth #11 (Figure 3a).

Figure 3a: Preoperative view of Case 3 showing a tooth fracture in
Tooth #11

There was no history of pain in the tooth and no
sensitivity to percussion or palpation. Teeth #11
and #21 did not respond to electric or cold
sensitivity  tests.  Radiographic  examination
revealed that both teeth had periapical radiolucency
with open apices (Figure 3b).

Figure 3b: Preoperative radiograph of Teeth #11 and #21 showing
radiolucent lesions and open apices

The teeth were diagnosed with chronical apical
periodontitis. After obtaining the informed
consent, revascularization protocol was performed
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and PRF was useg_ as a tissue scaffold (Figure 3c).
\

Figure 3c: Immediate post-treatment radiograph

At the end of the 24-month follow-up, it was
observed that the periapical lesions were healed
and root development was completed in both teeth,
but a calcified tissue formed in the middle third of
the root in Tooth #11 (Figure 3d-h). Follow-up
examinations are co

4

ntinuing.
i m

Figure 3d: 3-month follow-up radiograph revealed formation of a
calcific barrier in the middle of the root at Tooth #11
Figure 3e: 6-month follow-up radiograph

Figure 3f: 12-month follow-up radiograph

Figure 3g: At the 18-month follow-up, bony healing was evident with
complete root maturogenesis

Figure 3h: 24-month follow-up radiograph

DISCUSSION

Revascularization/revitalization  treatment  has
generally been applied for young permanent teeth
with immature apex and pulp necrosis as well as in
the presence of periradicular lesions. Regenerative
endodontic treatments are mainly performed in
teeth diagnosed with pulpal infections that occur
due to trauma, caries or developmental anomalies
(e.g. dens evaginatus).* The requirements for
regenerative  endodontic treatment are the
elimination of bacteria by effective canal
disinfection, creation of a three-dimensional
scaffold for the migration of stem/progenitor cells,
and the prevention of bacterial reinfection with a
good coronal seal .

The bacteria remaining in the root canal after
chemomechanical disinfection can be neutralized
by root canal filling and a coronal sealing in
conventional root canal treatments on mature teeth,
whereas the clot formed in the root canal in
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revascularization treatments may promote residual
bacteria to proliferate and develop bacterial
biofilms. Therefore, long-term aseptic conditions
should be provided in the root canal.’®% However,
the  most  important  disadvantage  of
revascularization is that canal disinfection involves
only the use of chemical substances without
mechanical preparation. It is known that the
presence of residual bacteria has a critical negative
effect on the outcome of root development.-22

In most studies of regenerative endodontic
treatments, successful clinical and radiographic
results have been reported with long-term follow-
up. However, intraoperative protocols regarding
the use of intracanal medicaments for disinfection
varies, 5689111723 1| oy concentration of sodium
hypochlorite, sterile saline solution and EDTA are
generally used as irrigation agents and antibiotic
mixtures or calcium hydroxide paste could be used
for further disinfection. It is critical to maintain the
viability of stem cells while ensuring adequate
disinfection.?2! In this case series, following the
irrigation  protocol in  line with the
recommendations of AAE*, double antibiotic paste
that does not contain minocycline was preferred. A
mixture of aerobic and anaerobic species of
bacterial communities participates in the infection
of the root canal system resulting in the subsequent
periapical inflammation in immature permanent
teeth with an open apex. Therefore, topical use of
the combination of antibiotics disinfects the canal
more effectively and at the same time reduces the
possibility of developing antibiotic resistance.?*
Researchers have warned that the use of high
concentrations of antibiotics in regenerative
endodontic therapy may be toxic to the living
tissue.?” For these reasons, double antibiotic paste
used in this case series was prepared in a form
diluted at the rate of 0.1 mg/ml. Successful
treatment results in the long-term follow-up of the
cases indicate that the necessary disinfection is
provided.

Several studies have reported successful
results in regenerative endodontic treatments using
blood clots induced by apical bleeding.?%
However, autologous platelet concentrates such as
PRF and PRP could be used to create a tissue
scaffold with or without blood clots.891117.26
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Although it has been reported that there is no
difference in clinical success between the types of
tissue scaffolds®'%16, it has been determined in
histological studies that autologous platelet
concentrates give better results due to the high rate
of released healing factors.?1°

PRF releases growth factors at a slower rate
than PRP, contains more immune defense cells,
provides good support for the calcium silicate-
containing agent to be placed on it, and does not
require an external agent to coagulate.’%316 PRF is
also associated with slow and continuous increase
in cytokine levels and contains more leukocytes
compared to PRP and blood clot which makes PRF
more effective in the presence of infection. In this
case series, the use of PRF as a tissue scaffold was
deemed appropriate due to the presence of acute
infection in two teeth and the presence of a chronic
long-term infection in two teeth.

In a meta-analysis comparing the clinical
results of PRF, PRP and blood clot, it was reported
that the rate of apex closure was higher in the PRP
and PRF groups compared to the blood clot group
after one-year follow-up.?” However, there are also
cases where no obvious changes in root wall
thickness, root length or apex closure was observed
using PRF scaffold.” It is considered that the
severity of apical periodontitis and trauma, and the
duration of pulp necrosis could reduce regeneration
capacity as a result of the possibility of increased
damage to the living tissues required for
regeneration in case of long-term necrosis.?%
Kahler et al.?® have reported that the apical closure
was assessed as incomplete in 47.2% of cases in a
clinical study carried out on 16 teeth. Considering
the studies that claimed that the root growth
potential depends on the viability of Hertwig
epithelial root sheath cells, the success of the
treatment depends on the history of trauma and
duration of pulp necrosis.®?%° Although the use of
PRF tissue scaffold is preferred to accelerate the
healing, there is a long history of trauma and pulp
necrosis in Case 2 depending on the periapical
lesions observed, where there is no closure at apex
after long-term follow-up.

The primary goal of the regenerative
endodontic treatments is described to be the
elimination of symptoms and the evidence of bone
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healing. The secondary goal is to obtain increased
root wall thickness and/or increased root length
which are defined as desired but not mandatory. It
is stated that the presence of bone healing and
disappearance of symptoms in the apical region is
an acceptable success even without completed root
development.®* Lin et al.*® have reported that,
whilst further root maturation is considered a
successful outcome for teeth treated with
revascularization/revitalization procedures, the
primary objective should be the resolution of the
signs and symptoms of apical periodontitis. It has
also been reported that it is possible to deem the
procedure a success by having the tooth act as a
space maintainer until a suitable restorative option
is available. Sensation of pain, the appearance of
pathological findings in soft tissue or increased
apical radiolucency are considered to be failure.*®
In this case series, although root development was
not completed in Case 2, no further treatment was
needed and the patient was followed due to the
absence of signs of a progressive infection in
periapical tissues and no clinical symptoms.

In Case 3, a calcific barrier was observed in
the middle third of the canal. This result is a
complication reported in previous studies.®*! It has
been reported that in cases where pulp tissue is
completely lost periodontal tissue cells from the
apical opening may migrate into the canal and stem
cells may be a pioneer in the formation of cement-
like tissue.®* As the Biodentine material used in the
treatment is mainly composed of calcium and
silica, the release of Ca ion forms the basis of the
bioactivity reactions of the material. This
stimulates the formation of cell group in the
osteogenic phenotype, and it might have resulted in
the formation of the calcific barrier in the middle
third of the canal .2
CONCLUSIONS
Although PRF has certain disadvantages such as
need for special tools and blood collection from
young patients,on the basis of long-term
clinical and radiographic observations, it was found
to be useful in constructing a scaffold for
revascularization in the successful treatment
of necrotic immature teeth with trauma history.
However, prognosis of tooth can be attributed to
many factors such as duration of pulp necrosis and
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viability of living tissues. Further clinical studies
are needed to authorize the best tissue scaffold
related to the pretreatment status of the tooth and
the surrounding periapical tissues.
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Rejeneratif  endodontik  tedavi,  koék  gelisimi

tamamlanmamis ve pulpa nekrozu gergeklesen geng
daimi diglerde kék gelisiminin devamini saglamak ve
dislerin uzun dénem prognozunu arttirmak amaciyla
bir
yaklasimidir. Bu vaka serisinde, nekrotik pulpali 4
trombositten zengin fibrin (PRF)

uygulanan  biyolojik  temele dayal tedavi

immatiir diste
kullanilarak uygulanan rejeneratif endodontik tedavinin

klinik  ve

amaglanmistir. 18-24 aylik takipler sonucunda tedavi

radyografik  takiplerinin  sunulmasi

oncesinde goriilen periapikal lezyonlarin tamaminin
iyilestigi
saglandig

ve 4 disin 3'iinde apikal kapanmanin

gozlemlenmistir.  Ancak kronik apikal
periodontitis tanist alan bir olguda 3. ayda kékiin orta
ticliistinde kalsifiye doku olusumu saptanmigtir. PRF ’nin
nekrotik diglerin revaskiilarizasyon protokoliinde doku
iskelesi olarak kullaniminin basarii sonuglar verdigi;
ancak digin prognozunun pulpa nekrozunun siiresi, digin
tedavi 6ncesi durumu ve periapikal bolgedeki dokularin
bir¢ok  faktore
diisiiniilmektediv. Anahtar Kelimeler: Immatiir dis,

pulpa

canliligi  gibi bagh  oldugu

plateletten zengin fibrin, pulpa nekrozu,

rejenerasyonu, doku iskelesi.
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