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Research Article Arastirma Makalesi

Effect of the Application Procedure on The
Bond Strength of Universal Adhesive in
Restoration Repair

Uygulama Prosedtirtiniin Restorasyon Onariminda
Universal Adezivin Baglanma Dayanimina Etkisi

ABSTRACT

Objective: This study aimed to evaluate the effect of reduced application time on the bond strength of a universal
adhesive used for the repair of hybrid ceramic and composite resin restorations.

Methods: In the study, a total of 48 rectangular prisms of sizes 7x6x2 mm hybrid ceramic (Vita Enamic, Zahnfabrik,
Germany) and composite resin (Solare X, GC, Japan) specimens were prepared. All samples were aged with 5000
thermal cycles. Then, the upper surfaces of the samples were roughened with a diamond fissure bur (10-36y, 852
FG Meisinger; Hager & Meisinger GmbH, Germany) with 5 strokes under water cooling. The samples were divided
into 2 subgroups according to the different application times of the adhesive system (G-Premio Bond, GC, Japan)
(n=12). Then, composite resin (Solare X, GC) was placed using plastic cylinder molds with 3 mm inner diameter
and height and cured with light for 20 seconds. All samples were thermal aged and then a shear bond strength
test was conducted. The data were analyzed with Two-way ANOVA and post-hoc Tukey HSD tests (P<.05).
Results: Two-way ANOVA revealed that the repair bond strength of the 10 seconds of waiting was significantly
higher than the quick application for both hybrid ceramic and composite resin (P<.05). It was determined that
there was no significant difference between hybrid ceramic and composite resin in the both quick application
group and 10 seconds waiting group (P>.05).

Conclusion: Quick application procedure showed lower shear bond strength than 10 seconds waiting group for
the repair of both composite resin and hybrid ceramic (P<.05).

Keywords: Quick application, Application time, Universal adhesive, restoration repair
(04

Amag: Bu calismanin amaci hizli uygulama prosediriniin bir Gniversal adezivin, hibrit seramik ve kompozit
rezin restorasyonlarin onariminda baglanma dayanimi Gizerine etkisinin degerlendirilmesidir.

Yontem: Calismada 7x6x2 mm boyutlarinda dikdortgen prizmasi seklinde toplam 48 adet hibrit seramik (Vita
Enamic, Zahnfabrik, Almanya) ve kompozit rezin (Solare X, GC, Japonya) érnekler hazirlandi. Tim 6rnekler
5000 termal déngii ile yaslandirmaya tabi tutuldu. Daha sonra 6rneklerin Uist yizeyleri su sogutmasi altinda
elmas fisstr frez (10-36y, 852 FG Meisinger; Hager & Meisinger GmbH, Almanya) ile 5 kez ylUzeyden
gecilerek agindirildi. Ornekler kendi iglerinde adeziv sistemin (G-Premio Bond, GC, Japonya) farkli uygulama
surelerine gore 2 alt gruba ayrildi (n=12). Daha sonra 3 mm i¢ ¢apa ve ylkseklige sahip plastik silindir kaliplar
kullanilarak kompozit rezin (Solare X, GC) tabakali olarak yerlestirildi ve polimerize edildi. Termal yaglandirma
sonrasinda makaslama baglanma dayanimi test edildi. Cift-Yonlii varyans analizi (ANOVA) ve post-hoc Tukey
HSD testleri ile verilerin istatistiksel analizi yapildi (P<.05).

Bulgular: Cift-Yonli ANOVA sonuglarina gére, hibrit seramik ve kompozit rezin onariminda 10 sn bekletilerek
uygulama hemen uygulamaya goére anlamli 6lgtide daha ylksek baglanma dayanimi gosterdi (P<,05). Hibrit
seramik ile kompozit rezin arasinda her iki uygulama grubunda da anlamli farklilik olmadigi belirlendi (P>.05).
Sonug: Hizli uygulama prosediirli, kompozit rezin ve hibrit seramik onariminda 10 sn bekletilerek
uygulamaya gore daha disik makaslama baglanma dayanimi gostermistir.

Anahtar Kelimeler: Hizli uygulama, Uygulama siiresi, Universal adeziv, Restorasyon onarimi
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INTRODUCTION

Development of the dental adhesive systems has brought important
innovations into clinical dentistry practice. One of these innovations,
universal adhesives, was introduced to the market in 2011 and continues
developing.! Universal adhesives are designed as the "all-in-one"
concept of currently used single-step self-etch adhesives, and offer the
advantages of being easier, less technical sensitivity and quick
application, different from to previous adhesive systems.23

Manufacturers state that universal adhesives can be used for the
placement of direct and indirect restorations with total-etch, self-etch,
and selective etching procedures.? Universal adhesives contain various
functional monomers such as 4-META (4 methacryloyloxyethyl
trimellitate anhydrides), 10-MDP (10 methacryloyloxydecyl dihydrogen
phosphate) or GPDM (glycerol phosphate dimethacrylate).* These multi-
directional functional monomers; enables bonding to different surfaces
such as tooth surface, resin-containing cement, noble and non-precious
metals, zirconium, porcelain, and composite.2* These properties are the
reason for extensive use of universal adhesives in clinical practice.1®

Marginal gap formation, development of secondary caries, or
fracture of the restoration are the main reasons of restoration failure.®
In this cases, there are two treatment options: complete restoration
renewal or repair of the restoration. If failures consist of minor
deformities such as anatomical deterioration, restoration fracture, or
external discoloration, repair of the restoration can be preferred 7. In
addition complete restoration renewal is a costly and time-consuming
procedure, and can cause the unintentional removal of the sound tooth
structures.®® Fernandez et al.’? showed that renewal or repair of the
restorations demonstrated similar features in terms of deterioration of
marginal adaptation, development of secondary caries, maintaining
anatomical form, and restorations that were completed with both of the
procedures were clinically acceptable after 10 years.

Development in adhesive dentistry has not only reduced the size of
the cavity preparation but also provided retention to the restoration
repair without the need for extensive preparation. Restoration repair
can be quickly performed with the help of composite and adhesive
systems.? Recently, the use of universal adhesives with reduced
application time seen as clinically attractive in restoration repair.
However, it is thought that the reduced application time may cause the
risks of not removing the solvent completely in the adhesive layer and
deterioration of the layer after water absorption.1! It has been reported
that micromechanical retention and chemical bonding are important
factors in the repair process.l? However, it is doubtful whether the
reduced application time will allow chemical bonding. It is indicated by
the manufacturer of G-Premio Bond (GP; GC, Tokyo, Japan) that is one
of the currently developed universal adhesives, can be used with a
waiting time of 10 seconds after the application or air application and
polymerization can be done without waiting after the application of the
adhesive in restoration repair.

In light of this information, the aim of this study was to evaluate the
effect of reduced application time on the bond strength of a universal
adhesive in the repair of hybrid ceramic and composite restorations.
Tested null hypothesis; 'Different application times of the universal
adhesive do not affect repair bond strength of the hybrid ceramic or
composite resin restorations.

METHODS

The contents and manufacturer information of the restorative
materials and universal adhesive used in this study are given in Table 1.

From the hybrid ceramic blocks (Vita Enamic, Zahnfabrik, Bad
Sackingen, Germany) used in the study, 24 rectangular prisms of 7x6x2
mm in size were prepared with a precision cutting device (Micracut 125,
Metkon, Bursa, Turkey) under water cooling. For the preparation of the
samples in the composite resin group, 7x6x2 mm rectangular prism-
shaped negative cavity molds were created using silicone impression
material (Zeta plus, Zhermack, Rovigo, Italy). Micro-hybrid composite
resin (Solare X GC, Tokyo, Japan) was placed in two layers and light-cured
for 20 seconds (Valo; standard mode, Ultradent Products Inc., South
Jordan, UT, USA) and 24 composite resin specimens were obtained.
Hybrid ceramic and composite resin specimens were placed in acrylic
molds with their tops parallel to the ground plane, and these surfaces
were polished using silicon carbide papers of 600, 800, and 1.200 grit,
respectively. The specimens were subsequently thermo-cycled (SD
Mechatronic Thermocycler, SD Mechatronic GMBH, Westerham,
Germany) with a transfer time of 5 s and a dwell time of 30 s for 5.000
cycles in distilled water (5 +2°C / 55 +2°C).

Table 1. Compositions and manufacturer details of the tested restorative
materials

Manufacturer
Vita Zahnfabrik, Bad

Material Composition
Vita Enamic CAD/CAM ceramic (86% by weight

(Hybrid Ceramic feldspathic ceramic, 14% by weight Sackingen, Germany
CAD/CAM Block) polymer)
GC Solare X UDMA, Silica powder, Organic fillers, GC, Tokyo Japan

(Composite Resin) Dimethacrylate, Photoinitiator

G-Premio BOND 10-MDP, 4-META, 10-

(Universal Adhesive) methacryoyloxydecyl dihydrogen
thiophosphate, methacrylate, and
ester, distilled water, acetone,
photoinitiators, silica

Silan, ethanol

GC, Tokyo Japan

Porcelain Primer Bisco, Schaumburg,
IL, USA
10-MDP: 10-methacryloxydecyl dihydrogen phosphate; 4-META: 4-

methacryloyloxyethyltrimelitate anhydrate; UDMA: urethane dimethacrylates

Surface Treatments and Repair Procedure

The upper surfaces of the hybrid ceramic and composite resin
specimens were ground with a diamond fissure bur (10-36y, 852 FG
Meisinger; Hager & Meisinger GmbH, Neuss Germany) under water
cooling with a high-speed aerator under stable pressure for 5 times.
After using four samples, the bur was replaced with a new one, in case
the grains were changed. Hybrid ceramic and composite resin samples
were divided into 2 subgroups according to the different application
procedures of the adhesive agent (n=12). The following procedures were
applied to the groups.

Group HC-A (Hybrid ceramic (HC) + quick application (A)): Silane
was applied to the surfaces of the hybrid ceramic samples according to
the manufacturer's instructions. After the universal adhesive aplication,
adhesive was immediately dried with maximum air pressure for 5 s and
light cured for 10 s.

Group HC-B (Hybrid ceramic (HC) + 10 seconds waiting group (B)):
Silane was applied to the surfaces of the hybrid ceramic samples
according to the manufacturer's instructions. After the universal
adhesive aplication, waited for 10 s, followed by drying with maximum
air pressure for 5 s and light-cured for 10 s.

Group CR-A (Composite Resin (CR) + quick application (A)):
Immediately after the application of the universal adhesive to the
surfaces of the composite resin samples, dried with maximum air
pressure for 5 s and light-cured for 10 s.
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Group CR-B (Composite Resin (CR) + 10 seconds waiting group (B)):
After the application of the universal adhesive to the surfaces of the
composite resin samples, waited for 10 s, then dried with maximum air
pressure for 5 s and light-cured for 10 s.

After the adhesive application, a micro-hybrid composite resin
(Solare X, GC) was applied to the hybrid ceramic and composite surfaces
at a height of 3 mm by layering technique using 3 mm diameter plastic
cylinder molds and cured with light-cured for 20 s. Then, all samples
were subsequently thermo-cycled with a transfer time of 5 s and a dwell
time of 30 s for 5000 cycles in distilled water (5 +2°C / 55 +2°C).

Shear Bond Strength Test

The shear bond strength (SBS) test was performed via a universal
testing device (AGS-X Series, Schimadzu Europa GmbH, Germany) at a
crosshead speed of 0.5 mm/min until failure occurred. The obtained
values were converted into units of MPa through division by bonding
surface area (N/mm2).

Fracture Mode Analysis

The fracture types of the samples were evaluated with a
stereomicroscope (Stemi C-2000; Zeiss, Oberkochen, Germany) under
x40 magnification and classified as indicated; Adhesive fracture:
Between restorative materials and adhesive, Cohesive fracture: Fracture
in restorative materials, Mixed fracture: Fracture in which adhesive and
cohesive fracture 13.

FE-SEM Evaluation

Two samples from each type of fracture were randomly selected and
observed with field emission scanning electron microscopy (FE-SEM)
(Mira 3 XMU, Tescan, Brno, Czech Republic) to determine the surface
properties. The samples were sputter coated with Pt-Pd and examined
at x250 and x1000 magnifications.

Statistical Analysis

Statistical analyzes were performed using the SPSS v.19 package
program (ISPSS Inc, IBM Corp, IL, USA). The normal distribution of the
data was determined using Shapiro-Wilk's test. Two-way analysis of
variance (ANOVA) and post-hoc Tukey HSD tests was used to evaluate
the effect of reduced application time of the universal adhesive on bond
strength in the repair of hybrid ceramic and composite resin restorations
(P<.05).

RESULTS

Shear Bond Strength Test

As a result of the statistical analysis, it was seen that the different
application times of the universal adhesive had a significant effect on the
bond strength (P <.001) and the material type did not have a significant
effect (P >.05) on the repair of hybrid ceramic and composite resin
specimens.

The mean shear bond strength and standard deviation values of
the study groups are shown in Table 2. In hybrid ceramic and composite
resin repair, the 10 seconds waiting group showed a significantly higher
bond strength than the quick application (P <.05). It was determined that
there was no significant difference between hybrid ceramic and
composite resin in the quick application group and the 10 seconds
waiting group (P >.05).

Table 2. Mean shear bond strength and standard deviation values of the study
groups

Quick application (A) |10 seconds waiting group (B) p value

Composite Resin(CR) 13,41+2,93 16,19+1,92 0,006

Hybrid Ceramic(HC) 13,28+2,37 17,5142,61 <0,001
p value 0,900 0,181

Fracture Type Analysis

The distribution of the fracture types of the tested groups is shown
in Table 3 and the sample of fracture-type images are shown in Figure 1.
The adhesive fracture was common in all study groups. It was seen that
the cohesive type fractures increased in the 10 seconds waiting group.

Table 3. Distribution of fracture types according to study groups.

Composite Resin (CR) Hybrid Ceramic (HC)
Quick 10 seconds Quick 10 seconds
Fracture application waiting group application waiting group
Types (A) (B) (A) (B)
Adhesive 8 7 10 7
Cohesive 0 2 2 3
Mix 4 3 0 2
FE-SEM Analysis

When the adhesive fracture surfaces were examined at higher
magnifications (x250 and x1000), pores were observed in the adhesive
layer. These pores were more in number and larger in the quick
application group compared to the 10 seconds waiting group (Figure 2).

Figure 1. FE-SEM images of the fracture types (x25). A: Adhesive fracture in
composite resin group (repair material: RM), B: Adhesive fracture in composite
resin group (composite resin surface) C: Cohesive fracture in composite resin
group D: Mixed fracture in composite resin group E: Adhesive fracture in the
hybrid ceramic group (repair material) F: Adhesive fracture (hybrid ceramic
surface) in the hybrid ceramic group G: Cohesive fracture in the hybrid ceramic
group H: Mixed fracture in the hybrid ceramic group

10 seconds:
waiting.
.« application

SEM HV: 10.0 kV : 3 3 | MIRA3 TESCAN
5.1 EY 200 pm
SEM MAG: 250 X

Pertormance In nanospace Pertormance In nanospace

Figure 2. High magnification (x250 and x1000) FE-SEM images of the surface of
the fractured repair material for different application times. A: Quick application,
B: 10 seconds waiting group.
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DISCUSSION

As a result of this study, it was determined that the application of
universal adhesive with reduced application time has a significant effect
on shear bond strength in hybrid ceramic and composite resin repair.
Therefore, the null hypothesis of 'Different application times of the
universal adhesive do not affect repair bond strength of the hybrid
ceramic or composite resin restorations' was rejected.

The need of restoration repair usually occur after a certain period of
clinical use of the restoration. The aging of pre-repair materials is
important for simulating oral conditions in laboratory studies that
examining the repair potential of restorative materials. For this purpose,
various in vitro aging protocols such as thermal cycle,* boiling in
water,> and water storagel® are available. However, there is no
consensus on aging protocols. In this study, the effect of the application
time of the adhesive agent on the bond strength was investigated rather
than the effect of the aging protocol. Therefore, to provide
comparability, all samples were thermally cycled to simulate pre- and
post-repair clinical conditions.

Universal adhesives can be used as primers on various silica-based
ceramics, noble metals, non-precious metals, composite resins, and
substrates such as zirconium, as well as adhesion to dental tissues. These
adhesives make it possible to adhere to surfaces without the need for
different products such as silane, metal, and zirconia primers.!
Manufacturer of the GP, one of the universal adhesives available in the
market, states that it can be used in composite restoration repair
without the need for any additional material or primer application, but
if the surface to be repaired contains glass ceramic or hybrid ceramic,
additional silane should be applied to these surfaces before the adhesive
application. Therefore, in this study, an additional silane application was
applied in hybrid ceramic repair, while no additional silane application
was applied in composite resin repair.

Restoration repair is more economical and easier to apply in a
shorter time than renewal of the restoration. Despite these advantages,
there is no standard application protocol for restoration repair. In some
of the previous studies, it was stated that macro- or micro-mechanical
roughening of the substrate surface is more important than the adhesive
technique used;” some of them showed the importance of the adhesive
technique used.’” On the other hand, it is preferred by clinicians that
restoration repair procedures are more practical and can be quickly
applied.

Recently, universal adhesives with the 'quick bond' concept have
been introduced by different manufacturers. In such universal adhesive
systems, after the adhesive application, it can be polymerized without
the need for waiting and active application for solvents to evaporate or
adhesive to interact with the adherent surface. G-Premio Bond is one of
the first adhesive systems to be used with this concept. Therefore, the
effect of the short application time of GP on the repair bond strength of
composite and hybrid ceramic restorations was evaluated in this study.

In this study; It was determined that GP for the 10-second waiting
without active application provided significantly higher shear bond
strength values on both hybrid ceramic and composite resin surfaces.
Prolonging the time between the application of adhesive systems to the
surface and their curing; is known to contributes to the reduction of the
water permeability of the adhesive layer,'® the separation of acidic
functional groups from the structure, and the increase in the infiltration
of resin monomers.1® Adhesive systems used today are generally
formulated using solvents such as acetone, ethanol, and water with
hydrophilic and hydrophobic resin monomers dissolved in their
combination.?° The removal of solvents and water from the adhesive

layer before polymerization is extremely important for the quality of the

adhesion.?! Shortening the time between applying the adhesive to the
surface and curing may not be sufficient for solvent evaporation in quick
application groups. Therefore, the solvent that cannot be removed from
the environment adversely affects the adhesive polymerization and thus
the bond strength obtained.?223 Saikaew et al. stated that the shorter
application time creates large and very prominent pores on the adhesive
surface and this may be due to the insufficient removal of the solvent
and water.1! In this study, similarly large and prominent pores were
determined in the FE-SEM images for the quick application groups. In
addition, excessive air drying could be thinned the adhesive layer too
much which could cause inhibition of the polymerization reaction by
oxygen to form peroxide radicals 2425, GP contains acetone and water as
solvents. Rapid evaporation of acetone in the adhesive; causes a
decrease in solvent-resin affinity and promotes the formation of a rich
phase that provides cross-linking in the monomer.26 If the evaporation
of acetone exceeds the evaporation of water, the water accumulation
increases in the adhesive layer.?” For these reasons, the shortened
application time may not be enough to allow water to be removed from
the partially polymerized adhesive layer.!

In general, acetone-containing adhesives have a lower pH than
ethanol-containing adhesives.1? Slightly acidic adhesives are less prone
to hydrolytic degradation than more acidic ones and promote bond
stability over time.28 GP has a pH of 1.5 and is considered moderately
acidic adhesive. This may cause the adhesive layer to exhibit lower
mechanical properties. Sai et al.2%, reported that five different universal
adhesives applied to the enamel surface by the quick application
procedure or following the manufacturer's instructions did not show a
significant difference in shear bond strength. Buket K. et al.3 reported
that the application of three different universal adhesive systems to the
dentin surface for 5 seconds, 10 seconds, and 20 seconds creates shear
bond strength values that vary according to the adhesive system. Huang
et al.3!, reported that the rapid application procedure on the dentin
surface with GP showed lower bond strength than waiting for 20
seconds. There is no study in the literature in which the bond strength
of the quick application procedure with universal adhesives was
evaluated in the restoration repair and therefore the results of this study
can not be compared. However, the results of the study show parallelism
with the studies evaluating the bond strength to the dentin surface.

Previous studies has been reported that the use of silane in ceramic
or composite resin repairs has significantly positive effects compared to
the situations in which silane is not used 32 or that no beneficial effect
has been observed.?833 |t has been reported that the application of
silane increases the wettability of the surface to be repaired and creates
a chemical bond between the resin matrix and silica or glass filler
particles.3*35 In light of this information, it was thought that the higher
shear bond values obtained in hybrid ceramic repair could be the result
of additional silane application. The dominant failure mode was the
adhesive type failure for both of the adhesive application procedures,
and adhesive type failures more frequent in the quick application
procedure. This may be due to the insufficient resin polymerization,
incomplete removal of the solvent and the lower mechanical properties
of the adhesive layer.

This study was conducted under in vitro conditions. Various factors
such as occlusal forces and oral fluids were not taken into account and
only one commercially available universal adhesive was tested.
Therefore, more in vitro and in vivo studies are required to confirm the
results of the present study.
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CONCLUSION

Within the limits of this study; Increasing the application time of
universal adhesives in hybrid ceramic and composite resin repair
procedures resulted in higher bond strength values. Similar bond
strength was observed for the hybrid ceramic and composite resin repair
in both quick application and 10 seconds of waiting for groups.
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Research Article Arastirma Makalesi

Correlation of Dentolabial and Facial
Analyses with Aesthetic Perception

Estetik Alginin Dentolabial ve Fasiyal Analizler ile
Korelasyonu

ABSTRACT

Objective: It may be necessary to systematically apply objective, measurable and repeatable rules for
physicians to provide an aesthetic smile in patients and for evaluations. The aim of this study was to
evaluate the consistency of the aesthetic perception of physicians with the results of objective dentolabial
and facial analyses and the state of being affected by professional experience.

Methods: In the current study 4 prosthodontists, 4 research assistants and 4 intern dentists were
determined as observer and they were asked to evaluate the full face and smile photographs taken from
100 volunteers in the context of 6 criteria for aesthetics. The relevant photographs were analyzed
objectively in digital environment, taking into account the values determined as reference with the support
of the literature. Statistically, the comparisons between subjective results of the observers and the
objective reference values were determined with Cohen's Kappa test; consistency between observers were
with Fleiss Kappa statistic; the comparisons of facial and dentolabial esthetic perceptions were made by
Chi-square test.

Results: The results obtained by the subjective perceptions of all observers and the objective results of
computer measurements were not completely compatible with each other statistically, but a great deal of
agreement was achieved. The harmony of aesthetic perception with objective results was not affected by
increasing professional experience and no difference was observed between the observer groups.
Conclusion: Examining not only the mouth but also the whole face analysis results in aesthetic evaluations
has the potential to positively affect the success of the treatment.

Keywords: Dental Esthetics, Dentists, Face, Perception, Smile
0z

Amag: Hekimlerin hastalarda estetik bir glilimseme saglamasi ve yapilacak degerlendirmeler igin nesnel,
Olgulebilir ve tekrar edilebilir kurallarin sistematik bir sekilde uygulanmasi gerekebilmektedir. Bu
¢alismanin amaci, hekimlerin estetik algilarinin; objektif dentolabial ve fasiyal analiz sonuglari ile olan
uyumu ve mesleki tecriibeden etkilenme durumunun degerlendirilmesidir.

Yontemler: Bu calismada 4 protez uzmani, 4 protez bélimi uzmanhk 6grencisi ve 4 stajyer dis hekimi
degerlendirici olarak belirlenmis ve kendilerinden fasiyal/ dentolabial estetik degerlendirmeler igin, 100
adet gonulliden alinmis tam yiiz ve giulimseme fotograflarini, estetik olup olmadigl yéniinde 6 kriter
baglaminda degerlendirmeleri istenmistir. ilgili fotograflar, referans olarak belirlenen degerler goz dniine
alinarak objektif olarak, dijital ortamda da incelenmistir. istatistiksel olarak, degerlendiricilerin subjektif
sonuglari ve bu objektif referans degerler arasi karsilastirmalar Cohen’s Kappa testi; degerlendiriciler
arasindaki uyum Fleiss Kappa istatistigi; fasiyal ve dentolabial estetik algi degerlendirme karsilagtirmalari
ise Ki-kare testi ile yapilmistir.

Bulgular: Butiin degerlendiricilerin subjektif algilariyla ortaya gikan sonuglar ile bilgisayar 6lgimlerinin
objektif sonuglari arasinda istatistiksel olarak tamamen birbiriyle uyumlu veriler olmadig fakat buylk
oranda uyum yakalandigl gozlenmistir. Estetik alginin objektif sonuglarla olan uyumu artan mesleki
tecribeden etkilenmemis ve degerlendirici gruplari arasinda fark gortlmemistir.

Sonug: Estetik degerlendirmelerde sadece agiz bolgesinin degil tim yiz analiz sonuglarinin irdelenmesi,
tedavi basarisini olumlu yénde etkileme potansiyeline sahiptir.

Anahtar Kelimeler: Algi, Dental estetik, Dis Hekimleri, Gllimseme, Yiiz
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INTRODUCTION

The word "aesthetics" derives from the Greek word "aesthesia",
which means "feeling" or "state of feeling". The term aesthetics is a term
that many researchers have been discussing and working on for many
years. However, the framework of this expression, which is frequently
used throughout history, has not been fully drawn.1.2

Aesthetic approaches in dentistry cover many issues such as tooth
size, tooth surface features, vertical dimension, the position of the teeth
in the mouth and the dental arch, smile line, gingival visibility, and the
compatibility of the restoration with the patient's overall face and skin
color. The teeth and mouth are complementary parts that are of great
importance in the interpretation of facial aesthetics.34 A physician who
is knowledgeable and equipped about the main criteria of the smile can
perceive the various relationships between dental, gingival, and lips, and
can prepare and present the aesthetic treatment in an ideal form based
on the references to facial analysis in the literature and accordance with
the patient's request.>®

Vertical and horizontal reference lines evaluated within the scope of
facial analysis can be used to analyze the individual characteristics of the
person and to determine the ideal position and proportions of the teeth
in accordance with the face.”® The use of facade/profile photographs,
video recordings, and cephalometric criteria in addition to clinical
evaluations will be useful in facial analysis evaluations. Within the scope
of dentolabial analysis, determination of the incisal slope and profile
appearance of the incisal edges of the teeth, and evaluation of
parameters such as incisor slope and smile line are important in the
aesthetic approach.

Although the perception of beauty and aesthetics is subjective, some
universal provisions reveal true, real, and objective criteria for what is
pleasing to the human eye. The basic universal standards mentioned
above can provide physicians with the opportunity to conduct scientific,
quantitative, and satisfactory studies that will increase the quality of
aesthetic treatment.® In many aesthetic studies, it has been stated that
aesthetics is developed with ratio-proportion mathematical formulas. It
has been shown that objective, measurable and repeatable rules can be
systematically applied for the development and evaluation of
aesthetics.10

The aim of this study was to evaluate the compliance of subjective
aesthetic perception results obtained by evaluating smile and frontal
facial photographs of physicians with different professional experiences
with objective dentolabial and facial analysis results from the literature
and to evaluate the effect of professional experience.

METHODS

This study was approved by the Clinical Research Ethics Committee
of Zonguldak Bulent Ecevit University with protocol number 2020/04 on
19/02/2020 and was conducted in accordance with the principles of the
World Medical Association Declaration of Helsinki.

The current study was conducted with smile and frontal face
photographs taken from 100 volunteers. The volunteers were informed
about the purpose and procedure of the study and the use and purpose
of the photographs to be obtained from them, their verbal and written
consent was obtained, and then minimum informed consent forms were
obtained. Volunteers who were aged 18 years and over, had good oral
care, had no restorative treatment applied to their upper anterior teeth,
did not have a smoking habit, and did not have any facial defect caused
by any disease, syndrome, or trauma-related injury were included in the
study. Subjects who had previously undergone orthodontic treatment,
had the active gingival disease, had problems such as herpes, and acne
that could change the aesthetic perception, and had tattoos, piercings,
etc. on the face were not included in the study.

Within the scope of the study, one frontal face and mouth area smile
pose photographs were taken from each volunteer. All photographs
were taken by the same researcher (Z.A.) using the same camera (Canon
EOS 7D Mark 11), macro lens (Canon EF 100 mm f/2.8L Macro IS USM),
twin flash (Canon Macro Twin Lite MT-24EX) and tripod (Weifeng WT
3770). Attention was paid to ensuring that the head of the volunteers
participating in the study and the height of the camera from the ground
was at the same level and that the same position was set for each person
in each shot to ensure that the photographs were of a certain standard.
Indoor areas were preferred during the photo shoots and the shoots
were completed in the manual option with shutter speed of 1/125, F32,
and ISO 200. The volunteer individuals who participated in the photo
shoot did not have excessive make-up that could change the aesthetic
perception. The photographs were numbered from 1 to 200 to be
presented to the observers.
In the study, the observers were named from d1 to d12, while the
reference objective computer program evaluation was named d13. Four
specialist dentists (d1-d4) from the Department of Prosthodontics, four
research assistants who were in the process of specialty training in the
Department of Prosthodontics (d5-d8), and four dental interns (d9-d12)
were assigned as observers. These observers, where gender differences
were ignored, were instructed to evaluate the facial analysis criteria of
interpupillary line-to-smile line parallelism (K1), the ratio of lower-
middle-upper 1/3 of the face (K2), facial midline (K3) and dentolabial
analysis criteria of incisor slope-to-lower lip parallelism (K4), smile line
(K5), midline factors (K6) in terms of aesthetics. Literature-based
objective reference analyses of all photographs in the study were
conducted using Adobe Photoshop CC 2017 (San Jose, CA, USA). In this
regard, in facial analysis evaluations;
v'While examining the parallelism of the interpupillary plane-
commissure line, straight lines passing through the center of the eyes
and the corners of the lips were drawn and the parallelism of these
two lines was examined.

vIn the facial midline-dentolabial midline conformity examination, a
straight line was drawn through the glabella, nasal tip, philtrum, and
chin tip, and the midline of the central incisors was drawn. The
coincidence of these two straight lines with each other was examined.

v'While examining the ratio of the lower-middle-upper 1/3 of the face,
the face was divided into three parts horizontally from the scalp line,
eyebrows, nose wings, and chin tip, and the conformity between the
widths of these three parts was examined.

Within the scope of dentolabial analysis evaluations;

v'During the smile line examination, two lines were drawn through the
incisive edges of the upper jaw teeth and the lower line of the upper
lip, and the visibility of the teeth and gums between these borders was
examined.

v'During the midline examination, the midline of the face was
determined with a line extending from the tip of the nose to the
philtrum; the midline of the teeth was determined with a line
extending from the middle of the two central incisors, and the space
between these two lines was measured with a guide ruler created in
the Photoshop program.

v'During the examination of incisor inclination and lower lip parallelism,
two lines were drawn through the incisal edges of the maxillary teeth
and the upper line of the lower lip and the parallelism of these two
lines was evaluated.

The data obtained from a total of 12 observers and the reference
objective computer program evaluation were analyzed with IBM SPSS
V23 (SPSS Inc., Chicago, IL, USA). Cohen's Kappa test was used to
examine the conformity between each observer and the results of
computer evaluation, Fleiss Kappa statistics were used to examine the
conformity between more than two observers in categorical variables,
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and the Chi-square test was used to compare categorical variables
according to groups. The results of the analysis are presented as
frequencies (percentages) for categorical variables and values of P < .05
are considered significant.

RESULTS

According to the results of Cohen's Kappa test used to examine the
conformity between the observers and the results of the reference
objective computer program evaluation;

The findings of the Interpupillary Plane-Comissura Line Parallelism
Criterion (K1) showed statistically significant conformity between the
reference objective computer evaluation (d13) and the d1 and d3
observers (P < .05). There was no statistically significant conformity
between the computer evaluation and the other observers (P >.05)
(Table 1). According to the findings of the Lower-Middle-Upper 1/3 of
the Face Ratio Criterion (K2), there was statistically significant
conformity between the computer evaluation and the d1, d3, d7, d8, d10
and d11 observers (P < .05) (Table 2). The findings for the Facial Midline
in the Frontal Photograph Criterion (K3) showed statistically significant
conformity between the computer evaluation and all observers except
d7 (P < .05) (Table 3).

Table 1. Examining the compatibility between the computer (d13) and observers
for the interpupillary plane — smile line parallelism criterion (K1).
Not aesthetic Aesthetic Total

Cohen's Kappa Value P

K1_d1
Not aesthetic 16 (80) 35 (43.8) 51(51)
Aesthetic 4(20) 45(56.3) 49 (49) 0229 004
K1d2
Not aesthetic 12 (60) 31(38.8) 43 (43) 0.148 086
Aesthetic 8 (40) 49(61.3)  57(57) ) )
K1d3
Not aesthetic 5(25) 2(2.5) 7(7) 0.298 001
Aesthetic 15 (75) 78(97.5)  93(93) ) '
K1_d4
Not aethetlc 8 (40) 32 (40) 40 (40) <0.001 1,000
Aesthetic 12 (60) 48 (60) 60 (60)
K1d5
Not aesthetic 10 (50) 29 (36.3) 39(39)
0.101 .259
Aesthetic 10 (50) 51(63.7)  61(61)
K1d6
Not aesthetic 11 (55) 32 (40) 43 (43)
Aesthetic 9 (45) 48 (60) 57 (57) 0.105 226
K1d7
Not aesthetic 10 (50) 38 (47.5) 48 (48)
.01 .841
Aesthetic 10 (50) 42(52.5)  52(52) 0.016 8
K1_d8
Not aesthetic 12 (60) 37 (46.3) 49 (49)
X 271
Aesthetic 8(40) 43(53.8)  51(51) 0.089
K1d9
Not aesthetic 11 (55) 28(35) 39(39)
0.147 101
Aesthetic 9 (45) 52 (65) 61 (61)
K1_d10
Not aesthetic 13 (65) 33(41.3) 46 (46)
Aesthetic 7(35) 47(588)  54(54) 0160 057
K1d11
Not aesthetic 14 (70) 58 (72.5) 72(72)
-0.01 .824
Aesthetic 6(30) 22(27.5)  28(28) 0.013 8
K1d12
Not aesthetic 19 (95) 63 (78.8) 82(82)
0.075 .091
Aesthetic 1(5) 17 (21.3) 18 (18)

*P < .05 indicates statistically significant conformity. Categorical data are shown as frequency
(percentage).

According to the findings of the Incisor Inclination and Lower Lip
Parallelism Criterion (K4), there is statistically significant conformity
between the computer evaluation and the d7 and d10 observers (P<.05).
There was no statistically significant conformity with the other observer
groups (P>.05) (Table 4).The findings for the Smile Line Criterion (K5)
showed statistically significant conformity between the computer
evaluation and all observers except d12 (P < .05) (Table 5). According to
the findings for the Midline Criterion in the Smile Photograph (K6), there
was no statistically significant conformity between the computer evalua-

tion and observers d2, d4, d10, and d12 (P > .05), while the conformity
with all other observers was statistically significant (P<.05) (Table 6).

Table 2. Examining the compatibility between the computer (d13) and observers
for the ratio of lower middle-upper 1/3 of the face (K2).

Not aesthetic  Aesthetic  Total Cohen's Kappa Value P

K2_d1
Not aethetlc 22 (57.9) 20(32.3) 42 (42) 0.251 o012 —
Aesthetic 16 (42.1) 42 (67.7) 58 (58)

K2 d2
Not aest_hetlc 17 (44.7) 23(37.1) 40 (40) 0.076 419 —
Aesthetic 21(55.3) 39(62.9) 60 (60)

K2 d3
Not aest_hetlc 27 (71.1) 19 (30.6) 46 (46) 0.388 <.001 —
Aesthetic 11(28.9) 43(69.4) 54 (54)

K2 d4
Not aesthetic  1(2.6) 0(0) 1(1) 0.032 199 —
Aesthetic 37(97.4) 62 (100) 99 (99) ' )

K2 d5
Not aethetlc 14 (36.8) 12 (19.4) 26 (26) 0.186 053 —
Aesthetic 24(63.2) 50(80.6) 74 (74)

K2 d6
Not aest_hetlc 20(52.6) 23(37.1) 43 (43) 0.151 128 —
Aesthetic 18 (47.4) 39(62.9) 57(57)

K2 d7
Not aesthetic 11 (28.9) 4(6.5) 15 (15)

. 0.255 002 —

Aesthetic 27(71.1) 58(93.5)  85(85)

K2 d8
Not aest(henc 24 (63.2) 14 (22.6) 38 (38) 0.406 <001 —
Aesthetic 14 (36.8) 48(77.4)  62(62)

K2 d9
Not aest_hetlc 17 (44.7) 17 (27.4) 34 (34) 0177 076 —
Aesthetic 21(55.3) 45(72.6) 66 (66)

K2 d10
Not aest_hetlc 20(52.6) 20(32.3) 40 (40) 0.202 0 —
Aesthetic 18 (47.4) 42(67.7) 60 (60)

K2_d11
Not aesthetic 21 (55,.) 12 (19.4) 33(33) 0.368 <.001 —
Aesthetic 17 (44.7) 50(80.6) 67 (67) ' .

K2_d12
Not aesthetic 32 (84.2) 47(75.8)  79(79)

) 0.070 317 —

Aesthetic 6(15.8) 15(24.2)  21(21)

*P < .05 indicates statistically significant conformity. Categorical data are shown as frequency
(percentage).

Table 3. Examining the compatibility between the computer (d13) and the
observers for the facial midline (K3) criterion in the face photograph.

Not aesthetic Aesthetic  Total Cohen's Kappa Value P
K3_d1
Not aesthetic 20(58.8) 17(25.8) 37(37)
.324 .001
Aesthetic 14 (41.2) 49(74.2)  63(63) 03 0o
K3 d2
Not aesthetic 18 (52.9) 13(19.7)  31(31)
0.340 .001
Aesthetic 16 (47.1) 53(80.3)  69(69)
K3 d3
Not aesthetic 7 (20.6) 3(4.5) 10 (10)
.194 011
Aesthetic 27 (79.4) 63(95.5) 90 (90) 0.19 0
K3_d4
Not aesthetic 7 (20.6) 2(3) 9(9)
.214 .004
Aesthetic 27 (79.4) 64 (97) 91 (91) 0 00
K3 d5
Not aesthetic 25(73.5) 35(53) 60 (60)
0.173 .047
Aesthetic 9 (26.5) 31(47) 40 (40)
K3 d6
Not aesthetic 23(67.6) 25(37.9) 48(48)
Aesthetic 11(32.4) 41(62.1) 52(52) 0271 005
K3_d7
Not aest_hetlc 14 (41.2) 17 (25.8) 31(31) 0.158 114
Aesthetic 20 (58.8) 49(74.2) 69 (69)
K3 d8
Not aesthetic 14 (41.2) 15(22.7)  29(29)
.191 Rk
Aesthetic 20(58.8) 51(773)  71(71) 019 054
K3 d9
Not aesthetic 11(32.4) 12(18.2) 23(23)
0.154 111
Aesthetic 23 (67.6) 54 (81.8) 77 (77)
K3_d10
Not aesthetic 19 (55.9) 30 (45.5) 49 (49)
Aesthetic 15 (44.1) 36(54.5) 51(51) 0.094 323
K3_d11
Not aesthetic 22 (64.7) 24(36.4) 46 (46)
.261 d
Aesthetic 12 (35.3) 42(63.6)  54(54) 0.26 007
K3_d12
Not aesthetic 28 (82.4) 50(75.8)  78(78)
0.050 451
Aesthetic 6(17.6) 16 (24.2)  22(22)

*P < .05 indicates statistically significant conformity. Categorical data are shown as frequency
(percentage).
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Table 4. Examination of the compatibility between the computer (d13) and the
observers for the incisor slope and lower lip parallelism criterion (K4).

Not aesthetic  Aesthetic  Total Cohen's Kappa Value P
K4 d1
Not aesthetic 22(75.9) 41(57.7) 63 (63)
0.135 .089
Aesthetic 7(24.1) 30 (42.3) 37(37)
K4 d2
Not aesthetic 17 (58.6) 33 (46.5) 50 (50)
Aesthetic 12 (41.4) 38(53.5) 50 (50) 0.100 271
K4 d3
Not aesthetic 25 (86.2) 48 (67.6) 73(73)
Aesthetic 4(13.8) 23(32.4) 27(27) 0.128 057
K4 d4
Not aesthetic 14 (48.3) 28(39.4) 42(42)
Aesthetic 15 (51.7) 43(606) 58(s8) “O7® 416
K4 d5
Not aesthetic 25 (86.2) 53 (74.6) 78 (78)
0.077 .205
Aesthetic 4(13.8) 18 (25.4) 22(22)
K4 dé
Not aesthetic 22 (75.9) 44 (62) 66 (66)
Aesthetic 7(24.1) 27 (38) 34 (34) 0.101 183
K4 d7
Not aesthetic 15 (51.7) 15(21.1)  30(30)
0.303 .002
Aesthetic 14 (48.3) 56(78.9)  70(70)
K4 d8
Not aesthetic 22(75.9) 40(56.3)  62(62)
.14 .
Aesthetic 7(24.1) 31(43.7) 38(38) 0.146 068
K4 d9
Not aesthetic 18 (62.1) 31(43.7) 49 (49)
11! .
Aesthetic 11 (37.9) 40(56.3)  51(51) 0.153 095
K4 d10
Not aesthetic 20 (69) 23(32.4) 43 (43)
0.320 .001
Aesthetic 9(31) 48(67.6) 57(57)
K4 d11
Not aesthetic 21(72.4) 42(59.2)  63(63)
Aesthetic 8(27.6) 29(408) 37337 OB 213
K4 d12
Not aesthetic 27(93.1) 63(88.7)  90(90)
.027 .
Aesthetic 2(6.9) 8(11.3) 10 (10) 0.0 509

*P < .05 indicates statistically significant conformity. Categorical data are shown as frequency

(percentage).

Table 5. Examining the compatibility between the computer (d13) and the
observers for the smile line criterion (K5).

Not aesthetic  Aesthetic  Total Cohen's Kappa Value P
K5_d1
Not aesthetic 28(90.3) 32(46.4) 60 (60)
Aesthetic 3(9.7) 37(s36) 40(a0) 3% <0
K5 d2
Not aesthetic 26 (83.9) 36(52.2) 62 (62)
.2 J
Aesthetic 5(16.1) 33(47.8) 38(38) 0.249 003
K5 d3
Not aesthetic 31(100) 46 (66.7) 77 (77)
0.237 .001
Aesthetic 0(0) 23(33.3)  23(23) <
K5 d4
Not aesthetic 27 (87.1) 23(33.3)  50(50)
Aesthetic 4(12.9) a6(667) s0(s0) %0 <0
K5 d5
Not aesthetic 31(100) 43(62.3)  74(74)
.27. .001
Aesthetic 0(0) 6(37.7)  26(26) O3 <00
K 5d6
Not aesthetic 30(96.8) 43 (62.3) 73(73)
.251 .001
Aesthetic 1(3.2) 26(37.7)  27(27) 0.25 <00
K5_d7
Not aesthetic 22(71) 20(29) 42 (42)
0.382 .001
Aesthetic 9(29) 49 (71) 58 (58) <
K5 d8
Not aesthetic 30(96.8) 22(31.9) 52(52)
Aesthetic 1(3.2) 47(68.1)  48(48) 0.547 <001
K5 d9
Not aesthetic 19 (61.3) 12(17.4) 31(31)
Aesthetic 12 (38.7) 57(82.6) 69 (69) 0.439 <001
K5 d10
Not aesthetic 24(77.4) 31(44.9)  55(55)
0.268 .003
Aesthetic 7(22.6) 38(55.1) 45 (45)
K5 d11
Not aesthetic 28(90.3) 36(52.2) 64 (64)
0.295 .001
Aesthetic 3(9.7) 33(47.8)  36(36) <
K5 d12
Not aesthetic 26 (83.9) 56(81.2) 82(82)
Aesthetic 5(16.1) 13(18.8)  18(18) 0.019 744

*P < .05 indicates statistically significant conformity. Categorical data are shown as frequency

(percentage).

Table 6. Examining the compatibility between the computer (d13) and the
observers for the midline criterion (K6) in the smile photographs.

Not aesthetic  Aesthetic Total Cohen's Kappa Value P
K6_d1
Not aesthetic 15(53.6) 22(30.6) 37(37)
Aesthetic 13 (46.4) 50(69.4) 63 (63) 0210 032
K6 d2
Not aesthetic 12 (42.9) 18 (25) 30(30)
Aesthetic 16(57.1) 54 (75) 70 (70) 0.175 080
K6 d3
Not aesthetic 11(39.3) 12(16.7) 23(23)
0.239 .01
Aesthetic 17 (60.7) 60(83.3) 77(77) 016
K6 d4
Not aesthetic 7(25) 9(12.5) 16 (16)
Aesthetic 21(75) 63(87.5) 84(84) 0144 126
K6 d5
Not aesthetic 20(71.4) 34(47.2) 54 (54)
Aesthetic 8(28.6) 38(52.8) 46 (46) 0.189 029
K6 d6
Not aesthetic 20 (71.4) 27(37.5) 47(47)
Aesthetic 8(28.6) a5(625) s3(s3 2% 002
K6 d7
Not aesthetic 21(75) 18 (25) 39(39)
0.446 .001
Aesthetic 7(25) s54(75)  61(61) <00
K6 d8
Not aesthetic 12 (42.9) 14 (19.4) 26(26)
.2, 017
Aesthetic 16 (57.1) 58(80.6) 74(74) 0.239 0
K6 d9
Not aesthetic 13 (46.4) 17(23.6)  30(30)
0.223 .025
Aesthetic 15 (53.6) 55(76.4)  70(70)
K6_d10
Not aesthetic 13 (46.4) 25(34.7) 38(38)
.1 .27
Aesthetic 15 (53.6) 47(65.3) 62 (62) 0.106 o
K6_d11
Not aesthetic 14 (50) 20(27.8) 34(34)
.2 J
Aesthetic 14 (50) 52(72.2) 66 (66) 0.209 035
K6_d12
Not aesthetic 23(82.1) 62 (86.1)  85(85)
-0.024 618
Aesthetic 5(17.9) 10(13.9) 5(15)

*P < .05 indicates statistically significant conformity. Categorical data are shown as frequency

(percentage).

Table 7. Comparison of the general evaluation results of smile photos (K8)
according to the criteria of finding or not finding the face photo aesthetic (K7).

General General evaluation in frontal
evaluation in face photographs (K7) Test P
smile ) ) statistic
photographs (K8) Not aesthetic Aesthetic
P i i 4 (79.2 143 (48.
ovesoss etle 00 09 paoms <m
Research Not aesthetic 161(81.3) 88 (43.6) o
Assistants Aesthetic 37 (18.7) 114 (56.4) X7=60633  <.001
pental Not aesthetic 149 (74.5) 66 (33) peeozs <01
Aesthetic 51(25.5) 134 (67) )
x?:Chi-square test. *P < .05 indicates statistically significant difference.
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Figure 1. Frequency distribution graph of the observers in terms of the general
evaluation (K7) criterion in the facade photographs.
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Figure 2. Frequency distribution graph of the observers in terms of the general
evaluation (K8) criterion in smile photos

When the statistical findings are fully considered and the facial and
dentolabial analysis criteria used in the study are examined, it was found
that the observer groups were in statistical conformity with each other
in subjective perception in all facial and dentolabial analysis criteria (P <
.001), and the Fleiss Kappa analysis results revealed that the
prosthodontist, research assistant and intern dentists' assessments
were in conformity with the computer objective evaluations in all facial
analyses and in all dentolabial analyses except for the midline criterion
(K6). In criterion K6, the evaluations of the dental interns did not show
conformity with the evaluation of the reference computer program.

According to the findings of Fleiss Kappa analysis, a statistically
significant difference (P < .001) was observed in the evaluations of
prosthodontists (d1-d4), research assistants (d5-d8) and dental interns
(d8-d12) when the data of the general evaluation criterion in frontal face
photographs (K7) and general evaluation criterion in smile photographs
(K8) were analyzed (Table 7). 79.2% of prosthodontists, 81.3% of
research assistants, and 75% of interns who evaluated "not aesthetic" in
the general evaluation of facial photographs also evaluated "not
aesthetic" in the general evaluation of smile photographs (Figures 1, 2).

DISCUSSION

The concept of aesthetics has a subjectivity that is not absolute.
Dental treatment applications that are compatible with the basic
knowledge of aesthetics and provide a near-natural appearance are an
effective method to improve the relationship between the patient and
the physician in terms of both aesthetic appearance and psychosocial
status. While the perception of beauty can be determined by social,
cultural, environmental and personal choices, it has been observed in
studies on facial aesthetics and dental aesthetics that physicians have
different opinions and views.11.12

Today, studies on aesthetic analysis mostly utilize intraoral images,
photographic records, models obtained from patients, and
cephalometric radiograph records.’314 Many studies have used fixed
facade photographic records and video records for aesthetic
evaluation.1>1¢ Studies have concluded that facade images are more
successful than profile photographs.t” Pose smile and smile analysis are
also utilized for aesthetic analysis and evaluations in the field of
dentistry.2® When taking a clinical facial photograph, it is critical that the
individual is in a natural head position and the head is perpendicular to
the ground.!? In this context, in our study, attention was paid to the fact
that the volunteer participants were in a natural head position while
taking the photograph.

In accordance with aesthetic principles and within the scope of the
facial horizontal perspective, the parallelism of the interpupillary and
commissural lines contributes to attractiveness. The perception of
aesthetic attractiveness increases with the compliance of these lines.20
Arnett et al.2! stated that the horizontal lines passing through the
interpupillary and commissures should be parallel to each other, and this
should be taken into consideration in aesthetic treatment planning. In
this regard, in our study, the interpupillary line-commissure line
parallelism was examined on the computer program and the face
photographs that were parallel were considered aesthetic. However,
according to our study results, except for two prosthodontists, the other
observers could not achieve compliance with the objective results.

In our study, within the scope of facial analysis in the frontal
photographs of the volunteer participants, the ratios formed by the
horizontal lines passing through the hairline, the nasal base and the
lowest part of the lower jaw were evaluated in accordance with the
working principles of Rifkin13 and Sarver et al.?2 and results compatible
with the reference values were obtained in a similar number of people
in the observer groups in the context of professional experience.

In the analysis of midline deviation, which we examined under the
sub-heading of facial analysis in our study, all specialist dentists, 50% of
research assistants and 25% of intern dentists achieved compliance
with the objective results of the reference values we determined by
accepting midline differences of less than 4 mm as aesthetic based on
the literature information. Previous studies have concluded that
dentists and general dental practitioners are more attentive in
detecting midline deviations than non-professional observers.2 Silva et
al.24 stated that 2 mm is the threshold limit for changes in the midline,
while Kokich et al.?> reported that midline deviations from 1 mm to 4
mm are considered aesthetic by orthodontic dentists, in their study
including orthodontic specialists, general practitioner dentists, and
non-professionals.

Aesthetic perception in men and women varies depending on life
experience, the environment and cultural values. At the same time, the
diversity of aesthetic perception is also noticeable in dentists who are
particularly interested in facial and oral aesthetics and in people who
are not included in this professional group.2® When the literature is
examined, it is observed that different analyses are made in studies on
aesthetics. When the subjects studied in recent years were examined,
it was observed that the effects of an aesthetic dentition on
psychosocial and self-esteem, the psychological consequences of
smiling on aesthetics, the relationship between dental beauty and
standard of living, and the relationship between dental beauty and self-
esteem were emphasized.?’.28

Smiling has an important place in nonverbal communication, based
on the individual's place in society and self-confidence. A beautiful
smile, which is present in social life today, contributes positively to the

perception of beauty and communication in daily relationships. 22 When
the literature is examined, it is observed that the number of smile
evaluations in clinical research is scarce. In some studies, focusing on
the mouth and its surroundings, only the smile was evaluated.?>3° In
some other studies, the smile line, buccal corridor, smile arc, tooth,
facial midline, occlusal plane, and the midline of the teeth of both jaws
were evaluated.3%3! In our study, smile line, midline, and incisor
inclination-lower lip parallelism analyses were examined considering
previous literature studies. Previous studies indicate that images with a
parallelism between the arc formed by the upper border of the lower
lip and the arc drawn by the incisal edges of the upper incisors are more
appreciated and expressed aesthetically.32 Most of the individuals who
apply to the clinic with aesthetic needs expect the flattened incisal
edges of their natural teeth that have emerged over the years and
desire to maintain the same situation at the end of their new treatment.
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However, an experienced clinician should explain to the patient in light
of the literature that the parallelism of the incisors of the upper incisors
and the lower lip curve will be more aesthetic. Furthermore, it should
be explained not only aesthetically but also functionally, taking into
account the anterior guidance and posterior teeth disclusion. In our
study, when looking at the parallelism relationship between the incisor
curve and the lower lip, the results of the literature studies to date were
taken into consideration and those with parallelism between the incisor
curve and the lower lip were evaluated as "aesthetic" and those with a
flat or inverted relationship between the incisor curve and the lower lip
were evaluated as "not aesthetic". There was no consistency between
the prosthodontist dentists in the study and the reference objective
evaluation. The findings of only two of the other observers were in
conformity with the computer evaluation. The results showed that the
importance of incisor inclination and lower lip parallelism in the ideal
smile was less important for the observers in this study.

Previous studies have stated that aesthetics cannot be mentioned
in cases where the amount of gingiva visible during the smile exceeds 3
mm.3334|n line with this fact, in our study, except for one dental intern,
all the other observers stated that 3/4 of the upper jaw teeth and 2 mm
of the gingiva were "aesthetic".

Inthe current literature, dentolabial analyses and facial analyses are
usually evaluated separately, not associated with each other, and most
studies have been continued with modifications made to photographs
in the digital environment in studies on smile and aesthetic concepts. In
the current study, a much larger number of photographic records were
used compared to the aforementioned studies, and no modifications
were made to the photographs obtained from the volunteers in the
computer environment. Furthermore, in the current study, facial and
dentolabial analyses were evaluated in accordance with the
professional knowledge of dentists by using both smile and frontal facial
photographs. We believe that the comparison of physicians' aesthetic
perceptions with existing reference analysis values in our study will be
a guide for physicians to improve their general predictions in future
studies on aesthetics.

The present study has some limitations. Supporting the
photographs with more dynamic data such as video recording,
measuring distraction during the physicians' evaluation of the
photographs with devices, and having a mechanism that stabilizes the
head position of the volunteers during the photographs may add a
different dimension to the study.

CONCLUSION

In the present study, in which prosthodontists, research assistants
and dental interns participated as observers, similar results were
obtained between subjective evaluations and objective values in all
observer groups, regardless of the increase in professional experience,
as a result of the evaluations made on the frontal face and smile-posed
photographs obtained from 100 volunteers. Considering the evaluation
criteria of facial aesthetics instead of evaluating only the oral regionin a
narrow framework during aesthetic treatment will have the potential to
positively affect the success of treatment.
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Research Article Arastirma Makalesi

Evaluation of the Information Content of
Youtube™ Videos in Turkish on Botulinum
Toxin Injection Administered to the
Masseter Muscle in the Treatment of
Bruxism: A Cross-Sectional Study: Bruxism
and Botox on Youtube™

Bruksizm Tedavisinde Masseter Kasina Uygulanan
Botulinum Toksin Enjeksiyonu Konusunda Tirkce
YoutubeTM Videolarinin Bilgi iceriginin Degerlendirilmesi:
Kesitsel Calisma: YouTube Uzerinde Bruksizm ve Botoks

ABSTRACT

Objective:The study aims the evaluation the content on the YouTube™ platform about botulinum toxin
injection for the treatment of bruxism regarding information quality.

Methods: The Youtube™ database was scanned using the keyword "masseter botox." According to the
study criteria, 33 videos were included and the number of views, likes, dislikes, comments, duration, and
the number of days since uploading were recorded. According to their quality, the information content was
divided into four groups (bad, poor, good, excellent). Shapiro-Wilk, Kruskal-Wallis, and post-hoc Tamhane-
T2 tests were used to analyze the study data, and Fleiss Kappa analysis was used to evaluate the agreement
between researchers. Statistical significance was determined as P<.05.

Results: According to the installer source, 19 videos were uploaded by doctors, seven by patients, five by
doctors+patients, and two by other sources. Significant differences were obtained between the uploaded
source and the duration of the video; the number of views, the number of likes, dislikes, comments,
interaction index, and viewing rate were respectively P<.001, p=0.035, p=0.003, p=0.008, p=0.002, p=0.007,
and p=0.013. According to the information content, 14 videos were bad, 15 were poor, and four had good
information. A significant difference was observed between the number of comments (p=0.016) and video
duration (p=0.029) regarding the information content quality.

Conclusion: The results have indicated that YouTube™ content cannot be a reliable source of information.
Experts should recommend videos that meet specific standards to patients and produce content that
provides accurate information in the absence of this content.

Keywords: Masseter muscle; Botox; Bruxism; Internet; Social Media

0z

Amag: YouTube™ platformunda yer alan, bruksizm tedavisi igin botulinum toksin enjeksiyonunu konu alan
iceriklerin bilgi kalitesi agisindan degerlendirilmesidir.

Yontem: YouTube™ veritabani “masseter botoks” anahtar kelimesi kullanilarak taranmigtir. Sonuglar
icinden tespit edilen ilk 60 video incelenmistir. Dahil etme ve diglama kriterleri dogrultusunda 33 video
calismaya dahil edilmistir. Dahil edilen her bir videonun izlenme sayisi, begeni, begenilmeme ve yorum
sayisl, stresi, yiklenmeden itibaren gegen glin sayisi kaydedilmistir. Bilgi icerikleri kalitesine gore dort gruba
(kota, zayif, iyi, mikemmel) ayrilmistir. Calisma verilerinin analizinde Shapiro-Wilk, Kruskal-Wallis, post-hoc
Tamhane T2 testleri kullaniimis, ayrica arastirmacilar arasindaki uyumun degerlendirilmesi iginse Fleiss
Kappa analizinden yararlanilmistir. istatistiksel anlam diizeyi P<0,05 olarak belirlenmistir.
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Bulgular: Yukleyici kaynaga gore; 19 videonun doktorlar, 7 videonun hastalar, 5 videonun doktor+hastalar ve 2 videonun diger kaynaklar
tarafindan yuklendigi gorilmustir. Yikleyen kaynak ile video siresi, izlenme sayisi, begenme, begenmeme, yorum sayisi, etkilesim indeksi ve
izlenme orani igin sirasiyla, P<0,001, p=0,035, p=0,003, p=0,008, p=0,002, p=0,007 ve p=0,013 degerleri ile anlamli farklar bulunmustur. Bilgi
iceriklerine gore; 14 videonun koti, 15 videonun zayif ve 4 videonun iyi bilgi icerigine sahip oldugu gorilmistir. Bilgi igerigi kalitesine gére yorum
sayisi (p=0,016) ve video slresi (p=0,029) parametreleri arasinda anlaml fark gézlenmistir.

Sonug: Yikleyen kaynaga kiyasla uzmanlar tarafindan yiklenen igerikler daha kaliteli bilgiler sunsa da sonuglarimiz YouTube™ igeriklerinin
glvenilir bilgi kaynaklari olamayacagini géstermistir. Uzmanlarin hastalara belirli standartlari karsilayan videolari 6nermeleri ve bu iceriklerin
yoklugunda ise dogru bilgi sunan igerikler Gretmeleri gerekmektedir.

Anahtar Kelimeler: Masseter kasi; Botoks; Dis gicirdatma; internet; Sosyal Medya

INTRODUCTION

Bruxism is a dysfunctional, repetitive activity of the masticatory
muscles characterized by clenching or grinding teeth. Bruxism may be
observed as sleep bruxism or wakefulness bruxism. 1

Regarding the etiology of bruxism, many theories, such as stress,
malnutrition, allergic and endocrinological diseases, central nervous
system disorders, genetic factors, drugs, malocclusion, and incorrect
dental treatments, have been discussed?. However, the theories put
forward about the cause of bruxism have not been proven, and the
cause of the disease remains unclear. 3

As a result of teeth clenching and grinding; Undesirable conditions
such as overloading the stomatognathic system, pain in the jaw joint,
increased mobility in the teeth, pathological migration and wear of the
teeth, masticatory muscle disorders, persistent headaches, dental
restoration fractures and aesthetic problems due to masseter muscle
hypertrophy may occur.4

For the treatment of bruxism, occlusal adjustment, occlusal splints,
balance therapy, psychotherapy, physical therapy, relaxation training,
restorative treatments, pharmacological treatments, biofeedback
therapy, and botulinum toxin injection methods have been utilized.>

Clotulinum neurotoxins (BoNTs) are protein neurotoxins produced
by neurotoxigenic strains of anaerobic and spore-forming bacteria of the
genus Clostridium (Clostridium botulinum, Clostridium butyrricum,
Clostridium barati, and Clostridium argentinensis). It is a potent
biological exotoxin. Due to the experimental studies, the American Food
and Drug Administration (FDA) licensed ‘Botox’ in 1989 to treat
blepharspasm.¢ During the following years, the indications of the agent
have expanded, and many medical and aesthetic indications have been
defined. Also, Botox injection into the masseter muscle for bruxism is
among these indications.

Botox injections into the masseter and temporal muscles for
hypertrophy reduction, myorelaxation of these muscles and administ-
ration in treating bruxism have become popular in recent years.”

Information about these aesthetic and medical treatment methods
can be obtained from different sources such as doctors, dentists,
television programs, and the websites of health institutions.

In today's world, it has become easy and fast to attain information
by accessing the internet without any usage restrictions. In the early
2000s, the internet became a platform that provides interaction
between users, and the number of people accessing the internet from
2000 to 2020 exceeded 4.5 billion.?

Training models for watching video content are included in practical
dentistry training today.? Similarly, social networking platforms such as
YouTube™ (Google LLC, San Bruno, California), Google™ (Mountain
View, California), and Facebook™ (Facebook, Menlo Park, CA) are
popular websites where patients can learn extensively about masseter
botox injections for bruxism with visual contents.t°

According to the data we have obtained from the database research,
although several publications analyze the benefit and effectiveness of

YouTube™ videos on botulinum toxin injections for the treatment of
bruxism, there has yet to be a study investigating videos in Turkish. This
study aims to evaluate the content and quality of the information in
Turkish YouTube™ videos about masseter Botox injections.

In addition, during the research process of this study, it was
observed that the number of Turkish videos about masseter botox was
less than the English videos. However, this condition is altering daily and
more videos with medical content in Turkish are being produced. Also,
with the obtained results of this study, it is aimed to determine the
adequacy of Turkish video content, and which aspects are missing to
enhance the current content quality.

METHODS

Study Design and Sampling

The current study data were obtained with a search on the
YouTube™ platform. The search was performed on 14 May 2022 using
the keyword 'masseter botox,' and included videos containing
information about masseter Botox injections. The search was conducted
in incognito mode of the web browser and worldwide to avoid
restrictions and obtain broad search results. Search results with
keywords are sorted by display results.

Although it was determined that the most users who searched
online generally viewed the first 30 videos and did not review the
remaining results, the first 60 videos were included in the search results
according to the number of views in terms of the efficiency of the current
study. As a result of the inclusion criteria, 33 videos were included in the
study. The purpose of reviewing the first 60 videos was that 95% of
YouTube™ researchers reviewed the first 60 videos in the previous
studies.!?

Videos other than Turkish, repetitive videos, videos that do not
contain speech-description-title and content information, Botox
application videos made outside of the masseter region, videos over 20
minutes, and videos for advertising purposes were excluded from the
study. Only Turkish videos and videos with acceptable video quality
about masseter Botox were included.

According to the inclusion criteria, 12 videos were excluded because
they were in languages other than Turkish, nine videos were longer than
20 minutes, two videos were only images and music and did not share
audio information, two videos were replay videos, and two videos
contained irrelevant content and advertising content.

The information content of YouTube™ videos was evaluated by a
researcher (MSD), and independent of the results of this evaluation,
evaluations were made by two other researchers (AE and SC) in a blinded
manner. Fleiss kappa analysis was utilized to analyze the agreement-
incompatibility among the three reviewers on video efficacy scores.

Study Variables and Data Analysis

For the analysis, the parameters of the videos included in the study;
video title and URL information, video duration, upload date of the
video, and source performing the upload (doctors [dentists, oral, dental
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and maxillofacial surgeons, dermatologists, aesthetic, reconstructive,
and plastic surgeons]), individual, TV channel, hospital, e.g.), the number
of days since the upload date, the number of comments, the number of
likes, the number of dislikes and the number of views were recorded.?

The interaction index and viewing rates were calculated using the
data obtained.12

. Number of likes - Number of dislikes
Interaction index % = - x 100%
Number of views
o Number of viewing
Viewing rate % = - x 100%
Number of days since upload date

The information level of the videos included in the study was
evaluated according to a scoring scale0. Each video was evaluated on a
total of 8 criteria according to the scoring scale. According to the scoring
scale, videos scored between 0-2 were interpreted to have bad
information content, videos between 3-4 had poor information content,
videos scored between 5-6 were good information content, and videos
scored between 7-8 were found to have excellent information content
(Table 1).

Three researchers (MSD, AE, and SC) viewed and analyzed the videos
independently of each other. Therefore, each researcher is blinded to
the other. In addition, the researchers were prevented from seeing the
number of likes, dislikes, and comments before completing their video
inference to make an objective assessment.

Since the study was conducted on an open-access website, ethics
committee approval was not required in line with previous studies in the
literature.1213

Statistical Analysis

The normality distribution of the study data was analyzed with the
Shapiro-Wilk test. The Kruskal-Wallis test was used to evaluate the
quantitative data, and the Post-Hoc test (Tamhane's T2) was used to
determine the differences between the groups. In addition, Fleiss Kappa
analysis was utilized to evaluate the agreement between the reviewers.
Microsoft Excel (Microsoft Corporation, Redmond, WA, USA) was used
for Fleiss kappa analysis, and IBM SPSS 24 (SPSSinc., an IBM Co., Somers,
NY, USA) programs were used for the other statistical analyses. The
statistical significance was determined as P< .05.

RESULTS

A total of 33 videos were reviewed according to uploader resource
and usability scores. Of the included videos, 57.58% were uploaded by
doctors, 21.21% by individuals, 15.5% by individual + doctor, and 6.06%
by other users.

In Table 2, YouTube™ videos were evaluated as bad, weak, good,
and excellent due to their information content. Of the videos, 42.42%
were rated as bad, 45.46% as weak, and 12.12% as good. There was no
video rated as excellent content.

The total number of views of the videos included in the study was
1,938,792, and the average number of views per video was 58,751. The
total number of comments received by the videos was 4,570, and the
total number of likes was 69,546. The mean number of likes was 2,107.

Evaluation Based On Uploader Source

The source who uploaded the video was classified as doctor,
individual, doctor+individual, and the other (health center, tv channel,
e.g.), and quantitative parameters were analyzed according to this
classification.

The uploaded source and the duration of the video, the number of
views, the number of likes, dislikes, comments, interaction index, and
the rate of viewing were, respectively, P< .001, p=0.035, p=0.003,
p=0.008, p=0.002, p=0.007 and p=0.013, and a significant relationship
was detected between them (Table-1).

Post-hoc (Tamhane's T2) test was performed to determine the

differences between the groups. It was observed that the video
durations of individual and individual + doctor uploaders were
significantly longer than the doctors and other users (p=0.025, p=0.000).

Evaluation Based on The Classification of the Information Contents

The videos were classified as bad, weak, good, and excellent
according to the information content, and quantitative parameters were
analyzed according to this classification.

A significant correlation was found between the classification of the
information content, the duration, and the number of comments (Table
3).

Table 1. Topic Distribution of Evaluated YouTube™ Videos About Masseter Botox
Scoring item Score points
Definition

Indications
Contraindications
Advantages

Related procedures
Complications

Cost

Prognosis and permanency
Total score

IR

Evaluation of Video Contents

When the analyzed video contents are examined in terms of
definition, indication, contraindication, advantage, procedure,
complication, cost, and prognosis; Description in 15 videos (26.78%),
indication in 24 videos (42.86%), advantages in six videos (10.71%), the
procedure in five videos (8.93%), the complication in one video (1.79%),
cost (1.79%), and prognosis in four videos (7.14%) were mentioned
(Figure-1). The median score of the videos included in the study is 1.70
out of 8 (56/33).

Inter-Examiner Reliability

The Fleiss Kappa value used for the concordance-incompatibility
analysis between the three reviewers who evaluated the videos was K:
0.79. This value indicates a significant degree of agreement.14

Table 2. Evaluation of YouTube™ Parameters based on video uploaders

Parameters Doctor (n=19) Individual (n=7) Individual+Doctor Other (n=2) p Value
(n=5)
Med Min-Max Med Min-Max Med Min-Max  Med Min-Max
Duration (sec) 132 20-765 805 212-1178 843 632-1016 278.5 80-477 0.000 *

Views 22335 11562- 89402 18013- 56601 16863- 14491 11441- 0.035*
98552 635163 154714 19541

Likes 49  1-13000 1800 94-16000 246 58-13000 23 20-26 0.003 *

Dislikes 2 0-26 9 2-1700 15 0-121 25 2-3 0.008 *

Comments 4 0-753 193  60-1511 66 42-143 1 0-2 0.002 *

Interaction index  0.49 0-26 2.71 0.83-831 1.01 0.64-17.70  0.49 0.24-0.75 0.007 *
(%)
Viewing rate (%) 1383 269-6098811274 1427-114739 15401 671-72739 791 680-903 0.013 *

*Indicates P<.05 significance level by Kruskal-Wallis Test

Table 3. Comparison of YouTube™ video properties based on information
content scores

Bad (n=14) Poor (n=15) Good (n=4)
Parameters VaTue
Med Min-Max Med Min-Max Med Min-Max
Duration (sec) ~ 132.5  20-1016 461 87-1178 6355  409-849  0.029 *
Views 2093 11441- 4489 12693- 2661 12092- 0.403
8 154714 7 635163 7 117499 -

Likes 29 1-13000 114 17-16000 85 49720 0.17
Dislikes 2 0-75 8 0-1700 25 0-121 0.117
Comments 1 0-367 66 1-1511 205 23143 0.016*
Interaction rate -, 0-17.7 093 0332604 118 094132 0263

(%)
Viewing rate (%) 1165 269-60988 3177 349-114739 821 371-72739 0.329

*Indicates P<.05 significance level by Kruskal-Wallis Test
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Description Indication Contraindication Advantage Procedure Complication cost Prognosis

Figure 1. The Distribution of YouTube™ Video Contents

DISCUSSION

The primary purpose of this study was to evaluate the information
quality and effects of Turkish-produced YouTube™ videos of botulinum
toxin injection administered in the masseter muscle. Today, the use of
Botox injections for medical and aesthetic purposes increases interest
on the internet, especially in YouTube™ videos. Therefore, YouTube™
videos on the use of botulinum toxin for masseter Botox should be used
as a reliable resource for patients.

According to the data we have obtained from the research, although
several foreign publications analyze the benefit and effectiveness of
YouTube™ videos on botulinum toxin injections for the treatment of
bruxism, there is no study investigating Turkish videos.

According to database research, the current study is the first to
evaluate Turkish videos about masseter Botox on the YouTube™
platform. In the last five years, eight publications, including botulinum
toxin and YouTube™ video content, have been reached according to the
research conducted in the PubMed database. One of these contents is
the effect of Botox on gummy smile,'> one of them is the effect of botox
on bruxism,1° two of them are about the general application areas of
neurotoxins,’®17 and four of them are YouTube™ studies on the
cosmetic effect of botox.18-21

YouTube™, an open access video sharing platform, is becoming an
increasingly popular host for healthcare videos.?? YouTube™ has
become the second most popular social media platform worldwide, with
2.3 billion users.3

Oral and maxillofacial surgeons have conducted several studies
evaluating the quality of online video information contents regarding
their expertises.1%12 Long et al.,* Shim et al.,?> and Asutay et al.2¢
examined the impact of Botox administration on treating bruxism and
reported that it could be used safely. However, in the current study,
video contents were observed as 42.42% bad and 45.46% weak,
revealing that the uploaded videos could not be considered so. It was
observed that the videos contained almost no information, especially
regarding complication, cost, prognosis, and contraindication criteria
(Figure 1).

Although it is an issue, any video containing excellent information
content could not be revealed. It is noteworthy that the number of
videos with good content is low (n:4) and that these videos have longer
durations (mean:632 sec) than videos with bad and poor content (n:29)
(mean:387 sec). Similar to the present study, Gas et al. 1° and Lena and
Dindaroglu?’ also reported that videos containing good information
content have longer durations.

In studies conducted to date, significant relationships have been
observed between the quality of YouTube™ video content and video
duration.?® In addition to the significant relationship between content

and video duration (p=0.029), that for poor and good videos was
significantly higher than the number of comments for bad videos
(p=0.016). This difference between comments indicates that YouTube™
users put forth their efforts and likes to reach accurate information.

As a result of the literature review, it was observed that most of the
videos evaluated in various disciplines had insufficient information
content. According to the study conducted by Hegarty et al.l! on
orthognathic surgery, the conducted study on arthroscopy by Kunze et
al.,?? and the study conducted by Korkmaz et al.3? on cleft lip and palate,
YouTube™ videos contain poor information. They should not be
considered reliable sources. The results of Hegarty, Kunze, and
Korkmaz's studies represent similarities with the outcomes of the
current study.

However, some studies indicate that video information contents on
YouTube™ are sufficient or partially sufficient. The study conducted by
Pons-Fuster et al.31 on the relationship between diabetes and oral health
and in pediatric dental injuries conducted by Tozar et al.32 reported that
the quality of videos uploaded by dentists and universities is higher than
the other uploaders. In the current study, 2 of the four videos of good
quality were uploaded by doctors and two by individual + doctor
uploaders. Although this fact demonstrates the importance of the
uploader source, 19 out of 33 videos were uploaded by doctors and five
by individual+doctor. However, only four were included in the category
of good-quality videos.

As mentioned above, similar studies conducted in other disciplines
of dentistry and medicine also indicate that the information quality of
YouTube™ video content needs to be improved and completed.3?
Consequently, these authors believe YouTube™ should not be
considered a reliable source. However, in the current study, it was seen
that the information content approached the more reliable limits partly
in terms of the video uploader source. In order to enhance the quality of
YouTube™ video content, physicians should be aware of the shared
information and even prepare videos that contain accurate and
sufficient information. Accurate and sufficient information requires
knowledge of the definition of the procedure, indications, contraindica-
tions, advantages, application procedure, complications, cost, and prog-
nosis. In addition, YouTube™ users should carefully review the health
content and choose videos that meet the abovementioned criteria.

Considering the limitations of this study, initially, the outcomes of
the current study may vary depending on the searched keywords. Using
a different search term may yield different results. Videos added and
deleted after the search date constitute the study's second limitation.

Determining YouTube™ content in different countries and
languages is essential for research that will reflect the health-related
pursuits of people from that culture on YouTube™. Therefore, it would
be helepful to examine whether videos uploaded on YouTube™ about
masseter Botox injections for different cultures can be used as a reliable
source.

CONCLUSION

The interest in the examined YouTube™ videos indicates that in this
period where access to information is increasing day by day, physicians
should evaluate the medical accuracy and content quality (description,
indication, contraindication, advantage, procedure, complication, cost,
prognosis, e.g.) of YouTube™ videos about masseter Botox. As a result
of this evaluation, experts in their fields are required to recommend
videos that meet the standards. In the absence of this content, they are
required to produce content that presents the correct information.

CurrRes Dent Sci 2024 34(3): 173-1781doi: 10.17567/currresdentsci. 1520355



177

Etik Komite Onayi: Calisma agik erisimli bir site Uzerinden
yapildigindan literatiirde daha once yapilan calismalarla uyumlu
olarak etik kurul onayi gerekmemistir.

Hasta Onami: Bu c¢alisma, YouTube™ videolarini veri kaynagi olarak
kullanan kesitsel nicel bir ¢alisma oldugundan, bilgilendirilmis onam
alinmamistir.
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Evaluation of Platelet Rich Fibrin Content
Among Individuals With Different Blood
Groups

Farkh Kan Grubuna Sahip Bireylerde Trombositten
Zengin Fibrin iceriginin Degerlendirilmesi

ABSTRACT

Objectives: Platelet Rich Fibrin (PRF), obtained by centrifuging the peripheral blood sample of the person
is an autogenous material and can be affected by systemic and genetic characteristics of the belonging
person. This study was undertaken for evaluating the effect of blood group types and the diverse
preparation protocols on growth factors and cytokines contained in the PRF.

Methods: In total, 192 blood samples were taken from 64 donors, including 16 individuals from each blood
group of 4, and from each individual 3 samples were taken for obtaining PRF, titanium platelet-rich fibrin
(T-PRF), and concentrated growth factors (CGF). The platelet-derived growth factor (PDGF), fibroblast
growth factor (FGF), vascular endothelial growth factor (VEGF), angiogenin (Ang), osteocalcin, and
osteonectin contents of the PRF were measured with ELISA set.

Results: When the relationship between blood groups was examined, the results indicated that there were
no statistically significant differences (P>.05). On the other hand, growth factor content was evaluated to
be higher in T-PRF than PRF and CGF (P<.05).

Conclusion: These data clearly demonstrate that PRF, T-PRF and CGF preparations contain significant
amounts of growth factors capable of stimulating wound healing. However, this content is independent of
blood group distribution and depends on fibrin acquisition protocols.

Keywords; Blood group antigens; Enzyme-linked immunosorbent assay; Fibroblast growth factors;
Osteocalcin; platelet-rich fibrin; Vascular endothelial growth factor

6z

Amag: Kisinin periferik kan orneginin santriflij edilmesiyle elde edilen Plateletten Zengin Fibrin (PRF),
otojen bir materyal olup, kisinin sistemik ve genetik 6zelliklerinden etkilenebilmektedir. Bu ¢alisma, kan
grubu tiplerinin ve gesitli hazirlama protokollerinin PRF'nin icerdigi biyime faktoérleri ve sitokinler
Uzerindeki etkisini degerlendirmek amaciyla yapildi.

Yontem : Her 4 kan grubundan 16'sar kisi olmak tizere 64 dondrden toplam 192 kan 6rnegi alindi ve her
kisiden PRF, titanyum trombositten zengin fibrin (T-PRF) ve konsantre biiylime faktorleri (CGF) elde etmek
icin 3'er 6rnek alindi. PRF'nin trombosit kaynakli btiytime faktort (PDGF), fibroblast buytime faktori (FGF),
vaskiiler endotelyal bllyime faktori (VEGF), anjiyogenin (Ang), osteokalsin ve osteonektin igerikleri ELISA
seti ile 6lguldi.

Bulgular: Kan gruplari arasindaki iliski incelendiginde istatistiksel olarak anlamli bir fark olmadigi goriildi
(P>.05). Buyume faktoru igeriginin ise T-PRF'de PRF ve CGF'ye gore daha yiiksek oldugu degerlendirildi
(P<.05).

Sonug: Bu veriler PRF, T-PRF ve CGF preparatlarinin yara iyilesmesini uyarabilen 6nemli miktarda biiyime
faktord icerdigini agikca gostermektedir. Ancak bu igerik kan grubu dagilimindan bagimsizdir ve fibrin
edinim protokollerine baghdir.

Anahtar Kelimeler; Kan grubu antijenleri; Enzim bagli immiinosorbent deneyi; Fibroblast bliylime
faktorleri; Osteokalsin; trombosit agisindan zengin fibrin; Vaskiler endotelyal bliyime faktora
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INTRODUCTION

Intercellular interaction, local and systemic growth factors and
various mediators are important stimuli in the development and
regeneration of a tissue. It is necessary to understand the cellular and
molecular events and mechanisms required to determine the
regenerative treatment procedure in dentistry 1. The oral cavity consists
of hard and soft tissues originating from various tissue layers
(ectodermal and mesodermal) 2. Various materials of human, animal,
and synthetic origin are used to support the regeneration of these
tissues. Three-dimensional thrombocyte concentrates developed by
Witman et al.3 are one of these materials. Concentrated growth factor
(CGF) is an autologous platelet concentrate that contains of platelets,
leukocytes, stem cells and cytokines with in a complex three -
dimensional fibrin network. The high tensile

strength and viscosity of CGF protects from proteolysis and prolongs
release time of growth factors. Thus, it is suggested that CGF is a strong
biomaterial with an integrated growth factor reservoir 4. Autogenous
platelet-rich fibrin (PRF) is obtained by centrifugation of peripheral
blood samples in glass, titanium or special tubes at once without anti-
coagulant or any biochemical process 5. This fibrin layer is rich in plate-
lets and leukocytes, as well as various growth factors and cytokines such
as transforming growth factor-betal (TGF-B1), platelet-derived growth
factor (PDGF), vascular endothelial growth factor (VEGF), interleukin (IL)-
1B, IL-4, and IL-6 ©. In addition, when fibrin formed in the last stage of
coagulation reactions combines with cytokines secreted by platelets, it
acts as a matrix for the PRF and a reservoir for growth factors’.

It has been known for a long time that blood has a vital importance
for human beings. Shattock (1899) and Karl Landsteiner (1900) found
that human blood differs from individual to individual in terms of some
physiological properties. These different blood groups discovered are A,
B and AB 8. In 1902, Landsteiner's students Decastello, Sturli and
Hectoen discovered the O blood group. The naming of these discovered
blood groups was made in 1910 by Dungern and Hirszfeld °.

Studies have shown that blood groups are associated with various
diseases. Individuals with A blood group have gallstones, colitis and
salivary gland tumors have been reported to be more prone 19, It has
been shown that O blood group is associated with duodenal ulcer
disease, gastric ulcer and gastric carcinoma, especially with A, B and AB
blood groups. Cardiovascular disease in subjects without blood group A
and O found to be more prone . It is thought that ABO blood subgroups
and Rh factor may constitute a risk factor on the development of
periodontal disease and the susceptibility to periodontitis increases in
individuals with O blood group 12.

Like all autogenous materials, PRF 7 can be affected by systemic and
genetic characteristics of the person from whom it is obtained. ABO
blood group phenotypes have an effect on platelet functions, platelet
membrane lipids (Von Willebrand Factor (VWF), selectin, and
Intercellular Adhesion Molecule (ICAM), and platelet glycoproteins
(glycoprotein 1b/IX, glycoprotein 2b/3a) without affecting the platelet
count 13, There are also studies showing that the blood group phenotype
affects the serum levels of endothelial adhesion molecules, including
soluble P-selectin, E-selectin, ICAM-1, and intracellular, which affects
endothelial-leukocyte interactions and the transition of leukocytes to
the inflammation site 4,

It was seen clearly from the literature reviews that ABO blood group
phenotypes had an effect on leukocyte and platelet functions. The
objective of this study was to evaluate the effect of blood group types
on growth factors and cytokines contained in the PRF. In addition, the
effect of the type of tube used while obtaining the fibrin sample on the
fibrin content was determined.

METHODS

In terms of the methodology and the materials, this study was
approved by the Ethics Committee of Atatlirk University Faculty of
Dentistry (Session Date: 11.01.2018, Decision No: 5) and supported by
the Atatiirk University Scientific Research Fund (Project ID: 6972, Project
Code: TSA-2019-6972) as part of the Basic Research Project.

The study was carried out with volunteers between June to
December in 2019; among the undergraduate students, clinical
assistants and research assistants aged 20 to 35, from Atatiirk University,
Faculty of Dentistry. The sample size was obtained based on the
Mohanty et al.1> whose study examining the relationship between ABO
blood groups and plasma VWEF level. In their findings, the effect width
was found to be 1.111. The power analysis for the study indicated that
20 patients with 4 groups and a power range of 0.95 were sufficient in
obtaining meaningful results. However, the number of patients in our
study was taken to be 64, considering the adversities and differences
that may occur during the study. Individuals included were over 18 years
old and willing to provide in-formed consent. In addition, they did not
have any systemic diseases and were not using any chronic anti-
inflammatory drugs including anticoagulants.

Information on socio-demographic characteristics was obtained
with the informed consent of volunteer donors. Volunteers were first
divided into four groups based upon their blood group types, 16
participants each in 'AA, BB, AB, 0'. Three samples of blood were
collected each of 64 volunteer donors (192 total samples).

e Platelet-rich fibrin preparation protocol

To prepare fibrin samples 30 ml whole blood was taken from the
venous vein. It was evenly transferred into glass, titanium and CGF tubes
without having chemicals. To prepare the PRF, blood sample was
centrifuged at 2700 rpm for 12 min® whereas titanium platelet-rich
fibrin (T-PRF) was centrifuged at 3000 rpm for 10 minl? in the PC-02
centrifuge (Hettich® EBA 20 centrifuge). Also, blood samples placed in
CGF tubes were centrifuged for 13 minutes at varying speeds and angles
between 2400 and 2700 rpm using The Silfradent Medifuge MF200
device (Silfradent S. R. L., Santa Sofia, Italy)!%. At the end of the
centrifugation, three parts were obtained in the tube; red blood cells at
the bottom, platelet-poor plasma at the top and fibrin layers also called
"buffy coat" in the middle part®. The obtained fibrin tissue was put into
the eppendorf tubes and placed in a cabinet at -80 degrees until it was
taken for biochemical analysis.

Before the biochemical analysis, the samples were taken into a +4
degrees. The concentrations of PDGF, Fibroblast Growth Factor (FGF),
VEGF, Angiogenin (Ang), Osteocalcin and Osteonectin in PRF, T-PRF, and
CGF samples were determined using human Enzyme-Linked
Immunosorbent Assay kits (ELISA- SunLong Biotech Co., LTD, Hangzhou,
Zhejiang, China).

e Statistical analysis

The statistical analysis was performed using a commercially available
software program (SPSS 22.0 SPSS Inc., Chicago, IL). The data were
reported as the mean value + standard deviation (SD). Tukey’s multiple
comparison test was used to determine the difference between groups
as a result of one-way analysis of variance (ANOVA). For statistical
significance, p values <0.05 were accepted.
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RESULTS

A total of 64 individuals, 38 females and 26 males, with a mean age
of 24.9 + 3.15 were included in the study. The participants do not have
any systemic discomfort or any systemic medication used.

Table 2. Levels of growth factors according to blood groups

95% Confidence

Interval for Mean

Std. Lower Upper
Deviation  Std. Error Bound Bound

N Mean Minimum Maximum

The result of this study indicated that the fibrin content does not PDGF A 16 3269,0881 3127,86130 781,96532 1602,3685 49358078 388,40 13013,28
dff d t th bl d t Th tatisti ” . f t marker B 16 4137,5675 3943,79508 985,94877 2036,0674 6239,0676 367,37 14630,10
iTrer according to the blood type. Ihere were no statistically signitican AB 16 3792,3356 3198,25265 799,56316 2088,1071 54965642 344,79 11803,90
differences in the PDGF, FGF, VEGF, Ang, osteocalcin and osteonectin of 0 16 3139,6438 2210,63685 552,65921 1961,6785 4317,6090 406,78  6734,95
. . Total 64 3584,6588 3129,82312 391,22789 2802,8522 4366,4653 344,79 14630,10
the PRF, T-PRF or CGF obtained from the blood samples of different TGPl A 16 222.1075 13947160 3486790 1477883 2064267 2741 44338
blood groups at p > 0.05 (Table 1-2). marker B 16 276,8125 244,19533 61,04883 146,6900 406,9350 23,76 772,27
. . . . . AB 16 240,2581 184,28278 46,07070 142,0608 338,4555 28,04 549,34
In a first set of experiments, based upon gender distribution, 0 16 2267556 18110635 4527659 1302500 3232604 3013 61942
although it was observed that the averages of the PDGF, FGF, and VEGF Total 64 241,4834 187,50640 23,44955 1946233 2883436 23,76 772,27
. . B VEGF A 16 437,2881 321,12939 80,28235 266,1703 608,4059 39,40 981,48
were hlgher n femal.es.comp:-:\refi.to males' the dlfferences. bfetween the marker B 16 526,9425 451,09584 112,77396 286,5705 767,3145 29,85 1226,92
means were not statistically significant (P> .05) (Table 3). Similarly, there AB 16 512,6300 490,48615 122,62154 251,2684 7739916 31,53  1620,98
was no statistically significant difference between the smokers and non- S8 SILAO TROSINTE 10113508 2001070 1028890 xS
smokers in terms of measured values (P> .05) (Table 4). ANOVA
When the relationship between WBC levels and PDGF, FGF and VEGF Sum of Squares | df | Mean Square F Sig.
markers of the participants was examined, it was determined that there PDGFvalue  Between Groups 10343375,07 | 3 3447791679 | 341 | 796
. . . Within Groups 606791567,830 60 10113192,797
was a negative relationship (P<.05 for PDGF, p<0.01 for FGF-1 and VEGF) Total 617134942.868 | 63
(Table 5). FGF-lvalue  Between Groups 29471671 | 3 9823,890 | ,269 | ,847
The concentrations of growth factors in PRF, T-PRF, and CGF Within Groups 2187650,073 | 60 36460,835
. . . . of: Total 2217121,744 63
prepara?lons e.are shown in Figure 1,2, :cmq .3. SlgnlleantIy, all growth VEGFvale  Betwaen Groums 262307885 | 3 sassees | 305 | 510
factors investigated demonstrated a significantly higher from T-PRF Within Groups 16975684,181 | 60 282928,070
when compared to PRF and CGF (P<.05). However, there were no Total 17238052,069 | 63
significant differences between the growth factor contents of the PRF PDGF: Platelet-derived growth factor
and CGF samples (P>.05). When the fibrin samples were examined, FGF: Fibroblast growth factor
although a difference in terms of growth factor contents was obtained, VEGF: Vascular endothelial growth factor
there was no statistically significant difference between the other Table 3. Eff  send PDGF. FGF and VEGF ‘
. . able 3. Effect of gender on X an markers
parameters (ang, osteonectin, and osteocalcin) at P> .05. g
Group Statistics
Table 1. The ANOVA results for the PDGF, FGF, VEGF, angiogenin, osteocalcin, and Gender N Mean Std. Deviation Std. Error Mean
. ) PDGF marker Female 38 4190,0276 3485,78492 565,46898
osteonectin ratios of blood groups and the PRFs. Male 362699 8888 5308,93909 452.82071
Sum of Squares it [Mean square '3 Sic. FGF-1 marker Female 38 265,9742 181,82041 29,49517
Male 26 205,6892 193,68501 37,98476
Between Groups 791484.411 3 |263828.137 0.934 ]0.430 VEGF marker Female 38 609,2737 588,11412 95,40471
- Male 26 398,3588 387,49553 75,99413
OT marker ithin Groups 16949875.241 60 [282497.921
F Sig. t df Sig. Mean Std. Error
Fotal 17741359.653 53 (2-tailed) Difference Difference
Between Groups 118848517.820 3 |139616172.607 0.463 J0.709 PDGF marker 3,018 ,087 1,910 62 ,061 1490,13879  780,36219
2,057 61,960 ,044 1490,13879 724,43172
ANG marker ithin Groups 18096391243.376 60 [301606520.723 FGF-1 marker ,108 ;743 1,269 62 ,209 60,28498 47,51654
1,254 51,569 216 60,28498 48,09165
Total 18515239761.196 63 VEGF marker 1,415 ,239 1,604 62 ,114 210,91484 131,50186
1,729 61,942 ,089 210,91484 121,97199
Between Groups 1562.082 3 [520.694 0.626 ]0.601
PDGF: Platelet-derived growth factor
ithin Groups 49924.449 60 [832.074
ON marker thin Group FGF: Fibroblast growth factor
rotal 51486.530 63 VEGF: Vascular endothelial growth factor
Between Groups 10343375.037 3 |3447791.679 0.341 [0.796
bDGF marker ithin Groups 606791567.830 60 [10113192.797 Table 4. The effect of smoking status on PDGF, FGF and VEGF markers
Total 617134942.868 63
Group Statistics
Between Groups 29471.671 3 ]9823.890 0.269 0.847
Smoking status N Mean Std. Deviation Std. Error Mean
FGF-1 marker ithin Groups 2187650.073 60 [36460.835 PDGF marker No 43 3829,9160 3352,40966 511,23768
Yes 21 3082,4652 2619,43656 571,60792
Total 2217121.744 63 FGF-1 marker No 43 242,2914 162,81545 24,82912
o o 262367 889 87455063 305 0.819 Yes 21 239,8290 234,91101 51,26178
etween Groups 7. 7455 - ' VEGF marker No 43 5066477 391,03828 59,63278
VeGr ithin Groups 16975684.181 60 [282928.070 Yes 21 558,2800 734,10417 160,19466
marker
otal 17238052.065 53 F sig. t df Sig. Mean Std.
(2 -tailed) Difference Error Difference
OT: Osteocalcin PDGF marker ,155 ,695 ,896 62 ,374 747,45081 834,54325
ANG: Angiogenin ,975 49,662 ,334 747,45081 766,87651
ON: Osteonectin FGF-1 marker 4,137 ,046 ,049 62 ,961 2,46235 50,34272
PDGF: Platelet-derived growth factor ,043 29,706 ,966 2,46235 56,95837
EGE: Fibroblast growth factor VEGF marker 3,970 ,051 -,368 62 ,714 -51,63233 140,22325
-302 25,692 ,765 -51,63233 170,93390

VEGF: Vascular endothelial growth factor
PRF: Platelet-rich fibrin

PDGF: Platelet-derived growth factor
FGF: Fibroblast growth factor
VEGF: Vascular endothelial growth factor
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Table 5. Correlation relationship between WBC value and PDGF, FGF and
VEGF markers

Correlations

WBC value PDGF marker

WBC value Pearson Correlation 1 -304"

Sig. (2-tailed) ,028

N 52 52

PDGF marker Pearson Correlation -,304" 1
Sig. (2-tailed) ,028

N 52 64

*. Correlation is significant at the 0.05 level (2-tailed).

Correlations

WBC value FGF-1 marker

WBC value Pearson Correlation 1 -380""

Sig. (2-tailed) ,005

N 52 52

FGF-1 marker Pearson Correlation -,380"" 1
Sig. (2-tailed) ,005

N 52 64

**_Correlation is significant at the 0.01 level (2-tailed).

Correlations

WBC value VEGF marker

WBC value Pearson Correlation 1 -,366

Sig. (2-tailed) ,008

N 52 52

VEGF marker Pearson Correlation -,366" 1
Sig. (2-tailed) ,008

N 52 64

**_Correlation is significant at the 0.01 level (2-tailed).

WBC: White Blood Cell

PDGF: Platelet-derived growth factor
FGF: Fibroblast growth factor

VEGF: Vascular endothelial growth factor
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Figure 1. PDGF contents according to the method of obtaining fibrin tissue
*p < 0.05 significantly higher than all other groups.

PDGF: The platelet-derived growth factor

PRF: Platelet rich fibrin

T-PRF: Titanium platelet-rich fibrin

CGF: Concentrated growth factors
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Figure 2. VEGF contents according to the method of obtaining fibrin tissue
*p < 0.05 significantly higher than all other groups.

VEGF: Vascular endothelial growth factor

PRF: Platelet rich fibrin

T-PRF: Titanium platelet-rich fibrin

CGF: Concentrated growth factors
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Figure3. FGF contents according to the method of obtaining fibrin tissue
*p < 0.05 significantly higher than all other groups.

FGF: Fibroblast growth factor

PRF: Platelet rich fibrin

T-PRF: Titanium platelet-rich fibrin

CGF: Concentrated growth factors

DISCUSSION

The tooth is a whole with the hard and soft tissues around it. Many
materials are used to protect the health of these tissues, to prevent
disease formation or to treat the existing disease. PRF, which is a
biomaterial, is frequently preferred for protective and regenerative
processes. Many studies on the PRF have been examined in the
literature, but no study has been found that examines the effects of
blood group on the PRF. This clinical research is a pilot study evaluating
the effect of blood groups on the content of the PRF.

PRF is a fibrin clot that can be used as a membrane that slowly
releases various growth factors and cytokines factor into its
environment during wound healing®20, It has been shown by several
independent studies that PRF contains PDGF, FGF and VEGF21-2 that are
effective on wound healing?>. PRF is also involved in bone regeneration
with osteonectin and osteocalcin in its content?6. For this reason, these
growth factors and mediators were included in our research.
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Gil'miiarova et al.?’ investigated the relationships between ABO blood
groups and humoral immune parameters. In individuals with chronic
generalized periodontitis, the highest Immunoglobulin A (IgA) (against
transglutaminase) content was found in patients with A blood group,
while the lowest content was found in AB blood group patients. In our
study, growth factors and cytokine contents of the PRF obtained from
individuals from different blood groups were examined, but no
statistically significant difference was found.

Arabaci and Albayrak?® evaluated the release of growth factor,
osteoprotegerin (OPG) and receptor activator nuclear kappa B (RANKL)
in gingival fluid and examined wound healing by applying T-PRF together
with flap surgery in patients with chronic periodontitis. In the T-PRF used
study group, the growth factor level was reported to be high until the
6th week after the surgical procedure, and the RANKL/OPG ratio was
reported to be low, and recovery was better. Similarly, in this study,
considering the fibrin diversity, it was determined that T-PRF is richer in
terms of growth factors.

In a study evaluating the effect of the number of cycles per minute
of the centrifuge device (rpm) on the growth factors in the PRF, three
protocols were determined by keeping the centrifuge time constant; I:
710 g; 2400 rpm; 8 minutes, Il: 177 g; 1200 rpm; 8 minutes lIll: 44 g; 600
rpm; 8 minutes. Blood samples were taken from six healthy volunteers
(3 males and 3 females) for each of these protocols evaluated. The first
protocol-I (710 g) centrifuged at the highest speed showed the lowest
leukocyte count among the three experimental protocols. The protocol-
Il (44 g) was found to be statistically significantly higher in leukocyte
count, the TGF-and VEGF concentration compared to protocol-I. As a
result of automatic cell counting, the total platelet count tended to
increase with the decrease in the number of cycles?. Similarly,
Choukroun et al.3% showed that it was possible to enrich the amount of
leukocytes, platelets and growth factors in the PRF matrix structure by
making a single change in the centrifugation settings within the clinical
routine. In our study, the growth factor content of T-PRF was found to
be more intense when PRF (2700 rpm/ 12 min.) and T-PRF (3000 rpm/10
min.) obtained in the same centrifuge device with different cycles and
time were compared.

Kim et al. evaluated the effect of platelet-rich plasma (PRP), platelet-
rich fibrin (PRF), and concentrated growth factor (CGF) on bone healing.
It was determined that fibrin samples had significant contributions in
wound healing, but this did not make a significant difference with the
control group?®. In another study in which the effect of T-PRF and PRF on
the healing of intrabony defects was evaluated with clinical parameters,
no significant difference was found between fibrin samples?’. In another
study in which concentrations of growth factors (TGF-B1, PDGF-BB,
VEGF) and pro-inflammatory cytokines (IL-1B, IL-6) were evaluated, the
order of growth factor levels (TGF-B1, PDGF-BB, VEGF) were advanced
PRF (A -PRF) = CGF> PRP (P<.05). IL-1B and IL-6 were determined at
similar levels (P>.05)2. In our study, T-PRF content was found higher
than PRF and CGF in terms of growth factors. There was no significant
difference in terms of other parameters.

Study Limitations

The study has a limited number of patients. Also, analyzing
additional growth hormones and cytokines could be useful in examining
the relationship between blood type and fibrin tissue.

CONCLUSION

In this pilot study on evaluating the effect of blood groups on growth
factors and cytokines in the PRF content, no significant differences in the
measured parameters between the blood group types were obtained
(p>0.05). It is suggested to use of T-PRF for periodontal regeneration for
getting more positive results since it contains more intense growth

factor as compared to the other fibrin samples. However, long-term
studies are needed to make a more comprehensive assessment of the
effects of ABO group on growth factors and cytokines in the PRF content.
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Radiopacity and Microleakage Evaluation
of Different Intermediate Materials

Farkli Kaide Materyallerinin Radyopasite ve Mikrosizintiya
Etkisinin Degerlendirilmesi

ABSTRACT

Objective: The aim of this study is to compare the radiopacities of different types of materials with
indications for application as a base under restorations and the microleakage of the final restorations with
these materials applied as bases.

Methods: Standart Class | cavities were prepared in 90 caries-free molar teeth. The cavities were randomly
divided into 9 groups according to the type of intermediate material to be applied (n=10): 1. High flowable
composite, 2. Low flowable composite, 3. Fiber reinforced composite, 4. Giomer, 5. Ormocer, 6. Alkasite,
7. Bioactive composite, 8. High viscosity glass ionomer, 9. Glass carbomer. The base materials in each group
were applied to the cavity floor and restoration was completed using a nanohybrid composite resin and an
universal adhesive system. To evaluate radiopacity, radiographic images were taken using direct digital
system and mean gray values were measured with ImageJ software. To analyse microleakage, specimens
were subjected to thermocycling, immersed in 2% methylene blue solution for 24 hours, sectioned
buccolingually and leakage values observed on the half-piece surfaces were examined under a
stereomicroscope and recorded. Data were analysed using One-way Analysis of Variance, Tukey HSD Test
and Pearson Chi-Square with Bonferroni-corrected Z Test (P<.05).

Results: In terms of radiopacity, while alkasite and low flowable composite showed the highest radiopacity,
glass carbomer gave the lowest (P<.001). In terms of microleakage, High flowable composite, low flowable
composite, ormocer, giomer and fiber reinforced composite showed similar (P<.001) and lowest
microleakage values, while glass carbomer exhibited the highest microleakage value (P<.001).
Conclusions: Within the results of the present study, high flowable composite, giomer, ormocer and fiber-
reinforced composite can be recommended to be applied under composite resins, since they give
successful results in terms of microleakage and present radiographically sufficient radiopacity.

Keywords: Microleakage, Radiopacity, Intermediate materials, Bases
0z

Amag: Bu ¢alismanin amaci, farkl tipteki materyallerin radyoopasitelerini, restorasyonlarin altina kaide
olarak uygulanma endikasyonlari olan bu materyallerin kaide olarak uygulandigi son restorasyonlarin
mikrosizintisini karsilastirmaktir.

Yontem: 90 adet ¢lrikstz azi disinde Standart Sinif | kaviteler hazirlandi. Kaviteler uygulanacak ara
malzeme cinsine gore rastgele 9 gruba ayrildi (n=10): 1. Yiiksek akici kompozit, 2. Dustik akict kompozit, 3.
Fiber takviyeli kompozit, 4. Giomer, 5. Ormocer, 6. Alkasit, 7. Biyoaktif kompozit, 8. Yiiksek viskoziteli cam
iyonomer, 9. Cam karbomer. Her gruptaki kaide malzemeleri kavite tabanina uygulandi ve nanohibrit
kompozit regine ve evrensel adeziv sistem kullanilarak restorasyon tamamlandi. Radyopasiteyi
degerlendirmek igin direkt dijital sistem kullanilarak radyografik gorintiler alindi ve Image) yazilimiyla
ortalama gri degerler 6lglldi. Mikrosizintiyr analiz etmek icin numuneler termosiklusa tabi tutuldu, 24 saat
boyunca %2 metilen mavisi ¢ozeltisine daldirildi, bukkolingual olarak kesitler alindi ve yarim parga
yuzeylerde gozlenen sizinti degerleri stereomikroskopta incelenerek kaydedildi. Veriler Tek Yonli Varyans
Analizi, Tukey HSD Testi ve Bonferroni diizeltmeli Z Testi ile Pearson Ki-Kare kullanilarak analiz edildi
(P<.05).
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onerilebilir.

Bulgular: Radyopasite agisindan alkasit ve dusiik akiskanhga sahip kompozitler en yiksek radyopasiteyi gosterirken, cam karbomer en dusuk
radyopasiteyi gosterdi (P<.001). Mikrosizinti agisindan Yiksek akici kompozit, distk akici kompozit, ormoser, giomer ve fiber takviyeli kompozit
benzer (P<.001) ve en disik mikrosizinti degerlerini gosterirken, en yiiksek mikrosizinti degerini cam karbomer sergiledi (P<.001).

Sonug: Bu galismanin sonuglari kapsaminda, mikrosizinti agisindan basarili sonuglar vermesi ve radyografik olarak yeterli radyopasite sunmasi
nedeniyle yiksek akiskanhga sahip kompozit, giomer, ormoser ve fiberle glglendirilmis kompozitlerin kompozit rezinlerin altina uygulanmasi

Anahtar Kelimeler: Mikrosizinti, Radyoopasite, Ara materyaller, Kaideler

INTRODUCTION

In restorative dentistry, there are various types of materials, named
intermediate restoratives, which are applied up to the dentin surface
before the final restorative material is placed in wide and deep restora-
tions in order to protect the pulp-dentin complex, remaining healthy
tooth tissues and to increase the survival rate of the restoration by
reducing the polymerization shrinkage stresses of composite resins.3 It
has been reported that less microleakage can be promoted and superior
physical and mechanical properties can be obtained with this two-layer
placement technique, where enamel and dentin are more appropriately
imitated.*>

Adequate radiopacity of intermediate restorative materials enables
clinicians to evaluate restoration integrity in detail. Additionally, it is
necessary to determine the restoration margins correctly in the
diagnosis of secondary caries.® For sufficient opacity it has been reported
that material with a radiopacity slightly higher than or equal to enamel
is ideal.”

Some materials which are declared to be applicable as intermediate
restoratives in the manufacturer's instructions are high and low viscosity
flowable composite resins, fiber reinforced composite resin, giomer,
ormocer, alkasite, bioactive composite, glass ionomers, glass carbomer.
When the studies evaluating the radiopacity of these intermediate
materials were examined, no study was found in which most of them
were evaluated together. Only a few studies have compared the
radiopacity of some of these materials.811

Similarly, when the studies examining the effect of intermediatives
on the microleakage of the final restoration were evaluated, very few
studies were found. In one of these studies, microleakage of two
different glass ionomers was compared with MTA, Biodentin and
ProRoot.* In another study, microleakage of different bulk-fill compo-
sites were compared with that of flowable composite and resin modified
glass ionomer?? In a different study; microleakage of a low-viscosity
composite resin and a resin-modified glass ionomer was compared.3

Therefore, the aim of the study was to compare the radiopacities of
different types of materials with indications for application as a base
under restorations and the microleakage of the final restorations with
these materials applied as bases. The null hypotheses were 1) there is
no difference between radiopacity of different intermediary bases; and
2) there is no difference between microleakage of restorations that have
been applied different intermediatives as base.

METHODS

Ethical aspects

This in vitro study was approved by the Pamukkale University Faculty
of Medicine Human Ethics Committee (Denizli, Turkey) with reference
number E-60116787-020-119901.

Specimen Preparation

Before starting the study, ninety human molar teeth extracted for
periodontal or surgical reasons were collected. The teeth were

examined and evaluated for any caries, fractures, cracks or previous
restorations on the crown parts, and the problematic teeth were not
included in the study. Then, the soft attachments on the teeth were
removed with the help of a scaler and all surfaces were cleaned with
pumice and polishing rubber. Until the study was performed, the teeth
were kept in distilled water at room temperature for a period not
exceeding 30 days.

Roots of selected teeth were embedded in epoxy resin and Black |
cavities were prepared on the occlusal surfaces of the teeth. Cavity
preparation was done using the diamond fissure bur 836 under water
cooling with an aerator. The bur was changed after every 5 preparations.
The dimensions of the cavity were 3 mm in the bucco-lingual direction
and 5 mm in the mesio-distal direction, and the depth of the cavity was
prepared as 4 mm. The dimensions of the preparations were checked
with a periodontal probe (Michigan-O probe, Nordent, IL, USA).

The cavities were randomly divided into 9 groups according to the
type of intermediate restorative material to be applied (n=10). The
manufacturer, lot and chemical content information regarding these
nine different bases are given in Table 1.

Table 1. The manufacturer, lot and chemical content information regarding nine
different intermediatives.

Applied Material
intermediate Name/Manufacturer
material type (Lot number)

Ingredients

High viscosity Gaenial Universal Dimethacrylate monomers, Barium glass,
composite Injectable/GC silica 69% by weight
(1909208)

Low viscosity Clearfil Majesty Silanated barium glass fillers, silanated

composite Flow/Kuraray colloidal silica 62% by vol, triethylene
(210025) glycoldimethacrylate (TEGDMA),
hydrophobic aromatic dimethacrylate
Fiber Ever X Flow/GC Bisphenol A ethoxylate dimethacrylate
reinforced (1911011) (Bis-MEPP,) TEGDMA and Urethane
composite dimethacrylate monomers (UDMA) short
E-glass fibrils, barium glass fillers 70% by
weight
Giomer Beautiful Flow Plus- Bis-GMA, TEGDMA, Fluoro-boro silicate
F03/Shofu (121786) glass 67.3% by weight, 47% by volume
Ormocer Admira Fusion Ormoser resin, 84% silicon dioxide filler
Xtra/Voco (121786)
Alkasite Cention N/lvoclar Barium aluminum silicate glass, ytterbium
Vivadent (W96066) trifluoride, isophiles, Calcium barium
aluminum fluorosilicate glass, UDMA,
Tricyclodecane-dimethanol dimethacrylate,
Tetramethyl-xyylene-diurethane
dimethacrylate, Polyethylene glycol 400
dimethacrylate
Bioactive Activa Bioactive Silanated bioactive glass and diurethane
Composite Restorative/ modified by adding calcium, silanated silica
Pulpdent (190617) and sodium fluoride, hydrogenated
polybutadiene and other methacrylate
monomers, modified polyacrylic acid and
water
High viscosity lonostar Plus/Voco Fluoro-alumino-silicate glass, polyacrylic
glass ionomer (1607068) acid, tartaric acid
Glass GCP Fill/GCP Dental Fluoro-aluminosilicate glass, apatite,
carbomer (71712907) polyacidsgloss: modified polysiloxanes
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The intermediate materials were placed the cavity floor with 2 mm
height in accordance with the manufacturer's application recommen-
dations. Except for the high viscosity glass ionomer and the glass
carbomer groups, the adhesive application was performed before the
base application. The universal adhesive (Clearfil S3 Bond Universal,
Kuraray, Japan) was applied in selective etching mode. After the
adhesive and base application, the restoration of the teeth was
completed with a nanohybrid posterior composite resin (Clearfil Majesty
Posterior, Kuraray, Japan) using the oblique layering technique.

The posterior composite resin was polimerized with a LED lamp at a
distance of 1 mm (1000 mW/cm2, using standart power curing mode of
VALO Cordless, Ultradent, South Jordan, Utah) for 20 seconds.

Radiopacity Evaluation

To assess radiopacity, samples were placed and fixed on number 2
phosphor plates (PSPIX® Imaging Plates, Sopro, France). Radiographs
were obtained using a dental intraoral x-ray device (Gendex Expert DC,
Hatfield, PA, USA) at 65 kV, 7 mA, 0.24 s duration, 30 cm focal-
phosphorus plate distance. The central X-ray was directed perpendicular
to the phosphor plate surface and the head of the X-ray device was kept
in the same position throughout the study to ensure standardization.
The phosphor plate was then scanned with a digital imaging system
(ExpressTM; Instrumentarium Dental, Tuusula, Finland). The resulting
radiographic images were saved in tagged image file format (TIFF)
(Figure 1). These images were evaluated by a dentomaxillofacial
radiologist (GA) with 5 years of clinical experience on a medical
computer (Barco Medical, Kortrijk, Belgium).

For each sample; The mean gray values (MGVs) of enamel, dentin,
intermediate material, and overlying composite resin were measured
using Imagel software (National Institutes of Health, Bethesda, MD,
USA). Measurements were repeated from 10 different points and
averaged. Gray values were determined for each point using the
“Analyze/Measure” tool and calculated automatically by Imagel
software. The gray value of each pixel was displayed on a scale ranging
from O (black) to 255 (white) (Figure 2).

Microleakage Evaluation

To determine the microleakage, the samples were
thermocycledusing a thermal cycler device (10000 times, 5-55 °C, 30
seconds) (ModDental, Esetron Smart Robot Technologies, Ankara,
Turkey). Afterwards, the samples were kept in 2% methylene blue
solution for 24 hours, buccolingually divided into two equal parts, and
the dye leakage formed on the restoration edges in each piece was
examined by the other investigator who did not operate the restorations
(GA) with a stereomicroscope (Olympus SZ60, Tokyo, Japan) at x40
magnification and leakage on the cavity walls at the tooth-restoration
interface was scored as follows:13

0: No leakage

1: Leakage not exceeding half of the cavity wall

2: there is leakage at the entire cavity wall

3: there is leakage at the cavity floor (Figure 3).
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Figure 1.The radiographic images saved in tagged image file format (TIFF)
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Figure 2. The gray value of each pixel displayed on a scale ranging from 0 (black)
to 255 (white)
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Figure 3. Leakage on the cavity walls at the tooth-restoration interface

Statistical Evaluation

The data were analyzed statistically with SPSS version 26.0 (IBM,
SPSS, Statistics, Armonk, NY, USA). A statistical power analysis (G Power
calculator) was used to determine the number of samples to be taken
per group. Considering that the effect size that could be obtained in the
study would be strong hypothetically (f=0.4), it was calculated that 80%
power could be reached with 95% confidence when at least 90 teeth (at
least 10 teeth for each group) were included in the study.

Conformity to normal distribution was evaluated with the Shapiro
Wilk Test. One-way Analysis of Variance was used when comparing
normally distributed data between groups, and multiple comparisons
were made with the Tukey HSD Test. Pearson Chi-Square Test was used
to compare categorical data, and multiple comparisons were made with
Bonferroni-corrected Z Test. Results were presented as frequency
(percentage) for categorical variables and as mean * standard deviation
and median (minimum-maximum) for quantitative variables.
Significance level was taken as p<0.050.

RESULTS

Radiopacity results

Distribution of MGVs obtained from different intermediate
materials, upper resin composite, dentin and enamel are presented in
Table 2. A statistically significant difference was found between the MGV
of intermediatives according to the groups (One Way Analysis of
Variance, post hoc Tukey HSD Test, p<0.001, Table 2).

Alkasite and low-viscosity composite were similar to each other and
presented the highest radiopacity values (One Way Analysis of Variance,
post hoc Tukey HSD Test, p<0.001, Table 2). These groups were followed
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by high viscosity glass ionomer, ormocer, fiber reinforced composite,
giomer, high viscosity composite, bioactive composite and glass
carbomer groups, respectively (One Way Analysis of Variance, post hoc
Tukey HSD Test, p<0.001, Table 2).

All intermediate materials showed higher radiopacity than the
radiopacity of enamel (One Way Analysis of Variance, p<0.001, post hoc
Tukey HSD Test, Table 2). Additionally, in the high flowable composite,
giomer, fiber reinforced composite, ormocer, bioactive composite, glass
carbomer and high viscosity glass ionomer groups, the radiopacity of the
material was higher than the radiopacity of the enamel and dentine and
was lower than the radiopacity of the upper composite resin (One Way
Analysis of Variance, post hoc Tukey HSD Test, p<0.001, Table 2). On the
other hand, in the alkasite and the low flowable composite, the radio-
pacity of the material was statistically similar to the radiopacity of the
upper composite resin (One Way Analysis of Variance, p>0.05, Table 2).

Table 2. Comparison of Mean Gray Values (MGVs) by groups.

And also, no leakage was detected between the intermediate
materials and the overlying composite resin in all groups.

All specimens showed no leakage in the high flowable composite,
low flowable composite, and ormocer group. In the giomer and fiber
reinforced composite groups, which did not show a statistically
significant difference with these groups, leakage was found up to half of
the wall in one and two samples, respectively (P>.05, Table 3). The five
groups showing the lowest microleakage values were followed by the
others as follows: Alkasite = High viscosity glass ionomer > Activa
bioactive restorative > Glass carbomer groups (Pearson Chi-Square Test,
P<.001, Table 3). Leakage extending to the cavity floor was detected only
in the glass carbomer (Table 3).

High flowable Fiber reinforced Bioactive High viscosity glass  Low flowable
composite Giomer resin composite Ormocer Compaosite Alkasite Glass Carbomer  ionomer compaosite p
MGV of material 2454 .tl,'.l'B-‘ 24?,_3 £ 106 2485 .11,96"" 249,!? + ), Bc 241,|.5 £3 tuc 255 .t[ll‘ 24D,f4 + 263" 251,_5 143~ 255 .iD‘ 0,001
2455 (242-248) 248 (245-248) 248,5(246-252) 250 (248 - 251) 242 (238 - 245) 255 (255 - 255) 241(235-244) 252 (249 - 254) 255 (255- 255)
MGV of Resin 255 @ 255200 2550 255 200 25500 255 0@ 255+ 0F 2552 0= 255 £ 0@
Composite 55 (255-255) 255 (255-255) 255 (255 - 255) 255 (255-255)  255(255-255) 255 (255-255) 255(255-255) 255(255-255) 255 (255- 355)
MGV of Dentin 156 £1.9% 205,7% 183+  199,3%2 16 199,09+ 2815~ 1973 21,384~ 1975+ 151« 200+ 1,83~ 2104+ 2174 210,5 +2,77 ©.001
195 (195 - 199) 205,5(205-208) 199(19 -202) 199,5(196-204) 1975(195-199) 197,5(196-200) 209(206-212) 210 (208 - 215) 210,5 (207 - 214) ’
MGV of Enamel 2144 £1 58 226,52 251+ 214421 26° 219,5+ 165bB 214421 43+ 2143x 142+ 226,2+ 22+ 219,5+0,85% 2196 +1,17% 0,001
214 (212 -217) 226,5(222-230) 2145({212-216) 219 (217 -223) 2145 (212-216) 214 {213-217) 226,5(222-228) 2195(218-221) 220(217-221) i
p <0,001 <0,001 <0,001 «<0,001 <0,001 <0,001 <0001 <0,001 <0,001
One Way Analysis of Variance, post hoc Tukey HSD Test; a-f: There is no difference between groups with the same letter; A-D: There is no difference between GV values with the same letter in
each group.
DISCUSSION
Microleakage Radiopacity

Distribution of microleakage scores obtained from different
materials are presented in Table 3. A statistically significant difference
was found between the distribution of the microleakage of the materials
according to the groups (Pearson Chi-Square Test, post hoc Bonferroni-
corrected Z Test, p<0.001, Table 3).

All specimens showed no leakage in the high flowable composite,
low flowable composite, and ormocer group. In the giomer and fiber
reinforced composite groups, which did not show a statistically
significant difference with these groups, leakage was found up to half of
the wall in one and two samples, respectively (P>.05, Table 3). The five
groups showing the lowest microleakage values were followed by the
others as follows: Alkasite = High viscosity glass ionomer > Bioactive
composite > Glass carbomer groups (Pearson Chi-Square Test, post hoc
Bonferroni-corrected Z Test, p<.001, Table 3). Leakage extending to the
cavity floor was detected only in the glass carbomer (Table 3).

Table 3. Distribution of microleakage scores obtained from different materials.

1/2 >1/2 LEAKAGE

NO LEAKAGE LEAKAGE LEAKAGE IN FLOOR
MATERIAL 0 1 2 3 p
High flowable composite 10 (17,2)° 0(0)? 0(0)? 0(0)
Low flowable composite 10 (17,2)° 0(0)* 0 (o) 0 (o)
Ormocer 10 (17,2)° 0(0)* 0 (o)’ 0 (o)
Giomer 9(15,5)° 1(8,3) o(oy o(oy
Fiber reinforced composite 8(13,8)° 2(16,7)° 0 (o)’ 0 (o) <0,001
Alkasite 6(10,3)* 4(33,3)° 0(0)® 0(0)?
High viscosity glass ionomer 5 (8,6)* 5(41,7) 0(0)* 0(0)*
Bioactive Composite 0(0)° 0(0) 10 (62,5)° 0(0)
Glass Carbomer 0(0)° 0 (oy 6(37,5)* 4 (100)°

Pearson Chi-Square Test, post hoc Bonferroni-corrected Z Test; a-b: There is no
difference between groups with the same letter.

A material with sufficient radiopacity allows easy diagnosis of
secondary caries under restorations, inadequate marginal adaptation,
inappropriate proximal contours, and interface gaps.* In the present
study, significant differences were found between the radiopacities of
different types of base materials. Therefore, the first null hypothesis of
the study was rejected.

The radiopacity of resin-based restorative materials most
fundamentally depends on the weight and type of fillers. Alkasite and
low flowable composite presented significantly higher radiopacity than
other intermediates. This can be explained by especially ytterbium
trifluoride and higher barium aluminum silicate glass, isophiles, calcium
barium aluminum fluorosilicate glass fillers of alkasite and highly
silanated barium glass fillers, silanated colloidal silica fillers of low
flowable composite. It is reported in the previous studies that the high
concentration of high atomic number elements such as ytterbium
trifluoride and barium result in more radiopacity in images.>!> These
groups were followed by high viscosity glass ionomer. The higher
radiopacity of glass ionomer than other intermediate resin based
materials is based on the 230% radiopacity of lonostar Plus with its
fluoro-alumino-silicate glass structure.

These groups were followed by ormocer (84% silicon dioxide filler),
fiber reinforced composite (barium glass fillers 70% by weight, short E-
glass fibrils), giomer (Fluoro-boro silicate glass 67.3% by weight), high
flowable composite (Barium glass, silica 69% by weight), respectively.
Bioactive composite and glass carbomer gave the lowest radioopacity.
When previous studies were examined, no study was found that
compared the radiopacity of these so many different types of materials.
However, very few studies have been found comparing the radiopacity
of some of these materials with each other. In one of these studies,
ormocer was determined to be more radiopaque than giomer, similar to
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the findings of the present study.!0 This result was associated with the
higher filler percentage of the ormocer. In the study of Yaylaci et al.®
similar to our study results, the radiopacity of the giomer was found to
be higher than that of high flowable composite. This is thought to be due
to the difference in the inorganic components of the giomer and the
flowable composite. In different studies, glass carbomer was found to be
the material with the lowest radiopacity, similar to the present study.810
Although glass carbomer has similar radiopaque filler content as high
viscosity glass ionomer, its low opacity may have been observed due to
differences in filler volume and/or size of the materials which does not
expressly specified by the manufacturers. Also, the lowest radiopacity
value of bioactive composite can be attributed to the its low filler density
(56%). And, the fact that the fiber reinforced composite is more
radiopaque than giomer and high flowable composite can be explained
by the presence of short E-glass fibrils. E-glass short fiber is commonly
added reinforced composites. It is a mixture of glass and amorphous
phase SiO,, B,03, Al,O3 and other alkali metal oxides.

Studies have shown that the radiopacity of materials equal to or
slightly higher than enamel is most appropriate for the diagnosis of
secondary caries and accurate evaluation.196 |deally, radiopacity values
should be approximately 200—250%. All the base materials in the present
study were within these limits and exhibited higher radiopacity than
enamel. Therefore, it can be said that all materials selected as
intermediate materials in this study are sufficient in terms of
radiopacity.l” However, excessive radiopacity of the material is also
undesirable. This becomes more important in deep restorations as the
radiopacity of intermediate materials may tend to accumulate at deeper
cavity angles and may lead to radiographic misdiagnosis.'® The alkasite
and low-flowable composite gave similar radiopacity to the overlying
composite in this study and these bases did not allow radiographic
separation with the overlying nanohybrid posterior resin composite
material. When choosing an intermediate material, in terms of
radiopacity, it can be said that the material have to be distinguished from
the upper material, additionally, have to be similar to enamel or slightly
higher may be more suitable.

Other factors that may affect the radioopacity of resin-based
materials are the monomer chemistry,” thickness!8 and shade?® of the
material, exposure parameters of X-ray radiation??, the distance of the
composite material from the head of the X-ray machine? In this study,
thickness, shade, distance and exposure parameters were standardized.

One of the limitations of this study was that it is an in vitro study.
Therefore, the oral environment was not simulated. Radiopacity of
materials due to the presence of oral fluids can be changed by factors
such as the leakage of fillers such as silicon, barium and strontium into
the oral environment. Such studies need to be planned as clinical trials.

Microleakage

Microleakage is the leakage of bacteria, liquid and/or molecules into
the inner parts of the tooth through the micro gap formed between the
cavity wall and the restorative material. This causes undesirable
problems such as secondary caries, post-operative sensitivity, pulpal
damage.2! Polymerization shrinkage in composite resins is one of the
main reasons of microleakage. In order to reduce the side effects caused
by polymerization shrinkage stress, an intermediate layer between
composite resin and dentin has been proposed addition to creating a
tooth-restoration interface without gap.2?

In this study, a Class | cavity preparation was used to assess
microleakage due to its high C-factor.2> And cavity standardization was
carried out by a single researcher (BY). In the oral environment,
restorations are constantly exposed to thermal and mechanical stresses.
These stresses may cause deterioration of the marginal adaptation
between tooth and restoration. Therefore, in this study, 10000 thermal
cycles, which is corresponding to 1 year of clinical use, were applied to

simulate oral conditions.2* Also, dye penetration is still the most popular
technique, although many methods such as radioactive isotopes,
scanning electron microscopy, neutron activation analysis, and confocal
laser scanning microscopy can be used as test methods to evaluate
microleakage.?

In the present study, the effect of different types of intermediate
materials on microleakage was evaluated. The second null hypothesis of
the study was rejected as there was a significant difference between the
leakage values obtained from the materials. High flowable composite,
low flowable composite, ormocer, giomer and fiber reinforced
composite were the most successful groups in terms of microleakage.
Among these materials that give the least leakage results, ormocer and
fiber reinforced composite are bulkfill materials. The lower microleakage
results observed in these bulk replacement materials can be attributed
to their lower polymerization shrinkage values. These materials are
characterized by their higher inorganic filler content compared to
traditional composites. Also, the size and distribution of fillers in bulk
replacement materials are optimized to minimize the gaps between
particles. This dense packing of fillers reduces the volume available for
resin matrix contraction, thus reducing shrinkage. In addition, bulk
replacement materials often contain modified resin matrices that have
lower viscosity, allowing for better flow and adaptation to cavity walls.
Lower viscosity resin matrices can undergo better stress dissipation
during polymerization, resulting in reduced shrinkage stress and lower
overall shrinkage.?6-28

Similar to this study, Belli et al. were reported that there was no
significant difference in occlusal leakage among the groups when the
cavities were lined with a low flowable resin composite or a glass fiber-
reinforced composite.26 In another study, as in the results of this study,
ormocer was found to be successful like other flowable composites.?” On
the other hand, unlike the results of this study, in a different study,
giomer was found to be unsuccessful when compared with ormocer in
terms of microleakage.?® This result was associated with the chemical
structure of ormocer, which allows for lower polymerization shrinkage.

In another study, different from the present study results,
microleakage of short fiber reinforced composite base was compared
with different flowable composite resins and smart dentin replacement
(SDR) material and it was found that it showed the lowest leakage.?® In
our study, fiber reinforced composite resin was not superior to other
flowable composites, however, it exhibited the most successful leakage
values. This result can be interpreted as short fibers may absorb
polymerization shrinkage to some extent and reduce stresses. In this
study, it is thought that it is noteworthy that no leakage was found in
low-viscosity resin composite, high-viscosity resin composite and
ormocer specimens.

In the present study, alkasite and high-viscosity glass ionomer were
similar with each other and showed more microleakage than other resin
based intermediates, except for the bioactive composite. In the
literature, no study was found in which the microleakage of the final
restoration was evaluated by applying alkasite, bioactive composite and
hybrid glass ionomer as intermediate material. However, in a few
studies, cavities were completely restored with one or more of these
materials and their microleakage was evaluated. In one of these studies,
it was reported that the alkasite showed less leakage than the hybrid
glass ionomer, contrary to the current study results.3° Again in another
study, alkasite showed lower leakage than hybrid ionomer.2! This result
was associated with the fact that alkasite may have exhibited low
volumetric shrinkage due to the presence of cross-linking methacrylate
monomers. It has also been stated that isofillers of the material can act
as stress relievers. The different result obtained from our study may be
due to the fact that the materials were applied only as intermediate
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material and the restoration was completed with a nanohybrid
composite resin.

And, in the present study, the most microleakage was found in the
glass carbomer. Similar to the results of this study, different researchers
who compared the microleakage of resin modified glass ionomer, hybrid
ionomer, conventional glass ionomer with glass carbomer were stated
that they observed the highest leakage in glass carbomer.223132 The
reason for the highest microleakage of glass carbomer may be due to
high intensity light curing that may resulted in water evaporation. In
addition, the high microleakage of glass carbomer may be interpreted
that the glass carbomer may be weaker bonded to dental tissues than
other glass ionomer-based materials.

In the present study, no dye leakage was observed between the
different base materials and the overlying composite resin. When the
studies that have been done are examined, there are some studies
evaluating the effect of different bases on the leakage in the enamel and
dentin walls of composite resin restorations, while no study investigating
the cement and resin composite interface was found. Therefore, this
study may be the first conclusion that the leakage proceeds mostly from
the enamel and dentin interface.

In this study, adhesive application was performed before the base
material placement in all groups with the least microleakage. This may
be positively affected the leakage results. In addition, in line with the
manufacturer’s recommendations, in this present study, pre-placement
adhesive system was applied to the alkasite material. This may also be
related to the fact that this material presented similar results with the
chemically bonded high-viscosity glass ionomer. Studies have shown
that the application of alkasite material with adhesive resin reduces
microleakage.?* 33

There are some limitations in the present study. The first is that this
study was not a clinical study and restorations were not performed in
the oral environment. In addition, the adhesive and restorative material
applied for the final restoration may have an effect on the microleakage
values. And, one of the biggest limitations in this study was not adding a
group that was finished with the material applied for the final restora-
tion alone without the use of base. However, many factors such as
biocompatibility, water solubility, impermeability, ability to bond with
the underlying tissue and the upper material are also important in the
selection of the appropriate intermediate restorative material. There is
a need for more comprehensive studies to include these factors in this
regard.

CONCLUSION

Within the results of the present study, a high-viscosity composite,
giomer, ormocer and a fiber-reinforced composite can be recommended
to be applied under composite resins, since they give successful results
in terms of microleakage and present radiographically sufficient
radiopacity.
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Dis Hekimligi Son Sinif Ogrencilerinin
Glincel Temel Yasam Destegi Bilgi
Diizeylerinin Degerlendirilmesi

Current Basic Life Support for Senior Dentistry Students
Evaluation of Knowledge Levels

(074

Amag: Bu calismanin amaci, dis hekimligi son sinif 6grencilerinin temel yasam destegi bilgisini, temel yasam
destegi uygulayabilme 6z glivenini, egitim dncesi ve sonrasi olarak degerlendirmektir.

Yontemler: Calismaya dis hekimligi son sinif 6grencisi olan 96 kisi katildi. Temel yasam destegi bilgi dizeyi,
egitim oncesi ve sonrasi, teorik ve maket ile uygulamali olarak, 2 asamada degerlendirilmistir. Anket ve
uygulama 10 puan uzerinden degerlendirilmis olup, alinan puanlar kotd, orta ve iyi olarak, li¢ kategoriye
ayrilarak (kotii<3, 4<orta<7, 8<iyi) 6grencilerin seviye belirlemesi yapiimistir.

Bulgular: Anketteki tiim sorulara dogru cevap verme oranlari ve maket tizerindeki tim temel yagam destegi
uygulamalari, egitim sonrasinda énemli oranda artig gostermistir. Egitim oncesinde teorik bilgi (anket)
puanlari 1.9+1.01’den egitim sonrasinda 9.1+0.75 puana, uygulama bilgi diizeyleri ise; 0.9+1.27’den
8.9+0.97 puana yiikseldi ve bu puan artislari istatistiksel olarak anlamli bulunmustur (P<.001). Ogrencilerin
temel yasam destegi hakkinda kendilerine vermis olduklari 6zgliven puanlarn egitim 6ncesinde
2.5+0.85’den egitim sonrasinda 7.0+0.96 puana ylikseldi ve istatistiksel olarak anlamli bulundu (P<.001).
Sonug: Dis hekimligi 6grencileri, dis hekimligi kariyerleri boyunca herhangi bir zamanda ortaya ¢ikabilecek
o6nemli bir tibbi acil durum olan, kardiyak arrest yonetimine yonelik bilgi ve becerilerini gelistirecek olan
dizenli temel yasam destegi egitimi almalari cok 6nemlidir.

Anahtar Kelimeler: Bilgi, dis hekimligi 6grencileri, egitim, 6z gliven, temel yasam destegi

ABSTRACT

Objective: The aim of this study is to evaluate the basic life support knowledge, the self-confidence of
applying basic life support, before and after the education of senior dentistry students.

Methods: 96 senior dentistry students participated in this study. The basic life support knowledge level
assessment was carried out in 2 stages, before and after the training, theoretically and practically with a
model. The questionnaire and the application were evaluated over 10 points, and the students' level was
determined by dividing the scores into three categories as bad, moderate and good (bad<3, 4<mediums<7,
8<good).

Results: The rates of correct answers to all questions in the questionnaire and all basic life support
applications on the model increased significantly after the training. Theoretical knowledge (questionnaire)
scores before the training went from 1.9+1.01 to 9.1+0.75 points after the training. It increased from
0.9+1.27 to 8.9+0.97 points, and these score increases were statistically significant (P<.001). The self-
confidence scores of the students about basic life support increased from 2.5+0.85 before the education
to 7.0+0.96 points after the education and were found to be statistically significant (P<.001).

Conclusion: It is essential that dental students receive regular basic life support training that will develop
their knowledge and skills in managing cardiac arrest, an important medical emergency that can occur at
any time during their dental career.

Keywords: Knowledge, dental students, education, self-confidence, basic life support
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GIRIS

Resusitasyon ve kardiyopulmoner resusitasyon (KPR), tip tarihi kadar
eskiye dayanmakta olup, yaklasik 600 yildir bilinmektedir. Temel yasam
destegi (TYD) vylzyllar boyunca geliserek bugin bilinen c¢esitli
bilesenlerini icermektedir.! Ani kardiyak arrestin taninmasi, ardindan acil
midahale sisteminin aktivasyonu, erken KPR ve otomatik eksternal
defibrilator (OED) ile hizh defibrilasyon temel yasam desteginin
bilesenlerini olusturmaktadir.?

Amerika Birlesik Devletleri'nde ve ingiltere'de bir yilda hastane
disinda gorilen kardiyak arrest vaka sayisi 155.000 ve 28.729 kisi olarak
bildirilmistir. Bu llkelerde hastane disi kardiyak arrest sonrasi taburcu
olana kadar sag kalim oranlar ise %8 ve %7,9 idi.>* Dinya g¢apinda
yapilan arastirmalarda, hastane disi kardiyak arrest gelistikten sonra
benzer sagkalim oranlari bulunmustur. Kardiyak arrest, diinya ¢apinda
6luim ve sakatligin en 6nemli nedenlerindendir ve bu durum gelismekte
olan llkelerde toplam 6liimlerin %10'unu olusturmaktadir.> Hastane digi
kardiyak arrest diinya ¢apinda 6nde gelen mortalite nedenlerinden
biridir.# Kardiyak arrestte dogru TYD uygulanmasi, profesyonel yardim
gelene kadar hasta/yaralinin hayatta kalabilmesi i¢in cok 6nemlidir.6

Tum saglik ¢alisanlarinin, TYD’yi bilinmesi ve uygulamasi temel bir
yeterlilik olarak kabul edilmektedir.” Olim oranini azaltmak igin, saglk
sektoriinde galisan kisiler temel kardiyak yasam destegi bilgi ve
uygulamalarini ¢ok iyi bilmelidir.8 Hayati tehdit eden acil durumlar her
an, her yerde ve herkeste meydana gelebilir. Bu tiir acil durumlarin,
genellikle artan stres diizeyi nedeniyle dis hekimligi muayenehanesi
sinirlari iginde meydana gelme olasiligi biraz daha yiksektir. Dis
kliniklerinde tibbi acil durumlarin nedenleri, hastalarin psikolojik stresi
gibi subjektif faktorler veya bazi invaziv veya agriya neden olan islemler
(dis ¢ekimi, kanal tedavisi) gibi objektif faktorler olabilmektedir® Dig
hekimligi muayenehanesinde acil bir durumun etkin yonetimi, sonug
olarak dis hekiminin sorumlulugundadir. Egitim eksikligi ve tibbi acil
durumlarla basa c¢ikamama, trajik sonuglara ve bazen de vyasal
komplikasyonlara yol agabilmektedir. Bu nedenle, dis hekimleri de dahil
olmak Uzere saglik profesyonelleri, tibbi acil durumlari yonetmek igin
hazirlikli olmalidir. Bu nedenle; TYD, acil bir tibbi durum, tedavi edilene
kadar 6nemli bir aragtir.10

Dis hekimligi uygulamalarinda ani kardiyak arrest olasiligi diisiik olsa
da TYD konusunda yetkin olmak tim saglik profesyonellerinin gorevidir.”
Doktorlar ve hemsirelerin yani sira saghk profesyonellerinin bir pargasi
olarak dis hekimleri de hayati tehlike arz eden tibbi acil durumlarla
karsilagmaktadir. Bir arastirma, 12 aylik galisma siresi boyunca dis
hekimlerinin yaklasik Ugte ikisinin en az bir acil durumla karsi karsiya
oldugunu bildirmistir.11 Ayrica, dis tedavisi sirasinda hastalarin kardiyo-
pulmoner arrest nedeniyle 6ldUglini gosteren bazi raporlar bulunmak-
tadir.22Ancak yapilan gozlem ve calismalarda, saglk galisanlar dahil
olmak Uzere uygulayicilarin ¢gogu zaman dogru ve etkin temel yasam
destegi ve kardiyopulmoner resiistasyonu yapamadigl ortaya konul-
mustur.13-14 Hindistan'da yapilan bir arastirma, tip, dis hekimligi ve hem-
sirelik fakiltesi 6grencileri, doktorlar ve hemsireler lizerinde yaptiklari
calismada TYD bilgisinin son derece zayif oldugunu bulmustur.> Glney
Afrika'da vyapilan bir baska c¢alismada, pratisyen hekimlerin TYD
konusunda bilgi ve becerilerinin yetersiz oldugu bildirilmistir.16 2009
yilinda Pakistan, Karagi'deki tip 6grencileri degerlendirildi ve bunlarin
yarisindan fazlasinin TYD hakkinda higbir bilgisinin olmadigi tespit
edildi.’2 Ayrica, Ingiltere'de gen¢ doktorlar (izerinde yapilan bir
arastirmada, TYD egitimi verilirken bile etkili resiisitasyon yapma
konusunda yetersiz olduklari tespit edilmistir.1® Literatlir sonuglarina
gore, saglik profesyonellerinin bile TYD konusunda yeterince bilgiye
sahip olmadiklari gérilmektedir.

Bildigimiz kadariyla Turkiye’de dis hekimligi 6grencilerinin TYD bilgi
diizeylerini degerlendirmek igin herhangi bir ¢alisma yapilmamistir. Bu
nedenle galismanin amaci, dis hekimligi son sinif 6grencilerinin TYD

bilgisini, TYD uygulayabilme 6z glivenini egitim 6ncesi ve sonrasi olarak
degerlendirmektir. Bu ¢alisma, saglik profesyonellerinin énemli bir
pargasi olan dis hekimligi adayi son sinif 6grencilerin mevcut mufre-
dattaki eksikliklerini vurgulayacak ve Tirkiye’deki TYD programlarinin
gelecekteki planlamasina rehberlik etmeye yardimci olacaktir.

GEREC VE YONTEM

Arastirmanin Kapsami: Bir Universitedeki dis hekimligi fakiltesi son
sinif 6grencilerinin, TYD hakkindaki bilgi dizeylerinin degerlendirilmesi
hedeflenmistir. Ortaya ¢ikan bulgulara gore, dis hekimligi 6grencilerine
TYD egitimleri fakiltenin ilk yillarinda ve maketler ile pratik agirlikh
olarak planlanmalidir.

Arastirmanin Tipi: Calismamiz tanimlayici kesitsel bir ¢alismadir.

Calisma Dizayni ve Orneklemin Olusturulmasi: 2022-2023 egitim
Ogretim yilinda, bir Universitedeki dis hekimligi fakiltesi son sinif
ogrencisi olan 105 kisi calismamizin evrenini olusturmaktadir. Calismaya
katilmak istemeyen 5 kisi ve anket formlarini eksik dolduran 4 kisi ¢alis-
ma digi birakilmig ve 96 6grenci ¢alismanin érneklemini olusturmustur.
Calisma egitim Oncesi ve egitim sonrasi degerlendirilmis olup, egitim
teorik ve maket lizerinde birebir uygulamali olarak yapilmistir. Calisma 2
bolimden olusmustur.

Birinci bolimde 6grencilerin demografik verileri, TYD farkindaliklari
ve egitimleri ile ilgili 6 soru ve devaminda ise, TYD konusundaki bilgi
diizeylerini ortaya koyacak 15 soru yer almigtir. 15 sorunun her birisi igin
her dogru soruya 2/3 puan ve her yanls soruya 0 puan verilerek, en az
puan alan 0 puan ve en ¢ok puan alan 10 puan olacak sekilde puanlama
yapilmistir. Alinan puanlar kotl, orta ve iyi olarak Ug¢ kategoriye
ayrilmistir (kotti<3, 4<orta<7, 8<iyi).1” Tam sayi olmayan puanlar en yakin
tam saylya yuvarlanarak puan degerlendirmesi yapilmistir.

TYD uygulayabilme o&zgilvenleri agisindan 6grencilere  “TYD
uygulamalariyla ilgili olarak bilgi diizeyinizi 1-10 arasinda puanlayiniz”
sorusu soruldu ve puanlar kéti, orta ve iyi olarak Ug kategoriye ayrildi
(k6tl<3, 4<orta<7, 8<iyi).l” Anketler ylz yize yapilmistir.

TYD ile ilgili bilgi diizeyini ortaya koyan sorular Avrupa Reslstasyon
Konseyi (ECR)'nin 2021 yilinda yayinladigi kilavuz esas alinarak ve goktan
secmeli olarak hazirlanmistir.

Calismanin ikinci béliminde ise ECR 2021 kilavuzu esas alinarak
maket Gzerinde 10 tane yapilmasi gereken midahale ile degerlendirme
yapilmistir. Maket tizerindeki degerlendirmelerde 6grenciler birbirinden
etkilenmemesi igin maket odasina tek tek alinarak degerlendirme yapil-
mistir. Maket lizerinde yapilmasi gereken 10 midahale icin her dogru
midahaleye 1 puan ve her yanhs midahaleye 0 puan verilerek en az
puan alan 0 puan ve en ¢ok puan alan 10 puan olacak sekilde puanlama
yapilmistir. Alinan puanlar kotl, orta ve iyi olarak Ug¢ kategoriye
ayrilmistir (k6tu<3, 4<orta<7, 8<iyi).1”

Ogrencilere acil tip uzman doktoru tarafindan TYD teorik ve maket
ile pratik egitim verilmistir. Ankette yer alan sorular ve maket lizerinde
yapilan tim degerlendirmeler egitim o©ncesi ve sonrasi olarak
karsilagtiriimistir.

istatistiksel Degerlendirme: Calismamizda elde edilen veriler IBM
SPSS Statistics 22 (IBM Statistical Package for Social Sciences Corp.,
Armonk, NY, ABD) programina yiklenerek bulgular elde edilmistir.
Katihmcilarin 6zelliklerini tanimlamak ve sorulara verilen yanitlarin
dogrulugunu gostermek igin ortalamalar, standart sapma (SD), frekans
ve ylzdeler kullaniimistir. Normal dagilim olup olmadigi Shapiro-Wilk’s
W-testi ile degerlendirilmistir. Normal dagilim olmamasi nedeniyle
frekans veriler igin Mc Nemar testi, ordinal veriler igin ise Wilcoxon testi
kullaniimistir. P<0.05 olarak kabul edilmistir.
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BULGULAR

CGahismanin sosyodemografik verileri Tablo 1’de gosterilmistir.
Katihmcilarin ¢ogu kadindir (%58.3), 6ncesinde TYD kursuna biyuk
cogunlugu katilmamistir (%95.8) ve 6nceden higbir katiimci hastaya TYD

uygulamamistir (Tablo 1).

Ankette bulunan toplam 15 sorunun egitim 6ncesi ve sonrasinda,
dogru/yanhs cevap sayilari ile birlikte yizdeleri sunulmustur. Tim
sorulara dogru cevap verme oranlari egitim sonrasinda 6nemli oranda

artis géstermistir (Tablo 2, Sekil 1).

Tablo 1. Katimcilarin sosyodemografik 6zellikleri

Yas Ort. £SD 23.2+1.0
Cinsiyet n %
Kadin 56 58.3
Erkek 40 41.7
Toplam 96 100
TYD kursuna katiim
Evet 4 4.2
Hayir 92 95.8
Toplam 96 100
Hastada TYD uygulama
Evet 0 0
Hayir 96 100
Toplam 96 100

Tablo 2. Katilimcilarin anket ile belirlenen egitim 6ncesi ve sonrasi giincel TYD ile

ilgili bilgi diizeyleri

Egitim 6ncesi Egitim sonrasi
Egitim durumu degerlendirme degerlendirme
(%) (%)
Bilgi sorulari Dogru Yanlis Dogru Yanhs

1. TYD uygularken eger egitimli degilseniz ya da
kurtarici soluk veremiyorsaniz dakikada kag gogus
basisi yapilmasi 6nerilmektedir.

2.Temel yagam destegi esnasinda nabiz kontrolii igin
en az kag saniye harcanmasi 6nerilmektedir.
3.Erigkin hastalarda gogiis kompresyonu esnasinda
¢okme derinligi kag cm olmalidir.

4. Gogus kompresyonu hangi bolgeye uygulanir.

5. Aracinizla sehirlerarasi karayolunda ilerlerken
henliz meydana gelmis bir trafik kazasi ile
karsilastiniz. Kazazedelerden birisinin baygin halde
karayolunda yatmakta oldugunu gérdiniz. Hastaya
TYD uygulamak igin aracinizdan indiniz. Oncelikle
yapilmasi gereken asagidakilerden hangisidir?

6. Yetigkin hastalarda go6gls kompresyonu ve
ventilasyon orani nedir?

7. Bir kaza alaninda bilinci kapali, uyarilara yanitsiz,
solunumun i¢ gekme tarzinda ve dizensiz oldugu bir
gocuga midahale ediyorsunuz. Nabzi 60/dk olan bu
¢ocukta oncelikle, asagidakilerden hangisinin
yapilmasi 6nerilmektedir.

8. Bilinci kapali uyarilara yanitsiz halde bulunan 1 yas
alti cocuklarda hem halktan kurtaricilar hem de
saghk calisanlari igin nabiz kontrolinin hangi
arterden yapilmasi 6nerilmektedir.

9. Temel yasam desteginde kardiyopulmoner arrest
olma nedeni asfiksiye bagh degilse hava yolu(A),
solunum(B) ve dolasim(C) miidahale siralamasi nasil
olmalidir.

10. Temel yasam destegi sirasinda nabiz kag dakika
araliklarla kontrol edilmelidir.

11. Solunumu durmus bir kiside kag dakika sonra
beyinde geri donustimsiiz hasar olusmaya baslar.
12. Temel yagsam destegi uygulamalarinin igeriginde
asagidakilerden hangileri bulunmaktadir?

a-Kalp masaji,

b-Suni solunum uygulama,

c-Otomatik eksternal defibrilator

13. Otomatik eksternal defibrilatér kimler tarafindan
kullanilabilir?

14. Asagidaki ©zelliklerden hangisine sahip hasta
koma pozisyonuna alinarak 112 ekipleri beklenir?
15. Temel yasam desteginde hava yolu agma ile ilgili
olarak asagidakilerden hangisi yanhstir?

12(12.5) 84(87.5)

20(20.8) 76(79.2)

83(86.5) 13(13.5)

82(85.4) 14(14.6)

21(21.9) 75(78.1) 90(93.8) 6(6.3)
19(19.8) 77(80.2) 91(94.8) 5(5.2)
24(25)  72(75) 91(94.8) 5(5.2)
22(22.9) 74(77.1) 87(90.6) 9(9.4)

17(17.7) 79(82.3)

12(12.5) 84(87.5)

18(18.8) 78(81.3)

12(12.5) 84(87.5)
16(16.7) 80(83.3)

20(20.8) 76(79.2)

19(19.8) 77(80.2)
21(21.9) 75(78.1)

21(21.9) 75(78.1)

80(83.3) 16(16.7)

84(87.5) 12(12.5)

84(87.5) 12(12.5)

90(93.8)
93(96.9)

93(96.9)

91(94.8)
89(92.7)

90(93.8)

6(6.3)
3(3.1)

3(3.1)

5(5.2)
7(7.3)

6(6.2)

Egitim

100 W Egitim Oncesi Dogru
M Egitim Oncesi Yanlis
M Egjitim Sonrasi Dogru
W Egjitim Sonra Yanhs

Kisi Sayisi

12 32 4 5 8 T 8 9 10 11 12 12 14 15

Sorular
Sekil 1. Katihmcilarin anket ile belirlenen egitim dncesi ve sonrasi giincel TYD ile
ilgili bilgi duizeyleri

Maket Gzerinde yapilan temel yasam desteginde, 6grencilerin egitim
oncesi ve sonrasi olarak, uygulamalari yapip yapamadiklari sayi ve ylizde
olarak gosterilmistir. Maket Uzerinde gergeklestirilen temel yasam
destegi pratiginde, egitim sonrasinda tim uygulamalarin dogru olarak
gerceklestirilebilmesi, 6nemli oranda artis goéstermistir (Tablo 3, Sekil 2).

Tablo 3. Katiimcilarin TYD uygulamasini egitim 6ncesi ve sonrasinda yapabilme
durumlari

Egitim 6ncesi Egitim sonrasi
degerlendirme degerlendirme
(%) (%)

Yanls Dogru Yanhs
91(94.8) 85(88.5) 11(11.5)

Egitim durumu

Maket iizerinde TYD uygulamalar
1. Kendisinin, hastanin ve olay vyerinin
guvenligini kontrol etti.

Dogru
5(5.2)

2. Hastanin biling durumunu kontrol etti. 13(13.5) 83(86.5) 88(91.7) 8(8.3)

3. Nabiz kontroli yapti ve gogus 14(14.6) 82(85.4) 90(93.8) 6(6.2)
kompresyonunu dogru yere uyguladi.

4. Acil yanit sistemini aktive etti. 17(17.7) 79(82.3) 90(93.8) 6(6.2)

5. Suni solunum destegi uygularken burun  4(4.2) 92(95.8) 82(85.4) 14(14.6)
kapatilarak efektif yapti.

6. Etrafta baskalari varken otomatik eksternal 2(2.1) 94(97.9) 82(85.4) 14(14.6)
defibrilatér igin birisini yonlendirdi.

7. Hava yolu agikligini uygun pozisyonile (bas  9(9.4) 87(90.6)  84(87.5) 12(12.5)

geri gene yukari) saglayabildi.

Mc Nemar testi

8. 100-120/dakika hiz ile g6guis kompresyonu  11(11.5) 85(88.5) 87(90.6) 9(9.4)
uyguladi.
9. Kompresyon/ventilasyon orani (30/2) ve  6(6.3) 90(93.8) 87(90.6) 9(9.4)
kompresyon derinligi uygun olarak yapti.
10.Gogus kompresyonu uygularken, hastanin  7(7.3) 89(92.7) 80(83.3) 16(16.7)
gogsune dik olarak durdu, her kompresyondan
sonra ellerini hastanin gégsinden kaldirmadan
devam etti ve dirsekler bikilmeden
kompresyon yapti.
Mc Nemar testi
Egitim
100 M Egitim Gincesi Dogru
M Ejitim Oncesi Yanhs
M Ejitim Sonrasi Dogru
W Egitim Sonrasi Yanlig
s ‘
2 W
w
x
o
20
]
1 2 3 4 5 6 7 8 9 10
Sorular

Sekil 2. Katilimcilarin TYD uygulamasini egitim oncesi ve sonrasinda yapabilme
durumlari
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Katilimcilarin teorik(anket), uygulamadaki bilgi dizeyleri, egitim
Oncesi ve sonrasinda iyi, orta ve kotu olarak sayi ve ylizdeleri verilmistir.
Egitim Oncesi anketteki sorulara verilen yanitlarin degerlendiriimesinde
iyi diizeyde olan 6grenci sayisi 0 (%0) iken, egitim sonrasinda bu say1 93’e
(96.9) yiikselmistir. Kot bilgi diizeyine sahip 6grenci, egitim dncesinde
79 (82.3) iken, egitim sonrasinda kotl bilgi dizeyine sahip 6grenci
kalmamistir. Egitim dncesi uygulama bilgi dlzeyi iyi olan 6grenci sayisi 5
(5.2) iken, egitim sonrasinda bu sayi 88 (91.7) olarak artmistir. Egitim
oncesi ve egitim sonrasinda uygulama bilgi diizeyi kotl olan 6grenci
bulunmamaktadir, teorik ve uygulama bilgi diizeylerindeki degisim
sonuglarinin istatistiksel olarak anlamh oldugu gorilmistir (P<.001)
(Tablo 4)

Egitim Oncesi ve sonrasindaki, teorik bilgi (anket) ve pratik (maket
Uzerinde) bilgi degerlendirme puanlarinin ortalama, minimum ve
maksimum degerleri sunulmustur. Egitim 6ncesinde teorik bilgi (anket)
puanlari 1.9+1.01’den egitim sonrasinda 9.1+0.75 puana, uygulama bilgi
dizeyleriise; 0.9+1.27’den 8.9+0.97 puana yukseldi ve bu puan artislar
istatistiksel olarak anlamh bulunmustur (P<.001) (Tablo 5).

Ogrencilerin TYD hakkinda kendilerine vermis olduklar &zgiiven
puanlari egitim Oncesinde 2.5+0.85’den egitim sonrasinda 7.0+0.96
puana yukseldi ve istatistiksel olarak anlamli bulundu (P<.001) (Tablo 5).

Tablo 4. Teorik ve uygulama egitimi oncesi ve sonrasindaki iyi, orta ve kot
dizeydeki katilimci sayisi

Egitim Oncesi Egitim Sonrasi p
Teorik (anket) bilgi duizeyi Kisi (%) Kisi (%)
iyi 0(0) 93(96.9)
Orta 7(17.7) 3(3.1) <0.001
Kéti 79(82.3) 0(0)
Toplam 96(100) 96(100)
Uygulama bilgi diizeyi
iyi 5(5.2) 88(91.7)
Orta 91(94.8) 8(8.3) <0.001
Kéti 0(0) 0(0)
Toplam 96(100) 96(100)

Wilcoxon testi isaret testi

Tablo 5. Katilimcilarin egitim 6ncesi ve sonrasi teorik ve pratik uygulama puanlari,
ozguven verileri

Egitim Oncesi Egitim Sonrasi
n MeantSS Min. Max. n MeaniSS Min. Max. P
96 1.9+1.01 0.67 4.67 96 9.1+0.75 6.67 10.0 <0.001

Teorik bilgi (anket)
degerlendirme puani
Pratik bilgi degerlendirmesi 96 0.9+1.27 0.0 5.0 96 8.9+0.97 50 10.0 <0.001
puani

TYD 6zgiiven puam 96 2.5¢0.85 1.0 5.0 96 7.0¢096 50 9.0 <0.001

Wilcoxon testi isaret testi

TARTISMA

Calismamizda egitim 6ncesinde yapilan TYD bilgilerini irdeleyen
anket sorularina ve maket tizerinde yapilan pratik degerlendirmeye gore
TYD bilgi ve uygulamalarinin ¢ok yetersiz oldugu gortlmustir. Bu
sonuglar, dis hekimligi son sinif 6grencilerinin TYD ile ilgili bilgi ve pratik
becerilerinin ¢ok zayif oldugunu géstermektedir. iran’da 80 dis hekimi ile
yapilan bir ¢alismada, sadece %6’si KPR ile ilgili sorulara tam ve dogru
yanit verebilmislerdir. Ayrica ayni galismada, dogru bir sekilde KPR
uygulayanlarin orani %3,75 olarak rapor edilmistir.'® Laurent ve
arkadaglarn son sinif dis hekimligi 6grencilerinin KPR bilgisinin zayif
oldugunu bildirmislerdir.’® Benzer sekilde o6nceki ¢alismalarda, dis
hekimligi 6grencilerinin TYD bilgilerinin egitimden 6nce ¢ok zayif
oldugunu gostermistir.20-22 Bulgularimizin diger ¢alismalar ile uyumlu
oldugu gorildi. Dis hekimligi son sinif 6grencileri bir yil sonra, saghk
hizmetinin 6nemli bir parcasi olan dis hekimleri olarak aktif gorev

yapacak kisiler olmasi nedeniyle, CPR uygulayabilecek bilgi ve becerilere
sahip olmasi beklendiginden ve gerekli bir durum ortaya giktiginda lider
olarak goruldiklerinden bu durum endise vericidir.

Dis hekimligi alaninda ¢alismak, yasami tehdit eden acil durumlara
yol agan risklerle doludur ¢linkl dis islemleri, nefes almayi saglayan agiz
boslugunda gergeklestiriimektedir. Dis bakimi sirasinda hastalarin 6limi
durumunda dis hekimlerinin ihmali, diinya ¢apinda dis hekimligiyle ilgili
yasal davalarin 6nde gelen nedenlerinden birisidir.23 Kore'de dis
hekimligi alanindaki tibbi uyusmazliklarin 6rneklerini analiz eden bir
arastirma, bu oranin tim tibbi uyusmazlklar arasinda ikinci sirada
oldugunu bildirmistir.2* Bu yasal sorunlar goz 6ntine alindiginda, her dis
hekimi, dis hekimligi muayenehanesinde ortaya ¢ikan acil durumlar
verimli bir sekilde yonetmek igin gesitli protokollere (TYD gibi) asina
olmasi gerekmektedir. Ayrica, TYD egitimindeki giincel kilavuzlari takip
etmeli ve bu kilavuzlar hakkinda bilgi sahibi olmalidir. Verilerimize gére;
ogrencilerin sadece 4 (%4.2)’'G daha 6nce TYD kursu almistir; bu Nijerya,
Pakistan ve Birlesik Krallik’tan bildirilen dlsltk egitim seviyeleri ile
uyumlu oldugu gorilmistir.21 25 26

Calismamizda teorik ve pratik egitim yapilmis olup, sonuglarimiza
gore; egitim 6ncesinde, teorik bilgi duzeyi; iyi olan katilimci sayisi 0 (%0),
orta olan 17(%17.7), kotu olan, 79 (%82.3) ve uygulama bilgi dlzeyi; iyi
olan katilimci sayisi 5 (%5.2), orta olan 91 (%94.8), kotu olan 0 (%0)
kisidir. Egitim sonrasinda ise; iyi olan katilimci sayisi 93 (%96.9), orta olan
8(%8.3), kot olan, 0 (%0) ve uygulama bilgi dlzeyi; iyi olan katihmci
sayisi 88 (%91.7), orta olan 91 (%94.8), kotii olan 0 (%0) kisidir. Egitim
sonrasinda KPR'a iliskin teorik bilginin KPR uygulamasinda yeterlilik
anlamina gelmedigini bilmek o6nemlidir. KPR'de vyeterlilik, dizenli
uygulamali egitim ve TYD'de tekrarlayan egitim yoluyla elde
edilebilmektedir.2!- 27 Zaheer ve Haque, tip fakiiltesi stiresince duzenli
TYD egitimi ve bu egitimlerin tekrarlanmasinin, kursun sonunda TYD
becerilerinin korunmasini saglayacagini éne sirmuslerdir.2> Pande ve
ark. TYD egitiminin 1. yilda yilda tip mufredatina dahil edilmesini ve
egitimin her yil tekrarlanmasini 6nermislerdir.28 Chaudhary ve ark. ve
Ruesseler ve ark., yasami tehdit eden acil durumlarin yonetimindeki
becerilerin gelistiriimesinde simiilasyona dayali midahalenin énemini
vurgulamislardir.2®: 30 Ayrica, Abbas ve ark. CPR egitimini takiben TYD
bilgi ve becerilerinin gelistigini géstermistir.31 Sonuglarimiza gére egitim
sonrasinda katilimcilarin bilgi ve uygulama becerileri anlamli diizeyde
artmistir. Sonuglarimiz diger ¢alisma verileri ile desteklenmektedir.

Bu ¢alismanin sonuglari, 10 puan lzerinden degerlendirilen, teorik
bilgi degerlendirme puanlari, egitim oncesinde 1.9+1.01 iken, egitim
sonrasinda 9.110.75 puana ve pratik bilgi degerlendirme puanlari ise,
0.9+1.27’dan 8.9£0.97 puana ylikselmis olup, TYD teorik ve pratik egitimi
sonrasi puanlarda ©6nemli bir artis oldugunu gostermektedir.
Calismamizda yapilan teorik ve maket ile yapilan pratik egitim
sonucunda katilimcilarin teorik bilgi ve uygulama becerileri 6nemli
diizeyde artmistir. Bulgularimiz Owojuyigbe ve ark. tarafindan yapilan
¢alisma ile uyumludur. Calismalarinda 68 dis hekimligi 6grencisini
degerlendirmisler ve egitim oncesi puan 4,7+1,47 iken, egitim sonrasi
puanin 8,04 + 1,47 olarak 6nemli diizeyde arttigini tespit etmislerdir.?!
TYD egitimini takiben See youn Kim ve ark. tarafindan 98 dis hekimligi
Ogrencisine yapilan benzer bir ¢alismada, 100 puanlik bir olgege gore
degerlendirme yapilmis, TYD bilgisinin toplam puani egitimden 6nce ve
sonra, 55,6 + 16,7’den 81,2 + 15,9 puana yikselmis ve TYD uygulama
becerilerinin toplam puani ise egitimden énce ve sonra 43,2 + 11,0’dan
91,4 + 7,7 puana yiikselmis olup bu sonuglar istatistiksel olarak anlamli
bulunmustur.2® Benzer sekilde diger galismalar da egitimden sonra
alinan puanlarin anlamli oranda ytikseldigini gostermistir.10. 22

Verilerimize gore, TYD uygulayabilmek igin katilimcilarin, 10 puan
Gzerinden kendilerine verdikleri 6zglven puani egitim Oncesinde
2.5+0.85 iken, egitim sonrasinda 7.0£0.96 olarak belirgin bir sekilde
yukselmistir. Katihmcilarin 6zgiiven puaninin, egitim sonrasinda anlamli
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sekilde arttigr gorulmustir (p=0.001). Yakin tarihte dis hekimligi
ogrencileri ile yapilan acil tibbi miidahale ile ilgili bir anket galismasinda,
katihmcilarin yaridan fazlasinin (%55.2) dis hekimi muayenelerinde
meydana gelebilecek acil tibbi durumlar ile basa ¢ikma konusunda
kendisini yetersiz hissettigi bildirilmistir.32 Yilmaz ve ark. TYD egitimi
sonrasinda katilimcilarin 6zglivenlerinin arttigini bildirmislerdir. 289 tip
fakultesi 6grencisi ile yapmis olduklari bir galismada egitim sonrasinda,
KPR uygulamasi ile ilgili olarak, yapamam ve belki diyen katilimci sayisi
belirgin olarak azalmis, yaparim ve kesinlikle yaparim diyen katilimci
sayisi ise anlamli oranda artmistir.31 Benzer sekilde 6nceki ¢alismalarda,
katilimcilarin 6z glvenlerinin TYD egitimden sonra anlamli oranda
arttigini géstermektedir.t® 33 Verilerimiz diger ¢alismalar ile uyumlu
olarak bulunmustur.

SINIRLILIKLAR

Calisma tek merkezde yapilmis olup, 96 6grencinin Tirkiye'deki
toplam Dis Hekimligi Ogrencisi sayisini tam olarak temsil etmemektedir.
Diger bir sinirlama ise TYD becerileri hakkinda aninda ve nesnel geri
bildirim saglayabilen similatorlerin kullanilamamasiydi.

SONUC

Bu galisma, bir grup dis hekimligi 6grencisinin TYD bilgisinin ve pratik
becerilerinin TYD egitiminden dnce yetersiz oldugunu ortaya koymustur.
Ancak teorik ve uygulamali egitim, katihmcilarin TYD bilgi ve pratik
becerileri lzerinde olumlu etki gostermistir. Bu nedenle, tim dis
hekimligi 6grencilerinin, dis hekimligi kariyerleri boyunca herhangi bir
zamanda ortaya cikabilecek énemli bir tibbi acil durum olan, kardiyak
arrest yonetimine yonelik bilgi ve becerilerini gelistirecek olan dizenli
TYD egitimi almalari gok 6nemlidir.
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The Effect of Different Caries Removal
Methods on The Surface Hardness and
Micro-tensile Bond Strength

Farkh Cliriik Temizleme Yontemlerinin Yizey Sertligi ve
Mikrogerilme Baglanma Dayanimi Uzerine Etkisi

ABSTRACT

Objective: This study aims to evaluate the effects of five different caries removal methods on caries
removal effectiveness according to microhardness and micro tensile bond strength values.

Materials: In this study, for the microhardness test, micro-tensile bond strength test (n = 10) SEM analysis
(n = 2), and a total of 72 human molar teeth were used. Caries lesions were removed with conventional
(steel bur, ceramic bur, polymer bur) methods, chemomechanical method (Brix-3000), and fluorescence-
aided caries excavation method (Siroinspect). Then, teeth were sectioned longitudinally through the cavity
center and were subjected to the microhardness test, micro tensile test, and SEM atomic analysis.
Statistical analyses were performed using one-way ANOVA and Duncan post-hoc tests.

Results: A statistically significant difference was found between all caries removal methods and
measurement levels at certain distances from the cavity floor (0, 25, 50, 75 um) (P <.05). As a result of the
microhardness test, the group in which the fluorescence-aided caries removal method was applied was
significantly higher than those in which the other caries removal methods were applied (P <.05). According
to the results of the micro tensile bond strength test, a significant difference was found between the groups
where Siroinspect, BRIX-3000, steel bur caries removal methods were applied and the groups of polymer
bur and ceramic bur (P <.05).

Conclusion: According to the results obtained from this study, the Siroinspect device in the category of
FACE method can be a reliable alternative to traditional caries removal methods.

Keywords: Caries removal, Dentine, Microhardness, Micro tensile bond strength, SEM

0oz

Amag: Bu ¢alisma, mikrosertlik ve mikro cekme baglanma mukavemeti degerlerine gére bes farkli ¢liriik
giderme yonteminin glrik giderme etkinligi Gzerindeki etkilerini degerlendirmeyi amaglamaktadir.
Geregler: Bu calismada mikrosertlik testi igin mikro ¢ekme baglanma dayanimi testi (n=10) SEM analizi
(n=2) ve toplam 72 adet insan azi disi kullanildi. Cliriik lezyonlari geleneksel (gelik frez, seramik frez, polimer
frez) yontemler, kemomekanik yontem (Brix-3000) ve floresans destekli ¢iiriik kazi ydontemi (Siroinspect)
kullanilarak uzaklastirildi. Daha sonra digler kavite merkezinden uzunlamasina kesilerek mikrosertlik testi,
mikro gekme testi ve SEM atom analizine tabi tutuldu. istatistiksel analizler, tek yonlii ANOVA ve Duncan
post-hoc testleri kullanilarak yapildi.

Bulgular: Tiim glirtk giderme yontemleri ile kavite zemininden belirli mesafelerde (0, 25, 50, 75 um) dl¢im
seviyeleri arasinda istatistiksel olarak anlamli bir fark bulundu (P <.05). Mikrosertlik testi sonucunda
floresans destekli ¢lirik giderme yonteminin uygulandigi grup, diger cirik giderme yodntemlerinin
uygulandigi gruba gore anlamli derecede yuksekti (P<.05). Mikro ¢ekme baglanma mukavemeti testi
sonuglarina goére Siroinspect, BRIX-3000, celik frez ¢lrik giderme yontemlerinin uygulandigi gruplar ile
polimer frez ve seramik frez gruplari arasinda anlaml fark bulundu (P<.05).

Sonug: Bu calismadan elde edilen sonuglara gore FACE yontemi kategorisinde yer alan Siroinspect cihazi,
geleneksel glrik giderme yontemlerine glvenilir bir alternatif olabilir.

Anahtar Kelimeler: Clrik giderme, Dentin, Mikrosertlik, Mikro ¢ekme baglanma mukavemeti, SEM
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INTRODUCTION

The principle of conservative tooth cavity preparation has gained
popularity with the development of bonding systems that make it
sufficient to remove minimal tooth tissue to ensure retention and
resistance form. 12 According to the conservative approach, the path
followed in the treatment of caries lesions, to prevent the progression
of the caries lesion, is the removal of infected dentin areas, the
protection of affected tissues, and the restoration of endurance and
function to continue.3# Traditionally, caries tissue is removed by rotary
systems, milling cutters, or sharp-edged hand tools using mechanical
principles.> It is reported that the traditional method can cause pulp
injuries due to excessive tooth removal of hard tissue. In addition, some
disadvantages cause discomfort to patients during treatment, such as
pain, loud noise, heat generated during preparation, vibration, and
dentin sensitivity.>®

To avoid these disadvantages, different techniques have been
developed that include air-abrasions, ultrasonic instrumentation, sono-
abrasions, photoablation, and chemomechanical caries removal
methods that can be an alternative to the traditional method.” Brix-
3000, produced in 2012 (Brix S.R.L. Argentina), is one of the
chemomechanical caries removal agents containing the papain-based
proteolytic enzyme derived from leafy latex and green papaya fruits.
Because it contains antiprotease (a-1 antitrypsin), the agent that has
proteolytic activity on collagen, it does not act on healthy tissues.
Advantages of Brix-3000 include the fact that it can easily remove
collagen fibrils in caries tissue, slightly dissolve in oral fluids, does not
require a cold chain for storage, and has an antibacterial and antifungal
effect, as well as an antiseptic effect.?

In the caries-removing method (FACE) with the help of fluorescence,
a newly developed system, purple light is applied to the cavity, which
allows the hard tissues of the tooth to gain autofluorescent properties
while cleaning caries. Under this purple light, the solid tooth hard tissue
is green, and the caries tissue is orange-green.® SIROInspect ® (Sirona
Dental Systems GmbH, Germany), using a fluorescence emitting device
approximately 405 nm long, the operator uses glasses to see the
fluorescence in the dentin. SIROInspect diagnostic glasses filter
wavelengths are shorter than 500 nm while making wavelengths higher
than 500nm visible. 1°

Looking at the studies carried out so far, the number of studies in
which the effectiveness of the traditional method, chemomechanical
method, and transillumination methods in removing caries tissue were
evaluated together is quite small. The purpose of this study;

* Determine the effectiveness of different caries removal methods
(traditional, chemomechanical, and transillumination) in caries removal
using a microhardness test,

* Ability to determine the bonding strength of composite resin to the
remaining dentin tissue,

* Perform surface analysis on samples representing groups.

MATERIAL AND METHOD

This study was approved by the Atatlrk University Faculty of
Dentistry Deanery Ethics Committee. (11.01.2018/12 ). The study
included 72 human molar teeth with occlusal caries that had just been
pulled or waited no more than six months after extraction. Tissue
residues and attachments on the teeth were cleaned and stored in 0.1%
thymol solution until the initiation of the experiment to prevent
dehydration and fungal growth. Teeth with no restoration or fissure
sealant were not included in the study. The highest values obtained
using a type diagnostic Pen (KaVo, Bieberach, Germany) were recorded
to determine the teeth to be included in the study. For fissure caries and
flat surface caries, teeth with a numerical value of 25 and above, which
is a value indicating that the demineralization shown by the device is

intense, were reserved for the study. Teeth with a value of 0-12 were
determined as a control group. In addition, those whose distance of the
caries lesion to the pulp chamber was more than 1mm were included in
the study. Methods of removal of caries used in the study are given in
Table 1. (A consent form was not obtained because no study was
conducted on the patient)

Table 1. Methods of Caries Removal

Caries removal methods Trade name / Lot Manufacturer
No
Steel round bur method Steel burs /E11.008 Edenta,
Schaanwald/Liechtenstein
Ceramic round bur method CeraBur / 353594 Komet Dental,

Lemgo/Germany
SS White, Lakewood/ USA

Polymer round bur method Smart burs Il /

52003
Chemo-mechanical method BRIX-3000/ BRIX Medical
L27V10/20 Science/Argentina

Sirona The Dental
Company/Switzerland

FACE (fluorescent aid caries Siroinspect / 0818

removal/siroinspect)

Removal of Caries Tissue

The samples included in the study were divided into 6 groups
randomly according to the methods of removal of caries. (n=10) After
the enamel tissue of the decayed teeth in the control group was
removed by diamond round bur, cavities with a depth of 2/3 of the
dentin were prepared with the help of a diamond fissure bur aerator.

Caries removal with steel bur

In the removal of caries with steel round bur, diamond bur was used
at high speed with the help of an aerator and then at low speed with the
help of a steel round bur micromotor to reach the caries lesion
regardless of the size of the lesion. Dentin caries in the teeth were
removed by the operator according to tactile (obtaining a hard surface
in dentin according to whether a blunt probe is not snapped on the floor
of the cavity or the absence of a pull-back feeling) and visual (no color
distortion /change) criteria until a “no caries” result was given as Kidd et
al.1! stated.

Caries removal with ceramic bur

After enamel removal, dentin caries in the teeth were removed by
the operator until a “no caries” score was given according to tactile
criteria (obtaining a hard surface in the dentin according to the absence
of a non-sharp probe) and visual criteria (lack of any
discoloration/change).

Caries removal with polymer bur

After removing enamel as indicated in the previous method, dentin
caries in the teeth were removed in circular movements towards the
periphery, starting from the center following the manufacturer's
instructions. The caries removal process was terminated when the bur
blades did not wear and remove the tissue. The presence of carious
tissue / hard tissue at the base of the cavity was checked with a blunt
probe.

Caries removal with the help of the transillumination method

In this method, after removing the enamel as mentioned, the
reflector light was turned off and the cavity was illuminated by
fluorescence light (Siroinspect device, 405 nm, Sirona the Dental
Company, Switzerland). The cavity was examined with the help of a filter
that passes light over a wavelength of 500 nm. The textures in the
orange/red fluorescence parts were removed with the help of a steel
round bur. The caries removal continued until only green areas were
observed in the cavity. Brown/black areas emitting green fluorescence
were left with affected dentin/caries free.
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Removal of caries by chemomechanical method

Before the Brix 3000 gel application, the enamel tissue was removed
with a high-speed aerator. After moistening the caries area by the
manufacturer's instructions, BRIX-3000 gel was placed in the cavity with
a blunt-tipped handpiece and left for 2 minutes. This procedure was
performed repeatedly until the caries tissue was completely removed.

For each caries removal method, to achieve standardization, a bur
was changed in each example. For each caries removal method, samples
were checked again by two independent observers, except for the
operator, whether there was a caries at the base of the cavity. Dentin
tissue was examined for color and hardness. It was decided that areas of
dark yellow or light brown color and where the end of the probe
penetrated the cavity were caries dentin tissue, and these areas were
removed. Dark hard areas where the end of the probe did not penetrate
the dentin tissue were left in the cavity. Two observers were calibrated
for ICDAS Il criteria and radiographic evaluation. For the calibration of
ICDAS I criteria, the 90-minute e-learning program available on the
organization's website was used.

Preparation of Samples

Under the water-cooled low-speed fine-cutting device (Isomet 1000,
Buehler, Lake BIluff, IL, USA), samples were cut in the bucco-lingual
direction. Half of the 20 samples in each group obtained by dividing the
10 teeth in each group embedded in the acrylic resin were separated for
microhardness measurements and the other half for micro tensile
measurements. Samples were polished with silicon carbide grit papers
(Grit flex, Italy) 800, 1000, 1200, 1500, and 2000 and diamond paste
(Diamond polish, Ultradent, USA) with a particle size of 1 um.
Microhardness measurement was performed using the microhardness
device (Vickers-Fm800 (Tokyo/Japan). (Four measurements were taken
from each sample).

Micro tensile Bonding Strength Test

After the occlusal enamel tissue of the samples was removed with
the aid of a cutting device ( Isomet 1000, Buehler, Lake Bluff, IL, USA) the
universal bonding agent Clearfil Universal Bond (Kuraray, Noritake
Dental Inc. Japan) was applied to the entire dentin surface according to
the manufacturer's instructions light cured for 10 seconds. Composite
resin (Universal Restorative 200, 3M ESPE, USA) was placed on the
surface of the dentin in 2 layers with a thickness of 3-4 mm, and each
layer was polymerized for 20 seconds. The teeth were sliced 1 mm thick
and rod-shaped samples with an average cross-sectional area of 30
pieces of 1£0.2 mm?2 were obtained in each group. The tensile force was
applied to the samples by using the universal testing device (Instron
8874; Instron Corp. Canton, Mass, 1 mm/min) until they broke.

SEM Evaluation

Two samples from each group were used for SEM measurement.
Prepared samples were immediately placed in a 2.5% glutaraldehyde
solution (Merck KGaA, Darmstadt, Germany) with a pH of 7.4 buffered
with 0.1 M sodium cacodylate (Sigma-Aldrich, USA) to provide fixation
and stored at 4°C for at least 12 hours. After fixation, samples were
washed 3 times with 0.2 M sodium cacodylate buffer with a pH of 7.4 for
20 minutes and then with distilled water for 1 minute. It was then
dehydrated in increased concentrations of ethanol solution (Merck
KGaA, Darmstadt, Germany). For this, it was kept in 25%, 50% and 75%
ethanol for 20 minutes, in 95% ethanol for 30 minutes and in 100%
ethanol for 60 minutes. Samples were polished with silicon carbide grit
papers (Grit flex, Italy) 800, 1000, 1200, 1500, and 2000 and diamond
paste (Diamond polish, Ultradent, USA) with a particle size of 1 um.

Samples were examined in the SEM device (Zeiss-GeminiSEM,
Germany) with a voltage of 10 kV, x1000 and x4000 magnification.

Statistical Analysis

According to the Kolmogorov-Smirnov test, all of the samples
showed normal distribution. Comparison of microhardness values of
samples obtained using different caries removal methods one-way

ANOVA and Duncan test were used to determine differences between
groups.

A comparison of the values obtained in MPa as a result of the
microtensilee bonding strength test of the samples belonging to the
groups was performed using a one-way ANOVA test. The Duncan test
was used as the Post hoc test.

RESULTS

Microhardness values measured in the control group (0 pm) were
statistically significantly lower compared to microhardness values at 25
pum (P<.05). Microhardness values at 25 um were significantly lower than
microhardness values at 50 um and 75 um, and significantly higher than
microhardness values at 0 um (P<.05).

According to microhardness test values at 0 um, 25 pum, 50 um, and
75 um were statistically significantly different in the steel round bur,
ceramic round bur, polymer round bur, BRIX-3000 and Siroinspect
groups (P<.05). (Table 2)

Table 2. Microhardness (VHN) and standard deviation values for different caries
removal methods

Groups Microtensileee bonding strength values
(MPa)

Control (Group 1) 34.31+6.67*

Steel round bur (Group2) 23.59 +4.375%¢

Ceramic round bur (Group3) 23.13 £5.27¢

Polymer round bur (Group 4) 20.05 + 4.74°

BRIX-3000 (Group 5) 26.07 +5.26°

Siroinspect (Group 6) 24.69 + 4.745¢

Different letters indicate a statistically significant difference

The bottom of the cavity (0 um) microhardness values after the
control group, second highest microhardness values (38,00 + 4,83) were
obtained from the Siroinspect group. These values were significantly
higher than steel burs, ceramic burs, polymer burs, and Brix 3000 groups
(P<.05). There was no significant difference between the steel bur and
ceramic bur groups (P>.05). The polymer bur and Brix 3000 groups were
found to be significantly higher compared to the microhardness values
(P<.05).

In measurements at 25 um, after the control group, the second
highest microhardness values (51,18 + 2,65) were observed in the
Siroinspect group and were found to be significantly higher than the
steel bur, ceramic bur, polymer bur, BRIX-3000 groups (P<.05). It was
found that the microhardness values of the steel bur group were
significantly higher compared to the ceramic bur, polymer bur, and BRIX-
3000 groups (P<.05). Ceramic bur was found to be significantly higher
than polymer bur group (P<.05)

In measurements at 50 um, after the control group, the second
highest microhardness values (57.88 + 1.86) were observed in the
Siroinspect group and were also significantly higher compared to the
steel bur, ceramic bur, polymer bur, BRIX-3000 groups (P<.05). It was
found that the microhardness values of the steel bur group were
significantly higher compared to the ceramic bur, polymer bur, and BRIX-
3000 groups (P<.05). Microhardness values in the ceramic bur group
were significantly higher than those in the polymer bur and Brix 3000
groups. (P<.05)

In 75 um measurements, after the control group, the second highest
microhardness values (62.22 + 1.69) were observed in the Siroinspect
group and were also significantly higher compared to the steel bur,
ceramic bur, polymer bur, BRIX-3000 groups (P<.05). While there is no
significant difference between the steel bur and ceramic bur groups

CurrRes Dent Sci 2024 34(3): 198-203 | doi: 10.17567/cunmesdentsci1520453



201

(P>.05), polymer bur and BRIX-3000 groups were found to be
significantly higher compared to microhardness values (P<.05).

Micro tensile Bonding Strength Test Findings

According to the results obtained, significant differences between
groups were found (p<.05). Control group microtensileee values were
found to be significantly higher than all other groups. In the BRIX-3000
group, significantly higher values were obtained compared to the
ceramic round and polymer round bur groups (P<.05). It was found that
the microtensileee values of the ceramic round bur group were
significantly higher than the microtensilee values of the polymer round
bur group (P<.05). It was also found that the steel round bur and
Siroinspect groups were significantly higher than the polymer round bur
group (P<.05).(Table 3)

Table 3. Microtensileee bond strenght values associated with caries removing
methods

Opm 25 pm 50 pm 75 um p
Control 5491+ 59.93 + 6.63 66.47 + <0.001
Group 1) 3.61%° 4.57% 4,232 2.48"*
fteel round  bur 33.40 39.87 4594 + 5421+ <0.001
Group 2) 2.42°¢ +.3.44%¢ 1.99%¢ 3.08"¢
Ceramic round bur 33.23+ 3.6+1.48%¢ 42,85+ 54.56 + <0.001
Group 3) 2.28°¢ 2.04%¢ 3.60*°
Polymer round bur 27.14 + 32.45 38.69 43,75 <0.001
Group 4) 4,95%¢ +0.49%¢ 1.00%¢ +2.07*¢
BRIX-3000 28.60 + 33.54 40.20 £ 54.41 <0.001
Group 5) 4.72°4 +4.47%% 3.72%¢ +3.48%
Biroinspect 38.00 + 51.18 57.88 62.22 <0.001
Group 6) 4.83°° 2.65%° 1.86%° +1.69*°
b <0.001 <0.001 <0.001 <0.001

Different lowercase letters indicate a statistically significant difference in columns, and
different uppercase letters indicate a statistically significant difference in rows (P<.05).

DISCUSSION

The ideal caries removal technique should selectively remove
irreversibly destroyed tissue, leaving a potentially remineralizing tissue
at the base of the cavity. Although traditional caries removal techniques
can irreversibly remove degraded tissue selectively, some intact /
affected tissue must be removed to reach the lesion body
instrumentally.’2 At the same time, new alternative methods are being
developed because the traditional method causes fear, pain, anxiety,
and lack of comfort. 1314

In in vitro studies investigating the effectiveness of caries removal
methods, microhardness measurement is performed to examine the
hardness of the dentin tissue remaining in the cavity.1>17 The decrease
in hardness values is directly proportional to the mineral loss. The
hardness values of dentin affected by the carious process are reduced
compared to healthy dentin tissue.’®1° In this study, a significant
difference was found between the microhardness values at all
measurement levels in all groups in which caries removal methods were
applied (P<.05). Boob et al.20 obtained significantly higher
microhardness values in the excavator group compared to the
chemomechanical group in their study where they used the traditional
method (excavator) and the chemomechanical method (Papacarie and
Carisolv) to remove decayed tissue. Papacarie and Carisolv reported that
there was no significant difference between the groups they used. In our
study, the microhardness values of the group from which we removed
caries with the traditional method were found to be significantly higher
than the chemomechanical group at all measurement levels. (P <.05)

In their study where they measured microhardness at different
levels by removing caries tissue with traditional methods (steel round)
and chemomechanical methods (Carisolv, Papacarie), Hamama et al.2!
obtained the lowest microhardness values at the level of 25 um /
chemomechanical method group.

Several previous studies are more reliable in caries detection than
FACE traditional visual-tactile examination, the application of a caries
detector, or the use of chemo-mechanical methods.2%%> In this study,
the highest values were observed in the Siroinspect group after the
control group at all measurement levels in teeth with microhardness
test. In addition, we determined the lowest microhardness values in
polymer round bur and BRIX-3000 groups in the measurements at the
base of the cavity. The microhardness measurements made in the
remaining dentin, are parallel to the studies in the literature.?12627 The
microhardness values of the intact dentin group were found to be
significantly higher than the other groups at all measurement levels. (P
<.05)

BRIX-3000 acts selectively on infected dentin and not on healthy
dentin. Dentin tissue remaining in the cavity after caries removal with
BRIX-3000 is called caries-affected dentin. Since the mineral content of
the remaining part is lower than healthy dentine, lower microhardness
values are obtained.181® In the present study, we think that the
significantly lower microhardness values of the polymer round burs and
BRIX-3000 groups at all measurement levels compared to the other
groups may be due to these reasons.

The microtensileee bond strength values showed a significant
difference between the groups in which different caries removal
methods were applied (P <.05). Aggarwal et al.28 reported in their study
that they used two self-etch and one total-etch adhesive system after
removing decay using a steel round bur and chemomechanical method
and that the results of the microtensileee bond strength test did not
make a significant difference.

Tripathi et al.2? compared the microtensileee bond strength values
after caries removal by conventional and chemomechanical methods
and obtained higher values in the chemomechanical group compared to
the traditional group. In our study, although we found a significant
difference (P <.05) between the group in which caries was removed by
the chemomechanical method and the polymer round burs and ceramic
round burs from traditional methods, we could not detect a difference
between the chemomechanical method and the steel round burs group.
(P> .05)

In their study, Neves et al.3° used tungsten carbide bur, Cerabur,
Cariex, tungsten carbide bur + caries detector, Carisolv, SFC-VIII, and Er-
YAG methods, and they found the highest bonding values in the Carisolv
group and the lowest bond strength values in the Carisolv group. They
also found it in the Er-YAG laser group. They reported that there was no
significant difference between the intact dentine and Carisolv group
microtensileee bond strength values. According to the results of our
study, the second-highest bond strength values were obtained in the
chemomechanical method group, and when compared with the control
group, a significant difference was detected. (P <.05)

The rough dentine surface obtained after caries removal by the
chemomechanical method can be considered as the reason for the
potential increase in the bonding success of restorative materials due to
the presence of micro irregularities that increase the surface area for
bonding.3! The fact that we found the highest microtensileee bond
strength values in the BRIX-3000 group after the control group may be
due to this reason.

Correa et al. 32 in permanent central teeth, conventional (steel
round) and chemomechanical in their studies, in which they measured
at certain intervals from 50 pm down to 1500 um from the cavity floor
after removing the decaying using methods (Papacarie, Carisolv), they
could not detect a difference between the microhardness values at all
measurement levels up to 500 um level of the steel rod milling cutter
and Papacarie groups (P>.05); in the Carisolv group, they found the 50
um level significantly lower than the 500 um level. (P<.05) Reported that
the micro-hardness values of all groups significantly decreased in
measurements at the level of 1000 and 1500 pum.
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Meller et al.33 reported that after caries removal with a polymer
round bur, a more dense smear layer was formed on the remaining
dentin surface compared to the dentin surface, which was removed with
carbide bur, and that they detected residual caries. Dammaschke et al.3*
and Prabhakar et al.3> also reported in their in vitro study that they
detected a higher rate of residual caries after caries removal with a
polymer round mill than steel round milling. The polymer round bur
selectively removes caries-infected dentin while leaving caries-affected
dentin. Changes may occur in the collagen tissue and mineral density of
dentin affected by caries. The present study suggests that achieving
lower bond strength values in the polymer round burs group compared
to other conventional caries removal methods may be due to these
reasons.

A recent study stated that fluorescent aid techniques are a fast,
noninvasive method that requires no previous training. These are not
affected by other factors, such as plaque and saliva. 3¢

The limitations of our study; as a result of the literature review we
conducted on sites such as PubMed, Web of Science Core, LISTA (NLM),
and Google Scholar, the results obtained could not be compared due to
the very low number of studies performed with the Siroinspect device
and BRIX-3000. In addition, since it is not possible to apply the 5 different
caries removal methods, tests, and surface analyses we used in our study
on a single sample, the changes caused by the structural differences of
the teeth were ignored.

CONCLUSION

After the control group, the highest bond strength values were
determined in the Siroinspect, steel bur, and BRIX-3000 groups.
According to the results of the microhardness test, the highest values
were obtained in the Siroinspect group after the control group.

According to the results obtained from our study, the Siroinspect
device in the category of FACE method can be a reliable alternative to
traditional caries removal methods.
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Evaluation of the Protective Effect of Silver
Diamine Fluoride Against Secondary Caries
Development in Composite Resin Restorations
Comparatively with Sodium Fluoride and
Titanium Tetrafluoride by Micro Computed
Tomography

Kompozit Rezin Restorasyonlarda Glimus Diamin Flortrun
Sekonder Curuk Gelisimine Karsi Koruyucu Etkisinin
Sodyum Florir ve Titanyum Tetraflorir ile Karsilastirmali
Olarak Mikro Bilgisayarli Tomografi ile Degerlendirilmesi

ABSTRACT

Objective: The aim of this study is to evaluate the effectiveness of 38% silver diamine fluoride (SDF) in
preventing secondary caries formation by comparing it with other fluoride-containing remineralization
agents such as sodium fluoride and titanium tetrafluoride in vitro.

Material and Methods: Cavities of 4x2x2 mm were prepared on the mesial, distal, buccal and lingual
surfaces of the extracted 12 intact human third molars. 38% silver diamine fluoride solution was applied
to the first group, 2% NaF solution to the 2nd group, 2% TiF4 solution to the 3rd group and deionized water
to the 4th group. After the solutions were applied, the cavities were restored with composite resin. Then,
all samples were aged by thermal cycle method and sterilized by autoclave. The volume of the lesions
formed by keeping the samples in 5% sucrose solution containing Streptococcus mutans and Lactobacillus
acidophilus for 28 days was evaluated by micro computed tomography method. Data analysis of the study
was performed using SPSS 21.0 V (IBM, Chicago, USA) statistical package program. Group results were
compared using one-way analysis of variance (ANOVA) test (p>0.05).

Results: Although the secondary caries lesion volume was found to be lower in the silver diamine fluoride
applied group compared to the other groups, there was no statistically significant difference between the
groups.

Conclusion: These results show that the effectiveness of silver diamine fluoride to prevent secondary caries
formation in composite resin restorations should be investigated with longer-term studies.

Keywords: Silver diamine fluoride; Secondary caries; Micro-computed tomography; Sodium fluoride;
Titanium tetrafluoride

0z

Amag: Bu galismanin amaci %38’lik gimus diamin florlriin (SDF) sekonder glriik olusumunu 6nleme
etkinliginin sodyum florir ve titanyum tetraflorir gibi flor igeren diger remineralizasyon ajanlari ile in vitro
ortamda karsilastirilarak degerlendirilmesidir.

Yontem: Cekilmis 12 adet saglam insan 3. molar dislerinin mezial, distal, bukkal, lingual yizeylerine 4x2x2
mm boyutlarinda kaviteler hazirland. ilk gruba %38’lik giimiis diamin floriir soliisyonu, 2. gruba %2’lik NaF
solusyonu, 3. gruba %2’lik TiF4 soliisyonu ve 4. gruba deiyonize su uygulandi. Solusyonlar uygulandiktan
sonra kaviteler kompozit rezin ile restore edildi. Daha sonra butlin érnekler termal siklus yontemi ile
yaslandirilip otoklav ile sterilize edildi. Orneklerin 28 giin boyunca Streptococcus mutans ve Lactobacillus
acidophilus igeren %5'lik sikroz soliisyonunda bekletiimesiyle olusturulan lezyonlarin hacmi mikro
bilgisayarli tomografi yontemi ile degerlendirildi. Calismaya ait verilerin analizleri SPSS 21.0 V (IBM,
Chicago, ABD) istatistik paket programi kullanilarak yapildi. Tek yonli varyans analizi (ANOVA) testi
kullanilarak grup sonuglari karsilastirildi (P>.05).
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olarak anlamli fark yoktu.

calismalarla arastirilmasi gerektigini gostermektedir.

Bulgular: Gimus diamin flortir uygulanan grupta sekonder girtk lezyon hacmi diger gruplara gére daha az bulunsa da gruplar arasinda istatistiksel
Sonug: Bu sonuglar, glimis diamin floriiriin kompozit rezin restorasyonlarda sekonder ¢lrik olusumunu onleyici etkinliginin daha uzun sireli

Anahtar Kelimeler: Gimis diamin floriir; Sekonder gtiriik; Mikro bilgisayarli tomografi; Sodyum florir; Titanyum tetrafloriir

INTRODUCTION

In recent years, due to increase of importance given to aesthetic
appearance, composite resins are frequently used as dental restorative
materials by patients and physicians. In resin materials, as with all
polymers, a shrinkage occurs due to the conversion of monomers into
the polymer chain. This reduction in volume is caused by the
convergence of the monomer leads to polymerization stresses within
the composite resin and on the tooth-restoration bonding surface.!If the
tensile strength due to polymerization is greater than the bond strength,
the bond between the composite resin and the dentin interface will fail.
As a result, problems such as formation of microcavities, edge leakage,
postoperative sensitivity, discoloration and formation of secondary
caries may arise. In addition, microbial dental plaque deposition occurs
more than amalgam restorations in composite resin restorations.? Apart
from these, many factors such as adhesive systems and light sources
may affect the success of composite resin restorations and indirectly
cause secondary caries formation. New caries around old restorations is
one of the most important reasons for replacing restorations.3 When
replacing old restorations, intact tooth tissues can be damaged. For this
reason, it is of great importance to take preventive measures before
secondary caries occurs.

Today, many preventive and protective methods against dental
caries have been developed and continue to be developed. Secondary
caries can be prevented by reducing the amount of bacteria between the
tooth and the restorative material. For this, materials with antibacterial
activity and potential to provide remineralization in dental tissues can
be used.* Fluorides, one of the most widely used remineralization agents
against dental caries, can be used alone or in combination with other
agents. Solutions of compounds such as sodium fluoride (NaF), titanium
tetrafluoride (TiFs) and silver diamine fluoride (SDF) at appropriate
concentrations can be used topically to stop the progression of caries
lesions and prevent caries formation.>

Silver diamine fluoride has been used as a therapeutic agent since
1970s to prevent dental caries and to stop initial caries.® Several studies
have shown that the most effective concentration of SDF that prevents
caries formation is 38% SDF solution.” There are few studies investigating
the effect of silver diamine fluoride in preventing the development of
secondary caries in composite resin restorations.

Micro-computed tomography (micro-CT) method, which allows 3D
reconstruction, has recently been used to examine polymerization
shrinkage, gap formation and microleakage.? In this study, secondary
caries lesion volumes were evaluated by micro-computed tomography
method.

The aim of this study was to evaluate the preventive effect of
secondary caries formation of SDF in comparison with sodium fluoride
and titanium tetrafluoride. The null hypothesis was there is no
difference between the protective effect of silver diamine fluoride and
other test materials against secondary caries formation.

MATERIAL AND METHOD

The ethical committee approval required for our research was
obtained from Gazi Faculty of Medicine Research Ethics Committee

(24074710-35 Issue: 23.10.2017). Written consent was not obtained
because previously extracted teeth were used in our study.

Materials selection and specimen preparation

In this study, 12 extracted human third molars without any caries,
restoration, structural defects or damage were used. Extracted teeth
were stored in 0.1% thymol solution until study time. The teeth were
placed in cylindrical molds containing cold acrylic, leaving the crown
areas out. Then, cavities of the same dimensions (4x2x2 mm) were
prepared under water cooling on 4 different surfaces (mesial, distal,
buccal, lingual) of the teeth.

In this study, samples were prepared for 4 groups on the same tooth
in order to minimize the different results that may occur due to the
structural differences of the dental tissues. 48 cavities were prepared on
12 teeth for 4 groups (n=12). The experimental groups the materials
thereof and application protocols are shown in Table 1.

Table 1. Materials and application protocols of experimental groups.

GROUP MATERIAL MANIFACTURER PROTOCOL OF USE
SDF 38% SDF FAgamin®, Tedequim After the product has been
S.R.L., Cordoba, applied for 3 minutes rinsed
ARGENTINE with water for 30 seconds and
air dried
NaF 2% NaF Sigma Aldrich, St. Louis, After the product has been
MO, USA applied for 60 seconds
dried with moisture absorbent
papers
TiF, 2% TiFa Sigma Aldrich, St. Louis, After the product has been
MO, USA applied for 60 seconds rinsed
with water for 30 seconds
CcG Deionized Sigma Aldrich, St. Louis, After applying deionized water
water MO, USA air dried

After the solutions were applied to all groups, 2-step self-etch
adhesive system (Clearfil SE Bond 2, Kuraray, Tokyo, Japan) was applied
to the cavities following the manufacturer's instructions. The cavities
were then restored with composite resin (Filtek Z550, 3M ESPE, Seefeld,
Germany). All restorations were polished using aluminium oxide coated
discs (Sof-Lex; 3M ESPE, St. Paul, MN, USA). After that, all samples were
subjected to thermal cycling 500 times in distilled water baths at 55+ 5
°Cand 10 =5 °C. Then, all teeth were sterilized with autoclave before
the cariogenic bacterial challenge. The flow chart of the study is shown
in Figure 1.

Cariogenic bacterial challenge

The microorganisms used for the cariogenic challenge were S.
mutans American Type Culture Collection 25175 and L. acidophilus
American Type Culture Collection 4356. S. mutans strains were grown
on tryptic soy agar medium and L. acidophilus strains were incubated on
MRS agar medium until colony formation was visible (37 °C, microaerofi-
lically). The bacterial suspension was prepared according to McFarland
0,5 (1.5x108 colony-forming units / ml). After the teeth were placed in
the sample cups, 2 ml artificial saliva was added to form the pellicle and
incubated for 1 hour at 37 °C. At the end of the period, artificial saliva
was removed and bacteria suspensions were placed on the samples.
Then, 5 ml of brain-heart infusion broth (BHI broth, Merc, Germany)
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solution with 5% sucrose was added and the incubated at 37 °C . The
teeth were maintained in this bacterial solution for 28 days; the medium
was refreshed every 48 hours. During the incubation period, Gram stain
test of the used medium was performed to check for contaminants.

Tooth collection

Extracted 3rd molars
(n=12)

Cavity preparation
Buccal, lingual, mesial, distal surfaces
(4x2x2 mm3)

SDF + CR
3 buccal, 3 lingual, 3 me5|al 3 distal surfaces

7
-

NaF + CR
3 buccal, 3 lingual, 3 me5|al 3 distal surfaces

(n=12

TiF4+CR
3buccal, 3 lingual, 3 mesnal 3 distal surfaces
(n=12
3buccal, 3 lingual, 3 meslal 3 distal surfaces Cariogenic bacterial challange
(n=12 for 28 days

55+5°C
32 seconds
Thermocycling
500 cycles

32 seconds

Lesion assessment
Micro-CT

Figure 1. Flow chart of the study.

Evaluation of lesions by micro-computed tomography (micro-CT)

The volumes of secondary caries lesions were evaluated by Micro-CT
method. The teeth were scanned using micro-CT (SkyScan 1275, Kontich,
Belgium) to assess volumes of carious lesions (Figure 2). The X-ray source
was operated at a voltage of 80 kV and a current of 125 pA. A total of
1800 cross-sectional images of approximately 9 microns were taken
using a 1 mm aluminum filter. The teeth were rotated by 0.20° each time
and scanned 360°. Each scan lasted approximately for 35 minutes.
Sectional images of the samples were converted from TIFF (Tagged
Image File Format) format to BMP (Bit Map Picture) format. The sections
were reconstructed by eliminating image impurities and radiological
artifacts in the software NRecon (Version 1.7.4.2. SkyScan, Kontich,
Belgium) and the image was made available for mathematical analysis.
A high-capacity workstation (Dell Precision Tower 7910, Dell Company,
Austin, Texas, USA) was used for the analysis of the images. Positional
errors of all three planes of space were corrected by using SkyScan
Dataviewer (version 1.5.6.2 64 bit, SkyScan, Kontich, Belgium) program
of the processed images. The unnecessary regions were removed and
the image sizes were reduced, thus enabling faster analysis. The new
data series was uploaded to CTAn 18.4.0 (SkyScan, Kontich, Belgium) to
limit the active examination area. First, the lesion site was separated
from the surrounding intact tissues and air space using the regional
disintegration function of the program.

As the second stage, the appropriate interval (theresholding) was
determined according to the lesion density on the black and white image
page (Figure 3). Volume calculations for the lesions were performed
using the standard task list for each sample.

Wall lesion Outer lesion

Restoration

Figure 2. Micro-computed tomography image of the restoration margin after
challenge with cariogenic bacteria.

o
@
-

B & 3 B
Y Y A

a1 M

Figure 3. Determination of the appropriate range for lesion density on the black
and white image page.

Statistical analysis

Statistical analysis was performed using SPSS 21.0 V (IBM, Chicago,
USA) statistical package program. After analysis of the normality of data
distribution using the Shapiro-Wilk normality test, the results were
analyzed by a one-way analysis of variance (ANOVA). The level of
statistical significance was accepted as p < 0,05.

RESULTS

The mean volume values, standard deviation values, minimum and
maximum values of secondary caries lesions around the restoration of
the study groups are shown in the Table 2. The mean lesion volume
values for SDF, NaF, TiF4 and control groups were calculated as 0.261
mm3, 0.333 mm3, 0.309 mm?3 and 0.409 mm?3, respectively. When the
volume of secondary caries lesion formed around the restoration was
evaluated, the SDF group showed the lowest value. The SDF group was
followed by TiFs, NaF and control groups (Figure 4). However, no
statistically significant difference was found between the groups
according to the results of one-way analysis of variance (ANOVA)
(P>.05).

Table 2. Mean lesion volumes, standard deviation, minimum and maximum
values of test groups

Group Mean of lesion Minimum | Maximum Standard
volumes (mm3) Deviation
SDF 0,2612 0,067 0,700 0,160
NaF 0,3332 0,088 0,617 0,180
TiFs 0,3092 0,119 0,613 0,153
CG 0,4092 0,060 0,890 0,287
= Distinct superscript letters indicate statistical significance (P<.05).

M Lesion volume (mm3)

0,7

0,525

0,35

0,175

SDF NaF TiFa CG

Figure 4. Graphical display of secondary carious lesion volume mean and standard
deviations of the groups.
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DISCUSSION

In current study, the effectiveness of SDF solution and NaF; and TiF,
solutions in preventing secondary caries formation was evaluated. The
null hypothesis was accepted because there was no statistically
significant difference between the other solutions tested with SDF in
terms of preventing secondary caries formation.

Previous studies rather focused on the effects of silver diamine
fluoride on remineralizing initial caries lesions and preventing primary
caries lesions. In addition, while there are many other studies with glass
ionomer restorative material evaluating the protective effect of silver
diamine fluoride on secondary caries lesions, there is only one study
using composite resin. In addition, there is no study comparing the
effects of silver diamine fluoride, sodium fluoride and titanium tetra
fluoride to prevent secondary caries formation.

A recent study has reported that silver diamine fluoride (SDF), a
current caries preventive agent, possesses antibacterial properties,
hinders the formation of biofilm, halts the progression of cavities, and
facilitates remineralization.® SDF, which has been used as a therapeutic
agent since the 1970s, received approval from the United States Food
and Drug Administration (FDA) in 2014 and was launched in 2015.10
Silver diamine fluoride can be used in various concentrations such as
10%, 12%, 30%, and 38%. It is recommended to use 38% SDF solution to
prevent caries and to stop existing carious lesions.1? That's why we
preferred the 38% concentration of SDF for this study.

Fluorides are widely recognized as a key factor responsible for the
dramatic decrease in global prevalence of dental caries.12 They primarily
achieve caries control through their topical effects. The application of
high-concentration fluoride products topically creates protective layers
resembling CaF, precipitates on dental hard tissues.!® Topical fluoride
treatments promote inhibition of demineralization and an increase in
remineralization in dental hard tissues. It has been reported that
restorations with fluoride application to cavity walls before the
placement of restorative materials experience less microleakage
compared to restorations without such fluoride treatment.*In a study,
it was reported that sodium fluoride was more successful in
remineralizing early enamel caries compared to stannous fluoride and
amine fluorides.’> The most commonly used fluoride solution since the
1940s has been the 2% sodium fluoride (NaF) solution.16

Due to the low pH of TiF4 solution, the penetration depth of fluoride
ions is greater.’ It has been reported that TiF4 solution applied to dentin
surfaces exhibits antibacterial effects against S. mutans and L. casei.’® In
a study investigating the optimal concentration of TiF, solution for
remineralizing early dentin caries, the concentration of 2% TiF, solution
was found to be more successful compared to 1%, 3%, and 4% TiF,
solutions.1® Therefore, we preferred the concentration of 2% TiF,
Basting et al. showed that the layer formed by applying TiF4 to dentin
was resistant to acids and remained intact even after 30 minutes of
exposure to citric acid.2 It has been reported that incorporation of TiF,4
into the hybrid layer prolongs the life of the hybrid layer and prevents
the formation of secondary carious lesions.1&21

In this study, each of the remineralization solutions was applied
using different protocols. When applying silver diamine fluoride SDF
solution, two different methods were employed. In several studies, after
waiting for sufficient time in SDF application, excess solution was rinsed
away.3>There are also different studies in which no washing process was
performed after SDF application.?? In our study, the 38% SDF solution
was applied to cavity surfaces in accordance with the manufacturer's
instructions. Specifically, 2-3 drops of the product were applied to the
cavity surfaces using a microbrush. After waiting for 2 minutes, an active
application was performed with the brush for 1 minute. Subsequently,
the samples were washed and dried. The 2% NaF solution was applied
to tooth surfaces in a manner similar to previous studies. It was left on

the surfaces for 60 seconds and then dried using sterile absorbent paper
points.24 The TiF, solution, following a procedure similar to prior studies,
was actively applied to cavity surfaces using a microbrush for 60
seconds, followed by washing and drying.2> The application of TiF,
solutions to dentin surfaces before acid etching or application of acidic
monomers is recommended.?! Therefore, in this study, the dentin
surfaces were treated with the TiF,; solution first, followed by the
application of the adhesive system.

The histopathological structures of caries-like lesions created in vitro
are similar to caries lesions that occur in vivo.2® Chemical and bacterial
models can be used to create carious lesions in dental tissues in vitro.
Chemical model is an easy and cheap system but it does not contain
bacteria and it cannot mimic the mouth environment adequately. In
contrast, the ecosystem that causes microbial dental plaque and caries
development in bacterial model can be imitated in vitro?’. In this study,
a bacterial system containing S. mutans and L. acidophilus was preferred
for the creation of in vitro secondary caries lesions. Bacterial challenge
was carried out using two types of cariogenic bacteria strains. The
microbiological experiments of the study continued for 28 days. Caries
lesions were formed on coronal restorations by mimicking clinical
conditions in vitro.

Restorations are constantly exposed to temperature and pH changes
within the oral cavity. Due to the disparity in thermal expansion
coefficients between dental tissues and restorative materials, thermal
stresses can lead to the formation of micro-gaps at the tooth-restoration
interface over time, consequently resulting in microleakage. Therefore,
in order to simulate oral conditions, thermal and mechanical load cycles
can be applied to samples. It has been shown that after 500 thermal
cycles, there is a significant increase in microleakage at the enamel and
dentin margins.?8 For these reasons, restorations from all groups in our
secondary caries experiment underwent 500 thermal cycles in water
baths at 5°C and 55°C before the microbiological test.

Both in vivo and in vitro methods are used in the diagnosis of
secondary caries. The gold standard for in vitro caries detection is the
histological evaluation of tooth sections taken from the relevant
region.2? However, the reliability of this method is reduced due to
potential damage to the examined tissue during sample sectioning for
histological examination. Furthermore, various factors in histological
methods, such as the type of microscope used, the number of sections
taken, section thickness, the direction of sectioning, and the type of stain
used for detection, can influence the results.3° Micro-CT imaging allows
visualization of numerous sections without damaging dental tissues.
Consequently, it has emerged as an alternative to histological methods
inin vitro caries detection. In this study, the lesions created in vitro were
evaluated using the micro-CT method. Micro-CT allows examination of
samples from all groups on the same tooth without damaging dental
structure. In addition, the ability to perform three-dimensional analysis
of micro-CT images enabled the volumetric evaluation of the secondary
caries lesions created. In this way, samples belonging to all groups can
be prepared and evaluated on the same tooth.

In contrast to this study, Mei et al. (2016), evaluating the
effectiveness of SDF in preventing secondary caries, showed that the
application of SDF significantly increased the resistance of glass ionomer
and composite resin restorations against secondary caries compared to
the control group.3! However, unlike our study, washing was not
performed after applying SDF solution. In addition, although secondary
caries lesions were evaluated with the micro-CT method in this study,
the images were evaluated in 2-dimensions.

There are studies reporting that silver diamine fluoride reduces the
bond strength of composite resin restorations to dentin3233, It can be
thought that this situation reduces the protective effectiveness of silver
diamine fluoride against the formation of secondary caries due to
increased microleakage.
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Ishiguro et al. investigated the bacterial acid production, which
causes caries formation at the tooth-bacteria interface, after applying 38
% SDF and 2% NaF solutions in aged and unaged samples.3* While they
found that both solutions were more successful in inhibiting bacterial
acid production than the control group, they also indicated that 38% SDF
solution is more successful than the 2% NaF solution. In aged specimens,
there was no statistically significant difference in the inhibition of
bacterial acid production between the 38% SDF, 2% NaF and control
groups. In this study, it can be expressed that there was no difference
between the control, NaF and SDF groups in terms of secondary carious
lesion volumes due to the deterioration of the tooth-restoration
connection and the decrease in the effectiveness of the solutions during
the aging process.

In another study investigating the inhibitory effect of 2.5% TiF,
solution on the formation of secondary caries, it was shown that less
demineralization occurred in the TiF4 treated group compared to the
non-applied groups.3> In this study, the volume of secondary caries
lesion formed in the TiF4 group was less than that of the control group.
However, there is no statistically significant difference. It could be
thought that this situation may resulted from the difference in the
concentrations of the solutions used.

CONCLUSION

Within the limitations of this in vitro study, silver diamine fluoride,
sodium fluoride, and titanium tetrafluoride were not found to be
successful in preventing secondary caries formation in composite resin
restorations. Our study has some limitations as it was performed under
in-vitro conditions. We believe that new studies are necessary to better
understand the effectiveness of silver diamine fluoride compound in
preventing secondary caries in composite resin restorations.

We think that some changes should be made in the solution content
in order to increase the bond strength of silver diamine fluoride to
dentin in the future. Thus, the effectiveness of preventing secondary
caries formation can be increased by reducing microleakage caused by
the reduction of the bond strength of composite resins to dentin.
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Arastirma Makalesi Research Article

Farkl Yontemlerle Uretilen Metal Destekli
Porselen Restorasyonlarda Laboratuvar
Asamalari Sonrasi Renk Farkliliklarinin
Karsilastiriimasi

Comparison of Color Differences After Laboratory Stages
in Metal-Reinforced Porcelain Restorations Produced with
Different Methods

6z

Amag: Bu calismanin amaci, farkli altyapi tretim tekniklerinin kullanildigi kobalt-krom (Co-Cr) alagimli metal
destekli porselen restorasyonlarin, laboratuvar asamalari sonrasi olusan renk farkhhklarinin
degerlendirilmesidir.

Yontem: 45 adet kare sekilli Co-Cr alagimi (10x10x1mm) o6rnek, dokim, milleme ve lazer sinterleme
teknikleri ile tretildi (n=15). Tim 6rneklere standart opak (0,1 mm), dentin porselen (1 mm) uygulandi ve
glazelendi. Opak uygulama 6ncesi, opak uygulama sonrasi ve porselen uygulama sonrasi spektrofotometre
ile renk olgtimleri yapildi. L*, a*, b* degerleri elde edildi. Renk farkliliklari CIEDE2000 formdli ile
hesaplandi.

Bulgular: Opak uygulama 6ncesi renk farklilik degerleri (AEoo), dokiim ve milleme gruplarinda algilanabilir
esik degerinin altinda (<0.8), lazer sinterleme grubunda ise klinik olarak kabul edilebilir degerde
bulunmustur (<1.8). Opak uygulama sonrasi renk farklilik degerleri, tim gruplarda algilanabilir esik
degerinin altinda (<0.8), porselen uygulama sonrasinda renk farklilik degerleri; lazer sinterleme grubunda,
kabul edilebilir sinirda (<1.8), dékiim ve milleme gruplarinda ise kabul edilebilir sinirin tGzerinde tespit
edilmistir.

Sonug: Metal destekli porselen restorasyonlarda farkh altyapi tretim teknikleri, laboratuvar asamalari
sonrasi renk farkliligina neden olmaktadir.

Anahtar kelimeler: Metal seramik restorasyonlar, Kobalt krom, Spektrofotometre, Dis protez tasarimi

ABSTRACT

Objective: This study aimed to evaluate the color differences that occur after laboratory stages of cobalt-
chromium (Co-Cr) alloy porcelain-fused-to-metal restorations using different framework production
techniques.

Methods: 45 square shaped Co-Cr alloys (10x10x1mm) specimens were produced by casting, milling and
laser sintering techniques (n=15). Standard opaque (0.1 mm) and dentin porcelain (1 mm) was applied to
all specimens and glazed. Color measurements were made a spectrophotometer before the opaque
application, after the opaque application and after the porcelain application. L*, a*, b* values were
obtained. Color differences were calculated using the formula CIEDE2000.

Results: Color difference values (AEqo) before the opaque application were below the perceptible threshold
value (<0.8) in the casting and milling groups, and were clinically acceptable (<1.8) in the laser sintering
group. Color difference values after opaque application were below the perceptible threshold value (<0.8)
in all groups, color difference values after porcelain application; it was found to be within the acceptable
limit (<1.8) in the laser sintering group, and above the acceptable limit in the casting and milling groups.
Conclusion: Different framework production techniques in porcelain-fused-to-metal restorations cause
color differences after laboratory stages.

Key Words: Metal ceramic restorations, Cobalt chromium, Spectrophotometry, Dental prosthesis design
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GIRIS

Sabit protetik dis hekimliginde metal destekli porselen
restorasyonlar, uzun vyillardir glvenli bir sekilde kullaniimaktadir.
Biyouyumlu materyaller olarak bilinen porselenlerin, mekanik
ozelliklerinin zayifigi ve kirllgan yapida olmalari sebebiyle klinik
kullanimlarinda, metal altyapilarla desteklenmeleri gerekmektedir.?
Altyapi materyali olarak ¢ogunlukla soy olmayan metal alagimlarindan
olan kobalt-krom (Co-Cr) veya nikel-krom (Ni-Cr) tercih edilmektedir.2
Nikel metalinin alerjik reaksiyon olusturma kapasitesi nedeniyle,
korozyona karsi direngli yapilari, maliyetlerinin dusikligiu ve elastik
modiilllerinin yiksek olmasi, metal destekli porselen restorasyonlarinda
Co-Cr alagimlarinin daha gok tercih edilmelerini saglamistir.2

Metal alagimlarin altyapi Giretiminde yaygin olarak geleneksel dokiim
yontemi kullanilmaktadir.3 Bu yéntemin uzun zaman almasi ve basarinin,
teknisyenin yetenegine bagli olmasi, yontemin dezavantajlarini
olusturmaktadir. Dis hekimligi teknolojisinin gelisimine paralel olarak
Computer Aided Design/Computer Aided Manufacturing (CAD/CAM) ve
lazer sinterleme yontemleri gibi farkli metal altyapi tretim teknikleri
tanimlanmis ve uygulanmaya baslanmistir.#5 CAD/CAM sistemleri, optik
tarayicilar ile agiz igi veya modelden elde edilen verilerin, bilgisayar
yazilimlari ile Ug¢ boyutlu tasarimlara donistirilmesi ve Gretimini
kapsayan bir dizi islemler bltinudir. Bu sistemlerle metal, seramik veya
rezin materyallerinden kazima islemleri yiksek  dogrulukla
yapilabilmekte, bu da uretilen altyapilarin basarisini arttirmaktadir.*
Lazer sinterleme teknigi ise, metal tozlarinin, 3 boyutlu yazilim ile
belirlenen noktalara lazer isinlarinin yonlendirilmesi neticesinde bir
araya getirilmesi esasina dayanan eklemeli Gretim metodudur.b Dijital
teknolojinin gelisimi, CAD/CAM ve lazer sinterleme ile metal altyapi
Uretim yontemlerinin 6n plana ¢ikmasini saglamistir.

Metal destekli porselen restorasyonlarin 6zellikle anterior bolgede
kullanimlari, 15tk gegirgenliginin ve translusensliginin azalmasi, isik
yansimasinin artisina  bagh olarak estetik problemlere neden
olmaktadir.” Metal altyapili porselen restorasyonlarda dogal disin
yapisini ve rengini taklit etmek oldukga zordur.®10 Bunun en buytk
nedeni, dogal dis ile restorasyon arasindaki yapisal farkliliklardir.82 Metal
alt yapinin rengini maskeleyebilmek icin restorasyona opak seramik
uygulanir. Opak tabaka tzerine uygulanacak porselenin rengi ve kalinhgi
da restorasyonun estetigini etkileyen faktorlerdir.>11

Dis hekimligi pratiginde renk secimi, giplak goz ile yapilabildigi gibi,
kolorimetre veya spektrofotometre gibi dijital cihazlarla da
belirlenebilmektedir.’2 Dijital olarak yapilan renk &lgtimlerinde
¢ogunlukla CIE L*a*b renk sistemi tercih edilse de en gincel sistem
CIEDE2000’dir.13

CIELAB renk sisteminde her bir renk, renk uzayinda 3 koordinatla
tanimlanir.1419 L* degeri agikhgi, a* degeri kirmizilik (pozitif) ve yesillik
(negatif) oranini, b* degeri sarilik (pozitif) ve mavilik (negatif) oranini
temsil etmektedir.” Renk farkinin algilanabilir veya kabul edilebilir olup
olmadigini anlamak igin renk algilanabilirligi ve renk kabul edilebilirlik
esik degerleri karsilagtirilir. Paravina ve ark.2 CIEDE2000 %50
algilanabilirlik esigi ve %50 kabul edilebilirlik esiginin sirasiyla 0.8 ve 1.8
oldugunu bildirmislerdir.

Literatiirde, farkl altyapi materyallerinin, protetik restorasyonlarin
final rengi Uzerine etkilerinin arastirildigi ¢alismalar mevcuttur.2-23
Ancak metal destekli porselen restorasyonlarda kullanilan farkh altyapi
Uretim tekniklerinin, laboratuvar islemleri sonrasi renk farkhhklari
Uzerine olan etkilerinin, glincel bir metot olan CIEDE 2000 formiili ile
degerlendirildigi bir ¢alismaya rastlanmamistir. Bu g¢alismanin amaci,
farkh tekniklerle Uretilen kobalt-krom (Co-Cr) alagimh metal destekli
porselen restorasyonlarin, laboratuvar asamalari sonrasi olusan renk
farklihklarinin degerlendirilmesidir. Calismanin sifir hipotezi, altyapi
Uretim teknigindeki farkliligin, metal destekli porselen restorasyonlarin

farkh laboratuvar basamaklari arasinda renk farkhligina neden
olmayacagidir.

GEREC VE YONTEM

Cahsmada kullanilmak tzere, her bir gruptan 15 adet 10x10x1mm
Olcllerinde toplam 45 adet 6rnek, 3 farkl ydontemle (dékiim, CAD/CAM
milleme, lazer sinterleme) hazirlandi (Tablo 1).

Tablo 1. Co-Cr altyapilarin tiretim teknikleri ve materyallerin 6zellikleri

Uretim Marka Uretici firma igerigi (%)
teknigi
Dokim Remanium 2000+, Dentaurum GmbH Co&KG, Co 63, Cr 23, Mo
Ispringen, Almanya 7,W5,Sil.5
Mn<1 N<1
Milleme Remanium star Dentaurum GmbH Co&KG, Co 60.5, Cr 28,
MD Il blank Ispringen, Almanya WJ9,Sil.5
N<1 Fe<1 Nb<1
Mn<1
Lazer Remanium?® star Dentaurum GmbH Co&KG, Co 60.5, Cr 28,
sinterleme CL Ispringen, Almanya W9,Sil.5
Mn<1 N<1 Nb<1
Fe<1

Geleneksel dokiim yonteminin  kullanildigi  Co-Cr  ornekler,
(Remanium 2000+, Dentaurum GmbH Co&KG, Ispringen, Almanya)
indlksiyon dokiim makinesinde, (Fornax GEU, Bego, Bremen, Almanya)
kayip mum teknigi ile Uretildi. Dokim vyollari hazirlanan &rnekler
mansete alindi ve fosfat bagl revetman kullanildi. (Bellavest SH, Bego,
Bremen, Almanya) Mumun elimine edilmesi igin Uretici firmanin
tavsiyeleri dogrultusunda 6n isitma firininda 250°C de 25 dakika olacak
sekilde firinlama yapildi. (Miditherm MP, Bego, Bremen, Almanya)
Ardindan revetman bloklar, santriflij cihazina (The Fornax BEGO GmbH
& Co.KG, Almanya) yerlestirilerek dokim islemi tamamlandi.

CAD/CAM sistemi ile milleme y6nteminin kullanildigi 6rneklerin
Uretimi, Co-Cr alasimi olan bloktan (Remanium star MD Il blank,
Dentaurum GmbH Co&KG, Ispringen, Almanya), su sogutmasi altinda
yapildi.

Lazer sintereleme ile Uretilen ornekler, 3 boyutlu dizayn yapilarak,
Co-Cr metal alagim tozlarinin (Remanium® star CL, Dentaurum GmbH
Co&KG, Ispringen, Almanya) lazer sinter cihazinda (M2 Cusing,
ConceptLaser GmBH, Lichtenfels, Almanya) lazer isinlar ile eritilip,
tabakalar halinde katmanlarin birlesimiyle elde edilmistir.

Orneklerin 10x10x1mm &lgiilerinde olup olmadiginin kontrolii igin
dijital kumpas (Digital Caliper, World Precision Instruments, Sarasota, FL,
A.B.D.) kullanildi. Uygun olmayan &rnekler ¢alismaya dahil edilmedi ve
yenileri Uretildi. TUm 6rnekler, 250 um aliminyum oksit partikdlleriyle,
2 bar basing altinda kumlanmis ve 10 dakika siresince etanol
soliisyonunda bekletilmistir. Orneklerin porselen yiizeylerine, porselen
baglayici ajan (3C-Bond, Alphadent, NV Antwerpen, Belgika) ve 0,1 mm
opak porseleni (VITA VMK Opaque A1, GC Initial MC Paste Opaque OA2,
Zahnfabrik, Bad Sackingen, Almanya) uygulandi ve firinlandi (Programat
P80, Ivoclar-Vivadent, Schaan, Lihtenstayn) (450-970°C). Ardindan
uygulanacak olan porselen kalinhiginin standardizasyonu igin, 10x10x1
mm ebatlarinda delikleri olan metal bir diizenek hazirlanarak 6rnekler
Gzerine 1 mm porselen (Vita VMK Master, VITA Zahnfabrik, Bad
Sackingen, Almanya) yigma islemi yapildi ve firinlandi (450-955°C).
Orneklerin kalinlklari, dijital kumpas (Digital Caliper, World Precision
Instruments, Sarasota, FL, ABD) yardimiyla 6l¢tildii ve glaze uygulanarak
laboratuvar islemleri tamamlandi. Opak porselen, dentin porseleni ve
glaze asamalarinda, Uretici firmanin tavsiyeleri dogrultusunda firinlama
islemleri uygulandi. Orneklerin renk lgiimleri, D65 ksenon filtreli daginik
aydinlatma ve 8 derecelik goriintileme geometrisine sahip bir
spektrofotometre ile gergeklestirildi. (Datacolor spektrofotometre,
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Spectra Flash SF600 Plus, Datacolor AG, Lawrenceville, NJ, ABD). Her
ornek igin 3 6lgtim yapildi ve bu 6lglimlerin ortalamasi alinarak L*, a*, b*
degerleri elde edildi. Her grubun 6lgimi sonrasinda cihaz yeniden
kalibre edildi ve dl¢iimlere devam edildi. Olgimler her bir drnek igin,
opak porselen uygulama 6ncesi, opak porselen uygulama sonrasi ve
dentin porselen+glaze uygulamalari sonrasinda yapildi ve degerler
kaydedildi. Farkli tekniklerle (retilen gruplarn, farkh laboratuvar
basamaklari arasindaki renk farkllik (AEqo) degerleri, asagidaki CIEDE
2000 formald kullanilarak hesaplandi:24-25

AEgo = [(AL'/KiS1)?2 + (AC'/KcSc)?> + (AH'/KuSw)? + Rr(AC'/KcSc)
(BH'/KuSk)]Y/2

Bu formilde AL', AC' ve AH', agiklik, kroma ve renk tonu farkhliklarini
ifade etmektedir. KL, KC ve KH parametrik faktorlerdir. Bu faktorler
¢alismada, aydinlatma ve goriintileme kosullarini diizeltmek igin
kullanildi ve CIE tarafindan tanimlanan referans kosullar altinda 1.0
olarak ayarlandi. Agikhk, renk tonu ve kroma bilesenleri igin
agirhklandirma fonksiyonlari sirasiyla SL, SC ve SH sembolleri olarak
gosterilmektedir. RT (donme terimi), mavi boélgedeki ton ve kroma
performansini iyilestirmek icin kullanilmaktadir.26

AEoo degerleri, 6rneklerin renk degisikliklerinin, gdzlemci tarafindan
algilanip algilanamayacagini veya kabul edilebilir olup olmadigini
belirlemek igin kullanilmaktadir. Bu ¢alismada AEqo algilanabilirlik esik
degeri 0.8, kabul edilebilirlik esik degeri ise 1,8 olarak belirlenmistir. Bu
degerlerin Gzeri seviyelerin, iki renk arasindaki farkliigin algilanabilir ve
klinik olarak kabul edilemez oldugunu gosterdigi degerlendirilmistir.2°

istatistiksel analiz

Verilerin analizinde IBM SPSS version 20 programi kullaniimistir.
Tanimlayici veriler ortalama, standart sapma, medyan, minimum,
maksimum olarak verilmistir. Farkliliklar Mann Whitney U test ile
karsilastirilmistir. istatistiksel anlamlilik diizeyi P<,05 olarak kabul
edilmistir.

BULGULAR

Her bir 6rnek grubunun (dokim, milleme ve lazer sinterleme), opak
uygulama oncesi, opak uygulama sonrasi ve porselen uygulama sonrasi
L*, a*, b* degerlerine ait tanimlayicl istatistikler Tablo 2’de
gosterilmistir.

Elde edilen sonuglara gore; L* degerleri agisindan gruplar arasi
yapilan karsilastirmada; opak uygulama oncesi istatistiksel olarak anlamli
fark bulunmazken (P>.05), opak uygulama sonrasi ve porselen
uygulamalari sonrasi gruplar arasinda fark, istatistiksel olarak anlamh
bulundu  (P<.05). Opak uygulama Oncesi ikili  gruplarin
karsilagtirlmasinda anlamh farkhhk bulunmazken (P>.05), opak
uygulama sonrasi dokiim&lazer sinterleme ve dokim&milleme gruplari
arasinda; porselen uygulama sonrasi dokiim&lazer sinterleme ve lazer
sinterleme&milleme gruplari arasinda, istatistiksel olarak anlamh fark
bulunmustur (P<.05).

a* degerleri agisindan gruplar arasi yapilan karsilastirmada; opak
uygulama oncesi istatistiksel olarak anlamli fark bulunmazken (P>.05),
opak uygulama sonrasi ve porselen uygulamalari sonrasi gruplar
arasinda fark, istatistiksel olarak anlamh bulundu (P<.05). Opak
uygulama sonrasi ve porselen uygulama sonrasi ikili gruplarin
karsilagtirilmasinda; dokim&milleme ve lazer sinterleme&milleme
gruplari arasindaki farkhliklar anlamh bulunmustur (P<.05).

Opak uygulama o©ncesi, opak uygulama sonrasi ve porselen
uygulama sonrasi, b* degerleri agisindan gruplar arasi yapilan
karsilagtirmada, farkhhgin, istatistiksel olarak anlamh oldugu bulundu
(P<.05). ikili gruplarin karsilastirilmasinda; opak uygulama 6éncesi
dokim&lazer sinterleme ve lazer sinterleme&milleme gruplari arasinda;
opak uygulama sonrasi ve porselen uygulama sonrasinda ise

dokiim&milleme ve lazer sinterleme&milleme gruplari arasindaki
farklliklar, istatistiksel olarak anlaml bulunmustur (P<.05).

Do6kiim, milleme ve lazer sinterleme yontemleri ile elde edilen 6rnek
gruplarinin, ayni laboratuvar basamaklarindaki renk farkliliklarinin (AEgo)
degerlendirilmesi Tablo 3 ve Sekil 1'de gosterilmistir. Gruplarin
birbirleriyle yapilan karsilastiriimasinda, opak uygulama Oncesi en
yuksek renk farklilik degeri lazer sinterleme grubunda tespit edilmisken
(1,04+0,46), opak uygulama sonrasi (0,79+0,47) ve porselen uygulama
sonrasl (2,55+1,01) en yiksek renk farklilik degeri dokim grubunda
bulunmustur. Opak uygulama 6ncesi, dokiim&lazer sinterleme gruplari
arasinda istatistiksel olarak anlamli fark tespit edilmis olup (P<.05),
dokiim&milleme ve milleme&lazer sinterleme gruplari arasinda anlaml
farkhhk tespit edilememistir (P>.05). Opak uygulama sonrasi,
dokiim&milleme ve dokim&lazer sinterleme gruplari arasindaki fark,
istatistiksel olarak anlamhdir (P<.05). Milleme&aIazer sinterleme gruplari
arasindaki fark ise, istatistiksel olarak anlamli bulunmamistir (P>.05).
Porselen uygulama sonrasi, dokiim&lazer sinterleme ve milleme&lazer
sinterleme gruplari arasinda da istatistiksel olarak anlamh fark
bulunmustur (P<.05). Dokiim&milleme gruplari arasinda ise anlamli fark
tespit edilememistir (P>.05).
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50
00
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Sekil 1. Gruplarin ayni laboratuvar basamaklarindaki renk farkliliklarinin
istatistiksel degerlendirilmesi

Opak uygulama oOncesi renk farklilik degerleri (AEq), dokim ve
milleme gruplarinda algilanabilir esik degerinin altinda (<0.8), lazer
sinterleme grubunda ise kabul edilebilir sinirlar iginde bulunmustur
(<1.8). Opak uygulama sonrasi renk farklilik degerleri (AEoo), tim
gruplarda algilanabilir esik degerinin altinda bulunmustur (<0.8).
Porselen uygulama sonrasinda renk farklihk degerleri (AEqo), lazer
sinterleme grubunda, kabul edilebilir sinirlar iginde bulunmus (<1.8),
dokidm ve milleme gruplarinda ise kabul edilebilir sinirin Gzerinde tespit
edilmistir

TARTISMA

Bu calismanin verilerine gore; farkh altyapi Uretim teknikleri ile
Uretilen 6rnek gruplari arasinda opak uygulama 6ncesi, opak uygulama
sonrasi ve porselen uygulama sonrasinda renk farkliigi degerleri,
istatistiksel olarak anlaml bulundugundan (P<.05), calismanin sifir
hipotezi reddedilmistir.
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Tablo 2. Gruplara ait L*, a*, b* degerlerine ait tanimlayici istatistikler

Dokiim?® Lazer Sinterleme? Milleme?
L* i -
Ort+Ss l\'\/I/I;rlls OrtxSs Min-Maks Ort+Ss Min-Maks p p (1&2) p (1&3) p (2&3)
Opak uygulama 6ncesi? 76.07+1.16 77[;%46— 75.72+1.56 73.31-77.36 76.53£1.38 74.22-79.83 0.280 1.000 1.000 0.342
Opak uygulama sonrasi® 81.62+0.92 78922267_ 83.31+0.53 82.49-83.99 82.96+0.48 82.09-83.46 0.001 0.001 0.001 0.484
Porselen uygulama sonrasi® 56.84+3 56219286_ 53.57+0.92 52.36-54.88 56.68+2.2 53.26-60.4 0.001 0.000 0.162 0.000
o+ Dokiim? Lazer Sinterleme? Milleme?
OrtxSs Min-Maks Ort+Ss Min-Maks Ort+Ss Min-Maks p p (1&2) p (1&3) p (2&3)
Opak uygulama 6ncesi? 0.68+0.06 0.55-0.77 0.7+0.11 0.54-0.97 0.67+0.05 0.59-0.77 0.572 1.000 1.000 0.945
Opak uygulama sonrasi® 0.63+0.27 0.08-1.12 0.92+0.15 0.61-1.17 0.62+0.19 0.29-1.02 0.001 1.000 0.001 0.001
Porselen uygulama sonrasi® -0.19+0.1 -0.34-0.06 -.09+0.07 -0.23-0.03 -0.19+0.1 -0.34-0.07 0.004 1.000 0.009 0.016
Dokiim? Lazer Sinterleme? Milleme3
b* Min.- ) Min-
Ort#Ss Ort#Ss Min-Maks Ort#Ss p P(1&2) | P(1&3) | P(2&3)
Maks. Maks
Opak uygulama 6ncesi? 4.25+0.27 3156‘; 4.05+0.3 3.25-4.58 4.67+0.23 4.3-4.95 0.001 0.000 0.162 0.000
12.9- 15.5- 14.81-
b + + +
Opak uygulama sonrasi 15.3+1.04 16.93 16.59+0.5 17.21 15.71+0.55 16.38 0.001 0.404 0.000 0.007
4.58-
Porselen uygulama sonrasi® 5.85+0.68 4.57-7.6 6.8410.74 4.76-7.79 5.99+0.69 75:)82 0.001 1.000 0.001 0.006
Ort: Ortalama, Ss: Standart sapma, Min: Minimum, Maks: Maksimum
Tablo 3. Gruplarin ayni laboratuvar basamaklarinda renk farkliliklarinin degerlendirilmesi
Opak Uygulama Oncesi Opak Uygulama Sonrasi Porselen Uygulama Sonrasi
k Ort+Ss (Medyan) 0,6910,5 (M:0) 0,79£0,47 (M:1) 2,55+1,01 (M:3)
Dokim
Min-Maks 0,21-2 0,28-1,82 0,94-3,94
| Ort+Ss (Medyan) 0,79+0,59 (M:1) 0,47+0,18 (M:0) 1,8740,84 (M:2)
Milleme
Min-Maks 0,18-2,34 0,22-0,76 0,31-3,34
Ort+Ss (Medyan) 1,04+0,46 (M:1) 0,45£0,15 (M:0) 0,9740,35 (M:1,09)
Lazer Sinterleme
Min-Maks 0,36-1,78 0,21-0,7 0,26-1,67
Dokiim v Milleme 0,724 0,016 0,101
Dokim v Lazer Sinterleme 0,036 0,005 0,0001
Milleme v Lazer Sinterleme 0,11 0,756 0,0001
Ort: Ortalama, Ss: Standart sapma, Min: Minimum, Maks: Maksimum
Porselenlerin  biyouyumluluk ve estetik 0Ozeliklerini, metal Brewer ve ark.??, 3 farkli metal alasiminin, metal-seramik

altyapilarin mekanik direng ve dayaniklilik 6zellikleri ile birlestiren metal
destekli porselen restorasyonlar, uzun yillardir dis hekimligi pratiginde
yaygin olarak kullanilmaktadirlar. Bu Ustiin mekanik 6zelliklerine karsin,
metal altyapinin isik gecirgenligi ve translisensliginin az olmasi, estetik
problemlere neden olmaktadir.” Literatiirde, kullanilan metal altyapinin
ve lzerine uygulanan opak porselen sonrasi renk degisikligini inceleyen
calismalar yapilmis olsa da'%?7:28, farkh altyapi teknikleri ile Gretilmis
metal destekli porselenlerin, farkli laboratuvar basamaklari arasindaki
renk degisikliklerinin arastirildigi bir c¢alismaya rastlanmamistir. Bu
galismada; dokim, milleme ve lazer sinterleme ile Gretilen metal destekli
porselen restorasyonlarin, opak porselen uygulama oncesi, opak
uygulama sonrasi ve porselen uygulama sonrasi renk degisiklikleri
karsilagtiriimistir.

Metal destekli porselen restorasyonlar, uzun yillardir kayip-mum
tekniginin kullanildigi dékim metodu ile dretilmektedir. DSkimiin
hassasiyeti ve kalitesi, farkli basarisizliklarin olusabilecegi c¢esitli
laboratuvar basamaklarina baglidir. Bu sebeple, altyapi Uretiminde
alternatif teknikler uygulanmaya baslamistir.?? Dijital teknolojinin
gelisimiyle, CAD/CAM ve lazer sinterleme teknikleri tanitilarak dis
hekimligi pratiginde kullanilmaya baslanmistir.#530 Bu calismada da,
geleneksel dokiim teknigi ve glincel altyapi Uretim teknikleri olan
milleme ve lazer sinterleme Gretim teknikleri kullaniimistir.

restorasyonlarin laboratuvar asamalari sonrasindaki renk degisimlerini,
spektrofotometrik analiz kullanarak degerlendirdikleri ¢alismalarinda,
her 3 alasimda da opak porselen uygulama sonrasi ¢ok az renk degisimi
meydana geldigini, dentin porseleni uygulamasi sonrasi ise 6nemli renk
degisimlerinin meydana geldigini, bu degisimin nedenin, alagimlarinin
farkli olmasindan kaynakl oldugunu savunmuslardir. Bizim yaptigimiz
¢alismada, opak uygulama oncesi en yiksek renk farkhhk degeri lazer
sinterleme grubunda tespit edilmisken, opak ve porselen uygulamalari
sonrasi en yiksek renk farklilik degeri dokiim grubunda bulunmustur.
Farkliigin nedeninin, altyapi Uretim tekniklerinin farkli olmasindan
kaynaklandigi degerlendirilmistir.

Gozle yapilan renk segiminin; ortamin isigina, kullanilan materyalin
ozelliklerine ve bireyin kisisel degerlendirmesine bagh olarak farkliliklar
gosterebildigi  belirtilmistir.® Olusabilecek farkhliklari azaltmak ve
sonuglarin guvenilirligini arttirmak icin renk 6lgtimlerinde, dijital 6l¢im
cihazlar kullanilabilmektedir. Bu amaca yonelik en gelismis renk 6lgiim
cihazlarindan biri spektrofotometredir.® Bu ¢alismada da renk 6lgtimleri
icin spektrofotometre kullaniimistir (Datacolor spektrofotometre,
Spectra Flash SF600 Plus, Datacolor AG, Lawrenceville, NJ, ABD).

CIE renk sisteminde L* degeri acikligi/koyulugu ifade etmektedir.t”
Acik renkli cisimlerin L* degeri yuksek, koyu renkli cisimlerin ise
duguktir.’4 Bu galismada, porselen uygulama sonrasi lazer sinterleme
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grubu 6rneklerin parlakligi, dokim ve milleme ile Uretilen 6rneklerden
daha az bulunmustur. Pozitif a* degerleri, cismin kirmizimsi oldugunu,
negatif degerler ise yesilimsi oldugunu ifade etmektedir.’* Opak
uygulama sonrasl ve porselen uygulama sonrasi, lazer sinterleme ile
Uretilen ornekler, dokim ve millleme ile Uretilen 6rneklerden daha
yesilimsi bulunmustur. Pozitif b* degerleri, cismin sarimsi oldugunu,
negatif degerler ise cismin mavimsi oldugunu ifade etmektedir.1*
Calismada, opak uygulama oncesi dokiim ve milleme grubu orneklerin,
lazer sinterleme grubu orneklere gére daha sarimsi, opak uygulama
sonrasl ve porselen uygulama sonrasi lazer sinterleme grubu orneklerin,
dokim ve milleme ile Uretilen 6rneklerden daha sarimsi oldugu tespit
edilmistir.

Dis hekimliginde, renk farkliliklarinin degerlendirildigi calismalarin
¢ogunda, CIE L*a*b* renk sistemi kullaniimasina ve yeterli olmasina
ragmen, daha dusik renk farkhhklarinin tespit edilmesinde,
algilanabilirlik ve kabul edilebilirlik esik degerlerini daha dogru ifade
edebilmek igin CIEDE2000 renk sistemi tanimlanmis ve formiilize
edilmistir.2* Bu ¢alismada da, renk farkhliklarinin degerlendirilmesi igin
en glincel sistem olan CIEDE2000 formlu kullanilmistir.

Ruyter ve ark.3! kompozit veneer 6rneklerle yaptiklari galisma-
larinda, numuneleri igin CIE L*a*b renk sistemine gore, 3.3'ten kiglk
renk farkhliklarinin kabul edilebilir oldugunu bildirmislerdir. Johnston ve
ark.32 dogal dislerle kompozit veneerlerin agiz ortamindaki renk tespi-
tinin karsilastirildigi calismalarinda, ortalama renk farkinin 3,7 oldugunu
kaydetmiglerdir. Ancak g¢alismanin gorsel degerlendirme kriterleri ile
Olglilen renk farkliliklari arasinda net bir sinir olmadigini da belirtmis-
lerdir. Bu nedenle, monokromatik ornekler igin ideal goriintlileme
kosullarinda 1.0'lik bir AE degeri kabul edilebilir olsa da intraoral kosullar
altinda kabul edilebilirlik siniri degisken olabilmektedir. Douglas ve ark.33
regresyon analizine dayali olarak agiz i¢i renk farkinin tahmin edilebile-
cegini, dis hekimlerinin %50'sinin, kabul edilebilir renk farkhlk degerinin
5,5, dis hekimlerinin %50'sinin algilanabilir renk farkhliginin 2,6 oldugunu
bildirmislerdir. Paravina ve ark.2% yaptiklari ¢alismalarinda, CIEDE2000
formuline gore (AEqo) 50:50% algilanabilirlik esik degerini 0.8, 50:50%
kabul edilebilirlik esik degeri ise 1.8 olarak ifade etmislerdir. Bu
calismada da algilanabilirlik ve kabul edilebilirlik esik degerleri sirasiyla,
0.8 ve 1.8 olarak kabul edilmistir. Calismanin bulgularina gére; opak uy-
gulama oncesi AEqo degerleri, dokiim ve milleme gruplarinda algilanabilir
esik degerinin altinda (<0.8), lazer sinterleme grubunda ise klinik olarak
kabul edilebilir sinirlar icinde bulunmustur (<1.8). Opak uygulama son-
rasi AEgo degerlerinin, tim gruplarda algilanabilir esik degerinin altinda
oldugu gorilmustir (<0.8). Porselen uygulama sonrasinda AEq deger-
leri, lazer sinterleme grubunda, kabul edilebilir sinirlar iginde (<1.8),
dokiim ve milleme gruplarinda ise kabul edilebilir sinirin {izerinde tespit
edilmistir (>1.8).

Calismanin sinirlamalar arasinda, tek cesit porselen kullanimi
saylilabilir. Farkli metal alagimlari ile tiretilen metal destekli porselenlerin
ve farkli porselen tiplerinin kullanildigi protetik restorasyonlarda renk
farkliliklarinin oldugu, ¢alismalarla ortaya konmustur.3* Ayrica 0.5mm ile
2mm arasinda degisen kalinliklarda porselenin uygulandigi metal des-
tekli porselen g¢alismalarinda, kalinlk artisinin, daha disik renk degisik-
ligine neden oldugu belirtilmistir.3> Gelecekte, farkli metotlarla tretilen
metal altyapili porselen restorasyonlarin, laboratuvar islemleri sonrasi
renk farkhhklarinin tespiti calismalarinda, farkli marka ve farkli kalin-
liklarda porselen kullaniimasinin, klinik uygulamalara 1sik tutmasi
acisindan faydal olacagi degerlendirilmektedir

SONUC

Bu ¢alismanin sinirlariiginde varilan sonuglar su sekilde 6zetlenebilir:
1. Co-Cr alagiminin kullanildigi metal destekli porselen restoras-

yonlarda, altyapi Giretim tekniginin farkli olmasi, laboratuvar basamaklari
arasinda renk farkhligina neden olmaktadir.

2. Porselen uygulama sonrasi renk degisimi, lazer sinterleme
grubunda klinik olarak kabul edilebilir esik degerinin altinda, milleme ve
dokiim gruplarinda ise klinik olarak kabul edilebilir esik degerinin
Gizerinde bulunmustur.

3. L* degerleri incelendiginde; opak uygulama 6ncesi ve porselen
uygulama sonrasi lazer sinterleme ile Uretilen 6rneklerin parlaklig,
dokiim ve milleme ile Uretilen 6rneklerden daha dustiik, opak uygulama
sonrasi daha fazla bulunmustur.

4. a* degerleri agisindan; lazer sinterleme grubunda, opak uygulama
oncesi ve opak uygulama sonrasi dokim ve milleme gruplarina gore
daha kirmizimsi, porselen uygulama sonrasi daha az vyesilimsi
bulunmustur.

5. b* degerleri agisindan; opak uygulama oncesi lazer sinterleme
grubu orneklerin, dokim ve milleme grubu o6rneklere goére daha az
sarimsi, opak uygulama sonrasi ve porselen uygulama sonrasi ise daha
sarimsi oldugu tespit edilmistir.

Etik Komite Onayi: Calismada hayvan veya insan kaynakli bir materyal
kullanilmadigindan etik komite onayi gerekli degildir.

Hasta Onami: Calismada hayvan veya insan kaynakli bir materyal
kullanilmadigindan aydinlatilmis onam formu ihtiyaci
bulunmamaktadir.

Hakem Degerlendirmesi: Dis bagimsiz.

Cikar Catismasi: Yazarlar, ¢ikar gatismasi olmadigini beyan etmistir.
Finansal Destek: Yazarlar, bu galisma igin finansal destek almadigini
beyan etmistir.
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Protetik Dis Tedavisi Uygulamalarinda
Adezyonun Onemi

The Importance of Adhesion in Prosthodontic
Treatment Applications

oz

Dis hekimliginde kullanilan materyaller glin gectikge degismekte ve gesitlilik kazanmaktadir. Bu gelismelere
ragmen klinikte goérilen basanisizliklarin  blylk bir kismi siman baglantisindaki problemlerden
kaynaklanmaktadir. Gliniimuzde yuksek sikisma ve gerilme dayanikliligina sahip rezin simanlar bu olumlu
ozelliklerinden o6tliri retansiyon gereksinimi olan ve estetik beklentinin fazla oldugu vakalarda siklikla
tercih edilmektedir.

Farkh materyaller arasindaki baglanma "adezyon" olarak tanimlanmaktadir. Yizey geriliminin artmasiyla,
ylzey enerjisi artar, ylizey enerjisinin artmasiyla da adezyon kuvveti artar. Simantasyon isleminde
kullanilan rezin simanlar, restorasyonun uzun siire basari gosterebilmesi icin dis ve restoratif materyalin
her ikisine de kuvvetli bir sekilde baglanmalidir.

Materyallerin dis ile olan baglantisini gliglii hale getirmek icin ylzeyin islanabilirligi, kimyasal baglanma ve
mikromekanik kilittlenme olusturmak 6nemlidir. Uygulanacak bir takim ylizey modifikasyon yontemleriyle
de baglantiyi artirmak mimkindir. Yuzey islemleri, materyallerin genel 6zelliklerini degistirmeden, yiizey
ozelliklerini etkileyerek, biyolojik ve mekanik 6zelliklerinin gliglendirilmesi islemidir. Materyallerin olumlu
ozellikleri, bu islemler esnasinda korunmaktadir. Bu amagla simantasyon islemi 6ncesi, restorasyonlara bir
takim ylzey islemleri uygulanarak adezyon kuvveti artirilmaya galisiimaktadir.

Bu derlemenin amaci protetik dis tedavisi uygulamalarinda biliylik 6nem arz eden adezyon kavramlari,
adeziv sistemler ve rezin icerikli simanlar hakkinda detayl bilgi sunmaktir.

Anahtar kelimeler: Adezyon, rezin siman, ylizey islemleri.

ABSTRACT

The materials used in dentistry are changing day by day and gaining variety. Despite these developments,
most of the clinical failures are due to problems in the cement connection. Nowadays, resin cements with
high compression and tensile strength are frequently preferred in cases that require retention and
aesthetic expectations due to these positive properties.

The bonding between different materials is defined as "adhesion". With increasing surface tension, surface
energy increases, and with increasing surface energy, adhesion strength increases. The resin cements used
in the cementation process must be strongly bonded to both the tooth and the restorative material in
order for the restoration to be successful for a long time.

It is important to create a strong surface wettability, chemical bonding and micromechanical interlocking
to strengthen the bonding of materials with teeth. It is possible to increase the connection with some
surface modification methods to be applied. Surface treatments are the process of strengthening the
biological and mechanical properties of the materials without changing the general properties, affecting
the surface properties. The positive properties of the materials are preserved during these processes. For
this purpose, before the cementation process, some surface treatments are applied to the restorations to
increase the adhesion strength.

The aim of this review is to provide detailed information about adhesion concepts, adhesive systems and
resin containing cements, which are of great importance in prosthetic dental treatment.

Keywords: Adhesion, resin cement, surface treatments

GiRIS
1. Adezyon
Farkli molekdller arasindaki ¢ekim kuvveti ‘adezyon’ olarak adlandiriimakla beraber, bu kuvvet ayni
molekdller arasinda ise ‘kohezyon’ adi verilir. Adezyonu olusturan maddeye ‘adeziv’, adezivin uygulandig
yapiya ise ‘aderent’ denir.
iyi bir adezyon icin adeziv ve aderent arasindaki temasin tam olmasi gerekmektedir. Dis hekimliginde

gozledigimiz adezyon ‘dental adezyon’ olarak isimlendirilirken bir baska ifadeyle ‘bonding’ olarak da
adlandirilabilir.
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Kimyasal, fiziksel ve mekanik olmak Uzere 3 tir adezyon
bulunmaktadir. Kimyasal adezyonda adezyonu olusturan vyapilar
arasinda zayif ve sinirli bir baglanma s6z konusudur. Fiziksel adezyon,
Van Der Waals kuvvetleri sonucu olusan ¢ok zayif bir baglanma gesididir.
Farkl yapilara sahip diz ylzeyler arasinda meydana gelir. Mekanik
adezyonda ise dlzensiz yuzeyleri olusturan girinti ve c¢ikintilar
bulunmakla beraber daha kuvvetli bir baglanma mevcuttur. Bu girinti ve
cikintilarin yerlesimleri ve bigimleri baglanma glct Uzerinde etkilidir.
Oncelikle dis hekimliginde mekanik baglanma olusur, kimyasal
baglanmanin baglanti tGizerindeki etkisi ise kisithdir.12

Olusan baglanti mekanizmasi 2 kisimda degerlendirilebilir;

1. Siman-dis dokusu arasindaki baglanti

Bu grup kendi arasinda; mine adezyonu ve dentin adezyonu olmak
Uzere 2’ye ayrilmaktadir.

2. Restorasyon-siman arasindaki baglanti

1.1 Mine Adezyonu

Agirhikca %96-98 oraninda inorganik, %1-3 oraninda organik
kisimdan olusan mine dokusu %1-5 oraninda da su ve diger maddelerden
olusmaktadir. Organik igerikte; kollogenden olusan bu yapinin inorganik
kismini ise daha ¢ok hidroksiapatit kristalleri olusturmaktadir. Mine
dokusu yapisal olarak milyonlarca mine prizmasi, prizma kini igermekte
olup; bunlarin arasinda ise interprizmatik matrix bulunmaktadir. Mine
prizmalari mine-dentin birlesiminden baslayarak dik bir sekilde disin dis
ylizeyine uzanir.3

Asit uygulama islemi sonrasi, minede bulunan prizmalar ¢dziinmekte
olup hidroksiapatit kristalleri arasinda ¢ok kiiglik boyutta poroziteler
olusmaktadir. Boylelikle mine dokusunun islanabilirligi ve ylzey enerjisi
artar. Sonugta da mine dokusunun baglanma ylizeyi artmis olur. Bu
yuzeylere adeziv sistemler uygulandiginda, olusan mikrop6réz yapilar
dolarak rezin taglar olusur. Bu uzantilar mikromekanik baglanmadan
sorumlu olan uzantilardir. Polimerizasyon isleminin ardindan ise 20-30
MPa kadar baglanti kuvveti olusarak tam bir mekanik kilitlenme
saglanmis olur.%>

1.2 Dentin Adezyonu

%70-75 oraninda inorganik, %15-20 oraninda ise organik yapidan
olusan dentin dokusunu, %5-15 oraninda da su ve diger maddeler
olusturmaktadir. Organik yapiyr blylk oranda kollogen olustururken
inorganik yapida ise daha ¢ok hidroksiapatit kristalleri bulunmaktadir.
Mine kadar mineralize bir doku olmamakla birlikte sement dokusundan
daha mineralize bir dokudur.®

Cok sayida dentin tlball, tubillerin igerisinde protoplazmik
uzantilar ve dentin lenfi icermektedir (Sekil 1). Bu bakimdan mine
dokusuna kiyasla daha nemli ve organik igerigi daha fazla olan bir
dokudur. Tubillerin etrafinda peritibiler dentin, arasinda ise
intertlbdler dentin  bulunmaktadir (Sekil 2). Adeziv sistemlerin
intertlibller dentine baglanmasi daha kuvvetli olmaktadir. Tabillerin
sayisi ve capl, pulpaya yaklastika artar. intertiibiiler dentin orani,
dentinin derin kisimlarinda daha azdir. Dolayisiyla dentin dokusunun
derinlerine dogru baglanma kuvveti azalir.4>

Preparasyon sonrasi dentin ylizeyini kaplayan tukurik, kan, bakteri
ve smear tabakasi baglantlyi olumsuz yonde etkilemektedir. Bu
bakimdan baglantinin artirilmasi igin dentin yizeyinin bu artiklardan
temizlenmesi ve smear tabakasinin uzaklastiriimasi gerekmektedir.
Smear tabakasi; vital veya nekrotik pulpa, dentin artiklari ile
mikroorganizma igeren rotary veya manuel enstrimanlar ile yapilan
preparasyon sonrasi meydana gelen, dentin yiizeyinde biriken debristir
910 (Sekil 3). Bu tabakanin hacmi, yogunlugu ve alttaki yapi ile olan
baglanma orani preparasyon sekline bagh olarak degismektedir.1!
Kalinhgi 0.5-2 mikrometre arasinda degisen smear tabakasinin, dentin
gegirgenligini %86 oraninda azalttigi yapilan bir ¢alismada belirtilmistir.12

Dentin
Tabala

Intertabaler
Dentin

Peritabuler
Dentin

” Pattl rattl

Sekil 2. Peritlibiiler ve intertubiler dentin®

Sekil 3. Smear tabakasi ile kaplanmis dentin ytizeyinin SEM gorinim*?

Mine dokusuna kiyasla dentin dokusunda adezyon saglamak daha
zordur. Bunun nedenleri soyle siralanabilir;

+ Kollogen oraninin dentine oranla daha fazla olmasi dentinin
elastik 6zelliginin daha fazla olmasini saglar.

** Mine dokusu kadar homojen olmayip, mineralizasyon degeri
farkll bolgelerde farkh degerlere sahiptir. (Dentin tubdllerinin sayi ve
¢aplarinin dentinin farkh bolgelerinde degisiklik gostermesi sebebiyle)

¢ Pulpa dokusunun sivi basinci dolayisiyla dentinin derin
kisimlarinda rezin infiltrasyonu daha zor olmaktadir.

**» Smear tabakasi dentin tubdllerinin agzini tikamakta ve dentin
gegirgenligini azaltmaktadir.

++ Dentin dokusundaki hidroksiapatit orani, mine dokusuna kiyasla

oldukga az orandadir.14

1.3 Seramik Materyale Adezyon (Restorasyon-Siman Arasindaki
Baglanti)

Ylzeyler arasinda olusan baglanti kuvveti, marjinal adaptasyonu
artirarak mikrosizintiyr dnlemekte ve boylelikle restorasyonun kirilmaya
karsi gosterdigi direnci de olumlu yonde etkilemektedir.1>

Son zamanlarda rezin simanlarin kullanilmaya baslanmasi ile uzun
donemde restorasyon ve dis arasindaki kuvvetli baglanma saglanmis
olup, mevcut ¢alismalar rezin simanin bu yapilarla olan baglantisini
artirmaya yoneliktir.
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1.3.1 Simantasyon Oncesi Uygulanan Yiizey islemleri

Ylzey islemleri, materyallerin genel ozelliklerini degistirmeden,
yuzey oOzelliklerini etkileyerek, biyolojik ve mekanik 0zelliklerinin
glclendirilmesi islemidir. Materyallerin olumlu ozellikleri, bu islemler
esnasinda korunmaktadir.16

Rezin ve protetik materyal arasindaki baglanti kuvvetini artirmak igin
mikromekanik kilitlenme olusturmak ve kimyasal baglanti saglamak
gerekmektedir.’> Bu amagla simantasyon islemi 6ncesi, restorasyonlara
bir takim ylzey islemleri uygulanarak bu iki yapi arasindaki adezyon
kuvveti artirilmaya galisiimaktadir.

< Donen Aletler ile Agindirma

Bu yuzey islemi mekanik baglanti saglamakla birlikte bu yéntemde;
diskler, elmas frezler, aliminyum oksit icerikli zimparalar kullaniimak-
tadir. Elmas frezlerle yapilan asindirma islemi sonrasi alinan SEM
goriuntiilerinde, kazima izleri olusmasina ragmen gozeneklerin meydana
gelmedigi gozlenmistir, 6te yandan bu yontem keskin yiizeylerin
meydana gelmesine ve materyalde fazla madde kaybina neden
olmaktadir.'

Frezle asindirma yonteminin bir diger dezavantaji ise; seramikte
dayanikhihk kaybina yol agtigindan, kontrolsliz uygulandiginda mater-
yalde c¢atlak olusumuna sebep olabilmesidir.

< Asitle Piiriizlendirme

Asit uygulamasi; seramigin yapisindaki cam matrix ve kristalin
¢Ozlinmesini saglayarak, restorasyon ylizeyinde poroziteler olusturmak-
tadir. Boylelikle materyalin yiizey enerjisi artar ve mikromekanik
kilitlenme saglanir.18 Polieter eter keton (PEEK) ve polieter keton keton
(PEKK) gibi polimerlere asit uygulanmasi ise; ylzeysel katmandaki
fonksiyonel islev géren karbon-oksijen gruplarini artirarak, adeziv
materyalin baglanacagi gruplari ortaya gikarmaktadir.19:20

Glglu oksitleme oOzelligine sahip olan Piranha sollisyonu, PEEK
materyalinin ylzey piruzlendirmesinde kullanilan, hidrojen peroksit
(H202) ve siilfurik asit (H2SO4) birlesiminden olusan bir ¢ozeltidir.
Bunun yanisira silfurik asit tek basina da uygulanabilen, materyalin
karbonil ve eter gruplari Gzerinde etki gésteren kuvvetli bir asittir.2!

Seramik ylizeyine uygulanan asit, dis dokusuna uygulanan asitten
farkhidir. Genellikle asitle piiriizlendirmede tercih edilen hidrofolorik asit
(HF); seramik materyal yizeyinde mikroporoziteler olusturarak, ylizey
alanini artirmakta sonug olarak mekanik kilitlenmeye katkida bulunmak-
tadir.22 Hidroflorik aside kiyasla daha az gliglii olan %35-40 oraninda
fosforik asit, seramik veya kompozit ylzeylerin pirizlendiriimesinde
kullanilan bir diger asittir. Asidile fosfat floriir ise; yine seramik yiizey-
lerin plruzlendirilmesinde kullanilan givenilir bir asit olmakla birlikte
seramik ylizeyinde homojen ve diizgin bir alan olusturmaktadir.2

< Aluminyum oksit ile Kumlama

‘Air abrazyon yéntemi’ olarak da adlandirilan bu yizey islemi,
protetik materyallerde siklikla kullanilan bir pirizlendirme yéntemidir.
Aluminyum oksit tozlari, materyal ylzeyindeki kontamine alanlari
uzaklastirip, baglanma igin gerekli yuzey alanini artirarak rezin
materyallerin tutuculugunu artirir.2* Bu amagla kullanilan tozlar, 25-250
mikrometre araliginda partikil boyutlarina sahiptir.2> Hasta basinda
veya laboratuvarda uygulanan bu yéntemde temel kural, kullanilacak
partikillerin, restorasyon materyalinden daha sert olmasi gerektigidir.

++ Tribokimyasal Silika Kaplama

Ylzeyleri temizlemek, retantif bir ylizey olusturmak ve hepsinden
onemlisi silanlanabilirlik oOzelliklerini arttirmak amaciyla, protetik
materyal yuzeylerini silanize etmek icin silika kaplama gibi c¢esitli
yontemler kullanilir.

Tribokimyasal silika kaplama; partikallerin ylzeylerini silika ile
kaplayan, 6zel olarak ylizeyi modifiye edilmis bir aliminyum kum
puskirtme seklinde hasta basinda kullanilabilen bir yontemdir. Bu
teknikte kullanilan tribokimyasal silika kum, aliminyum kumunun silan
ile modifiye edilmis seklidir. Basing etkisiyle, silika 15 mikrometre
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derinliginde seramik yiizeyine gomiilmis olur. Bu durum ylizeylerde
silika tabakasi meydana getirerek, silika ile islem gormis olan seramik
materyalinin, silan ile kimyasal bag kurabilmesine yardimci olur. Asitle
plrizlendirme islemine dayaniklilik gdsteren materyallerde de kullanimi
tavsiye edilmektedir.26

Siklikla kullanilan sistemler ‘Rocatec’ ve ‘Cojet’ sistemleridir. Rocatec
sistemi laboratuvarda kullaniimakta olup 2 asamada uygulanan bir
sistemdir.2” Air abrazyon ve silan agsamalarini igeren Rocatec sisteminde,
silanize edilmis 110 mikrometrelik aliminyum oksit kumu kullanilir. ilk
olarak ‘Rocatec- Pre’ olarak adlandirilan asamada; ylizey temizligini
saglamak amaciyla 2.5 bar basing ile 110 mikrometre aliminyum oksit
kumu uygulanir. Sonrasinda ise yine ayni basingta 110 mikrometre
boyutunda silisyum oksit kumu ylzeye puskirtllir. Bu asama ise
‘Rocatec- Plus’ olarak adlandirilir.

Cojet sistemi ise klinikte kolaylikla uygulayabilecegimiz, silan ile
modifiye edilmis 30 mikrometre boyutunda alliminyum oksit kumunun
materyal ylzeyine uygulandigi bir sistemdir. %97’den fazla aliminyum
oksit, %3’ten az silika icermektedir. Restorasyonlarin intraoral olarak
tamir edilmesi gerektigi durumlarda, mekanik olarak parazlalik
saglanmasi amaciyla tercih edilebilen bir yontemdir. Bu yontemde silika
kapl aliminyum oksit partikilleri 2-3 bar basing altinda yilizeye dik
olacak pozisyonda 15 saniye boyunca uygulanmaktadir. Silikatizasyon
asamasindan sonra silan uygulamasi ile hem fiziksel hem de kimyasal
baglanti saglanmis olur.28

¢ Lazerile Piirizlendirme

Curiigiin ~ temizlenmesinde,  hassasiyetlerin  giderilmesinde,
beyazlatma tedavisinde, pit ve fisslrlerin kapatiimasinda kullanilabilen
lazerler; dis hekimliginde genis kullanim alanina sahiptir.2° Cok sayida
lazer gesidi olmakla birlikte siklikla yumusak doku lazeri olarak CO2 lazer
kullanilirken, sert ve yumugak dokularin her ikisinde daha ¢ok Nd:YAG ve
Er:-YAG lazer tercih edilir.30 Uygulama suresi, atim tipi, frekansi, eneriji
seviyesi ve dalga boyu gibi degiskenler, lazerlerin yiizeyde meydana
getirdigi etki derinligini degistirmektedirler.3!

Temel galisma yontemi, atomlarin enerjilerini emerek daha
ylksek enerji seviyesine tasimak olan lazerlerin, bu enerji aktariminda
meydana gelen fotonlari; ayni enerji seviyesine ulasarak hareketlerini
ayni yone dogru gergeklestirirler.32 Restoratif materyal tarafindan
absorbe edilen lazer 1sinin enerjisi, yuzeyde bir 1si indiksiyonu
olusturarak mikromekanik baglanti saglar.33

+ Plazma Spreyi Uygulamasi

Uyarilmig atomlardan, molekiillerden ve reaktif pargalardan olusan
iyonize bir gaz olan plazma, yizeylerin temizlenmesinde ve purizlendiril-
mesinde kullanilmasinin yani sira tibbi cihazlarin sterilizasyonunda da
kullanilabilmektedir.3* igeriklerinde bulunan kimyasal aktif parcaciklar
dolayisiyla materyallerin ylzey enerjisini artirir ve yiizey kimyasini en
uygun hale getirir.3>

Dis hekimligi alaninda; cam fiberlerin, fiber igerikli kompozitlerin
gelistiriimesinde kullanilan plazma, ayni zamanda seramiklerin baglanti
dayanimini gelistirmede de tercih edilebilmektedir.3>

«+ Silan Baglayici Ajanlarin Uygulanmasi

1940'lardan beri kullanilan silan ajanlar, ylzey islanabilirligini
artirmasi sonucu, uygulanacak simanin yiizeye kolaylikla akmasini ve
mikromekanik tutuculugun artmasini saglarlar.3¢ Asitle ptrazlendirilmis
bir ylzeye silan ajani uygulandiginda kimyasal bag meydana gelir. Silan
primerleri silan ajani, kuvvetli olmayan bir asit ile fazla miktarda ¢6ziict
icermektedir.3”

Silan baglayici ajanlarini; hidrolize olmamis tek sise, hidrolize
olmus tek sise ile 2 veya 3 ayri sise igeren silan primerleri olmak lzere 3
grupta siniflandirabiliriz. Tek sise olanlarin raf dmri kisa olmakla birlikte
¢oziliculerinin hizh buharlagmasi, bu ajanlarin etki gliciniin azalmasina
sebep olmaktadir.1> Organik molekuller sinifinda bulunan silanlar, bir ya
da birden fazla sayida silikon atomuna sahip olup, fonksiyonlarina gore
ise ‘primer’ veya ‘baglama ajani’ olarak gruplandirilabilir.38
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<+ Adeziv Uygulamasi (Primer/Bond)

Silan kaplama ajanlar ile elde edilen baglantiyi daha ideal hale
getirmek igin multifonksiyonel primer’lar Uretilmistir.3® Bu primer’lar,
silan haricinde asidik monomer ile dentin baglayici ajan igermektedirler.
iceriginde bulunan asidik monomer sayesinde seramik materyal
yuzeyindeki metal oksitler ile baglanti olusturulabilmekteyken, baglayici
ajan sayesinde de rezin siman ile olan baglantinin artirilabilecegi
distniilmektedir.

Cok sayida bilesenden olusan primer sistemleri ‘surface
conditioning’ maddeler olarak da isimlendirilmekte olup igeriginde
adeziv veya fonksiyonel monomer bulundurmaktadir. Yiizey islemlerine
ilave olarak ek adeziv kullanilmasi sonucu, baglanma degerlerinde artis
gozlenmistir. Farkli yilzeylerin birbiri ile baglanabilmesi amaciyla
kullanilan primerlar indirek restorasyonlarin adezyonunda oldukca
o6nemli bir yere sahiptir.40

Genel olarak metilmetakrilat iceren (MMA) adeziv sistemler,
yaslandirma islemlerinden sonra bile ¢ekme baglanma dayanimi
Uzerinde yiiksek oranda dayaniklilik 6zelligi gosterir. PEEK ve PEKK gibi
CAD/CAM polimerlerine MMA iceren adeziv uygulamasi, yizeyde
¢6ziinmeye sebep olmakta ve kompozit igeriginde mevcut olan metil
grubuyla bag kurarak etki gostermektedir.4142

2. Adeziv Sistemler

Adeziv sistemler; mine, dentin, amalgam, metal ve porselene olan
baglantiyr artirmak igin gelistirilmeye galisiimaktadir. Adeziv sistemlerin
bu 6nemli 6zellikleri, hekime bu malzemeleri gesitli dis tedavileri ve
uygulama prosedirleri igin kullanma segenegi sunar.*3 Ayrica,
yapistirilmis restorasyonlarin adeziv olmayan, geleneksel yontemlere
gore birgok avantaji vardir. Adeziv teknik, restoratif materyal ile dis ara
yuzindeki mikro sizintiyl azaltarak postoperatif duyarhiligi, marjinal
renklenmeyi ve bunun sonucunda da tekrarlayan curikleri azaltir. Hem
dis yapisinda hem de restoratif materyallerde meydana gelen
fonksiyonel stres, bu sistemler ile daha genis bir alana yayilabilir.
Boylelikle zayiflamig dis yapisini koruyarak, bu yapinin daha gugli bir
hale gelmesini saglar.*

Adeziv restoratif teknikler ayni zamanda estetik restoratif dis
hekimligi segeneklerini genisletmis, bozulmus veya debonding gosteren
restorasyonlarin, minimum dis yapisi kaybiyla onarilmasina veya
degistiriimesine olanak tanimistir.4>

Dental materyaller ve dental doku arasinda uygun baglanma
mukavemetini saglamak igin dis hekimliginde ¢ adezyon y&ntemi
kullaniimistir;

v ilk yéntem smear tabakasini modifiye eder ve bunu bonding
surecine dahil eder.

v"ikinci ydntem smear katmanini tamamen kaldirirken,

v" Uglincii yéntem smear katmanini uzaklastirmak yerine bu
tabakayi ¢ozer.*3

Bu nedenle, bircok adeziv sistem dis dokusu Uzerinde asit
uygulanmasini  gerektirirken, diger sistemlerde o6nceden dentin
yluzeyinde bir asindirma gerektirmeyen self-etch primer’lar bulunur.

Kuvvetli bir adezyon olusturmada yilizeyin temizligi cok 6énemli bir
faktordlr. Preparasyon sonrasi ylizeyi kaplayan smear tabakasi,
adherentin yiizey enerjisini distlirerek islanabilirligi azaltir. Dolayisiyla
adezivin adherent yiizeyine akmasini ve yizeyi islatmasini engeller. Dis
Gzerinde mevcut olan plak, dis tasi, tukiirik, smear tabakasi ile hava
spreyiyle kurutmada havada bulunan yag ve nem gibi faktoérler, ylzey
enerjisini azaltarak adezyonu olumsuz yonden etkilemektedir. Dolayi-
siyla siman ve dentin dokusu arasinda daha iyi bir baglanti olugturmak
amaciyla dentin bonding sistemler (adeziv sistemler) gelistirilmistir.

Adeziv sistemler; klinik uygulama asamalarina gore etch&rinse ve
self-etch adeziv sistemler olmak tizere 2’ye ayrilirlar.46

2.1 Etch&rinse Adeziv Sistemler

e Smear tabakasini ortadan kaldiran sistemlerdir.

e %30-40 oraninda uygulanan fosforik asit, dentini demineralize
ederek hidroksiapatit yapinin ortaya gtkmasini saglar.*’

e Hibrit tabaka, hidroksiapatitin demineralizasyonu ile meydana
gelen, kollojen ve kolljen fibriller tarafindan desteklenen rezin yapilarin
birlesimiyle olusan bir tabakadir. Dentin asiri kurutuldugu taktirde bu
kollojen ag, kollabe olur ve baglantiyi olumsuz yonde etkiler.#® Bunu
engellemek igin dentin hafif nemli birakilmalidir.

e Bu sistemin son basamagi olan adeziv bonding ajani; Uretan
dimetakrilat (UDMA), bisfenol glisidil metakrilat (bis-GMA) gibi
hidrofobik monomerler ile HEMA gibi islatici yapilardan meydana gelir.
Adeziv rezin, hibrit tabakayi stabilize ederek, dentin kanallarinda rezin
taglarin meydana gelmesini saglar.3:44°

» 3 asamali sistemler

o Asit + Primer + Adeziv

o 4. Jenerasyon bonding ajanidir.

» 2 asamali sistemler

o Asit + Primer- Adeziv

o 5.Jenerasyon bonding ajanidir.

2.2 Self-etch Adeziv Sistemler

e Smear tabakasini ¢6zen veya modifiye eden sistemlerdir.

e Dentin demineralizasyonu ve monomer infiltrasyonu ayni
zamanda gerceklesmektedir.

e Ayri bir asitle plruzlendirme agamasi olmadigindan uygulamasi
kolay bir sistem olup kavitenin yikama ve kurutulmasi esnasinda kan ve
tukurik kontaminasyonu riskinin 6niine gegilmistir.

e Smear tabakasini tamamen ortadan kaldirmadigindan
Etch&rinse sistemlere kiyasla daha az dentin tlbull ortaya gikmaktadir.
Post operatif hassasiyet de buna bagli olarak daha az gériilmektedir.>°

» iki asamali sistemler
Asit- Primer + Adeziv
6. Jenerasyon bonding ajanidir.

Tek agamali sistemler (all in one)
Asit- Primer- Adeziv
7.Jenerasyon bonding ajanidir.

e Etch&rinse ve self-etch adeziv sistemlerin Ozeti Sekil 4’te
Ozetlenmistir.

00 Vo o
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R + — — +
Multi-Bottle Two-Step
Etch
& -
Rinse b
Bonding
1 Strategies
2
: + — —
One-Bottle One-Step
or
All-in-One

Sekil 4. Adeziv Sistemlerin Ozeti5!

3. Dis Hekimliginde Kullanilan Simanlar

Dental simanlar, prepare edilmis dis ile restorasyon arasinda baglanti
veya adezyon saglayan materyallerdir. Simantasyon ajaninin birincil
gerekliligi, restorasyonu belirsiz bir siire igin yerinde tutmasi ve
restorasyon ile dis arasinda sizdirmazlik saglamasidir.52 Tarihsel olarak
bir restorasyonun, prepare edilen dise mekanik olarak baglantisini
saglamada yapistirma ajanlari kullaniimaktadir.
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Dental simanlar, toz ve sivinin karistirilmasiyla olusur ve genellikle
sertlestiklerinde kirilgan hale gelen materyallerdir. Rezin veya asit
iceriklidirler. Asit icerikli olanlarda toz; bazik bir metal oksit veya silika
iken, likit ise asidiktir. Asit-baz reaksiyonu, simantasyon matrisi olarak
islev goren bir metal tuzu olusumuyla meydana gelir.

Dental simanlar; kron simantasyon ajanlari, pulpa koruyucu ajanlar
veya kavite astar malzemesi olarak kullanim dahil olmak lzere gesitli
dental ve ortodontik uygulamalarda kullanilirlar. Amerikan Dis Hekimleri
Birligi'ne gore simanlarin timi, belirli bir kalinliga ve uygun akiskanliga
sahip olmaldir.?3

ideal bir siman asagidaki kriterleri saglamalidir;

v Dis ve cevre dokulara zarar vermemeli,

v Restorasyonu yerlestirmek icin yeterli calisma siiresi saglamall,

v Restorasyonun dogru pozisyonda oturmasina izin verecek kadar
akiskan 6zellikte olmali,

v Fonksiyonel kuvvetlere direnebilecek kadar, giicli sert bir yapisal
katman olugturmal,

v" Mekanik a¢idan dis ve restoratif materyale yiiksek baglanma
sergilemeli,

v' Makaslama, c¢ekme ve sikistirma kuvvetlerine kargi direng
gostermeli,

v' Cdziinmemeli ve sizdirmamali,

v" Radyoopak olmali,

v' Estetik olmali,

v Artik siman kalintilari kolaylikla uzaklastirilabilmeli ve

v' Maliyeti diisiik olmalidir.5455

3.1 Rezin igerikli Simanlar

Agirhikga %50-70 oraninda cam ve silika iceren rezin simanlar asitle
purizlendirilmis dis dokusuna daha ¢ok mikromekanik olmak tizere ayni
zamanda kimyasal olarak da baglanirlar.® Son yirmi vyilda, dis
hekimliginde estetige olan talebin artmasi, indirekt rezin kompozitlerden
seramik materyallerinin ¢esitli tirlerine kadar, metal icermeyen
restorasyonlarda onemli gelismelerle sonuglandi. Yine de bu estetik
restoratif materyallerin klinik performansi bilylk 6lglide simantasyon
prosediriine dayanmaktadir.

Metal icermeyen bir restorasyon igin, yapistirma ajaninin istenen
oOzellikleri arasinda; dogal dis yapisina benzer optik 6zellikler, final
restorasyonu gliclendirmek igin gelistirilmis mekanik 6zellikler ve birden
¢ok substrata baglanma yetenegi bulunmaktadir.

Cinko fosfat ve cam iyonomer gibi geleneksel yapistirma simanlari bu
beklentileri karsilamaz. Metal igermeyen indirekt restorasyonlarin piya-
saya slrulmesiyle, alternatif yapistirma materyallerinin gelistirilmesine
ihtiyag duyulmustur. Piyasaya sunulan ilk rezin esasl veya geleneksel
rezin simanlarin, mine ve dentine olan baglantisini artirmak icin dental
adezivlerin kullanilmasi gerekmistir.

Birkag ¢alisma, geleneksel rezin simanlarin kullaniminin, diger yapis-
tirict simanlar ile karsilastirildiginda metal igermeyen indirekt restoras-
yonlarin mekanik 6zelliklerini iyilestirebilecegini ortaya koymustur>’ ve
bu uzun vadeli klinik basari ile dogrudan iligkilidir.58 Bununla birlikte,
asidik ve hidrofilik 6zelliklere sahip adeziv sistemleri ile kendi kendine ve
dual cure rezin simanlar arasindaki uyumsuzluk sorunlari, yeni rezin
simanlarin gelistirilmesinin erken asamasinda rapor edilmistir.5%.60

Baglanti dayanimlari geleneksel simanlara gore oldukga fazla olan
rezin simanlarda, mikrosizinti da geleneksel simanlardan daha az oranda
gorilir. ik olarak Rochette tarafindan 1973’te kullanimi tavsiye

edilmistir. Dis dokusuna yliksek adezyon gosteren bu simanlar, agiz
sivilarinda ¢ogunlukla ¢odziinmezler. Porselen materyaline kimyasal
olarak baglandiklarindan, porselen restorasyonlarin simantasyonunda
tercih edilebilecek en iyi siman tiiriidiir. inley, onley, indirekt kompozit
restorasyonlar, metal destekli olmayan seramik restorasyonlar ile
laminate veneerlerde glvenle tercih edilebilir.61.62

CurrRes Dent Sci 2024 34(3): 216-223 / doi 10.17567/ataunidfd.946382

Rezin simanlar; organik faz, inorganik faz ve bunlari birlestiren ara
faz olmak lizere li¢ ana fazdan meydana gelirler.

+ Organik faz; yiksek vizkodziteli Bis-GMA veya UDMA gibi
monomerler ile TEGDMA gibi diisik vizkozitelimonomerin birlesiminden
olusur. UDMA; renklenmeye karsi direng kazandirmak ve adezyonu
gelistirmek amaciyla bu yapiya ilave edilir. Organik faz igerisine
kamforokinon gibi kimyasal baslaticilar ile materyalin kendiliginden
polimerize olmasini engellemek amaciyla 4-metakorfenol gibi
inhibitorler dahil edilir.

% Iinorganik faz; degisen sekil ve buyikliklerde kuartz, kolloidal
silika, stronsiyum, borosilikat cam, yitrium ve lityum aliminyum silikat
gibi yapilar, polimer matrixin mekanik ozelliklerini gelistirmek ve
polimerizasyon bizilmesini en aza indirgeyebilmek amaciyla ilave edilir.

+ Ara faz; metakriloksi propiltrimetoksi silan olarak bilinen bu faz,
diger 2 fazi birbirine baglayan vinil silan tlrevidir. Organik matrix ile
kovalent bag meydana getirirken, doldurucularin su ve hidroksil
gruplariyla ester baglar kurarlar.®3

Yapilarinda inorganik doldurucu ve baglanti ajanlari bulunan rezin
simanlar, ayni zamanda hizlandiricilar, reaksiyon baslaticilar, eriticiler ve
dentin dokusuna baglanmasini saglayan fonksiyonel monomerler
icerirler.5* Siklikla kullanilan monomerler Bis-GMA, UDMA, TEGDMA,
EDMA, MMA ve MDP’dir.

3.1.1 Rezin Simanlarin Siniflandiriimasi

Rezin simanlar; polimerizasyon yodntemlerine ve adeziv sistem
iceriklerine gore siniflandirilabilir. Adeziv sistem igeriklerine gore;
asitlenen ve yikanan rezin simanlar (total etch), kendinden asitli rezin
simanlar (self etch) ve kendinden adezivli (self adeziv) rezin simanlar
olmak tizere 3 gruba ayrilmaktadirlar. Polimerizasyon yontemlerine gore
ise; kimyasal olarak polimerize olan, isik ile polimerize olan ve hem
kimyasal olarak hem de isikla polimerize olan dual cure rezin simanlar
olarak siniflandiriimaktadir.5>

Adeziv Sistem iceriklerine Gore Rezin Simanlar

¢+ Total Etch Rezin Simanlar

Total etch uygulamasinda, dis dokusuna fosforik asit uygulanirken,
restorasyon i¢ ylizeyine ise primer ve adeziv uygulanir. Uygulanan
fosforik asit konsantrasyonu ise %30-40 oranindadir. Bu gruptaki rezin
simanlar hem isikla polimerize olan hem de dual cure rezin simanlardir.6¢

2 veya 3 asamada uygulanirlar. 2 asamali olanlarda asit uygulamasi
ayrica gerceklestirilirken, primer ve bond birarada bulunmaktadir. 3
asamali olanlarda ise asit, primer ve bond asamalari ayri ayri uygulanir.
Yapilan bir calismada 3 basamakli olan rezin simanlarin, 2 basamakli
olanlara kiyasla dentine daha iyi penetre olabildigi ve baglanti
degerlerinin daha ylksek oldugu gézlenmistir.6”

Asit uygulamasi, ylizeydeki hidroksiapatit kristallerini ve smear
tabaksini ortadan kaldirmaktadir. Asit isleminin ardindan yapilan
kurutma esnasinda dentinin asiri ya da yetersiz kurutulmasina bagh
olarak islem sonrasi duyarlilik gézlenebilmesi ve teknik olarak hassasiyet
gerektirmesi, bu siman grubunun dezavantajlarindandir.68

+« Self Etch Rezin Simanlar

Asit uygulamasi ayri bir asama olarak bulunmayip, asit iceren
primer’a sahip bir sistemdir. Primer uygulamasi sonrasi bond
uygulamasinin bulundugu 2 basamakli adeziv sistemlerdir. islem sonrasi
hassasiyetin az olmasi, total etch rezin simanlardan daha az uygulama
basamagi igermesi bu rezin siman grubunun avantajlarindandir.®® Fakat
baglanti degerleri acgisindan bakildiginda asitlenen ve yikanan
sistemlerden daha dusik baglanma degerleri sergilemektedir.8

¢ Self Adeziv Rezin Simanlar

Hem isik ile polimerize olan hem de dual cure olan bu simanlar, tek
asamall sistemlerdir. Herhangi bir asitleme ve yikama islemi
olmadigindan dentin dokusundan smear tabakasi uzaklastiriimadan
baglanti saglarlar.6® Siman igerigindeki monomerin ihtiva ettigi asidik
gruplar, smear tabakasini ¢dzerek simanin dentin tibdllerini doldurma-
sini saglar. Dis ylzeyine herhangi bir baglayici ajan uygulamasi gerek-
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tirmeyen simanlardir. Teknik hassasiyet gerektirmeden uygulanmasi,
uygulama yonteminin daha basit olmasi, uygulama basamaklarini
azaltmasi dolayisiyla kolay ve kisa stirede uygulanabilmesi bu sistemlerin
avantajlarindandir.”®

Polimerizasyon Yontemlerine Gore Rezin Simanlar
+ Kimyasal Olarak Poimerize Olan Rezin
(Otopolimerizan-self cure)

Siklikla bir baz ve katalizérden olusur. Bu tarz sistemler gift pat sistem
olarak adlandirilirken, toz ve likit seklinde Uretilen sistemler de
mevcuttur. Polimerizasyon, peroksit baslaticilar ve amin hizlandiricilar
bir araya geldiginde gergeklesir. Bu yapilarin oda isisinda reaksiyonlartile
serbest radikaller olusur. Toz-likit sistemlerinde ise tozu silika, borosilikat
yapi ile baslaticilar olustururken, likidi ise metilmetakrilat ile Bis-GMA
monomerleri olusturur.”?

Sertlesme zamaninin uzun olmasi, baz ve katalizorin karistirildigi
esnada siman iginde hava kabarcigl olusma ihtimalinin bulunmasi ve
simantasyon sonrasi restorasyonun kullanim siiresince artan renkleme
egilimleri, bu simanlarin olumsuz 06zellikleri arasindadir.72 Isigin
ulasmasinin - mimkin olmadigi, tam metal veya metal destekli
restorasyonlar ile kalinligi 2.5 mm’den fazla olan tam seramik
restorasyonlarda kullanimi uygundur.273

< Isik ile Poimerize Olan Rezin Simanlar (Light cure)

Tek pattan olusan sistemler olup polimerizasyon isik ile gergeklesir.
Polimerizasyonda 420-450 nanometre dalga boyuna sahip mavi isik
kullanilir. Kamforokinon polimerizasyonu baslatici yapi olup alifatik
aminler ise reaksiyonu hizlandiran ajanlardir. Polimerizasyonunun
tamamlanmasi icin 24 saat gegmesi gerekmektedir.”*

Calisma sirelerinin uzun olmasi, simantasyon esnasinda artik
simanin kolaylikla uzaklastirilabilmesi, sertlesme siiresinin kisa olmasi,
peroksit baglatici veya aromatik amin icermedigi igin renklerinin daha
stabil olmasi ve uygulanmasi esnasinda hava kabarcigi meydana gelme
ihtimalinin daha az olmasi, bu simanlarin avantajlari arasindadir.5575

Polimerizasyon 1sik ile gergeklestiginden isik kaynagi yeterli siire
yeterli mesafeden uygulanmadiginda veya 1sik kaynaginin giici
azaldiginda tam bir polimerizasyon elde edilememekte ve bu da simanin
kimyasal, mekanik ve fiziksel 6zelliklerinde basarisizliga sebep
olabilmektedir.”®

<+ Dual Cure Rezin Simanlar

Isikla sertlesen simanlar ile kimyasal olarak sertlesen simanlarin
ozelliklerini birlestiren bu simanlar, ¢ift pat sistemine sahiptirler.
Komponentlerin birinde kamforokinon, digerinde ise benzoil peroksit
bulunmaktadir. Endikasyon olarak 1si8in ulasamadigl veya yetersiz
oldugu durumlarda tercih edilir.7t Patlar karistirildiktan sonra 1sik
uygulanana kadar peroksit ve aromatik tersiyer aminlerle sertlesme
islemi kontrol altina alinabilir.>s

Yaklasik 24 saat sonra kimyasal polimerizasyon tamamlanmis olur.
Isik ile polimerizasyon gergeklestiriimedigi durumda simanin mekanik
ozelliklerinde zayiflama tespit edilmistir.’> Kimyasal olarak polimerize
olan rezin simanlar ile karsilastirildiginda bu gruptaki simanlarin daha az
oranda renk degisine sebep oldugu gorilmistir. Bu durumun nedeni
amin hizlandirici oraninin bu siman grubunda, kimyasal olarak sertlesen
siman grubuna gore daha az oranda bulunmasidir. Isikla sertlesen
simanlarda ise bu renklenme, dual cure rezin simanlara gore daha da az
gorilmektedir.””

Simanlar

SONUC

Sabit protetik tedavi uygulamalarinda restorasyon ve dis arasindaki
baglantinin kuvvetli olmasi ¢ok 6nemli bir faktorddr. Simantasyon
prosediri kritik Gnem arz etmekle beraber dncesinde materyallere bir
takim yiizey islemleri uygulanarak da baglantiyi artirmak mamkdindiir.
Yiizey islemlerinin yani sira simantasyon materyalinin de baglanti
Gzerinde oldukga fazla 6nemi vardir. Bu baglamda rezin simanlarda
geleneksel simanlara kiyasla restorasyon ile dis arasinda daha az oranda

mikrosizinti gozlenmekle birlikte renk uyumu, disik ¢ozindrlik ve
yuksek dayanikhlik gibi birtakim tstiin 6zelliklere sahiptir.
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Derleme Review

Bulk Fill Kompozit Rezin Restoratif
Materyaller

Bulk Fill Composite Resin Restorative Materials
6z

Kompozit rezinler ginimuzde anterior dislerin restorasyonlarinda uygulandigi gibi posterior dislerin
restorasyonlarinda da gittikge artan bir kullanim alanina sahiptir. Civa iceren restoratif materyallerin
hastalarda tedirginlige sebep olmasi ve estetik restorasyonlara artan ilgi kompozit rezin restorasyonlara
olan talebin artmasina neden olmaktadir. Geleneksel kompozit rezinlerin tabakal olarak yerlestiriime
gerekliligi hem tedavi siiresini uzatmakta hem de teknik hassasiyetin gerekliligini artirmaktadir. Bu gibi
dezavantajlarin online gegebilmek amaciyla 4-5 mm kalinlikta tek bir tabakayla yerlestirmeye imkan
saglayan bulk fill kompozit rezinler piyasaya strilmustir. Bulk fill kompozit rezinlere i1sik uygulanmasi
sirasinda 1518in daha derin kisimlara nifuz edebilmesi materyalin 151k gegirgenliginin artirilmasiyla
saglandigindan estetik agidan problem olusturmaktadir. Materyal yapisinda bazi giincellemeler yapilarak
bu problemin 6niline gecilmeye calisiimaktadir. Bulk fill kompozit rezinler viskozitelerine gore; yuksek
viskoziteli bulk fill kompozit rezinler ve akiskan bulk fill kompozit rezinler olmak lzere ikiye ayrilirlar.
Akiskan bulk fill kompozit rezinlerin diisik mekanik 6zellikleri sebebiyle geleneksel bir kompozit rezinle
ortuleme yapilmasi dnerilmektedir. Bu derlemenin amaci restoratif dis hekimliginde kullanilan bulk fill
kompozit rezinler ile ilgili glincel literatir bilgilerinin sunulmasidir.

Anahtar kelimeler: Bulk fill; Kompozit; Polimerizasyon.

ABSTRACT

Composite resins are increasingly used in restorations of posterior teeth as well as in restorations of
anterior teeth. The fact that mercury-containing restorative materials cause anxiety in patients and the
increasing interest in aesthetic restorations cause an increase in the demand for composite resin
restorations. The requirement for layered placement of conventional composite resins both prolongs the
treatment time and increases the requirement for technical precision. In order to avoid such
disadvantages, bulk fill composite resins that allow placement with a single layer of 4-5 mm thickness have
been introduced to the market. During the application of light to bulk fill composite resins, the penetration
of light into deeper parts is prrovided by increasing the translucency of the material but it’s an important
aesthetic problem. This problem is tried to be prevented by making some updates in the material structure.
Bulk fill composite resins are divided in two according to their viscosity as high viscosity bulk fill composite
resins and flowable bulk fill composite resins. Due to the low mechanical properties of flowable bulk fill
composite resins, it is recommended to cover with a conventional composite resin. The aim of this review
is to present the current literature information about bulk fill composite resins used in restorative
dentistry.

Keywords: Bulk fill; Composite; Polymerization

GIRIiS

Kompozit rezin materyaller, posterior diglerin restore edilmesi amaciyla giderek daha fazla kullanilmaya
baslanmistir. Estetik, dis renginde ve civa icermeyen restorasyonlara yonelik artan talep, kompozit
rezinlerin kullaniminin artmasina neden olmustur. 2013 yilinda gergeklesen Minamata Kongresi ile dental
amalgamin asamali olarak kaldirilmasi ¢agrisinda bulunulmasi ve dis hekimligi fakiltelerinin kompozit rezin
tekniklerini giderek daha fazla egitim programlarina dahil etmesine paralel olarak posterior dislerin
restorasyonu igin kompozit rezin kullanimi da giderek daha fazla artmaktadir. *

Bulk fill kompozit rezinlerin klinik kullanimi; rezin bazli kompozit materyaller arasinda son dénemlerde
oldukga artis gostermistir. Materyalin tek bir tabaka seklinde 4-5 mm kalinlikta yerlestirmeye izin vermesi
sayesinde teknik hassasiyet ve hasta basinda gegen siire azaltiimaya calisiimaktadir. Materyaller
viskozitelerine gore ylksek viskoziteli bulk fill kompozit rezin ve akiskan bulk fill kompozit rezin olarak
siniflandinlabilmektedirler.

Bu derlemenin amaci; glinimizde piyasada bulunan bulk fill kompozit rezin restoratif materyallerin
bilesimlerine iliskin 6zellikleri, siniflandirilmasi, endikasyon-kontrendikasyonlari, avantaj-dezavantajlari,
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materyal yapisinda yapilan glincellemeler ve bu materyaller ile yapilan
klinik ve laboratuvar calismalari hakkinda bir literatir incelemesi
sunmaktir.

Tanim

Kompozit rezinlerin kaviteye daha fazla kalinlikta ve daha biyik
kitlelerde uygulanabilmesini saglayabilmek amaciyla son yillarda bulk fill
kompozit rezinler gelistirilmistir. Yeni nesil bulk fill kompozit rezinler
gelismis translusent yapilarindan dolayi geleneksel kompozit rezinlerden
daha yiksek polimerizasyon derecesine sahiptir, boylelikle kaviteye
daha buyuk kutleler halinde yerlestirilebilmektedirler. Ayrica bulk fill
kompozit rezinler geleneksel kompozit rezinlere gore daha dusiik
viskoziteye sahiptir ve akiskan kompozit rezinlere goére daha disiik
polimerizasyon buzilmesi géstermektedirler.2

Tek bir tabaka olarak 4-5 mm kalinhiginda yerlestirildiginde, kontrollG
polimerizasyon bizilmesi ve kabul edilebilir monomer doénisim
derecesi sergileyen bulk fill kompozit rezinler, firmalar tarafindan genis
bir Grin vyelpazesiyle klinisyenlerin tercihine sunulmustur. Ortak
noktalari firmalar tarafindan iddia edilen polimerizasyon derinliklerinin
4-5 mm olmasi olan bu kompozit rezinler; bunun disinda
viskozitelerinden kullanim alanlarina, foto baglatici sistemlerinden
monomer kimyalarina kadar birgok farkllik géstermektedirler.3

Viskozitelerine gore; akiskan (flowable) ve yiiksek viskoziteli (non-
flowable) olmak Uzere ikiye ayrilmaktadirlar. Akiskan bulk fill kompozit
rezinler kapaklama (son tabakanin geleneksel kompozit rezin ile
bitirilmesi) denilen restoratif prosediirii gerektirmektedir. Uretici
firmalar akiskan bulk fill kompozit rezinlerin dislk yilizey sertligi ve
yuksek su emilimi gostermelerinden dolayi 2 mm kalinhiginda akiskan
olmayan geleneksel bir kompozit rezin ile ortlilmesini tavsiye
etmektedir. Piyasada bulunan tiim bulk fill kompozit rezinler tek basina
restorasyon materyali olarak kullanima uygun degildir.3

Bulk Fill Kompozit Rezinlerin Bilesimine iliskin Ozellikler

Bulk fill kompozit rezinlerin kimyasal yapilari temel olarak geleneksel
kompozit rezinlere benzerlik gostermektedir. Kompozit rezinler inorga-
nik faz (doldurucu fazi), organik faz (polimer matriksi) ve baglayici faz
(ara faz) olarak isimlendirilen Ug¢ fazdan olusmaktadir. Bu kompozit
rezinler geleneksel kompozit rezinler ile benzer doldurucu igerseler de
bazi bulk fill kompozit rezin Ureticileri polimer matriks igerisindeki Bis-
GMA (Bisfenol A diglisidil metakrilat)’yi kullanmaktan vazgegmisler ve
diger dimetakrilatlardan olusan bir organik matriks tercih etmeye basla-
miglardir. Bu durum rezin matriks igerisindeki UDMA (Uretan Dimetak-
rilat), TEGDMA (Trietilen Glikol Dimetakrilat) ve EBPDMA (Etoksile
bisfenol A dimetakrilat)'nin Bis-GMA'ya gore daha az viskoz olmasini ve
daha esnek bir polimer yapi olusturmasini saglamaktadir. Ayrica Bis-
GMA; EBPDMA'ya gore daha fazla hidrofilik 6zellik géstermesi nedeni ile
su emerek bozulma riski tagir. Bu nedenle bulk fill kompozit rezinlerde
EBPDMA'nIn kullanilmasi renk degisikligi riskini azaltmaktadir.?

Monomer kimyasi lizerine yapilan galismalar, yapi icerisinde diliie
edici monomer kullanilmasi gereksinimini ortadan kaldiran veya azaltan,
ortalama viskoziteye sahip yeni dimetakrilatlar tanimlamak Uzerinde
yogunlasmis, Bis-GMA’nin dislk viskoziteli yapisal analogu alter- natif
olarak kullanilmis ve UDMA ortaya ¢ikmistir. Bulk fill kompozit rezinler
uretilirken Bis-GMA/TEGDMA karisimina alternatif modiflye monomerik
karnisimlar kullanilmis ve bazi drinlerde organik yapidan Bis-GMA
monomeri tamamen gikarilmistir. iddia edilen uygulama derinli- ginde
azalmasi beklenen monomer donisim derecelerini telafi etmek igin Bis-
GMA bazh kompozit rezinlerden farkh olarak, daha yiiksek mole- kil
agirlikh monomerler kullaniimistir. Bulk fill kompozit rezinlerin ilk Gyesi
olan Surefil SDR flow (Smart Dentin Replacement, Shrinkage Dec- reased
Resin, Densply, New York City, ABD)'da uretan bazli metakrilat
rezin igerisinde polimerizasyon modilatort kullanilarak doéntsim
derecesi azalmadan jelasyon noktasini geciktirilerek polimerizasyon
buzilmesinin azaltiimasi amaglanmistir.3

SDR (Densply, New York City, ABD) ve Venus Bulk Fill (Heraeus
Kulzer, Hanau, Almanya) kompozit rezinlerde, Bis-GMA tamamen

UDMA, TEGDMA ve EBPDMA gibi daha esnek polimerler olusturan, daha
az viskoz dimetakrilatlarla degistirilmistir. Yiksek UDMA igerikli bu
matriks tipi duslk viskozite sergilemekte, Bis-GMA ve TEGDMA’ya
kiyasla yuksek su emilimi gostermektedir. Bu durumu kompanse etmek
icin yapi icerisine EBPDMA gibi Bis-GMA’dan daha hidrofobik
monomerler katilmaktadir. Kavitenin merkezinin akiskan bulk fill
kompozit rezinle doldurulmasi ve lizerine akiskan olmayan geleneksel
kompozit rezinle kapaklama yapilmasinin sebebi, ylzey o6zelliklerini
gelistirmek ve s6z konusu su emilimini minimalize etmektir.3

Bulk Fill Kompozit Rezinlerin Siniflandiriimasi

Genel olarak bulk fill kompozit rezinler viskozitelerine gére 2 grupta
siniflandinlabilmektedir:

— Akiskan (Flowable-Base-Kaide) Bulk Fill Kompozit Rezinler: Genellikle
diisiik viskoziteye sahiptirler ve kavite derinliklerine ulasimin zor oldugu
kavitelerde, restoratif materyali yerlestirmede ve adapte etmede kiigtik
delikli enjektorler kullaniimasina olanak saglamaktadirlar. Genellikle, bu
kompozit rezinler dislk doldurucu oranina sahip olduklarindan dustik
asinma direncine sahiptirler. Bundan dolayl geleneksel kompozit
rezinlerle kapaklama yapilmasi 6nerilmektedir. Kaide olarak kullanilan
bu restoratif materyaller akiskan bulk fill kompozit rezinler olarak da
adlandiriimaktadirlar.

— Yiiksek Viskoziteli (Non-flowable-Full Body-Tam Gévdeli) Bulk Fill
Kompozit Rezinler: Herhangi bir kapaklama gerektirmeden tek kitle
halinde kaviteye yerlestirilebilen kompozit rezinlerdir. Bu materyaller
genellikle daha yuksek doldurucu oranina sahiptirler. Bu durum
viskozitelerini artirmaktadir. Bu ylizden macun benzeri bir yapiya
sahiptirler ve yilksek viskoziteli bulk fill kompozit rezinler olarak
adlandirilirlar. Yiksek doldurucu oranina sahip olduklarindan yiizey
asinma direngleri yiiksektir ve ylizeyleri serttir. Bu grupta bir istisna,
Sonicfill (Kerr, Kaliforniya, ABD) olup, sonik titresim sayesinde kompozit
rezinin viskozitesini azaltarak kaviteye uygulanmasini saglayan hava
tahrikli bir el aletiyle birlikte kullaniimaktadir.

Bulk fill kompozit rezinler polimerizasyon sekillerine gore isikla
polimerize olan veya dual polimerize olan seklinde siniflandirilabilmek-
tedir. Geleneksel kompozit rezinlere (maksimum 2 mm) gore daha derin
tabakalamayla (3 mm +) yerlestirilmek Uzere tasarlanmislardir. Duslik
viskoziteli, isikla polimerize olan akiskan materyaller, diisik asinma
direnci ve ylizey sertligi 6zellikleri nedeniyle restorasyonu kapatmak igin
her zaman geleneksel kompozit rezin tabakasi gerektirdiklerinden, kaide
bulk fill kompozit rezinler olarak adlandiriimaktadir.t

Kaide bulk fill kompozit rezinler genellikle disiik viskoziteye sahiptir-
ler, bu da bir sirngadan kiigiik bir nozil yoluyla yerlestirmeyi mimkin
kilar, boylelikle ulasimin zor oldugu kavitelere yerlestirme ve adaptasyon
kolaylagmaktadir. Genel olarak, bu kompozit rezinler daha diisiik doldu-
rucu icerigine sahiptir, bu da ylizeyi asinmaya daha az direncli hale
getirir; bu nedenle, geleneksel bir kompozit rezin ile kapaklama gerek-
lidir. Bu kaide malzemeler ayni zamanda akigkan bulk fill kompozit rezin-
ler olarak da adlandiriimaktadir. Tek kiitle halinde tim kaviteye yerlesti-
rilebilen bulk fill kompozit rezinler tek gercek bulk fill tipi olarak kabul
edilebilir, ¢linkl tiim restorasyon herhangi bir kapaklama gerektirmeden
ayni anda yerlestirilebilmektedir. Bu malzemeler genellikle daha yiksek
doldurucu igerigine sahiptir ve bu da onlari oldukg¢a viskoz hale getirir;
bu nedenle, bu malzemeler genellikle ylksek viskoziteli bulk fill kompozit
rezinler olarak adlandirilmaktadir. Daha vylksek doldurucu igerigi,
ylzeyin asinmaya daha direngli olmasini saglamakta ve viskoz
kivamindan dolayi yiizey sekillendirilebilmektedir.>

Genel olarak, duslk viskoziteli bulk fill kompozit rezinler, yiksek
viskoziteli bulk fill kompozit rezinlere kiyasla monomer déniisim dere-
cesi agisindan daha iyi performans gostermektedir. Bulk fill kompo-
zitlerde kavite derinliklerine 1s18in ulagiminin saglanmasi igin materyalin
translusensi ozelligi artirllmistir. Bu durum materyalin  doldurucu
iceriginin azaltilmasi ile saglandigindan geleneksel kompozit rezinlere
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kiyasla bulk fill kompozit rezinlerin mekanik 6zelliklerinin
zayiflayabilecegi belirtilmistir.6
Endikasyonlari — Kontrendikasyonlari

Bulk fill kompozit rezinler uygulama esnasinda geleneksel kom-
pozitlere kiyasla daha az teknik hassasiyet gerektirirler. Boylelikle daha
kisa sirede dis renginde restorasyonlar yapilabilmektedir. Posterior
dislerdeki genis kavitelerin restorasyonunda kullaniimasi dis lzerinde
daha az polimerizasyon stresi olusturmaktadir. Dustik viskoziteli bulk fill
kompozit rezinler geleneksel kompozit rezinlerin altina stres kirici kavite
taban maddesi olarak etkin bir sekilde kullanilabilmektedir. Tedavi
suresinin kisa tutuldugu gocuklarda ve endiseli hastalarda da 6nemli
avantajlar saglamaktadir.?

Bulk fill kompozit rezinlerin, artmis polimerizasyon derinlikleri
geleneksel kompozit rezinlerden oldukga farkhlik gésterir; bu durum
materyalin 1sik gegirgenliginin artmasi ile saglanmaktadir. Akiskan
“kaide” bulk fill kompozit rezinler, 6zellikle daha az erisilebilir kavite
alanlarinda daha yiksek akigskanlik géstermeleri sayesinde daha yuksek
bir adaptasyon potansiyeline sahiptir ve 4 mm'den daha derin ve dar
kaviteler icin en uygun materyal olarak gérilmektedir.®

Avantajlari — Dezavantajlari

Kompozit rezin materyaller, gelismis estetik 6zellikleri de dahil olmak
Uzere dental amalgama gore bir dizi avantaja sahiptir. Koruyucu bir
kavite preparasyonuna izin vermekte ve uyumlu bir baglayici sistem ile
dise uygulanmaktadir. Giincel arastirmalar hem sinif | hem de sinif Il
kavitelerin restorasyonunda kompozit rezinlerin kullanimini amalgam
restorasyonlara nazaran daha fazla 6nermektedir. Ancak kompozit
restorasyonlarda disin uygun sekilde izole edilmesi gerekir. Kompozit
rezinin tabakalama teknigi ile uygulanmasinin materyalin etkin bir
sekilde polimerize edilmesini saglayan 1si8in yeterli penetrasyonunu
sagladig ve dis lizerindeki polimerizasyon bizllme streslerini azalttig
distnilmektedir. Bununla birlikte, bu teknik zaman alabilmekte ve
restorasyon tabakalari arasinda bosluklarinin ortaya ¢ikmasina neden
olabilmektedir. Etkili bir sekilde gergeklestiriimezse, 1518in ulagmadig
veya kismen ulastigi kompozit rezin alanlari, tabanda veya her tabakanin
arasinda kalabilmektedir. Bu durum restorasyonun dayanikliiginda
azalmaya yol acabilmekte, restorasyonun yeterli sizdirmazligini engelle-
yebilmekte veya postoperatif hassasiyete ve restorasyonun erken
dénemde basarisiz olmasina neden olabilmektedir. Kompozit rezinlerin
amalgam uygulamasina nazaran daha uzun slrede tamamlanmasi ve
amalgam ile karsilastirildiginda islem sonrasi duyarliligin daha yiiksek
olmasi amalgamin asamali olarak kullaniminin kaldiriimasinin éntindeki
baslica potansiyel engellerdir.

Bulk fill kompozit rezinler, restorasyonun estetik veya fiziksel
ozelliklerini iyilestirmek icin geleneksel kompozit rezinle kapatilabil-
mektedir; hatta bazi materyallerle yapilan restorasyonlarda bu esas
olarak tavsiye edilmektedir.! Akiskan bulk fill kompozit rezinlerin,
geleneksel akiskan kompozit rezinlere gore daha diisiik kirilma dayani-
mina ve asinma direncine sahip oldugu degerlendirilmistir.” Bu nedenle,
Ureticiler, kaide bulk fill kompozit rezinlerin geleneksel bir kompozit
rezin ile kapatilmasini 6nermektedir.!

Son yillarda Ureticiler, bazi dezavantajlarin Ustesinden gelmek ve
restorasyonlarin tek kitle seklinde yerlestirilmesine imkan saglamak
amaciyla materyallerde bazi degisiklikler yapmislardir. Bu degisiklikler;

— Daha dusik doldurucu igerigine sahip akiskan materyallerin
kullanilmasi;

— Derinlemesine 1sik iletimini iyilestirmek i¢in doldurucu tiriinde
degisiklikler yapilmasi;

— Daha verimli reaksiyon baslaticilarin kullaniimasi;

— Polimerizasyon sirasinda stresin azalmasina izin vermek igin
monomer sistemde degisiklikler yapilmasi olarak sayilabilir.®
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GOz ardi edilemeyecek onemli bir dezavantajda bulk fill kompozit
rezin restorasyonlarda oldugu gibi, daha biiyuk bir kompozit rezin kitle-
sinin ayni anda polimerize olmasiyla ortaya ¢ikan isi sorunudur.8 Bazi
galismalar?19 bulk fill kompozit rezinlerde sicaklik artisinin geleneksel
kompozit rezinin kullanildigi kontrol gruplarina kiyasla daha yiksek
oldugunu gostermistir.

Bulk fill kompozit rezinlerde materyalin polimerizasyon derinligi
1tk gegirgenliginin artiriimasiyla saglanmaya galisilmaktadir. Artmis 151k
gecirgenligi oOzellikle 6n bolgede yapilacak restorasyonlarda estetik
sorunlara neden olabilecegi icin bulk fill restorasyonlar sadece arka grup
dislerin restorasyonunda kullanilabilmektedir. Ancak hekime kolaylk
saglamakta ve zaman kazandirmaktadir. Ayrica tabakalama tekniginin
zorlugu ve islem slresini uzatmasi gibi dezavantajlari bulk fill kompozit
rezinler sayesinde ortadan kaldirilabilmektedir. Yiiksek viskoziteli bulk fill
kompozit rezinler akiskan bulk fill kompozit rezinlere gore yiiksek
mekanik ozellik gostermeleri, kapaklama islemine gerek duyulmamasi,
uygulama kolayhgi ve kisa uygulama slreleri sayesinde 6nemli
avantajlara sahip bir restoratif materyaldir.?

Birbirinden farkli icerikleri ve polimerizasyon kinetikleri olan bu
kompozit rezinler; ug 6zellikler gosteren markalar ayri tutulursa iyi bir
marjinal adaptasyon, azalmis polimerizasyon bizllme stresi, azalmig
tuberkdl sapmasi, disik elastik modill, daha gliclii reaksiyon baslatici
sistemler, dlsiik polimerizasyon hizi ve yiksek translusensi gostermek-
tedirler. Bir bulk fill kompozit rezin ayni anda; diisiik doldurucu oranina
sahipken diisiik polimerizasyon stresi degerleri gostermesi; diisiik elastik
modiline sahipken iyi mekanik ozellikler sergilemesi; polimerizasyon
derinligini artmisken daha fazla 15181 gegirebilmesi ve derin tabakada
polimerize olabilmesi firmalar tarafindan, kimyalari degistirilerek
saglanmaya ¢alisiimaktadir.  Ancak uygun kompozit rezin karisimi
bulunana kadar uretici firmalar gesitli 6zelliklerden fedakarlik etmek
durumunda kalmislardir.? Prince ve arkadaslari! yaptiklari ¢alismada
bulk fill kompozit rezinlerin geleneksel kompozit rezinlere gore disik
mekanik 6zellikler gosterdigini belirtmislerdir.

Bulk fill kompozit rezinlerin geleneksel kompozit rezinlere alternatif
olup olamayacagi hakkinda farkli gorusler bulunmaktadir. Dentine (12-
20 GPa [Giga Paskal]) daha yakin degerler sergileyen hibrit kompozit
rezin (15.5 GPa) yerine, dlslk elastik modiliine sahip olan bulk fill
kompozit rezinler (ylksek viskoziteli olanlar ~8 GPa, akiskan olanlar ~4
GPa) kullanilarak disteki kayip dokunun tamaminin veya tamamina
yakininin restore edilmesi sorgulanmaktadir. Bu materyallerin stresin
azalacagl kadar dusik ancak oklizal kuvvetleri karsilayabilecegi kadar
yuksek elastik modiline sahip olmasi zor oldugundan ve yapilan
galismalarda, bir mikro veya nano hibrit kompozit rezinden ziyade
akiskan kompozit rezinlerle karsilastirilabilecek 6zellikler sergilediklerin-
den, bu materyal sinifinin, ylksek oklizal kuvvetlere maruz kalan
alanlarda kullanimi sorgulanmaktadir. Ancak, unutulmamalidir ki akiskan
bulk fill kompozit rezinleri treten firmalar bu sorunlar (dusuk sertlik,
yuksek su emilimi) kapaklama prosedlriyle ortadan kaldirmayi
onermektedir. Ayrica tim bu sorgulanabilir karakteristik ozelliklere
ragmen, bu kompozit rezinlerin kullanimini tesvik eden ¢ok sayida
¢alisma mevcuttur.?

Bulk fill kompozit rezinlerin en bliylik avantaji 4-6 mm kalinlikta,
bulk (tek tabaka) halinde yerlestirilebilmeleri sayesinde klinik galisma
suresinin kisalmasi ve disik polimerizasyon bizilmesi gostermeleridir.
Diger avantajlari da kompozit rezin tabakasinin adaptasyonunun daha iyi
saglanmasiyla tabakalar arasinda bosluk olusmamasi, hekime uygulama
kolayligi saglamasi, yeterli radyoopasitesi olmasi, ¢igneme kuvvetlerine
karsi asinma direncinin iyi olmasi, renk uyumunun ve yizey 6zelliklerinin
klinik olarak kabul edilebilir olmasidir.2

Materyal Ozellikleri

Biyouyumluluk

ideal bir bulk fill kompozit rezin diisiik polimerizasyon biiziilmesine,
yiksek polimerizasyon derecesine, yeterli mekanik o6zelliklere sahip
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olmali ve biyouyumlu olmalidir.12 Bir materyalin biyouyumlu olabilmesi
icin hicrelerde herhangi bir sitotoksisiteye neden olmamasi
gerekmektedir.

Materyalin sitotoksisitesinde ve hiicrelerde meydana getirdigi oksi-
datif hasarda; materyalin yapisi, monomer tipi, monomer orani, doldu-
rucu icerigi gibi faktorlerin etkili oldugu gézlenmistir.13 Kompozit rezin
materyallerin dezavantajlari arasinda yer alan yetersiz polimerizasyon;
materyalin mekanik 6zelliklerini olumsuz yonde etkileyecegi gibi uygu-
lama sonrasinda oral kavitede temas ettigi yumusak dokularda ve
pulpada sitotoksisiteye neden olabilecek serbest rezin monomerlerin
salinmasina da yol agabilmektedir. Bu nedenlerden dolayi restoratif
materyallerde biyouyumluluk ©6n planda tutulmasi gereken bir
faktordur.14

Bulk fill kompozit rezinlerin kullanim 6zelliklerinden olan uygulama
kalinhiginin artmasiyla tehlikeye giren isik penetrasyonunun gindeme
getirdigi konulardan biri azalmis polimer dénlisimi{ sonucu meydana
gelen artik monomer salinimi ve toksisite problemidir. Polimerize
olmamis artik monomerlerin yani sira organik rezin matriks icindeki foto
baslaticiyla diger katki maddeleri ve inorganik dolduruculardan metal
iyonlarinin salinimi nedeniyle sitotoksisite olusabilmektedir.>

Polimerizasyon Derinligi (DOC)

Belirli bir malzeme igin elde edilen gergek sertlesme derinligi, gblge
ve yari saydamliga gore degisebilmektedir; daha fazla opakliga sahip
daha koyu tonlar, daha agik ve yari saydam tonlara kiyasla daha sig bir
polimerizasyon derinligine sahiptir. Piyasadaki bulk fill kompozit rezin
materyallerin ¢ogu, bazilari dual polimerize olmasina ragmen, sadece
gorinir 1sikla polimerize olmaktadir. Ureticiler bazi ydntemlerle
polimerizasyon derinligini artirmaya ¢alismislardir. Bu yontemler;

-Doldurucu igeriginin azaltilmasi
-Doldurucu partikll boyutunun artirilmasi
-Ek foto baslaticilarin kullanilmasi olarak sayilabilir.t

Kompozit rezinin doldurucu igeriginin azaltilmasi ve doldurucu par-
tikal boyutunun artirilmasi, rezin-doldurucu araytiziindeki 1sik sagciima
miktarini azaltmakta ve foto baslaticlyi etkinlestirebilen emilen isik
miktarini artirmaktadir. Tetric EvoCeram Bulk fill (Ivoclar Vivadent,
Schaan, Lihtenstayn)’de birka¢ farkhh foto baslatici kullanilarak
polimerizasyon derinligi artirlmaya cahsilmistir. Ureticiler bunun
sebebinin kamforokinon veya lusirin gibi standart foto baslaticilara
kiyasla daha buyuk tabakalarla polimerize edilmesine izin veren ivoserin
adl oldukga reaktif bir foto baslaticinin eklenmesi oldugunu iddia
etmektedirler. Ancak bu degisikliklere ragmen, 1sikla polimerize olan
bulk fill kompozit rezin materyallerin ¢ogu hala 4-5 mm'lik tabakalar
halinde kullaniimakla sinirh kalmaktadir.

Bir ¢alisma, stk cihazinin ucundan kompozit rezin restorasyon
ylzeyine olan mesafeyi artirmanin, her 1 mm igin i1sik yogunlugunu %10
oraninda azalttigini belirtmistir.16

Yapilan bir in-vitro galisma, mevcut kaide bulk fill kompozit
rezinlerin bazilarinin, tretici firma tarafindan iddia edilene gore 6nemli
Olglide daha duisuk polimerizasyon derinliklerine sahip oldugunu tespit
etmistir.’? Bununla birlikte, glincel galismalarin pek ¢ogu, Uretici
firmalarin, optimum polimerizasyon kosullari ile kompozit rezinin artan
derinliklerde yeterli bir monomer degisim oranina ulasabilecegi iddiasini
desteklemektedir.18-20

Dual polimerize olan kompozit rezin materyallerin ortaya gikisi,
restorasyonlarin istenen oOzelliklerini korurken, polimerizasyon derinligi
konusundaki endiseleri ortadan kaldirdigi icin heyecan verici bir
yeniliktir. Genel olarak bulk fill kompozit rezinlerin geleneksel kompozit
rezinlere benzer hacimsel buziilmeye sahip oldugu gosterilmistir. Bu
bulgu bu malzemeleri kullanmanin genel bir faydasi olmadigi kanisini
ortaya cikarabilmektedir.! Bununla birlikte, blzilme gerilimine &zel
olarak bakildiginda, in-vitro galismalar, bulk fill kompozit rezinlerin
geleneksel kompozit rezinlere gore daha az blziilme stresi sergiledigini
gostermektedir.20

Genel olarak, kaide bulk fill kompozit rezinleri, tek kitle halinde
uygulanan bulk fill kompozit rezinlerden daha yiiksek bir polimerizasyon
derinligine ulasiyor gibi gériinmektedir. Literatiirde bulk fill kompozit
rezinler igin bildirilen polimerizasyon derinligi; 0.2 ila 9.45 mm arasinda
degismektedir. Yapilan galismalarda polimerizasyon derinliginde kalip
malzemesinin seffafliginin belirleyici oldugu bulunmustur: ara seffafliga
sahip kaliplar (teflon veya dis) polimerizasyon derinligini seffaf olmayan
(metal ve silikon) kaliplara kiyasla 6nemli 6lgtide (yaklasik 1.1 mm) artir-
mistir. Bununla birlikte, oldukga yari saydam kaliplarin (polimetilme-
takrilat [PMMA] kalip) kullanilmasi veya kalip kullanilmamasi hem dustik
hem de orta yari saydam kaliplarla karsilastirildiginda 6nemli farkliliklara
neden olmamistir. Bulk fill kompozit rezinler, artan polimerizasyon
derinlikleri agisindan geleneksel kompozit rezinlerden farkhhk gosterir.
Bu durum esas olarak materyalin yari saydam o6zelligindeki artis ile
aciklanmaktadir.®

Bulk fill kompozit rezinlerde spesifik polimerizasyon modiilatérleri
kullanilarak, materyalin yari saydamligi iyilestirilerek veya daha glgli
baslatici sistemler kullanilarak yeterli bir polimerizasyon derinligi elde
edilebilmektedir.®

Marjinal adaptasyon ve biiziilme stresi

Marjinal bosluk olusumu ve adaptasyon agisindan degerlendiril-
diginde literatlirde bulunan sonuglar geliskilidir. Bazi calismalar gelenek-
sel kompozit rezinile bulk fill kompozit rezin arasinda istatistiksel bir fark
olmadigini belirtirken?!, bazilari ise geleneksel tabakalamaya kiyasla bulk
fill kompozit rezin materyal kullanimiyla marjinal uyumda bir iyilesme
oldugunu 6ne stirmektedir.22 Daha ileri bir ¢alisma, daha yiiksek visko-
ziteli bulk fill kompozit rezinlerin daha fazla marjinal bosluk olusumuna
neden oldugunu belirtmistir.23 Yiiksek viskoziteli materyallerde meydana
gelen bu sorunun Ustesinden gelmenin bir yontemi, materyali yerlestir-
meden 6nce isitmak ve / veya boslugun tabanini kapatmak igin dustik
viskoziteli bir kompozit rezin kullanmaktir. Dual polimerize olan bulk fill
kompozit rezinlerin de polimerizasyon sonrasi kabul edilebilir marjinal
adaptasyon gosterdigi belirtilmistir.2* Genel olarak, literattirdeki bilgiler
bu yeni materyallerin marjinal adaptasyonunun giliven verici oldugunu
bildirmektedir.?

Biizilme stresi kavitenin konfiglirasyonu, boyutu ve uyumu gibi
disle ilgili cesitli degiskenlerden etkilenmektedir. Buzilme stresini etkile-
yen en 6nemli 6zellikler, kompozit rezinlerin hacimsel biziilmesi ve
elastik moduludir. Bununla birlikte, bu 6zellikler genellikle birbirleriyle
ters orantilidir ve biyik dl¢tide doldurucu igerigine baghdir. Daha yiksek
doldurucu igerikleri nedeniyle, yiksek viskoziteli bulk fill kompozit
rezinler, diisiik viskoziteli bulk fill kompozit rezinlere gére daha az hacim-
sel buzulme gosterir ancak daha yiksek elastik modiliine sahiptirler.®

Giincel Bulk Fill Kompozit Rezinler
Sonik Aktivasyonlu Bulk Fill Kompozit Rezin (Sonic Fill):

Kerr, yliksek viskoziteli bir bulk fill kompozit rezin olan Sonic Fill 2
(Kerr, Kaliforniya, ABD)'yi Uretmistir ve materyal sonik titresim kulla-
nimiyla uygulama esnasinda diisiik viskoziteli hale getirilmistir. Ureti-
ciler, bu materyalin; yerlestirme sirasinda viskoziteyi azaltmak igin 6zel
olarak gelistirilmis bir el aleti tarafindan Uretilen sonik enerji ile uygu-
lanan yiiksek oranda doldurulmus bir kompozit rezin igerdigini iddia et-
mektedir. Sonik titresimlerle saglanan akiskan 6zellik, malzemenin kavite
duvarlarina daha iyi bir sekilde adapte olmasini saglayabilmektedir.?

Sonic Fill 2 (Kerr, Kaliforniya, ABD) sistemi, Tetric Evo Ceram bulk
fill (Ivoclar Vivadent, Schaan, Lihtenstayn) (% 79-81 wt [dolgu hacmi]) ve
SDR (Densply, New York City, ABD) (% 68 wt) ile karsilastirildiginda daha
yliksek egilme ve basma dayanimi degerlerine sahip nispeten yiksek bir
doldurucu igerigine (% 83,5 wt) sahiptir.2 Sonic Fill disindaki tiim bulk fill
kompozit rezinler artirilmis bir yari saydamlik géstermektedir.®

Fiberle Giiclendirilmis Kompozit Rezinler:
Son zamanlarda, yliksek AR (uzunluk ¢ap orani) iceren bir bulk fill
kompozit rezin E-cam fiberleri (1-2 mm uzunluk, 17 pum ¢ap) piyasaya

CurrRes Dent Sci 2024 34(3): 224-229 / doi 10.17567/ataunidfd.984810



228

surtlmustlir (EverX Posterior, GC, Tokyo, Japonya). Materyalin rezin
matriksi Bis-GMA, TEGDMA ve PMMA’dan olusan bir polimer ag
icermektedir.26

Yapi igerisinde bulunan fiberler yiizey purizltGlGgini olumsuz
etkilediginden kaide restorasyon materyali olarak kullaniimakta ve
Uzerinin geleneksel bir kompozit rezin tabakasi ile 6rtiilmesi zorunlu hale
gelmektedir. Genel olarak materyalin kirilma dayanimi, geleneksel
kompozit rezinlerden farkli gériinmemektedir. Bu malzeme ile restore
edilen dislerin yorulma dayanimi da geleneksel kompozit rezinden farkli
degildir.26

Bulk Fill Kompozit Rezinlerle Yapilan Bazi Klinik Calismalar

Dijken ve arkadasinin yaptigi bir calismada?’; posterior restorasyon-
larda akigskan bulk fill kompozit rezin teknigi degerlendirilmistir ve 6 yillik
bir takip suresi boyunca geleneksel 2 mm kompozit rezin tabakalama
teknigi ile tek tek karsilastiniimistir. Calismanin sonucunda her iki grupta
da sinif Il ve sinif | restorasyonlar igin yillik basarisizlik orani (AFR) sirasiyla
%1,4 ve %0 bulunmustur. Basarisizligin ana nedeninin kompozit rezinin
kirilmasi oldugu rapor edilmistir.

Yazici ve arkadaslarinin yaptigi bir calismada23; sinif Il restorasyon-
larda nanofill kompozit rezinin klinik performansi ile bir bulk fill kompozit
rezinin klinik performansi karsilastirlmistir. Galismanin sonucunda
retansiyon agisindan kompozit rezinler arasinda farklihk olmadig
degerlendirilmistir. Bununla birlikte test edilen bulk fill kompozit rezinin
marjinal renk degisikligi ve marjinal adaptasyon agisindan daha iyi klinik
performans gosterdigi rapor edilmistir.

Colak ve arkadaslarinin yaptigi bir ¢alismada?®; posterior dislerin
sinif 1l kavitelerinde bir yiksek viskoziteli bulk fill kompozit rezinin 12
ayhk klinik performansi degerlendirilmistir. Calisma sonucunda yuksek
viskoziteli bulk fill kompozit rezinlerin 2 mm tabakalama teknigiyle nano
hibrit kompozit rezinler kadar iyi performans gosterdigi ve bu nedenle
geleneksel nano hibrit kompozit rezinlere alternatif olabilecegi
degerlendirilmistir.

Atabek ve arkadaslarinin yaptiklari bir calismada3?; daimi posterior
clrtklu disler igin iki restoratif teknigin ve materyalin 2 yillik klinik
performansi karsilastiriimistir.  Calismanin  sonucunda sonik rezin
yerlestirme sistemi, klinik basari agisindan asamali olarak yerlestirilmis
geleneksel kompozit rezine benzer sonuglar gostermistir. Tek bir
tabakalamayla 5 mm'ye kadar restorasyonu uygulamanin avantajlari ve
viskozitenin ayarlanabilirligi géz 6nune alindiginda, bulk fill kompozit
rezin restorasyonlar, posterior sinif | kompozit rezin restorasyonlara iyi
bir alternatif olarak gériinmektedir. Bu ¢alisma, bulk fill teknolojisi ile
Uretilen yeni bir dental materyalin tabakali olarak yerlestirilmis kompozit
rezine benzer klinik basari sergiledigini gostermektedir.

Costa ve arkadaglarinin yaptigi bir diger klinik galismada3?; iki farkli
adeziv teknik (self etch ve etch and rinse) ile adezivlenen posterior
kompozit rezin restorasyonlarda yerlestirme tekniginin (tabakalama ve
bulk fill) postoperatif duyarlliga etkileri karsilastiriimistir. Calismanin so-
nucunda spontan postoperatif duyarlihigin riski ve yogunlugunun adeziv
stratejisinden veya restorasyon tekniginden etkilenmedigi rapor
edilmistir.

Balkaya ve arkadaglarinin yaptigi bir calismada3%, sinif I
restorasyonlarda ylksek viskoziteli glglendirilmis cam iyonomer
restoratif materyal, bulk fill kompozit rezin ve bir mikro hibrit kompozit
rezinin klinik performansi degerlendirilmistir. Sonug olarak bulk fill
kompozit rezinlerin ve geleneksel kompozit rezinlerin sinif Il kavitelerde
yuksek viskoziteli gliglendirilmis cam iyonomerlere gore daha basarih
klinik performans gosterdigi rapor edilmistir.

Bulk Fill Kompozit Rezinlerle Yapilan Bazi Laboratuvar Calismalari

Raina ve arkadaslarinin yaptigi bir calismada33; self adeziv akiskan
bir kompozit rezinin (Dyad Flow, Kerr, Kaliforniya, ABD) ve bir akiskan
bulk fill kompozit rezinin (Smart Dentin Replasman- SDR, Densply, New
York City, ABD)’nin MTA Plus (Prevest Denpro, Jammu, Hindistan), Dycal
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(Densply, New York City, ABD), Biodentine (Septodont, Saint Maur des
Faussés, Fransa) ve TheraCal (Bisco Inc, Schamburg, ABD) gibi gesitli
pulpa kapaklama malzemelerine makaslama baglanma dayanimlari (SBS)
karsilagtirilmistir. Arastirmacilar materyallerin makaslama baglanma
dayanimlarn arasinda istatistiksel olarak anlamli farkhhk oldugunu
(p=0.040) ve en yiiksek SBS degerinin akiskan bulk fill kompozit rezin ile
TheraCal arasinda oldugunu belirtmislerdir.

Cengiz ve arkadaslari34; trikalsiyum silikat bazli materyallerin farkh
restoratif materyallere mikro makaslama baglanma dayanimini deger-
lendirmisler, degerlendirilen tim restoratif materyallerde TheraCal
LC'nin, Biodentine'e kiyasla 6nemli 6lglide daha yiliksek mikromakaslama
baglanma dayanimi (uSBS) degerleri gosterdigini belirtmislerdir.

Ozgiil ve arkadaslarinin yaptigi bir in-vitro galismada33; farkli 151k
cihazlarinin, farkli adezyon stratejileri (self etch veya selektif etch) kulla-
nilarak uygulanan bulk fill kompozit rezinlerin mikrosizintisi tizerindeki
etkileri incelenmis ve ¢alismanin sonucunda selektif etch yonteminin,
kullanilan 1sik cihazindan bagimsiz olarak bulk fill kompozit rezinler ile
kullanildiginda daha iyi bir adezyon sagladigi rapor edilmistir.

Nakano ve arkadaslarinin yaptiklari bir calismada3®; self adeziv,
bulk fill ve geleneksel akigkan kompozit rezinlerin polimerizasyon stresi
(PS) ve bosluk olusumu karsilagtiriimigtir. Bulk fill kompozit rezinler,
kontrol grubundaki akiskan kompozit rezinlere gore benzer veya 6nemli
Olgiide daha distk ara ylz bosluklari ve PS gostermistir. Calismanin
sonucunda self adeziv kompozit rezinlerin, geleneksel akiskan ve bulk fill
kompozit rezin materyallerden 6nemli Olglide daha yiiksek bosluk
ylzdesi ve PS gosterdigi belirtilmistir.

Kamalak ve arkadaslarinin yaptiklari bir ¢alismada3?; Gg¢ farkh
akiskan bulk fill kompozit rezinin ylizey porozitesi degerlendirilmis ve
yeni jenerasyon bulk fill kompozit rezinler dahil tim gruplarda yuzey
porozitesi tespit edilmistir. Calismanin sonucunda ylizey pordzitesinin
restoratif dental materyallerin mekanik ve fiziksel 6zelliklerini etkileyen
onemli bir parametre oldugu ve yiizey porozitesine sahip materyallerde
uzun vadede klinik basariyt saglamanin mimkin olamayabilecegi
belirtilmistir.

SONUC

Bulk fill kompozit rezinler; uygulama kalinliginin geleneksel kompozit
rezinlerden fazla olmasi, buna bagh olarak tedavi siresinin kisalmasi ve
teknik hassasiyetin daha az olmasi gibi 6nemli avantajlari dolayisiyla
restoratif dis hekimliginde 6nemli bir yere sahip olmaya baslamistir.
Bununla birlikte uygulama kalinliginin artirilmasini saglamak icin gerekli
olan artmis 1sik penetrasyonu, materyal yapisi daha translusent hale
getirilerek saglanmaktadir. Bu ozellik estetik problemler nedeni ile
materyalin 6n bolgede kullanimina engel olmaktadir. Bununla beraber
materyal yapisini gligclendirmek ve klinikte uygulanabilirligini artirmak
icin glincellemeler yapilmaktadir. Restoratif dis hekimliginde umut
vadeden bu materyallerin tim 6zelliklerinin degerlendirilmesi igin daha
ileri klinik galismalara ve laboratuvar ¢alismalarina ihtiyag vardir.
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Kemomekanik Curuk Uzaklastirma
Yontemleri

Chemomechanical Caries Removal Methods
6z

Kemomekanik ¢lrik uzaklastirma yontemi; minimal invaziv dis hekimligi felsefesine dayandirilarak
gelistirilen, enfekte dentinin kemomekanik ajanla kimyasal olarak yumusatildigi ve yumusayan dentinin
ekskavatorle nazikge uzaklastirildigi, invaziv olmayan bir teknik olarak tanimlanmaktadir. Bu yontem,
kismen bozulmus kollajenin daha fazla bozulmasina neden olur ve sadece enfekte olmus dentin
tabakalarini uzaklastirir. Hangi dentinin uzaklastirilacagini ve hangi dentinin birakilacagini géstermesi bu
yontemin en 6nemli 6zelligidir. Bu yontem ozellikle gocuklar ve dental anksiyetesi olan hastalar arasinda
yuksek kabul gormektedir. Kemomekanik ¢liriik uzaklastirma ajanlari; sodyum hipoklorit (NaOCl) bazli ve
enzimatik bazl olmak tzere iki gruba ayrilmaktadir. Sodyum Hipoklorit (NaOCI) bazli olanlar; GK-101, GK-
101E (Caridex) ve Carisolv’diir. Enzimatik bazli olanlar; Papacarie, Apacaries jel, Carie-Care, Biosolv ve Brix-
3000’dir. Bu derlemenin amaci kemomekanik giriik uzaklastirma yontemlerini ve ¢alisma mekanizmalarini
anlatmaktir.

Anahtar Kelimeler: Kemomekanik ¢iiriik uzaklastirma; minimal invaziv dis hekimligin.

ABSTRACT

Chemomechanical caries removal, developed on the basis of a minimally invasive dentistry philosophy. It
is described as a non-invasive technique in which infected dentin is chemically softened with a
chemomechanical agent and the softened dentin is gently removed by an excavator. This method causes
collapse of degraded collagen and only removes infected dentin layers. The most important feature of this
method is it shows which dentine to be removed and which dentine will be left. This method is particularly
well accepted among children and patients with dental anxiety. Chemomechanical caries removal agents
are divided into two groups as sodium hypochlorite (NaOCl) based and enzymatic based. Sodium
Hypochlorite (NaOCI) based ones: GK-101, GK-101E (Caridex) and Carisolv. Enzymatic based ones:
Papacarie, Apacaries gel, Carie-Care, Biosolv and Brix-3000. The purpose of this review is to explain
chemomechanical caries removal methods and their working mechanisms.

Key Words: Chemomachanical caries removal; minimal intervention dentistry

KEMOMEKANIK CURUK UZAKLASTIRMA YONTEMLERI

Dis ¢Urigli, mikroorganizmalarin Urettigi asit ile etkilenme sonucunda olusan mineral kaybidir. Dis sert
dokusu, bir déngii icerisinde remineralizasyon ve demineralizasyon sireclerine ugramaktadir. Bu dengenin
demineralizasyon lehine bozuldugu durumlarda glrik meydana gelmektedir.! Dis ¢lirGginiin diinya
genelinde ¢ocuklar arasinda en g¢ok goérilen kronik hastaliklardan biri oldugu belirtilmistir.2 En yaygin dis
hastaliklarindan biri olan dis glrukleri, sadece dis dokularinin lokalize ¢6ziinmesine ve tahrip olmasina
neden olmakla kalmaz, ayni zamanda tedavi edilmediginde disin pulpal ve periapikal dokularinda
enfeksiyona yol agabilir.3

Dis ¢urtgiunin tedavisi klasik olarak, yumusak demineralize dentinin uzaklastiriimasini ve kalici
restorasyonun yerlestirilmesini igermektedir. Bu ¢lirlik doku, bakterilerle blyilik miktarda enfekte olmustur
ve ¢lruk sirecinin durdurulmasi amaciyla bu dokunun uzaklastiriimasi gerekmektedir. Ancak, curik
dokunun nasil uzaklastirilacagi konusunda farkli gérisler mevcuttur.* Curik uzaklastirma yéntemleri su
sekilde siniflandirilabilir:

- Mekanik, rotary: Doner el aletleri, frezler (seramik ve polimer),

- Mekanik, non-rotary: Ekskavatorler, air abrazyon, air polishing, ultrasonikler, sono abrazyon,

atravmatik restoratif tedavi (ART),

- Kemomekanik: Sodyum hipoklorit bazli, enzimatik bazl,

- Foto-ablasyon: Lazerler.>
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Geleneksel ¢urik uzaklastirma yonteminde, ¢lrik lezyona erisim
saglamak icin ylksek hizli el aletleri kullanilirken, g¢urik lezyonu
uzaklastirmak icin dusik hizli el aletleri kullaniimaktadir.3> Geleneksel
yontem, pulpa dokusunda olumsuz biyolojik reaksiyonlara neden
olabilir, enfekte ve saglam dis dokularini segici olmayan bir sekilde
¢ikarabilir.® Bu yontem, birgok hasta tarafindan 6zellikle de gocuklarda
hos olmayan ve agrili olarak tanimlanmaktadir ve agriy1 kontrol etmek
icin sikhkla lokal anesteziye ihtiyag duyulmaktadir3® Agri ve
rahatsizliktan potansiyel olarak sorumlu olan birkag faktor vardir. Bunlar;
duyarhhk, diste basing hissi, kemige iletilen titresim, el aletlerinin
gurlltisti ve yuksek sicaklik olusumudur.” Geleneksel yodntem,
hastalarda anksiyete ve korkuya neden olabilir. Anksiyete ve korkunun
¢ocuklarda dis tedavisini kabul etmenin onindeki engeller oldugu
bilinmektedir.®

Minimal invaziv yaklasim dis c¢lrlklerinin tedavisinde; c¢urikleri
mikroskobik diizeyde saptama, tanimlama, durdurma ve tedavi etmeyi
icermektedir.8 Etkilenmis dentini korurken, sadece enfekte olmus
dentinin uzaklastirilmasini iceren biyolojik prensiplere dayanmaktadir.®
Enfekte dis dokusunun uzaklastirilmasi icin seramik ve polimer frezler,
lazer, air abrazyon, sono abrazyon veya kemomekanik ajanlarin kullanimi
gibi yontemler minimal invaziv ¢lrik uzaklastirma yodntemlerini
olusturmaktadir. Bu yontemlerin ortak 6zelligi, ¢lrik ile enfekte olmus
dokunun segici bir sekilde uzaklastiriimasi ve g¢irlkten etkilenen
dokunun korunmasidir.10

Kemomekanik yontemle cirik uzaklastirma dislincesi, 1970°li
yillarda endodontist Goldman tarafindan ortaya atilmistir. Kok
kanallarindan organik materyalleri uzaklastirmada kullanilan sodyum
hipokloritin (NaOCI) ¢urik dentini ¢6zme yetenegine sahip oldugunun
gorilmesi Uzerine kimyasal curlk uzaklastirma fikri dogmustur.1?
Kemomekanik c¢lrik uzaklastirma yontemi, en konservatif g¢urik
uzaklastirma yontemlerinden biri olarak kabul edilmektedir.12
Kemomekanik yontemin diger sistemlere gore avantajlari; karmasik ve
maliyetli enstriimanlar gerektirmemesi, dokulara daha diisiik travma
olusturmasi, lokal anestezi ihtiyacinin olmamasi ve pulpanin etkilenme
riskinin az olmasi olarak siralanabilir.6

Kemomekanik ¢lrik uzaklastirma yontemi; enfekte dentinin
kemomekanik ajanla kimyasal olarak yumusatildigi ve yumusayan
dentinin ekskavatorle nazikge uzaklastirildigi, invaziv olmayan bir teknik
olarak tanimlanmaktadir.l> Bakteriyel enzimler ve asit ile etkilenme
sonucunda disin mineral icerigi azalmakta olup, kollajen fibriller
arasindaki baglantilar bozulmakta ve sonug olarak ¢uriik olusmaktadir.1>
Kullanilan kimyasal sollisyonun kollajenin yapisinda bulunan Ggli
heliksteki polipeptit zincirlerini ve ¢apraz baglar ¢dzebilmesi, bdylece
yapisi kismen bozulmus olan kollajenin ayrilmasi beklenmektedir.13 Esas
amag; sadece enfekte dentinin uzaklastiriimasi, etkilenmis dentinin
birakilmasi ve etkilenmis dentin tabakasinin remineralize olmasina izin
verilmesidir.13 Bu islem sayesinde ayni zamanda pulpa irritasyonundan
kaginilarak saglikh dis dokusu korunmaktadir.14

Clruk dentinin kemomekanik olarak uzaklastiriimasi 6zellikle gocuk
dis hekimliginde endiseli veya koopere olmayan hastalar igin umut
vericidir.8 Dis hekimi fobisi olan ¢ocuk ve eriskin hastalar ile kusma
refleksi olanlar, bu yontemle daha konforlu bir tedavi hizmeti
almaktadir.’* Bu yontem, lokal anestezi uygulamasinin kontrendike
oldugu hastalara uygulanabilir, ¢linki hastalarin % 82-92’sinde lokal
anestezi uygulamasi gerekli degildir.8

Kemomekanik c¢lrik uzaklastirma yonteminde, adeziv restoratif
materyaller igin ideal oldugu bildirilen smear tabakasindan arindiriimis,
dizensiz ve plrizli dentin ylzeyi saglanmaktadir. Bu yontemle
hazirlanan kavitelerin restorasyonunda amalgam benzeri kaviteye
mekanik olarak tutunan materyaller yerine, kompozit veya cam
iyonomer siman gibi adeziv materyaller kullaniimaktadir.14

Kemomekanik glirik uzaklastirma ajanlari sodyum hipoklorit (NaOCl)
bazl ve enzimatik bazli olmak tzere iki gruba ayrilmaktadir:

Sodyum Hipoklorit (NaOClI) bazh ajanlar; GK-101, GK-101E (Caridex),
Carisolv.

Enzimatik bazh olanlar; Papacarie, Apacaries jel, Carie-Care, Biosolv,
Brix-3000.1%

Kemomekanik yontemin sut disleri ve daimi digler UGzerine
etkinliginin arastinldigi ¢alismalarda, siit dislerindeki c¢iriklerde
genellikle kavitenin agik olmasindan dolayi uygulama sirasinda daha az
hacimde solusyon kullanildigi, kaviteye erisimin daha kolay oldugu ve
clirGigiin daha etkili sekilde uzaklastirildigi bildirilmistir.2# ilk calismalar,
NaOCl bazh kemomekanik ¢liriik uzaklastirma yonteminin zaman alici bir
sire¢ oldugunu ve etkinliginin sorgulanabilir oldugunu gostermistir.
Ancak bu yontem yeni nesil kemomekanik ¢lrik uzaklastirma ajanlarinin
tanitilmasiyla daha da gelistirilmistir.12

Sodyum Hipoklorit (NaOCIl) Bazh Ajanlar

Dis ¢lirigiinde organik yapinin biyik bir boliminin, kollajen ve
kollajenin en 6nemli aminoasiti olan hidroksiprolinden olustugu bildiril-
mistir. Bu yapinin kimyasal yolla ¢ozilebilecegi dislincesi ve geleneksel
¢lirtk uzaklagtirma yontemine alternatif yontem arayislari sonucunda,
nonspesifik bir proteolitik ajan olan NaOCI ¢uriik uzaklastirma ajani ola-
rak kullanilmistir.16 Ancak, NaOCI sadece ¢urik dentini uzaklastirmakla
kalmayip, saghkh dentin dokusuna da zarar vermektedir.10 Bu problemin
Ustesinden gelmek igin sonraki versiyonlarda NaOCl’e amino asitler
eklenmistir.®0

NaOCl bazli kemomekanik ¢iiriik uzaklastirma ajanlari, ¢liriik dentin
icerisindeki kismen bozulmus olan kollajenin hidrojen baglarini klorlayan
ve bozan,>10 boylece gikariimasini kolaylagtiran NaOCI tiirevleri igerir.10
Clruk doku, uygulama sonrasinda el aletleri kullanilarak uzaklastirilir.?

Hamama ve ark.1> yaptiklari calismada, geleneksel yéntem ile NaOClI
bazl ve enzimatik bazl kemomekanik ¢tirlik uzaklastirma yéntemlerinin
uygulanmasini takiben ¢uriik dentinde meydana gelen kimyasal, morfo-
lojik ve mikrosertlik degisikliklerini karsilastirmiglardir. Geleneksel yon-
tem ve enzimatik bazli yontemin, NaOCI bazli ydnteme gore guriik uzak-
lastirma siiresinin daha kisa oldugu; mikrosertlik degerlerinin geleneksel
yéntemde kemomekanik ydntemlere gére daha yiksek bulundugu;
enzimatik bazli ydntem sonrasinda dentinin smear tabakasi icermedigi,
ancak diger yontemlerin uygulanmasi sonrasinda dentinde smear
tabakasinin var oldugu ve bu tabakanin dentin tlbdllerini tikadig
bildirilmistir.1s

Hamama ve ark.12 yaptiklari metaanalizde, NaOCl bazli ve enzimatik
bazli kemomekanik ydntemler ile geleneksel yontemin sireleri
arasindaki farkhliklari 6lgmeyi amaglamislardir. Sonug olarak; NaOCl bazl
kemomekanik yontemin, digerler yéntemlere kiyasla daha fazla zaman
aldigini bulmuslardir.12

GK-101

ilk olarak, %5’lik NaOCI kullanilmistir fakat %5’lik NaOCl'in toksik
olmasi ve cevredeki saglam dis sert dokularina zararl etkilerinin
bulunmasi nedeniyle yeni bir ajan gelistirilmistir.l? Goldman ve
Kronman,!! asindiriciligl azaltmak igin NaOCl'i Sorensen tamponuna
(glisin, sodyum kloriir ve sodyum hidroksit iceren) dahil etmislerdir.11.14
Daha sonra meydana gelen reaksiyon urtiniinin, glisinin klorinlenmis
formu olan N-monokloroglisin (NMG) oldugu ve pH’sinin 11 oldugu
bildirilmistir.24 ilk kemomekanik ¢iiriik uzaklastirma ajani olarak piyasaya
strdlen bu triin GK-101 olarak bilinmektedir.®11

GK-101, %0.05 N-monokloroglisin (NMG) ve NaOCl'den olusur ve bu
iki gozeltinin karistiriimasiyla hazirlanir.2? Saflastiriimis kollajen, NMG ile
reaksiyona sokulmustur ve  NMG’nin kollajeni klorlayarak N-kloropro-
tein birlesimleri olusturdugu,# hidroksiprolini (kollajeni stabilize eden)
pirol-2-karboksilik asite (gevsek ve kolayca gikarilabilen) donisturduga,
bu reaksiyonlar sayesinde dentinin organik yapisini bozarak etki ettigi
bulunmustur.® Olusan bu reaksiyon sonucunda, yalnizca ¢lrik dentinin
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enfekte tabakasinin uzaklastiriimasi saglanmistir. Saglikh dis dokusu ise
etkilenmemistir. Bu kimyasal ajanin pulpa lizerinde etkisi cok az olmakta
ya da hig etkilenmeye neden olmamaktadir.1*

GK-101’in  gelistirildigi donemlerde, adeziv materyallerin
kullaniminin yaygin olmamasi ve dis hekimlerinin Black prensiplerine
gore kavite agma zorunlulugu, bu ajaniile birlikte geleneksel preperasyon
yontemlerinin de kullanilmasini gerektirdiginden materyalin ¢lrik
uzaklastirmadaki kullanimi sinirli kalmistir.11

Kurosaki ve ark.l” GK-101'in kopeklerin pulpa dokusu tzerinde
olumsuz bir etkisi olmadigini bildirmislerdir; bununla birlikte, GK-101'in
¢lrik lezyonun tamaminin gikarilmasinda etkili olmadigi sonucuna
varmislardir. Bu bulgular GK-101'in GK-101E formilinde gelismelere yol
acmistir.1’

Caridex (GK-101E)

GK-101'in etki suresinin uzunlugunun dezavantaj olarak gorilmesi
Uzerine, bu sorunun Ustesinden gelebilmek igin glisine aminobdtirik asit
eklenmis ve boylece daha etkili bir sistem elde edilmistir.®14 Bu olusan
yeni Uriin N-monokloramin biitirik asittir (NMAB) ve adi GK-101E olarak
belirlenmistir.14

GK-101E, GK-101'in etil turevidir. Denatiire olmus kollajen fibriller
Uzerindeki NMAB etki mekanizmasi, curiik lezyonda kismen bozulmus
olan kollajenin klorlanmasini ve hidroksilprolinin pirol-2-karboksilik
aside donustirdlmesini iceren NMG'dekine benzerdir. Klorlama
reaksiyonuna ek olarak, denatiire kollajen fibrillerinin ayrilmasi, glisin
kalintilarinin oksidasyonu sonucu meydana gelmektedir.>10

GK101E, Caridex olarak pazarlanmistir ve 1984'te Amerikan Gida ve
ilac Dairesi (FDA) onayi almistir. Caridex sistemi iki sise halinde
piyasaya slrGlmustdr. Birincisi NaOCl ve ikincisi glisin, aminobutirik asit,
sodyum klorir ve sodyum hidroksit igerir.824 Her iki ¢ozelti, reaktifin
kullanimdan hemen 6nce karistirilarak, bir saat boyunca kararl olan
pH’si yaklasik 11'e esit stabil bir soltisyon elde edilir.814 Cozelti, kollajeni
klorlayarak ¢lrik dentinin gevsemesine yardimci olur ve 6zel olarak
tasarlanmis aplikatorlerle uzaklastiriimasini kolaylastirir.18

Caridex sistemi, curiik uzaklastirma etkinligi, biyouyumluluk ve
pulpal glvenligi agisindan degerlendirilmistir. Bazi ¢alismalar, Caridex
kullaniminin ¢irriik lezyonlarin bol hacimli izotonik salin ¢ozeltisi ile
irrigasyonuna kiyasla ¢lrik uzaklagstirma sirecini gelistirmedigini
bildirmistir.”.1° Biyouyumluluk ¢alismalarinda, Caridex’in pulpa lzerinde
yan etkisi olmadigi, ancak hastalar tarafindan tadinin koti algilanmasi,
prosediiriin uzun stirmesi (10-15 dakika),®* uygulama sirasinda fazla
miktarda soltisyon (200-500 mL) kullaniimasi, raf émrinin kisa olmasi
gibi olumsuz 6zelliklerinin oldugu bildirilmistir.1-814 Caridex sisteminin en
onemli dezavantajlarindan biri de karmasik dagitim ekipmanidir.810
Gereken karmagsik ekipman ve diger olumsuz faktorler, klinik uygulama
i¢in rutin bir arag olarak kullaniminin yok olmasina yol agmistir.18 Daha
sonra jel bazl Carisolv adi verilen bir sistem gelistirilmistir.”

Carisolv

Caridex sistemi ile ilgili problemler, Carisolv sistemi ile giderilmistir.18
Carisolv, Caridex gibi kimyasal bir yapiya sahip olmasina ragmen, jel
formu nedeniyle 1sitma ve &zel bir dagitim sistemi gerektirmez.%1° Jel
formunda oldugu igin, gerekli hacim 1 ml’den azdir, uygulanmasi gok
daha kolaydir ve ¢lirtik lezyonla daha iyi temasi bulunmaktadir.?

Carisolv jeli, iki siringadan olusmaktadir.10 Biri %0.5 NaOCI ¢ozeltisi
ve digeri sodyum hidroksit, sodyum klorir ve ti¢ dogal amino asit iceren
(glutamik asit, 16sin ve lizin) kirmizi viskoz bir jel icermektedir.”21° Amino
asitlerin ¢urik lezyonun farkh kisimlariyla reaksiyona girdigi gosteril-
mistir.19 Lizin, 16sin ve glutamik asit, viskozite i¢in karboksimetilsellloz
ile birlikte kullanilmistir.27.10 Jel igerisinde yer alan karboksimetilseliiloz,
viskoziteyi artirarak maddenin jel kivaminda olmasini saglamaktadir ve
boylece ¢lriik lezyon ile daha iyi temasi saglamaya yardimci olmaktadir.t
Yiksek viskozite, gerekli bolgeye jelin dogru bir sekilde ve kolaylikla
uygulanmasini saglarken, malzemenin de az miktarda kullanilmasina
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katkida bulunmaktadir.’* Ayrica kullanimda kolayca gorunir hale
getirmek igin eritrosin boyasi ile birlikte kullanilmistir.27.° NaOCl ise
organik bilesenleri uzaklastirabilen proteolitik bir ajandir. Kuvvetli
kimyasal etkisine bagl olarak NaOCI nekrotik olmayan dokulari da
pargalayabilmektedir. Ancak NaOCl’e aminoasitler eklenerek yiksek
pH’ye sahip mono-di kloraminler olusturulabilecegi ve bu sayede olusan
kloraminlerin NaOCl’in yan etkisini azaltarak etkinin 6zellikle denatiire
proteinlere ve kollajene yoneltilebilecegi belirtilmistir.

iki ¢ozelti kullanimdan dnce oda sicakhiginda esit parcalar halinde
iyice karistirilir.” Jel formunda aminoasit ile NaOCl likit icerigi
karistirildiginda,” ig amino asit farkli yiklenir, bu da ¢liriik dentin igindeki
proteinlerin farkli bolgelerine elektrostatik ¢ekim saglar & ve pH’si
yaklasik 11 olan amino asitler Uzerindeki pozitif ve negatif yiklu
gruplarin klorlu hale geldigi kloramin formu meydana gelir.” Bu (g
kloraminin her biri elektrostatik olarak bu pargalardan birini ¢ekerek,
NaOCI’'nin yan etkilerini en aza indirirken,® ayni zamanda klorinasyon
etkisiyle hidrojen baglarinin bozulmasiyla sekonder veya kuarterner
yapidaki kollajen etkilenmektedir.’4 Bunun sonucunda ¢lriuk dentin
matriksindeki kollajen c¢apraz baglantisinin daha da bozuldugu
varsayllmaktadir 7 ve bu islemlerin kimyasal sonucu, ¢urik lezyonun
demineralize kisminda bulunan bozulmus kollajenin pargalanmasidir.®
Bu durum saglikl dokuya zarar vermemektedir, ¢linkii aminoasitler aktif
klorinler icin yon belirleme cihazi gibi davranmaktadir.14

Kanistinildiktan sonra etkinligi 20 dakika stirmektedir. Jel karisimi
¢lirGik Gzerine 30 saniye uygulanmalidir ve Carisolv’un 6zel olarak tasar-
lanmis, travmatik olmayan el aletleri ile ¢lirlik nazikge uzaklastiriimahdir.
Ayni prosedir jel temiz ve berrak olarak uzaklastirilana kadar tekrar-
lanmalidir.2* Ciirtik dentinin uzaklastirilma sekli nedeniyle, kavite smear
tabakasini serbest birakarak kompozit rezin restorasyon malzemeleri ile
kullanilan dentin baglayici ajanlar igin optimum bir yilizey sagla-
maktadir.18

Li ve ark.3 Carisolv'un etkinligini degerlendirmek icin yaptiklar
metaanalizde Carisolv kullanimini; tam ¢lirtk uzaklastirma orani (CCR),
tedavi slresi ve lokal anestezi kullanimi agisindan doner aletler ile
karsilastirmiglardir. CCR'de, Carisolv grubu ve doner alet grubu arasinda
istatistiksel olarak anlamli bir fark bulunamamistir. Carisolv grubunda,
lokal anestezi kullanimi daha az iken, tedavi stiresi 6nemli 6lclide daha
uzun bulunmustur. Bu metaanaliz, Carisolv'un, daha uzun tedavi
siresine sahip olmasina ragmen lokal anestezi kullanimini
azaltabilecegini gbstermistir.3

Ali ve ark. 1? derin ¢lrukleri ve geri donusumli pulpitis semptomlari
olan hastalarda yaptiklari randomize kontrolli klinik ¢alismada, doner
aletler ve kemomekanik Carisolv jel ile glrik uzaklastirma igleminin
pulpa sag kalimi agisindan sonuglarini karsilagtirmislardir. Dislerin pulpa
duyarhhgi ve periapikal saghgi 12 ay sonra, termal ve elektrikli pulpa testi
kullanilarak belirlenmis ve periapikal film ve CBCT kullanilarak periapikal
lezyon varligi yoklugu seklinde degerlendirilmistir. Sonug olarak, Carisolv
jelin, doner aletlere kiyasla pulpa sag kalim oranini arttirdigi
bulunmustur.?®

Keenan ve CongiustaZ® yaptiklari metaanalizde, Carisolv’'un ¢lirik
uzaklastinima etkinligini, tedavi siresini ve lokal anestezi ihtiyacini
degerlendirmislerdir. Carisolv’un ¢lirlik uzaklastirilma etkinligi agisindan
Ustln bir performans sergiledigi, tedavi siiresinin daha uzun stird(igi ve
cocuklarin sadece %4’linde lokal anestezi ihtiyac gerektirdigi sonucuna
varilmistir.20

Enzimatik Bazh Ajanlar

Papain gibi proteolitik ajanlar, daha 6nce bakteriyel etkiye (enfekte
dentin) maruz kalmis kismen demineralize ve degistirilmis dentin
matrisini daha da bozmak igin kullanilabilir.”? Clrik dentinin kismen
bozulmus olan kollajeni, kemomekanik ¢iiriik uzaklastirma ajanlari ile
klorlanmaktadir. Klorlanma sonucunda hidrojen baglari pargalanmakta,
kollajenin sekonder ve kuarterner yapisi etkilenmektedir. Bunun
sonucunda ¢urik dokunun uzaklastiriimasi kolaylasmaktadir.4
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Papacarie ve Carie-care'in, Carica papaya agacinin ve pepsin
enziminin dogal 6zutlerinin etkisiyle glrlklerin uzaklastiriimasinda etkili
oldugu bildirilmistir.> Tamponlanmis bir ¢ozeltide pepsin enzimi
kullanilarak Biosolv (SFC-V ve SFC-VIII) adi verilen deneysel bir Griin
gelistirilmistir.°

Kumar ve ark.2! yaptiklari ¢alismada stt azi dislerinde kemomekanik
¢lrik uzaklastirma yodntemini; clruklerin uzaklastiriimasi icin gegen
sure, etkinlik ve hasta kabulii agisindan klinik ortamda polimer frezlerle
ve sahada atravmatik restoratif tedavi (ART) ile karsilastirmiglardir.
Kemomekanik ¢iriik uzaklastirma yénteminin, daha verimli oldugu,
daha az zaman aldigi bulunmus ve hastalar tarafindan daha fazla kabul
gordugi bildirilmistir.2t

Papacarie

Bussodori ve ark.1* tarafindan 2003 yilinda Brezilya’da, kemome-
kanik ¢lirtk uzaklastirma ajani olarak tanitilmistir. Papacarie; Brezilya’da
Ulusal Saglik Gozetimi Kurumu Agéncia Nacional De Vigildncia Sanitdria
(ANVISA) tarafindan patentli, tescilli ve onayli ulusal bir Grindir.1* Bu
ajan; papain enzimi, kloramin, toluidin mavisi, ¢esitli tuzlar, koruyucu,
stabilizator, kivam artirici ve deiyonize su icermektedir.22

Ana etki, dentinal matrikste proteoglikanlarin bozulmasina neden
olan bir proteolitik enzim olan papain enziminin varligina baglhdir.®
Papain; Brezilya, Hindistan, Giney Amerika ve Havai gibi tropikal bolge-
lerde yetistirilen Carica Papaya agacinin meyve, yaprak ve kaugugunun
6zlinden elde edilmektedir.1422 Bu enzim bakterisidal, bakteriostatik ve
antiinflamatuar aktiviteye sahip olan bir endoproteindir %14 ve antibakte-
riyel etkisiyle hem gram-negatif hem de gram-pozitif organizmalarin
cogalmasini engellemektedir.1* Papain, clrik etkisiyle kismen tahrip
olan kollajen molekdllerini pargalayip 6li hicreleri sindirebilmekte ve
¢lirtk sureci boyunca olusan fibrin ortisini elimine etmektedir. Papain,
kollajen molekiilleri kismen degrade olmus olan ve normalde saglikli do-
kularda sindirim goérevini inhibe eden alfa 1-antitripsin enziminin eksik-
liginden dolayi, ozellikle enfekte ve O6li dokulari parcalamaktadir.l6
Saglkl dokulara zarar vermemektedir, sadece plazma proteaz intihi-
bitori olan alfa 1-antitripsin enziminden yoksun olan giiriik doku tizerine
etki etmektedir.?

Kloraminler dogrudan azot atomuna bagh olan en az bir klor atomu
iceren aminlerdir 22 ve kloraminlerin bakterisid ve dezenfeksiyon 6zellik-
leri vardir.1* Kloraminler, kimyasal olarak ¢iiriik dentini yumusatmak igin
kullanilirlar’4 ve denatiire dokularin uzaklastirilmasini artirirlar.® Klora-
minin ¢lrik dentinin etkilenen bilesenleri ile bu segici etkilesiminin,
kollajen bazli dokularda protein sindirimini engelleyen alfa-1-antitripsin
antiproteaz olmamasindan kaynaklandigi 6ne stirtlmustar.”

Toluidin mavisi antimikrobiyal bir ajandir. Papacarie’yi olusturan
papain ve kloramin ile toluidin mavisi sinerjistik etki olusturmakta ve
¢UrGgun uzaklastiriimasi kolaylasmaktadir.®

ilk olarak ciiriik kavitesi Papacarie jel ile doldurulmakta ve etki
etmesi icin 40-60 saniye beklenmektedir. Jelin koyu renk olmasi, ¢lrik
dokunun bozulma sirecinde oldugunu géstermektedir.® Klinik uygulama
sirasinda, yuzeyde baloncuklarin goérilmesi ve jelin bulanik gorintlsa
degredasyondan hemen sonra oksijen serbestlesmesi ile aciklanmak-
tadir. Bu gorintu ¢lrik uzaklastirma islemine baslanmasi gerektiginin bir
gostergesi olarak kabul edilmektedir.1* Yumusayan clirtik dentin, ekska-
vatorle uzaklastiriimaktadir. Jelin rengi degismeyinceye kadar uygulama-
nin tekrarlanmasi 6nerilmektedir. Uygulamalar arasinda kaviteyi yika-
mak gerekmemektedir.>8

Tarama elektron mikroskobu (SEM) ile yapilan ¢alismalar sonucunda,
Papacarie’nin smear tabakasini uzaklastirdigi ve dentin tibullerinin net
bir sekilde izlenmesini sagladigi bildirilmistir.24 Smear tabakasinin yoklu-
gu papain jelin proteolitik yapisi ile agiklanmaktadir. Smear tabakasinin
yoklugunda adeziv rezinin, intertlbiler dentin ve agik dentin tlbdlleri
icine infiltrasyonunu kolaylastirarak baglanmayi artiracagi bildirilmistir.14
Ayrica, kemomekanik ¢iiriik uzaklastirma yontemlerinin kullanimi sonu-
cu olusan plrazli dentin ylizeyi baglanma igin yilizey alanini artirmak-
tadir ve restoratif materyallerin adezyonuna katki saglamaktadir.1*

Bu teknikte, agriya neden olmadan nazikge ekskavasyon yapabilmesi
nedeni ile lokal anestezi gerekmemektedir.22 Bununla birlikte, mevcut
sonuglar biyouyumlulugu, gtirtiklerin uzaklastirilmasi, antimikrobiyal etki
ve hastalar tarafindan kabull agisindan umut vericidir.8

Goyal ve ark.2 yaptiklari randomize kontrollti calismada, ¢ocuklarda
okluzal veya servikal genis clirlkler Gzerinde Papacarie'nin etkinligini
degerlendirmis ve geleneksel yéntem ile tedavi slresi, ¢ocugun agri
algisi, anksiyete dizeyi degisimi, mikrobiyal flora ve g¢ocugun tedavi
tercihi agisindan karsilastirmiglardir. Boylece Papacarie’nin ¢ocuk dis
hekimligi alanindaki uygulama ve kapsamini degerlendirmek amaglan-
mistir. Papacarie yonteminde tedavi siiresi geleneksel yonteme gore
daha uzun bulunmus, ancak agri ve anksiyetede azalma gozlenmistir.
Geleneksel ydontem ile tedavi sirasinda ise anksiyetede artis oldugu tespit
edilmistir. islem sonrasi bakteri sayimlari iki yéntemde de 6nemli 8lgiide
azalmis ve daha fazla hasta geleneksel tedavi yontemine kiyasla
Papacarie'yi tercih etmistir.23

Schwendicke?* yaptigi metaanalizde, siit azi dislerinde Papacarie ile
geleneksel yontemi glrik doku uzaklastirildiktan sonra kalan bakteri
sayisl, tedavi siresi ve agri bakimindan karsilastirmistir. Sonuglar; Papa-
carie’de geleneksel yonteme kiyasla ¢lrik dokunun uzaklastirilmasinin
ardindan kalan bakteri sayisinin daha az oldugunu, daha az agriya neden
oldugunu ve tedavi siiresinin daha uzun oldugunu géstermistir.24

Alhumaid?® yaptigi in vitro ¢alismada, sut dislerinde Papacarie ile
geleneksel yodntemin ¢lirik uzaklastirma etkinligini ve verimliligini
kargilagstirmayr amaclamistir.  Verimliligi 6lgmek igin tedavi suresi
hesaplanmig ve etkinligi 6lgmek icin SEM altinda inceleme yapilmistir.
Sonug olarak, Papacarie’nin geleneksel ¢lrik uzaklastirma yontemi
kadar bakterilerin uzaklastirilmasinda etkili oldugu bulunmus, ancak
¢lirik uzaklastirilmasi icin gegen siire daha uzun oldugu icin daha az
verimli oldugu bildirilmistir.2>

Nair ve ark.26 yaptiklari in vitro ¢alismada, G¢ kemomekanik c¢lirik
uzaklastirma ajani Carisolv, Papacarie ve Carie-care ile curukler
uzaklagtinldiktan sonra kompozit ile restore edilen dislerin mikrogerilim
baglanma kuvvetlerine dayanimini degerlendirmisler, ayrica EDX analizi
kullanarak dentin kimyasal bilesimi tizerindeki etkisini analiz etmisler ve
geleneksel yontem ile karsilastirmiglardir. Calisma sonucunda (g
kemomekanik ajan ile kontrol grubunun mikrogerilim baglanma
kuvvetlerine dayanimi arasinda istatistiksel olarak anlamh bir fark
bulunamamistir. Dentinin kalsiyum (Ca) ve fosfor (P) igerigini gdsteren
EDX analizi sonucunda Ca / P oraninda bir fark yoktur, bu da ¢alismada
test edilen kemomekanik ajanlarin higbirinin dentin ylizeyinde herhangi
bir kimyasal degisiklik meydana getirmedigini gostermektedir.2®

Kotb ve ark.?’ yaptiklari galismada, Papacarie ile guriik uzaklastiril-
diktan sonra dentinin topografik 6zelliklerini SEM kullanarak incelemisler
ve geleneksel yéntem ile kiyaslamiglardir. incelemeler sonucunda,
Papacarie kullanildiginda; dentin ylzeyinin sert, pordz (gozenekli) ve
globuler bir goriinime sahip oldugu, smear tabakasinin kismen veya
tamamen uzaklastinldigl, acik dentin tubillerinin bulundugu tespit
edilmistir. Geleneksel yontemde ise dentin tlbdllerini tikayan smear
tabakasi ile kaplanmis piriizsiz ve amorf bir dentin yizey morfolojisi
gozlenmistir.2?

Apacaries jel

Apacaries jel, biyouyumlu bir materyaldir ve antibakteriyel karaktere
sahiptir.22 Mangosten 6zitlerinden elde edilen polifenol ve papain jeli
karigimidir. Bu jel, stt dislerinde giriik uzaklastirma islemlerinin daha
yumusak sekilde yapilabilmesini saglamaktadir.!

Papain, ¢lriklerin etkisi ile kismen tahrip olan kollajen molekiillerini
parcalayarak etki eder ve bu enzim 6l hiicreleri sindirebilen ve ¢lrik
surecinin olusturdugu fibrin tabakasini ortadan kaldiran bir endop-
roteindir.2? Sadece proteaz inhibitori alfa 1-antitripsin igermeyen glrtk
doku lzerinde etki eder, saghkli dokulara zarar vermez. Saglikli doku alfa
1-antitripsin icerdigi icin proteolitik etkisi saglikli dokuda inhibe edilir.3°
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Spesifik polifenollerin Streptococcus Mutans’a karsi etkisini arastiran
birkag in vitro c¢alisma bulunmaktadir. Streptococcus Mutans’lar
glukoziltransferaz (GTF) enzimini kullanarak stikrozdan hiicre disi
glukanlari  sentezlerler.  Glukanlar dis ylzeyinde karyojenik
streptokoklarin ve diger oral mikroorganizmalarin birikmesini tesvik
ederler, biyofilmlerin olusumu ve yapisal butinlGga igin kritik Gneme
sahiptirler.31 Bazi galismalar, polifenollerin varliginda GTF enzimine bagl
glukan sentezinin inhibe oldugunu bildirmektedir. Polifenollerin
Streptococcus Mutans’larin glukan baglanma bolgelerini inhibe ederek
bunu yaptiklari belirtilmistir.22.32

Bununla birlikte, biyofilmler iginde tukurGgin sinirh  erisimi
nedeniyle etkili notralizasyon meydana gelemez; plak matriksindeki
distk pH degerleri, dis minesinin demineralizasyonuna ve Streptococcus
Mutans gibi asidlrik organizmalarin segimine katkida bulunur.3!
Adenozin trifosfataz (F-ATPaz) enzimi, protonlari hiicreden disari
tagimakta ve asidifikasyonun metabolik sliregler Uzerindeki negatif
etkisini hafifletmektedir. Bu sebeple, ekstraseliler ¢evrenin pH’sini
dusirmektedir.33 Bazi galismalar Streptococcus Mutans tarafindan asit
Uretiminin inhibisyonunu rapor etmektedir ve bu sonucu da
polifenollerdeki proton translokasyonu yapan bakteriyel enzim F-
ATPaz'in aktivitesine baglamislardir.2%:31

Matsumoto ve digerleri 2003’te yaptiklari galismada, Oolong ¢ayinin
icerisinde bulunan polifenoliin Streptococcus Mutans ile enfekte olmus
sicanlarda dis ¢lirtgline karsi etkinligini degerlendirmislerdir. Sonugta
oolong cayinin igerisinde bulunan polifenoliin gigli bir anti-GTF
aktivitesine sahip oldugu ve Streptococcus Mutans’larla enfekte olmus
siganlarda deneysel dis ¢lrtgini inhibe ettigi gosterilmistir.32

Duarte ve ark.3! yaptiklari ¢alismada, zengin bir polifenol kaynagi
olan kizilcik meyvesinin Streptococcus Mutans biyofilmi gelisimi ve
asidojenitesi Uzerindeki etkisini incelemiglerdir. Sonugta kizilciktaki
polifenollerin Streptococcus Mutans hiicrelerinin asit Uretimini inhibe
ettigi bildirilmistir. Bu durum polifenollerin F-ATPaz aktivitelerine bagl
bulunmustur.3!

Apacaries jel ¢lirik lezyona 40 saniye boyunca uygulanir ve daha
sonra ¢uriik doku el aletleri kullanilarak nazikge uzaklastirilir. Sadece
enfekte olmus dokuyu temizler ve saglikli dokuyu korur. Lokal anesteziye
gerek yoktur, daha az agril, glriltisiz, titresimsizdir ve ayni zamanda
hasta kabulu iyidir.2

Juntavee ve ark.?® yaptiklari galismada, Apacaries jelinin in vitro
olarak Streptococcus mutans Uzerindeki antibakteriyel etkilerini
degerlendirmisledir. Apacaries jelin Streptococcus mutans susunu etkili
bir sekilde inhibe edebildigi gorilmustiir. Mangosten 6zUtl ve papain
karisimi jelin kullanilmasi, bu jellerin ayri ayri kullaniimasindan daha
buyik bir inhibisyon bdlgesi ile sonuglanmistir. Bu da papain ve
mangostenin Streptococcus Mutans Uzerindeki etkisinin sinerjistik
oldugunu gostermektedir.??

Juntavee ve ark.3* yaptiklar galismada, sut dislerinde gurik
uzaklastirma yontemlerinin cam iyonomer restorasyonlarin mikrosizin-
tilar Gzerindeki in vitro etkisini degerlendirmislerdir. Kemomekanik
clrik uzaklagtirma yontemi (Apacaries), Er:-YAG lazer ve atravmatik
restoratif tedavi (ART) kullanilmigtir. Sonuglar; Apacaries jel kullanimi
sonrasi uygulanan cam iyonomer restorasyonun ortalama mikrosizinti
seviyesinin en dustk, Er:-YAG lazer ile en ylksek oldugunu gostermistir.34

Carie-care

Carie-Care, esansiyel terapotik yaglarla kombinasyon halinde, bazik
amino asitler bakimindan zengin bir endoprotein olan papaya
ekstraktina dayanir.35 icerigi Papacarie ile benzer sekilde; papain
enziminden, kloraminden, toluidin mavisinden ve karanfil yagindan
meydana gelmektedir.1* Ayni zamanda terapétik ugucu yaglar, sodyum
klorlr, renklendirici ajan, sodyum metil paraben ve steril su da
icermektedir.”
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Ana etken madde olarak bir endoprotein olan papain vardir.” Bir
papaya 6zutl olan papain, antibakteriyel ve antiinflamatuar 6zelliklere
sahiptir30 ve bitisik saglikli dokular Gizerinde herhangi bir istenmeyen etki
olmadan ¢lrik dokunun kismi olarak bozulmus kollajenini yumusatacak
proteolitik etkiye sahiptir.3> Sadece proteaz inhibitori alfa 1-antitripsin
icermeyen ¢lrik doku tizerinde etki eder, saglkli dokulara zarar vermez.
Saghkh doku alfa 1-antitripsin icerdigi icin proteolitik etkisi saghkh
dokuda inhibe edilir.30

Kloraminler iyilesme slrecine katkida bulunur, doku onarim siresini
kisaltir ve kismen bozulmus olan kollajenin klorlanmasi yoluyla guriik
dentini ¢dzme potansiyeline sahiptir. Bu, kollajen yapisinin bozulmasina
neden olur, hidrojen baglarini ¢ézer ve ¢liriik dokunun uzaklastiriimasina
yardimci olur.30

Toluidin mavisi antimikrobiyal bir ajandir. Papain ve kloramin ile
toluidin mavisi sinerjistik etki olusturmakta ve ¢lrigin uzaklastiriimasi
kolaylagmaktadir.>

Karanfil yagi dogal bir analjezik ve antiseptiktir®36 ve islem sirasinda
agriyr azalttig bildirilmistir.* Sodyum metilparaben koruyucu olarak
kullanilir.3¢ Karanfil yagi ve sodyum metil parabene ek olarak, preparat
ayrica bitki kaynaklarindan elde edilen ugucu yaglarin spesifik yizdelerini
icerir, bunlar yine antiinflamatuar ve hafif anestezik etkiye sahiptir.
Preparat ayrica jele tam tutarlilik saglamak igin dogru ylzde olarak
belirgin jellestirici madde igerir.3°

Carie-Care, alti aydan fazla 4°C’de saklanabilen tekli preparat
seklindedir.” Karigim depolanamaz ve tekrar kullanilamaz.3° Papacarie
dahil dnceki preparatlarin higbiri, antiinflamatuar ajan olarak islev géren
esansiyel yaglariicermezler. Carie-care, sodyum hipoklorit veya baska bir
glcll klorlayici ajan igermez, ayni zamanda antiinflamatuar aktivite ve
aroma gibi avantajlar saglar.3°

Bu jelin en onemli avantaji Ozel aletler gerektirmeyen kolay
uygulamasidir.” Carie Care tek kullanimlik aplikator ucu ile dogrudan
clirik dise uygulanir; jel kisa zamanda etkilenen bolgedeki rengi
degistirir. 1 dakika sonra jel, ¢6ziinms ¢lrik dokuyla birlikte keskin bir
ekskavator ile uzaklastirilir.7:30

Aswathi ve ark.3” yaptiklari ¢alismada, polimer frez ve kemomekanik
¢lrik uzaklastirma ajani Carie-Care’in klinik ve mikrobiyolojik olarak
etkinliklerini degerlendirmisler ve karsilagtirmislardir. Polimer frez
grubunda ve Carie-Care grubunda tedaviden sonra ortalama mikrobiyal
sayimda istatistiksel olarak anlamli bir azalma bulunmus ve bu azalma,
polimer frez grubunda Carie-Care grubuna gére anlamli derecede ylksek
bulunmustur.3”

Thakur ve ark.3> yaptiklar calismada, Papacarie Duo ve Carie-Care
kullanilarak ¢lriklerin uzaklastiriimasini takiben dentin yuzeylerini
elektron mikroskobu ile tarayarak analiz etmislerdir. Her iki ajan patent
dentin tlbdlleri ile minimal smear tabakasi gosterse de, Carie-Care
etkilenen ¢uriigin saydam bolgesini temsil eden peritubuler ve
intertubtler dentin ¢apraz bantlarinin varligini géstermistir. Carie-Care
ile tedavi edilen ylizeyde rezidlel dentin icin daha iyi bir ylzey
morfolojisi gbzlenmistir ve bu nedenle adeziv restoratif materyale daha
iyi bir baglanma sagladigi bildirilmistir.35

Sontakke ve ark.30 yaptiklari randomize kontrolli ¢alismada, Carie-
care’in geleneksel yonteme gore avantajlarini klinik olarak gozlemlemeyi
amaglamiglardir. Kemomekanik yontem Carie-care geleneksel yonteme
gbre zaman alici bulunmus, ancak agriyi azaltmasi ve maliyetinin daha
uygun olmasi nedeniyle daha avantajli oldugu bildirilmistir.3°

Biosolv

Biosolv, deney asamasinda olan enzimatik bazli kemomekanik ¢lrik
temizleme ajanidir.23> Biosolv jelin igeriginde fosforik asit ve sodyum
bifosfat ile tamponlanmis pepsin enzimi bulunmaktadir.%1438

Fosforik asitin ¢lrlk ile enfekte olmus dentin inorganik bilesenlerini
¢Ozebildigi ve pepsinin ¢lrik biyokdtlenin organik kisimlarina erisim
sagladigi bilinmektedir. Pepsin ¢urikle enfekte olmus dentin
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dokusundaki yapisi bozulmus olan kollajen fibrilleri segici olarak yikima
ugratmaktadir.%10 Béylece, yumusamis olan dentin dokusu 6zel olarak
tasarlanmis olan plastik aletler ile saglam dis sert dokularina zarar
vermeden kolayca uzaklastirilabilir.?

Biosolv jelin pH’si 3’tiir. Bu asidik icerigi nedeni ile ¢lirlik uzaklastirma
sonrasinda daha yumusak ve pirizli bir dentin yiizeyi ortaya
¢tkmaktadir.14

Biosolv ile ilgili bilgi olduk¢a azdirl®17 ve dretici firmanin aktardiklari
ile sinirlidir.220 Bir ¢calismada, Biosolv’un cguriikle enfekte olmus dentin
dokusunu Carisolv’den daha etkin bir sekilde uzaklastirdig iddia
edilmektedir.19 BioSolv’lin islevinin ve etkisinin daha iyi anlasilabilmesi
icin daha ileri calismalara gereksinim duyulmaktadir.-10

Neves ve ark.3® yaptiklan c¢alismada, farkli ¢uriik uzaklastirma
yontemleri sonrasi rezidiiel dentin mineral yogunlugunu mikro-CT ile
belirlemeyi ve karsilastirmayr amaclamislardir. Calismada tungsten
karbit frezler, seramik frezler, sono abrazyon, Biosolv ve Carisolv
kullaniimistir. Sonug olarak, Biosolv'un en agresif ¢lrik uzaklastirma
ajani oldugu ve materyalin glrik dentin dokusu ile birlikte saglam dentin
dokusunu da uzaklastirdigi bulunmustur. Bunun nedeninin Biosolv’un
asidik yapisi oldugu belirtilmistir.3°

Clementino-Luedemann ve ark.*® yaptiklari galismada, Biosolv'un
¢lrik uzaklastirma etkinligini degerlendirmisler ve elde edilen sonuglari
Carisolv ile karsilastirmislardir. Biosolv ve Carisolv’'un benzer miktarlarda
clrik dentin uzaklastirdiklari, ancak sonugta farkl ylizey morfolojilerine
sahip olduklari bulunmustur. Carisolv uygulanmasi sonrasi daha piirizli
bir ylizeyle sonuglanmis, Biosolv uygulanmasi sonrasi ise acik dentin
tiballeri ve az miktarda bakteriye sahip organize bir dentin kollajen agi
gozlenmistir.40

Banerjee ve ark.*! yaptiklari ¢alismada, Carisolv, Biosolv (SFC-V) ve
atravmatik restoratif tedavi (ART) ile tedavi sonrasi kalan dentin mikta-
rini degerlendirmislerdir. Biosolv'un diger iki yonteme kiyasla daha fazla
etkilenmis dentin biraktigl gézlenmistir. Bu durum, dentinin Biosolv’'u
hizli bir sekilde tamponlamasina ve bu nedenle de yapisindaki pepsinin
denatiire olmus dentini uzaklagstiramamasina bagli bulunmustur.4

Neves ve ark.*?2 yaptiklan ¢alismada, farkli guriik uzaklastirma
yontemlerinin etkinliklerini ve segiciliklerini belirlemeyi amaglamiglardir.
Calismada, Er:YAG lazer, tungsten karbit frezler, seramik frezler
(CeraBurs), sono abrazyon, Biosolv ve Carisolv kullaniimistir. Biosolv ve
Carisolv selektif ¢urik uzaklastirma agisindan en basarili yontemler
olarak bulunmustur. Biosolv ¢uriklerin uzaklastiriimasinda bir metal
ekskavator ile birlikte kullanildiginda, daha etkili ve segici sonuglar
vermistir.*?

Brix-3000

Arjantin'de Carica Papaya agacinin meyveleri ve kauguk
yapraklarinin 6ziinden elde edilen proteolitik bir enzim olan papain
enzimi esasli, Brix-3000 adinda yeni bir kemomekanik ¢lrik uzaklagtirma
ajani bulunmusgtur.#344 Brix-3000, Enkapsllasyon Tampon Emilsiyonu
(EBE) teknolojisini kullanarak biyolojik olarak kapsiillenmis %10
konsantrasyonda papain igeren bir ajandir.43

Bu Urlnin diger papain bazli kemomekanik ¢iuriik uzaklastirma
ajanlarindan farki, kullanilan papain miktari (% 10'luk bir konsantras-
yonda 3.000 U/mg) ve EBE teknolojisi ile biyokapsillemedir.4 Bu
teknoloji proteolitik enzimleri hareketsiz kilan, bu enzimlere stabilite
kazandiran ve sadece bozulmus kollajen Uzerinde proteoliz yapilirken
serbest birakarak enzimlerin aktivitesini %50-60 oraninda arttiran bir
tekniktir.43 Bu Brix-3000’e; ¢urtuk dokusundaki kollajen fibrilleri
uzaklastirmak icin daha yiksek proteoliz etkinligi, aktif sivinin oral sivilar
tarafindan daha az ¢6zlinmesi, olumsuz kosullarda bile depolamaya daha
fazla direng gosterme, soguk zincir korumasi gerektirmemesi, doku
Uzerindeki antiseptik etkisinde artis ile daha fazla antibakteriyel ve
antifungal guic gibi 6zellikler saglamaktadir.#> Kemomekanik bir ajan olan
Brix-3000 segici bir etkiye sahiptir.#? Papain, antibakteriyel, bakteriyos-
tatik ve antienflamatuar aktiviteye sahip, skatrisyel siireci hizlandiran bir
endoproteindir. Bu enzim, normal dokularda proteolitik etkiyi dnleyen

bir antiproteaz olan alfa 1-antitripsin olmadigl i¢cin sadece hasarl
dokularda etki eder. Hasarli dokularda curlklerin etkisi ile kismen
bozulmus olan kollajen molekullerini pargalayarak hareket eder® ve
enfekte dentindeki bozulmus kollajen fibrilleri uzaklastirir.13

Brix-3000; agiz, cilt veya goézlere toksik olmadigini kanitlayan
dermatolojik sertifikalara sahiptir ve saglikh doku ile temas ettiginde
herhangi bir reaksiyona neden olmaz.*345 Ayrica, bu ajan toksikolojik
guvenlik 6zelligini azaltan kloramin icermez.*®

Brix-3000 igin Uretici, ajani iyi izolasyon altinda iki dakika boyunca
uygulamay 6nermektedir.4? Jelin ¢lrik doku Gzerine uygulanmasindan
sonra, dentin ylizeyinde yliksek bulanikliga sahip oksijen kabarcigi olusu-
mu meydana gelmekte, bu da kollajen molekdllerinin pargalandigini ve
enfekte dentinin uzaklastirilabilecegini gostermektedir. Bu durum jelin
uygulamasindan 1-2 dakika sonra ortaya gikar. Brix-3000 uygulanirken
nemli ortamin saglanmasi 6nerilmektedir. Enfekte olmus doku bu
siireden sonra ekskavatér ile uzaklastirilmalidir. Ureticiye gére, jel
yumusak doku kalmayana kadar gerektigi kadar tekrar uygulanabilir.
Uygulamalar arasindaki boslugun yikanmasina veya kurutulmasina gerek
yoktur.43

ismail ve ark.* yaptiklari galismada, Brix-3000 ile seramik frezleri
¢lirik uzaklastirma islemi sirasinda ve sonrasinda anksiyete diizeyi
acisindan karsilastirmislardir. Tedavi sirasinda anksiyete dizeyi Brix-
3000’de seramik frezlerden daha disik dizeyde bulunmus, tedavi
sonrasinda ise anksiyete diizeyleri arasinda anlamli bir fark
bulunamamigtir.*

ismail ve ark.*s yaptiklari diger bir calismada, Brix-3000’in etkinligini
degerlendirmisler ve c¢lirik uzaklastinldiktan sonraki toplam bakteri
sayisl, agri reaksiyonu ve tedavi suresi agisindan seramik frezlerle karsi-
lastirmislardir. Her iki ¢lrik uzaklastirma yonteminde de toplam bakteri
sayisinda dlslis oldugu, ancak aralarinda anlamh bir fark olmadig
bildirilmistir. Brix-3000’de agri reaksiyonunun daha az oldugu ve tedavi
suresinin seramik frezlere kiyasla daha fazla oldugu bulunmustur.*>

Alkhouli ve ark.*¢ yaptiklari randomize kontrollii ¢alismada, sit azi
dislerinde Brix-3000 ve %2.25 NaOCI jelin tedavi siiresi ve hasta kabulii
agisindan etkinligini degerlendirmisler ve geleneksel yontemle
karsilastirmiglardir. Geleneksel yontem, curiklerin uzaklastiriimasi igin
Brix-3000 ve NaOCI jeline kiyasla daha az zaman gerektirmis ve daha
yliksek agri skorlari gézlenmistir. Ancak Brix-3000 ve NaOCl jeli arasinda
zaman ve agri skorlari agisindan anlamli bir fark bulunmamistir.4é

SONUC

Dis ¢lrugu, gelismekte olan tlkelerde dnemli bir halk saghgi sorunu
olmaya devam etmektedir. Geleneksel glrik uzaklastirma yontemleri,
¢lirGgu secici olmayan bir sekilde uzaklastirir ve saglam dis dokularina
zarar verir. Ayrica doner aletlerin kullanimini igerdiginden guriilts,
titresim, 1s1, basing, agri ve lokal anestezi ihtiyaci gibi dezavantajlari da
bulunur. Bu dezavantajlar ¢ocuklarin anksiyete diizeylerini artirabilir ve
dis tedavilerine uyumlarinin azalmasina neden olabilir. Bu sorunlarin
Ustesinden gelmek icin minimal invaziv yontemler tercih edilmeye
baslanmistir.

Kemomekanik ¢urik uzaklastirma yontemi sadece enfekte olmus
demineralize dentinin uzaklastirildigi, etkilenen remineralize olma
yetenegine sahip dentinin ve saglam dis dokusunun korundugu minimal
invaziv bir yontemdir. Bu yontem agriya neden olmadigi igin 6zellikle
gocuk dis hekimlerine, cocuk hastalari lokal anestezi uygulanmaksizin
tedavi etme segecegi sunmaktadir. Ayrica bu yontem, doner aletlerin
dezavantajlarini elimine eden bir tedavi sansi sundugu igin geleneksel
¢lirtik uzaklastirma yontemlerine alternatif olarak distintlebilir. TUm bu
faydalar goz oOnine alindiginda kemomekanik ¢irik uzaklastirma
yéntemlerinin, cocuk dis hekimlerinin iyi davranis yoénlendirmesiyle
birlikte dental anksiyeteye sahip ¢ocuk hastalar tzerinde etkili bir
yontem olabilecegi gbéz ardi edilmemelidir. Kemomekanik ¢iriik
uzaklastirma yontemleri sodyum hipoklorit (NaOCI) bazli ve enzimatik
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bazl olmak Uzere iki gruba ayrilmaktadir. Yapilan ¢alismalar, NaOCl bazh
ajanlar ile yapilan tedavinin enzimatik bazli ajanlar ile yapilan tedaviye
kiyasla daha uzun stirdigiinii géstermistir. Ayni zamanda enzimatik bazh
ajanlarda dogal igerikler kullaniimasi nedeniyle bu yontemler dis
hekimleri tarafindan daha ¢ok tercih edilmektedirler.
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Case Report Olgu Sunumu DOI: 10.17567/ataunidfd.1039378

Treatment of Apical Periodontitis Induced
BRONIJ with Endodontic Treatment

Apikal Periodontitis Kaynakli BRONJ'un Endodontik
Tedavi ile Tedavisi

ABSTRACT

Bisphosphonate related osteonecrosis of the jaw (BRONJ), which is one of the serious side effects of
bisphosphonates, has an increasing clinical importance due to the widespread use of bisphosphonates in
the treatment of many diseases such as osteoporosis, osteopenia, Paget's disease, osteogenesis
imperfecta, and multiple myeloma. BRONJ can spontaneously develop in the jawbones. In addition, many
factors such as tooth extraction, periodontal diseases, and local trauma can trigger BRONJ. In our case, it
was detected that the lesion appearing like BRONJ in the left lower jaw of the 65 years old female patient
with a history of oral bisphosphonate use developed due to apical periodontitis resulting from the tooth
numbered 34. Root canal treatment was administered to the relevant tooth of the patient, the fistula tract
was closed after this treatment, and as a result of the CBCT examination, it was observed that the
enlargement in the necrotic bone area stopped. In addition, the patient's complaints about the relevant
tooth disappeared. As a result, endodontic treatment is an effective treatment approach in the treatment
of BRONJ developing due to apical periodontitis. In order to avoid the risk of BRONJ, a detailed oral
examination should be performed before starting the bisphosphonate treatment, and necessary
endodontic, restorative and periodontal treatments should be followed.

Key words: Apical Periodontitis; BRONJ; Endodontics; Osteoporosis.

(074

Bifosfonatlarin ciddi yan etkilerinden biri olan bifosfonatla iliskili cene kemigi osteonekrozu (BRONJ),
osteoporoz, osteopeni, Paget hastaligi, Osteogenezis imperfekta, Multipl Myelom gibi bircok hastaligin
tedavisinde, bifosfonatlarin yaygin kullanimi nedeniyle giderek artan klinik 6nem tasimaktadir. Cene
kemiklerinde BRONJ spontan gelisebildigi gibi dis cekimi, periodontal hastaliklar, lokal travma gibi pek cok
faktor BRONJ'u tetikleyebilmektedir. Bizim vakamizda oral bifosfonat kullanim hikayesi olan 65 yasinda
kadin hastanin sol alt genesinde BRONJ gortintiisi veren lezyonun #34 nolu dis kaynakli irreversibl pulpitis
sebebiyle gelisen apikal periodontitis kaynakl oldugu tespit edilmistir. Hastanin ilgili disine kok kanal
tedavisi uygulanmis, bu tedavi sonrasi fistiil yolu kapanmis ayrica CBCT incelemesi sonucu nekroze kemik
alaninda genislemenin durdugu goérilmistlr. Ayrica hastanin ilgili disten sikayetleri ortadan kalkmistir.
Sonug olarak apikal periodontitise bagli gelisen BRONJ'un tedavisinde endodontik tedavi efektif bir tedavi
yaklagimidir. BRONJ gelisme riskinden kaginmak igin bifosfonat tedavisine baslanmadan énce detayli agiz
ici muayene yapilip, gerekli goriilen endodontik, restoratif ve periodontal tedaviler yapilmalidir.

Anahtar Kelimeler: Apikal Periodontitis; BRONJ; Endodonti; Osteoporoz

INTRODUCTION

Bisphosphonates are used in the treatment of diseases such as osteoporosis, osteopenia, Paget's
disease, Osteogenesis imperfecta as well as malignancies such as breast, prostate, lung cancer, and
multiple myeloma with bone metastases.!

Bisphosphonates are divided into 3 main groups according to the classification made in the early 1990s.
The first generation consists of the group represented by etidronate with alkyl derivatives, while the second
generation is composed of the group represented by aminobiphosphonates with terminal group such as
alendronate, ibandronate, and pamidronate. The third generation consists of nitrogen-containing
bisphosphonates such as zoledronic acid and risedronate. 2

One of the most important side effects of bisphosphonates is the osteonecrosis of the mandible and
maxilla. This pathology was named as Bisphosphonate-Related Osteonecrosis of the Jaw (BRONJ) according
to the report published by Marx et al. in 2003.3 The diagnostic criteria of BRONJ are reported as the presence
of an intraoral/extraoral fistula tract in the maxillofacial area that reaches the exposed bone or bone and
exists for more than 8 weeks in individuals who use or used antiresorptive and antiangiogenic drugs and
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who have not received radiotherapy from the jaw area or have a disease
with metastasis to the jaws.* Duration of the treatment and dose of
bisphosphonates are important risk factors for osteonecrosis.®

In the literature, it has been reported that surgical interventions
such as tooth extraction are an important factor in terms of inducing
BRONJ.® However, in more recent data, periodontal and periapical
diseases have also been reported to cause BRONJ at an important rate
in addition to tooth extraction.”

In clinical studies, a potential relationship between periodontitis and
BRONJ has been revealed.® In apical periodontitis, bacteria reach the
deeper part of the alveolar bone through root canal systems. This
suggests that apical periodontitis is an important etiological factor in the
formation of BRONJ.

In the literature, there is not any osteonecrosis case developing due
to apical periodontitis following the use of oral bisphosphonates as in
our case. In this article, the endodontic treatment of an osteonecrosis
case developing following apical periodontitis in the patient who used
oral bisphosphonate

CASE PRESENTATION

A 67-year-old female patient presented to our Oral and Maxillofacial
Surgery clinic for pain in the teeth under her fixed prosthesis and to treat
her missing teeth with dental implant application. In the anamnesis
obtained from the patient, it was learned that she had osteoporosis and
hypertension. The patient received Verapamil HCl+Trandolapril (Tarka®
180/2 mg) treatment due to hypertension and 1 tablet oral Alendronic
Acid (Fosavance® 70 mg) once a week for 4 months until one year ago
due to osteoporosis.

In the clinical examination, after the metal-supported porcelain
restorations of the patient were removed, a deep caries reaching the
pulp and sensitivity to percussion were observed in teeth numbered #34
and #43. In addition, fistula tract was observed in the buccal mucosa
adjacent to the mucogingival border of the teeth numbered #33 and #34
(Fig: 1A). The mucosa in the fistula area was sensitive to palpation.
Radiographic examination revealed an enlargement in the periodontal
space at the apical of the tooth #34 (Fig 2A). In addition, the patient had
missing teeth in both jaw posterior areas.

Considering the medical condition of the patient, the indications for
tooth extraction and implant treatment were avoided. In order to
eliminate the risk of BRONJ and relieve the patient's pain symptoms, the
patient was directed to the Endodontics department for the treatment
of the relevant teeth.

In this department, the teeth #31, #32, #33, #41 and #42 gave a vital
response, while the teeth #34 and #43 gave a devital response in the
vitalometric evaluation of the patient's teeth. The teeth #34 and #43 of
the patient were diagnosed with acute apical periodontitis, and an
appointment was arranged for 3 months later. Informed consent was
obtained from the patient. After the removal of the metal-supported
porcelain restoration on the day of the appointment, non-surgical root
canal treatment was initiated for these two teeth. The initial film was
not obtained from the patient, and the diagnostic radiography
performed 3 months ago was taken as a reference. After cleaning the
carious dentin, the entry to the pulp chamber was provided, and the
canal mouths were detected. The working lenght was determined with
an apex finder device (VDW Gold, VDW, Munich, Germany) by using #15
type K-file (VDW, Anteos, Munich, Germany). Root canals were shaped
with rotary file (OneCurve, MicroMega, Brascon, France). At the end of
the shaping, #25 apical diameter and 0.06 canal taper were obtained.
Irrigation was performed with 2.5% sodium hypochlorite (NaOCl)
between each file. The final irrigation was completed with 2 mL of 2.5%
NaOCl followed by 2 mL of 17% ethylenediaminetetraacetic acid (EDTA),
and 2 mL of normal saline. The root canals were filled with a resin-based
root canal paste and a single gutta-percha having a taper of 25/.06.

Endodontic treatment was completed in both teeth in one session on
the same day.

Following the endodontic treatment, the patient's old restoration
was cemented. Final periapical radiographs were obtained from both
teeth after the root canal treatment was completed. The radiography
revealed that the root canal treatment of the teeth #34 and #43 was
performed in the optimal limits. However, in the apical of the tooth #34,
radiolucent areas with unclear borders compatible with BRONJ were
observed (Fig:2B). The lesion seen in the last radiography suggested that
BRON!J appearance developed as a result of apical periodontitis within 3
months.

The patient was referred to our Oral and Maxillofacial Surgery clinic
to evaluate this appearance. In the examination performed in our clinic,
it was seen that the presence of fistula in the relevant tooth continued,
and the patient was prescribed antibiotics (Augmentin®BID 1000 mg,
Flagyl® 500mg) and chlorhexidine-containing mouthwash (Cloroben®),
and routine control was recommended.

In the control examination 1 month later, Cone Beam Computed
Tomography (CBCT) was performed, and the radiographic image
compatible with BRONJ was confirmed (Fig:3A). Serum-Ctx (C-terminal
telopeptide) measurement was demanded from the patient, and the
Beta-Ctx result was obtained as 0.15 pg/L (reference range;
postmenopausal 0-0.556). This value is within the reference range.

In the 2nd control examination performed 1 month later, the fistula
tract was closed and replaced by keratinized gingiva (Fig:2A). The patient
could not continue her controls due to the Covid-19 pandemic. However,
in the 3rd examination performed 1 year later, it was found that there
was no change in the lesion borders. The patient did not have any
complaints regarding the relevant area.

As a result of the developing BRONJ, we recommended the patient
to restore the missing teeth with a removable prosthesis compatible
with the mucosa instead of implant application. Follow-up of the patient
continues in our clinic.

Figure 1. (A) Fistula mouth seen between the teeth #33 and #34 (B) Fistula mouth
recovering as a result of canal treatment between the teeth #33 and #34

Figure 2. (A) Diagnostic radiography obtained from the tooth #34 before the

development of BRONJ (B) Radiolucent areas with unclear borders compatible
with BRONJ
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Figure 3. CBCT coronal section; radiolucent areas without border prominence
compatible with BRONJ in the lingual of the tooth #34

DISCUSSION

Despite some potential complications, bisphosphonates are used to
improve the quality of life of cancer patients and reduce the risk of
femoral and vertebral fractures in osteoporosis patients(9)(10). The
effect mechanism of bisphosphonates in osteoporosis patients can be
summarized as “the reduction of bone resorption by affecting
osteoclasts”. When administered in physiological doses, bisphospho-
nates readily bind to the bone matrix due to their high affinity for bone,
and bisphosphonates are also potential inhibitors of osteoclastic activity.
It affects bone metabolism by reducing both activity and the number of
osteoclasts.1?

The lack of characteristic clinical findings of osteonecrosis in the
jawbones developing due to bisphosphonates, especially the absence of
clinically exposed necrotic bone, delay in diagnosis and prolongation of
the disease duration may make treatment protocol more difficulty and
lead to the failure of the treatment.1?

Apical periodontitis is a group of inflammatory diseases. It is a
continuation of endodontic infection and manifests as the host's defense
response against microbial infection originating from the root canal
system. This process is comprised of pulp necrosis caused by the invasion
and colonization of the root canal system by bacteria through tooth
decay, trauma or iatrogenic processes. The bacteria that colonize in the
necrotic root canal trigger the damage to periradicular tissues and
increase the inflammatory changes.’® Local inflammation at the
interface of the infected radicular pulp and periodontal ligament is
observed as an active battle between host defenses and microbial
factors resulting in destruction of hard tissues and eventually apical
periodontitis in various histopathology categories called periapical
lesions4

BRONJ and osteoradionecrosis are the most important types of
osteonecrosis seen in the jaws(15). In our case, since the patient did not
receive radiotherapy before, the possibility of osteoradionecrosis was
excluded. The diagnosis of BRONJ was established in our patient, who
received oral bisphosphonate treatment, due to the irregular bone
margins and the appearance of the fistula tract in the oral mucosa in the
radiography of the present lesion. Since there was a risk of triggering
BRONJ, biopsy was not performed in this patient, and this was a
limitation of our study.

Applying root canal treatment instead of tooth extraction in patients
using bisphosphonates is a more conservative approach in terms of
reducing the risk of BRONJ.16

In the literature, there are BRONJ cases that developed as a result
of root canal treatment(16)(17)(18). In these cases, the causes of BRON)J
resulting from root canal treatment include soft tissue trauma caused by
the rubber-dam clamp, improper irrigation procedure, perforation and
ending of the canal treatment beyond the optimal margins.
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In our case, it is understood that the lesion seen in the final periapical
radiography obtained at the end of a single-session root canal treatment
did not develop as a result of root canal treatment. Spread of the pulpal
inflammation through the root canal to the apical within 3 months
between the diagnosis and treatment confirms that BRONJ was caused
by apical periodontitis. In addition, in the CBCT obtained after canal
treatment, it was determined that the enlargement in the necrotic bone
margins stopped

CONCLUSION

Protective and preventive interventions should be prioritized to
avoid BRONJ in patients who has a potential of developing BRONJ. In
order to reduce the risk of BRONJ, all invasive procedures including tooth
extraction, periodontal, and endodontic treatment should be completed
prior to bisphosphonate use, and protective applications such as oral
hygiene training, fluoride administration, etc. should be performed. If
BRONJ develops due to apical periodontitis, the first treatment
alternative should be the endodontic treatment.
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Duizeltme Erratum DOI: 10.17567/currresdentsci.1528900

Erratum

An erratum has been prepared for the following articles in the 33rd volume and 2nd issue of Current Research in Dental Sciences in 2023.

In the article titled "Ozyurt E, Kurt A. Effect of Different Teas on Surface Roughness of Conventional and Bulk-Fill Composite Resins Beverage
Effect on Composite Resins. Curr Res Dent Sci. 2023; 33(2): 84-89", a patient consent draft was added inadvertently, even though there was no
participant.

In the article titled "Keles ZH, Ozan G. Effect of preheating on the microhard- ness and depth of cure of two composite resins with and without
BIS-GMA. Curr Res Dent Sci. 2023; 33(2): 79-83", a patient consent draft was added inadvertently, even though there was no participant.

In the article titled “Yamali AY, Turhan Bal B. Properties and clinical applications of lithium disilicate ceramics. Curr Res Dent Sci. 2023; 33(2):
122-130” although the article titled is a compilation, a patient consent draft was mistakenly included.

In the article titled "Eris Derkus F, Yilmaz UN. Demographic Analysis, Diagnosis, and Treatment Methods of Maxillofacial Trauma Cases in the
Southeastern Anatolia Region of Turkey: Retrospective and Comparative Analysis. Curr Res Dent Sci. 2023; 33(2): 103-107", it was forgotten to
write Dicle University in the sections left as XXX in the Methods section for the sake of article blindness.

Since the study titled “Yildizer Keris E. Comparison of Articular Eminence Steepness in Patients With Temporomandibular Joint Disc Disorders.
Curr Res Dent Sci. 2023; 33(2): 117-121” was retrospective, patient consent could not be obtained and this information was forgotten to be
added.

In the article titled “Sener E, Baksi Sen G. 3D Modelling and virtual planning technologies in dentistry. Curr Res Dent Sci. 2023; 33(2): 131-134”
although the article titled is a compilation, a patient consent draft was mistakenly included.

Duzeltme

Current Research in Dental Sciences 2023'tin 33. cilt ve 2. sayisinda yer alan asagidaki makaleler igin bir dlizeltme hazirlanmistir.

"Ozyurt E, Kurt A. Farkli Caylarin Geleneksel ve Bulk-Fill Rezin Kompozitlerin Yiizey Ozelliklerine Etkisi. Curr Res Dent Sci. 2023; 33(2): 84-89."
baslikli makalede katilimci olmamasina ragmen yanliglikla hasta onam taslagi eklenmistir.

"Keles ZH, Ozan G. On isitma isleminin BiS-GMA’li ve BiS-GMA’siz iki farkli kompozit reginenin mikrosertligi ve polimerizasyon derinligi izerine
etkisi. Curr Res Dent Sci. 2023; 33(2): 79-83" bashkl makalede katilimci olmamasina ragmen yanlislkla hasta onam taslagi eklenmistir.

“Yamali AY, Turhan Bal B. Lityum Disilikat Seramiklerin Ozellikleri ve Klinik Uygulamalari. Curr Res Dent Sci. 2023; 33(2): 122- 130” baghkh
makale derleme olmasina ragmen yanlislikla hasta onam taslagi eklenmistir.

"Erig Derkus F, Yilmaz UN. Tirkiye'nin Glineydogu Anadolu Bolgesindeki Maksillofasiyal Travma Olgularinin Demografik Analizi, Tani ve Tedavi
Yontemleri: Retrospektif ve Karsilagtirmali Analiz. Curr Res Dent Sci. 2023; 33(2): 103-107" bashkh yazida, yazi korligli nedeniyle Yontemler
kisminda XXX olarak birakilan kisimlara Dicle Universitesi yazilmasi unutulmustur.

“Yildizer Keris E. Temporomandibular Eklem Disk Bozuklugu Olan Hastalarda Artikiler Eminens Dikliginin Karsilastirilmasi. Curr Res Dent Sci.
2023; 33(2): 117-121" bashkh galisma retrospektif oldugundan hasta onami alinamadi ve bu bilginin eklenmesi unutuldu.

“Sener E, Baksi Sen G. D15 hekim hg in de 3-Boyutlu Modelleme ve Sanal Planlama Teknoloji. Curr Res Dent Sci. 2023; 33(2): 131-134” baslikh
makale derleme olmasina ragmen yanlislkla hasta onam taslagi eklenmistir.
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Duizeltme Erratum DOI: 10.17567/currresdentsci.1528903

Erratum

In the 33" volume and 4t issue of Current Research in Dental Sciences 2023, "Songiir E, Aksoy M, Ozcelik B, Tulga Oz F. Disinfection effect of gaseous
ozone on candida albicans and enterococcus faecalis: A randomized clinical trial in infected primary molars. Curr Res Dent Sci. 2023;33(4):219-225.
DOI: 10.5152/CRDS.2023.22094" Clinical Trials number was accidentally forgotten and the Clinical Trials number was registered as "Clinical trials
NCT06470126".

Diizeltme

Current Research in Dental Sciences 2023'iin 33. cilt ve 4. sayisinda yer alan "Songiir E, Aksoy M, Ozcelik B, Tulga Oz F. Disinfection effect of gaseous
ozone on candida albicans and enterococcus faecalis: A randomised clinical trial in infected primary molars. Curr Res Dent Sci. 2023;33(4):219-225.
DOI: 10.5152/CRDS.2023.22094" baslkli makalede Clinical Trials numarasi sehven unutulmus olup, ClinicalTrials numarasi "Clinical trials NCT06470126"

olarak kayithdir.



